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Preface

Central Africa has been experiencing decreasing per
capita food production since the 1970's. The drought incidence of
the early 1970-s and its multifarious effects o^croppr^^^^
coupled with an ever-increasing rate of human population have
accentuated the problem of food crisis in the semi-arid zones of
the sub region. SAFGRAD. the Semi-Arid Food Grain Research and

major staple food crops in the sub-region (sorghum, millet maize
^ networking among the national programscientists, with backstopping from the relevant international

centers for agricultural research (IITA and ICRISAT).

Networks establishment, the Maize and Cowpea

prodCci^on'̂ in ""thf"%ub-region''li«h?v-fo
agricultural administrators from national "and^^international
research institutions participated. In addition to appraising
scienMfl^" collaborative research, the scientists presented
activities =°"™"nications on their research and developmentactivities. This volume includes the edited versions of Daoers
presented at the Workshop. The papers for both crops were iHhe
areas of breeding, agronomy, plant protection and utilization.

Workshops and workshop proceedings provide an important
forum for interaction and an outlet for pubUcaiTo^ and
dissemination of research findings. It is hoped tLt this effort

further encourage NARS scientists to greater performance.

express our thanks to the workshop participantsand to the Government and people of Togo, especially the Director
nn Agricultural Research and his staff fortheir contribution to the success of the Workshop. We acknowledge

the financial support of the United States Agency for
International Development (USAID) and the logistic nfthe^ OAU/STRC-SAFGRAD Coordination Offic^, oCfgldoSgo^ '̂̂ CrLnf

f V,?"'' f^'^cere appreciation also goes to Prof. AM Emechebe
^e C Dabirr"Mr^j''°n^^H''"^^°" «<^"ing the manuscript and toflme u. DabirS, Mr. J. OuSdraogo, and others who, in one wav or
another, helped towards the preparation of the Proceedings.

Joseph M. Fajemisin and
Nyanguila Muleba

(ix)



PART I

OPENING ADDRESSES



1. Overview of SAFGRAD Activities

TAYE BEZUNEH

0A1;/STRC-SAFGRAD. OnnrHin^tion Offing.
Q1 B.P. 1783 Qliagadoiignn ni. Barking

His Excellency, the Minister of Rural Development of the
°f r''' Togo; the Deputy Director General?

Dirpr?n^ "? Cooperation Programme, IITA. Ibadan (Nigeria); theDirector of Agricultural Research Togo ; maize and cowpea
researchers; distinguished guests; ladies and gentlemen.

fh behalf of both the Executive Secretary of OAU/STRC andCoordinator of SAFGRAD, I welcome all of you to
this scientific workshop.

Wien SAFGRAD was conceptualized almost a decade ago, it was
envisaged that its major thrust in research and coordination
efforts wouxd be to enhance increased production and productivity

cowpea sorghum, and millet in the semi-arid regions of
Africa. As you know, the stagnation of food production has been

sub-Saharan Africa during the
Food self-sufficiency and security have not

® ^ African countries, principally because ofbiotio, environmental, and socio-economic constraints.

repeated drought in the 1970's and

. t continued to destabilise African economicdevelopment, in general, and agricultural development, in
particular. The major factors that contributed to the decline of

productive agriculture include populationgrowth outpacing the rate of increase in food production,
environmental degradation aggravated by poor land use and

SrbackgroCmd?'''''" '̂ relegate agricultural developm;nt to
The 19p OAU meeting of Heads of States and Governments

? relatively low allocation of resources to theagricultuial sector by African governments. Thus, although about
75 per cent of the working force in most Africa^ countSerare
employed in agriculture, only 5 to 10 percent of resplct?vl
HeadR nf® qj i *^2 sector. To rectify this anomaly, theStates pledged to increase public expenditures on
agriculture to between 20 to 25 percent by 1989. The apparent
economic difficulties encountered during this decade in most

f ° however, impaired attainment of thetarget in many countries.



4 CnrP-.rvic'j of ^AFGRAD Activities

The Lagos Plan of Action stipulates regional economic
groupings as the best approach to promote agricultural and
industrial production, as well as agricultural research,
throughout the continent. As an OAU-affiliated agency, SAFGRAD
was conceptualized almost a decade ago to facilitate the
developement, promotion, and adoption of suitable food grain
production technologies in semi-arid Africa.

The SAFGRAD progamme was designed to effectively mobilize
and coordinate available regional resources, including those of
the International Agricultural Research Centers (lARCs) and the
National Agricultural Research Systems (NARS), to provide the
knowledge base for achieving significant advances in food gram
production.

The estimated population of SAFGRAD mandated area is about
250 million, about 80% of whom are small farmers who produce most
of the region's staple food supplies. Maize and cowpea are
important staple crops of the region. According to FAO
statistics, the area cultivated to maize has increased
substantially during the last decade, due to the use of elite
varieties and hybrids. The production of cowpea has also
increased, particularly in Nigeria and Niger.

During its first phase, SAFGRAD succeeded in developing
early maturing, high . yielding, pest and disease resistant
varieties of maize, cowpea and sorghum some of which have been
accepted and adopted by NARS. One of the lessons learned from
SAFGRAD Phase I has been that the support of agricultural
research and development in member countries largely depends on
the capabilities of individual NARS.

Since 1986. SAFGRAD activities have focussed on the
strengthening of collaborative research networks. A conference of
the Directors of Agricultural Research took place in February
1967 to institutionalize SAFGRAD collaborative research networks
and their management entities. The research directors reoriented
the activities of the SAFGRAD project to emphasize collaborative
networks involving the following partners: NARS, lARCs and
OAU/STRC. At the above meeting, the NARS Directors specified the
objectives of networks and the roles of the Oversight Committee.
The major objective of collaborative research networks is to
mobilize available resources, such as those of the International
Agricultural Research Centers (lARCs) and regional programmes, to
minimize duplication of research efforts and to reorient research
towards the needs of the farmer.

Based on the guidelines of NARS Directors, the Steering
Committees for respective networks were elected. Already, the
Steering Committees of maize and cowpea networks have achieved
the following.



a.

b.

c.

d.
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Inventoried biotic, environmental, and socio-economic
constraints that limit the production of maize and
cowpea.

Identified research priorities and developed network
programme to alleviate contraints.

Monitored the implementation of network plans and
reviewed research results.

Assessed the strengths, weaknesses, and research
gaps among participating NARS.

What has been the accomplishments of the maize and cowpea
collaborative research networks? This topic would be discussed in
greater details during the next four days of this workshop. Some
® highlights of the accomplishments of these two networks
are:

a)

b)

c)

d)

e)

More than at any other time, NARS scientists,
administrators of regional programmes, and lARCs
have collaborated in the improvement and production
of maize and cowpea. Lead centre and technology
adapting NARS are playing key roles in the
generation and adoption of technology to alleviate
major regional constraints to maize and cowpea
production.

There is considerable flow of relevant elite germplasm
regional trials) and related technologies among

NARS and between NARS and lARCs. NARS scientists are in
better position to verify these technologies in their
respective environmental and socio-economic conditions.

NARS, lARCs and regional programmes, like SAFGRAD, are
better aware of the type of research programme that
could promote the production of food grains in the
region.

In collaboration with national research programmes,
the networks have continued to develop a number of
varieties of maize and cowpea of different maturity
groups for Sahel, Sudan and northern Guinea savannas.

NARS research programs were assisted by field visits,
appraisal of research programs, provision of research
materials, funds, training and seminars. By being
assigned research responsibilities (based on
availability of qualified research staff, and optimum
environmental conditions to screen varieties or elite
germplasm for resistance to specific biotic and
abiotic stresses) lead NARS have taken research
leadf=rship and are being developed as future satellite
Centers for research excellence".
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The renewed interest in networking by member countries of
SAFGRAD is advised by the desire to break down linguistic and
political barriers and to judiciously pool their hxaman, and
financial resources to solve common problems of agricultural
production and productivity. Furthermore, SAFGRAD's emphasis is
to encourage leading African scientists to provide leadership and
to conduct research in their areas of competence. The approach
provides easy access to technical information. The network
strategy takes into account the differences in the levels of
research strengths among national research programmes. In
addition, a definite effort is made to improve weaker national
progreimmes.

The objective of Maize and Cowpea Joint Workshop is to
strengthen cooperative research among NARS scientists working in
different disciplines in the improvement of these two crops,
thereby ensuring the flow of useful technical information among
participating NARS. The agenda of the workshop shows that various
aspects of maize and cowpea improvement and production would be
discussed. However, collaborative networks only compliment NARS
efforts and should not be regarded as substitutes for NARS.
Indeed, national research capability is the backbone of
agricultural development of respective countries. The present
achievements of networks could be impeded if strong donor support
to NARS is not forthcoming, or if it is not matched by firm
financial commitment by member countries. SAFGRAD is in the
process of developing medium and long-term plans designed to
shift network leadership and management to NARS.

In strengthening regional research cooperation, the
duplication of efforts could be a setback. In this regard, the
Council of NARS Directors in its February 1989 Conference
examined in detail the whole question of harmonization of the two
maize networks in West and Central Africa and reaffirmed its
earlier decision of February 1987 that harmonization is necessary
for optimal utilization of funds for maize improvement in the
sub-region. The Council noted attempts made since 1987 in several
meetings between SAFGRAD, CORAF, and IITA to effect this
harmonization. The matter is high in the agenda of a CORAF
meeting scheduled for March 21-24, 1989 in Dakar (Senegal), and
the Council has mandated the International Coordinator of SAFGRAD
and the Director of Research of Cameroon (who also happens to be
the CORAF Maize Network Coordinator) to attend the meeting and to
use their good offices to ensure that the main outstanding issues
are resolved.

Before I conclude, I would like to take this opportunity to
thank all partners involved in the implementation of the research
programmes of respective networks. The lead NARS, for example,
should be encouraged and congratulated for taking their
responsibilities to the networks very seriously. The technology
adapting NARS keen interest and active participation have been
inspiring. On behalf of OAU/STRC, I would like to express genuine
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appreciation and congratulations to the energetic and dedicated
Network Coordinators and the respective steering committees, we
are grateful to IITA for its continued support of various aspects
of network development.

OAU/STRC-SAFGRAD would also like to express its sincere
gratitude to its donors, particularly USAID, which supports the
four commodity collaborative research networks of SAFGRAD.
Finally, on behalf of all participants and OAU/STRC, I would like
to express our sincere thanks to the Government and people o^
Togo for warm hospitality and for enabling us to hold this Joint
Maize and Cowpea Scientific Workshop in Lome, Togo.

i



2. Cowpea Improvement Programme of International Institute
of Tropical Agriculture (IITA)

S.R. SINGH

Director. Grain Legume Improvement Prnprftmmft. TTTA,
P.M.B. 5320. Ibadan. Nigeria

In the essential plan for the improvement of cowpeas, IITA will
continue to focus on the importance of pest and disease
resistance, but there will be a change from the past policy of
breeding varieties for only grain production as sole crops, using
insecticides to control insect pests. Although this strategy has
been sucessful, and will continue at a reduced scale, it is
dependent on the availability and the price of insecticides and
sprayers, despite the fact that most of African cowpea production
is, and will continue to be, grown by resource-poor, small
holders as intercrops in cereal-based mixtures. In addition,
breeding objectives need to take into account the production of
haulms, which are a principal source of animal feed in most of
the cowpea growing regions of West Africa. Thus, the major thrust
of future research will be to breed varieties that are well-
adapted to the cereal-based farming systems of the African
savannas and that meet the dual needs for grain and fodder.

Major Components of IITA's Future Cowpea Improvement
Programme

In the medium term, the following three areas will be given
special attention.

Cowpea breeding and improvement

The main breeding objectives of the essential plan will be :
(i) the development of cowpea varieties that are morphologically
and physiologically adapted to interplanting with cereals in a
range of environments with varying lengths of growing seasons ;
(ii) the incorporation of multiple resistance to insect pests and
diseases into adapted varieties ; and (iii) the improvement of
drought tolerance in cowpea varieties, especially those intended
for the millet-based farming systems of semi-arid zone. The
scientists who will execute this programme will be located in
Kano, northern Nigeria and at the ICRISAT Sahelian Center,
Niamey, Niger.
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Cowpea germplasm enhancement

The main limitation to cowpea grain production in Africa is the
damage caused by post-flowering insect pests. The following
three components comprise IITA's essential plan to incorporate
host-plant resistance into cowpea varieties.

a) Refinement of existing screening methods, and the
development of new ones, to identify better sources
of insect pest resistance. This will require that
significant resources be allocated to research on
the biology and the rearing of the pests.

b) Extensive collection of new germplasm, especially
of wild relatives of cowpea in Africa, and the
intensive evaluation of both existing and new
collections, and of breeding materials.

c) Research in IITA's Biotechnology Unit, and contract
basic research for the study of pest biology, wide
crosses, resistance mechanisms, and innovative
screening methods.

Essential work will also continue at IITA to improve the
level of resistance to the cowpea storage weevil, Callogobruchua
maculatufl: the higher resistance will subsequently be
incorporated into all of IITA's elite breeding lines.

The above pre-breeding research will be done at the Ibadan
headquarters by one breeder and an entomologist working together
with scientists in the Biotechnology Unit, and in collaboration
with scientists at advanced laboratories.

Cowpea genetic reaourcea Gonaervation

IITA has the CGIAR world mandate to collect and preserve the
genetic resources of Vigna and, as part of its essential plan,
will continue to collect, evaluate and preserve cowpea germplasm,
and to make it freely available to scientists world-wide. Over
the next five years, priority will be given: (i) to collecting
genetic diversity in the wild relatives of cowpeas in Africa, and
(ii) to using the latter in breeding for host-plant resistance to
post-flowering insect pests.

Projected Impact of IITA's Cowpea Improvement Programme

With the expectation that the objectives outlined above will be
achieved, the impact of IITA's Grain Legume Improvement Programme
could be summarized as follows :
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a) In the medium term, the development of a range of
photoperiod-sensitive, indeterminate cowpeas :
(i) adapted, through their response to photoperiod,
to a range of season lengths ; (ii) possessing the
desirable characteristics of traditional varieties
grown at present in mixtures with sorghum and pearl
millet, and (iii) with multiple resistance to the
major pathogens in the West African savanna.

b) In the long-term, sources of resistance to post-
flowering insect pests will be identified and
incorporated into otherwise superior genotypes for :
(i) cereal intercropping, (ii) grain production from
sole crops, and (iii) vegetable pod production.

c) In the medium term, improved levels of resistance to
the cowpea storage weevil, Calloaobruchus macula.tus>
will be identified and incorporated into elite
varieties.

d) In the medium term, a greatly enlarged collection of
genetic diversity in the wild relatives of cowpeas
would have been collected, preserved, evaluated and
documented. IITA will continue to maintain the world
collection of cowpea germplasm, and to distribute it
freely to cowpea scientists world-wide.

e) IITA will continue to support and strengthen national
grain legumes improvement programs in Africa, and
will continue to participate in cowpea research
networks.
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CROP BREEDING



3. Cowpea Genotypes for Intercropping with Pearl Millet in a
Sudano-Sahelian Environment

B.R. NTARE

IITA. c/o ICRISAT Sahellan Centre. B.P. 12404. Niamey. Nifftr

ABSTRACT

Cowpea is an important source of grain and fodder in the semi-
arid zone of West Africa, a major cowpea producing region in
which cowpea is grown in a millet- or sorghum-based mixture.
Because of the importance of millet/cowpea intercropping, two
experiments were conducted to study the response of contrasting
cowpea cultivars intercropped with millet. Tests over three years
have shown that yields of intercropped millet and cowpea depend
partly on cowpea plant type. Early maturing (60-70 days), erect
cowpea cultivars competed less with millet than late maturing
cultivars, but produced the lowest grain and fodder yields. In
contrast, photoperiod—sensitive, late maturing cultivars were
more aggresive and caused the largest reduction in millet yields.
These and other results indicate that the most suitable cowpea
cultivar for intercropping with pearl millet in a Sahelian
environment should be spreading and indeterminate, weakly
competitive with millet, early maturing (to escape end-of-
season drought), and produce satisfactory grain and fodder
yields. Cowpea sole crop yields were positively correlated with
those of intercropped cowpea.

Using yield as a selection criterion, 42% of the highest-
yielding lines in intercropping would also have been selected on
the basis of their yields as sole crops over a 3-year period. It
is concluded that selection of cowpea cultivars for intercropping
with millet should be based on their performance in the
intercrop.

RESUME

Le ni6b6 constitue une source importante de graines et de
fourrage dans la zone semi-aride d'Afrique Occidentale,
principale region ou le ni6b6 se cultive en association soit avec
le mil soit avec le sorgho. Compte tenu de 1'importance de la
culture associ6e mil/ni6b6, deux essais ont 6t6 conduits afin
d'^tudier la reponse des diff^rents cultivars de ni^be cultiv6s
en association avec le mil, Ces essais ont d6montr6 au bout de
trois ans que les rendements de la culture associ^e mil/ni6b6
dependent partiellement de 1'architecture de la plante du ni6b6.

15



16 Cntjpea for Intercror-ping with Pearl Millet

Les cultivars de niebe a maturite precoce (60-70 jours) a port
6rige, ont ete moins competitifs avec le mil que les cultivars i
maturite tardive, mais ont donne les rendements les plus faibles
en grains et en fourrage. Par contre, les cultivars a maturity
tardive, sensibles au photoperiodisme se sont reveles plus
competitifs et causerent la reduction la plus importante aux
rendements du mil. Ces resultats et d'autres indiquent que le
cultivar du niebe le plus approprie pour la culture en
association avec le mil dans une ecologie sahelienne devrait
avoir un caractere expansif et indetermine, §tre faiblement
competitif avec le mil, a maturite precoce (afin de se trouver ^
I'abri de la secheresse de fin d'hivernage) et au rendement
satisfaisant en grains et en fourrage. Les rendements de la
culture pure du niebe ne presentaient pas de difference avec ceux
du niebe cultive en association.

En utilisant le rendement comme critere de selection, 42 %
des lign^es donnant le rendement le plus eleve dans le systeme de
culture associee auraient 6te egalement selectionnees sur la base
de leurs rendements en culture pure sur une periode de 3 ans.
L'on conclue que la selection des cultivars du niebe pour la
culture en association avec le mil devrait se fonder sur leurs
performances dans le systeme de culture associee.

INTRODUCTION

Cowpea is an important food legume in the semi-arid regions of
West Africa, a major cowpea producing region. Most of the cowpea
is grown at low densities in association with cereals, especially
pearl millet and sorghum (Steiner, 1982; Stoop, 1986). Farmers do
not normally apply plant protection chemicals, while they apply
very little amounts of artificial fertilizer. As a result, cowpea
yields are extremely low.

The maturity periods of local varieties, largely photo-
period sensitive, are longer than the average length of the rainy
season. Consequently, in years with low rainfall, these varieties
produce very little or no grain.

Although there are no rigid intercropping patterns, the most
prevalent combination is the millet/cowpea system (Fussell and
Serafini, 1985). The two crops are grown under conditions
characterized by poor soils, frequent drought, high temperatures,
and many insect pests and diseases.

Progress has been made at the International Institute of
Tropical Agriculture (IITA) in developing cowpea cultivars which
mature in about one half of the time required by the local
varieties (Singh and Ntare, 1985). These cultivars, however, were
developed in sole crop systems and it has not been established
that they perform well in intercropping systems. In addition,
experience has shown that few farmers are prepared to change
their traditional methods of intercropping cowpea with cereals in
order to grow pure crops.
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Varietal selection for improved intercrop performance is
dependent on the objectives of the farmer. In the Sahelian zone,
the objective of the farmer is to get a full yield of millet and
a supplementary yield of cowpea grain and fodder.

Studies on the evaluation of crop genotypes for their
suitability to intercropping have been reviewed (Smith and
Francis, 1986; Galway al-, 1986). They indicate that there is
a differential response of genotypes to intercropping systems.

The present study examined the performance of contrasting
cowpea cultivars as sole crops and in millet-cowpea intercrops to
determine the relationship between their performance in the two
systems, in order to select cowpea cultivars suitable for
intercropping with millet.

MATERIALS AND METHODS

Two trials were conducted in three years (1984-1986) at the
ICRISAT Sahelian Center (ISC), 40 km south of Niamey, the
Republic of Niger. This station (13n4'N latitude, 2n8'E
longitude, and 240 m elevation) is in the Sahel bioclimatic zone,
an extensive semi-arid belt immediately south of the Sahara
desert. The 1984 cropping season was the driest on record; the
total rainfall was 56% below the average. The sandy, reddish
coloured soils are strongly acidic and are low in native
fertility and organic matter.

Trial 1

Six cowpea cultivars (two erect, extra-early. 55-60 days;
two spreading, early maturing, 70-75 days; and two prostrate,
medium maturing, 80-90 days) were intercropped with one millet
cultivar, CIVT. The spacing of millet was 1 x 1 m while cowpea
was sown between millet rows. The erect and spreading cowpea
cultivai-s were sown at densities of 5 and 3 plants/m2,
respectively. Sole crop millet was an additional treatment.
Treatments wei^e arranged in four randomized blocks with six
replications.

Trial 2

In 1984, 300 cowpea cultivars were grouped into 15 different
trials, each consisting of 20 entries. These trials Were based on
plant type, seed colour, and maturity period. They were evaluated
as monocrops, as well as in mixtures with one millet cultivar, as
in trial 1. Sole crop cowpea plots consisted of three, 4-m rows,
1 m apart, the intra-row spacing being 30 cm. Intercropped cowpea
consisted of a single 4-m row alternating with one row of millet.
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Millet and cowpea were spaced Ixlm and lmx30cm, respectively.
Cowpea was sown on the same day as the millet in six trials; in
the remaining nine trials, it was sown 13 days after millet. Sole
and intercrop plots were in adjacent blocks. Four randomized
complete blocks were used in each case. Millet was thinned to
three plants/hill, while cowpea was thinned to two plants per
hill. Two insecticide applications were used to control cowpea
insect pests.

From the 1984 trials, 75 cultivars, including local
controls, were selected for the 1985 and 1986 trials. In both
years, the 75 cultivars were evaluated in mixture with a standard
millet cultivar, CIVT. The trial consisted of two blocks, one for
sole crop cowpea and the other for cowpea/millet mixture. The
cowpea lines were randomized in two replicates in each block.
Both crops were sown on the same day in each of the 2 years.
Cowpea was sown at 75 cm and 1.5 m within and between rows,
respectively, in both cropping systems.

All trials received a basal application of 18 kg PzOo/ha, in
addition to 45 kg N/ha as urea banded to the millet in two doses,
23 and 45 days after sowing.

Analyses of variance were performed for data from trial of
each year. Simple correlation coefficients between means of
cultivars in the sole crop and in the intercrop were calculated.

RESULTS

Trial 1

The yields of cowpea and pear millet in 1984-1986 are presented
in Table 1. In 1984, both crops were seriously affected by severe
drought. Millet grain yields were severely reduced by
intercropping and no cowpea fodder was obtained because of
premature leaf senescence due to water stress.

In 1985 and 1986, the rainfall distributions were favourable
emd the crops did not suffer from moisture stress. Early maturing
cultivars produced the lowest grain and fodder yields and were
apparently less competitive with the millet than late maturing
cultivars. Suvita-2 and 58-57 were the highest yielders in both
1985 and 1986 and appeared to be tolerant of intercropping.
Spreading, medium maturing cultivars significantly reduced millet
grain yields in 1985, but not in 1986.
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Table 1. Effect of cowpea plant type on yield (t/ha) of oowpea and
millet when intercropped at ICRISAT Sahelian Centre, Niamey in the
rainy seasons of 1984-1986^.

Yields in:

Plant types 1934 1935 1986

Cowpea Pearl Cowpea Cowpea Pearl Cowpea Cowpea Pearl
grain millet grain fodder millet grain hay millet

IT82E-60 (EE) 0.16 0,.23 0.10 0.32 2.04 0.09 0.11 1.30
IT82D716 (EE) 0.32 0,.19 0.12 0.40 2.17 0.10 0.18 1.14
TVx 3236 (E) 0.18 0..27 0.40 0.13 1.79 0.20 0.23 1.10
SUVITA-2 (E) - 0.62 1.34 1.55 0.43 0.50 1.13
TN88-63 (M) 0.15 0..28 0.42 1.06 1.60 0.16 0.46 1.23
58-57 (M) - 0.60 1.30 1.56 0.38 0.77 1.17
Sole millet 0.67 0.,67 - - 2.24 _ 1.30

SE +0.30 +0.,07 +0.08 +0.08 +0.12 +0.06 +0.06 +0.21

iiiOXVCOO XII XC704, li700

and 1986 = 186, 430 and 447 mm, respectively.
2EE = extra-early erect (60-65 days); E = early spreading (70 days);
M = mediiun maturity (80 days).

Trial 2

In 1984 yields were drastically reduced by drought which occurred
in August and September. Nonetheless, an attempt was made to
relate intercrop and sole crop yields but the correlation
coefficients (0.16-0.33) were not significant. Pooled over
trials, a significant (P=0.01) positive correlation was obtained
but the coefficient (0.45) was too low to permit prediction of
the best cowpea cultivars for intercropping on the basis of their
sole crop yields.

In both 1985 and 1986, the effects of cropping system and
cultivar on grain yields were significant but the effect of
cultivar x cropping system interaction was not significant
Intercropping significantly reduced cowpea yields, although the
degree of reduction varied among genotypes (Table 2). The extent
of millet yield reduction tended to be related to cowpea plant
type. Thus, early maturing, erect cowpea cultivars had the least
adverse effect on millet yield, while late maturing, prostrate
genotypes exerted the greatest yield-reducing effect in millet.
Cowpea sole crop yields were significantly (P=0.01) correlated
with those of intercropped cowpea (r values for 1985 and 1986
being 0.75 and 0.91, respectively).
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Table 2. Effect of cowpea plant type on performance of
cowpea and millet when intercropped at Niamey (Niger) in
1985 and 1986 rainy seasons.

Plant type

% Yield reduction^

No. of -
cultivars Cowpea Cowpea Millet

grain fodder grain

Early-maturing,
determinate-erect 15

Early-maturing,
determinate-semi-erect 36

Medium-maturing,
indeterminate & spreading 17

Late-maturing,
indeterminate & spreading 7

44

33

30

26

41

33

38

22

26

37

44

52

1% yield reduction (significant, P = 0.05) in relation to sole
crop yields averaged over 1985 and 1986 cropping seasons.

Using grain yield as a selection criterion, 29-80% of the
top 20% of the cultivars had similar ranks in both cropping
systems. Based on the combined results of the three years, with
20% selection, 42% of the highest-yielding lines in the intercrop
would have been selected on the basis of their sole crop yields.

DISCUSSION

Results from these experiments have shown that yields of both
cowpea and millet in an intercropping system are dependent in
part on the plant type of cowpea. Early maturing (60-70 days)
cultivars were intolerant of competition with millet but had
little effect on millet yields. On the other hand, late "maturing,
photoperiod-sensitive types were more aggressive and caused the
largest reduction in millet yields.

In the Sudano-Sahelian zone, the objective of farmers is to
get a full yield of the cereal and satisfactory yields of cowpea
grain and fodder. The local varieties (largely photopdriod-
sensitive) have maturity periods that are longer than the rainy
season; in years of erratic rainfall, these varieties produce
very little grain. To grow two crops in mixture in an environment
with short rainy season requires two compatible, drought
resistant genotypes.

111
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The results of the present study indicate that a suitable
cowpea for intercropping with pearl millet will be a compromise
between grain and fodder types. Such a cultivar should ideallv
not compete with millet, and should be early maturing (to escape
end of-season drought) and possess the ability to produce both
grain and fodder. This type of cultivar has the potential of
improving the productivity of the cowpea/millet cropping system
without radically changing the traditional farmer's system.

Regressing yields of cowpea' cultivars intercropped with
millet on cowpea sole crop yields showed that the performance of
cultivars in intercropping was, to some extent, a reflection of

yields accounted for 56
yield of intercropped cowpea in 1985and 1986, respectively. This suggests that there is scope for

I performance of cowpea cultivars and progenies in soleselect for their performance in intercrop systems.
Indeed, using grain yield of sole crop cowpea as a selection
criterion to identify high-yielding cultivars revealed that 42%

bLn Lintercrop system wou?fhavebeen selected in both years. This suggests that selection of
cowpea cultivars for inter-cropping should be based on their
intercrop performance.

REFERENCES

FUSSEL, L.K. and P.G. SERAFINI. 1985. Crop association in the
semi arid tropics of West Africa; research strategies,
past and future. In: W. Ohm and J.C. NAGY (eds. )
Approprlf^te Technology for Farm^rf. in t.he
West Afnofl. Purdue University, 359 pp.

GALWAY. M.A. DE QUEROZ AND R.W. WILLEY. 1986. Genotypic
variation in the response of sorghum to intercropping
pj" effect on the associated legumeField Crops 14: 263-290.

SINGH, B.B. and B.R. NTARE. 1985. Developement of improved
Africa. In: S.R. SINGH and

utiii^Mnn ^ Prodr^otlon flncivtiiizatlon. John Willey and Sons, 105-115.

SMITH. M.E. and C.A. FRANCIS. 1986. Breeding for multiple
cropping systems. In: C.A. Francis (ed.),
CropplnK {^VfiteiTlR. McMillan, New York, pp. 219-249.

STEINER, K G. 1982. IntercmppinR in Pmallholdpr Aarir^ni
With Special Reference to West Africa, GTZ No 137
GTZ Eschborn Germany. 303 pp.

STOOP, W.A. 1936 Agronomic management of cereal/cowpea crr.ppinB
systems for major toposequence in the West African
Savanna. Field Crop 13: 301-319.



4. Genotype x Environment Interactions in Maize and Their
Implications in Breeding for Stable and High Yields in
Ghana
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ABSTRACT

Yield data from six locations in two years were used to examine
genotype x environment interactions and their implications
regarding the breeding and testing of improved maize varieties in
Ghana. Analyses of variance showed that yields of maize varieties
were significantly different from each other and that variety x
year as well as variety x location interactions were significant.
However, the year x location x variety interaction was not
significant.

Stability analyses revealed that five varieties (Dobidi, La
Posts CRI, Okomasa, EV 8329 SR BCs, and EV 8328 SR BCs) with
regression coefficients of approximately 1.0 produced above
average grain yields across locations, indicating that they have
good general adaptability. Ferke(l) 7828 had a regression
coefficient of Just over 1.0 and produced below average grain
yield, suggesting its sensitivity to some of the environmental
conditions in the test sites. Across LSR-W81 had a regression
coefficient substantially below 1.0 but it produced above-
average grain yield, indicating that it may be considered as an
ideal variety. The local variety, with a regression -coefficient
of 0.6S4, produced below average grain yield, indicating that it
combines above average stability with adaptability to low-
yielding environments.

RESUME

Les donneee de rendement recueillies en deux ans et provenant de
six localites ont ete utilisees pour etudier les interactions
genotype x 6cologie et leurs implications en ce qui concerne la
selection et 1'experimentation des variet^s ameliorees de mais au
Ghana, Les analyses de la variance ont revile que les rendements
des vari^tes de mais dtaient nettement diff^rents les uns des
autres et que les interactions vari^t^ x annee de meme que les
interactions variet(§ locality etaient importantes. Toutefois,
1'interaction ann6e x locality x vari6t6 n'^tait pas
considerable.

23
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Des analyses d'aptitude a la stability ont rev616 que cinq
vari6t6s (Dobidi, La Posta CRI, Okomasa, EV 8329 SR BCa et EV
8328-SR BCs) ayant des coefficients regressifs d'environ 1,0 ont
donn6 des rendements en grains au-dessus de la moyenne A travers
les localites ; ce qui indique qu'elles ont une bonne
adaptabilite generale. Ferke (1) 7828 donnait un coefficient
r6gressif Idgdrement au-dessus de 1,0 et un rendement en grains
au-dessous de la moyenne ; ce qui montre sa sensibility ^
certaines des conditions 6cologiques au niveau des sites d'essai.
Across LSR-W 81 avait un coefficient regressif nettement en-
dessous de 1,0 mais elle donnait un rendement en grain au-dessus
de la moyenne, indiquant qu'elle peut etre envisagee comme
variety id^ale. La vari6t6 locale dont le coefficient de
regression etait de 0,684, donnait un rendement en grains en-
dessous de la moyenne, montrant qu'elle allie I'aptitude d la
stability au-dessus de la moyenne ^ I'adaptabilite a\ix Ecologies
d faible rendement.

INTRODUCTION

Genotype x environment interactions are present when the relative
rankings of two or more genotypes differ in different
environments. The interactions create problems in demonstrating
significant superiority of any variety in yield tests. It is,
therefore, generally agreed, among plant breeders, that
interactions between genotypes and environments are important
considerations in breeding and testing of improved varieties.
Attempts are frequently made to estimate the magnitude of
variances attributable to interactions and to utilize such
estimates to develop more precise methods of selection.

Information relating to the genotype x environment
interactions in maize in Ghana is limited. Akposoe (1978), in a
four-year study of some aspects of maize improvement in Ghana,
showed significant year x location and year x variety
interactions. However, there was no significant location x
variety, or location x variety x year interaction. The study was
conducted at only three locations in Ghana.

The purpose of the present study was to examine genotype x
environment interactions and their implications with respect to
development of maize varieties for the different ecological zones
of Ghana (namely, forest, forest-transitional, and savanna).

MATERIALS AND METHODS

The analyses were based on the data from full-season (120 days to
maturity) variety trials conducted in 1984 and 1985 at six
locations (Kwadaso, Ejura, Pokuase, Kpeve, Damongo, and
Nyankpala) representative of the three ecological zones of Ghana.
A randomized complete block design, with four replications within
each year and location, was used. Each plot consisted of four, 5-
m rows with an inter-row spacing of 80 cm but data were collected
on the two central rows. A number of plant characters were
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recorded but only grain yield is reported in this study. Combined
analyses of variance were done in which genotypes, locations,
years and their interactions were partitioned separately.
Genotypes, years and locations were regarded as random effects
and expected mean squares and tests of significance were
performed following the method developed by Snedecor (1962).
Variance components were estimated by equating the mean squares
of their expectations and solving for the components.

For each variety, a linear regression of individual grain
yield on the mean grain yield of all varieties for each site in
each year was computed (Yates and Cochcran, 1938; Finlay and
Wilkinson, 1963; Eberhart and Russel, 1966). The variety mean
yields over all locations were also computed.

RESULTS AND DISCUSSION

The analysis of variance for yield of the eight maize varieties
at the six locations revealed significant differences (P = 0.01)
among varieties as well as significant (P - 0.05) variety .x year
and variety x location interactions. However, the year x location
X variety interaction was not significant. The significant
variety variance component indicated that the varieties differed
in their genetic potential for yield. The significant variety x
location interaction implied that certain varieties tended to
rank consistently differently in the two years of testing at
individual locations. The lack of significant location x year x
variety interaction implied that in any particular year,
individual locations did not exert a major influence on the
relative performance of varieties.

The variance component analysis revealed that the influence
of years on the relative response of varieties was of the same
magnitude as that of locations. Since variety x year and variety
X location interactions were significant, variety recommendations
should be based on multilocational testing over years.

The presence of significant location x genotype interaction
suggests three different approaches for the maize breeding
program in Ghana. The first approach is to develop specific
varieties for each of the special environments, i.e. varieties
adapted to specific conditions of temperature, rainfall, soil
fertility, etc. This is because it is much easier to alter the
crop genotype than the environments. The genotypes may be altered
during the developmental stages of the breeding program when the
breeder attempts to select superior genotypes from a
genotypically variable population, by testing the progenies in
various environments. Based on the progeny yield tests, the top
10% performers across each ecological zone could be recombined to
form a variety specifically adapted to each zone (i.e.
environment). In order to make optimum use of resources, the
generation of families for progeny yield tests, as well as the
recombination of superior families, could be done in one
environment prior to multi—locational tests conducted throughout
the country.
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The second approach to solving the problem posed by the
significant location x variety interaction would be to further
divide each ecological zone into more testing sites. This would
increase the chances of identifying genotypes adapted to several
environments. However, for logistic reasons, this approach is not
considered feasible.

The third and, probably, the feasible approach for
overcoming the problems associated with the high variety x
location interaction would be to develop cultivars widely adapted
to all maize-growing environments in Ghana. This would involve
the use of a selection strategy to identify maize cultivars with
high grain yields and wide adaptation in these environments. One
strategy is to use regression techniques to characterize the
responses of genotypes in varying environmental conditions. Thus,
to determine the most high yielding and stable varieties for
production throughout the country, the degree to which the
varieties used in variety trials responded to changes in
environment was measured by regression of individual variety
grain yield upon the mean yield of all varieties in a single
environment.

The variety mean yields and the regression coefficients are
presented in Table 1. Variety mean yield varied from 2.2 to 5.0
tons/ha for the local and Dobidi varieties, respectively.
Varieties characterized by regression coefficients approximating
1.0 are considered to have an average stability across
environments. Five varieties (Dobidi, La Posta CRI, Okomasa, EV
8329 SR BCs and EV 8328 SR BCa) had regression coefficients of
the order of 1.0 and produced above average yields across
locations, suggesting that they have good general adaptability.
On the other hand, FerkeCl) 7928, with a regression coeficient of
just over 1.0, produced below average grain yield. This was
probably due to the fact that Ferke (1) 7928 was too sensitive to
some of the environmental conditions in the test sites. Although
Across LSR-W81 had a regression coefficient substantially below
1.0, it produced above-average grain yield. This suggests that
Across LSR-W81 is very stable and capable of exploiting high
yielding environments. It may be considered the ideal variety.

Table 1. Performance of eight full-season maize
varieties at six locations in 1984 and 1985.

Variety
Grain yield

(tons/ha)
Regression
coefficient

La Posta CRI 4.85 1.161
Dobidi 5.00 1.019
Across LSR-W81 4.42 0.696
Okomasa 4.70 0.887
Ferke (1) 7928 3.81 1.154
EV 8329 SR BCs 4.64 0.878
EV 8328 SR BCa 4.69 0.864
Local 2.22 0.684

Mean 4.29
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The local variety had a regression coefficient of 0.684 but
it produced below average grain yield. This is characteristic of
varieties with greater resistance to environmental change (above
average stability) and adaptability to low-yielding environments.
This is not surprising since the local variety has been observed
to respond poorly to high management practices, such as nitrogen
fertilization and other improved agronomic practices.

The mean grain yields for each of the six location in 1984
and 1905 are presented in Table 2. The highest and lowest site
means were obtained at Nyankpala in 1984 and 1985, respectively.
Similarly, while the location mean was lowest at Pokuase in 1984,
the location mean at Pokuase was one of the highest in 1985.
These results illustrate the importance of variation in climatic
factors (such as rainfall) as a major factor of the environment
in the test sites. Differences in edaphic factors (such as
temperature and fertility status) at the test sites, appeared to
be of relatively little importance compared to fluctuations in
climatic factors.

Table 2. Site means (tons/ha) of eight full-season

maize varieties in 1984 and 1985.

Year

Location
1984 1985

Pokuase 2.79 4.80

Kpeve 4.60 6.48

Damongo 3.45 3.46

Nyankpala 5.64 2.64

Kwadaso 3.01 5.17

Ejura 3.49 4.04
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ABSTRACT

The combining ability and the heterotic effect of five Cameroon
indigenous maize varieties testcrossed to three improved
introduced maize varieties were evaluated at two locations in
1987.

Average heterotic effects were highly significant and seemed
to be correlated with differences in maturity cycle of the
pai'ents. Crosses involving CMS 8503 (EV 8449 SR) as one of the
parents gave 72% more gra^in yields than their respective local
parents; also CMS 8503 showed high parent heterosis of about 20%.
However, the lower yielding and early maturing tester. Pool 16
SR, exhibited the highest significant variations in testcrosses.
The line x tester analysis revealed predominance of non-additive
gene effect for all measured traits.

RESUME

L'aptitude a la torabinaison et I'effet heterotigue de cinq
vari6t^s indigenes de mals du Cameroun testcroisees a trois
variet^s am^liorees de mals introduites ont et6 evaluees dans

deux localites en 1987.

Les effets h^terotiques moyens se sont revel^s tr6s
importants et semblaient montrer des differences au niveau du
cycle de maturite des parents. Des croisements comprenant CMS
8503 (EV 8449 SR) comme I'un des parents ont donne des
rendements en grains de 72 % de plus que leurs parents locaux
respectifs ; de meme CMS 8503 a revel6 un heterosis parental
61eve d^environ 20 %. Toutefois, le testeur a rendement plus
faible et a maturite precoce, Pool 16 SR, a montre les variations
les plus ^levees au niveau des croisements tests. L'analyse de la
lignee x testeur a revele une predominance de I'effet non
additif du g^ne pour tous les caracteres etudies.
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INTRODUCTION

Except for the savanna zone, research achievement in the lowlands
of Cameroon has not resulted in significant yield increase at the
small farmer level. This is partly attributed to reluctance of
the farmer to grow improved varieties. These varieties, mainly
introductions from International Research Centres, do not always
meet the needs of the small farmer. The local maize preferred by
the farmer has a soft and thin pericarp, floury endosperm, and is
apparently better adapted to low input agriculture. The maize
variety BSR 81 (Bertoua streak resistant 81), developed from a
cross between TZSR-W-1 and a local maize accession from Bertoua,
is more easily accepted in the eastern part of Cameroon than the
high yielding, introduced TZSR-W-1. This study was initiated to
measure the combining ability and the heterotic effect of five
Cameroon indigenous maize varieties testcrossed to three
improved, introduced maize varieties.

MATERIALS AND METHODS

The local accessions used in this study were named after their
sites of collection. They were Bafia, Bougzoudou, Yaounde,
Mfoumou and Asip. In the first season of 1987, these varieties
were crossed to each of the following three introduced maize
varieties used as testers: Pool 16-SR, CMS 8503 (EV 8449 SR) and
Ndock 8701. During the second growing season of 1987 and the
first growing season of 1988, 15 Fls, along with the eight
parents, were evaluated at Nkolbisson. The design was RCBD with
three replications (2-row plot, 5 m long). Spacing between rows
was 75 cm. Three seeds were planted per hill, while seedlings
were later thinned to two plants to give a final stand of 53,333
plants per hectare. Measurements were taken from each plot for
DTS (days to 50% silking), plant height (cm), and grain yield at
15.5% moisture content. In addition, rust ratings, on scale of 1
to 5 (1 - resistant, 5 = very susceptible) were taken 3 weeks
after flowering.

Initial statistical analyses for genotypic differences were
done across the two environments for all measured traits; the
linear model used was;

Yijm = U + li + LRij + LGim + Mijm
where : Yijm = the performance of the m genotype at the ith
location in the jth replication, U = overall mean, Li = the
random effect of the ith location (i = 1,2), Rj = the random
effect of the jth replication (j = 1-3), LRij = the random effect
associated with the ith location and the jth replication, Gm =
the random effect of the mth genotype (m = 1...22), and Mijm =
error.
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The orthogonal partition of the sum of squares for genotypes
was performed to provide estimates of the variation among
testcrosses, parents and average heterosis. In addition, the
testcrosses sum of squares were partitioned to determine the
relative contribution of each tester. Finally, the line x tester
analysis as outlined by Kempthorne (1957) was used to determine
the breeding value of each of the parents.

RESULTS AND DISCUSSION

The combined analysis of variance over the two environments
(Table 1) revealed no significant genotype x environment
interaction for all traits measured. However, highly significant
variations were detected among the tested genotypes for all
measured traits. These differences were partly attributed to the
inherent differences among the parents. In addition, highly
significant differences were observed among the testcrosses.
Average heterosis effects, measured by comparing the parents to
the Fls, were highly significant.

Table 1. Pertinent mean squares from analysis of variance for
all measured traits of maize parents and test crosses over two
locations.

Yield Plant Rust
Source of variation D.F-^ (t/ha) ms* height score

Genotypes 22 4.27** 98.36** 4733** 6.40**
Parents 7 5.35** 128.80** 6914** 14.02**
Testcrosses 14 2.79** 52.37** 2806** 3.77**
Parents vs. testcrosses 1 14.54** 461.00** 12597** 0.33NS
(lenotype x environment 22 0.21 3.13 205 0.42
Error 88 1.02 2.85 711 3.21

-D.F. = degree of freedom ; DTS = days to 50% silking.

Among the parents, Ndock 8701 had the highest resistance to
rust and the highest grain yield (6.07 t/ha) while Bafia, the
local early maturing accession, was the most susceptible to rust
and the lowest yielder (Table 2). Pool 16 SR, the earliest
maturing entry, yielded as much as all local late maturing
accessions, except Mfoumou; this was partly due to its greater
resistance to rust.
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Table 2. Performance of maize parents for all measured traits,

Variety

Yield
(t/ha) DTS-

^lant

hei^t
Rust

score

Ndock

CMS 8503
Nfoumou

Yaounde

Pool 16 SR
Bougzoudou
Asip
Baf ia

L.S.D. (0.05)

6.07

4.47

4.10

3.40

3.13
3.07

2.53
1.67

0.66

61.0

57.0

67.3
65.3

49.7

66.3
61.7

52.3

2.9

212

175

283

258

158

278

263
207

24

1.7

1.3

4.0

3.7

2.0

4.0

4.0
5.0

1.1

-^DTS = days to 50% silking.

Among the Fls. four crosses having CMS 8503 (EV. 8449 SR) as
one of the parents ranked among the five highest yielders (Table
3); each of the four was a cross between an intermediate maturing
variety and a local, late maturing maize accession. By contrast,
the cross between two early maturing varieties (Pool 16 SR and
Bafia) yielded the least. This suggested that heterosis and/or
performance appeared to be correlated with the maturity periods
of the parents.

Table 3. Performance of maize testcross progenies for all
measured traits.

Testcross

CMS 8503

Pool 16 SR

Grain yield
(t/ha) OTS-^ PHT-^

Rust

score

X Asip 5.50 57.3 197 2.0

X Bougzoudou 5.20 55.7 233 3.3

X Yaoimde 5.67 57.3 220 3,3

X Mfoumou 5.43 58.3 233 3.3

X Bafia 4.50 46.3 190 3.7

R X Asip 3.70 53.0 167 2.3

X Yaoimde 4.20 53.7 178 4.0

X Bafia 2.40 45-3 135 3.7

X Bougzoudou 4.70 54.0 237 4.0

X Mfoumou 4.70 54.3 212 3.7

1 X Asip 4.30 55.7 202 2.7

X Bougzoudou 4.30 58.3 22 3.0

X Yaounde 5.50 58.3 214 3.3

X Bafia 3.30 47.3 165 4.3

X Mfoumou 4.85 58.3 221 3.3

1.05) 0.66 2.9 24 1.1

Ndock 8701

^DTS = days to 50% silking ; PHT = plant height.
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Testcrosses involving CMS 8503 as one of the parents
produced, on the average, 72% higher grain yield than their local
parents (Table 4). Similarly, tescrosses involving Ndock 8701 and
Pool 16 SR yielded, respectively, 58 and 36% more grains than
their local parents. By contrast, testcrosses involving Pool 16
SR and CMS 8503 were 20 and 28% shorter than their local parents,
respectively. Similarly, rust ratings of testcrosses involving
Ndock 8701 and CMS 8503 were lower than those of their Icoal
parents. In addition testcrossees involving Ndock 8701 had no
yield advantage over Ndock 8701. However, testcrossees yielded
22% and 25% higher than their improved tester parents in crosses
involving CMS 8503 and Pool 16 SR, respectively. Also, CMS 8503,
as one of the parents, exhibited positive high parent heterosis;
this suggests that CMS 8503 and all local accessions used in this
study belong to different heterotic patterns and thus could be
used in a reciprocal selection programme.

Table 4. Performances of maize teatcross as percentages of
those of local parents.

Rust
Testcross Yield(%) UTS"- PHT-^ score

CMS 8503 X Asip 117 -7 -25 -50

X Bougzoudou 70 -16 -16 -18
X Yaounde 68 -12 -14 -11

X Mfoumou 32 -13 -18 -19

Average 72 -12 -19 -25

Pool 16 SR X Asip 46 -14 -36 -43
X Yaounde 53 -18 -15 -

X Bafia 24 -13 -13 -

X Bougzoudou 15 -19 -25 -8
X Mfoumou 41 -19 -34 -20

Average 36 -16 -28 -14

Ndock 8701 x Asip 70 -9 -23 -33
X Bougzoudou 40 -12 -20 -25
X Yaounde 62 -11 -17 -11
X Bafia 98 -9 -20 -14
X Mfoumou 18 -13 -2 -18

Average 58 -11 -20 -20

•DTS = days to 50% silking ; PHT = plant height.
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The partitioning of the testcross sums of squares to
determine the relative contribution of each of the three testers
(Table 5) revealed that the highly significant variations,
observed for testcrosses for all traits, were mainly attributable
to the significant variation among testcrosses with Pool 16 SR as
one of the parents. These variations were also the highest among
the three testers; this suggests that Pool 16 SR would be the
best tester for evaluating the combining ability of the Icoal
maize accessions. Thus, the higher yields of the testcross
progenies of CMS 8503 or Ndock 8701 were largely due to higher
relative contributions by these two testers. Lonquist and Lindsey
(1970) postulated that the tester parent contributed one half of
the genetic constitution of the testcross combinations. Thus, the
better the tester, the better the topcross progenies. Therefore,
it would be of little value to use Pool 16 SR in an effort to
improve local maize accessions because of the low performance of
their Fls.

Table 5. Pertinent mean squares from the partitioning nf maize
testcross siuns of squares for all traits.

Rust

Source of variation D.F.-^ Yield UTS* PHT^ score

Testcrosses 14 2.74'K* 50.37** 2806** 3.77**

Testcrosses with CJ1S 8503 4 0.12 3.67 722** 3.0**

Testcrosses with Pool 16 SR 4 2.75** 43.23** 469** 1.43*

Testcrosses with Ndock 8701 4 2.11 81.42** 1874** 1.55

= days to 50% silking; PHT = plant"^D.F. = degrees of freedom; DTS
hei^t.

The maize line x tester analysis of variance (Table 6)
revealed highly significant line x tester interaction, suggesting
the predominance of only non-additive gene effect for all
measured traits.

Table 6. Maize line x tester analysis of variance,

Source of variation D.F.*^ Yield OTS"*" PHT^

Rust

score

Testcrosses 14 2..7** 50.,37** 2806** 3..77**

Local varieties 4 0,.86 39.,78 1403 0..73

Testers 2 0,.35 2..95 183 0..04

Local X testers 8 4..48** 76.,72** 4468** 6..40**

Error 20 0..21 3.,13 206 0..42

for explanation, see table 5.
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6. R6ponee de Trois Cultivars de Vlgnfl At-.« (L. ) Walp,
a deux Regimes Contrast's d'Humidit' du Sol.
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RESUME

Trois cultivars de Mma unffuicuutf^ KN-1, SUVITA~2 et TN38-63
ont ete cultives en serre dans des pots contenant un melange de
terre de granulation precise (2 a 5 mm), dont la capacite au
champ a ete determinee. Dix Jours apres le semis, chaque pot a
6te demarie a deux plants et chaque cultivar a 6te alimente en
eau suivant deux regimes: Regime 1 : 30% de la capacite au champ
du melange de terre et regime 2 : 40% de cette meme capacite au
champ. Differents caracteres de croissance vegetative, de
production et la transpiration ont ete etudies.

Les plantes aliment^es avec 80% de la capacite au champ ont
montre^ qu il existe une variation varietale pour tous les
caracteres etudies. Les plantes alimentees avec 40% de la
capacite au champ montrent qu'a 1'exception de la longueur
moyenne des^ gousses, le poids moyen de 100 graines chez TN88-63
et la date ae floraison chez SUVITA-2, tous les autres caracteres
sont significativement reduits par 1'alimentation insuffisante en
eau. En outre, au niveau de la transpiration, on observe un
avancement de I'heure de la transpiration maximale dans la
journee, et un deplacement de la temperature optimale de la
transpiration vers les temperatives les moins chaudes. SUVITA-2
supporte mieux les temperatures elevees que KN-1 et TN88~63.

ABSTRACT

Three cultivars of cowpea (KN-1, SUVITA-2 and TN88-63) were grown
in pot culture in the greenhouse. Ten days after sowing, plants
were thinned to two plants per pot. Pots were watered to effect
two soil moisture regimes, namely 80% or 40% of field capacity.
Different vegetative and reproductive traits, as well as
transpiration, were recorded.

The results showed that at 40% field capacity all traits
(except average pod length and 100-seed weight for TN88-63 and
flowering date for SUVITA-2) were significantly decreased by
insufficient water supply. For instance, maximum transpiration
rate was attained earlier and there was a decrease in maximum
transpirtation temperature. SUVITA-2 tolerated high temperatures
better than KN-1 or TN88-63.
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INTRODUCTION

Dans la zone intertropicale d'Afrique, la secheresse comprise
rouiine une periode de temps suffisamnient longue ne comportant pas
de joui^s pluvieux ayant un impact sur la_croissance de la plants
(MULEBA, 1988) est pratiquement un phenomene.

Certains auteurs peiiseiit que pour 1 agriculture dans ce
milieu ce sent essentiellement les precipitations aleatoires du
debut de la saison des pluies qui affectent surtout les jeunes
plantes et le raccourcissement de cette saison qui peut toucher
les derniers stades de la maturation des grains chez les cereales
(LOUGUET, 1985).

Mais pour d'autres, meme avec une pluviometrie globale
appareniment suffisante pour les besoins des plantes, des periodes
de secheresse de severite variable se manifestent chaque annee en
periode de vegetation provoquant des baisses de rendements
parfois tres graves (GAUTEAU, 1935)-

De ce fait, I'un des problemes majeurs que doit resoudre la
recherche agronomique dans ces sones pour plus contribuer au
developpement de 1'agriculture est celui de la secheresse. Aussi,
beaucoup de recherches ont ete entreprises pour trouver d«s
varietes resistantes a la secheresse. Les premieres tentatives
d'amelioration de la resistance ont surtout porte i^ur *a
selection de cultivars a cycle de developpement raccourci
permettant de ne pas subir les aleas du debut et de la fin de la
saison des pluies en evitant ainsi la secheresse (Drought
avoidance), (LOUGUET, 1985). Tres vite, on s'est rendu compte que
la precocite affecte negativement le rendement potentiel, et que
la selection pour la precocite a la floraison reduit moins le
potentiel de rendement que la selection pour la maturite (HALL
et PATEL, 1985 cites par KONDA, 1987).

En outre, la selection pour la precocite n'est pas
satisfaisante en cas de secheresse en periode de vegetation
(GAUTREAU, 1985). Les conditions climatiques de Isi savane
Sahelienne imposent 1'utilisation de varietes non photosensibiles
et tolerances a la secheresse a tous les stades de developpement
(MULEBA, 1988).

II est done necessaire que des varietes tolerantes a la
sechei^esse soient selectionnees. Cette forme de selection
avoir pour base la connaissance des criteres physiologiques de
resistance a la secheresse. Pour DA SILVA (1985), le
physiologiste est d'une utilite certaine, et doit obtenir^sa
motivation a partir des problemes souleves au niveau du systeme
agricole et fournir des informations a 1 ameliorateur pour ce
qui est des bases physiologiques de la resistance et de la
productivite.
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Ainsi, beaucoup de travaux a caract^re physiologique ont 6t6
entrepris sur le nieb6 (MULEBA, 1985, 1908 ; WOSTEN, 1981). La
plupart de ces travaux ont consist^ h 6tudier la reaction des
plantes de ni6be soumises A la suppression de I'alimentation en
eau pendant une pdriode plus ou moins longue. Cette s^cheresse
est parfois coinbin^e ^ une variation de la temperature.

A notre connaissance, aucune 6tude n'a 6t6 entreprise sur le
comportement du ni6b^ dans une situation d'alimentation r6guli^re
mais insuffisante en eau durant le cycle de developpement. C'est
I'objet du present travail.

MATERIEL ET METHODES

Materiel

Le materiel vegetal utilise est constitu6 par trois cultivars de
Viana unfiuiculata (L.) Walp. II s'agit de :

- KN-1

- SUVITA-2

- TN88-63

Cess trois cultivars ont ete choisis de maniere a nous

permettre de bien appr^hender notre theme.

KN-1 s'oppose TN88-63 et SUVITA-2 ; il est as30ci6 aux
sites les plus humides ^ pluviometrie sup^rieure d 600 mm. II ne
s'exprime bien que dans les zones d pluviometrie elev^e et
s'adapte mal aux zones s^ches (Institut du Sahel, 1984). TN88-63
et SUVITA-2 trouvent une correspondance plus marquee avec les
sites a pluviometrie inf^rieure a 600 mm. Dans ce dernier groupe,
SUVITA-2 est sans doute le mieux

devavorables mais presente une moins
conditions humides. TN88-63 s'accommode

plus vari6es.

M^thodes

adapte aux conditions
bonne adaptation aux
mieux aux Ecologies les

Tous les essais sont men6s en serre. Les essais sont r6alis6s

dans des pots contenant un melange de terre constitu^ par deux
types de sol : limon argileux, brun&tre contenant beaucoup de
matidre organique dans les proportions 2/1. Ces sols sont tamis6s
de manidre & obtenir des particules avec un diam^tre compris
entre 2 et 5 mm.
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On determine la capacity au champ du melange en utilisant un
tuyau PVC de 6 cm de diametre et 20 cm de haut. Une extremite du
tuyau est fermee avec une grille moustiquaire en fer ou en nylon
ayant des mailles inferieures ^ 2 mm ; on le remplit du melange
de sols jusqu'a 2 cm du bord. Le poids sec de la terre est
determine (X). Puis on le sature d'eau. On ferme I'autre
extremity du tuyau pour eviter 1'evaporation et on laisse la
terre ^gouter pendant 24 heures. On pdse alors la terre mouillee
(Y). La capacite au chajnp (CAC) est determinee par la formule
suivante :

C.A.C. = Y - X - gr H20/gr de terre seche
X

On met alors dans chaque pot une quantite d'eau egale a 80%
de la capacite au champ.

Enaemencement. dans chaque pot, on seme 10 graines de niebe a la
profondeur d'un cm. 10 jours apres le semis, on demarie a deux
plantules saines et vigoureuses, puis I'on recouvre la surface
avec une feuille de papier aluminium afin de limiter
1'evaporation.

L'essai comporte 30 pots par cultivar. Chaque cultivar est
sem6 dans 26 pots et les 4 sans plantes serviront de t6moins. Les
pots temoins permettent de determiner I'evaporation. Si le pot
rempli du melange de terre et arrose avec 80% de la capacite au
champ p^se 5 kg, chaque jour ou tous les 2 jours, selon la
Vitesse de I'^vapotranspiration, on ram^ne le pot au poids
initial soit 5 kg, par un rajout d'eau. Mais au fur et a mesure
que les plantes grandissent, on corrige en ajoutant le poids de
la plante.

A partir du demariage, la moiti6 des pots de chaque cultivar
ne sont plus arroses qu'^ 40% de la capacite au champ. Chaque
semaine, on recolte 4 pots par cultivar : 2 pots avec 80% de la
capacity au champ et 2 autres avec 40%. Pendant la recolte, les
mensurations suivantes sont effectuees :

- Hauteur de la plante
- Nombre de feuilles

- Poids de la matidre fralche de la partie a^rienne
et des racines.

- Nombre de nodosit^s.

La transpiration est mesur6e 6galement par semaine. Dans ce
cas, on mesure toutes les heures (de 7 heures a 18 heures) les
paramdtres suivants :

- L'6vaporation
- L'6vapotranspiration
- La temperature de I'air
- L'humidite relative de I'air
- Eventuellement la temperature du sol.
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On obtient la transpiration par la difference entre
I'evapotranspiration et 1'Evaporation.

Tous les resultats pr6sent6s sont la moyenne d'au moins
quatre mesures, meme si les ecarts-types n'apparaissent pas sur
les courbes.

RESULTATS

r.APact^res de croisaance v^g^tative fTableau 1)

T.a hflutftiir des plantes. En comparant la hauteur des 3 cultivars,
il apparalt qu'a la quatrieme semaine apres le semis, KN-1
pr^sente des plantes plus grandes que les 2 autres. Les plantes
aliiiient^es avec 40% de la capacity au champ sont
significativement plus courtes que celles qui sont alimentees
avec 80% de la capacite au champ (Tableau 1). KN-1 est plus
sensible a I'effet de I'alimentation insuffisance en eau que les
deux autres cultivars qui ont un comportement similaire.

T,ia nnmhrft de feu 1.1 les. L'evolution du nombre de feuilles donne
les indications suivantes a quatre semaines apres le semis :
TN88-63 presente un nombre de feuilles 'significativement
superieur aux autres cultivars (Tableau 1); SUVITA-2 a le moins
de feuilles. KN-1 presente le nombre de feuilles le moins
sensible a I'effet de 1'alimentation insuffisante en eau ; TN88-
63 et SUVITA-2 ont une reaction similaire et sont plus sensibles.

T.e nnidf^ de matl^re senhe dea troia cultivars. En comparant le
poids de matiere seche (somme de poids sec A + poids sec S) des
trois cultivars (Tableau 1) quatre semaines apres le semis, on
constate que TN88-63 produit la matidre seche la plus faible. La
jeune plante de SUVITA-2 produit plus de matiere seche que les
deux autres.

L'effet de I'alimentation insuffisante en eau des plantes
sur le poids de la matiere seche des trois cultivars est tres net
QiUX stades de quatre semaines apres le semis. Au niveau de la
partie aerienne, I'effet est moins sensible chez TN8S-63, plus
sensible chez SUVlTA-2 et KN-1 ayant une position intermediaire.
En revanche, au niveau des racines, cet effet est moins sensible
ches SUVITA-2; KN-1 etant toujours le plus sensible. D'une fapon
generale, il y a une amelioration du rapport (poids sec A : poids
sec S) ches les plantes de SUVITA-2. II est faible chez les
plantes de KN-1; le cultivar TN88-63 occupe une position
intermediaire.

T.e nnmbre de nodoalt^. Quatre semaines apres le semis, il n'y a
pas de difference significative entre les trois cultivars quant
au nombre de nodosit^s.

L'effet d'une alimentation insuffisante en eau entraine une
reduction importante du nombre de nodosit^s chez SUVITA-2 et
TN88-63. KN-1 semble 6tre le cultivar dent le nombre moyen de
nodosites est plus sensible.
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Tableau 1. Effet de l^alimentation normale (80% CAC) et insuffisante (40% CAC) en eau sur
quelques caracteres vegetatifs de trois cultivars de niebe, quatre semaines apres le semis.

KN-1 SUVITA-2 TN88-63

80% 40% 80% 40% 80% 40%

Hauteur

tige (cm)

Nombre de

feuilles

44,5+l,41A 26,37±1,62B 40,7 37,36±2,76A 22,93±1,95B 38.6 36,63A 22,5B 38.6

Nombre de

nodosit^s

9±0,86B 6+0,33 33.3

Folds sec A 6,01+0,29 2,34+0,25 61.1

Folds sec S 1,24+0,14A 0.33±0,03B 73.4

9+2,55B

8,68±1,84A

0.88+0,33A

97±42,21A 36±17,07B 62.9 83±38,80A

5±0,43D 44.4 14±12A 8±,71C 42.9

2,53±0,21C 70.8 4,7±0,1lAB 1,98±0,17C 57.9

0,46+0,04B 47.7 0,95+0,04B 0,29±0,06 69.5

21±3,08B 74.7 105±52,64A 29+7,18B 72.4

Folds sec A = Folds de inati^re seche de la partle aerlenne.

Folds sec S = Folds de matlere s^che des racines

S = Farametres mesures sous 80% CAS-parametres mesures sous 40% CAC
X 100

parametres mesures sous 80% CAC

S = Indlce de senslblllte (ROBELIN, 1985).

Les moyennes suivles de la meme lettre pour un parametre donn^ ne sent pas
signiflcativemen£ dlfferentes au seull de 0,05 test de Newmann-Keuls.
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Lea caraGt^res de produGtion fTableau 2)

Lfl date de floraison. Le Tableau 2 montre qu'il n'y a pas de
difference entre la date de floraison des diff^rents cultivars en
condition d'alimentation norniale en eau.

Face a une alimentation insuffisante en eau, la date de
floraison n'est pas affect^e significativeinent chez KN-1 et
SUVITA-2. En revanche, elle est retardee chez TN88-63.

T.fi nombre de pouases par plante. TN88-63 produit le plus grand
nombre de gousses par plante ; KN-1 forme moins de gousses par
plante que SUVITA-2 mais la difference n'est pas significative.

Sous une alimentation insuffisante en eau. KN-1 ne produit
presque pas de gousses ; tandis que TN88-63 et SUVITA-2 ne se
diff^rencient pas et sont sensibles que KN-1.

T.fi poida d'une gousse. En condition normale, les gousses de
SUVITA-2 pesent plus que celles de KN-1 et TN88-63, cette
derniere ayant le poids le plus faible.

L'alimentation insuffisante en eau diminue sensiblement le
poids des gousses chez SUVITA-2 et TN88-63.

r.fl longueur d'une gousse. Paz^mi les trois cultivars, la gousse de
KN-1 est la plus longue ; SUVITA-2 a les gousses les plus courtes
et TN88-63 se situe entre les deux.

L'alimentation insuffisante en eau n'a pas d'effet sur la
longueur des gousses.

Le poids de 100 cralnes. SUVITA-2 a le poids de 100 graines le
plus 61eve, tandis que TN88-63 presente le poids le plus bas. KN-
1 occupe une position intermediaire.

Une alimentation insuffisante en eau reduit
significativement le poids de 100 graines chez SUVITA-2. Elle n'a
pas d'effet significatif sur TN88-63.

T,e nombre dfi graines par gousse. Les trois cultivars ne

pi^esentent pas de differences en ce qui concerne le nombre de
graines par gousse. Les plantes de SUVITA-2 et TN88-63 soumises a
40% de la capacite au champ ont des gousses qui contiennent
significativement moins de graines qu'en alimentation normale en
eau., Le nombre de graines par gousse est moins sensible ^ I'effet
d'une alimentation insuffisante en eau chez TN88-63 que chez
SUVITA-2.

V .
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Tableau 2. Effet de 1'alimentation normale (80% CAC) et insuffisante (40% CAC) en eau 3ur
quelques caractdres de production chez trois cultivars de nidbe, quatre semaines apres le semis.

KN-1 SUVITA-2 TN88-63

80% 40% S 80% 40% S 80% 40% S

Date de

floraison 47

CO

o

48 49 0 43 52 0

Nombre de

gousses/plt 7+2,86 1 8±1,92A 5+1,12B 37.5 12±3,94A 5±3,20B 58.3

Poids moyen/
gousse (cfli)

1,70±0,27 - 1.98+0,23A 0,90±0,48C 54.5 1,07+0,18B 0,68+0,40B 36.4

Longueur
moyenne/
gousse (cm)

12,25±0,95 - 8,91+0,90 8,21±0,98 7.86 9,17+0,37 9,17+4,42 0

Poids moyen
100 graines

(gr)
13,96±2,33 - 20,07+70A 15,004±4,74B 25.2 10,87±0,37C 10,52±4,57C 3,22

Nombre moyen 8±1,09 - 8±1.48A 5±2,17B 37.5 8+1,22A 6+2,46B 25,0
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IjR transpiration k 29 .lours apr6s aemls.

On observe une augmentation r^guliere de la transpiration chez
les plantes des trois cultivars alimentes normalement de 7 h a 13
h pour SUVITA-2 et 14 h pour KN-1 et TN88-63. Puis elle baisse
progressivement (Figures 1, 2).

Le cultivar KN-1 presents la transpiration journaliere le
plus elevee ; cependant, la matinee, TN88-63 transpire plus que
KN-1 ; SUVITA-2 presente la transpiration journaliere la plus
faible.

L'effet de 1'alimentation insuffisante en eau se traduit
chez les trois cultivars par une reduction tres importante de la
transpiration journaliere ; I'heure de la transpiration maximale
de la journee se deplace de 14 h a 12 h. L'amplitude de la
transpiration est ici tres faible. SUVITA-2 demeure toujours le
cultivar qui a la transpiration journaliere la plus faible. On ne
note pas de difference entre les deux autres cultivars (Figure
2).

Chez les plantes alimentees normalement, la transpiration
augmente avec la temperature a partir de 28''C jusqu'a 34®C pui
d^croit a partir de 34®C ; la temperature optimale de
transpiration se situe ^ 34®C pour les trois cultivars (Figure
3).

Les plantes qui ont ete soumises a une alimentation
insuffisante en eau transpirent tres faiblement par rapport a
celles alimentees normalement. La temperature optimale de la
transpiration se situe a 33'C au lieu de 34''C. l'amplitude entre
la temperature optimale et la temperature ou la transpiration est
la plus faible est insignifiante. L'alimentation en eau constitue
ici le facteur limitant (Figure 3).

II y a une diminution de la transpiration au fur et a mesure
que I'humidite relative augmente (Figure 4). Cependant,
I'abaissement brutal de la transpiration observe a 42% est
independant de I'humidite relative, car bien que la transpiration
soit liee ndgativement a I'humidite relative, elle n'en est pas
le facteur determinant. Tout comme pour la temperature on voit
que TN88-63 transpire plus que KN-1 aux humidites relatives plus
61evees. Les observations faites sur les comportements des
plantes soumisees a une alimentation insuffisante en eau
cpncernant la temperature sont valables egalement pour I'humidite
relative. On note surtout une amplitude de la transpiration
presque nulle pour SUVITA-2.
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Ternperofure

Humidit'e reiaKve

9H m 11H 12H I3H RH 17H I8H

Figure I: Variation dt la ttmpcraturs ct de I'humiditc de kair tn fonction
de I'heurt .dt lo joorntt (29^^^ jour oprts Its semis).



R^ponse du Ni^b^ ^ deux Regimes d'Humidity du Sol 47

% C.A.C

00. i»0 CuitivQr
o • KN-1

• • Suvifa-2

A I TN 88-63

11 12 13

TEMPS EN HEURES
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DISCUSSION

L'etude de certains caractdres de croissance vegetative et de
production, de la transpiration de trois cultivars de nieb6
connus pour leur sensibilite differente au stress hydrique, sous
deux humidites contrastees du sol permettent de voir qu'une
alimentation insuffisante en eau (40% CAC) a des consequences
touchant plusieurs niveaux de fonctionnement de la plante. On
observe un effet nefaste sur tous les caracteres de croissance
vegetative etudies : au niveau des caracteres de reproduction,
apparenunent seule la longueur des gousses n'est pas affectee
significativement. Ces resultats sont en accord avec ceux de
beaucoup d'auteurs qui ont deja montre la multiplicite des effets
de la secheresse fROBELIN, 1985 ; MULEBA, 1985, 1988 ; AGGARWAL,
1985).

Pour un cultivar donne, la sensibilite a 1'effet de
1'alimentation insuffisante en eau n'est pas la meme pour tous
les caracteres (Tableau 2). Ainsi, KN 1 reconnu coinme sensible, a
le nombre de feuilles et le poids sec de la partie a«§rienne moins
reduits que SUVITA-2,

Le comportement des trois cultivars est egalement different
au niveau des caracteres de croissance vegetative, si on prend le
rapport de la partie racine a la partie aerienne utilise comme
critere de resistance a la secheresse (ZOUZA, 1985). Les
caracteres de croissance vegetative etudies n'ont ete analyses
statistiquement que pour les plantes d'un mois. Toutefois, A
I'age d'un mois, cette sensibilite n'est peut-etre pas la plus
caracteristique. La sensibilite de la Jeune plante rendrait plus
compte des difficultes d'etablissement en debut de saison, et sa
sensibilite pendant la phase de reproduction serait directement
liee a sa phase tree critique du rendement (LOUGUET, 1985).
Cette observation d'autant plus pertinente que WOSTEN, 1981
confirme par MULEBA, 1988 a montre qu'une secheresse pendant la
phase vegetative a peu d'effet sur ie rendement ; la secheresse
appliqu^e pendant la phase reproductive, surtout pendant la
floraison a des effets tres critiques sur le rendement.

Les effets de I'alimentation insuffisante en eau sur les
caracteres de reproduction retenus montrent que KN-1 est tres
sensible, la production de fleurs etant tres liraitee. Ainsi, son
effet sur les autres caracteres de reproduction retenus n'a pu
Stre etudie chez KN-1.

SUVITA-2 et TN88-63 sont plus tolerants a une alimentation
en eau insuffisante. Mais leur sensibilite est tres variable
selon le caractere choisi. Par exemple, 1'alimentation
insuffisante en eau influence peu la date de floraison de
SUVITA-2. En revanche, elle retarde celle de TN88-63. A
1'inverse, elle influence peu le poids de 100 graines ches TN88-
63 alors qu'elle le reduit significativement chez SUVITA-2. Le
nombre moyen de gousses par plante est moins sensible chez
SUVITA-2 que chez TN88-63. Ce dernier caractdre a une bonne
correlation avec le rendement (AGGARWAL, 1985). Mais TN88-63 est
moins sensible que SUVITA-2 pour le poids moyen d'une gousse, le
poids de 100 graines et le nombre moyen de graines par gousse.
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L'^tude de la transpiration montre que SUVITA-2 transpire
moins que KN-1 et que TN88-63 occupe une position intermediaire.
KONDA (1987) avait d6ja montre que SUVITA-2 6i6 caract^ris6 par
sa transpiration journali^re faible. L'heure de la journee ou la
plante transpire le plus se situe vers le d6but de I'apres-midi
pour les plantes Iig6es d'un mois. La temperature optimale de
transpiration est variable. II apparait aussi que la temperature
n'est pas le facteur determinant de la transpiration. On observe
les mSmes caracteres au niveau de 1'humidity relative. Les
plantes qui ont ete alimentees avec 40% CAC ont 6normement r^duit
leur transpiration journaliere.

De cette etude, il apparait que : TN88-63 et KN-1 ont un
comportement presque similaire, surtout lorsqu'il s'agit de la
transpiration. Les deux cultivars se distinguent nettement de
SUVITA-2. Ces resultats bien que portant sur des caracteres
differents sont en accord avec ceux de MULEBA, 1988 qui montrent
que SUVITA-2 et TN88-63 inalgre leur commune origine sahelienne
ont un comportement contrasts face aux temperatures elevees du
sol. L approfondissement de 1'etude en incluant le comportement
stomatique, le potentiel hydrique et la turgescence relative
permettra peut-etre une meilleure comprehension de la resistance
a la secheresse chez le niebe.

CONCLUSION

L'etude des effets de I'alimentation normale en eau (80% de la
capacite au champ) et de 1'alimentation insuffisante (40% de la
capacite au champ) sur trois cultivars de niebe (SUVITA-2, TN88-
63 et KN-1) permettent de tirer les conclusions suivantes :

L'alimentation insuffisante en eau entraine une reduction
significative des caracteres de la croissance vegetative et de
production. Cette reduction est variable selon le cultivar. Elle
est sans effet sur la date de floraison de SUVITA-2 et KN-1 et
retarde la date de floraison de TN88-63. Elle est sans effet sur
la longueur des gousses des 3 . cultivars et sur le poids de 100
graines chez TN88-63. Elle reduit le potentiel de tous les autres
caracteres etudies chez les trois cultivars.

Les plantes alimentees normalement ont une transpiration
variable selon le cultivar. KN-1 a une transpiration Journaliere
plus elevee que SrJVITA-2. TN88-63 occupe une position
intermediaire.

L heure de la journee, ou on observe une transpiration
maximale des plantes varie. Elle se situe a 13 heures et 14
heures pour des plantes de 29 jours, respectivement pour SUVITA-2
d'une part, et KN-1 et TN88-63 d'autre part.

La temperature de I'air, la temperature du sol et I'humidite
relative de I'air ont des effets caracteristiques sur la
transpiration, 1'alimentation en eau etant le facteur
determinant.
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Maize at IITA
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ABSTRACT

Striga hermonthica is regarded as a major biotic constraint to
maize production in savanna belt of West and Central Africa. At
IITA, breeding for resistance/tolez^ance has been the major thrust
to combat the parasite since 1982 ; souci^es of tolerance have
been identified. In 1988, a technique for artificial infestation
of the soil was developed for pot culture conditions in the
screenhouse. Sources for tolerance have been confirmed in
inbreds, hybrids, and open-pollinated varieties, with most of the
tolerance sources originating from the U.S. Corn Belt. Most open-
pollinated varieties and all Tuxpeno groups (Pop. 21, 43. 44,
49, T2PB) are highly susceptible. Among the IITA-developed
hybrids, 8322-13, 8425-8 and their related inbreds appear to
possess some level of resistance.

RESUME

c^tri ga hfirmnnthloa est considere comme la principale contrainte
biotique a la production du mais dans 1 ecologie de savane de
l^'Afj-'ique Centrale et Occidentale. A 1 IITA, la selection pour la
resistance/tolerance a ete la principale initiative pour
combattre le parasite depuis 1982 ; des sources de tolerance ont
ete identifiees. En 1988, une technique d'infestation
artificielle du sol a ete mise au point pour la culture en pot en
serre. Des sources pour la tolerance ont ete confirmees au niveau
des inbreds, des hybrides, et des vari^tes a pollinisation libre
; la plupart de ces sources de tolerance provenaient de
Belt, des Etats Unis. Un plus grand nombre de varietes a
pollinisation libre et tous les groupes Tuxpeno (Pop 21, 43, 44,
49, TZPB) se sont reveles tres sensibles. Parmi les hybrides mis
au'point par IITA, 8322-13, 8425-B et leurs inbreds assimil6s
semblaient avoir quelque degre de resistance.

INTRODUCTION

Striga, a parasitic weed, is one of the most important
constraints to increased maize production in sub-Saharan Africa.
In 1983, IITA maize scientists identified sources of tolerance
among IITA inbreds and hybrids (IITA, 1984).
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A survey conducted in 1984 showed that, among five species
of Striga that attack maize in West and Central Africa, S.
hermontica and 3^ aaoera caused important crop losses in maize
and other cereals, such as sorghum, millet, and rice (IITA,
1985). However, the progress in breeding for Striga resistance in
maize has been slow due to lack of uniformly infested fields in
which screening for resistance can be done.

In 1988, two international workshops on Stri ga were held in
Africa. The first one on "Combating Stri ga in Africa:
Opportunities for Research Collaboration" was held at IITA,
Ibadan (Nigeria) from 22-24 August ; it was financially sponsored
by IDRC, Canada and organized jointly by IITA and ICRISAT. The
second workshop, held in Banjul, Gambia (5-6, December), was
organised by FAO and OAU; its theme was Striga control. The
Ibadan workshop identified priority areas for Stri ga research at
all levels (from basic to adaptive research) for the various
crop-based systems of West and Central Africa. The objectives of
this paper are to:

(i) provide available information about yield
losses caused by Striga in both tolerant
and susceptible maize hybrids, and

(ii) present results of preliminary screening
of open-pollinated maize varieties and
U.S. Corn-Belt maize inbred resistant
(MIR) lines for resistance to Stri ga in
the screenhouse.

METHODOLOGY AND RESULTS

Yield loaa asaegamfint

Information about maize yield losses caused by Striga is very
limited. Studies conducted by IITA scientists with 100 maize
hybrids grown in soil artificially infested with £. hermontlna
showed a negative correlation (r = -0.35) between grain yield and
String damage and positive correlations between Stri ga damage
and the number of emerged Striga plants (r = 0.46), on one hand,
and between Strlffa damage and stalk lodging (r = 0.44) on the
other.
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Two experiments were carried out to further study the effect
of infection by strlga on yield and agronomic traits of maize.
Two hybrids, one tolerant (8322-13) and the other susceptible
(8338-1), were used in the first experiment conducted at Mokwa,
Nigeria, in 1985, using five levels of soil Strica infestation
(namely, 1 = zero, 2 20, 3 = 40, 4 - 60 and 5 = over 80%
infestation). The two hybrids were planted side by side in 200-m
rows replicated four times. Grain yield and yield components at
each infestation level were
yielded almost equally (7.6
infestation level. However,
response to Strlga infection,
infestation level (level 3),

recorded (Table 1)
and 7.5 t/ha)

they differed greatly in their
For exajnple, at intermediate soil
the yield loss of the susceptible

hybrid was 54% while that of the tolerant hybrid was only 19%; at
this level of Strlga attack, the yield of affected and unaffected
tolerant hybrids were not significantly different from each
other. Other yield components affected by Strlg^ included plant
height, nuBiber of ears harvested, stalk lodging, ear length, ear
diameter, and 100-kernel weight.

Table 1. Grain yield (t/ha) and agronomic traits of two maize

hybrids grown in soil with five different levels of Strlga
infestation at Mokwa (Nigeria) in 1985.

SiiJLga Grain Yield No. of

Maise infestation yield index ears/

hybrid level in (t/lia)* (%) plant
aoil"^

8322-13 (tolerant) 1 7.6a 100 1-2
2 7.5a 99 1.5
3 6.2a 81 1.1

4 4.6b 60 1.1

5 2.7c 36 0.7

8338-1 (susceptible) 1 7.7a 100 0.9

2 5.5b 71 0.9

3 3.5c 46 0.8

4 1.9d 25 0.7

5 O.Oe 9 0.3

■♦•Strlga infestation level: 1 = zero infestation, 5 = 80
percent infestation.

♦Yields followed by different letters are significantly
different (P = 0.05).

Both hybrids
at the zero
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In the second experiment conducted in a screenhouse between
February and May, 1988, two susceptible (8338-1 and 8321-21) and
two tolerant (8322-13 and 8425-8) hj^brids were used ; they were
known to have similar yield potentials under Stri ga-free
conditions. A Striga seed-sieved sand mixture (0.06 g Striga
seed: 90 g sieved sand) was used to inoculate 2.5 m row plot at a
depth of 5 cm before maize was sown directly above the Stri ga
seeds. Data were collected from 10 plants for each of the five
replications. The average grain yields of the two tolerant
hybrids were considerably much higher than those of the
susceptible hybrids (Table 2).

Table 2. Grain yield (g/plant) and agronomic traits of four maise
hybrids grown in soil artificially infested with St^riga hermnnthinft
in the screenhouse in 1988.

Grain Ear Ear Maize No. of Strlffa Stalk
Maize yield length diame stover F.triga/ damage lodging
hybrids (g/ (cm)* ter (g/ plot* rating* (1-9)-^*

plants)* (cm)* plants)*

Tolerant

8322-13 99.7a 11.6a 4.6a 123.8a 20.6 2.9a 1.2a
8425-8 79.5a 12.6a 3.6a 60.6a 22.6 2.6a 3.8a

Susceptible
8338-1 40.4b 6.2b 3.0b 40.8c 76.6 7.1b 7.0b
8321-21 31.5b 8.2b 2.7b 46.0bc 27.0 7.7b 8.2b

*Value3 followed by different letters are significantly different
(P = 0.05) from each other.

•^Rating based on scale of 1-9 in which 1 = highly resistant and 9
= highly susceptible.

Screening open-pollinated and synthetic maize vartftties for

realatance to Striga

Twelve open-pollinated and six synthetic maize varieties were
screened for Striga resistance in the screenhouse at IITA between
November, 1988 and February, 1989. ^he checks comprised two
susceptible hybrids (8321-21 aJid 8338-1^1, two tolerant hybrids
and two tolerant inbreds.

Each entry was planted in two row plots, each row being 1.25
X 0.75 m. A mixture of 0.035 g of Striga seed and 45 g of sieved
sand was used to infest each row at a depth of 5 cm before maize
seeds were planted as described above.

v
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Cumulative Striga counts per were recorded from a month
after planting until harvest. Striga damage rating (on a scale of
1-9) was made about 76 days after planting ; at that time
symptoms of StTM ga infection had become very distinct.

The results are presented in Table 3. Hybrids and inbreds
with Striga damage rating of between 2.3 and 3.6. were considered
to be tolerant to Striga. Moderately tolerant varieties comprised
those with Striga damage rating of between 4.1 and 5.7. Other
varieties with higher scores were i^egarded as being susceptible
to Stri ga. However, emerged Striga counts for these three
categories varied greatly among the cultivars and did not follow
a specific pattern.

Rprftftning of MIR inbred peaiatant^ lines for Striga
pfifliatance in artificialllv infested soil

Seventy maize inbred resistant (MIR) lines collected from U.S.
Corn Belt were screened for resistance to Striga attack in
articially infested soil at IITA in the screenhouse between
October, 1988 and January, 1989. Plot size and soil infestation
with Stri ga seeds were as described above. Striga damage rating,
with which grain yield was more negatively correlated than
Striga count, was used for selection, scoring being done about 70
days after planting.

Inbreds with average Striga damage ratings of at least 4.0
were rejected. Out of the 70 MIR lines tested, only 22 had
average Stri ga damage ratings of less that 4.0 (Table 4); the
most tolerant lines were Hi28, Hi4263, and Hi98. It is
interesting to note that MIR lines, B73 and N28, from which 9450
and 9030 (male parents of two tolerant hybrids, 8425-8 and 8322-
13, respectively), were developed were among the lines rated as
tolerant. It is likely that more Striga resistant hybrids will be
developed after further screening of MIR lines.
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Table 3. Striga damage rating (1-9) in. and number of
emerged Striga from. 26 maize varieties under screenhouse
conditions at IITA, Ibadan in 1989.

Siriga Number of
Maize entry^ damage emerged Striga

rating* plants/m2

9030Co) 2,3 0
8322-13(+) 2.8 1.5
9006(o) 2.8 0
B73 X B84 3.3 1.0
Mol7 X MBS(+) 3.6 1.5
TZUT-W(+) 4.1 4.0
8425-8(+) 4.8 11.0
Synthetic-2 5.3 7.3
Drought Synthetic 5.3 5.8
TZESR-W 5,5 5.5
Synthetic-1 5.7 15.8
Synthetic-5 5.7 4.0
TZESR-Y 5.7 2.0
Western Yellow 6.1 6.5
MK TZSR-Y 6.2 21.8
MK TZSR-W 6.5 24.3
Suwan-l-SR 6.5 2.5
TZB-SR 6.6 14.0
Synthetic-6 6.6 4.3
EV8443-SR 7.0 21.0
8321-21(3) 7.0 14.0
Synthetic-3 7.1 37.3
TZPB-SR 7.2 9.0
Synthetic-4 7.2 15.8
Tiucpeno drought 7.4 23.8
8338-1(3) 7.8 17.0

* Rating based on a scale in which 1 = highly resistant
9 = highly susceptible.

(o) = resistant inbreds ; (+ ) = tolerant hybrids ;
(s) = susceptible hybrids.
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Table 4. Striga damage rating of tolerant MIR (maize inbred
resistant) lines grown in artificially infested soil at IITA in 1989,

Maize line

Strica

dameige
rating

Origin
of maize

line

Parentage

Hi28 2.4 Hawaii CM105 (India) Peru
330?f/

Hi4263 2.4 Hawaii (Hi34 X Hi25) (Ky226) BC2

H98 2.4 Indiana HY X Oh45

B37 (Hi) 2.5 Iowa Iowa Stiff Stalk Syn.

Hi4269 2.5 Hawaii (Hi34 X Hi25) {Ga209) BC2

FLAT2AT106 2.5 Florida Fla. Pop2. BT

B77 (Hi) 2.6 Iowa Iowa Stiff Stalk Syn. 11

FLA.2BT 73 2.8 Florida Flat/Pop.2BT
ARGF872 2.9 Argentina Argentine

Hi27 2.9 Hawai i (;^104 (India)

Hi X 4267 3.0 Hawaii (Hi34 X Hi25) (Ky226) BC2

H60 3.0 Indiana (Mo21A X CI14) (0h28x0h51A)
N28Hi 3.0 Nebraska Iowa Stiff Stalk Syn.

HI39 3.2 Hawaii AntignaGrp.2 x Hi25

FLA2AT116 3.3 Florida Fla. Pop2. AT

N139 3.4 Nebraska Nebr.B. Syn.B 111

0h43Hi 3.4 Ohio Oh40B X W8

FLAT.2BT 54 3.4 Florida Fla. Pop.2BT

HI33 3.4 Hawaii Mol7(=187-2 X C103)

Hi40 3.5 Hawaii Antigua Grp.2 x Hi25
INV302 3.8 Texas Maices Trop. sel.

Batari x Phil. DMR.

ICA L224 3.8 Ck)lombia Br2

NUMMARY

Hybrids 8322-13 and 8425-8 were found to be tolerant to Strica
attack while hybrids 8338-1 and 8321-21 were susc^-otible. Average
breeding values for tolerant varieties may be oiDout 2.5 times
higher than those of susceptible varieties. Some open pollinated
and synthetic maize Vjarieties, as well as some MIR lines, were
found to be tolerant to Strica in artificially infested soil in
the screenhouse. Further experiments are in progress to confirm
these results.



62 Breeding Strlga Realatant Maize at TTTA

REFERENCES

KIM, S.K., KHADR, F., PARKINSON, V., FAJEMISIN, J.M.,
and Y. EFRON. 1984. Breeding maize for field
resistance to Strica in Africa. Paper presented
at the American Society of Agronomy Annual Meeting
held in Las Vegas, (USA), Nov. 25-30, 1984.

KIM, S.K., M.H. LEE and V. PARKINSON, 1986. Estimates of
yield reduction by Strifeia hermonthic;a. Paper presented
at the Nationwide Conference on maize held at the
Obafemi Owolowo University, Ile-Ife, Nigeria,
March 17-21, 1986.

KIM, S.K. 1988. Breeding for Strlga tolerance in maise and
developement of development of field infestation
technique. Paper presented at the IITA/ICRISAT Stri ga
Workshop held at IITA, Ibadan (Nigeria), 22--24 August,
1988.

IITA, 1984. Combating Strlga infestation in Maize.
IITA Research Highlight,' 1983, pp. 48-50.

IITA, 1985. Striga on maize in West Africa. IITA Research
Highlights, 1984, pp. 70-73.



8. Comparative Study of Three Experimental Designs on Maize
Selection Experiments

C. THE*, J.A. AYUK-TAKEM*, and C. MBANZOK*

»Infltitute of Agronomic Research. Cameroon

-t-Extenalon Agronomiat. gbolowa. Cameroon

ABSTRACT

Three experimental designs, namely randomized complete block
design (RCBD), simple lattice, and augmented RCBD (ARCED) were
compared at Ntui and Yaounde (Cameroon) during the second growing
season of 1984, to evaluate their efficiency in selection. One
hundred maize genotypes from reciprocal 10 x 10 diallel crosses
were used as testing materials.

The analysis of variance of data from each of the two sites
revealed that only the simple lattice design facilitated genotype
diffei^entiation for all measured traits. However, when data were
pooled across the two sites, the three designs were equally
efficient. Only 47 and 53% of the entries selected with the
lattice design were also selected using the ARCBD, at 15 and 30%
selection pressures, respectively. However, the ARCBD allowed for
40% savings in labour, land and financial resources, as compared
to both the simple lattice design and the RCBD. It was concluded
that ARCBD could be a good altei-native to use in selection
experiments when resources are limited and/or when genotypes to
be tested are nimierous.

RESUME

Trois dispositifs experimentaux, notamment le dispositif en bloc
complet randomise (RCBD), en lattice simple, et en ARCBD ont fait
I'objet d'etude comparative a Ntui et a Yaounde (Cameroun) au
cours de la seconde campagne agricole de 1984, afin d'evaluer
leur efficacite au niveau de la selection. Cent genotypes de mals
issus des croisements r^ciproques en diallel 10 x 10 ont 6t6
utilises comme mat^riels testeurs.

L'analyse de la variance des donn^es prises au niveau de
chacun des deux sites a r6v61e que seul le dispositif en lattice
simple a facility la diff^renoiation du genotype pour tous les
caracteres mesur^s. Toutefois, lorsque les donn^es des deux sites
ont 6te reunies I'on notait que les trois dispositifs avaient une
6gale efficacite. Seuls 47 et 53 % des entries s61ectionn6es A
I'appui du dispositif en lattice ont 6t6 6galement s^lectionnees
en utilisant le systdme ARCBD, a 15 et 30 % des pressions de
selection, respectivement. Toutefois, le syst^me ARCBD a permis
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une reduction de la main d'oeuvre, de la surface at des
resscurces financieres de 40 %, par rapport au dispositif en
lattice simple et en RCBD. En consequence ARCED pourrait Stre une
bonne alternative pour les essais de selection lorsqu'on a des
ressources limitees et/ou lorsque les genotypes a experimenter
sont nombreux.

INTRODUCTION

The establishment of a maize breeding programme in a developing
country requires introductions of large numbers of germplasm
from international centers, such as CIMMYT, SAFGRAD and IITA as
well as introductions from other national programmes. The
quantities of seed of such introductions are usually insufficient
to permit extensive testing in more than one replication and/or
location. In addition, plant breeders from developing countries
are faced with increasing reduction in both research funding and
testing land. These have forced the breeder to cut down on
testing sites and/or testing materials. However, there is the
need to study the genotype x environment interaction, before a
varietal release recommendation can be made. The use of
experimental designs which require less resources, time and
labour, while still being relatively efficient, has been
proposed.

The first experimental designs considered were the chain
block and linked designs proposed by Youden and Connor (1953).
Federer (1961) proposed the "augmented design" which was first
applied to varietal trials of sugarcane, to compare new seedling
varieties with older, well adapted varieties. Brewbaker and Huang
(1974) used the augmented randomized block design to detect
significant differences among single cross hybrids. Yield trials
using designs with unreplicated treatments have been conducted
(Cornelius & Byars, 1976 ; Cornelius, 1978). The present study
was initiated to compare the efficiency of the augmented
randomised completed block design with that of the two most
widely used designs (simple lattice and randomised complete
block) in maize selection experiments.

MATERIALS AND METHOD

During the second growing season of 1984, two field experiments
were conducted to compare tw6 experimental designs: simple
lattice and augmented randomized complete block. The entries for
both experiments comprised 90 Fls from direct and reciprocal
diallel crosses between 10 tropical open pollinated maize
varieties and 10 parents. The two experiments were conducted side
by side at Ntui and Nkolbisson, Cameroon.

Both experiments consisted of single row, 5-m long plots
separated by 75 cm. Spacing between hills on the same row was 50
cm; three seeds were planted per hill but seedlings were later
thinned to two per hill. The following were recorded: plant
height (PH), kernel row number (KRN), and grain yield.
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Experiment I was a 10 x 10 simple lattice with two
replications. The analysis of variance (ANOVA) was done according
to the procedure described by Cox and Cochran (1957). In
addition, the data were analysed as randomized complete block
design (RCBD) with two replications.

Experiment II was an augmented randomized complete block
design (ARCBD) consisting of a randomised complete block design
with four treatments (standard varieties) and five replications;
the design was augmented by the addition (in each of the five
replications) of 20 unreplicated entries. The unreplicated
entries were the same as those in Experiment I. The analysis of
variance was conducted on the five replicated standard
varieties. When block effect was significant, all the
unreplicated entries were adjusted as described by Federer
(1951). The error term was used to test both the replicated and
the adjusted, unreplicated entries. The efficiencies of the
three designs were evaluated by comparing their error mean
squares (M.S.) and their coefficients of variation (C.V.). Then
the combined analysis of variance were conducted across the two
sites for each experiment.

In addition, 15 and 30% selection pressures were applied to
the adjusted means of entries from the simple lattice ANOVA. The
selected genotypes were compared with those from the RCBD and
ARCBD experiments by applying the same selection pressure to the
unadjusted means of entries in the RCBD design and the adjusted
means of unreplicated entries in the ARCBD ; the percentage of
comjRon entries at the same selection pressure was determined.
Finally, the relative cost of each experiment was calculated.

RESULTS AND DISCUSSIONS

The pertinent mean squares from the analysis of variance at
Nkolbisson and Ntui for the ARCBD and simple lattice for all
measured traits are shown in Tables 1 and 2, respectively. At
Nkolbisson and Ntui the ARCBD did not allow detection of
significant differences among the 100 tested genotypes, for all
measured traits. However, the simple lattice and/or RCBD allowed
detection of significant differences at both sites for all the
measured traits (Tables 3 and 4). Except for kernel row number,
the simple lattice design showed significant block effect at both
sites, while the ARCBD detected block differences only for grain
yield. This suggested the existence of soil heterogeneity at both
sites. Although the ARCBD design allowed for data adjustment for
block effects, the adjustment was not sufficient to permit
discrimination among genotypes. Comparison between the
coefficients of variation (CVs) obtained for all designs showed
that the CVs for ARCBD were generally higher for grain yield and
plant height at both locations.
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Table 1. Mean squares from the analysis of variance at
Nl^olbiason using ARCBD,

Source of variation D.F.-^ Yield KRN- Plant

height

Blocks/Replicates 4 4438199-^ 1.34 598

Entries 103 1119205 1.36 624

Standards 3 2445535 4.74* 2080*

Unreplicated genotypes 99 108473 1.27 568

Std vs UNR 1 553463 0.01 1869

Error 12 998229 0.85 450

CV (%) 32 7 12

•D.F. = degrees of freedom ; KRN = kernel row number.

Table 2. Mean squares from the analysis of variance at Ntui
using ARCBD.

Source of variation D.F.

Block/Replicates 4
Entries 103
Standards 3
Unreplicated genotypes 99
(UNR)
Std vs UNR 1

Error 12

Yield

1963425**

716734**

1008150*

636340N.S

7801476*

274621

KRN- Plant height

0.24 N.S

1.23 N.S

3.08**

0.01 N.S

8.24**

0.81

1777 N.S

852 N.S

591 N.S,

833 N.S

3611 N.S,

1057

*£uid**: Significant at P = 0.05 and P = 0.01, respectively;
N.S. :Non-significant ; "^KRN = kernel row number.

Table 3. Mean squares from the analysis of variance at
Nkolbisson using simple lattice and/or RCBD

Source of variation D.F.^ Yield KRN-^ Plant heists

Replicates 1 9901 6..55* 2972**

Genotypes 99 1008300** 1..33* 875**

Error interblock 99 87932 0..73 356

Block 18 1755680** 0..68 686*

Error intrablock 81 685199 0..74 282

CV (%) 21 7 8

see table 1 for explanations.
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Table 4. Mean squares from the analysis of variance using the
simple lattice and/or RCBD at Ntui.

Plant
Source of variation Yield KRN-^ heights

Replicates 1 36012858'^ 0,16 612**
Genotypes 99 440493"*^ 1.83** 433**

Error interblock 99 307922 1.065 179
Block 18 1942893** 1.061 396**
Error intrablock 81 189039 1.066 131

CV c%) 16 17 5

Significant at 0.05 and 0.01 probability levels,
see table 1 for explanations.

The error terms obtained for each of the three designs are
presented in Tables 5 and 6 while their relative efficiencies are
given in Tables 7 and 8. Generally, error values for ARCBD were
higher than those for the two other designs except for the RCBD
at Ntui. The simple lattice was 46 and 45% more efficient in
estimating grain yield than the ARCBD in Nkolbisson and Ntui,
respectively; the corresponding figures for kernel row numbers
being 15 and 32%. Similarly, for grain yield estimation, the
simple lattice was 28 and 62% more efficient than the RCBD in
Nkolbisson and Ntui, respectively. However, the two designs were
equally efficient in estimating kernel row number.

Table 5. Summary of error mean squares obtained
at Nkolbisson for 3 experimental designs.

Kernel row Plant
Design Yield number height

ARCBD 998229 0.85- 450
RCBD 879831 0.73 356
Simple lattice 685199 0.74 282

Table 6 . Summary of error mean squares obtained
at Ntui for 3 experimental designs.

Kernel row Plant
Design Yield number hei^t

ARCBD 174821 0.81 1057
RCBD 307922 1.065 179
Simple lattice 189039 1.066 131
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Table 7. Relative efficency of 3 experimental designs at
Nltolbisson.

Relative design efficiency for;

Designs being compared Yield-^- Kernel row Plant

number"*" hei^t-**

ARCBD vs RCBD 113 118 127

ARCBD vs simple lattice 146 115 160

RCBD vs simple lattice 128 103 126

•: For each pair of designs under each trait, the
efficiency of second design is expressed as percentage
of the first.

Table 8. Relative efficiency of 3 exi>erimental designs at Ntui

Relative design efficiency for:

Designs being compared Yield^

ARCBD vs RCBD 112
ARCBD vs simple lattice 145
RCBD vs simple lattice 162

See table 7 for explanation.

Kernel row

number*^

131

132

100

Plant

height'

589

805

137

The analysis of variance across the two environments for all
measured traits is presented in Table 9 for the ARCBD and in
Table 10 for the simple lattice and/or RCBD. No significant
genotype x environment interaction was detected for grain yield
for all the three experimental designs. However, each of the
three designs permitted detection of significant differences in
grain yields among the 100 tested materials.

Table 9. Mean st^uares from the analysis of variance across
sites for ARCBD.

Source of variation Degrees of freedom Yield

Location 1 1762537

Entry 103 13318084**

Standard (Std) 3 218402

Unreplicated (UNR) 99 137622*

Std vs UNR 1 724201

Loc. X Entry 103 831327

Error 12 636877

CV(%) 26
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Table 10. Mean squares from the analysis of variance across
sites for the simple lattice and/or RCBD.

Source of variation Degrees of freedom Yield

Location 1 14218058**
Genotype 99 904099*
Loc X genotype 99 505993
Error inter block 99 693877
Error inter block 81 437117
CV(%) 17

The number and percentage of lines selected on the -basis of
grain yield using the three designs at 15 and 30% selection
intensities are shown in Table 11. This table shows that only 47
and 53% of the entries selected with the simple lattice design
were selected using the ARCBD, at 15 and 30% selection pressures,
respectively. However, the RCBD allowed selection of 67% of the
entries selected with the simple lattice design, at both
selection intensities. These findings suggest a more efficient
use of the ARCBD at a lower selection intensity. W}ien the same
study was applied to plant height and kernel row number, the
three designs were equally efficient in selecting the same
genotypes. This suggests that the ARCBD would be a good
alternative to simple lattice design and/or RCBD, when selecting
indirectly for yield, i.e. by the use of yield components.

Table 11. Niimber and percentage of common lines selected
on basis of grain yield using 3 experimental designs at
15 and 30% selection pressures.

Simple lattice-*- RCB1> ARCBD-

Number of common lines at 15 10 7
15% selection pressure (100) (67) (47)

Number of common lines at 30 20 16
30% selection pressure (100) (67) (53)

^Numbers in parenthesis are percentages.

The land area used and the relative cost of each experiment
are presented in Table 12. The ARCBD experiment took about one
half of the land area required by each of the two other designs.
It was'also calculated that the ARCBD permitted 40% savings on
labour and financial resources as compared to RCBD and simple
lattice design.
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Table 12. Land area used and relative cost of each
of 3 experimental designs.

Design Land area (m^) Coat (CFA)

ARCBD 518 30979

RCBD 919 57720

Simple lattice 919 57720*

CONCLUSION

The ARCBD was less efficient than both the simple lattice design
and the RCBD at a single testing site, but it had a relatively
comparable efficiency when data were combined across two sites,
suggesting that for single location experiments, more
replications, and/or blocks, with reduced size should be used.
This is in agreement with findings of Brewbaker (1962). In
addition, the ARCBD should be used with lower selection intensity
when selecting for grain yield. At higher selection pressures,
ARCBD should be used only when selecting indirectly for grain
yield, i.e. when selection is on the basis of yield components.
Finally, the ARCBD would be a good alternative to the other two
designs when resources are limited and when the testing materials
do not warrant full replication.
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ABSTRACT

Identification of new varieties through screening of introduced
varieties has been a major strategy for varietal development in
Ghana. The stabilities of yield and threshing percentage of 9
cowpea varieties introduced from the International Institute of
Tropical Agriculture, Ibadan (Nigeria) and tested at different
environments, alongside a local check, during 1986 and 1987 were
studied. Almost all the introduced varieties were found to be
stable in yield. Environmental variation accounted for greater
proportion of the total variation in yield and threshing
percentage, with the latter being more responsive to
environmental changes. A positive correlation was found between
mean yield and stability parameter for yield. This association
suggests that cowpea varieties with high yield potential may be
low in yield stability.

RESUME

L'identification de nouvelles vari^tes par le syst^me de criblage
des varietes introduites a ete la principale strategie pour le
ddveloppement varietal au Ghana. Les stabilites de rendement et
le pourcentage au battage de neuf (9) vai^ietes de nieb^
introduites par I'Institut International d'Agriculture Tropicale,
Ibadan (Nigeria) et testees ci travers differentes Ecologies, A
c6t6 d'un t^moin local en 1986 et 1987 ont fait I'objet d'une
6tude. Presque toutes les varietes introduites se sent revelees
stables du point de vue rendement. La variation ecologique
repr^sentait la plus importante proportion de la variation totale
au niveau du rendement et du pourcentage au battage, le
pourcentage au battage etant la principale cause des changements
6cologiques. II existait une similitude nette entre le rendement
moyen et le parametre de stability pour le rendement. Cette
association indique que les varietes de ni6b6 ayant un potential
de rendement 61ev6 peuvent avoir une faible stabilit6 de
rendement.
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INTRODUCTION

Cowpea is a major, traditional food legume in Ghana. The low
average grain yield of 100-200 kg/ha has been attributed partly
to farmers" cultivation of low yielding varieties. To increase
production, there is a need to replace these varieties with those
that produce high and stable yields. The importance, especially
in developing countries, of crop varieties with higher yield
stability has already been discussed by Funnah and Mak (1980) and
Ntare and Aken 'Ova (1985). One of the widely used method for
measuring stability is the regression analysis proposed by
Eberhart and Russel (1966).

To meet the immediate needs of farmers for improved
varieties, the Ghana Grains Development Project (GGDP), funded by
CIDA, at the Crops Research Institute (CRI) in Kumasi has been
involved with evaluating introduced cowpea varieties from the
International Institute of Tropical Agriculture (IITA), Ibadan
(Nigeria) and from elsewhere. An important goal has been
identification of varieties that fit well in southern Ghana
(between latitudes 4®30' and S'SO'N) which produces about 40% of
the total cowpea crop. Bimodal rainfall regime of the ecology
facilitates expanded cowpea cultivation, especially during the
shorter rainy season when utilisation of farm land, particularly
after the harvest of the major season maize, is generally low.

In order to study the general adaptability of nine
introduced varieties in this region, a series of yield trials
were conducted in 1986 and 1987. This paper reports the
stabilities of yield and threshing percentage in the nine cowpea
varieties; it also reports the relationship between the two
traits.

MATERIALS AND METHODS

Tlie data for 10 cowpea varieties tested in yield trials in
southern Ghana at several locations during both major and minor
seasons of 1986 and 1987 were analysed in this study. The
varieties consisted of nine improved IITA lines and a local
check, Amantin.

The varieties were first tested during the major season of
1986 at Kwadaso (forest zone: annual rainfall, about 1550 mm);
during the minor season of that year, they were again tested at
five locations, namely Kwadaso and Fumesua (forest zone), Ejura
and Kpeve (transitional zone: annual rainfall, about 1270 mm) and
Pokuase (coastal savanna: annual rainfall, about 625 mm). In
1987, the tests were conducted at Kwadaso, Ejura, Kpeve and
Pokuase, in both the major and minor seasons.
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Within each environment a randomized complete block design,
with four replications, was employed. Plots consisted of four, 4-
m rows, with 50 cm between rows. Plants within rows were spaced
at 20 cm. Two seeds were sown per hill and thinned to one plant
two weeks after sowing- Insect pests were controlled with Cymbush
10 ec (50 g a.i./ha) applied at 30 and 40 days after planting
(DAP) and Perfeckthion 20 ec (200 g a.i./ha) applied at 50 DAP.
Yield data were collected from the two central rows.

Rtatlfltlc^al procedurea

Analyses of variances for grain yield and threshing percentage
were calculated based on a mixed model; varieties were considered
to be fixed while locations constituted random effects.

Stability analysis of grain yield and threshing percentage
was performed using the regression method of Eberhart and Russell
(1966), For each entry, stability was described by three
parameters that are defined with following model : = ui +
bilj + dij, where: Yij is the mean yield of the ith entry at the
Jth environment (i == 1, 2, 3 v; J = 1,2,3 n), ui is the
mean of the ith variety over all environments, bi is the
regression coefficient that measures the response of the ith
variety at the jth environment, Ij is the mean of the varieties
at the jth environment, and dij is the deviation from regression
of ith variety at the jth environment.

The b-values were tested for differences from unity using t-
tests. An approximate F-test proposed by Eberhart and Russell
(1966) was employed to determine whether the deviations from
regressions were significant, as follows: F«.(^dij/n-2)/pooled
error, where the pooled error is estimated from the combined
analysis of variance.

By this method, Eberhart and Russell (1966) defined a stable
cultivai" as one with a regression coefficient (b) = 1.0 and mean
square deviation from regression as small as possible (deviation
mean square = 0).

Another parameter, coefficient of determination (r^)
provided information about the fitness of the regression model.
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RESULTS

Combinftd analvflftfl of

The combined analysis of variance of data for grain yields and
threshing percentages from all the locations (environments) are
shown in Table 1. For both characters, variation among genotypes
was low and non-significant when tested by the variety x
environment interaction, although it was significant against the
pooled error. There were highly significant main effects of
environment, accounting for 60 and 77.5% of the overall sums of
squares for grain yield^ and threshing percentage, respectively.
Highly significant variety x environment interactions were also
observed for the two characters.

Table 1. Combined analyses of variance of yield and
threshing percentage of 10 cowpea varieties grown in
14 environments in southern Ghana in 1986-87.

Mean squares
Source of variation

df Grain yield Threshing %

Environments (E) 13 19396297*^* S70**
Varieties (V) 9 264793 139
V X E 117 170390** 85**
Replications within E 42 332780** 604
Pooled error 378 97545 48
CV(%) 22.3 9.8

Regreaalon

Mean yields regression coefficients (with associated standard
errors) deviation mean squares, and coefficients of determination
are presented in Table 2 for individual varieties. The yields

1238 kg/ha for IT83S-720-2 to 1454 kg/ha for IT83S-

Ton o With an overall mean of 1316 kg/ha. One variety, IT83S-
I? ; showed a significant regression coefficient which was lesss^esesting that it was relatively less responsive to
the different environments. None of the deviation mean squares

significant. The values of r2 varied from 0.85 to
0.99; these indicate that much of the varietal mean yields could
De attributed to environmental means.
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Table 2. Mean yields, regression coefficients (b) with
associated standard errors (SE), deviation mean squares
and coefficients of determination (r^) of 10 cowpea
varieties evaluated in 14 environments across southern
Ghana in 1986-87.

Mean yield Deviation

(kg/ha) b SE (b) m.s. r2

Local Amantin 1288 0.98 0..08 39870 0.92

IT83S-728-13 1454 1.08 0..07 25340 0.95

ITS4E-1-108 1239 0.96 0,.11 77721 0.85

IT83S-742~-l 1283 0.94 0..07 41279 0.92

IT82D-812 1293 1.02 0,.12 71106 0.86

IT83S-742-11 1349 1.06 0,.08 34792 0.93

IT&3S-728-5 1379 1.06 0,.05 11382 0.99

I'T',^i.3£-720-2 1238 0.88** 0..04 14120 0.97

ITS3S-742-13 1364 1.10 0..05 12073 0.98

ITe3S-742-2 1274 0.95 0,.07 32853 0.94

In contrast to the yield data, threshing percentage
regression coefficients of five varieties were significant (Table
3). Three of them (IT83S-742-1, IT83S-742-11, and IT83S-728-5),
had regression coefficients that were greater than 1.0 while two
(Amantin and IT83S-728-13) had regression coefficients smaller
than 1.0. The r^ values ranged from 0.30 to 0.92, with majority
of them being less than 0.60. This trend suggests that for most
of the genotypes, the relationship between varietal and
environmental means for threshing percentage could not be
adequately e.Kplained by the linear regression model. The standard
errors associated with regression coefficients for threshing
percentage were generally higher than those for grain yield.
Nevertheless the deviation mean squares for both chai^acters were
not statistically significant for any variety.

Table 3. Threshing percentage, regression coefficients (b)
with associated standard (SE), deviation mean squares and
coefficients of determination (r^) of 10 cowpea varieties
grown in 14 environments in southern Ghana during 1986 and
1987.

Threshing Deviation

percentage b SE (b) m.s. r2

Ijocal Amantin 73 0.571^ 0.17 13.79 0.48

IT83S-728-13 73 0.48* 0.12 11.40 0.57

IT84E-1-108 72 0.74 0.33 18.47 0.30

IT83S-742-1 70 1.40'^' 0.13 2.47 0.91

IT82r)-812 70 1.03 0.14 4.69 0.82

IT83S-728-5 70 1.45* 0.17 3.73 0.86

IT83S-720-2 68 1.07 0.43 17.31 0.34

IT83S-742-13 70 1.02 0.30 13.61 0.48

IT83S-742-2 72 1.01 0.27 12.16 0.54

Mean 70.9
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To establish any relationship between the stabilities of
yield and threshing percentage, simple correlation analyses were
performed. The results are shown in Table 4. The relationship
between mean grain yield and stability parameter for yield
appeared linear (r = 0.85, P = 0.01). Mean grain yield and
threshing percentage were not significantly correlated. A non
significant negative relation was found between mean threshing
percentage and stability parameter for threshing percentage. A
similar association was found between mean threshing percentage
and stability parameter for yield.

Table 4. Simple correlation coefficients (r) among yield,
threshing percentage and regression coefficients for both
yield and threshing percentage.

Regression
coefficient
for yield

Mean threshing
percentage

Mean yield 0.85^"* 0.08
Mean threshing % -0.21
Regression coefficient
for threshing % 0.02 -0.54

DISCUSSION

Although there were highly significant variety x environment
interactions for grain yield and threshing percentage, the
results indicated that, except for IT83S-720-2, all the
varieties tested had good levels of yield stability in this
region of Ghana. The almost perfect linear relationship between
varietal mean yields and environmental means indicated that a
substantial proportion of the observed variety x environment
variance for yields could be attributed to linear response to
environmental indices. Analyses of the regression coefficients,
which indicate the direction of individual varietal responses to
varying environmental factors (Funnah and Mak, 1980) demonstrated
that most varieties tended to respond positively to improved
conditions.

The results clearly showed that environmental variatfion
mostly accounted for the variation in both grain yield and
threshing percentage. This agrees with several previous reports
on cowpea (Erskine and Khan, 1977; Smithson ai-, 1980;
Summerfield fii al., 1985). The highly significant effects of
environment, as well as variety x environment interactions (in
spite of the apparently low genetic variability among varieties),
underscores the importance of genotype and environment
interactions in the region.
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From the correlation analyses, it appears that stability of
grain yield and that of threshing percentage were independent of
each other. However, grain yields gave better indications of the
magnitudes of regression coefficients and might, therefore, be
useful for predicting relative stabilities of the genotypes.
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ABSTRACT

Nigeria is naturally endowed with a wide range of agro-ecological
zones in which maize f Zea mava L.) germplasm to be grown in most
of the sub-Saliaran Africa can be evaluated. Four-year data {1985-
1988) from Nationally Coordinated Maize Trials, conducted in
several sites within each ecological zone, were studied using
uni- and multivariat-e statistical techniques, including the
analysis of variance, as well as correlation, regression, and
factor analyses. For the lowland ecologies: (i) yield potential
was about 4.0 t/ha for the forest and forest-savanna transition
zones, 5,0 t/ha for the southern Guinea and Sudan savanna zones,
and 6.0 t/ha for the northern Guinea savanna; (ii) ear number,
plant aspect, number of plants at harvest, husk cover, and ear
rot were the major yield-limiting traits in all zones; (iii)
plants were taller and had lower moisture at harvest in the
savanna than in forest zones, suggesting a slower dry-down rate
in the forest; and (iv) barrenness was the primary cause of yield
differences between forest and savanna ecologies.

For varietal development and testing, there are only four
distinct zones in Nigeria, namely (i) forest/transition/southern
Guinea savanna, (ii) northern Guinea savanna, (iii) Sudan
savanna, and (iv) mid altitude. Analysis of grain-yield data on
the basis of this classification eliminated or, at least,
considerably reduced genotype x environment interaction and more
clearly revealed differences among varieties. Across 83 TZSR-W-1
was identified as a distinct forest variety, whereas GUAY 8449-SR
and TZ SYN-1 are more of savanna varieties. TZPB-SR- tends to the
forest but seems to perform equally well in the savanna. The
study failed to identify hybrids that are truly of forest or
savanna adaptation.
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RESUME

Le Nigeria est naturellament dote d'une ganime variee de zones
agro-6cologiques dans lesquelles le germplasme du mals (2^ mays
L.) devant §tre cultiv^ dans la plupart des pays d'Afrique sub-
saharienne peut Stre 6valu6. Des donn6es recueillies pendant
quatre ann6ea (1985-1988) a partir des Essais de Mals Coordonn^s
au Plan National A travers plusieurs localit^s h I'int^rieur de
chaque zone 6cologique ont fait I'obdet d'une etude en utilisant
des techniques de statistiques unies et multivari6es, comprenant
I'analyse de la variance, ainsi que les caract^res de correlation
de regression et I'analyse de facteur. Pour les ecologies des
bas-fonds : (i) le potentiel de rendement s'^levait ^ 4,0 tAia
pour la zone de for§t et de transition foret-savane, ^ 5,0 t/ha
pour les zones de savane sud-Guin^enne et de savane Soudanienne,
et a 6,0 t/ha pour la zone de savane nord Guineenne ; (ii) le
nombre d'epis, 1'architecture de la plante, le nombre de pieds a
la r^colte, la couverture de spathe, et le pourrissement de
l'6pi constituaient les principaux caracti^res limitant le
rendement dans toutes les zones ; (iii) les plantes etaient plus
hautes avec une humidite plus faible 6. la recolte en zone de
savane qu'en zone de foret ; ce qui implique un rythme
d'^vaporation plus lent ; et (iv) la sterilite etait la cause
principale des differences de rendement constatees entre les
ecologies de forSt et de savane.

Pour le developpement et I'essai varietal, il y a seulement
quatre zones distinctes au Nigeria, notamment les zones (i) de
fordt/de transition/de savane sud-Guineenne, (ii)de savane nord
Guineenne, (iii) de savane Soudanienne, et (iv) d'altitude
moyenne. L'analyse des donnees de rendement en grains basee sur
cette classification a elimine ou, au moins, a considerablement
reduit 1'interaction genotype x ecologie et a revele plus
distinctement les differences entre les varietes. Across 83 TZSR-
W-1 a ete identifie coinme variete propre a la zone de foret,
alors que GUAY 3449-SR et TZ Syn-1 conviennent plus a la zone de
savane. TZPB-SR a un penchant pour la zone de foret mais semble
6galement bien performante en zone de savane. L'etude n'a pas
reussi a identifier des hybrides qui s'adaptent vraiment soit h
la zone de foret, soit a la zone de savane.

INTRODUCTION

Maize fZea mava L.) is one of the most important cereal crops in
Africa. Its diverse use as human food, livestock feed, and raw
material for industry, along with its enormous genetic diversity,
germplasm base, and ease of cultivation (alone or in combination
with other crops) give it an advantage over most other food crops
of sub-Saharan Africa. In Africa the consumption pattern of maize
varies from one country to another, but includes green maize,
baby food and breakfast cereal, and different types of
preparation for local dishes. "Green maize" (maize harvested and
consumed at the milk or early dough stage) is particularly useful
during the hunger period, i.e. the period before other crops are
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harvested. Demand for dry grain is even more challenging,
especially in recent years when, apart from its use as human food
and livestock feed, maise grain is used in the brewing and soft
drink industry, flour mills, pharmaceuticals, etc.

Despite its enormous genetic diversity, its high-yield
potential (especially in the savanna and mid-altitude ecologies),
and the generally favourable weather factors, maize production
falls far short of the demand, although its real potential in
Africa is yet to be fully exploited. Full exploitation of maize
potential in Africa may be achieved by: (i) increasing the land
area under cultivation, (ii) growing improved, disease and pest
resistant varieties, and (iii) using hybrid varieties.

Nigeria is endowed with a wide range of agro-ecological
zones in which it is possible to evaluate maize germplasm that
could be grown in most of sub-Saharan Africa. Also> land area
under maize cultivation has been on the increase in Nigeria,
especially with the introduction of hybrids some five years ago.
There has, however, been much controversy on the profitability of
F1 hybrids for the typical Nigerian farmer, especially in the
forest and forest-savanna transition zones. Thus the objectives
of this study were to :

(i) evaluate the yield potential of maize in the different
egro-ecologies of Nigeria;

(ii) determine, for each ecological zone, the yield
advantage, if any, of hybrids over open pollinated
cultivars (OPs);

(iii) Identify traits associated with yield differences
between forest and savanna zones;

(iv) classify testing sites into similar groups as determined
by grain-yield performance;

(v) investigate the effect of site grouping on G x E
interaction; and

(iv) identify vaz^ieties that are ecological/zone-specific.

MATERIALS AND METHODS

Four-year data (1985-1988) on grain yield and agronomic traits
from Nationally Coordinated Maize Trials were analyzed in this
study. Each trial was laid out in a randomised complete-block
design with four replications. Each entry was planted to 4-row
plots but data were obtained from the two centre rows. The rows
were 5 m long, spaced 0.75 m and seeds were sown 0.25 m (single-
seed/hill) or 0.50 m (double-seed/liill) apart to give
approximately 53,300 plants/ha. Combined across locations within
each year, the data were separately analyzed for white hybrids,
yellow hybrids, late OPs and early OPs (Table . 1). Subsequently,
genotypic means were used to obtain correlation and stepwise
multiple regression coefficients to determine: (i) the similarity
between pairs of locations for grain yield, and (ii) the inter
relations among yield and agronomic traits.
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Table 1. Testing sites within agro-ecological zones where Nationally
Coordinated Trials were conducted during the period, 1985-1988.

Zone Site

1985

W Y L E I

1986

W Y L E I

1987

W Y L E
1988

W Y L B

Forest Ibadan c c c X c c c X X c c c c X c c c c

Ikenne c c c c c c c X X X X c X X c X c c

Ife c c c X c c c X X X 6 X X X c c c c

Benin c X c c - X c X X X c c X X X X X X

Akure X c c X - c c X X X X X X

Forest Onne c c c c
—

AmakdJQa c c c X

Uyo c c c X c c c c

Transition Ilorin c c c c
—

c X X X
_

Lanlate c c c X

Shaki c c c c -

Ilora

S. Guinea Mokwa c c c c — c c X X — c c c X c c c c

savanna Badeggi c c c 0 — c X c c — c c c X c X X X

N. Guinea Samaru c c c c - c c X X - X X X X c c c c

savanna Fimtua c c c c — c c X X - c c c c c c c c

Sudan Bagauda c c X X - c c c X c c c c

savanna (Kano)
Mid-altitude Jos c c c X

W = White Hybrids; Y Yellow Hybrids; L = Late, OP; E = Early,
OP; I = Inbred Lines; c = Trial conducted; x = Trial not conducted.

In the present study, principal component factor analysis
with varimax rotation for orthogonality was used for:

(i) similarity grouping of locations within
type of varietal trial, and

each year for each

(ii) delineating the interdependence structure among agronomic
traits, including grain yield. Analysis of variance, combined
only for locations loaded on each factor, was subsequently
performed to determine the relative importance of the different
sources of variation. Varietal means and their ranks across

locations, within each factor, were used to identify zone-
specific varieties.



tiaise Yield Potential in Nigerian Agro-ecologiea 83

RESULTS AND DISCUSSION

The yield potential of the different agro-ecologies in Nigeria,
as measured by performance of white hybrids from 1985-1988 (Fig.
1), increased as one moves from the forest to the savanna zones.,
with the northern Guinea savanna having the highest yield (5.8
t/ha). Yield potentials of the forest and transition zones

little, being about 4.0 t/ha. Relative to the northern
Guinea savanna, there was a somewhat lower yield potential in the
southern Guinea savanna and in Sudan savanna (about 5.0 t/ha).
The lower yield potential in the Sudan savanna is probably
attributable to the fact that late maturing hybrids were grown in
this relatively short-season ecology. Genetic materials of
Intermediate maturity would be more appropriate for this zone. In
general, the savanna ecologies had a 1-2 t/ha higher yield
potential than the forest and transition zones.

Data presented for mid-altitude (Jos) should be interpreted
cautiously because they represented a year's data from one
location ; also the entries in the trial were lowland materials.
Our experience is that the mid-altitudes have a high yield
potential if the appropriate genotypes are grown.

Yield of the best OP was deducted from that of the best
hybrid and the difference was exii-ressed as a percentage of the
yield of the OP yield. Tliis was done each year and the mean
across years for all locations in an ecological zone are
summarised in Fig. 2. Yield advantage of white hybrids ranged
from about 1 to^l.? t/ha, with the highest advantage occurx'-ing in
the northern buinea savanna. Expz^essed on percentage basis,
however, the Sudan savanna had the highest advantage of about
44/>. Similarly, for yellow hybrids, the northern Guinea savanna
had the highest absolute yield advantage (1.6 t/lia). Again, on
percentage basis, the differences between zones were not too
dramatic. Acz^oss the two hybi''id types, hybrid advantages were
about the same (23-30%) for forest, tz^ansition, southern Guinea
savanna and northern Guinea savanna zones. However, hybrid
advantages in the acid forest and in Sudan savanna zones were
slightly higher (about 36%) than in other zones. Thus, hybrids
are clearly higher yielding than the best CPs in all ecological
zones of Nigeria.
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Fig.1 Yield potential of different agro-ecological zones
in Nigeria (mean of 1985-88 White Hybrid National triols)
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Correlation coefficients would seem to indicate ear number
per unit land area as the primary trait influencing grain yield
(Table 2); the larger the number, the higher the yield. This
suggest that barrenness was the primary cause of yield
differences among genotypes. Correlations also showed that poor
plant aspect, bad husk cover, and ear rot were detrimental to
grain yield. For the hybrids, delayed silking also adversely
affected yield, whereas taller plants tended to be higher
yielding. Stepwise multiple regression of yield on agronomic
traits (Table 3) further showed that ear number and ear length
together explained 65% of total variation for grain yield in a
forest location.'In the analysis, lodging and days to silking
negatively affected grain yield. Furthermore, factor analysis
identified two or three groups of traits (factors) that explained
the total underlying inter-dependence structure of the measured
variables. In this analysis grain yield, number of plants at
harvest, and/or ear number were usually positively loaded on one
factor, whereas plant aspect, silking date, ear rot, and husk-
cover rating had negative loadings on the same factor containing
yield, or were positively loaded on another factor (Tables 4 and
5). Therefore, yield is likely to increase if near-perfect-to-
perfect plant stand is ensured and every plant bears one well-
filled ear.

Table 2. Correlation coefficients between grain yield and pgronomic traits
in several types of maize yield trials.

Trait

102 Sx

Hybrids^
Zonal Trial,OPa Zonal Trial, Hybrids

Average

Early Late White Yellow

Pollen shed -0.22*
_ _

-0.17Silking -0.26^'^ 0.35 0.60 -0.76** 0,77*

Plant heiglit 0.52=^ - - 0.39 0.87** 0.59

Ear height 0.49^ - - 0.82** 0.84* 0.72

Ear length 0.59** -
- -

—

-0.82Plant aspect - -0.72* -0.79*» - -0.96**

Husk cover - -0.46 -0.93** -0.32 - -0.57

Ear number 0.72** 0.65* 0.72** 0.87** 0.94** 0.78

Moisture % 0.20* -0.25 0.15 0.27 0.29 0.02

Shelling % 0.35* - - - — —

Lodging % -0.14 -0.07 -0.15 -0.15 — -0.05

Ear rot — — -0.80** -0.67* 0.16 -0.44

(1) Evaluated at Ife in 2 years (1987 and 1988)
*and Significant at P = 0.05 and P = 0.01, respectively.
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Table 3. Partial regression coefficients and coefficients of
determination (R2) fjx)m the stepwise multiple regression analysis
of grain yield on several other trials for 102 single-cross hybrids.

No. of Inter- Ear Ear Ear Lod- Sil- Shel-
traits cept number length height ging king ling R2 DR^
in % - %
model

1 -1.068 0.323 0.515 0.515

2 -6.345 0.264 0.335 0.647 0.132

3 -5.823 0.251 0.262 0.003 0.693 0.046

4 -5.081 0.226 0.193 0.041 -0.021 0.738 0.093

5 3.307 0.190 0.244 0.036 -0.033 -0.125 0.786 0.048

6 2.830 0.175 0.221 0.035 -0.032 -0144 0.031 0.796 0.010

All partial b-values, R® and DR2 are significant at P = 0.01,



88 Maize Yielfi Potential in Nigerian AgrQ-ecologiea

Table 4. Lodgings on varimax x rotated factors involving yield and
agronomic trials in the 1988 Early OP and 1987 Late OP Zonal trials.

Trait Community Factor 1 Factor 2 Factor 3

FAr-tnr 1 1988 Early OP

Yield 0.87 0.869 0.053 0.340

Plant stand 0.93 0.940 -0.210 0.038

Plant aspect 0.81 -0.650 0.614 -0.114

Plant harvested 0.87 0.812 -0.447 0.103

Factor 2

Moisture % 0.80 -0.159 0.821 -0.317

Stalk lodging 0.68 -0.080 0.819 -0.059

Root lodging 0.89 -0.292 0.871 0.216

Fflntor 3

Silking date 0.97 0.020 0.177 0.966

Husk cover 0.93 -0.285 0.294 -0.872

Ear number 0.98 0.540 -0.508 0.654

% Total variance 36.87 35.56 27.66

Cumulative 36.78 72.43 100

1987 Late OP

Factor 1

Silking date 0.81 0.898 0.057

Plant height 0.78 0.878 -0.087

Ear height 0.80 0.858 -0.256

% Moisture 0.70 0.830 0.113

Husk cover 0.52 -0.723 -0.025

Factor 2

Yield 0.94 -0.142 0.962

No. plants harvested 0.77 0.099 0.873

Ear number 0.79 -0.401 0.791

Ear rot 0.60 -0.200 -0.745

% Total variance 55.93 44.07

Cumulative 55.93 100
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Table 5. Loadings on varimax rotated factors involving yield
and agronomic traits in the 1988 White Hybrid and 1987 Yellow
Hybrid Coordinated Maize Trials.

Trait Community Factor 1 Factor 2 Factor 3

1988 White Hybrids
Factor 1

Yield 0.94 0.864 --0.085 -0.045

Silking date 0.56 -0.721 0.079

Ear hei^t 0.93 0.914 0.261 0.149

No. of plants harvested 0.97 0.983 -0.065 -0.08

Ear number 0.92 0.958 -0.055 -0.043

Factor 2

Plant height 0.84 0.523 0.713 -0.247

Stalk lodging 0.90 -0.095 0.934 -0.131

Root lodging 0.87 -0.095 0.892 0.256

Factor 3

Husk cover 0.85 -0.242 0.198 0.868

% Moisture 0.83 0.224 0.482 0.742

% Total variance 53.04 29.41 17.55

CiuQulative 53.04 82.45 100

1987 Yellow hybrids
Factor 1

Yield 0.98 0.986 0.073

Silking date 0.71 -0.707 -0.463
Plant hei^t 0.94 0.884 0.393

Ear height 0.86 0.870 0.320
No. of plants harvested 0.98 0.975 0.186
Ear number 0.95 0.934 0.275
Plant aspect 0.09 -0.941 -0.112

Factor 2

Ear rot 0.76 0.139 0.863
% Moisture 0.63 -0.191 -0.767
% Total variance 74.93 25.07
Ciunulative 74.93 100
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A comparison of forest and savanna locations (Table 6)
showed that the yield advantage of the savanna was due primarily
to ear number. Whereas number of plants harvested was about the
same in the two ecologies, the savanna zone consistently produced
more ears per unit land area. Therefore barreness was much more
pronounced in forest zone than in savanna ecologies. Maize plants
in the savanna were taller with higher ear placement, suggesting
greater vigor of growth. Number of days to silking was about the
same in the two ecologies, although late OPs and yellow hybrids
tended to silk later in the savanna than in the forest zone.
However, percentage moisture at harvest was consistently lower at
savanna than at forest locations. This implies a shorter grain-
filling duration and/or a faster dry down rate in savanna than in
forest ecologies. Indeed the "stay-green" character occurs
frequently in the forest zone, whereas it is almost non-existent
in the savanna zones. For this reason, it is possible to obtain
uniform drying in the savanna, thus facilitating mechanical
harvesting. Although details of environmental factors causing
faster dry-down rate in the savanna are beyond the scope of this
paper, and must await further analysis and experimentation, it is
probably connected with reduced moisture and increased dryness of
the air (low relative humidity) associated with the harmattan in
the savannas.

Table 6. Comparison of mean yield and agronomic traits for forest
and savanna locations in foiur types of maize yield trials.

Trait

1988 White
Hybrids

1987 Yellow

Hybrids
1988 Early

OPs

1987 Late

OPs

Forest Savanna Forest Savanna Forest Savanna Forest Savanna

Yield (t/ha) 3.7 6.0 3.6 4.4 2.7 5.7 4.5 3.7

Silking date 60 58 57 60 51 50 55 61

Plant hei^t(cm) 175 236 166 197 150 199 195 205

Ear height (cm) 87 126 83 98 71 89 101 106

No. plants
31harvested 26 32 32 31 39 36 33

Ear nimiber 25 34 29 31 29 38 30 25

Plant aspect 2.8 3.2 2.6 2.4 2.5 3.7 - -

Ear rot^ - - 2.0 1.2 - -3.3 2.0 1.1

Husk cover^ 1.8 2.9 - - 2.4 3.3 2.0 1.9

% Moisture 19 12 22.7 13.2 15.2 12.6 20.0 14.2

^Rating on a 1-5 scale: 1 = best, 5 = worst.
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Analysis of variance (AOV) for yield showed highly
significant location (L), variety (V), and in most cases, L x V
interaction mean squares (Table 7). However, the contribution of
each source of variation to total sum of squares (Fig. 3) would
seem to indicate that the locations and, to a relatively smaller
extent, the L x V interaction and error masked the full
expression of the yield potential of varieties. It was,
therefore, necessary to classify testing sites into more
homogeneous groups and run the AOV on group basis.

Table 7. Siumaary of AOV for grain from the Nationally
Coordinated Trials, 1985 to 1988.

Source of White hybrids Yellow hybrid
variation Df F-test Df F-test

1985

Location (L) 10 9 **

Variety (V) 14 ** 11 **

L X V 140 NS 99 **

Error 456 - 330

1986

Location (L) 8 ** 7 **

Variety (V) 14 ** 11 **

L X V 112 77 NS
Error 376 - 262 -

*and ** Slgiiificant at P = 0.05 and P = 0.01,
respectively. NS = not significant.

Source of White hybrids Yellow hybrids Late O.P. Early O.P.
variation DF F-test Df F-test Df F-test Df F-test

1987

Location (L) 10 ** 10 ** 9 **

Variety CV) 8 ** 6 7 **

L X V 80 ** 60 ** 63 NS
Error 262 - 192 - 209 -

1988

Location (L) 7 ** 6 7 #* 5 **

Variety (V) 9 ** 8 a ** 7 **

L X V 63 ** 48 NS 56 ** 35 *

Error 210 - 164 - 196 - 126 ~

*and ** Significant at P = 0.05 and P = 0.01, respectively;
NS = not significant.
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Environmental correlation (Table 8) revealed some rather
interesting relationships. In most of the comparisons, Mokwa
Badeggi (southern Guinea savanna) had positive correlations with
forest and transition-zone locations (Ife, Ibadan, Benin, and
Uyo). Although forest locations showed large positive
correlations inter se and with savanna locations, the savanna
locations may not be correlated. Bagauda (Sudan savanna) appeared
to be unique; the few large positive correlations it had were
with forest locations while all other correlations were very low
or negative. Factor analysis was effective in classifying the
testing sites into fairly more homogeneous groups. Depending on
the materials evaluated and year of evaluation, two to
orthogonal factors accounted for the variations in the data
(Table 9). Similar to the results of correlation analysis, Mokwa
was either grouped with forest locations, or it stood alone as
in the 1987 late OP trial. Usually, forest and transition
locations loaded on the same factors. Also, Bagauda formed its
own factor, except in the 1988 White Hybrid Trial where it was
grouped with Samaru, Ife and Ilora.

Table 8. Environmental correlation coefficients for grain yield in the white
Hybrid National Trials, 1987.

IBA

DAN IFE

AMA

KAMA FUNTUA BADEGGI BENIN JOS BAGAUDA UYO LANLATE MOKWA

IBADAN 1.00

IFE 0.67 1.00

AMAKAMA -0.16 0.13 1.00

FUNTUA 0.58 0.41 -0.63 1.00

BADEGGI 0.51 0.38 -0.54 0.86 1.00

BENIN 0.16 0.60 0.34 0.23 0.27 1.00

JOS 0.56 0.61 0.36 0-05 0.04 0.29 1.00

BAGAUDA 0.20 0.01 0.17 0.31 0.21 -0.18 0,08 1.00
1.00UYO 0.40 0.57 0.03 0.65 0.69 0.76 0.25 0.18

LANLATE 0.06 0.09 -0.67 0.41 0.33 -0.25 •-0.49 -0.00 -0.21 1.00

MOKWA 0.62 0.93 0.07 0.37 0.44 0.71 0.52 -0.21 0.55 0.13 1.00

AOV on the basis of locations within factors for 1987 White
Hybrids and 1988 Late OPs showed that the G x E interaction was
eliminated or, at least considerably reduced, by the grouping of
sites using factor analysis (Table 10). Mean yield and ranking of
the varieties seem to suggest a need to release OPs on ecological
zone basis, but there appears to be no truly distinct forest and
savanna hybrids (Table 11). Using the LSD values to test the
means in Table 11, the best hybrids for each zone (factor) are :

(i) Forest/transition/southern Guinea savanna
(Factors I & III); 8505-5, FE 86001, and 8321-18

(ii) Northern Guinea savanna (Factor II): 8505-5, 8505-2,
8505-3, and 8321-18

(iii) Sudan savanna (Factor IV): any of the hybrids.
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Table 9. Summary of varimax rotated factors for locations used in the
white hybrid and late O.P. Coordinated Maize Trials, 1987 and 1988.

1987 Late O.P.

Locations loaded

% Total variance

Mean yield (t/ha)
Range (t/ha)

1988 Ute O.P.

Factor I

lb. Ft, Jos, Uyo
32.2
3.42

1.3-4.6

Ik, Mok, Ilora
37.0

3.5

2.5-4.6

Factor II Factor III

NCRI, Amak
31.6
4.07

2.3-5.8

Mokwa

18.5

4.9

Ife, Ft. Sam. Bag
34.4 28.5

5.9 5.0

5.3-6.6

Factor IV

Bag, Lan
17.6
2.8

2.8-2.8

Locations loaded

% Total variance

Mean yield
Range

1987 White Hybrids
Locations loaded

% Total variance

Mean yield
Range

lb,Ife,Jos,Mok. Amak,Ft,Bdgi,Lan Benin,Uyo Bag

1988 White Hybrids
Locations loaded

% Total variance

Mean yield
Range

29.7

4.5

3.0-5.8

Bag, Ife, Ilora,
Sam.

57.3

4.9

3.0-5.8

28-1

3.8

1.3-5.7

Mok, Ft, Ik.

42.7

4.4

2.5-6.7

27.3

4.0

2.8-5.2

14.9

4.2

lb = IBADAN, Ik = IKENNE, Amak = AMAKAMA, Mok = MOKWA, Ft = FUNTUA.
Bdgi = BADEGGI, Bag = BAGAUDA, Sam = SAMARU, Lan = LANLATE.

Table 10. Summary of AOV for grain yield combined across locations and for

groups of locations (factors) from the 1987 white hybrid and the 1988 Late
OP Coordinated Maize Trials"*".

Source of

variation

Combined
Df F-test

1987 White Hybrid Trial

Factor I
Df F-test

Factor II

Df F-test
Factor III
Df F-test

Factor IV
Df F-test

Location (L) 10 3 m 3 ** 1 ** - —

Variety (V) 8 5|C(C 8 8 * 8 ** 8
L X V 80 3(04c 24 NS 24 ** 8 NS - —

Error 262 - 96 - 95 - 47 - 24 -

1988 Ute OP Trial

Location (L) 6 ** 3 ** 1 •P.

Variety (V) 8 8 ** 8 ** 8 NS
L X V 48 ** 24 ** 8 NS - -

Error 166 - 94 - 48 - 24 -

: ** = significant (P = 0.01)
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Table 11. Mean yield (t/ha) and rank for each variety and each factor in
the 1987 white hybrid and the 1988 late OP Coordinated Maize Trials.

No. Variety Factor I Factor II Factor III Factor IV

1987 White Hybrid Trial Yield Rank Yield Rank Yield Rank Yield Rank
8505-5 5.23 1 4.47 1 4.51 2 3.60 7
FE 86001 5.10 2 3.39 9 3.67 8 4.53 3
Check-1 8321-18 4.79 3 4.13 4 4.70 1 4.94 2
8505-2 4.52 4 4.17 2 3.68 7 4.42 4
Check-2 IK83 TZSR-W-1 4.51 5 3.56 5 4.24 3 3.39 8
8505-9 4.45 6 3.52 6 3.84 6 3.30 9
8505-3 4.29 7 4.16 3 3.86 5 5.65 1
FE 86002 4.17 8 3.49 7 3.95 4 3.80 6
FE 86003 3.50 9 3.44 8 3.63 9 3.90 5
LSD, 5% 0.56 - 0.75 - 0.65 - NS

1988 Late O.P. Trial

Check-1 Across 83

TZSR-W-1 4.77 1 5.56 8 4.39 9
TZPB-SR 4.66 2 6.18 4 5.11 5
DMR-LSR-W 4.33 3 6.22 3 4.65 7
DMR-LSR-Y 4.03 4 5.94 5 5.44 1
8540-SR 3.97 5 5.66 7 5.41 2
Check-2 Fer 81 TZSR-Y 3.90 6 5.85 6 4.84 6
Population 66-SR 3.82 7 5.27 9 5.39 3
TZ Syn-1 3.74 8 6.23 2 4.60 8
Guay 8443-SR 3.66 9 6.65 1 5.12 4
LSD, 5% 0.54 — 0.68 - NS

Clearly, one can see that at least two hybrids are common to
any two zones.

For the late OPs, however, the situation is different as
shown in Fig. 4. Across 83 TZSR-W-1 seems to be distinctly a
forest variety, whereas QUAY 8443-SR and TZ SYN-1 are more of
savanna varieties. These OPs and perhaps others may be used as
standard varieties to classify maize germplasm into zones of
adaptation.

CONCLUSIONS

The yield potential of the presently available maize varieties in
different agro-ecologies of Nigeria ranges from about 4 t/ha in
the forest and forest-savanna (transition) zones to about 6 t/ha
in the northern Guinea savanna. The yield potentials of the
southern Guinea and Sudan savanna zones are similar, about 5
t/ha. The best hybrids showed an average of 23-30% yield
advantage over the best OPs in the forest, transition and
southern Guinea savanna ecologies.
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Ear number, plant aspect, number of plants harvested, husk
cover, and ear rot are the major yield limiting agronomic traits
in all the zones. Therefore, yield is likely to increase if near-
perfect-to-perfect stands are ensured with every plant bearing a
well-filled, rot-free ear. Maize plants in the savanna were
generally taller and tended to dry down faster than in forest
zones. Whereas about the same number of plants are harvested per
plot in the two ecologies, the savanna consistently produced more
ears per unit land area. Therefore, barrenness was the primary
cause of yield differences between forest and savanna ecologies.

Correlation and multivariate factor analyses indicated that
for varietal development and testing purposes, there are only
four distinct zones in Nigeria: (i) forest/transition/southern
Guinea savanna, (ii) northern Guinea savanna, (iii) Sudan
savanna, and (iv) mid altitude.

Analysis of grain yield data on the basis of this
classification eliminated, or at least considerably reduced, G x
E interaction and more clearly revealed differences among
varieties. However, it does not seem we presently have truly
distinct forest and savanna hybrids, although a few late OPs
showing differential adaptation to forest and savanna ecologies
were identified.
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11, Millet/Cowpea Relay Cropping as Influenced by Cultivar and
Nitrogen Fertilization.

K.A. ELEMO

TnRtitnte for Agric. Research. Ahmadu Bella Univerfiltv. Zarla
Nigeria.

ABTRACT

Productivity of pearl millet fPennisetum americanum') and cov/pea
could be influenced by cultivar and N fertilization. This paper
presents the results of a field experiment that evaluated the
response of five millet cultivars (Ex-Borno, Bristle Composite,
SE2124, Dwarf Composite, and Nigerian Composite, in 1985, and Ex-
Borno, SE. 360, SE. Composite, SE75 and SE13, in 1986), and two
cowpea cultivars (Sampea 7 and 339-1-2) to four levels of N
fertilization (0, 30, 60 and 90 kg N/ha).

Millet grain yield increased with increase in applied N up
to a calculated economic optimum that varied from 73-91 and 58-72
kg N/ha in 1985 and 1986, respectively, depending on cultivar.
Application of N to millet decreased grain yield of relay crop of
cowpea in both years. Competitive effect of millet on the
relayed cowpea generally reduced cowpea yield. The optimum N
level for maximizing profits on sole crop millet was higher than
that required to maximize profit for the millet/cowpea relay
system. The need to base N fertilizer recommendation for
millet/cowpea relay crop on the farmer's priority for the
components of the system is discussed.

RESUME

La productivity du mil perle ^Pennisitum americanum) et du ni6b6
pourrait etre influenc6e par le cultivar et I'engrais azot6.
Cette communication pr^sente les r6sultats d'un essai au champ
qui a permis d'dvaluer la reponse de cinq cultivars de mil (Ex-
Borno, Bristle Composite, SE 2124, Dwarf Composite, et Nigerian
Composite) en 1985, et Ex-Borno, SE 360, SE Composite, SE 75 et
SE 13 en 1986), et la reponse de deux cultivars de ni6b6 (Sampea
7 et 339-1-2) ^ quatre doses d'engrais azot6 (0, 30, 60 et 90 kg
N/ha).

Le rendement en grains du mil s'est accru en meme temps que
la dose d'engrais azot6 a augments jusqu'A un optimum ^conomique
calcul6 qui variait entre 73-91 et 58-72 kg N/ha en 1985 et
1986, respectivement, d^pendamment du cultivar. L'application de
I'engrais azot6 au mil a diminue le rendement en grains de la
culture de relais du niebe au cours des deux ann6es. L'effet
comp6titif du mil sur le ni6be a g6n6ralement r^duit le rejidement
du ni6b6. La dose optimale de I'engrais azot6 en vue de
maximiser les avantages au niveau de la culture du mil pure ^tait
plus 61ev6e que celle requise pour maximiser les avantages au
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niveau du systdme de culture intercalaire mil/ni6b6. La n^cessit^
de fonder 1'utilisation de I'engrais azot6 pour la culture
associ6e mil/ni^b6 sur la priorite de 1'agriculteur en ce qui
concerne les composantes du systdme a fait I'objet de discussion.

INTRODUCTION

Cultivation of cowpea in relay crop with pearl millet fPenniaetum
americanum (L. ) K. Sch\im) is an important cropping practice among
traditional farmers in the northern Guinea savanna agroecological
zone of Nigeria. The photoperiod-insensitive gero millet, a
principal staple food crop, is sown at the onset of the rains to
mature in August (during the rainfall peak). As a minor crop,
cowpea is sown into the millet in July/August, thus providing a
unique opportunity for full utilization of the wet season.

Fertilizer requirements of 60 kg N, 30 kg PsOe, and 30 kg
KzO per hectare have been recommended for optimum grain
production of millet in sole crop (Singh al., 1983-.
Generally, millet responds more to N than to P and K (Engelstad
and Terman, 1966).

Fertilizer recommendation is also available for sole crop
cowpea (lAR, 1985), About 36 kg P2O5 is recommended, but there is
no requirement for N application, apparently because the crop
fixes atmospheric N. However, effects of applied N on cowpea
physiology and productivity have been documented.

For nodulating cowpea, there is a bried period of "N hunger"
immediately after the shedding of the cotyledons but prior to
effective N fixation (Minchin oii al., 1981). During this period,
a low dosage of applied N has been found beneficial (Ezidinma,
1964; Dart ei aJ.. , 1977, Minchin al. , 1981; Rhoden ai. ,
1987) particularly when the level of soil organic matter is less
than 2% (Agboola, 1978). High concentration of applied N, on the
other hand, reduces nodule number and weight (Rhoden ai.,
1987), symbiotic longevity (Minchin ai al-, 1981) and tends to
replace the N fixation process altogether (Allos and Bartholomew,
1959). However, Eaglesham ai., (1977) found the crop
assimilation of symbiotic N to be significantly higher than that
of applied N. For the non-nodulated cowpea, no amount of applied
N could compensate for the loss of symbiotic N; it produces fewer
branches, peduncles and pods (Dart ai ai. , 1977 ; Summerfield

fll., 1977). It has been suggested that N application to cowpea is
not economical, given the rising cost of nitrogen fertilizers and
the lack of clear crop response (lAR, 1985).

Since pearl millet requires N fertilization for optimum
yields, it was considered valuable to determine the fate of
associated cowpea in the relay cropping system, with or without
optimum N. Although current crop production technologies are
based on the requirements of sole crops, the farmer traditionally
grows his crops in mixtures. The present study examines the
effects of cultivar and nitrogen fertilization on millet and
cowpea in a relay cropping system.
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MATERIALS AND METHODS

Experimental design

Field experiments were conducted during the wet seasons of 1985
and 1986 at the research farm of the Institute for Agricultural
Research (lAR), Samaru (ll'^ll'N; 7®38'E and 675 m above seal
level), located int he northern Guinea savanna agroecological
zone of Nigeria. The monomodal rainfall starts in May/June and
terminates in September/October.

The soil is deep and imperfectly drained; the topsoil of
fine sandy loam is formed over basement complex parent material.
The clay content increases from about 13% at the surface to about
40% at 20-40 cm depth (Kowal, 1968).. In 1985, the soil had the
following characteristics: pH, 5.87; N, 0.05%; 1.22% organic
carbon; C.E.C., 14.28 meq/lOOg; Ca, 1.56 meq/lOOg; Mg, 0.58
meq/lOOg; available P, 11.2 ppm; and exchangeable K, 0.17
meq/lOOg. However, in 1986, the chemical soil analysis revealed
pH, 5.6; 0.05% N; 0.4% organic carbon; C.E.C., 11,80 meq/lOOg;
Ca, 2.8 meq/lOOg,; Mg, 0.62 meq/lOOg; available P, 18.4 ppm; and
exchangeable K, 0.13 meq/lOOg. The site was under continuous
fallow for three years before the study.

ExpQrimental treatment and design

Experimental treatments comprised four levels of nitrogen
fertilizer (0, 30, 60, and 90 kg/ha), five millet cultivars (Ex-
Borno, Bristle Composite, SE2124, Dwarf Composite and Nigerian
Composite, in 1985, and Ex-Borno, SE360, SE Composite, SE75 and
SE13, in 1986) and two semi-erect cowpea cultivars (Sampea 7 and
lAR 339-1-2). Ex-Borno and Sampea-7 are standard recommended
varieties of lAR.

The experiment was laid out each year in a split-split plot
design, with N on the main plot, millet cultivars on the subplot
and cowpea cultivar on the sub-subplot, in three replicates. A
subplot comprised 10, 10-m long ridges spaced 0.75 cm apart, the
net plot being the eight inner ridges. The sub-subplot consisted
of five, 10-m long ridges, 0.75 cm apart, with the three inner
ridges serving as the harvest area.

Hrnp management

The field was ploughed, harrowed twice and ridged about a week
before sowing. Millet was sown at 0.25 m spacing along rows and
thinned to one plant per stand (53,333 plants/ha) about 10 days
later. After anthesis of millet, cowpea was sown also at 0.25 m
spacing in-between millet stands and about 5 cm from the centre
of the ridge; seedlings were later thinned to one stand per hill
(53,333 plants/ha). Millet and cowpea were sown on 15 June and 2
August, respectively, in 1985 and 17 June and 5 August,
respectively, in 1986.
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Fertilizer was applied Just before millet was sown at the 60
kg N, 30 kg PzOb and 30 kg KzO per hectare, using calcixim
ammonium nitrate, single superphosphate, and muriate of potash,
respectively. No fertilizer was applied directly to cowpea.

Three hoe-weeding operations were done at 2 weeks after
planting of millet, at millet anthesis, and at 2 weeks after
planting of cowpea.

Insect pests of cowpea were controlled by spraying a tank
mixture of cypermethrin and dimethoate at the rate of 50 g
a.i./ha and 500 g a.i./ha, respectively; three fortnightly sprays
were applied, starting from the flowering stage.

I

Data GQllection

Data were collected on the grain yield and yield components of
millet and cowpea. Harvesting of millet was on subplot basis as
young cowpea plants were not expected to reduce yields of
maturing millet plants. Cost and benefit analysis of N fertilizer
application was based on information provided by the Department
of Agricultural Economics and Rural Sociology of lAR, Ahmadu
Bello University, Samaru. Millet and cowpea grains were valued at
M1.5/kg and H2.5/kg, respectively, while N fertilizer was costed
at Vil. 15/kg N.

RESULTS

Millet grain yield and yield components

Millet grain yield and yield components recorded in 1985 are
presented in Table 1. Compared to check plots that received no
nitrogen fertilizer, all levels of N fertilization significantly
increased millet grain yield, but the difference between 60 and
90 kg N/ha was not significant. Ex-Borno outyielded significantly
Bristle Composite and Dwarf Composite but not SE2124 and Nigerian
Composite. Application of up to 60 kg N/ha had no significant
effect on both threshing percentage and plant height; however,
application of 90 kg N/ha significantly reduced the threshing
percentage, although the plants were significantly taller. The
effect of millet cultivar on threshing percentage was not
significant but SE2124 produced some of the tallest plants while
Dwarf Composite was the shortest. Ex-Borno and SE2124 produced
significantly longer panicles than the other cultivars, but their
grains were lighter than those of others. The N level x millet
cultivar interaction significantly affected the thousand-grand
weight.
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Table 1. Effect of nitrogen fertilizer and millet cultivar on
yield and yield components of millet (Samaru, 1985 wet season)

Millet Threshing Plant Panicle 100-grain
grain percen hei^t length weigth

Treatment yield tage (cm) (cm) (g)
(kg/ha) (%)

N Iftvftl fkc/hfll

0 761 68 158 42 8

30 930 66 162 41 8

60 1072 65 162 42 9

90 1081 62 171 41 8

S.B.± 37.8 0.9 1.7 1.1 0.3

LSD (P=0.05) 130.7 3.1 5.9 ns ns

Mm fit cultivar

Ex-Borno 1036 66 175 44 8

Bristle
Composite 895 66 173 40 9

S.E. 2124 974 63 192 43 8

IX/arf

Composite 921 66 94 40 9

Nigerian
Composite 976 65 182 41 9

S.E.± 32.6 1.9 5.1 0.7 0.3

L.S.D.

(P = 0.05) 94.0 ns 14.8 2.7 1.0

Interaction

N level X millet
cultivar ns ns ns ns *

ns = not significant; * = significant at 5% level of
probability.

In 1986, the effect of N level x millet cultivar interaction
on all parameters measured was not significant (Table 2).
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Table 2. Effect of nitrogen fertilizer and millet cultivar on
yield and yield component of millet (Saoaru, 1986 wet season).

Millet Threshing Plant Panicle 100-grain
grain percen hei^t length weight

Treatment yield tage (cm) (cm) (g)
(kg/ha) (%)

N level (Ka/hR)

0 856 64 224 40 7
30 1159 60 226 39 7
60 1205 60 231 40 7
90 1225 60 240 43 7

S.E.± 35.0 0.8 3.4 1.0 0.3
L.S.D.

(P = 0.05) 121.2 2.8 ns ns ns

Millet cultivar

Ex-Borno 1075 61 221 39 6

S.E. 360 1022 60 243 44 7
S.E.Composite 999 59 223 38 7

S.E. 13 1286 64 231 41 7
S.E. 75 1176 60 234 40 8
S.E. ± 52.2 1.4 4.0 1.0 0.4
L.S.D.

(P = 0.05) 150.7 ns 11.6 2.9 ns

Interaction

N level X millet

cultivar ns ns ns ns ns

ns = Not significant.

However, grain yields of plots that received 30-90 kg N/ha
were significantly higher than the yield of the unfertilized
plot, although they were not significantly different from one
another. Cultivar SE13 outyielded significantly Ex-Borno, SE360
and SE Composite. As in 1985, the effect of millet cultivar waa
not significant. While all levels of N significantly reduced the
threshing percentage, they had no significant effect on plant
height, panicle length and thousand-grain weight. Similarly,
while the effect of millet cultivar on the hundred-grain weight
was not significant, cultivar SE360 produced taller plants than
the other cultivars, except SE75; it also produced longer
panicles than others.
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Cowpea grain vleld and yield Gomponenta

The effects of N fertilizer, millet and cowpea cultivars on grain
yield and yield components of cowpea in 1985 are presented in
Table 3. The main effect of millet cultivar on cowpea yield and
yield components was not significant. However, all levels of
applied N significantly decreased cowpea grain yield, compared to
yield of plants that did not receive nitrogen fertilizer. The two
cowpea cultivars gave statistically similar yields, but the
effect of N level x cowpea cultivar interaction on cowpea grain
yield was significant. Similarly, the effect of N level x millet
cultivar on threshing percentage was significant. No other first
order interaction was significant, Sampea 7 had significantly
higher threshing percentage, more pods per plant, and larger
grains than 339-1-2. None of the treatments affected the number
of branches produced per plant.

As in 1985, the main effect of millet cultivar on cowpea
yield and yield components in 1986 was not significant (Table 4).
Compared to the yield of plots that did not receive nitrogen
fertilizer, application of 30 kg N/ha did not significantly
decrease cowpea agrain yield which was decreased significantly by
higher doses (60 - 90 kg N/ha).

The two cowpea cultivars again produced similar grain
yields. The effects of the N level x millet cultivar interaction
on cowpea grain yield and on canopy height were significant. Also
significant was the effect of N level x cowpea cultivar
interaction on the hundred-grain weight. In 1986 also, Sampea 7
produced larger grains than 339-1-2. None of the treatments
significantly affected threshing percentage and number of
pods/plant. Sampea 7 cowpea produced more branches per plant than
339-1-2.

Overall comparison of response to N

The response curves of grain yields of millet and cowpea
cultivars in relay crop as functions of N fertilizer applied to
millet are presented in Figs. 1 and 2 for 1985 and 1986,
respectively. All of the cultivars showed quadratic responses to
N rates. Economic optimum N rates for each millet cultivar for
each year were calculated from the equation (F.A.O. 1966):
Xopt = b-(Q')/p')

2c

where : 'Xopt' is the economic optimum level of N (kg/ha); 'b'
and 'c' are the linear and quadratic coefficients of the response
function; 'q' is price of unit of fertilizer (Naira/kg N; and 'p'
is price of produce (Naira/ka grain).

The new millet varieties introduced into the experiment in
1986, particularly SE13, appeared more efficient in utilizing N
fertilizer than Ex-Borno which was the top yielder in 1985.
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Fig.l: Response curves of grain yield of millet and cowpea cultivars in
relay cropping as a function of N fertilizer (Samarui 1985 wet
season ).
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Table 3. Effect of nitrogen fertilizer, millet and cowpea
cultivars on yield and yield components of cowpea (Samaru, 1985
wet season).

Cowpea Threshing No. of No. of Canow 100-

Treatment
grain percent pods/ branches/ height grain
yield age C%) plant plant (cm) weight

(kg/ha) (no) (no) is)

N Iftvfti

0 1020 74 18 2.0 39 18.9
30 720 76 17 2.2 38 19.2
60 522 75 15 2.0 35 19.2
90 643 75 15 2.0 36b 19.2

S,E.± 22.8 0.6 0.6 0.10 0.7 0.21
L.S.D (P=0.05) 78.9 ns ns ns ns ns

tlillet cultivar

Ex-Borno 699 75 16 1.9 38 19.1
Bristle Comp. 751 74 16 2.0 37 19.0
S.E. 2124 757 75 16 2.0 36 19.3
Dwarf Comp. 759 76 16 1.9 36 19.0
Nig. Comp, 665 75 16 2.0 37 19.2
S.E.+ 38.5 0.8 0.8 0.10 0.8 0.22
L.S.D (P-0.05) 'ns ns ns ns ns ns

Cowpea cultivar

Sampea 7 739 76 17 2.0 37 19.4
339-1-2 713 73 15 1.9 37 18.9
S.E.± 15.9 0.5 0.4 0.06 0.4 0.13
L.S.D (P=0.05) ns 1:5 1.1 ns ns 0.38

Interar^tlnn

N level X millet
cultivar ns )|C(( ns ns ns ns

N level X cowpea
cultivar * ns ns ns ns ns

Millet X cultivar
X cowpea

cultivar ns ns ns ns ns ns

N level X

millet cultivar
X cowpea

cultivar ** ns ns ns ns ns

** = significant at 1% of probability.
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Table 4. Effect of nitrogen fertilizer, millet and cowpea
cultivars on yield and yield components of cowpea
(Samaru, 1986 wet season).

Cowpea Threshing No. of No. of Canopy 100-
grain percent pods/ branches height grain

Treatment yield age i%) plant /plant (cm) weighl
(kg/ha) (g)

N level fkfl/ha^

0 524 68 13 2.1 42 17.0
30 471 67 12 2.1 41 17.5
60 360 68 12 2.1 40 17.3
90 370 66 10 1.5 38 17.1

S.E.+ 32.3 1.2 1.0 0.07 0.9 0.14
L.S.D (P=0.05) 111.9 ns ns 0.23 ns ns

Millet fiiiltlvar

Ex-Borno 462 69 13 2.0 42 17.4
S.E. 360 400 67 12 2.0 40 17.2
S.E, Comp. 464 70 12 2.2 40 17.4
S.E. 75 421 65 10 1.7 40 17.0
S.E. 13 411 67 10 1.9 40 17.2
S.E.± 30.6 1.8 0.9 0.10 0.7 0.25
L.S.D. CP=0.05) ns ns ns ns ns ns

CowDftft nultlvar

Sampea 7 422 67 12 2.1 40 17.8
339-1-2 441 68 11 1.8 41 16.7
S.E.± 16.4 1.0 0.6 0.10 0.7 0.12
L.S.D. CP=0.05) ns ns ns 0.28 ns 0.34

Tnterflfition

N level X millet
cultivar * ns ns ns ns

N level X cowpea
cultivar ns ns ns ns ns

Millet cultivar

X cowpea cultivar ns ns ns ns ns ns

N level X millet
cultivar x cowpea
cultivar * ns ns ns ns

** = significant at 1% of probability.
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Economic analvale of fertilizer uae

Tables 5 and 6 present the cost and return analysis of N
fertilizer use for 1985 and 1906 wet seasons, respectively. In
1985, the results showed that use of N fertilizer resulted in
loss" of net income which was greatest when the millet cultivar.
Bristle Composite, was grown. By contrast, in 1988, the use of N
fertilizer in the production of all millet cultivars (except SE13
and SE Composite given 90 kg N/ha) increased net revenue,
compared to that from the crop grown without N fertilizer.

Table 5. Cost and return in Naira (S) of nitrogen fertilizer in
millet/cowpea relay cropping (Sdmoru, 1985 wet season).

Millet Cowpea Gross value product Total Osst of Net Added
yield yield gross N ferti- value income

N (kg/ha) Ckg/ha) Millef^ Cowpea-^ value lizer^*--^ product fertili-
(kg/ha) (S) (B) product (S) (H) zer use

(N) (H)

0 769 934 1154 2335 3489 - 3489 -

30 1018 735 1527 1838 3365 35 3330 -159
60 1183 484 1775 1210 2985 69 2916 -573

90 1175 642 1763 1605 3368 104 3264 -225
Bristle ComDOflitft

0 765 1280 1148 3200 4348 - 4348 -

30 844 707 1266 1768 3034 35 2999 -1349
60 999 472 1499 1180 2679 69 2610 -1738
90 977 545 1466 1363 2829 104 2725 -1623

SR2124

0 759 981 1139 2453 3592 - 3592 -

30 974 849 1461 2123 3584 35 3549 -43
60 1067 567 1601 1418 3019 69 2950 -462

90 1096 630 1644 1575 3219 104 3115 -477

Dwarf Compoftitft

0 764 954 1146 2385 3531 - 3531 -

30 900 649 1350 1623 2973 35 2938 -593

60 1003 653 1505 1633 3138 69 3069 -462

90 1019 781 1529 1953 3482 104 3378 -153

Nigerian Composite
0 745 950 1118 2375 3493 - 3493 -

30 916 659 1374 1648 3022 35 2987 -506
60 1107 431 1661 1078 2739 69 2670 -823
90 1137 619 1706 1548 3254 104 3150 -343

= Millet grain at S1.5/kg; = Cowpea grain at H2.5Ag;
= Nitrogen fertilizer at S1.15Ag.
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Table 6. Cost and return in Naira (S) of nitrogen fertilizer use in
millet/cowpea cropping (Samaru, 1986 wet season).

Millet Cowpea Gross value product Total Cost of Net Added
grain grain gross N ferti value income

N yield yield Millet-*- Cowpea' value lizer*-** product from
(kg/ha) (kg/ha) (H) CH) product (S) (N) ferti

(kg/ha) (») lizer
U8e(»:

£x-Borno
0 818 478 1227 1195 2422 - 2422 -

30 1056 438 1584 1095 2679 35 2644 222
60 1224 387 1804 968 2804 69 2735 313
90 1203 543 1804 1358 3162 104 3058 636

S.E.360

0 793 486 1190 1215 2405 - 2405 -

30 1053 417 1580 1043 2623 35 2588 183
60 1116 343 1674 858 2532 69 2463 58
90 1124 352 1686 880 2566 104 2462 57

S.K. Cnmpoflitft

0 704 622 1056 1555 2611 - 2611 -

30 1044 565 1566 1413 2979 35 2944 333
60 1166 401 1749 1003 2752 69 2683 72
90 1080 269 1620 673 2293 104 2189 -422

S..E.,75
0 889 459 1334 1148 2482 - 2482 -

30 1322 602 1983 1505 3488 35 3453 971
60 1157 339 1736 848 2584 69 2515 33
90 1334 283 2001 708 2709 104 2605 123

,R.
0 1079 576 1619 1440 3059 - 3059 -

30 1319 332 1979 830 2809 35 2774 -285
60 1360 332 2040 830 2870 69 2801 -258
90 1385 405 2078 1013 3091 104 2987 -72

+ = Millet grain at S1.50Ag; ++ = Cowpea grain at H2.50Ag;
+++ = Nitrogen fertilizer at Nl.lSAg.
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DISCUSSION

It is apparent from the data that application of N fertilizer
increased millet grain yield up to an economic optimum^ that
varied from 73-91 and 58-72 kg N/ha in 1985 and 1986,
respectively. The differences in the two years were attributed to
differences in the cultivars used. Singh and Thakare (1986) had
similarly observed varietal differences in the response of millet
to nitrogen rates. Generally, millet is responsive to N dressing
but excess N causes lodging and, consequently, lower marginal
yields. In the present study, lower levels of N fertilizer
significantly increased grain yield in 1986 compared to 1985.
Indeed, chemical analysis of the soil of the experimental site in
1986 revealed a lower C/N racio (8.0) than that (2"4.4) in 1985.
Since Giri and De (1979) found that a previous crop of cowpea
increased grain yield of a subsequent, unfertilized millet crop
by about 24%, the increased reserve of organic N in the present
study probably came from the previously relayed cowpea crop.

It was also observed that application of N fertilizer to
millet markedly decreased grain yield of the cowpea relay crop in
both years. Eaglesham aJL (1983) and Ofori and Stern (1986)
have shown that fertilizer N application in excess of 25 kg N/ha
reduces cowpea grain yield by inhibiting N fixation in cowpea.

The production function for millet has provided the basis
for establishing the optimum rates of N fertilizer to maximize
profits from the millet component of the millet/cowpea relay
system. It has been ascertained that the optimum rate is
generally close to the 60 kg N/ha currently recommended for sole
crop of millet in Nigeria. However, this level of N fertilization
does not necessarily maximize profits for the entire
millet/cowpea system. The cost and return analysis of the whole
system revealed no economic advantage to the use of N fertilizer
in 1985. For 1986, however, application of N to millet gave
additional net income for all millet cultivars, except cultivars
SE13 (at all N rates) and SE75 (at 90 kg N/ha).

Considering the data obtained during the two years, it is
tentatively concluded that application of N fertilizer at 30 kg
N/ha is desirable in the context of the whole enterprise (i.e.,
millet/cowpea system). In a situation like this, which involves
two crops, there will probably exist differential preference by
farmers for the components of the system. Thus, for a farmer that
places priority on millet, the choice of the level of N dressing
should be close to the optimum. Where the premium is on cowpea
grain, or where equal premium is given to grain of both crops,
the N rate should be about 30 kg/ha.

The fore-going economic analyses have been based on the
assumption that all additional inputs (e.g. costs of additional
labour for applying fertilizer or increased weeding) as well as N
fertilizers are readily available and that farmers have
sufficient capital to purchase the optimiim amounts. Very seldom
are all these assximptions valid.
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12. Etude Bur les Arrangements Spatiaiix des Cultures dans
le Systdme de Cultures Assocl^es Sorgho-N16bd

D. SOGODOGO

Tng^nieur d-'Agrif^ulture au PrngrAmmft d^Agronomle ICRISAT/Mali

RESUME

Un essal sur 1'arrangement spatial du sorgho et du ni6b6 en
association a 6t6 conduit Longorola dans les conditions de
culture pluviale. Les rendements en grains du sorgho ont 6t6
statistiquement Equivalents. Cependant, en annSe de sScheresse,
il a 6t6 observe chez le sorgho, la tendance a une baisse de
rendement au fur et ^ mesure qu'on augments la density de ni6b6.
L'arrangement spatial des cultures a eu une influence positive
sur le rendement en grains du ni6b6. C'est la combinaison: une
ligne de sorgho pour 4 lignes de niebS qui a donne les rendements
les plus 61ev6s de ni6be pendant deux ans.

ABSTRACT

A trial on spatial arrangement of sorghiim-covgpea mixed cropping
system was conducted in 1986 and 1987 at Longorola in the rainy
season. Sorghum grain yield in this trial was statistically the
same each year. However, under drought conditions, sorghum grain
yield tended to decline with increase in density of cowpea in the
mixture. Certain spatial arrangements favourably influenced
cowpea grain yield, thereby improving the productivity of the
system. The 1:4 (one line of sorghum to four lines of cowpea)
spatial arrangement gave the best yield advantage in the two
years.

INTRODUCTION

L'association sorgho-ni6b6, pratique tr^s ancienne se rencontre
fr6quemment dans les zones soudaniennes (600-1000 mm de pluie) du
Mali.

Dans le systdme traditionnel de culture, les semences de ces
deux plantes sont d^pos^es simultan^ment dans le mdme poquet sur
buttes, billons ou aprds grattage k la houe. Le sorgho est sem6 a
la density maximale (35.000 a 40.000 plants/ha), tandis que le
ni6b6 ne se rencontre que dans quelques poquets de sorgho avec
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une densite de 8.000 plants/ha (Serafini, 1982). Le niebe local,
rampant, couvre par endroit le sol et veg^te sous les varietes
locales de sorgho de haute taille (5 m de haut). Le ni6b6 qui
produit plus de fane que de grain, est recolte en premier lieu.
Le paysan obtient un rendement plus ou moins complet de sorgho et
une production suppl^mentaire de nieb6.

Le systeme de culture tel que pratique n'est pas favorable A
de bons rendements de ni6b6, qui a aussi son importance dans
I'alimentation en milieu rural car utilise particuli^rement en
p6riode de soudure.

La pr^sente etude a pour objectif, I'amelioration de la
productivity du ni6b6 sans porter prejudice A celle du sorgho A
travers des arrangements spatiaux de cultures. Elle est conduite
dans des conditions de culture pluviale.

MATERIELS ET METHODES

L'essai a 6te conduit durant les campagnes agricoles 1986 et 1987
Longorola dans le sud du Mali. Les sols de cette locality sont

ferrugineux tropicaux, lessives a noyaux endures et k carapace
(Valet, 1988). Ils sont pauvres en matiere organique et ont une
faible capacite d'echange cationique (2,5 meg/100).

La pluviometrie moyenne annuelle est de 1200 mm concentr6e
en Juillet, Aout et Septembre.

L'essai comportait quatre arrangements de cultures decrits
ci-dessous disposes en blocs de Fisher a 4 repetitions.

T1 : le sorgho est sem6 a 75 cm x 50 cm (53333 plants/ha),
le niebe ^ 225 cm x 150 cm (8.889 plants/ha). Ils sont
tous demari^s & 2 plants/poquet : arrangement 2:1, 2
lignes de sorgho, 1 ligne de nieb6.

T2 : Le sorgho est sem6 A 75 cm x 50 cm (53.333 plants/ha),
le nieb^ A 225 cm x 50 cm (26.667 plants/ha). Ils sont
tous d6mari6s ^ 2 plants/poquet : arrangement 2:1,
2 lignes de sorgho, 1 ligne de ni6be.

T3 : Le sorgho est semd & 225 cm x 25 cm (53.333 plants/ha)»
le ni^be ^ 75 cm x 50 cm (53.333 plants/ha) :

arrangement 1:2, 1 ligne de sorgho, 2 lignes de ni6bd.

T4 : Le sorgho est 8em6 150 cm x 25 cm (53.333 plants/ha),
le ni6b6 A 30 cm x 50 cm (133.332 plants/ha). Ils sont
d6mari6s k 2 plants/poquet : arrangement 1:4 , 1 ligne
de sorgho, 4 lignes de ni6b6.
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Les cultures pures des deux esp^ces 6taient des traitements
additionnels permettant la determination de la surface
dquivalente relative.

Les .vari§t6s utilis^es dans I'essai §taient le sorgho
Malisor 84-1 6 feuilles peu pendantes, semi-tardif et le ni6b6
KN-1 k port §rig6, pr^coce.

Comme le fait ressortir les arrangements de cultures , le
sorgho a §t^ sem6 a une seule densite celle de 53.333 plants/ha,
tandis que la density du niebe a vari6 selon les traitements. Les
deux cultures ont 6t4 semees simultan6ment en Juillet pendant les
annees d'experimentation.

Le ni6be a 6t§ traits avec le Decis (Deltamethrine) ^
0,50 1/ha dSs 1'apparition des premiers boutons floraux et par la
suite, tous les 10 jours avec le Thimul 35 (Endosulfan) di 2 1/ha.

La parcelle exp6rimentale avait 4,5 m x 8 m de dimension. La
fumure apport^e aux cultures est ^ base de complexe NPK (200
kg/ha enfouis dans le sol, a la houe lors du semis) et d'uree (50
kg/ha) uniquement au sorgho lors de la montaison. II y a eu deux
sarclo-binages par ann6e.

RESULTATS ET DISCUSSIONS

Nous avons enregistr6 en premiere ann^e de I'essai, une hauteur
de pluie normale : 1184,3 mm. Le sorgho a donne des rendements en
grains statistiquement Equivalents d travers les diff^rents
arrangements de cultures (Tableau 1).

Tableau 1. Rendement du sorgho et du ni^be dans I'association A
Longorola (kg/ha)

1986 1987

Traitements Sorgho Ni4b^ LER« Sorgho Nieb6 LER®
(kg/ha) (kg/ha) Total (kg/ha) (kg/ha) Total

(%) (%)

T1 1192 35 105 2790 45 100
T2 1222 60 111 2470 110 100
T3 1488 220 163 1880 290 104
T4 1491 289 178 1890 365 115
Cultures pures 1211 525 - 2650 865 —

ES (±)* 133 27 - 250 30 -

dl (9) (9) - (9) (9) -

CV (%) 25 84 - 18 27 -

®LER = Rapport de surface ^quivalente relative
*ES = Erreur standard
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Quant ^ la seconde annee, la pluviometrie etait deficitaire avec
un total de 862,5 mm. Les rendements en grains de sorgho ont
varie en fonction de 1'arrangement des cultures (Tableau 1). Les
arrangements de cultures 2:1 (2 lignes de sorgho pour 1 ligne de
niebe) ont donne en moyenne 2.630 kg de grains de sorgho/ha. Les
arrangements de semis qui avaient une ligne de sorgho pour deux
ou quatre lignes de niebe ont donne un rendement grains moyen de
1.885 kg/ha. Ceci serait dO au fait que ces arrangements de
cultures, tout en donnant de I'espace au nieb^, accroissent la
competition entre poquets sur la ligne de sorgho.

En effet, la distance entre poquets est r6duite pour
obtenir une densite equivalente ^ celle de la culture pure de
sorgho. Ces faibles rendements n'ont ete e.nregistr^s qu'en annee
de pluviometrie inferieure d la normale.

Sur le niebe: le rendement en grains de ni^be a
significativement vari^ d'une densite de semis a une autre.

Avec 1'arrangement 2:1, on a obtenu jusqu'a 53 %
d'augmentation de rendement de grains de niebe en passant de
8.889 plants/ha (225 cm x 150 cm) a 26.667 plants/ha (225 cm x 50
cm). Dans cet arrangement, le traitement phytosanitaire du nieb6
n'est pas facile apres la montaison du sorgho. Le niebe a surtout
souffert du manque de lumiere qui a occasionne de faibles
rendements. Un phenomene similaire avait ete observe par Nambiar
et al (1983) chez I'arachide dans les associations de cultures.

Dans les arrangements de semis 1:2 et 1:4, on a ameliore le
rendement en grains du niebe de 22 % en passant de 53.333
plants/ha (75 cm x 50 cm) ^ 133.333 plants/ha (30 cm x 50 cm).
Ces arrangements de cultures se pretent aux operations de
traitements phytosanitaires du ni6be. SINGH (1979) a 6galement
obtenu des r^sultats semblables en jouant sur 1'arrangement de
cultures sans reduction de rendement de la culture dominante.

Les differents arrangements de cultures ont tous donn^ des
avantages de rendement. Mais le meilleur profit de I'association
a Ste tire de I'arrangement de semis 2 lignes de sorgho pour 4
lignes de niebe aussi bien en ann^e humide qu'en ann^e sdche.
L'avantage de rendement est plus faible en ann^e s^che qu'en
ann6e humide (15% contre 78% en ann6e humide).

CONCLUSION

Dans I'arrangement de culture 2:1, le niebe qui semble beaucoup
6tre concurrence en lumidre, a donn^ de faibles rendements.
L'arrangement de culture 1:2 ou 1:4 qui presente plus d'espace
dans les interlignes de sorgho, a permis au ni6be d'exprimer ses
meilleurs potentiels de rendements. Dans ces derniers
arrangements de semis, le sorgho est apparu sensible au deficit
pluviom6trique.
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13. Intensification of Production in a Maize-Caasava Intercrop
in Ghana
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ABSTRACT

Maize (Zea tnava L. ) intercropped with cassava (Manihot esculenta
Crantz) is a widely known and accepted intercropping practice in
Ghana. Cassava, however, is a long duration crop that occupies
the land in the two rainy seasons in Ghana. This limits resource
use by farmers. Cassava is also more susceptible to competition
when interplanted into maize; up to 20% yield loss can be
expected. To overcome these two constraints, two trials were
planted in 1984. In one trial, cassava was cut back to 45 cm and
maize planted into it in the minor rainy season. In the other
trial, the effect of planting arrangement in the intercrop was
studied.

Although there was drought during the minor rainy season of
1984, the results showed production of a second crop of maize
with an acceptable yield loss in cassava- It was also shown that
higher cassava tuber yields were obtained when two rows of
cassava alternated with two rows of maize than when one row of
one crop alternated with one row of the other.

RESUME

La Culture du maxs CZfiS mavs L.) en association avec le manioc
(Manihot ft.qonlftnta Crantz) constitue une pratique de culture
associ^e largement repandue et acceptee au Ghana. Toutefois, le
manioc est une culture a cycle long qui occupe la terre pendant
les deux saisons pluvieuses au Ghana. Ceci limite les ressources
utilisees par les paysans. Le manioc est egalement plus sensible
k la competition lorsqu'il est cultive en association avec le
mais ; I'on peut s'attendre a des pertes de rendement allant
jusqu'a 20 %. Pour surmonter ces deux contraintes, deux essais
ont 6te sem6s en 1984. Dans I'un des essais, le manioc a et6
retreci de 45 cm avant d'intercaler le semis du mais au d^but de
la saison pluvieuse. Dans I'autre essai, I'effet de 1'arrangement
des semis dans la culture intercal6e a fait I'obdet d'une etude.

Quoiqu'il y ait eu la secheresse au d6but de la saison
pluvieuse de 1984, les r6sultats ont montr6 la production d'une
seconde recolte de mais avec une perte de rendement relativement
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faible au niveau du manioc. II a 6te §galement montr^ que les
rendements en tubercules du manioc sent plus 61ev6s lorsqu'on
alterne deux rangs de manioc avec deux rangs de mats que
lorsqu'on alterne un rang d'une r^colte avec un rang d'une autre.

INTRODUCTION

Maize-cassava intercropping is widely known and accepted (Okigbo,
1978; Kumar and Hrishi, 1979, Moreno and Hart, 1979) and it is
regarded as an efficient combination.

However, cassava is less competitive than maize when the two
crops are intercropped; this results in up to 20% loss in yield.
Cassava is also a long duration crop and does not allow the use
of the land again by other crops after maize is harvested. In
Ghana two rainy seasons occur in a year in the forest, the
forest-savannah transition, and the coastal-savannah zones.

The study reported in this paper was done to determine how
to overcome these two constraints in order to increase farmers'

productivity of both maize and cassava in these three zones.

MATERIALS AND METHODS

Two trials were planted in 1984 at Kwadaso in the central forest
zone of Ghana, on slightly acid clay loams. In each trial, the
treatments were studied in a 2^ factorial with confounding
arrangement in two replicates, two blocks comprising a replicate.
The two crops were planted in alternate rows, with cassava being
planted within 8 days of sowing maize.

Trial 1

The aim was to evaluate the effect of row pairing on yields of
intercropped maize and cassava. The treatments consisted of two
maize varieties (Selection Precoz, 90-day maturity period and La
Posta, 120-day maturity period); two levels of nitrogen
fertilization (0 and 90 kg N/ha); two planting patterns (one or
two rows of maize alternating with corresponding nxamber of rows
of cassava); and two cassava management systems (stems uncut till
harvest, or stems cut back to 45 cm above soil level in the minor
rainy season).

Trial 2

The aim was to determine the feasibility of planting maize during
the minor (second) rainy season in the same cassava plot in
which maize was grown in the main (first) rainy season. The
treatments comprised two maize varieties (the same as those used
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in Trial 1); two maize planting densities (20 and 40 thousand
plants/ha); two cassava planting densities (10 and 20 thousand
plants/ha); and two levels of nitrogen fertilizer application (0
and 90 kg N/ha).

In the minor season, each cassava plot was divided into two
parts; stems of one half were left intact while those of the
remainder were cut back to 45 cm above soil level.

In each of the two trials, the long duration cassava
cultivar, "Ankra", was used and no herbicides were applied.

RESULTS AND DISCUSSION

Trial 1

The effect of planting pattern on grain yield of intercropped
maize was significant (Table 1). Thus, two rows of Selecion
Precoz alternated with two rows of cassava produced significantly
more grain yield than single row of maize alternated with single
row of cassava, if nitrogen fertilizer was not applied. However,
planting pattern had no significant effect on yield of Selecion
Precoz that received 90 kg N per ha. By contrast. La Posta that
received 90 kg N/ha gave more grain yield when two rows
alternated with two rows of cassava than when one row alternated
with one row of cassava. Unfertilized plots of La Posta gave
similar yields, regardless of planting pattern.

Table 1. Yield of intercropped maize as influenced by maize
variety, nitrogen fertilization and cropping pattern.

Cassava-maize planting arrangement

Maize

variety

Single alternate rows Two alternate rows

0 kg N/ha 90 kg N/ha 0 kg N/ha 90 kg N/ha

Selecion

Precoz 2.9 3.0 3.4 3.3

La Posta 4.0 3.8 3.6 4.6

S.E. of difference between 2 means = 0.3
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pe data presented in Table 2 showed that the double-row
^^J^angemen't produced abou't 36% more cassava tuber yield

than the single-row planting arrangement. This result agrees with
that of Almeida and Pereida (1984).

Table 2. Tuber yield and plant height of intercropped cassava
as influenced by maize fertilization, planting pattern, and
cutting back of cassava stem"^.

Treatment

Treatment
description

Tuber

yield
(weight
basis)
Mg/ha

Number of
tubers
per

plant

Plant

height
(cm)

Maize variety Selection Precoz
La Posta

26.8 NS
27.1

2.5 NS

2.6
272 NS

265

Maize

fertilization
0 kg N/ha
90 kg N/ha

23.6»

30.3
2.2*

2.9
263 NS

274

Cropping
pattern

1 alternate row
2 alternate rows

21.1**

32.8
2.1**

3.1
262 NS

275

Cassava stem
status

Uncut

Cut-back
30.2"^
23.7

2.9*

2.2
303**

234

2 means 3.0 0.3

** = significant at 5% and 1% level of probability
respectively; NS = non-significant.

On the other hand, cutting back cassava stem during the
second rains reduced tuber yield by about 20% compared to yield
of cassava with uncut stems. This result contradicts that of
Okoli and Wilson (1981).

Trial g

The yields of maize grown in the main rainy season (Table 3)
were expected and compared favourably with those reported for
monocropped maize by Larson and Hanway (1977). The minor rainy
season in Ghana is characterized by several periods of drought.
This largely accounts for the low yields of maize during that
season (Table 3). However, it is noteworthy that some grains were
produced during the minor season of 1984. The system should be
studied further, especially as both the variety of maize and the
application of fertilizer to the maize crop had significant
effects on cassava tuber yields (Table 4).
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Table 3. Yield of intercropped maize as influenced by maize
variety, maize density, cassava density, and maize
fertilization-^.

Main season Minor seasoi
Treatment Treatment grain yield grain yield

type/level (Mg/ha) (Mg/ha)

Maize variety Selecion Precoz 2.3'^ 0.8 NS
r»a Posta 4.0 0.9

Maize density 20,000 plants/ha 2.6** 0.6**
40,000 plants/ha 3.7 1.1

Cassava 10,000 plantsAa 3.3 NS 0.9 NS
density 20,000 plants/ha 3,1 0.8

Maize 0 kg NAa 2.8* 0.5**
fertilization 90 kg N/ha 3.5 1.2

S.E. of difference between 2 means 0.29

= significant at P = 0.05 and P = 0.01,
respectively; NS = non-significant.

0.11

Table 4. Yield of intercropped cassava as influenced by maize
variety, maize density, cassava density, and maize fertilization^

Tuber yield of Tuber yield of
Treatment cassava with cassava with
type/level uncut stems cut-back stems

Treatment (wet weight) (wet wei^t)
(Mg/ha) (Mg/ha)

Maize variety Selection Precoz 26.2** 20.2*
Ja Posta 20.6 16.3

Maize density 20,000 plants/ha 24.1 NS 19.2 NS
40,000 plants/ha 22.7 17.3

Cassava density 10,000 plants/ha 24.1 NS 18.7 NS
20,000 plants/ha 22.7 17.8

Maize 0 kg N/ha 21.1* 17.2 NS
fertilization 90 kg N/ha 25.7 19.3

S.E. of difference between 2 means

+:*,**= significant at 0.05 or 0.01 level of probability;
NS = non-significant.
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Inatltut S6n6galfllg de Reoherches Agricoles (ISRA/CNRA^ Bambev, S6n6gal

RESUME

Des 6tudes au champ ont et6 menses sous conditions pluviales k
Bambey, Thilmakha et louga en 1987 et 1988. Elles avaient pour
objectif de determiner la reaction de 8 genotypes de niebe (Vigna
ungulculata (L.) Walp.) en zones semi-arides. L'intensite de la
s^cheresse d Louga etait de 0,65 et 0,49 % respectivement en 1987
et 1988. Les genotypes etaient divises en sensibles, tolerants et
r^sistants a la secheresse sur la base de I'indice de sensibilit6

au stress applique au rendement et sur leur poids de 100 graines
& Louga.

L'adaptation de la variety 58-57 aux zones semi-arides a ete
ainsi confirmee, les lignees IS86-275, IS86-283 et Mougne ont ete
identifiees comme tolerantes alors que TVx 3236, IS86-279 et
IS86-239 sont sensibles a la secheresse. Cependant, toutes ces
lignees sont sensibles aux secheresses de fin de cycle comme
I'indique I'indice de sensibilite au stress base sur le poids de
100 graines.

ABSTRACT

Field experiments were conducted under rainfed conditions at
Bambey, Thilmakha, Louga, and Ndiol to study the performance of
eight genotypes of cowpea in semi-arid zones of Senegal. Drought
stress intensity index at Louga was 0.65 and 0.49% in 1987 and
1988, respectively. Tested genotypes were grouped into three
categories : drought susceptible, drought tolerant, and drought
resistant, based on their sensitivity index to drought stress and
how the latter is related to grain yield and 100-kernel weight at
Louga.

Based on the relationship between drought stress sensitivity
index and grain yield, the adaptation of 58-57 to semi-arid zones
was confirmed; lines IS86-275, IS86-283 and Mougne were
identified as drought tolerant; and TVx 3236, IS86-275 and IS86-
239 were drought susceptible. All these lines were, however,
susceptible to the end of season drought, based on relationship
between drought stress sensitivity index and 100-kernel weight.

129
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INTRODUCTION

La culture du ni§biS fVigna uneuiculata (L. ) Walp) au Senegal est
pratiquee en zone semi-aride. Cette zone est caracterisee par une
saison de pluie qui dure 2 a 3 mois et est soumise a une forte
demande Evaporative (Dancette, 1979). Cette evaporation est plus
61ev^e ^ Louga (570 min) qu'li Bambey (490 mm). Avec un coefficient
de vegetation globale de 0,76, ceci donne des besoins en eau pour
le niebe de 370 mm a Bambey et de 430 mm a Louga. Les moyennes
pluviometriques des annees s^ches (1968-1985) etant de 247 mm ^
Louga et 476 mm a Bambey, les besoins en eau du niebe sont
relativement faciles a satisfaire a Bambey, alors qu'a Louga, la
culture devient al^atoire (Dancette, 1984). Des etudes ont et6
conduites pour estimer la frequence de la secheresse a differents
stades de d6veloppement du iii6b6 ^ Louga. Ainsi, les bilans
hydriques ont ^t^ simules en utilisant les informations sur la
pluviometrie, la demande evaporative, le sol et les
caracteristiques de la plante. Ces etudes ont montre que depuis
1968, les differentes varietes de niebe disponibles ont et6
sounuses ^ de serieuses conditions de secheresse au stade de

remplissage des gousses (Hall, 1986).

Le developpement de varietes resistantes a la secheresse
6tait done devenu une necessite. Cet objectif a ete poursuivi
dans le passe par plusieurs autres programmes de selection, mais
les succ^s ont §te tr^s limites (Bruckner et Frohberg, 1987), non
seulement ^ cause du manque de strategies et de techniques de
criblage appropri^es (Blum ^ ai-, 1981), mais aussi de la non-
identification de genotypes qui montrent clairement a des stades
de developpement precis, des differences de reponse (Hanson ai

1980), C'est ainsi que des tests de tissus ont ete utilises
(Sullivan, 1978), mais a cause de la multiplicite des facteurs de
resistance et de leur interaction, ces efforts n'ont rencontre
que peu de succes. L'amelioration genetique de la resistance au
stress des plantes necessite 1'identification de mecanismes
physiologiques significatifs pour ce caractere et leur
utilisation coinme critere de selection (Blum at , 1982).

Puisqu'il n'est pas encore possible de definir
physiologiquement la resistance totale a la secheresse (Blum
al., 1981), et que de simples tests de tissus n'ont pas encore
6t6 parfaitement mis au point (Fischer et Mauru, 1978), le
rendement en grains et sa stability dans des zones k stress
hydrique restent le principal critere de selection dans plusieurs
programmes d'am61ioration varietale. Des rendements elev^s sous
stress peuvent r6sulter de I'esquive ou d'un haut potentiel
productif plut5t que de m^canisme de resistance. Un indice de
sensibility ^ la secheresse (S) qui donne une mesure de la
resistance basee sur un minimum de perte de rendement sous stress
compare A des conditions optimales, a ete utilise pour
caracteriser la tolerance A la secheresse de lignees de niebe
nouvellement developpees.
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MATERIELS ET METHODES

Pendant I'hivernage de 1987, 38 nouvelles lign^es ont 6t6 test^es
dans 3 essais a Bambey, Thilmakha et Louga, avec conune t^moins 3
vari6t6s vulgarisees (Mougne,TVx 3236 et 58-57). Le dispositif
utilise 6tait en blocs complets randomises ^ 4 repetitions. La
parcelle etait constitute de 4 lignes de 5 m de long avec des
tcartements de 50 cm x 50 cm pour les essais I, II et 50 cm x 25
cm pour I'essai III,

En 1988, un essai regroupant les 5 meilleures ligntes des 38
de l'ann§e pr6c6dente et les ttmoins 58-57, Mougne et TVx 3236,
Ndiambour et CB5 a 6t6 mene A Bambey, Thilmakha et Louga. Des
blocs complets randomises avec "split" et reputes 4 fois ont 6t6
utilises. La parcelle principale etait constituee de la variete
semee sur 12 lignes de 5 m de long dont 6 aux ecartements de 50
cm X 50 cm et les 6 autres ^ 50 cm x 25 cm. Les semis ont ete
effectues entre le 19 et 21 Juillet en 1987 et entre le 30
Juillet et le 4 AoOt en 1988 dans toutes les localites.

Les rendements en grains ont ete evalues sur les 2 lignes
centrales de chaque parcelle en 1987, et sur les 4 lignes
centrales de chaque sous-parcelle en 1988. Le poids de 100
graines a ete calcuie a partir d'echantillons de 500 graines.

Un indice de sensibilite au stress (S) a ete utilise pour
caracteriser la relative tolerance a la secheresse du materiel
teste. L'indice a ete calcuie independamment pour chaque essai en
utilisant la formule presentee par Fischer et Maurer (1978). S =
(1 - YD/YP)/D, ou Y/P = rendement moyen (poids 100 graines) sous
stress (a Louga), YP = rendement moyen (poids 100 graines) sous
conditions favorables (a Bambey), D = intensite de la secheresse
= 1 - (moyenne YD de tous les genotypes/moyenne YP de tous les
genotypes).

Get indice de sensibilite au stress (S) des entrees a ete
calcuie pour chacun des essais avances I, II, III en 1987, et la
moyenne des trois valeurs a ete consideree pour les temoins 58-
57, Mougne et TVx 3236. Les memes procedes de calcul ont et6
utilises pour trouver I'intensite de la secheresse (D) d
Thilmakha et Louga en 1987 et pour les rendements des temoins.

RESULTATS ET DISCUSSIONS

Le cumul pluviometrique a ete de 354 mm a Bambey en 1987. Ceci
est inferieur aux besoins en eau du niebe dans cette zone (370
mm). Les taux de satisfaction moyens ont ainsi varie entre 84% et
91%. A Louga ou les besoins sent de 430 mm, le cumul n'a ete que
de 348 mm, et les taux moyens de satisfaction de 62 a 75%
(Diagne, 1988a). Cette variation est fonction de la repartition
dans le temps des pluies et du type de variete. Les faibles taux
de satisfaction ont ete enregistres par les varietes precoces et
a floraison groupee (type Bambey 21), alors que celle a floraison



132 Adaptation du Ni^be avix Zonea Seml-artdea

§talee (type 58-57) avec des pointes de demande en eau moins
elevees et plus echelonn6es dans le temps ont ete favoris^es
(Diagne, 1988a). Les conditions d'alimentation en eau ont done
globalement ete plus favorables ^ Bambey qu'^ Louga. En plus dans
cette derni^re localite, pendant la phase critique de floraison
et de remplissage des gousses (entre 35 et 50 jours apr^s
semis), les taux de satisfaction ont ete aussi faibles que ceux
des annees sdches 1981, 82, 83 (Dancette, 84). Les totaux
pluviometriques en 1988 (635 mm k Bambey et 439 mm a Louga) ont
ete largement superieurs ^ ceux des annees sdches 1968-1985. Les
besoins en eau ont ete relativement bien satisfaits h Beunbey (89
a 95 %) et ^ Louga (83 a 95%), (Diagne, 1988b).

Les rendements les plus sieves ont ete obtenus en 1987 et
1988 ^ Bambey (Tableau 1), ainsi, cette locality a et6
consid^r^e comme celle ou on trouve les meilleures conditions de
culture.

Tableau 1. Pluviometrie, rsndement moyen et intensity de
la secheresse par localite.

Localite

Pluviometrie

(mm)
Rendement

(kg/ha)
Intensite du

stress (D)

1987 1988 1987 1988 1987 1988

Bambey 353,8 635 1400,6 1773..6
Thilmakha 582,7 430 1002,9 829,.5 0,29 0, 53

Louga 348 439 480,8 892 0,71 0, 50

Par contre, les plus faibles rendements de 1987 ont 6te
enregistres a Louga. En 1988, ceux de Louga (892 kg/ha) et
Thilmakha (829,5 kg/ha) sent comparables. Ceci s'explique par le
fait que I'intensite du stress (D) est plus elev6e k Louga (0,65)
qu'a Thilmakha (0,29) en 1987; alors que, comme le montre le
Tableau 1, en 1988, cette intensite a ete relativement la meme a
Louga (0,50) et k Thilmakha (0,53).

Ainsi, Louga a etd classes comme une locality A stress avec
rendements moyens representant 34% et 50% respectivement en 1987
et 1988 de ceux de Bambey.

L'indice de sensibilite

calculee pour chaque lign^e.
r6sistante a la secheresse a

valeurs de S inferieures a 1

une plus grande resistance.
0,0), traduisant un maximum
d'effet de la secheresse sur

a la secheresse (S) a done 6te
Une variety a sensibility moyenne ou
une valeur de S egale k 1. Des
indiquent une sensibilite moindre ou
Quand cette valeur est nulle (S=
de resistance possible, il n'y a pas
le rendement (Hall et Patel, 1985).
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L'application de cet indice sur le rendement montre que la
vari6t6 58-57 est r6sistante It la secheresse, que IS86-275, IS86-
283, IS86-247 et Mougne sont moyennement resistantes alors que
TVx 3236, IS86-279 et IS86-239 sont sensibles a la secheresse
(Tableau 2). La relative resistance 4 la secheresse de 58-57 est
conforme aux resultats precedents (Cisse, 1985) et A sa
reputation d'etre une variete adapt6e aux zones seini-arides avec
une pluviometrie inf^rieure a 300 mm (CILSS, 1985).

Tableau 2. Rendement moyen, indice de sensibilite a la secheresse (S)
Bambey et Louga.

Lign6ea
Rendement (kg/ha)

a Bambey
Rendement (kg/ha)

a Louga

Indice de

sensibilite(S)

1987 1988 87-88 1987 1988 87-88 1987 1988

IS 86-275 1526 2150 1838 925 1051 998 0.69 1.02

IS 86-239 1936 2147 2041 600 1011 805 2.03 2.06

IS 86-283 1693 2090 1891 537 1012 777 1.00 1.02

TVx 3236 1574& 1811 1635 437& 594 477 1.09& 1.32

IS 86-279 1523 1728 1626 362 773 568 1.07 1.1

Mougne 1338& 1689 1426 550& 805 614 0.97& 1.04

58-57 1707 1527 1662 654& 1391 838 0.88& 0.18

IS86-247 1486 1477 1481 412 1088 750 1.06 0.58

CB5 - 1659 -
- 392 - - 1.3

Ndiambour - 1456 —
— 790 — — 0.92

Moyenne
C.V. (%)
PPDS (5%)

1773

10

380

892

11

312

& : Moyenne des essais avances I, II, III.

II y a eu peu de variations importantes dans la valeur de S
d'une annee a I'autre; c'est le cas de IS86-247 qui s'explique
par le fait que I'hivernage de 1988 a g^n^ralement et€ plus
favorable que celui de I'annee precedente. Les valeurs de S de
diff^rents types de variet^s peuvent varier quand elles sont
soumises a des secheresses de differentes intensites, ou de
diff^rents stades de developpement de la plante, mais* ces
variations indiquent simplement qu'elles sont mieux adapt^es A
certains types de secheresse et conditions du milieu (Hall et
Patel, 1985).

L'effet de la secheresse en fin de cycle, c'est-a-dire de la
floraison au stade de remplissage des gousses a ete apprecie en
appliquant I'indice de sensibilite (S) au poids de 100 graines.
Toutes les lignees utilisees sont fortement sensibles k la
secheresse pendant cette periode (Tableau 3). II y a eu dee
variations importantes sur les valeurs de (S) d'une annee a
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I'autre pour les entr6es Mougne, IS86-279, IS86-247. Ceci est dOi
au fait que I'hivernage 1988 a g6n6ralement 6t§ plus favorable.
Des r§sultats similaires ont obtenus par Turk (1979). En
imposant des deficits hydriques dans un essai ou
I'approvisionnement en eau 6tait contr616, la taille des graines
diminuait significativement en fonction de 1'intensity du stress;
des variations annuelles ont 6t6 ^galement observ^es.

Tableau 3. Poids de 100 graines, indice de sensibilite a la
s^cheresse (S) d Bambey et Louga

Lign6es

Poids de

100 graines
Bambey

Poids de

100 graines
a Louga

Indice de

sensibi

lite (S)

1987 1988 1987 1988 1987 1988

(g) (g)

IS86-275 16,3 16,2 17,3 15,1 0,0 1,13
IS86-239 15,8 16,5 14,6 14,6 1,89 1,9
IS-86-283 23,3 23.0 21,4 21,1 2,04 1,38
TVx3236 12,2+ 12,8 11,4+ 10,5 1,52+ 2,99
IS86-279 17,3 17.4 16,3 16,4 1,44 0,96
Mougne 15.0+ 14,4 14,3+ 15.0 2,07+ 0.0
58-57 13.0+ 13,5 11,6+ 11,9 4,4+ 1,96
IS86-247 16,5 15,7 15,7 16,6 1,21 0.0
CBS - 20,2 - 18,1 - 1,73
Ndiambour — 16,6 — 16,8 — 0,00

Moyenne 16, 6 15,,6
C.V, 3, 9 7,9
PPDS (5%) 0, 7 1,,7

+ : Valeur moyenne des essais avances I, II, III.

Si I'on considdre le rendement des deux ann^es Louga, on
constate que IS86-275, 58-57, et IS86-239 sont les plus
productives dans cette zone sujette au stress, alors que
TVx3236 et IS86-279 sont les moins productives (Tableau 1).

CONCLUSION

En utilisant 1'indice de sensibilite ^ la s6cheresse appliqu6e au
rendement et la performance sous stress, 1'adaptation de la
variete 58-57 aux zones a pluviom6trie deficitaire a 6t6
confirmee. Les nouvelles selections IS86-275 et IS86-283 issues
de croisement avec la variete 58-57 montrent une resistance
moyenne a la s^cheresse. Elles ne semblent done pas avoir acquis
enti^rement les caract^res de r6sistance A la s^cheresse de 58-
57. II semble done n6cessaire de proc6der A plusieurs croisements
(back-cross) avec le parent resistant pour transf6rer son
caractdre "adaptation" A la secheresse k ses descendants. Ceci
confirme ainsi la nature quantitative de ce caractSre
(Quizenberry, 1982).



ff

Adaptation du N16b6 aux Zones Seml-Arldea 133

La bonne performance de IS86-239 a Louga semble §tre dUe A
un potentiel productif 61ev6 plutdt qu'A une resistance A la
sdcheresse. Sojka al- (1981) ont observe chez le ble que des
vari6t6s ayant de haut rendement sous conditions favorables
peuvent 6galement avoir une bonne performance sous stress sans
que ce soit dU A des m^canismes de resistance. Les deux critdres
utilises ont montr6 que TVx3236 et IS86-279 sont sensibles a la
86chere8se,

Toutes les varietes mises en essais sont sensibles aux
s6cheresses de fin de cycle. Turk (1979) a egalement montre
qu'en plus de la diminution de la taille des graines, la
secheresse & ce stade provoque egalement une reduction
considerable du nombre de gousses par m2. Ce dernier caract^re a
souvent ete trouve comme etant fortement correie au rendement du
niebe (Imrie et Buttler, 1983, Kahn et Stoffela, 1985). 11 semble
done necessaire d'ameliorer la resistance a la secheresse pendant
la floraison et le remplissage des gousses. L'indice de
sensibility ^ la secheresse (S) peut constituer un outil
considerable pour 1'identification de genotypes resistants
puisque la selection basee sur des paramdtres physiologiques avec
des tests de tissus simples n'a eu qu'un succes tres limite.
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ABSTRACT

Three maize hybrids (8321-21, 8321-18 and 8322-13) and an open
pollinated check (TZSR) were evaluated at four plant densities
(50.000 to 125,000 plants per ha) in 1987 and 1988 wet seasons at
Samaru. The results showed that in 1988 the hybrid, 8321-21,
significantly outyielded 8322-13 and the check (TZSR) by 55.5
and 68.3%, respectively. By contrast, in 1987 the grain yields of
the cultivars were not significantly different from each other.
In both years, the effect of various plant densities on grain
yields were not significant. It appears that the current
recommendation of 50 thousand plants per ha for open pollinated
maize is also suitable for the three hybrids evaluated in the
study.

Although the current recommendation of plant density (50,000
plants/ha) appears to be adequate for hybrid maize grain
production, more needs to be done on plant arrangement (narrower
rows) to improve on the rectangularity of the plants and for seed
production.

RESUME

Trois hybrides de mals (8321-21, 8321-18 et 8322-13) et un t6moin
k pollinisation libre (TZSR) ont 6t6 6valu6s h quatre densit^s
(50000 k 125000 plantes par ha) au cours des saisons humides de
1987 et 1988 A Samaru. Les r6sultats ont montr6 qu'eh 1988,
I'hybride 8321-21 a nettement surpasse en rendement 8322-13 et le
t6moin (TZSR) de 55,5 et 68,3 % respectivement. Par contre, en
1987 les rendements en grains des cultivars ne pr^sentaient pas
de difference significative I'un de I'autre. Au cours des deux
ann6es, I'effet des differences de densit6s sur les rendements en
grains n'etait pas important. II est apparu que la
recommandation de 50000 plantes par hectare pour le mals d.
pollinisation libre convenaient 6galement aux trois hybrides
lvalues au cours de 1'etude.

Quoique la recommandation actuelle propos de la denslte de
(50000 plantes/ha) apparaisse appropriee pour la production du
mals hybride, beaucoup reste h faire au niveau de 1'arrangement
de la plante (des lignes plus serrees) pour la poursuite de
I'ameiioration de la rectangularite des plantes et pour la
production des semences-
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INTRODUCTION

Maize has recently become a very important cash crop in the
Guinea savanna of Nigeria. A lot of work has been done in Nigeria
with open pollinated varieties for which a plant density of 50
thousand plants/ha has been recommended {Ologunde and Egharevba,
1984). However, significantly higher yields at higher plant
densities (70 to 100 thousand plants/ha) have been reported by
workers in Kenya CNadar, 1984) and India (Gurkirpal and
Tajbakhsh, 1986), while in Nigeria, Kayode and Agboola (1981)
reported positive response of open pollinated maize to spacing in
three out of eight sites.

The introduction of hybrid maize with higher potential yield
than open pollinated maize required plant population studies with
the hybrids. The present study was done to determine the optimum
plant density for maize hybrid grain production.

MATERIALS AND METHODS

Three maize hybrids (8321-21, 8321-18 and 8322-13) and an open
pollinated check (TZSR) were evaluated at four plant densities,
namely 50,000 (75 x 27 cm), 75,000 (75 x 18 cm), 100,000 (50 x 20
cm) and 125,000 (50 x 16 cm) plants ha-^ in 1987 and 1988 wet
seasons on the Institute for Agricultural Research Farm at Samaru
(Zaria) Nigeria in the northern Guinea savannaz zone. The
experimental sites are loamy sand with good drainage and 0,03%
total nitrogen. This trial was conducted under high soil
fertility by applying N at 180 kg/ha and P and K at 60 kg/ha
each. One half of N was applied at planting, while the other half
was applied at 6 weeks after sowing (WAS); P and K were applied
during land preparation. The trial was laid out in a randomised
complete block design with three replications. Gross plot size
was 30 m^, the net plot being 15 m^. The trial was sown on 30 and
24 June in 1987 and 1988, respectively. The seedlings were
thinned to one plant per hill at 3 WAS. The plots were kept weed-
free until hard dough stage. Observations taken per plot included
grain yield, shoot height, number of days to 50% silking, 1000
grain weight, threshing percentage, cob length, kernel depth, and
number of lodged plants.

RESULTS

Grain yield

A combined analysis of variance over years, hybrids, and plaht
density revealed that maize grain yields were significantly
higher in 1988 than in 1987 (Table 1). However, hybrids did not
yield significantly higher than the open pollinated variety,
although 8321-21 and 8321-18 outyielded the check by 35.7%. The
effect of plant density on grain yield was also not significant
but 50,000 and 75,000 plants ha~^ recorded higher yields than
100,000 and 125,000 plants ha~^ (Table 1).
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Table 1. Combined analysis of hybrid maize grain
yield 1987/1988 at Samaru.

Grain yield (t/ha)

leac

1987 3.1
1988 3.9
liSD (P = 0.05) 0.7

hvbrld/varietv

8321-21 3.8
8321-18 3.8
8322-13 3.6
TZSR (Check) 2.8
LSD (P = 0.05) NS

PI Ant denaltv fOOO ha-X)

50 3.6
75 3.7

100 3.4
125 3.4

LSD (P = 0.05) NS

In 1987, grain yields of the hybrids were not significantly
different from each other; however both 8322-13 and 8321-18
yielded more than 8321-21. By contrast, in 1988, 8321-21 not only
gave the highest yield but it also significantly outyielded both
8322-13 and the open pollinated check (Table 2).

Table 2. Interaction between year and hybrids on maize
grain yield at Samaru in 1987 and 1988.

Maize grain yields (t/ha) in:
Maize hybrid
or variety 1987 1988

8321-21 2.5 5.2
8321-18 3.6 4.1
8322-13 3.9 3.4
TZSR 2.5 3.1
LSD (P = 0.05) 1.5
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Compared to the check (open pollinated) variety, hybrids had
no significant effect on shoot height, threshing percentage, cob
length, kernel depth, and number of lodged plants (Table 3).
Similarly, in both years, plant density had no significant effect
on shoot height, number of days to silking, threshing percentage,
kernel depth, and number of lodged plants per plot.

Table 3. Effect of plant density on hybrid maize performance at
Samaru in 1987 and 1988 seasofts.

Treatment

Grain yield
Ct/ha)

Shoot hei^t
(cm)

No. of days
to silking Threshing %

1987 1988 1987 1988 1987 1988 1987 1988

Hvbrld

8321-21 2.5 5.2 203.8 190.7 57.0 62.0 79.0 79.2
8321-18 3.6 4.1 209.8 204.1 58.0 62.0 75.5 77.0
8322-13 3.9 3.4 216.1 200.0 57.0 54.0 78.8 75.5
TZSR (Check) 3.0 3.1 218.8 201.7 57.0 64.0 66.9 73.6
LSD (P = 0.05) NS 0.9 NS NS NS 3.1 NS NS

Plant density f000/ha)

50 3.6 3.6 219.5 192.5 57.0 61.0 78.7 78.0
75 3.6 4.3 209.2 204.8 57.0 60.0 76.3 76.8

100 2.6 4.2 212.5 204.8 57.0 59.0 75.3 72.9
125 3.2 3.6 207.3 194.4 58.0 61.0 69.9 77.6

LSD CP = 0.05) NS NS NS NS NS NS NS NS

Interacttona

The only significant interaction was that between year and
hybrid. With the exception of 8322-18, hybrids performed better
in 1988 than in 1987. The highest yield was recorded by 8321—21
in 1988 season while the poorest yield was recorded by TZSR
(check) in 1987 (Table 2).

Correlationa

Maize grain yield was positively and significantly correlated
with threshing percentage, number of days to 50% silking, shoot
height, cob length, kernel depth, and 1000-grain weight (Table
4).
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Table 4. Coefficients of correlation (r) between various growth and yield
components of hybrid maize in 1987 and 1988 seasons.

Grain Threshing
yield %

No, of
days to
silking

Shoot
hei^t

Cob Kernel 1000 No.of
length depth grain lodged

wt. plants

Grain yield 1.0

Threshing % 0.31'^ 1.0

No. of days
to silking 0.24"^ 0.19 1.0

Shoot hei^t 0.45** 0.14 -0.04 1.0

Coh length 0.42** 0.33 0.28* 0.34** 1.0

Kernel depth 0.36** 0.62** 0.15 0.20 0.62* 1.0

1000 grain wt , 0.64** 0.53** 0.33 0.47 0.73** 0.47** 1,0 -s

No. lodged
plants -0.17 -0.05 -0.06 -0.12 -0.08 -0.08 0,12 1.0

DISCUSSION

The 1988 wet season was a more favourable season for maize
production than that of 1987, probably because of a better
distribution of rainfall in 1988. Hybrids 8321-21 and 8321-18
out-yielded the open pollinated check variety by about of 35.7%.

Although the effect of plant density on grain yield was not
significant, 75 thousand plants/ha gave the highest yields. These
findings agree with those of Nadar (1984) and Zaman (1987) but
contradict those of Gurkirpal and Tajbakheh (1986). The lower
grain yields obtained at the highest plant density (125 thousand
plants/ha) in the present study was probably related to
competition by over-crowded plants; it could also be attributable
to excessive shading of the lower leaves which, with suboptimal
photosynthetic rates, would become virtually parasitic on the
upper leaves as suggested by Army and Greer (1967).
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CONCLUSION

Two maize hybrids (8321-21 and 8321-18) performed well in the
northern Guinea savanna zone of Nigeria at densities of 50 to 75
thousand plants ha~^.
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ABSTRACT

The effects of shallow (3-5 cm) and deep (8-10 cm) planting on
germination, grain yield, and yield components of several maize
varieties were evaluated under a flat seedbed and simple ridging
in a sandy loam soil (hyperthermic, oxic Plinthustalf) from 1979
to 1981. The experiment was over-planted (three seedsAiill) and
thinned to one plant/hill.

There were no significant differences in grain yield and
yield components between shallow and deep planting for varieties
Jaune Flint de Saria, TZE-3, TZE-4, local Koudougou, and local
Kamboinse; the only exception was that in 1979, grain yield of
local Kamboinse was significanntly decreased by deep planting.
Deep planting also significantly reduced germination in the 3
years. There were no significant differences in field
germination, grain yield and yield components between planting on
the flat and planting on the flank of simple ridges.

RESUME

Les effets du semis superficiel (3.5 cm) et profond (8-20 cm) sur
la germination, le rendement en grains, et les composantes de
rendement de plusieurs varietes de mals ont 6te evalues au niveau
des semis a plat et on simple billonnage dans un terrain
sablonneux (hyperthermic, oxic Plinthustalf) de 1979 a 1981.
L'essai a 6t6 seme avec un nombre exag6r6 de graines par poquet
(trois graines/poquet) et r^duit par la suite ^ une graine par
poquet.

L'on ne notait aucune difference significative de rendement
en grains et de composantes de rendements entre les semis
superficiels et ceux profonds pour les varietes : Jaune Flint de
Saria, TZE-3, TZE-4, local Koudougou, et Local Kamboins6, la
seule exception vient du fait que en 1979, le rendement en grains
du local Kamboinse s'est reduit de fagon significative suite au
semis en profondeur. Le semis en profondeur a egalement diminu6
de facon notable la germination au cours des 3 annees. II ne se
pr^sentait au champ aucune difference au niveau de la
germination, du rendement en grains et des composantes de
rendement entre le semis superficiel et semis sur le flanc des
billons simples.
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INTRODUCTION

Planting depth affects the ability of maize to emerge above the
soil surface, depending on the elongation characteristics of the
mesocotyl and coleoptile, soil moisture and soil temperature;
under typical conditions in the U.S. Corn Belt the ideal depth is
5 cm CAldrich at al., 1975). In temperate zones, low soil
temperatures can be a limiting factor at planting time, while in
lowland tropics high temperatures could be a matter of concern.
Field experiments, however, provided little support for the
hypothesis that, under Ibadan (Nigeria) conditions, temperatures
in unmulched soil are sufficiently high to restrict grain yield
in maize (Harrison-Murray and Lai, 1979). Badhoria £i al- (1983)
reported significantly higher emergence counts and greater
emergence force for shallow (2 cm depth) planted than for deeper
planted crops. Sanchez and Carballo (1983) compared three
cultivars at planting depths of 4, 8 and 12 cm and found that
percentage germination, radicle length, dry matter content, plant
height, days to physiological maturity, and grain yield were not
affected by sowing depth. An evaluation of 29 maize cultivars,
sown at 3, 6 and 9 cm depth and kept at 25-30®C, showed that
mesocotyl length varied with cultivar and responded to sowing
depth more than coleoptile elongation; but, dwarf cultivars did
not have shorther mesocotyls than other cultivars (Zheng and
Wang, 1983). Elsahookie and Wassom (1984) compared 17 commercial
hybrids and experimental crosses at four depths (5-30 cm) and
found that grain yield was generally higher from plants
established by deep sowing.

According to Jones and Wild (1975), mounding and ridging
under low intensity farming are intended primarily to give an
adequate depth of well drained soil for crop rooting. In their
review of the effects of flat and ridge cultivation on water run
off and erosion in West Africa, they concluded that the evidence
is not conclusive and pointed out that field dimensions are
critical for these evaluations, although ridges running down the
slope always encourage erosion. According to Kowal and Kassam
(1978), contour ridging may serve, in the absence of other soil
conservation methods, to avoid large scale soil erosion. Flat
cultivation is preferred where graded terraces, or other major
conservation works, are present.

Dagg and Macarthey (1968), using large plots (0.8 ha), found
no significant differences in maize grain yields between flat and
ridge plantings in black, red and ash soils in Tanzania.
According to Nicou (1981), for maize culture in West Africa,
ridging before planting does not seem to be superior to other
soil preparation methods; in fact, in mechanized agriculture,
flat planting should be preferred over planting on ridges for
higher tractor use efficency. However, higher maize grain yields
were obtained with ridges than with flat planting in a trial
conducted at Nsukka, Nigeria (Okigbo, 1972). By contrast, at
Ibadan (Nigeria). Lai (1973) reported that maize yields at all
planting ^ates were lowest for heaps and ridges and highest for
plantings on the flat or in furrows.
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Farmers in Central Burkina Faso generally plant maize after
sorghum and millet, when the rains are better established and
after a heavy (> 20 mm) rain. Because of the rapid drying of the
topsoil and the risk of crust formation, planting depth should be
such that soil moisture conditions around the seed are
appropriate while favouring rapid seedling emergence. Little
information is available on the best agronomic practices for
maize production in the Sudan savanna zone of West Africa. This
study evaluated the effects of shallow and deep planting, flat
seedbed, and ridging on the germination, grain yield, and other
plant characteristics of several maize varieties.

MATERIALS AND METHODS

The study was conducted at the Kamboinse Research Station of the
Agricultural Studies and Research Institute (INERA) of Burkina
Faso, located 12°28'N and 1°33'W at an elevation of 300 m. The
soil is a sandy loam in the middle slope of a toposequence (0.7%
slope), classified as hyperthermic, oxic Plinthustalf (USDA),
plinthic Luvisol (FAQ), or "Sol Ferrugineux Tropical lessive
hydromorphe a pseudoglay" (CPCS) (Smaling, 1985). Equilibrium
infiltration rate was in the order of 5 cm/hour. The land had
graded contour terraces separating strips 40-50 m wide.

Mean annual rainfall is 838 mm in one rainy season and
potential evapotranspiration (PE) is 1805 mm (Virmani al..
1980). Mean monthly rainfall, air temperatures, dependable
precipitation (precipitation that can be expected in 3 out of 4
years) and PE are given in Table 1.

The experiment had a factorial combination of two seedbeds,
three varieties and two planting depths as main plots, subplots
and sub-subplots, respectively, in a split-splot plot arrangement
with 4 replications. The seedbeds (S) were: planting on the flat
(SI), i.e. traditional maize planting system in the area
(although farmers normally grow maize only in compound plots);
and planting on the flank of simple (non-tied) ridges (82). The
varieties were local Kamboinse (LKa), Jaune Flint de Saria (JFS),
TZE-4, local Koudougou (LKo), and TZE-3 which have, respectively,
92, 90, 94, 82, and 92 days to physiological maturity. LKa was
grown in all three years, JFS and TZE-4 only in 1989, and LKo and
TZE-3 in 1980 and 1981. The planting depths were 3-5 cm
(shallow), and 8-10 cm (deep).

Plots consisted of 5 rows, 0.75 m apart and 5 m long; main
plots (S) were 18 m long. Density was 66,700 plants/ha in 1979
and 59,300 plants/ha in 1980 and 1981. The trial was planted with
three seeds/hill while seedlings were thinned to one per hill at
16-17 days after planting (DAP). Grain yield was estimated from
the three central rows.
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Table 1. Longterm mean monthly rainfall (P), dependable precipitation (DP) potential
evapotranspiration (PE), mean maximum (Ma) and minimum (Mi) air temperatures, monthly
rainfall from 1979 to 1981, and rainfall from 10 days before planting (DBP) to harvest at
Kamboinse, Burkina Faso.

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec An 10 DBP
nual to

harvest

P+(mm) 0 5 3 20 63 125 177 246 156 38 1 2 838
DP+(mm) 0 0 1 6 39 92 141 196 118 10 0 0
PE+(mm) 143 152 189 195 190 151 135 113 121 149 134 133 1805
Ma++(^C) 35.1 35.5 39.2 40.4 38.9 33.8 31.8 31.1 32.6 36.4 35.6 31.7 35.2
Mi++CC) 14.7 16.9 19.9 25.2 27.3 23.8 23.2 22.2 22.7 23.2 18.7 13.0 20.9 -

Rainfall (mm)

1979 0 0 2 0 83 160 146 212 166 18 4 0 791 537
1980 0 0 0 15 62 160 255 217 56 18 0 0 783 528
1981 0 0 0 30 56 78 180 170 173 3 0 0 690 528

+: Virmani fit al. (1980); ++: data for 1980.

K --
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Compound fertilizer (14 N. 23 PsOo; 14 KzO, 6 S, 1 B2O3) wae
broadcast before tractor plowing and harrowing or before ridging,
at the rates of 400, 100 and 200 kg/ha in years 1, 2, and 3,
respectively. All plots were tractor ridged and ridges were
subsequently levelled by hand in SI plots before planting. The
experiment was conducted on the same land but all treatments were
randomized each year. Planting was on July 16. 11 and 9, for
years 1, 2, and 3, respectively. Primextra was applied (5 1/ha)
at 0-3 DAP. Urea was side-dressed and incorporated in two equal
split applications at about 3 and 5 weeks after.planting (WAP),
but there was only one application (at 26 DAP) in 1981. Plots
were weeded and hand-hoe cultivated twice at about 2 and 4-5 WAP.
Furadan 5G was applied to the soil (20 kg/ha) in 1980 at 10 and
19 DAP.

RESULTS AND DISCUSSION

Seed germination

Potential evapotranspiration from 3 days before, planting to 12
DAP was about 65 nw while actual rainfall for the same period was
75, 194, and 47 mm for 1979, 1980, and 1981, respectively; the
rainfall was relatively well distributed.

Average seed germination in the field was 80.0, 78.1 and
80.0% in 1979, 1980, 1981, respectively (Tables 2-4), Field
germination percentage was significantly (P = 0.05) decreased by
deep planting in the three years; in addition, visual
observations indicated faster seedling emergence in shallow
planted plots.

The only significant (P = 0.05) interactions were the
variety x planting depth interaction in 1980 and 1981 and the
seedbed x planting depth interaction in 1981. Percentage
germination under laboratory conditions of local Kamboinse, local
Koudougou, and TZE-3 was 95, 88 and 99% in 1980, and 83, 96 and
96% in 1981, respectively. As Table 5 shows, the decrease in
field germination percentage associated with deep planting was
more pronounced for those varieties with lower germination
percentages (below 90%).
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Table 2. Effect of seedbed, variety, and planting depth on maize grain yield
and other crop variables in 1979. Underlined means are significantly different
(P = 0.05) from one mean ( ) or from the other two means ( )

Seedbed Variety+ Sowing depth(cm)

Variable Flat Ridges VI V2 V3 3-5 8-10 Mean %

Grain yield (Mg/ha) 3.75 3.85 3.69 3.86 3.84 2.24 3.65 3.80 10. 5
Grain No. (Kernels/m^) 1980 1960 2020 1970 1910 2020 1910 1970 11. 5
Kernel weight (mg/kernel) 189 197 183 196 200 195 191 193 6. 4

Ears/plant 0.95 0.98 0.87 1.02 1.01 1.00 0.94 0.97 9. 2
Germination (%), 14DAP++ 77.3 82.6 82.1 81.0 76.8 35^3 74.6 80.0 25. 5

Plant height (cm) 218 218 224 215 214 218 218 218 1. 7

Days to 50% silking 49.6 50.1 50.8 48.5 50.2 49.3 S0^3 49.8 2. 3

Shelling (%), dry 03.0 82.8 84.4 83.9 80.4 82.9 82.9 82.9 0. 8
Plants/m2, at harvest 6.42 6.40 6.32 6.41 6.50 fi.so 6.32 6.41 3. 1

Lodging (%), 80 DAP 13.0 17.8 26.2 13.5 6.7 15.1 15.6 15.3 30. 9

+: VI = local Koudougou, V2 = Jaune Flint de Saria, V3 = TZE-4.
++: DAP = days after planting.

I:.
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Table 3. Effect of seedbed, variety and planting depth on maize grain yield and
other crop variables, 1980. Underlined means are significantly different
(P = 0.05) from one mean ( ) or from the other two means ( ).

Variable

Seedbed Variety+

Flat Ridges VI V2 V3

Sowing depth{cm)

3-5 8-10

Mean CVX

Grain yield (Mg/ha) 3.04 2.88 2.82 3.17 2.89 2.99 2.92 2.96 12. 1
Grain no. (kernels/m^) 2080 2080 2130 2070 2040 2080 2080 2080 10. 2
Kernel weight (mg/kernel) 147 138 132 153 141 143 141 142 10. 2
Ears/plant 1.01 1.00 Q.28 1.04 1.01 1.00 1.01 1.01 3. 6
Germination(%), 13DAP++ 74.3 82.0 23^5 70.6 80.3 a6^9 69.4 78.1 11. 4

Plant height (cm) 249 241 270 227 238 248 242 245 5. 1
Days to 50% silking 48.1 48.1 50.1 44.8 49.4 48.2 48.0 48.1 3. 2
Plants/m2, at harvest 5.64 5.75 5.ai 5.44 5.85 5.SO 5.59 5.70 4. 3
Root lodging (arcsine).
76 DAP 17.5 19^8 20.9 14.5 20.5

CD

18.0 18.7 39. 0
Stem lodging (arcsine).
76 DAP 18.8

CO

23^2 15.7 18.4 17.8 20.4 19.1 28, 2

+: VI = local Kamboinse, V2 = local Koudougou,
++: DAP = days after planting.

V3 = TZE-3.

J
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Table 4. Effect of seedbed, variety and planting depth on maize grain yield and
other crop variables, 1981. Underlined means are significantly different (P = 0.05)
from one mean ( ) or from the other two means ( ).

Seedbed

Variable

Variety+ Sowing depth(cm)
Mean CVX

Flat Ridges VI V2 V3 3-5 8-10

Grain yield (Mg/ha) 2.96 3.14 2.74 3.11 3.30 3.03 3.07 3.05 13..4
Grains no. (kerneIs/m^) 1860 1950 1710 1900 2110 1900 1920 1910 13..8
Kernel weight (mg/kernel) 158 159 158 164 154 159 158 159 6..9
Ears/plant 0.94 0.97 0.89 0.98 1.00 0.96 0.95 0.96 7..0
Germination(%) 12 DAP++ 77.9 82.0 64.3 86.2 89.4 a5^2 74.8 80.0 5..1
Plant height (cm) 232 236 256 210 235 233 234 4..2
Days to 50% silking 48.5 47.4 51.4 43.4 49.2 47.9 48.1 48.0 2..1
Plants/m2, at harvest 5.91 5.77 5.77 5.83 5.91 5.81 5.87 5.84 2..2
Lodging (arcsine),86 DAP 42.9 51.8 47.2 49.8 45.1 47.9 46.8 47.4 15..5

+: VI = local Kamboinse, V2 : local Koudougou,
++: DAP = days after planting.

V3 = TZE-3;
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Table 5. Field germination (%) of three varieties as affected by
planting depth at Kamboinse.

Variety

depth (cm) Year Local
Kamboinse

Local

Koudougou
TZK-3

M(
<

O

b

3-5 1980 89.8 85.7 85.1 9.4

1981 72.0 90.7 92.8 4.5

8-10 1980 77.2 55.6 75.5 9.4

1981 56.6 81.7 86.1 4.5

Plant egtabliahroent

Plant densities at harvest were significantly (P = 0.05)
different between planting depths in 1979 and 1980; among
varieties in 1980 and 1981; and between seedbeds in 1981. Average
differences in plant density among factor means were, however,
very small in all cases (< 3,700 plants/ha) and of no practical
relevance on grain yields. Rodriguez (1980) reported optimum
densities for maximum grain yields of 60,000 to 80,000 plants/ha
for early maturing varieties (about 50 days to 50% silking), and
showed that Duncan's (1958) relationship between the logarithm of
the yield per plant and plant density was applicable in the Sudan
savanna and northern Guinea savanna zones of Burkina Faso. Carmer

and Jackobs (1965) demonstrated that, if Duncan's model is
appropriate, a change of 10% in the number of plants around the
optimum density will cause a decrease of less than 1% of the
maximum grain yield, whereas at 60% of the optimum density, grain
yield will be about 90% of the maximum. In spite of the
differences in percentage germination under field conditions
reported in the present study, comparable densities were obtained
under all treatments as a result of overplanting (3 seeds/hill)
and thinning to one plant/hill. The lowest density was that of
local Koudougou in 1980 (54,400 plants/ha).

Grain vields

In 1979, maize grain yields were significantly (P = 0.05)
decreased by deep planting compared to shallow planting. There
were also significant depth x seedbed and depth x variety
interactions. The decrease in yield with deep planting was
significant only with the local Kamboinse variety grown on ridges
(Fig. 1) and was associated with a greater number of days to 50%
silking and a smaller number of ears per plant, but not with a
smaller plant density. In 1980 and 1981, however, deep planting
had no significant effects on grain yields, days to 50% silking,
and number of ears per plant. It appears that deep planting (8-10
cm) has no significant effect on grain yields provided that good
plant stands are obtained by overplanting.
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There were no significant differences in grain yields among
varieties or between flat and ridge planting in any of the three
years. Although there was no grain yield response to simple
(open) ridges, experiments in adjacent plots (using similar
fertilizer levels, planting dates and plant densities, etc)
showed significant grain yield increases of 0.68, 0.86, and 0.78
Mg/ha in 1979, 1980, and 1981 respectively, due to tied ridges
compared to flat, or simple ridge, planting (M. Rodriguez,
unpublished data).

Other varlablea

There were no significant differences in grain number, kernel
weight, ears per plant and plant height between planting depths
or between seedbeds in 1979, 1980, and 1981. Deep planting had no
effect on root, stem, or total lodging, but root lodging was
significantly higher on ridges than on flat planting in 1980.

There were significant differences among varieties for some
other variables. Perhaps the most interesting of these was the
havest index (HI) which was estimated only in 1981 by taking 10
plants (under flat seedbed and shallow planting) from each
variety. Local Koudougou, the earliest of the varieties tested,
had a HI of 49.3% while comparable figures for local Kamboinse
and TZE-3 were 40.2 and 36.8%, respectively.

CONCLUSION

Deep planting (8-10 cm) significantly decreased seed germination
percentage under field conditions by an average of 12.9% per
year, the effect being more marked when seed germinability under
laboratory conditions was also relatively low (i.e., < 90%).

If maize is over-planted and thinned, good and similar plant
densities could be obtained under both shallow (3-5 cm) and deep
sowing; with only one exception, similar grain yields were also
obtained under both planting-depth regimes.

If planting is such that thinning is not intended (either
there is no over-planting, or the latter is done only to
compensate for sub-optimum seed germinability), deep planting
would result in lower plant stand. However, the effect of lower
plant establishment on grain yields would be negligible, provided
final plant density was close to the optimum density for maximiim
grain yield. In contrast, significant reduction in grain yield
associated with low plant establisment occurs when seed
germinability is low, or when other factors, e.g. pest damage,
drastically reduce seedling establishment.
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Groin yleld(Mg/ho)
5

Di 02

VI

01 02

V2

FLAT

LSD(ps0.05)
For some variety ond
seedbed ^

DI 02 01 02 01 02

V3 VI V2

RIDGES

01 02

V3

Fig.l Maize grain yield as affected by seedbed, variety
and planting depth, 1979. V1 = Local Kamboins^,
V2 = JFS, V3 = TZE-4, 01 = 3-5 cm, 02 = 8-10 cm.
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No significant differences were found between planting on
the flat and planting on simple (open) ridges in terms of seed
germinability, grain yields, and yield components.
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17. Effects of Nitrogen Rate and Time of Application on Yield
and Yield Components of Maize in the Northern Guinea Savanna
Zone of Nigeria.
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ABSTRACT

Two open pollinated maize cultivars (TZSR and Samaru 84 TZESR-W)
and a hybrid (8321-21) were tested at four nitrogen rates (90,
120, 150 'and 180 kg N/ha) given either as a single dose at
planting or twice as a split application in 1987 and 1988.
Observations were taken on yield and yield components of maize.

Although there were no significant differences in grain
yield among the three maize cultivars, Samaru 84 TZESR-W out-
yielded TZSR and 8321-21 by 25-32% in 1987, while 8321-21 out-
yielded TZSR and Samaru 84 TZESR-W by 9% in 1988, The effects of
cultivars on several yield components were not significant;
however Samaru 84 TZESR-W reached 50% silking about eight days
earlier than TZSR and 8321-21. The rates of nitrogen had no
significant effects on maize grain yields and yield components.
Similarly, the time of nitrogen application did not significantly
affect grain yield and yield components of maize.

RESUME

Deux cultivars de mats a pollinisation libre (TZSR et Samaru 84
TZESR-W) et un hybride (8321-21) ont ete experimentes a quatre
doses diff6rentes d'engrais azot6 (90, 120, 150 et 180 kg N/ha)
soit en application unique au semis soit en deux applications
s6par6e3 en 1987 et 1988. Les observations ont 6t6 faites sur le
rendement et les composantes de rendement du mals.

Quoiqu'il n'y ait pas de difference nettes de rendement en
grains entre les trois cultivars de mals, Samaru 84 TZESR-W a
surpass^ en rendement TZSR et 8321-21 de 25-32 % en 1987, alors
que 8321-21 d^passait en rendement TZSR et Samaru 84 TZESR-W de 9
% en 1988. Les effets des cultivars sur plusieurs composantes de
rendement n'6taient pas considerables ; toutefois, Samaru 84
TZESR-W a atteint 50 % de formation de soie environ huit jours
plus t6t que TZSR et 8321-21. Les doses d'engrais azote n'ont pas
d'effet important sur les rendements en grains du mals et sur les
composantes de rendement. De meme, le temps d'application de
I'engraie azot6 n'affecte pas de facon significative le rendement
en grains et les composantes de rendement du mals.
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INTRODUCTION

Maize cultivation has been on the increase in the last few years
in the savanna zones of Nigeria. This was subsequent to the
report by Kassam at al- (1975) that in several respects maize
performed much better in the savanna zone than in the forest
zone; later, several agricultural development projects
convincingly demonstrated that higher maize grain yields are
attainable in the savanna than in the forest zone.

The local sourcing of raw materials by agro-allied
industries in Nigeria stimulated large scale maize production.
Consequently, maize is currently produced on a sizeable
proportion of land hitherto used in the production of sorghum and
millet. The increased maize production has resulted in increased
application of fertilizers, especially nitrogen fertilizer. The
current recommendation is split application (one half at planting
and the other at 6 weeks after sowing) of 120 kg N per ha
(Ologunde and Egharevba, 1984). However, significant grain yield
responses have been reported at 150 kg N/ha in both the rain
forest zone (Lucas, 1986) and the savanna zone (Amorowa et al.,
1987).

The study reported in this paper was done to determine the
effects of the rate and time of application of N on maize yield
and yield components.

MATERIALS AND METHODS

Two open pollinated maize varieties (TZSR and Samaru 84 TZESR-W)
and one hybrid (8321-21) were sown on 23 June, 1987 and 20 June,
1988 at the Institute for Agricultural Research Farm at Samaru
(Zaria), Nigeria, in the northern Guinea savanna zone. The soil
is loamy sand with good drainage, the N content being 0.05%. The
four levels of N (90, 120, 150, and 180 kg ha—^) studied were
supplied as calcium ammonium nitrate. Each rate was given either
as a single dose at planting or as a split application, one half
at planting and the other at 6 weeks after sowing (WAS). The
trial was planted in a randomized complete block design with
three replicates. Basal application of phosphorus (60 kg P2O0 per
ha) and potassium (60 kg K2O ha~^) were given during land
preparation. Inter- and intra-row spacings were 0.75 and 0.27 m,
respectively; the gross plot was 27 m^, while the net plot was 18
m^.

Plants were thinned to one plant per hill at 3 WAS.'The
plots were kept weed-free until hard dough stage. Observations
taken included grain yield, shoot height, number of days to 50%
silking, lOOO-grain weight, threshing percentage, cob length,
kernel depth, and number of lodged plants.
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RESULTS

Grain vleld

The effect of cultivars on grain yields in both 1987 and 1988 was
not significant (Table 1). However, in 1987, Samaru 84 TZESR-W
outyielded 8321-21 and TZSR by 25.0 and 31.6%, respectively; in
1988, hybrid 8321-21 yielded 9% more than the open pollinated
varieties.

Although time of N application had no significant effect on
maize grain yield, split application gave 14-15% higher grain
yields in both years. Similarly, the effect of rate of N
application was both non-significant and inconsistent.

Growth charaoterfl

In both years, TZSR was significantly taller than both 8321-21
and Samaru 84 TZESR-W, but the differences between these two
cultivars, though statistically significant, were inconsistent.
By contrast, time and rate of N application did not significantly
affect shoot height in both years. In both 1987 and 1988, Samaru
84 TZESR-W (an early maturing cultivar) silked significantly
earlier than the other two cultivars. By contrast, the rate and
time of N application had no significant effect on the number of
days to 50 % silking (Table 1).
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Table 1. Effect of rate and time of N application on maize grain yield, shoot
hei^t, number of daya to 50% silking, and threshing percentage, in 1987 and 1988
at Samaru.

Grain yield Shoot hei^t No. of days to Threshing
(t/ha) (cm) 50% silking percentage

Treatment

1987 1988 1987 1988 1987 1988 1987 1988

Cultivar

TZSR 2.0 2.2 183.3 221.6 59.0 64.0 80.1 76.5
Samaru 84

TZESR-W 2.5 2.2 187.3 156.0 53.0 52.0 76.0 80.9
6321-21 1.9 2.4 154.2 175.4 63.0 63.0 78.2 78.1
LSD (P = 0.05) NS NS 13.5 12.8 2.2 0.8 NS NS

Time of N
auDlioation

All N at

planting 2.0 2.1 173.4 181.4 59.0 60.0 78.8 77.6

1/2 N at
planting & 1/2
at 6 WAS 2.3 2.4 176.4 187.3 58.0 60.0 77.4 79.5
LSD (P = 0.05) NS NS NS NS NS NS NS NS

N rate

fkg ha-^)

90 1,7 2.2 173.0 189.2 58.0 50.0 78.1 78.7
120 2.0 2.5 163.7 183.1 59.0 59.0 77.2 78.4

150 2.5 2.2 179.6 183.4 58.0 60.0 76.6 77.2
180 2.4 2.3 183.4 181.7 58.0 60.0 80.5 79.8

LSD (P = 0.05) NS NS NS NS NS NS NS NS



Nitrogen Fertilization and Hftiy.e Yield in Northern Guinea Savanna 161

Yield GomT)onenta

The effects of maize cultivar, and of time and rate of N
application on threshing percentage in both seasons were not
significant (Table 1). Although in each year, the effect of maize
cultivar on 1000-grain weight was significant, no consistent
trend was established for the two years. Thus, in 1987 the 1000-
grain weight of Samaru 84 TZESR-W was significantly higher than
that of 8321-21 while the reverse situation was obtained in 1988.
In both years the effects of cultivar on cob length, kernel
depth, and number of lodged plants were significant (Table 2).

Table 2. Effect of rate and time of N application on 1000-grain
wei^t, cob length, and number of lodged plants in 1987 and 1988
at Samaru.

1000-grain weight

(g)

Cob length
(cm)

No. of lodged
plants

Treatment

1987 1988 1987 1988 1987 1988

Cultivar

TZSR 217.7 249.7 16.2 16.3 3.0 19.0

Samaru 84
TZESR-W 229.9 203.4 16.4 14.6 8.0 21.0

8321-21 208.3 239.8 15.6 16.6 5.0 17.0

LSD (P = 0.05) 16.4 12.7 NS 1.2 2.7 NS

Time of N

add!ication

All N at planting 217.7 228.1 16.1 15.9 5.0 19.0

1/2 N at planting
k 1/2 at 6 WAS 219.8 233.8 16.0 15.8 6.0 19.0

LSD (P = 0.05) NS NS NS NS NS NS

N rate fkc/ha)

90 209.9 221.7 16.1 15.3 6.0 21.0

120 214.0 239.8 15.9 16.0 3.0 21.0

150 222.1 236.4 16.2 15.8 7.0 19.0
180 229.2 227.0 16.1 16.2 5.0 14,0

LSD (P = 0.05) NS NS NS NS NS NS
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Tnteracitionfl

The maize cultivar x time of N application interaction had
significant effects on the niomber of lodged plants in 1987 and on
the number of days to 50X silking in 1988. Similarly, the effect
of cultivar x rate of N application interaction on niimber of days
to 50% silking in 1988 was significant.

Correlationfl

Maize grain yield was significantly and positively correlated
with threshing percentage, shoot height, cob length, kernel
depth, 1000-grain weight, and number of lodged plants per plot
(Table 3).

Table 3. Coefficients of correlation (r) between grain yield correlated

and yield components of three maize cultivars at Samaru in 1987 and 1988.

Grain yield 1.0
Threshing % 0.25» 1.0

No. of days to
silking 0,32^ -0.19 1.0

Shoot height 0.43=^' 0.16 -0.64** 1.0

Cob length 0.32** 0.09 0.24* 0.31** 1.0

Kernel depth 0.26* 0.13 0.22 0.23 0.30** 1.0

1000 grain wt 0.52*'^ -0.08 0.49** 0.55** 0.50** 0.47** 1.0
Lodged plants 0.39** -0.01 0.24* 0.31** 0.09 0.12 0.20 1.0

Grain Thresh No. of Shoot Cob Kernel 1000 Lodged
yield ing % days to height length depth grain plants

silking wt.

**Significant at 1% level of probability; *significant at b% level of
probability.
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DISCUSSION

The 1988 growing season was generally more favourable for maize
production than that of 1987, most probably because of better
rainfall distribution in 1988 compared to 1987, during which poor
rainfall distribution resulted in waterlogging of fields in
August. However, Samaru 84 TZESR-W, an early maturing cultivar,
escaped the waterlogging and, consequently, performed better than
the other two cultivars in 1987.

The time of nitrogen application, a critical factor in maize
production, should take into account the N requirements of the
critical stages of maize growth and development. Closely related
to timing of N application is the rainfall distribution and
intensity. The results of the present study showed that split
application of N had 14-15% yield advantage over single dose
application at planting, although the differences were not
significant. However, given the scarcity and cost of fertilizer,
as well as labour for its application, split application of N to
a large farm is unlikely to be economic.

The recommended N rate for the northern Guinea savanna zone
of Nigeria is 120 kg N/ha-^. The non-response to the rates of N
used in the present study was probably related to the fact that
soil N content of the sites used in both years was 0.05%, in
addition to the fact that the lowest N rate studied was
relatively high.

CONCLUSION

The three maize cultivars used in the present study gave similar
grain yields, but the hybrids performed marginally better than
the open pollinated cultivars in 1988 during which the weather
conditions were favourable.

Split application of nitrogen resulted in a non-significant
increase in grain yield that was unlikely to be economic.
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ABSTRACT

Maize culture In the northern Guinea savanna may face drought
stress problems during the growing season, as well as excess
moisture conditions at the peak of the rainy season. Lodging
caused by high winds is also a common problem. This study
evaluated the effects of eight systems of flat cultivation,
ridging and earthing, with and without tying every other furrow,
on maize grain yield, yield components, and lodging in a gravelly
sandy loam to sandy clay loam (isohyperthermic, tropeptic
Eutrustox).

There were no significant differences in grain yields among
the treatments, neither in 1983 and 1984 (rather dry years) nor
in 1985 (a very wet year). It was concluded that in these soils
in the northern Guinea savanna, and under medium/high fertilizer
application, there seems to be no grain yield advantage of
planting on ridges (simple or tied), nor of earthing (simple or
tied) over flat cultivation. Late earthing tended to decrease
root lodging whereas early earthing did not. Ridging did not have
a consistent effect on root lodging. No significant differences
were found in the soil chemical properties of samples taken in
furrows of simple and tied ridges.

RESUME

La culture du mals dans la savane nord Guin^enne peut 6tre
confront^e a des probl^mes de s6cheresse au cours de la campagne
agricole, alnsi qu'aux conditions d'humidit6 excessive en pleine
saison pluvieuse. La verse due aux vents forts est ^galement un
probl^me commun. Cette dtude a «§valu6 les effets de huit syst^mes
de binage du plat : billonnage et buttage, avec ou sans
cloisonnement a chaque deux sillons, sur le rendement en grains
du mals, les composantes de rendement, et sur la verse au niveau
d'un sol en terrain gravelleux et sablonneux et en terrain
sablonneux et argileux (isohyperthermic, tropeptic Eutrustox).
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II n'y a pas eu de differences significatives de rendements
en grains entre les traitements, ni en 1983 et 1984 (annees
plutdt s^ches) ni en 1985 (annee trds arros^e). II a et6 conclu
qu'au niveau de ces sols de la savane nord Guineenne et qu'avec
une application moyenne et elevee d'engrais, il ne semble y avoir
aucun avantage de rendement en grains ni au niveau des semis sur
billons (simples ou cloisonnes), ni au niveau du buttage (simples
ou cloisonnes). Par rapport au binage k plat, le buttage tardif
avait tendance ^ reduire la verse de la racine alors que le
buttage precoce n'en avait pas. Le billonnage n'avait pas un
effet consistant sur la verse de la racine. Aucune difference
considerable n'a et^ remarquee au niveau des proprietes chimiques
du sol des echantillons pris a partir des sillons des billons
simples ou cloisonnes.

INTRODUCTION

The northern Guinea savanna zone of West Africa has an annual
rainfall of 900-1300 mm and the length of the rainy season is
130-190 days (Jones and Wild, 1975). Rainfall greatly exceeds
potential evapotranspiration during part of the growing season
(Kowal and Kassam, 1978) and excess moisture conditions may
occur. Although the risk of drought stress is less than in the
Sudan savanna zone, maize may experience drought stress if dry
spells occur during the growing season (Kowal and Kassaim, 1973).
Surface configuration may affect water infiltration and runoff
characteristics as well as crop performance. Previous work in
West Africa, comparing flat and ridged seedbeds, has given
conflicting results (Okigbo, 1972; Lai, 1973; Jones and Wild,
1975; Kowal and Kassam, 1978; Nicou, 1981). Little information is
available on the effects of earthing on maize, although Nicou
(1981) reported no significant effect on maize yield.

Tied ridges have been very effective in reducing runoff and
increasing soil moisture and maize yields in the Sudan savanna
(Rodiguez, 1987; Hulugalle and Rodriguez, 1988). Large yield
responses of cotton to tied ridges have been observed in
ferruginous soils in the northern Guinea savanna (Lawes, 1961).

This study was undertaken to evaluate the effect of ridging
and earthing, with and without tying of every other furrow, on
maize grain yield and lodging in a ferrallitic soil (Oxisol) in
northern Guinea savanna of Burkina Faso.
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MATERIALS AND METHODS

The Farako-Bfi. Research Station of the Agricultural Studies and
Research Institute (INERA) of Burkina Faso, where this study was
conducted, is located 11®06'N and 04®23'W at 405 m elevation.
Mean annual rainfall is 1083 mm and potential evapotranspiration
(PE) is 1705 mm (Virmani si al-, 1980). Monthly rainfall, PE and
air temperatures, and dependable precipitation (precipitation
that can be expected in 3 out of 4 years) are presented in Table
1. The topsoil texture was sandy loam to sandy clay loam; average
gravel content in the top 20 cm was 46.7%, decreasing to 36.9% at
20-40 cm depth. The soil was classified as a isohyperthermic
tropeptic Eutrustox (USDA), orthic Ferralsol, petroferric phase
(FAO), and "sol ferrallitique faiblement desaturd, remani6,
indur6 moyennement profond" (CPCS); the B horizon is massive and
overlies a petroferric horizon at 90 cm depth (Smaling, 1985).

Soil chemical properties are presented in Table 2 (average
of 4 samples taken in November 1983, in plots planted on the
flat). Cumulative infiltration, measured with a double ring
infiltrometer, was 328 mm after 150 minutes. Water infiltration
rates were : 30.9 cm/h from 0-10 min., 10.5 cm/h from 110-120
min., and 9.3 cm/h from 140-150 min.; these indicate the good
infiltration characteristics of this soil. Soil bulk density
(after correction for gravel content) was 1.31 and 1.28 g/cm^ at
0.5 and 20-25 cm depth, respectively.

Table 2. Soil properties (0-10 cm) at Fairako-Ba, 1983.

Exchangeable cations
(me/lOOg)

pH Organic Total Bray-1
(H2O) C(%) N(%) P(ppm) Ca

Total Exchang-
_ aci- eable Gravel
Na dity A1 (%)Mg Mn K

5.0 0.74 0.045 11.9 0.37 0.30 0.11 0.21 0.18 0.42 0.32 43.2

The experiment consisted of 8 ridging
treatments in a latin square arrangement:

and earthing

T1

T2

T3

T4

T5

T6

T7

T8

Planting on the flat;
Planting on the flat;
after planting (DAP).
Planting on the flat;
Planting on the flat;

no earthing,
earthing at 35 days

earthing at 70 DAP.
earthing and tying of

every other furrow at 35 DAP.
Planting on the flat; earthing at 35 DAP but
tying of every other furrow at 70 DAP.
Planting on the side of ridges.
Planting on the side of ridges; earthing at 35 DAP
Planting on the side of ridges tied every other
furrow; earthing at 35 DAP.
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Table 1. Longterm mean monthly rainfall (P) auid dependable precipication (DP);
potential evapotranspiration (PE), mean maximum (Ma) and minimum (Mi) air temperatures,
monthly rainfall from 1983 to 1985, and rainfall from 10 days before planting (DBP) to
harvest at Farako-Bfi, Burkina Faso.

10 DBP
Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Annual to

harvest

P+(inm) 0 3 25 44 106 141 207 277 205 58 13 1 1083
DP+(mm) 0 0 8 27 69 111 137 227 165 21 0 0 — —

PE+(mm) 145 155 185 173 162 131 123 116 117 137 128 133 1705 —

Ma++CC) 33.2 35.3 36.4 35.8 34.2 31.4 29.5 29.2 30.2 32.4 33.6 33.0 32.8
Mi++(»C) 15.3 17.3 21.4; 23.4 23.5 21.7 21.1 20.9 20.6 20.6 16.7 14.4 19.7

Rainfall (mm)

1983 0 0 4 31 122 104 166 194 131 3 0 0 755 565
1984 0 0 21 16 102 104 123 274 157 13 7 0 817 637
1985 0 0 40 7 112 290 272 429 169 57 0 0 1376 903

+ Virmani at al. (1980)
++ Sivakumar and (Snoumou (1987).
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Maize was planted on the same land in 1983* 1984 and 1985.
Soil preparation was by tractor plowing in 1983 and by hand-
hoeing thereafter. Ridging and earthing were done with hand hoe
to a height of 25-30 cm. Rows were perpendicular to the slope and
small ditches were dug along the alleyways to allow free drainage
of open furrows. At the end of the rainy season, all furrows in
plots with tied ridges were reopened. All plots were levelled
with hand-hoe at the start of the following rainy season and
treatments were re-randomized every year.

Compound fertilizer (14 N, 23 PsOb, 15 K2O, 6 S, 1 B2O3) was
broadcast and incorporated before planting at the rates of 300,
200, and 300 kg/ha in years 1, 2, and 3. Urea was side-dressed,
banded and incorporated, in equal split applications at 35-37 DAP
and 51-54 DAP, at the rates of 250, 100, and 200 kg/ha/crop in
years 1, 2, and 3, respectively. Primextra (5 1/ha) was applied
only in 1983. Plots were hand weeded and cultivated 2 to 3 times
at about 15, 35, and 55 DAP. Carbofuran was applied to the soil
in years 1, 2, and 3 at planting, 29 DAP, and 1 DAP,
respectively, at the rates of 0.8, 4.0, and 0.8 kg/ha active
ingredient. In 1985 there was a second application of 0.8 kg/ha
a.i. carbofuran at 57 DAP. Plots consisted of 6 rows, 5 m long
and 0.75 m apart. Maize was planted at a density of 53,300
plants/ha, placing 3 grains/hole and thinning to 1 plant/hill.
Planting dates were June 23, 25, and July 7, in years 1, 2 and 3
respectively, to varieties TZPB (1983) and SAFITA-102 (both about
110 days to physiological maturity).

There was no reopening of tied furrows and no levelling of
ridges after harvest of the 1985 maize crop. No crop was planted
in 1986. Soil samples were taken in November 1986 between the two
central rows of treatments 1, 6, and 8, in four replications, at
0-20 and 20-40 cm depth. (There were cross ties between the two
central rows of treatment 8.)

RESULTS AND DISCUSSION

Differences in plant density at harvest were significant (P =
0.01) only in 1983, but they were always very small and did not
affect grain yields. Lowest and highest densities were 51,700 and
53,200 plants/ha in 1983; 51,700 and 53.200 in 1984; and 53,000
in 1985 (CVs were 1.5, 2.5, and 0:6%, respectively). Maize
streak virus incidence was low (9.6% in 1984 and 0.9% in 1985).

Grain yields

Mean grain yields were 3.15, 3.25, and 2.69 Mg/ha and there was
no significant (P = 0.05) differences among treatments in any
year (Table 3). Both 1983 and 1984 were rather dry years.
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whereas 1985 was wet, the total rainfalls for the 3 years being
75 and 127%, respectively, of the longterm average (Table 2).
Therefore, from the point of view of maize grain yield (under
medium/high fertilizer regime) in relation to planting on the
flat and keeping a flat seedbed, there appears to be no advantage
of early (35 DAP) or late (70 DAP) earthing, earthing with early
(35 DAP) or late (70 DAP) tying of every other furrow, planting
on the flank of ridges, planting on the flank of ridges and early
earthing, or planting on the flank of ridges tied every other
furrow. The lack of yield response to simple ridges is somewhat
surprising since this is the practice commonly followed by
farmers in the area. It is commonly assumed that one of the
purposes of ridging in the northen Guinea savanna is to improve
drainage and reduce the risk of waterlogging. This view is not
supported by results of the present study, done under medium/high
fertilizer regime, but it should also be tested under a low
fertility level. Other reasons advanced for ridging are to gather
topsoil around the plants when soil fertility is low and to
facilitate weed control ; these could not be evaluated in this
study.

Although the plot and ridge length was only 5 m, similar
results are to be expected from larger plots. If the purpose of
ridges is to improve drainage, this is more easily achieved with
short ridges and, in addition, open furrows were connected to
small ditches down the slope along the alleyways. If the purpose
of ridges is to slow down runoff and improve water infiltration,
short ridges would be less effective than long ones, but in such
a case there should be a response to tied ridges. In this study,
there was no effect, positive or negative, of tied ridges on
grain yield.

Visual observations at Farako-Ba indicated that old termite
hills had surface crusting problems and were more prone to
drought stress. A separate replicated experiment was conducted in
1984 on plots affected by old termite hills, to compare simple
and tied earthing of all furrows at 34 DAP. Maize grain yields
were 2.94 and 3.24 Mg/ha, respectively (S.E. = 0.13 Mg/ha), the
effect of tied earthing being greater in those plots with higher
clay content.

The main soil types in the northern Guinea savanna are the
leached ferruginous soils; ferrallitic soils have better
structures and have better drainage than the former (Jones and
Wild, 1975). Therefore, the results of this study cannot be
generalized to all of the northern Guinea savanna. Fournier
(1967) reported yield responses of groundnuts and millet (average
of 4 years data) to tied ridges at Niangoloko, Burkina Faso, in a
soil with 90% sand, under a mean annual rainfall of 1137 mm.
Matlon and Koning (1986) also reported a sorghum grain yield
response to tied ridges at Koho, in the northern Guinea savanna
zone of Burkina Faso.
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Yield Gomponenta and other Grop vapiablflg

Average grain number was 1740, 1780, and 1440 kernels/m^ in 1983,
1984 and 1985, respectively, but there were no significant
differences among treatments in any year. Kernel weight was
significantly (P = 0.05) different fiunong treatments only in 1984
(Table 3), but no consistent pattern was found. There were no
significant differences among treatment in respect of ear number.

Average plant height was 223, 186, and 210 cm in 1983, 1984
and 1985, respectively, with significant (P = 0.05) differences
among treatments only in 1985 when planting on ridges (T6, T7,
and T8) gave an average height of 227 cm against 200 cm for flat
cultivation (Tl). There were significant (P = 0.05) differences
in 1983 among treatments in the number of days to 50% silking
which was higher in treatments involving planting on ridges (70.6
days) than in flat planted treatments (67.5 days); no significant
differences were observed in 1984 and 1985.

Stem lodging (percentage of stalks broken below the ear
node) and root lodging (percentage of plants inclined from the
base at an angle of 45° in relation to the vertical), after
angular transformation, are presented in Table 4. There were
significant (P =0.05) differences among treatments in stem and
root lodging in 1983 and in root lodging in 1984. Lodging values
were very low in 1985 (0.4 and 2.7 for stem and root lodgings,
respectively), probably because counts were made very early (73
DAP) and not 7-10 days before harvest, as in previous years; it
could also be attributed to the second carbofuran application.
The data suggest that late earthing (70 DAP) tends to reduce
roots lodging compared to early earthing (35 DAP). Ridging had no
consistent effect on stem lodging. Nicou (1981) reported no
effect of earthing on maize lodging.
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Table 3. Maize grain yields and kernel weights as affected by simple and tied
ridging and earthing at Farako-Ba, from 1983 to 1985.

Grain yields
(Mg/ha)

Kernel weight
(MgAernel)

Treatment
1983 1984 1985 Mean 1983 1984 1985 Mean

Tl. Planting on the flat
(PF); no earthing 3.13 3.36 2.48 3.00 181 190 172 181

T2. PF; earthing 35 DAP 3.36 3.38 2.70 3.15 187 184 171 181
T3. PF; earthing 70 DAP 3.16 3.14 2.39 2.90 177 179 167 174
T4. PF; earthing and tying

every other furrow 35 DAP 3.20 3.48 2.82 3.17 182 186 175 181
T5. PF; earthing 35 DAP; tying

every other furrow 70 DAP 3.41 3.10 2.65 3.05 189 178 165 177
T6. Planting on side of

ridges (PR) 2.87 3.35 286 3.03 171 188 164 174
T7. PR; earthing 35 DAP 3.04 2.96 2.64 2.88 182 180 167 176
T8. PR; tied every other

furrow; earthing 35 DAP 3.04 3.22 2.95 3.07 175 175 174 175

Mean 3.15 3.25 2.69 3.03 181 182 169 177

C.V. % 15.0 15.8 19.1 - 7.9 5.5 10.2 -

F test (P = 0.01) 0.356 0.487 0.386 - 0.213 0.046 0.846 -

S.E. of means 0 .167 0.182 0.182 - 6.0 3.5 6.1 -
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Table 4. Effect of simple and tied ridging and earthing on stem
and root lodging of maize (after angular transformation) at
Farako-B&, 1983 and 1984.

Stem lodging Root lodging

1983 1984 Mean 1983 1984 Mean

Tl 14.1 3.4 8.8 15.3 30.4 22.8

T2 20.3 4.5 12.4 13.3 34.4 23.8

T3 12.2 6.5 9.4 9.8 13.3 11.6

T4 16.5 5.5 11.0 25.2 31.9 28.6

T5 15.7 6.1 10.9 19.2 34.6 26.9

T6 15-1 5.8 10.4 17.1 27.7 22.4

T7 10.0 3.8 6.9 20.2 32.5 26.4

T8 13.9 4.1 9.0 20.4 31.4 25.9

Mean 14.7 5.0 9.8 18.8 29.5 24.2

C.V. (%) 38.3 116.5 - 37.0 30.6 -

F test (P=0.01) 0.041 0.938 - 0.003 <0.001 -

S.E. of means 2.0 2.0 2.5 3.2

Rnil analysis

Ridge height was about 20 cm at the time soil samples were taken.
The sampling depths of 0-20 and 20-40 cm do not, therefore, have
the same meaning in relation to the original flat soil surface
when comparing ridged plots with those planted on the flat. There
is a confounding effect of soil depth differences with treatment-
induced changes in soil properties and, strictly speaking, soil
analysis values under flat planting (Tl) are not directly
comparable with those under ridges. Tlie comparison of most
interest is that between simple ridges (T6) and tied ridges (T8).

There were no significant differences between simple and
tied ridges (Table 5) for any of the soil properties measured.
Although tied ridges virtually eliminate runoff and, therefore,
more water percolates through the profile than under simple
ridges, no changes in soil chemical properties in the furrows
were detected after two years of continuous tied ridges, with
1376 mm of rainfall in 1985 and 948 mm in 1986. Although tied
ridges did not increase maize yields in this type of soil, they
did not depress them either and the possibility of using tied
ridges for runoff and/or erosion control could be considered.
Longer term studies would be needed to evaluate changes in soil
properties.
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Particle-size analysis in flat plots, from 0-20 and 20-40 cm
depths, showed a decrease in sand with depth (6% against 45%,
S.E. = 3.1) and an increase in clay (213^ against 40%, S.E. =
2.1.).

Values in Table 5 are based on data from three replications.
Data from the fourth replication were deleted because some
samples fell on an old termite hill and had higher values of pH
(5.1), organic C (0.97%), total N (0.079%), exchangeable bases
(5.52 mg/lOOg), and clay content (44%), in the top 0-20 cm than
the other samples.

CONCLUSIONS

In relation to flat cultivation, no significant differences in
grain yield were obtained by planting on ridges or by early or
late earthing. Tying of every other furrow at 0, 5, or 10 weeks
after planting did not affect grain yields in dry and wet years.
Thus, in these gravelly Oxisols (ferrallitic soils) in the
northern Guinea savanna, under medium/high fertilizer regime,
either excess moisture conditions during the rainy season did not
seem to be a problem for maize culture, or they were not
alleviated by planting on ridges, or by earthing- Late earthing
(10 weeks after planting) tended to reduce root lodging, while
early earthing (5 weeks after planting) did not reduce it.
Ridging did not have a consistent effect on root lodging.

There were no significant differences in soil chemical
properties of samples taken in furrows of simple and tied ridges
at 0-20 and 20-40 cm depths.
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Table 5. Soil properties as affected by treatment and depth; samples taken between
rows at Farako-BS.

Treatment Soil depth

Property Mean CV Flat Simple Tied LSD (cm) LSD
% ridges ridges (P=0.05)1 0-20 20-40

0

b

pH (H2O) 4.6 2.3 4.7 4.4 4.6 0.25 4.6 4.5 NS+
Organic C (%) 0.50 19.3 0.42 0.56 0.52 NS 0.57 0.42 0.11
Total N (%) 0.052 10.6 0.046 0.058 0.051 0.007 0.055 0.048 0.006
Bray-1 P (PEtn) 3.3 30.5 4.3 3.1 2.5 NS 4.5 2.1 1.2
Exch. Ca (me/lOOg) 0.97 19.5 0.51 1.20 1.20 NS 0.95 0.99 NS

Exch. Mg(me/100g) 0.68 19.8 0.55 0.78 0.72 NS 0.59 0.77 0.16
Exch. Mn (me/lOOg) 0.04 47.9 0.04 0.05 0.04 NS 0.06 0.03 0.02
Exch. K (me/lOOg) 0.21 24.7 0.15 0.20 0.28 0.08 0.23 0.19 NS
Exch. Na (me/lOOg) 0.18 7.9 0.18 0.18 0.18 NS 0.18 0,17 NS
Total acidity(me/100g]1 0.97 58.6 0.99 1.01 0.90 NS 0.90 1.04 NS
Exch. A1 (me/lOOg) 0.78 65.2 0.81 0.79 0.75 NS 0.74 0.82 NS
CEC (me/lOOg) 3.05 22.6 2.42 3.42 3.31 0.76 2.91 3.19 NS
Base saturation (%) 67.6 16.9 58.5 71.1 73.1 NS 68.2 67.0 NS
Gravel, 2 mm {%) 42.8 17.2 42.1 43.1 43.4 NS 46.7 38.9 NS

+NS = non-significant (P = 0.05).
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ABSTRACT

Seed quality and storage problems are closely associated with
pre-harvest field weathering. Time of planting, generally,
determines when to harvest, thereby influencing the extent of
field deterioration. To determine optimum dates for planting
maize for seed, maize varieties with three different maturity
periods (early, medium, and late) were planted at various dates
in the forest, the forest-savanna transitional zone and the
Guinea savanna zone. At maturity, seed yields were recorded.
Subsequently, laboratory studies on seed viability, infection by
fungi, and damage by storage insects were conducted. In the
forest and the transitional zones, the highest seed yields were
obtained from the April plantings but seeds from later sown maize
had the lowest incidence of infection by fungi. A similar trend
was obtained in the Guinea savanna zone.

RESUME

Le critere de qualite des graines et les problemes de
conservation sent etroitement lies a I'alteration au champ de la
pre-recolte. La periode de semis determine gen^ralement la
periode de recolte, influengant ainsi le degre de I'alteration
au champ. Pour determiner les dates optimales pour le semis du
mals pour les semences, des varietes de mals avec trois
differentes p6riodes de maturite (precoce, interm^diaire et
tardive) ont ete sem6es a differentes dates dans la zone de
foret, dans la zone de transition foret-savane et dans la zone de
savane Guin6enne. A la maturity, des rendements en semences ont
6t6 enregistr^s. Par la suite, des etudes ont 6t6 men6es au
laboratoire sur la viabilite semenci^re, sur 1'infection
cryptogamique, et sur les degats causes par les insectes de
stockage. Dans les zones de foret et de transition, les
rendements en graines les plus sieves ont et6 enregistres sur les
eemailles d'avril mais le mals sem6 plus tard montrait la plus
faible incidence d'infestation cryptomagique. Un caractere
similaire a et6 obtenu au niveau de la zone de savane Guineenne.

179
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INTRODUCTION

In a successful seed programme, high quality seeds of improved
crop varieties are often available in sufficient quantities for
supply to farmers. Seed quality problems normally arise in the
field and continue during storage. Deterioration of seed after
maturation, but before harvest, is a serious seed production
problem, especially in the humid tropics.

Deterioration begins as soon as the seed reaches functional
maturity and continues, at varying rates, until the seed is
completely dead. Mondragon and Potts (1974) reported that
germination of seeds subjected to ambient environmental
conditions in the field declined significantly 4 weeks after
physiological maturity. Optimum planting dates for respective
varieties would expose the crop to weather conditions favourable
for seed development and maturation.

The objectives of the study reported below were, therefore,
to determine the effects of both planting date and maize variety
maturity period on seed yield, harvest losses, seed viability at
harvest, and the incidence of major field-to-store fungi and
insects; the effects of ecological environment on seed production
were also studied.

MATERIALS AND METHODS

The three white dent maize varieties used in the study were
SAFITA-2, Aburotia, and Dobidi with maturity periods of 90, 105,
and 120 days. The five planting dates in the forest and
transition zones were mid March, late March, mid April, late
April, and mid May, while those in Guinea savanna were late May,
mid June, late June, mid July, and late July. The experimental
design was split plot (with four replications) in which planting
dates constituted the main plots, while maize varieties comprised
the sub-plots.

Laboratory procedures

Germination teat. For each subplot, 50 seeds were tested using
blotter paper method. Germination was recorded at 4 and 7 days
after planting.

Seed health testing. Fifty seeds were sampled from each subplot
and planted on moist blotter paper in petri dishes (10 seeds per
petri dish). The plates were incubated at 26®C for 7 days under
an alternating cycle of 12 hours of near ultraviolet light and 12
hours of darkness. The seeds were then examined under the low
power of a compound microscope and the incidence of microflora
recorded.

Seed damage caused bv storage insect peata. Two hundred grams of
seeds of each treatment were stored in separate kilner jars.
Emerging insect pests and damaged seeds were recorded after three
months of storage.
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RESULTS AND DISCUSSION

Rftftd production in the foreat zone

Seed yield. The differences among seed yields of maize varieties
were highly significant as were the differences among seed yields
of maize sown at various planting dates; the variety x planting
date interaction was also significant.

Seed germination. Germination percentages of seeds harvested from
maize sown at various planting dates were significantly different
from each other (P = 0.01), the maize variety x planting date
interaction being also highly significant. For example,
germination percentage of mid March-sown maize was 52 while that
of maize sown in mid-May was 79. The lower viability of seeds of
early-sown maize was associated with higher incidence of field
and storage fungi (Table 1),

infection caused hy lihe ear-rot fungus fFusarium
moniliforme). The effects of planting date, variety and variety x
planting date interaction on the incidence of infection by the
ear-rot fungus fFusarium monlliforme t were significant (P =
0.01); the earlier the planting, the higher the incidence of
infection. The higher levels of infection in the seeds from
earlier planted maize probably contributed to their lower
germination 'percentages. Simpson and Stone (1935) and Cadwell
(1972) reported a negative correlation between the viability of
cotton seed exposed in the field and the amount of rainfall
during the exposure period. In the present study, infection
percentages for the early, medium, and the late maturing
varieties were 15, 18, and 8, respectively. It appears that seeds
of the late maturing variety merely escaped infection.

Seed infection bv storage fungi. The effect of planting date,
variety, and variety x planting date interaction on the incidence
of infection by storage fungi fAspergillus flavus and t.erreus^
were significant (P = 0.01); the later the planting date the
lower the incidence of infection, while the earlier the maturity
period the higher the incidence of infection.

Demage caused bv field-to-store insects.. The number of, and the
incidence of grain damage by, storage insect pests after three
months of storage are summarized in Table 2. Generally, the later
the maturity period of maize, the higher the levels of
infestation and damage by these insects, particularly Sitophilus
T-.eamais.
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Table 1. Effects of planting date and maize variety maturity period on seed yield,
germination percentage and incidence of seed infection by fungi in the forest zone
of Ghana.

Incidencet of seed infection (%) by:
Maize Seed
variety Planting Seed yield germination Fusarium Aspereillua AsperRillua
maturity date (kg/ha) (%) monillforme terreua

period
(days)

90 Mid March 1321.9 64.0 40.0 58.0 9.0
90 Late Meur'ch 1450.6 51.0 20.0 29.0 11.0
90 Mid April 1069.3 60.0 3.0 7.0 1.0
90 Late April 2657.4 66.0 6.0 1.0 0.0
90 Mid May 994.9 83.0 6.0 11.0 1.0

105 Mid March 1882.5 50.0 72.0 16.0 6.0
105 Late March 1298.9 49.0 9.0 6.0 1.0
105 Mid April 2636.2 66.0 3.0 3.0 0.0
105 Late April 2559.5 78.0 3.0 9.0 0.0
105 Mid May 2063.1 78.0 4.0 9.0 1.0

120 Mid March 968.2 40.0 8.0 1.0 0.0
120 Late March 2656.6 65.0 4.0 2.0 0.0
120 Mid April 2914.6 77.0 6.0 8.0 1.0
120 Late April 3618.7 78.0 6.0 9.0 2.0
120 Mid May 1589.1 75.0 18.0 4.0 0.0

Mean 1978.8 65.2 13.8 11.3 2.0
LSD (0.05) 954.1 10.6 13.0 9.1 4.0
CV (%) 34.1 11.8 66.8 57.0 15.0
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Table 2. Effects of varietal maturity period on the incidence
and damage by field-to-store insects in the forest zone of
Ghana.

No. of insects per 200 seeds

Maize Incidence Sltophilus CrvptQ-
variety of damaged zeamais hilUB
type seeds (%) spp. spp.

90-day white dent 6.1 26 3 0

105-day white dent 17.8 87 12 3

120-day white dent 45.2 255 19 9

Sftftd production in the transitional zone

yield. The effect of planting date on seed yield was
significant (P = 0.01); the later the planting date, the higher
the seed yield. For example, mid March planted maize yielded
603.9 kg/ha, while mid May sown maize yielded 2683.7 kg/ha.

germination. The germination percentages of seeds from maize
sown in mid March and late March were significantly lower than
those of maize sown between mid April and mid May (P = 0.05).

infenti nn omiRed hy thfi ear-fot fungus—Fusarlum
moni1i forme 1. The effects of planting date, maize variety and
planting date x variety interaction on the incidence of infection
by FnRflriiim innni llforme were significant; grains from mid March
sown maize had significantly higher incidence of infection than
grains from maiae sown on the other dates (P - 0.05), while
grains of medium matui^ity periods had the highest incidence of
infection (Table 3).

Rped infection bv .qtnrage fungi. Seeds from mid March sown maize
had significantly (P = 0.05) higher incidence of infection by
Aspergi1lus flavus than seeds of maize sown at the other planting
dates.
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Seed damage caused bv fleld-to-atore insects. The incidence of
grains damaged by insects and the species of storage insect pests
associated with the damage are summarized in Table 4. Grains of
the late maturing variety sustained the greatest damage.

Seed prodiiGtlon in the Guinea savanna

Seed yield. The effects of maize variety and variety x planting
date interaction on seed yield were significant (P = 0.05); the
late maturing variety produced the highest seed yield, while late
May-sown maize produced the highest seed yield (Table 5).

Seed germination. The differences in germination percentages of
seeds from maize sown at the first four sowing dates (late May-
mid July) were not significant; by contrast, seeds of maize sown
at the last sowing date (late July) had significantly (P = 0.05)
lower germination percentage than those of any of the earlier
sown maize.

Seed infection caused by Fusarium moniliforme. The effect of
planting date on the incidence of infection by moniliforme was
significant (P = 0.05); grains from late May sown maize had the
highest incidence of infection.

Seed infection caused bv storage funRi• Planting date, maize
variety and planting date x variety interaction significantly (P
= 0.05) affected the incidence of seed infection by ARpergillus
flavus. grain from later sown maize having the highest incidence
of infection. Also, the incidence of infection in grains of the
early maturing variety was significantly lower than that of
either the late or the mediiim maturing variety (Table 5).
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Table 3. Effects of planting date and maize variety maturity period on seed yield,
germination percentage, and incidence of seed infection by fungi in the transitional
zone of Ghana.

Incidence of seed infection (%) by

Maize

variety Planting Seed yield Seed Fiisarium Aspergillus AflMrfinlluf

maturity date (kg/ha) germination monnifoL-Toe terreus

period (%)
(days)

90 Mid March 558 58.0 55.0 3.0 1.0

90 Late March 1825 54.0 32.0 20.0 3.0

90 Mid April 2422 75.0 11.0 6.0 0.0

90 Late April 3059 75.0 4.0 8.0 1.0

90 Mid May 2667 69.0 9.0 20.0 1.0

105 Mid March 584 43.0 26.0 47.0 7.0

105 Late March 1827 69.0 6.0 13.0 0.0

105 Mid April 2504 72.0 5.0 8.0 0.0

105 Late April 3233 65.0 6.0 10.0 0.0

105 Mid May 2744 84.0 6.0 19.0 1.0

120 Mid March 669 41.0 17.0 16.0 2.0

120 Late March 2768 52.0 12.0 2.0 0.0

120 Mid April 2571 71.0 6.0 1.0 0.0

120 Late April 2642 75.0 13.0 21.0 0.0

120 Mid May 2641 82.0 5.0 21.0 1.0

Mean 2182 65.5 14.2 14.8 1.4

LSD (0.05) 948 14.5 13.5 21.9 2.8

CV % 30.7 16.1 67.5 109 148
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Table 4. Effects of maize variety maturity period on the
incidence of, and damage by, field-to-store insects in the
transitional zone of Ghana.

Maize
No. of insects per 200 seeds

Incidence
variety of damaged SitoDhiliis Crvpto- CaruoD-
type seed C%) zeamaia leataa hilua

spp. spp.

90-day white dent 9.9 11 1 0
105-day white dent 15.2 95 30 0
120-day white dent 54.3 237 9 1

Seed damaffft—caused—lay—field-to-stnrfi only SitophUnR
zeaipfl1 was detected on maize stored in the Guinea savanna. The
incidence of damaged seeds was relatively -low and was not
significantly (P = 0.05) influenced by the variety of maize
(Table 6).

CONCLUSIONS

To minimize field deterioration of seed, it is important to plant
maize at optimum sowing dates for respective maize varieties in
various ecological zones. The results of the present study
suggest the following planting dates for maize of different
maturity periods in three ecological zones in Ghana.

Maize variety
Optimum sowing date;

maturity type Forest Transition Guinea
zone zone savanna

Early maturing
Medium maturing
Late maturing

Late April
Mid-late April
Mid April

Late April
Late April
Mid April

Mid June
Mid June
Late May

ua
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Table 5. The effects of planting date and maize variety maturity period on seed
yield, germination percentages, and incidence of seed infection by fungi in the
Guinea savanna zone of Ghana.

Incidence of seed infection (%) by:
Maize Seed Seed
variety Planting yield germi Fusarium Aspercillus AsPsrgiUue
maturity date (kg/ha) nation moniliforme flavas terreus

period (%)
(days)

90 Late May 1347.9 88.0 28.0 16.0 8.0

90 Mid June 1665.3 82.5 26.0 16.0 2.0

90 Late June 1795.6 75.5 28.0 24.0 5.0
90 Mid July 779.7 77.5 9.0 20.0 4.0
90 Late July 1063.1 62.0 19.0 21.0 7.0

105 Late May 1821.8 83.0 43.0 24.0 14.0
105 Mid June 1551.3 71.5 22.0 12.0 24.0

105 Late June 2312.5 73.0 29.0 31.0 10.0
105 Mid July 1093.7 75.5 11.0 75.0 22.0

105 Late July 1258.5 46.5 12.0 49.0 16.0

120 Late May 3922.1 77.3 30.0 25.0 4.0

120 Mid Jime 3417.8 66.0 11.0 18.0 4.0
120 Late June 1827.1 64.3 14.0 36.0 2.0
120 Mid July 2368.1 60.5 14.0 44.0 11.0

120 Late July 990.7 61.0 30.0 32.0 4.0

Mean 1881.0 70.5 21.5 29.2 8.9

LSD (0.05) 881.9 23.5 17.5 21.5 20.7

CV % 33.2 23.5 51.7 52.0 165.3
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Table 6. Effects of maize varietal maturity period on the
incidence of, and damage by, field-to-store insects in the
Guinea saveinna zone of Ghana.

Maize

variety
type

Incidence

of damaged
seeds (%)

90-day white dent 2.4
105-day white dent 3.9
120-day white dent 3.6

No. of insects per 200 seeds

Sitophilufl

zeamaia

Crypto- CarT>OT>-
lestea hilus

spp. spp.
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20. Pouvoir Pathogene et Mode d'Action de Macrophomlna phaaeolina
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RESUME

Macrophomina phaseolina provoque sur le niebe plusieurs types de
degats : fontes de semis, pourriture des racines et des tiges,
fletrissement en vegetation, alterations des gousses et des
graines et mort des plantes. Le champignon a une croissance tres
rapide et envahit tous les tissus des racines et des tiges, ainsi
que le revelent les coupes histologiques. Par ces coupes, on met
egalement en evidence la localisation des differents organes du
parasite, ainsi que les doiiimages subis par les cellules. Un
parallele est fait entre la manifestation exterieure des
symptomes et la progression du parasite dans les tissus.

ABSTRACT

Macrophomina phaseolina induces several symptoms in cowpea; these
include : seed, root and stem necrosis; seedling mortality; and
wilting and death of older plants. The fungus grows rapidly and
invades all root and stem tissues, as demonstrated by
histological studies which also facilitated a study of structures
formed by the parasite during host invasion as well as a study of
the damage done at cellular level to the host. A correlation was
established between the manifestation of external disease
symptoms and the progress of the parasite through the host plant
tissues.

INTRODUCTION

Macrophomina phaseolina (Tassi) Goid (Sphaeropsidales) est
aujoui'd'hui un des parasites les plus destructeurs du ni6b6 au
Niger. Depuis 1981, il a ete regulierement signale dans les
principales zones de production comprises entre les isohyetes 300
mm au nord et 700 mm au sud (ADAM, 1986).

La gravite des d6gats de ce champignon se traduit par
1'importance des pertes qu'il occasionne et la vaste gamme de
plantes cultivees qu'il colonise. Ainsi, des pertes atteignant
parfois 100% ont ete enregistrees en 1981, 1982, 1984 dans
plusieurs stations, d'abord sur le nieb6, puis sur I'arachide, le
sorgho, le sesame, I'oseille, etc... (ADAM, 1986).

191
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Sur le ni6b6, qui a 6te retenu pour cette 6tude, divers
symptdmes sont observes au champ chez les agriculteurs :
fontes de semis, fletrissement, pourriture des racines et des
tiges, pourriture s^che des gousses et des graines et finalement
mort de la plante (ADAM, 1986).

L'evolution des symptdmes a ete etudiee experimentalement
au champ, aprds inoculation artificielle.

Pour mettre en evidence le mode d'action parasitaire, nous
avons r6alis6 des inoculations artificielles in vitro et examine
des coupes histologiques de plantules infectees.

MATERIEL ET METHODES

Rtude dea avmptSmea au champ

Des graines de quatre variet^s de nieb6 (TN88-63, TN3-71, IT82E-
18, IT82E-60) ont et6 artificiellement inoculees par trempage
pendant 1 heure dans une suspension de sclerotes de tl.
phasftolina. Elles sont ensuite semees sur de petites parcelles
fortement infestees par des cultures repetees de niebe sensible
et contamin6.

Apres la levee, les plantules sont arrosees une fois par
semaine. Les symptomes sont enregistres et decrits durant tout le
cycle du developpement de la plante.

Etude in vitro du mode d'action

Des graines de la variete de ni6be TN88-63 sont d6sinfectees au
Mercryl Lauryle ; apres rinpage k I'eau distill6e sterile, elles
sont mises en germination sur eau gelosee ^ 2% en boltes de
P6tri.

Les plantules saines de 3 Jours sont repiqu6es en tube &
essais, de 3 cm de diam^tre et 16 cm de hauteur, contenant 20 &
40 ml de milieu glucose et g61os6 sterile de Murashige et Skoog
(1962, cit6s par BATCHO, 1981), sans phytohormones.

Quatre jours apr^s repiquage, quand les plantules sont
instances, on les inocule par depot d'un fragment mycelien
d'une culture de Macrophomina phageolina au pied de la plantule.

On arrdte 1'infestation par fixation aprds 0 heure
(t6moin), 24 heures, 48 heures, 72 heures, et 96 heures, de
contact entre le parasite et son h6te. La fixation est r6alisee a
la Navachine et la coloration & I'h^matoxyline.

'K-
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RESULTATS

nftBGriptlon dea avmptSmea flii champ

De nombreux types de symptSnies sont constates chronologiq.ueinent :

- T.fiR fnntftR fie semis ; ("charcoal rot") : les graines
ou lea plantules sont envahies et d6truites en un
temps record. Sur les plantules, la pourriture,
franchement noire, apparait le plus souvent au niveau
des cotyledons, puis tout I'hypocotyle s'affaisse et
la plantule meurt. Des scl^rotes et des pycnides
peuvent apparaltre sur la lesion, Ces fontes de semis
durent Jusqu'^ 2 ou 3 semaines apr6s le semis.

- T.fl pniirri t.nrPi Hrh racines: pVia.seolina infecte les
plantes par les racines qui sont d^truites
progressivement et qui noircissent.

- T.e fifttri Ftaement est un des 6ympt6mes_ le plus
caract^ristique : il commence par quelques folioles^
puis quelques branches et finalement se generalise a
toute la plante qui meurt dans les 4 6 5 Jours. Pendant
ce temps, les plantes voisines sont contaminees les unes
apres les autres et subiront le m§me sort.

- T.f=i pourriture cendr^e des tiges:("Ashy stem blight ):
elle fait suite au fletrissement ou apparait par endroit
sur la plante au niveau du collet ou des branchettes
terminales. Elle est parfois bien localisee sur les
points de ramifications puis se generalise. Elle est
typique sur les plantes &gees, entre la floraison et
la maturite. Generalement, de nombrexox sclerotes et
des pycnides proeminentes sont visibles sur les lesions.

- Affection des gousses et graines : lors de la
fructification, les gousses et les graines peuvent
etre envahies par les attaques tardives. Elles sont
alors gris noir, petites et tapissees de scierotes
et parfois de pycnides noires. tl- pbaaeolina envahit
done tous les organes aeriens, sauf les feuilles, sur
lesquels il provoque divers facies maladifs et des
degats considerables.

\indfi d^actlnn du paraaite in vitro :

Ce champignon etant tellurique (ROGER, 1953), nous^ avons
recherche les voies par lesquelles il atteint et contamine les
gousses et les graines, ainsi que les branchettes terminales.

Deux hypotheses peuvent etre formuiees a ce niveau :
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- Soit la contamination des gousses est realis6e par
contact direct avec le sol infeste ou par projections
sur ces organes de fragments de sol infeste ^
I'occasion des pluies.

- Soit le champignon evolue dans la plante» par voie
intercellulaire jusqu'a atteindre ces organes.

Nous avons examine cette seconde hypothese, <3.ul» en outre,
expliquerait le fletrissement progressif decrit ci-dessus,
resultat d'une probable invasion du systeme vasculaire.

Lorsque 1 inoculation se fait en meme temps que le repiquage
des plantules en tubes, la croissance du champignon est si rapide
qu'il envahit et detruit ces plantules avant leur installation.
En effet, tl. phassQlina emet ses premiers filaments myceliens
entre 6 et 10 heures apres inoculation et a une croissance tres
rapide entre 30 et 35®C.

Nous avons done laisse les plantules s'installer pendant 4
jours avant d'inoculer les tubes.

Au bout de 24 heures, le parasite est en pleine phase
vegetative, son mycelium est encore hyalin et couvre la surface
du milieu de culture. Les plantules ne manifestent aucun
symptoine. La coupe des tissus ne revdle pas la presence du
parasite.

Au bout de 48 heures d'inoculation, le mycelium amorce la
coloration noire caracteristique, avec formation des premiers
sclerotes. Les coupes histologiques indiquent un debut
d installation du champignon dans le parenchyme cortical, au
niveau des espaces intercellulaires.

Apres 72 heures d'inoculation, la plantule manifeste
nettement les symptomes : debut de pourriture des racines et du
collet, jaunissement ou fletrissement des feuilles. Les
differentes assises cellulaires sont atteintes, y compris la
zone mddullaire. Les sclerotes et le mycelium contribuent a
^carter les cellules et a endommager leur structure.

Au bout de 96 heures, le fletrissement atteint son maximum
et la plupart des plantules meurent. La tige montre le symptome
typique d Ashy stem blight", ainsi que de nombreux sclerotes et
des pycnides en surface. Les coupes histologiques montrent que le
parasite a atteint tous les tissus, les cellules sont degener6es
et videes de leur contenu. En plus du mycelium et des sclerotes,
les pycnides form^es ecartent fortement les tissus pour
apparaitre en surface. Une coupe de ces pycnides revele des
pycniospores caracteristiques du champignon : elles sont
unicellulaires et plus ou moins elliptiques.
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DISCUSSION

L'inoculation artificielle r§alisee pour cette 6tude a
permis de provoquer les symptomes decrits chez les agriculteurs,
done de bien confirmer la responsabilite de phasftolina dans
les d6g§ts enregistr6s.

La contamination des graines par 1'inoculum ou la culture de
eemences saines sur sol infeste suffisent a creer la maladie.

Des etudes anterieures (ADAM, 1986), avaient mis en
Evidence que les semences et le sol etaient les principales
sources d'inoculum de tl- phaaftnl i na •

Cela nous amene aux constats suivants :

Dans la plupart des pays producteurs de niebe, et 6
1'occasion des echanges de ressources g6netiques,
les semences de ni6b6 ne font pas I'objet de controle
particulier en vue de la detection des germes infectieux
qu'elles porteraient, et notamment I'inoculum de
phaseolina. II est done pr^visible, si des dispositions
ne sont pas prises, que ce champignon se propage,
travers les semences, dans toutes les zones de
production. Les zones sah^liennes semi-arides, en
particulier, lui offrent des conditions climatiques
tres favorables temperatures moyennes comprises entre
30 et 35®C, secheresse fr6quentes (ADAM, 1987). Ce sont
done des zones a haut risque (si elles ne sont pas
encore envahies).

- II a ete mis en evidence (ADAM, 1986) que les sols
agricoles du Niger hebergent les sclerotes de ce
parasite. Cet inoculum est fourni au sol par les
r^sidus d'hotes multiples. ADAM (1966) a aussi
demontre que les isolats de ces differents hotes ont
sensiblement la meme agressivite sur le niebe. On peut
done eraindre que ce champignon devienne rapidement
abondant et endemique dans toute zone infest^e ou les
conditions favorables sont r^unies car, les sclerotes,
principals forme de conservation de tl. phaRftol i na. ont
une grande longevite dans le sol (DHINGRA et SINCLAIR,
1978).

En ce qui concerne le mode d'action cellulaire de ce
champignon redoutable, les coupes hitologiques apportent une
vision complementaire ; en plus de la destruction des racines,
(DHINGRA et SINCLAIR, 1978), les fletrissements progressifs et
rapides observes sont aussi dxXs a 1'invasion de tous les tissus
des tiges, de la peripherie a la zone medulaire. Les cellules et
le systeme vasculaire sont detruits.

La progression du mycelium se fait en longueur et explique
au moins en partie la colonisation des pedoncules, des gousses et
des graines. Seuls les tissus foliaires semblent dpargnes pour
des raisons encore ineonnues.



196 Pnuvoip Pathog^ne et Mode d'Action de M. phAafiolina

Cette invasion intercellulaire (et m§me intracellulaire) des
tissus pourrait orienter la recherche de in6thodes de lutte vers
des fongicides syst6miques. De tels produits pourraient reprimer
I'inoculum eventuel des semences, celui venant du sol, et grflice A
des traitements p6riodiques, maltriser les infections
successives en v6g6tation.

CONCLUSION

Ce travail a permis de decrire les principales manifestations du
phflsenT ina sur le niebe dans les conditions du Niger. Cela

aiderait done a un diagnostic rapide de la maladie.

La contamination des semences suffit declencher la
maladie. Cette contamination est realisee naturellement dans les
champs. II est done urgent que les mesures soient prises en vue
de I'analyse et du contrSle des semences de ni6b6 destinies aux
producteurs et aux chercheurs, en vue de limiter ou 6viter la
propagation de tl. phflaeolina d'une zone a une autre d'un mSme
pays, d'un pays A un autre. Dans la pratique, cela est 6videmment
tres difficile.

La mise au point de fongicides systemiques pourrait, a
court terme, constituer une solution pour neutraliser les
infections en cours de vegetation.
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21. Lutte Centre le Grand Capucin du Mais, Proatephanus
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RESUME

L'efficacite de quatre insecticides de formulation EC a 6t6
testae contre le grand capucin du mals et contre d'autres
parasites de stock dans les greniers traditionnels au Sud du
Togo. La matidre active Deltam^thrine (2 ppm) et le melange
Fenvalerate (7,5 ppm) + Fenitrothion (37,5 ppm) ont contrdl^
d'une facon satisfaisante pendant plus de 10 mois tout le spectre
de charancons. La problematique de I'estimation des pertes des
6pis de mals stock^s en spathe a 6te enti^rement discutee.

L'importance de la quantite de farine provenant des degats
s'est revelee &tre un indice sur pour 1'appreciation de
I'infestation du mais par le grand capucin. Une correlation
dtroite existe entre la quantity de la farine d'une part et la
perte en matiere seche, le nombre de truncatus et 1'ensemble
de charangons d'autre part. Les connaissances acquises en milieu
rural nous guideront dans les essais ult^rieurs.

ABSTRACT

The efficacies of EC formulations of four insecticides against
Proatephanue truncatus and som6 storage insect pests in the
traditional granaries of Southern Togo were tested. The
traditional maize granaries were sprayed with the following
insecticides : permethrin (7.5 ppm), deltamethrin (2 PPm),
fenvalerate + fenithrotion (7.5 + 37.5 ppm), cyfluthrin +
fenithrotion (0.3 + 12 ppm). The results showed that deltamethrin
or fenvalerate + fenithrotion treatments gave satisfactory
control of the storage pests for 10 months. The problem of
assessing insect pest damage on stoi^ed maize cobs with husks is
discussed.

The proportion of flour lost due to insect pest damage
during storage was found to be reliable index of maize grain
damage by truncatus. There was a positive correlation between
the quantity of flour lost in storage, and the number of £
truncatus together with the maize weevil.
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INTRODUCTION

Le grand capucin du mals fProstephanus truncatus) fut d6couvert
en Janvier 1984 a Djagble (12 km au Nord-Est de Lom6), dans un
grenier de mals (Krall, 1984).

Au Sud du Togo, le mats est habituellement conserv6 en
spathe et en couches superposees sur une plate-forme en bois
couverte de paille. Ce type de grenier sert en m6me temps de
plates-formes de sechage aux 6pis de mals dont la teneur en eau
des grains se situe g^n^ralement entre 25 et 30 % au moment de la
conservation,

truncatus se multiplie plus rapidement dans le mals en
spathe que dans le mals 6grene (Cowley £i ai., 1980). Ce parasite
traverse facilement les spathes de mals qui constituent
g^neralement un rampart solide pour I'attaque des autres
parasites de stock comme Sitophilus sp, Les pertes causees par P.
truncatus dans les greniers traditionnels sont estimees d 45 /U
environ apres 8 mois de conservation (Pantenius et Schulz, 1986),

L'adoption de nouvelles m6thodes de conservation de mals
telles que le stockage du mals-grain ensache avec traitement
insecticide par les paysans se d^veloppe trds timidement pour
les raisons suivantes :

les greniers traditionnels representent un element
de prestige pour leur proprietaire ;

le despathage, I'egrenage et le traitement insecticide
constituent une besogne supplementaire ;

manque d'argent disponible pour I'achat de sacs ;

- accroissement du risque de vol ;

- augmentation dans certaines circonstances de
I'auto-consommation ;

- manque de magasins appropri^s pour le stockage du
mals-grain ;

difficultes de s6chage.

Toutes ces contraintes nous ont conduit 6tudier la
possibility d'application dans les greniers traditionnels des
insecticides de formulation EC pour lutter contre truncatus et
les autres parasites de stock.
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METHODS

Les essais ont ete menes entre octobre 1985 et septembre 1986 a
Gbonve chez un paysan. Les echantillons ont ete evalu68 au
laboratoire ^ Cacaveli.

Les insecticides testes sent :

5 % Fenvalerate + 25 % Fenitrothion ("Sumicombi")
7.5 ppm + 37,5 ppm

2.6 % Cyfluthrine + 100 % Fenitrothion
("Bayer FL 3393/3") - 0,3 pp + 12 ppm

25 % Permethrine ("Ambush") - 7,5 ppm

1,2 % Deltamethrine ("Decis") - 2»0 ppm.

Les doses d'application des produits ont 6t€ plus 61ev6es
que celles recommandees par les firmes car les produits appliques
sur les spathes n'entraient pas en contact direct avec les grains
; le risque de residus 61ev6s sur les grains de mals n'etait done
pas a craindre. Chaque traitement fut r^pete trois fois.

Les epis de mais (500 kg) ont ete traites avec 80 % de
bouillie insecticide de la variante correspondante puis disposes
en couches superpos^es dans chacun des quinze greniers
traditionnels de 1,5 m de diametre. Le reste de la bouillie
insecticide (20 %) fut applique sur la paroi externe de chaque
grenier dans lequel dix epis, marques et artificiellement
infestes de vingt adultes sexes de truncatua furent ensuite
introduits de la fagon suivante :

- deux a la base de la plate-forme,

- quatre dans les 56me et les 19eme couches de chaque
grenier comprenant 25 couches d'epis au total.
P. truncatus a un sex-ratio de 1/1.

Cent 6pis furent ensuite preleves de chaque grenier comme
6chantillon standard. Ces echantillons tout comme d'autres
Echantillons ulterieurs pour analyse ont ete preleves de la
couche superieure du grenier selon la m6thode d6crite par
Pantenius (1986).

Division de la surface de prelevement en quatre
secteurs

Subdivision des secteurs en sous-secteurs internes

et externes

Pr616vement de 15 et 10 6pis respectivement dans
les sous-secteurs externes et internes.
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Cette m^thode du poids des echantillons (PME) a I'avantage
de permettre la determination quantitative de la perte sans avoir
pour base le grain unitaire qu'on ne retrouve pas dans toute
infestation avanc^e de cet insecte. truncatua d6vore
generalement le grain entidrement en laissant un amas de farine
de telle sorte qu'on ne peut plus retrouver la silhouette des
grains, ce qui supprime toute possibility d'estimation de pertes
au moyen de methodes connues telles que :

M6thodes de comptage et du pesage (MCP) des grains
(Anon, 1969) ;
Methods du poids volumique standard (MPVS) des
grains, d'aprds Adams et Schulten (1978) ;
Methods du poids de mille grains (MPMG), d'apr^s
Proctor et Rowley (1983).

Le premier preievement d'echantillon a ete fait trois mois
aprds I'installation de I'essai, les suivants mensuellement.
Chaque 6chantillon de 100 epis a ete fiunigue au PH3 aussit6t
apres prelavement pour tuer les charancons, puis aprds le
despathage et I'egrenage des epis sont effectues, la farine et
les charanQons sont tamises (a I'aide des tamis a mailles de 1 et
3 mm), Les grains et la farine ont ete ensuite peses, et la
portion de farine estimee en pourcentage du poids total initial,
les oharangons denombres par especes.

La teneur en eau des grains a ete mesuree avec un
humidimetre (Pfeuffer HOH-Express Type HE 30). L'ecart-type et la
moyenne ont 6te calcuies a partir des trois repetitions de chaque
variante. Nous avons determine les pertes en poids par les
methodes de la pesee des echantillons (Pantenius C.U. et Schulz
F.A. 1986; Pantenius, 1987) et de la determination de la
proportion de farine.

RESULTATS

Le pourcentage de farine en debut de conservation etait nul car
aucune attaque au champ des epis en spathes par £. truncatus n'a
encore ete signaiee au Togo et les pertes occasionnees au champ
par les autres charanQons et esp^ces de lepidopteres ont ete
negligeables.

Perte en poldg sec

La perte en poids estimee selon la methode de la pesee des
echantillons a donne les resultats suivants:
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Fig. 1. Production de farine pendant le stockage

4 4 Fenvalerate + Fenltrothion
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Tableau 1. Evolution de la perte en poids eec {%)
(moyenne de trois repetitions).

Intervalle entre pr^ldvement et
Traitement traitement (mois)

4 7 10

T6moin 10 + 16 31 ± 18 47 + 7

Fenvalerate +
Fenitrothion 1 ± 17 9 ± 8 18 ± 9

Cyfluthrine +
Fenitrothion 3 ± 9 22 ± 2 34 + 4

Permethrine 3 ± 7 24 ± 9 36 ± 8

Deltamethrine 2 + 9 12 ± 5 12 ± 11

En modifiant la m^thode de Pant6nius (1987), la perte en
poids a ete calcul6e selon la formule suivante ;

100 (Poids ^chantillon grnin > x ICQ)
(Poids echantillon standard)

D'apres cette formule, la portion de farine a 6t6 consid6r6e
comma une perte.

Portion de fflHnft

Evolution de la portion de la farine : voir Fig. 1

A dix mois de conservation, tous les traitements ont et6
nettement diff^rents du T6moin. En outre, une difference
significative a et6 constatee entre les traitements Cyfluthrine +
Fenitrothion et Perm6thrine d'une part, et les traitements
Deltam6thrine et le melange Fenvalerate + Fenitrothion d'autre
part. Par contre entre Cyfluthrine + Fenitrothion et Perm6thrine
ou entre Deltamethrine et Fenvalerate + Fenitrothion il n'y a eu
aucune difference significative.
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Wnmbre de P- truncatua

Tableau 2. D^veloppement de la populatiion de truncatua
(imago8/100 epis, moyennes de 3 repetitions).

Traitement

Intervalle de temps entre le traitement
et le prelevement (Mois)

4 7 10

Temoin 3491 ± 1002 9199 + 1302 4073 ± 2210cd

Fenvalerate +
Fenitrothion 46 ± 35a 191 ± 21a 905 ± 203a

Cyfluthrine +
Fenitrothion 246 ± 178a 4679 ± 1302 4612 ± 631bc

Permethrine 596 ± 5d9a 2364 ± 624 3252 ± 832bd

Deltamethrine 19 ± 17a 47 ± 16a 22 ± 12a

Les chiffres suivis d'un(
significatifs d P < 0,05,

203

La population de 2^ truncatua dans les greniers t6moins a 6t6 la
plus elevee entre les 5eme et Seme mois, puis a rapidement d^cru,
probablement par manque de nourriture. Le d6veloppement de la
population du trungatus dans les divers traitements a 6t€ par
contre tr6s lent : le nombre de truncatua a peu progress^
jusqu'd la fin de I'essai (traitements Cyfluthrine + Fenitrothion
et Perm^thrine) ou est rest6 presque constamment 6 un niveau bas
(traitement Fenvalerate + Fenitrothion) ou extrSmement bas
(traitement Deltam^thrine). Le coefficient de correlation entre
le nombre de 2^ truncatua et la quantity de farine (pour un
pourcentage de farine entre 0,1 et 15 % 6tait de 0,86. La
population de truncatus a brusquement d6clin6 pour les valeurs
de portion de farine sup^rieures 15 %,

Tous les quatre traitements ont 6t6 efficaces et
statistiquement diff6rents du t6moin au 76me mois de
conservation. La variante Cyfluthrine + Fenitrothion 6tait le
moins efficace, les autres traitements Deltam6thrlne et
Fenvalerate + Fenitrothion - les plus efficaces. Aprds 10 mois de
stockage, les traitements Fenvalerate + Fenitrothion et
Deltam6thrine avaient des differences significatives par rapport
au temoin et aux traitements Cyfluthrine + Fenitrothion et
Permethrine (decroissement de la population du temoin).
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Nombre de charancons : leur infestation a naturelle

Tableau 3. D^veloppement de la population totale des charangons
(imagos/lOO 6pis, moyennes de 3 repetitions).

Traitement

T^moin

Fenvalerate +
Fenitrothion

Cyflut>irine +
Fenitrothion

Permethrine

Deltamethrine

Intervalle de temps entre le traitement
et le pr61dvement (mois)

10

5267 ± 1417 11917 ± 1387 12125 + 6262a

2661 ± 1404a 2538 + 599b 5978 + 1930a

2405 ± 778a 7783 ± 1784a 12089 ± 1064a

3117 ± 1563a 6390 + 2399a 10640 ± 2746a

2896 ± 895a 1675 ± 270a 1810 ± 665a

Lee chiffres suivis d'une meme lettre ne sont pas
significatifs a P < 0,05.

Sur le t6moin le nombre maximum des charanpons a 6t6 enregistr^
Qu Qkme mois de conservation avec un taux d'accroissement
continu. Dans lea traitements Cyfluthrine + Fenitrothion et
Permethrine, la population totale des charangons a constamment
progresae du Seme mois de conservation jusqu'a la fin de I'essai.
Dans les traitements Fenvalerate + Fenitrothion et Deltamethrine,
la popnlution des charancons s'est maintenue a un niveau constant
pendant respectivement 9 et 10 mois. Le coefficient de
correJation entre le nombre total de charancons et la quantity de
farine 4tait de 0,97 (pour un pourcentage de farine situ6 entre
0,1 et 17 %); la population des parasites a rapidement decru pour
des valeurs de portion de farine superieures a 17 %.

Outre truncatus. les especes suivantes de charancons, par
ordre d'importance, 6taient responsables des pertes post-r6colte
: SltQPhllUS epp., Trlbolium spp., Palorus subdepressus.
Cathartug guadricollia et Carpophilus spp. (les premiers mois de
conservation), Crvptolestea spp. (vers la fin de la periode de
conmarvation).

Apr^s 4 et 7 mois de conservation, tous les traitements
6taient statistiquement diff^rents du t^moin. Au 7^me de
conservation, les variantes Fenvalerate + Fenitrothion et
Deltamethrine etaient significatifs par rapport axix traitements
Cyfluthrine + Fenitrothion et Permethrine. A 10 mois de
conservation seule la variante Deltamethrine etaient efficace.
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DISCUSSION

n6t.ftrminatinn des pertea

Les mdthodeB traditionnelles de determination de la perte en
poids (Harris et Linblad, 1978) est fondee sur la comparaison
d'un 6pi endommage par un parasite ^ un epi sain. Dans le cas de
p. •hT'iinoftttiH I'application de ces methodes donne des estimations
de pertes non representatives des degdts r^els A cause de la
particularite de ses dommages engendrant une destruction souvent
complete de l'6pi en cas d'une attaque s6v6re. La methode de
poids des 6chantillons pr6conis6e par Pantenius (1987),
consistant k comparer respectivement 100 6pis avec un
§chantillons standard externe, apparait theoriquement plus
prometteuse bien qu'elle ne manque pas de lacunes en pratique :

- enregistrement de pertes negatives
- fluctuation des donnees au sein des traitements

entrainant des valeurs elevees de I'ecart-type
- impossibility d'enregistrer un accroissement continu

des pertes pour une longue p^riode de stockage.

Les causes possibles, relatives a ces r6sultats sont entre
autres :

1, l'in6gale repartition des diff^rents calibres d'6pis
dans le grenier, ce qui rend 1'^chantillon de 100
6pis non representatif.

2, I'irr6guli6re infestation au sein du grenier ; les
donnees de pertes ainsi obtenues ne sont pas
representatives de 1'ensemble du grenier car le
pr616vement ne s'effectue que dans la couche
sup^rieure du grenier.

3, certaines erreurs subjectives telles que la
preference pour des epis grand ou petits lors
du pr61evement ; le pr616vement de 100 6pis
devrait gtre mieux standardise pour eviter de
telles erreurs.

Par consequent, la discussion sur I'ameiioration de la
methode de poids des echantillons par augmentation du nombre des
epis par preidvement et/ou par modification de la technique de
prei^vement reste ouverte.

Les methodes d'estimation des pertes dQes 6 truncatUB
consid^rent la quantite de farine issue des d6g&ts comme elements
de calculs, eiiminant ainsi, tout comme la methode du comptage et
de la pes6e, de potentielles sources d'erreur. En outre elle est
pratique, car les pertes ne sont plus calcuiees en fonction du
poids de la mati^re s6che, ce qui rend superflues les mesures de
la teneur en eau.
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La portion de farine reflete principalement les pertes
cauaees par truncatua- Cette portion done se situe en dessous
de la pert© totale qui cumule aussi les dSgSlts causes par
d'autres parasites, la farine coneomm6e et la farine non
recueillies lors des pr616vements des echantillons pour le mala
en spathe.

La portion de farine, comme param^tre des pertes dues aiix
attaques par truncatus en spathe devrait servir selon nous de
base pour les essais ult6rieurs.

Efflcaclt^ dftfl produttfl teat^fl

Les r^sultats montrent que 1'application de la Deltamethrine ou
de Fenvalerate + Fenitrothion sur les epis en spathe dans les
greniers traditionnels aux doses indiquees maintient le mats,
pendant une periode de 10 mois dans un etat acceptable pour la
consommation humaine.

A partir du 7eme mois, la variante Deltamethrine s'est
av6r6e plus efficace que le melange. Les matieres actives
Permdthrine et Cyfluthrine + Fenitrothion ont ete jusqu'au 5eme
mois de conservation satisfaisants. Cependant leur application en
milieu rural dans le Sud Togo ne peut etre recommand6e que dans
des cas exceptionnels, car leur efficacit^ se degrade
significativement dans le temps. Les grains du t^moin (non
traite) etaient inconsommables et pouvaient tout au plus servir
comme aliment de b6tail.

Comme difficult6s inhSrentes ^ la vulgarisation de la
m6thode decrite on peut citer le manque d'appareils de traitement
et de recipients appropri6s de mesure pour la pulverisation ; en
outre les paysans eprouvent beaucoup de difficultes pour calculer
les doses, la concentration etc. Le concours des services
d'encadrement des paysans serait tres souhait^ pour rem^dier A
cette lacune.

Du point de vue toxicologique, la methode est relativement
s^curisante, car la mati^re active est surtout appliqu6e sur les
spathes et n'entre pas en contact direct avec les grains ; en cas
de surdosage done, aucun danger de residue n'est k craindre. La
m6thode decrite ne peut cependant pas pr6tendre dtre meilleure
aux traitements alternatifs tele que le stockage en sacs du mals
pr6alablement traits avec un insecticide en poudre,

L avantage de cette m6thode de pulverisation reside
cependant dans le fait que, concernant sp6cialement le Sud du
Togo, les structures de stockage traditionnelles peuvent Stre
maintenues, ce qui facilitera 1'acceptation de la methode par le
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groupe-cible. Dane un essai ult6rieur la technique d'applicatlon
sera simplifi6e (application de la solution insecticide sur les
6pis A I'aide d'un pinceau artisanal) afin d'adapter cette
m^thode au milieu rural.

Les essais ult6rieurs feront I'objet d'autres
publications.

REFERENCES

COWLEY, R.J., D.C. HOWARD and R.H. SMITH. 1980. The effect
of grain stability on damage caused by trunoatu.q
(Horn) and three other beetle pests of stored maize.
J. Stored Prod. Res., Vol. 16. pp. 75-78.

DUCUN, D.B. 1955. Multiple Range and Multiple F-Tests,
Biometrics 11, No. 1 (1955), 3.

HARRIS, K.L. and C.J. LINDBLAD. 1978. Postharvest Grain Loss
Assessment Methods, American Ass. of Cereal Chemists,
Grant AIB/ta-G- 1314, U.S.A.I.D.

KRALL, S. 1984. A nex threat to farm level maize storage in
West Africa: truncatus (Horn), (Col. Bostrichidae)
and zeamfllR (Motsch), (Col., Curculionidae) in Togo,
Acc. F. Publ. by Trop. Sci.

PANTENIUS, C.U. 1987. Verlustanalyse in kleinbaiierlichen
Maislagerungssystemen der Tropen, dargestellt am
Beispiel von Togo, Dissertation, Universtat Kiel,
(1987).



22, Importance de 1'Association Mil/Ni6b6 dans les Relations
entre Bruchldiua atrolineatus (Coleoptera bruchldae) et sa
Plante H6te Vlgna unguiculata (L.) Walp. dans un Agrosyst^me
Sah61ien au Niger.
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RESUME

Les travaux ont port6 sur I'effet de I'association du mil et du
ni6b6 sur 1'infestation des gousses du ni6h6 fVigna unguloulata
(L.) Walp) par Bruohidius atrolineatus pic. L'^tude de la
contamination des gousses par les pontes de B. atrolineatus
montre que: sous canopee dense, on ne note pas de difference
entre 1'infestation des gousses du ni6be associ6 au mil et celles
de la culture pure ; il en est de m^me pour le nombre moyen
d'oeufs par gousses. Sous une canopee moins importante, ces
resultats ne changent pas. Sous une canopee insignifiante (mil a
maturity) oix le niebe associe au mil est tout aussi expose que le
ni6b6 en culture pure, il n'y a guere de difference entre les
de\ix systdmes de culture pour ce qui concerne la contamination
des gousses par les pontes.

Par contre, 1'etude du d^veloppement larvaire de la bruche
montre une plus forte mortalite au cours du developpement de B.
atrolineatus dans la culture pure. Effectivement, si la ponte a
lieu sur les gousses form^es sous canopee peu importante ou
insignifiante, le taux d'emergence des bruches n'est pas
different de celui de la culture pure. Sous une canopee dense, le
taux d'emergence des bruches est plus eleve dans la culture
associee. L'association avec le mil cree done des conditions
favorables au bon developpement des bruches constituant ainsi un
grand inconvenient du systeme actuel de culture.

209
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ABSTRACT

The effect of millet/cowpea intercropping on infestation of
cowpea pods by Bruchidlua atrolineatua was studied. A study of
pod infestation by eggs of B. atrQlineatua showed that in dense
crop canopy, the incidence of egg-infested pods as well as the
average number of eggs per pod in cowpea intercropped with millet
were not significantly different from those in sole crop cowpea.
Similar results were obtained for different crop canopy regimes
(with respect to the above two insect egg characteristics)
including the canopy regime obtained after the millet crop had
been harvested, thereby exposing intercropped cowpea to ambient
conditions similar to those in pure stand cowpea.

In contrast, other results have revealed high bruchid larval
mortality in pure crop cowpea compared to any situation in
intercropped cowpea. Also the rate of bruchid larval emergence
was much higher in intercropped cowpea under dense canopy than in
sole crop cowpea. However, under less dense crop canopy, the rate
of bruchid larval emergence from infested pods of intercropped
cowpea was similar to that in sole crop cowpea. It appears,
therefore, that under dense crop canopy, intercropping cowpea
with millet, creates favourable conditions suitable for the
development of B. atrolinftfltnR.

INTRODUCTION

De nombreux travaux ont d6montr6 1'importance de l'h6t6rog6n6It6
de la v6g6tation sur la repartition des populations d'insectes
phytophages (Perrin, 1980 ; Altieri et Letourneau, 1982; Andow,
1982). Selon Kayumbo si ai. (1976), les populations de Ootheca
bennlQBeni et^ d'h^mipt^res Coreldae seraient beaucoup plus
faibles dans 1'association mals-ni^be que dans une monoculture de
ni6b6.

Des r^sultats analogues ont ete observes chez la bruche
Acanthoscelideg obtectua dans 1'association mals-haricot par
Labeyrie et Maison, (1954) ; et Parfait, (1986).

Plusieurs theories ont 6t6 avanc^es par ces auteurs pour
expliquer le fait que la plante recouverte 6tait moins attaqu6e
par les insectes phytophages.

Certains auteurs pensent que la canop6e dense form^e par la
plante recouvrante rendrait plus difficile la d6couverte de la
plante h6te en cr6ant une barri6re physique (Tahvanainen et
Root,1972; Feeny,1976; Ri8ch,1980) ou en cr6ant un masquage
chimique (Hill,1977 ; Uvah et Coaker,1984).
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Pour d'autres, la canopee dense en modifiant les
caract6ristiques microclimatiques pourrait perturber 1'activity
reproductrice des insectes phytophages (Andow,1982) ou servirait
de refuge aux entomophages augmentant ainsi le parasitisme au
niveau de la culture associee (Root,1973 ; Dempster et Coaker,
1974; Way,1977).

Au Niger, le niebe fVigna uncuiculata (L.) Walp.) est
cultiv6 surtout en association avec le mil (Eennifie^um
americanum). Cette association suscite un interet au niveau du
niebe ou on note de fortes attaques d'insectes de la famille des
Bruchidae, particulierement Bruchidius atrolineatus Pic. et
CallosobruchuR man.ul atiiR F.

Nous avons entrepris dans la presente etude une comparaison
de situation (en ce qui concerne la ponte et le developpement de
E- atrolineatus) dans deux systemes differents de cultures: I'un
de culture pure (niebe seul) et I'autre de culture associee
(nieb6/mil).

MATERIEL ET METHODES

Les etudes ont ete realisees de 1982 a 1984 dans une zone de
culture traditionnelle (mil/niebe) couvrant plus de 5 hectares et
8itu6e dans le campus universitaire de Niamey. Les terrains
experimentaux ont une superficie de 200 m^ (20 m x 10 m). La
variete de mil 3/4 HK, et la variete de niebe TNa8-63 ont ete
utilisees dans les deux types de cultures. En culture pure, les
poquets de niebe sont separes par des intervalles de un metre.
Dans les terrains de culture associee, I'ecart entre un poquet de
mil et un poquet de niebe voisin d'une meme rangee est de 0,50 m.

Les gousses sont numerotees des leur apparition au niveau
des poquets et leur contamination par les pontes de B-
atrolinoatua est suivie regulierement tous les quatre Jours
jusqu'a la recolte. D'autres param^tres tels que le parasitisme
par les cophages (Uscana lariophaga) et les entomophages
(Bruchooi'da vuilletj ). ou les orifices de sortie des bruches
adultes, sont 6galement notes. Le stade de maturation de la
gousse tel que defini par Alzouma et Huignard (1981), la longueur
de la gousse et le nombre de graines apparentes sont enregistr6s
aussi.
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RESULTATS ET DISCUSSIONS

Dee travaux ant6rieurs (Alzouma, 1981; Alzouma et Huignard, 1981)
ont montr§ que lee populations adultes (mfilee et femelles aptes A
se reproduire) de B. atpollneatus apparaissent dans les cultures
A la fin de la saison des pluies lorsque le ni6b6 commence &
fructifier. Durant la JournSe, les bruches se r6fugient dans les
6pis de mil dont elles consomment le pollen, mais d^s le d6but du
cr6puscule, les insectes voltigent vers les plants de ni6b6 au
niveau desquels les femelles d^posent leurs oeufs sur les gousses
en voie de maturation. Cette activity de ponte se poursuit
pendant toute la p6riode de formation et de maturation des
gousses, et au moment des r^coltes on peut constater que la
plupart des gousses portent d6J^ des trous d'Emergence de bruches
adultes.

Ktude dft In Gontaminatlpn dea gouaaes oar lea pontes
Hfi B. fltrollneatus

li'analyse globale des r^sultats obtenus en 1983 et 1984 (Tableau
1) au niveau des trois sites d'etude montre qu'il n'y a pas de
differences significatives en ce qui concerne les pontes entre la
culture pure et la culture associee. Les pourcentages de gousses
attaqu6es (gousses ayant recu des oeufs avant la r^colte) sont
trds 61ev6s (sup6rieurs a 80% et constants d'une ann6e & I'autre
et d'un site experimental a un autre). Toutefois, I'analyse de la
distribution des gousses en fonction du nombre d'oeufs qu'elles
recoivent au niveau de chaque poquet, fait ressortir une certaine
variabilite. Les premieres gousses form6es eont les plus
contaminees et elles re^oivent plus d'oeufs i la r6colte que les
gousses form^es plus tardivement.

Tableau 1. Ponte de B- atrolineatua dans lee terrains
exp^rimentaux en 1983 (1) et 1984 (2-3) en culture aesociSe
((^i) et en culture pure (CJP). Valeurs non significatives
a P 0.05 1 ddl (3,8).

Terrains

Nombre de

gousses

etudi6es

Nombre de

gousses

attaqu6es(%) Test X2

Nombre
d'oeufs

Nombre
d'oeufs/
gousses

attaqudes

CA (1)
CP (1)

276

786

230 (83,3)
615 (78,2)

0,67 1.935

6,172
8,4

10,03

CA (2)
CP (2)

413

1.081

336 (81,4)
996 (92,0)

0,94 2.433

8.013

7,2
8,05

CA (3)
CP (3)

630

1.979

560 (89,0)
1,846 (93,3)

0,33 4,519
11.384

8,06
6,16
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AnAlvflfi dea pontea de B. atrollneatua dans la culture aaaoGl^e

ftn fnnGtlQn de I'^volution de la canop^e de feuilles de mil

Nous avons distingue trois periodes.

a) Une p6riode A (31 AoOt au 9 Septembre), durant
laquelle le ni^b6 se trouve sous une canop6e dense
de feuilles de mil, la luminosity y est suppos6e
plus faible et les variations thermiques plus
amorties.

b) Une p6riode B (9-21 Septembre), ou le mil commence
6 se d6ss6cher et la canop6e de feuilles de mil
devient moins importante au dessus du ni6b6.

c) Une p6riode C (21 Septembre au 8 Octobre), o\x la
situation devient identique dans les deux cultures.

Les r^sultats observes en culture associee sont compares di
ceux obtenus durant les m§mes periodes en culture pure.

Au cours de la periode A (Tableau 2), il n'apparait
pas de differences dans les deux types de cultures
tant en ce qui concerne le pourcentage de gousses
portant des oeufs (a la fin du stade 2) que le
nombre moyen d'oeufs sur les gousses. La comparaison
des pourcentages de gousses contaminees donne
un X2 < 3,8 non significatif a p 0,05 1 ddl. Pour
les nombres moyens, le test "t" donne des valeurs
non significatives egalement.

Tableau 2. Etude des pourcentages de gousses contaminees et du
nombre moyen d'oeufs par gousse dans les deux types de cultures
effectifs de gousses etudiees). (Resultats obtenus en 1983).

Gousses a la fin

du stade 2

(k)usses a la fin

du stade 4

Culture CXiltiu:^e
pure associee

n = 33 n = 87

(Xilture
pure

n = 336

Culture
associee

n = 84

Pourcentage

de gousses
contaminees

96 86 98,4 92

Valeurs du 0,86 NS 0,81 NS

Nombre moyen
d'oeufs par
gousse

attaqu^e

11,2+2,5 8,9±4,2 15.e+3,4 14,9+4,2

Valeur du test "t" 1,2 NS 0,7 NS
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Au cours de la p6riode B (Tableau 3), les valeurs
obtenues tant pour le test que pour le test "t" ne
sont pas significatives comme dans le cas de la p6riode
prec6dente.

Tableau 3. Etude des pourcentages de gousses contaminees et
du nombre moyen d'oeufs par gousse dans les deux types de
cultures (n = effectifs de gousses 6tudiees). CResultats
obtenus en 1983).

(Sousses A la fin Gousses a la fin
du stade 2 du stade 4

Culture (^Iture Culture CXilture
pure associ^e pure associ^e

n = 185 n = 83 n = 177 n = 73

Pourcentage
de gousses
contaminees

67.4 47 91,8 84,2

Valeur du X2 3,8 NS 0,11 NS

Nombre moyen
d'oeufs/gousse
attaqu^e

3.7±0,4 4,8±0,7 6,7±0.4 8,7+1,5

Valeur du test
•'t" 1,8 NS 0,9 NS

Au cours de la p^rlode C (Tableau 4), les pourcentages
de gousses contamin6es evoluent de la inline mani^re dans
les deux types de cultures. Mais des differences entre
les nombres moyens d'oeufs par gousse apparaissent aux
stades 2 et 4 de saturation des gousses. Ces
differences sont probablement dUes aux 6carts dans les
effectifs de gousses observ6es dans les deux types de
cultures, la production de gousses etant nettement plus
faible en culture associee dans nos conditions
experimentales.
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Tableau 4. Comparaison des pourcentages de gousses contamindes
(Test X®) et des nombres moyens d'oeufs par gouaae (test "t")
dans les deux types de cultures (n = effectifs de goussee
6tudi6e8). (R6sultats obtenus en 1983).

(Pousses de stade 2 Gousses de stade 4

Culture Culture
pure associ6e

n = 130 n = 30

CXilture Culture

pure associ6e
n = 123 n = 30

Pourcentage
de gousses
contamindes

31 22,3 68,2 86,6

Valeur du 0,15 NS 1,06 NS

Nombre moyen
d'oeufs/gousse

attaqu^e
1,6±2,3 4,1±1,2 5,5±2,4 0,6±0,3

Valeur du test
"t" 2,35 2,65

Ces r6sultats montrent que la presence de mil en floraison
et servant en plus de site refuge et de site alimentaire, n'a
aucune influence sur la d6couverte des gousses de ni6b6 par les
femelles pondeuses de B. atrolineatua. II est probable que les
bruches trba actives soient capables de se dissiper dans tous les
terrains environnants, quelle que soit la composition de la
biocenose.

Influence de la canopee des feuillea de mil aur le
rjevfiloppement de B. atrolineatua

L'analyse des facteurs de mortality susceptibles d'influencer le
d6veloppement de E. atrolineatus montre que les facteurs
climatiques semblent jouer un role preponderant bien que
difficile & quantifier, sur la mortality eiev^e qu'on observe au
cours du d^veloppement de B. atrnlineatus. Cette mortality tr6s
importante dans les deux types de cultures est ^j.gnificativement
plus 61ev6e en culture pure comme I'indique les r^sultats
observes au cours de trois ann^es d'6tude (Tableau 5).
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Table 5. Analyse des taux d'emergeiice des bzniches adultes
dans les deux types de cultures au cours des trols annees
successives (* : significatif a P 0,05).

Taux de survie
des bruches en

culture pure

Taux de survie

des bruches en
culture associee

Valeur du

1982

(terrains 1 et 2) 0,17 0,29 43,7*

1983

(terrains 3 et 4) 0,17 0,21 6,4*

1984
(terrains 7 et 8) 0,33 0,37 7,2*

Nous avons procede a une analyse comparative du
developpement de B- atrolineatus par periods comme dans le cas
des pontes. Les resultats obtenus au Tableau 6 montrent que :

Les gousses formees au debut (periods A) presentent un tatix
d'emergence plus eleve dans la culture associee que dans la
culture pure. En culture associee, la ponte et la premiere partie
du developpement ont lieu sous la canopee de mil et dans ces
conditions, la mortalite au cours du developpement est r^duite.
L'analyse des facteurs de mortalite a diff^rentes phases du
developpement montre que les variations observees ne sont pas
li^es au parasitisme des oophages et des parasites larvaires, ni
aux pertes d'oeufs par avortement des gousses.II semble que c'eet
essentiellement les differences entre les conditions
microclimatiques regnant dans les deux types de cultures qui
expliquent ces resultats.

Lorsque la ponte
tardivement, (periodes B et C),
plus significativement diff^rents dans
cultures.

a lieu sur des gousses formees plus
les taux d'^mergence ne sont

les deux types de
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Table 6. Comparaison des taux de parasitisme et des taux
d'emergence dcins les terrains 5 et 6 en fonction de la date de
formation des gousses (et de I'etat de la canopee de mil en culture
associee).

Date de formation

des gousses

Gousses A Gousses B Gousses C
(31/8 au 9/9) (11/9 au 21/9) (21/9 au 8/10)

Nombre de gousses
suivies 310

Nombre d'oeufs pondus 4.628

Frequence d'oeufs perdus
par avortement de gousses 0.04

Taux de parasitisme
du aux oophages 0,05

Taux de parasitisme
du a RriiGhocida sp. 0,04

Nombre d'adultes obtenus
et taux d'emergence des 697
adultes 0,15

B.

Nombre de gousses
suivies 93

Nombre d'oeufs pondus 1.268

Frequence d'oeufs perdus
par avortement de gousses 0,03

Taux de parasitisme
dO. aux oophages 0,07

Taux de parasitisme
da k Rruchocida sp. 0,04

Nombre d'adultes obtenus
et taux d'emergence 329
des adultes 0,26

170

978

0,02

0,05

0,06

166

0,17

104

356

0,04

0,06

0,04

76

0,21

135

566

0

0,10

0,04

175

0,31

33

311

0

0,10

0,06

91

0,29
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DISCUSSION ET CONCLUSION

Dans nos conditions d'etude et avec les variet^s utilis§es, il
n apparalt pas de differences en ce qui concerne les pontes
d6pos6es sur les gousses de niebd dans un syst^me de culture pure
ou dans la culture associee, bien que le mil au-dessus du ni6b6
semble attirer les adultes de B- atrol1neatn^. Le mil ne parait
pas non plus representer un obstacle particulier A B.atrolineatniR
pour d^couvrir les sites de pontes (gousses) et se disperser dans
les terrains voisins. Ces r^sultats different de ceux
qu observent Labeyrie et Maison (1954) chez Acanthoscelides
Qbtectus dans I'associatlon mals-haricot. Mais cette difference
peut s'expliquer par les modes d'activit6s assez diff6rents des
deux esp^ces de bruches. En effet, B. atro] ineatiia est un insecte
^ activity cr6pusculaire, et I'ombrage de la canopee ne doit pas
beaucoup 1 influencer. Par contre, A. Obtectus est beaucoup plus
actif lorsqu'il est place h la lumidre (Zachariae, 1958).

Par contre, dans nos conditions d'6tude, I'association
mil/Ni6be semble avoir un leger effet sur la mortality, qui est
moins eiev^e pendant la periode ou le mil recouvre le ni6b6.

La canopee de mil amortirait les variations de temperature
et cr^erait dans la culture associee un microclimat favorable ici
au ddveloppement des bruches, et non a la proliferation de
parasites comme cela a ete signale par ailleurs (Root, 1973).

Les resultats que nous avons obtenus au cours de ces trois
annees, en utilisant les memes varietes de mil et de niebe, et
les memes techniques culturales, montrent que I'associatlon
culturale peut se reveler ddfavorable pour le nieb6 d'un point de
vue agronomique a deux niveaux ;

Au point de vue des rendements en gousses (Wien et
Nanju, 1976 ; Marechal, 1985 ; Alaouma, 1987)

- Au niveau des pertes dQes aux bruches puisque la
canopee dense du mil cree un microclimat favorable
A un meilleur developpement larvaire des bruches.
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ABSTRACT

Damage caused by the cowpea storage beetle, Callosobruchus
mar\]latu3 (F.), to threshed and unthreshed seeds of eight cowpea
varieties (Ife Brown, IT82D-524-1, IT82D-600-5, IT81D-1137,
IT82D-703, VITA-7, IT82D-716, and TVu 2027) stored for 3 months
was determined. Unthreshed seeds of all varieties were less
damaged by maculatua than threshed ones. Among the threshed
seeds, damage caused by the bruchid was highest in Ife Brown and
lowest in IT82D-716 and TVu 2027. When the seeds were stored in
pods, Ife Brown had the highest damage, while the lowest was
observed in IT82D-524-1, IT82D-600-5 and VITA-7; pod walls of
these three varieties were tougher than those of the other
varieties.

RESUME

Les degats causes par les col^opteres des stocks de ni^b^,
Hal Infsnbriinhus maculatus (F), aux recoltes decortiquees et non
decortiquees de huit varietes de niebe (Ife Brown, IT 82D-524-1,
IT82D-600-5, IT 81D-1137, IT82D-703, VITA-7, IT82D-716, et TVu
2027) conservees pendant 3 mois ont ete lvalues. Les recoltes
non-decortiqu6es de toutes les varietes ont subi peu de deg&ts de
la part de C- maoulatus que celles decortiquees. Parmi les
r6colte decortiquees, les degats causes par les bruches etaient
les plus eleves au niveau de Ife Brown et les plus faibles au
niveau de IT82D-716 et TVu 2027. Lorsque les recoltes etaient
conservees avec leur gousses, Ife Broown presentait les deg&ts
les plus importants, alors que IT82D-524-1, IT82D-600-5 et VITA-7
enregistraient les deg§ts les plus faibles. Les enveloppes de ces
trols varietes etaient plus epaisses que celles des autres
varietes.
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INTRODUCTION

Cowpea forms a major component of many African diets due to its
high protein content. The crop is thus grown in many parts of
Africa where the seeds may be stored either in the threshed or
unthreshed form, depending on locality. The major problem the
peasant farmer faces in storing cowpea is damage caused to the
seeds by the cowpea storage beetle, Calloflnhninhns maculatua (F.)
(Coleoptera : Bruchidae) (Caswell, 1961 ; Booker, 1965). The
damage caused in storage could reach 100%, if the insect is not
controlled.

Application of insecticides has been the usual method of
controlling Q, maculatua in storage. Nevertheless, peasant
farmers, who produce the bulk of the crop, have no access to
insecticides or may be unwilling to use them due to several
factors, such as prohibitive cost of the insecticides and
farmers' lack of knowledge of application skills (Taylor and
Webley, 1979). In view of these constraints, several cowpea
varieties which require no insecticide for storage, because they
possess physical and chemical properties that render them
resistant to attack by Q. maculatua. have been developed by plant
breeders; such properties include tough pod wall and high level
of trypsin inhibitor in the seed (Gatehouse oi, &X. * 1979;
Caswell, 1984). This study was conducted to evaluate the
resistance of seed and pod wall of some cowpea varieties to
attack by ^ maculatna.

MATERIALS AND METHODS

Dry pods of Ife Brown (susceptible seed check), IT82D-524-1,
IT82D-600-5, IT81D-1137, IT82D-703, VITA-7, IT82D-716, and TVu
2027 (resistant seed check) were fumigated with phostoxin tablet
for 3 days in an air tight metal drum. The fumigated pods were
aerated to remove the phosphine gas, and conditioned to the
laboratory environment (temperature, 21-29®C; relative humidity,
63-84%) for 30 days. Samples of the pods were taken from each
variety and threshed, while the hardness of pod wall was
determined with a penetrometer (Owusu-Akyaw, 1987). Moisture
content of the seeds and of the pod wall of the varieties ranged
from 11.1-11.5% and 7.3-8.0%, respectively.

Five hundred grams of the threshed seeds of each variety
were put into a 750-ml kilner jar. Two pairs (two males and two
females) of 0- to 1-day-old adult maculat.nff were introduced
into each jar which was then covered with a lid lined with a
nylon cloth consisting of 400 square holes/cm^. The jars were
arranged on shelves in the laboratory which had been disinfested
with Kelthane^ MF (an acaricide).

One kilogram of the pods of each variety was put into a
calico bag. Fifty pairs of 0- to 1-day-old adult maculatug
were introduced into each bag, the open end of which was then
tied with a twine. The bags were arranged on shelves in the
laboratory disinfested as described above.
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RESULTS AND DISCUSSION

Figure la shows the damage caused by maculatua to threshed
seeds, and to seeds in pods (unthreshed seeds) of the test
varieties stored for three months. For each variety, the bruchid
caused much greater damage to threshed seeds than to those in
pods.

Among the threshed seeds, the highest damage occurred in Ife
Brown, while IT82D-716 and TVu 2027 sustained the lowest damage.
These results agree with those of Singh (1977) who reported that
Ife Brown was highly susceptible, while TVu 2027 was resistant to
damage by maculatus. Gatehouse ai al. , (1979) attributed the
bruchid resistance in seeds of TVu 2027 to their relatively high
levels of trypsin inhibitor which retards bruchid development;
Ife Brown seeds contain low levels of the inhibitor. Thus, it
appears that the low damage caused by C. maculatus to seeds of
IT82D-716 (which was developed using TVu 2027 as a donor parent)
was probably due to their high content of trypsin inhibitor which
adversely affected development of the insect.

In the case of seeds in pods, the highest damage was again
observed in Ife Brown. However, seeds of IT82D-524-1, IT82D-600-
5, and VITA-7 (the threshed seeds of which were highly damaged by
the insect) were virtually not damaged when stored in pods. Data
from the penetrometer measurements indicated that IT82D-524~1,
IT82D-600-5, and VITA-7 had tougher pod walls than any of the
other varieties (Figure la). In addition, pod wall toughness was
negatively and significantly (P = 0.01) correlated (r^ = -0,74)
with percentage of damaged seeds stored in pods. The lower damage
caused by maculatus to unthreshed seeds of the varieties with
tougher pod wall could be attributed to the fact that tough pod
wall creates a barrier which prevents damage by the insect to the
seeds inside the pods (Caswell, 1984). The lower level of pod
shattering in IT82D-524-1, IT82D-600-5 and VITA-7 than in Ife
Brown (Figure lb) would complement pod wall resistance to bruchid
damage in these three varieties of cowpea.

In the present study, resistance to maculatus was
detected eithei" in the seed or on the pod wall. Therefore, in
developing bruchid-resistant varieties a conscious effort should
be made to combine both forms of resistance into one cultivar.
Cowpea varieties with both characters would probably possess
multiple resistance against several biotypes of iL. maculatus.
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ABSTRACT

Entomological research by maize scientists at IITA is divided
among three major groups of peats, namely maize stem borers
(Sesamia calamiatia and Eldana saccharina^. maize storage pests
(principally Stitophilus spp.) and Cicadulina spp. leafhopper
vectors of viruses.

Efforts are devoted to: (1) studying the biology,
population dynamics and insect pest-host plant interactions, (2)
development of mass rearing methods, (3) development of
artificial infestation techniques and resistance scoring
procedures, and (4) screening and breeding for resistance.
Methods to rear stem borers have been improved and it is now
possible to produce 50,000 eggs of Sesamla or 300,000 eggs of
Eldana per week. Screening methods have been devised and sources
of resistance to both stem borers have been identified. Studies
on comparative methods to assess for resistance to Sitophilus
weevils are underway. Screening of IITA maize varieties has shown
genetic diversity for susceptibility/resistance to weevils. Mass
rearing of Cicadulina leafhoppers is carried out on a regular
basis to screen and breed for resistance to maize streak virus
(MSV) and maize mottle/chlorotic stunt virus (MMCSV). Recent
work at IITA on the above aspects is summarized and prospects for
the development of maize varieties with resistance to insects are
discussed.

RESUME

La recherche entomologique menee par les chercheurs de maXs a
I'lITA interesse trois principaux groupes d'insectes nuisibles,
notamment les foreuses de la tige (Sesami a rial ami wti s et El dftna
saccharina). les insectes nuisibles de stockage (principalement
Stitophilus spp.) et Cicadulina spp., cicadelles vecteurs des
virus.

Les efforts consacres : (1) a 1'etude de la biologie de la
dynamique de population et les interactions insectes nuisibles et
plante h6te, (2) a l'61aboration des m6thodes d'61evage en masse,
(3) a la mise au point de techniques d'infestation artificielle
et des procedures d'estimation de la resistance, et (4) au
criblage et k la selection pour la resistance. Les m^thodes

2?7
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d'elevage des foreuses de la tige ont ete ameliorees et il est
possible presentement de produire 50.000 oeufs de Sesamia ou
300.000 oeufs d'Eldana par semaine. Les methodes de criblage ont
ete examinees et des sources de resistance aux deux foreuses de
la tige ont ete identifiees. Des etudes sur les methodes
comparatives pour evaluer la resistance aux charangons Sitnphilus
sont en cours. Le criblage des varietes de mals de I'lITA a
montre une diversite genetique pour la sensibilite/resistance aux
charangons. L'elevage en masse des cicadelles a ete realise sur
une bonne base en vue de cribler et de selectionner pour la
resistance au virus du streak du mals (MSV) et le virus
tachete/chlorotique du mals (MMCSV). Un recent travail mene ^
I'lITA sur les aspects ci-dessus mentionnes est resume et des
perspectives pour la mise au point de varietes de mais ayant une
resistance aux insectes ont ete debattues.

INTRODUCTION

Insect pests are among the most important constraints to maize
production in Africa. Losses due to attack by insect pests in
Africa vary, both between years and between agro-ecological
zones, but they have been conservatively estimated at 15% of
total annual grain production. However, it is very likely that
with the intensification of maize production, pest problems will
increase in importance. Thus, it is necessary to intensify
entomological research to facilitate better and more efficient
means of insect pest control.

The Maize Research Program of IITA has had an entomological
component since early 1970's when the Program started. At
present, priority is given to studies on the biology of insect
pests and on breeding for resistance to these pests, especially
as host plant resistance is regarded as the key component of an
integrated pest management program. However, other methods of
control (cultural, biological, and chemical) are also important
and national programs could play a role in their development.

Entomological research by maize scientists at IITA is
divided among three major pest groups, namely maize stem borers
fSesamia calamistls Hmps and Eldana saccharina Walker) ; maize
storage pests, chiefly Sitophilua spp. ; and leafhopper
fCicadulina spp.) vectors of viruses. Efforts are devoted to :
(1) studying the biology, population dynamics and insect pest-
host plant interactions; (2) development of mass rearing methods;
(3) development of artificial infestation techniques and
resistance scoring procedures; and (4) screening and breeding for
resistance.
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SUMMARY OF WORK DONE TO DATE

The severity and nature of stem borer damage depends upon the
borer species, the plant growth stage, the number of larvae
feeding on the plant, and the plant's reaction to borer feeding.
Almost all plant parts (leaves, stem, tassel, and ears) are
attacked. Crop losses may result from death of the growing point
(dead hearts), early leaf senescence, reduced translocation,
lodging, and direct damage to the ears. Estimates of yield losses
caused by maize borers in Africa range from 10 to 100% (Usua,
1968).

In general, stem borers are far more abundant in second
season maize than in that of the first season. Some potential for
cultural and biological control of stem borers exists, but
resistant varieties have been suggested as the most promising
means of control (Bowden, 1976 ; Girling, 1980).

IITA's research on maize borers has largely been confined to
S. and El., aaccharina. the predominant species in the
forest zone of West Africa. Screening for borer resistance was
earlier done under natural infestations, but at present all
selections are done under artificial infestations (Bosque-Perez
fii al.. 1989).

Mass rearing of borers is required to provide the insects
for infestations. Methods to rear stem borers in the laboratory
have been improved and at the peak of the production cycle, it is
possible to produce 50,000 and 300,000 Sesamia and Eldana.
respectively, per week.

Sesamia calamistia infests maize plants at early stages of
development. To screen for resistance to this insect, plants are
infested 21 days after planting by placing egg masses at the
black-head-stage (one day before hatching) between the leaf
sheaths at the base of the plant. Plants are infested with 50 to
75 eggs, depending on their degree of inbreeding. Rating of
plants is done 14 days after infestation and at tasseling, using
a scale based on overall plant damage (Table 1).
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Table 1. Rating scale for Seaamia calamlatis based on overall
plant damage.

Rating Description

1 No visible leaf injury or small number of
pin holes on one or two leaves.

2 Small amount of shot-hole type lesions on
two or three leaves.

3 Shot hole injury on four or more leaves and
elongated lesions (2.5 cm) on two or three
leaves.

4 Four to five leaves with elongated lesions
(2.5 cm or more).

5 Broken mid ribs, elongated lesions on six or
more leaves, some tassel damage.

6 Severe leaf damage and/or broken tassel and
plant slightly stunted.

7 Stunted plant, top portion of the plant dead
or drying up, or stalk broken above the ear.

8 Plant broken midway between the ear and the
ground, or plant severely stunted and drying.

9 Dead heart or plant killed.

The development of screening methods and the selection of
Sesamia-reaiatant materials have been enhanced by the use of
resistant (T21 4) and susceptible (TZl 19) inbred lines as checks
; both lines were developed at IITA. Since 1986, a wide diversity
of germplasm has been screened for their reaction to infestation
by Seaamia. This includes the BR population of IITA (developed by
screening for Sftaamia under natural infestation) the CIMMYT MBR
(multiple borer resistant) population, a portion of the MIR
(maize inbred resistant) lines from Hawaii, and a wide range of
germplasm from North and South America resistant to other
species of maize stem borers. Sources of resistance haye
been found among all these germplasm groups, as well as within
other adapted tropical germplasm. Subsequently, three Sfifiamia-
resistant populations were formed. TZBR-Sesamia-1 was formed in
1987 using six sources of resistance CM 116, INV 575, Cateto
Assis Brazil RGS x IV, Cateto Grande Mil, Costeno Mag. 350, and
Cubano Cateto Ecuador 339) crossed to TZI 4. It is currently
undergoing 81 family selection for tropical adaptation and
Rfiflftmta resistance. TZBR-Sesamia-S was formed in 1986 using 29
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lines (mostly from the MBR population) crossed to TZI 4. Another
population (TZBR-Sesamia-2) was also formed in 1988 from 7 TZI
lines (TZI 4, 6, 8, 9, 10, 17 and 18) which had shown some
resistance to Seaamia. Since the source germplasm of T2BR-
Sesamia-2 was both tropically adapted and resistant to maize
streak virus, it is likely to produce useful varieties for
African farmers in a shorter period of time.

In contrast to Sesamia. Eldana begins to infest maize
plants around flowering time. Thus, artificial infestations are
done within one week after silking. A plant is infested by
placing 80-100 black-head-stage eggs behing the leaf sheaths at
the node below the ear. At maturity, the infested maize stalks
are split open and the percentage of the stalk damage below the
ear is estimated. The percentage of the grain damaged by borers
is evaluated using a 1-5 rating scale (1=0-5%; 2:^6-25% ; 3=26-
50%; 4=51-75% and 5=76-100% kernel damage). In addition, notes on
standard agronomic characters, including stalk breakage, are
made. Streak-susceptible germplasm with potential for resistance
to Eldana are evaluated as testcrosses to a tropically adapted,
streak resistant tester.

In 1985, 102 materials were screened as testcrosses with the
hybrid 8338-1 ; of the 50 that were furter tested in 1986/87, 14
were selected, backcrossed to the original introduction, and used
to form the TZBR-Eldana-1 population. This population is being
improved for adaptation and Eldana resistance by a modified form
of SI family testing. SI family testing normally has three
generations per cycle of selection, namely (1) formation of SI
families, (2) testing and selection of the best families, and (3)
recombination of selected families. Large numbers of SI lines
have been planted for screening but, since borer rearing
facilities are limited, only two replications are possible, while
some of the lines with poor agronomic characters are rejected
before artificial infestation. In order to improve the precision
of testing, the recombinaison generation (step 3 above) has been
modified slightly. Thus, whilst the initially selected SI lines
are being recombined, they are also rescreened for Kldana
resistance in a trial with three replicates. Reselection is then
conducted among SI lines pollinated by a mixture of pollen from
all the initially selected 81 lines. This selection procedure
will continue to be used to improve the TZBR-Eldana-1 population,
but future cycles will be conducted using higher selection
intensities.

Inbreds lines with tropical adaptation were screened for
Eldana resistance in 1987 and the best five (TZI 2, 10, 12, 15,
and ICAL 27) were recombined to form a synthetic (TZBR-Eldana-2).
Tropically-adapted, late-maturing, open-pollinated populations
were also screened for resistance in 1987 and three populations
(DMR-LSRW, La Posta and TZSR-W-1) were selected for further
testing. Existing SI lines from La Posta and DMR-LSRW were
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screened in 1988 and 15 and 33 superior lines, respectively, were
selected and recombined to form the TZBR-Eldana-3 population. SI
lines from TZSR-W-1 will be screened in 1989 and included in this
population. The availability of sources of resistance to Eldana
and the relatively high level of precision achieved in screening
trials indicate that rapid progress can be made in selection for
Eldana resistance.

Storage pestB

Many species of insects infest stored maize in Africa, and severe
losses are known to occur as a result of their attack (Dick,
1988). The most important species in West Africa are Sitophilua
zeamala Motschulsky, Prostephanus truncatua (Horn) and Mussidia
nigrivenella Rag.

At IITA, efforts have been concentrated on Sitophilua
weevils, while limited work has been carried out on Musaidia.
Proatephanua is present only in Benin and Togo and thus no work
on it can be conducted in Nigeria. However, IITA is planning
collaborative work on Proatephanua with the Overseas Development
Natural Resources Institute (ODNRI) in the U.K.

Work on Sitophilua weevils includes studies on comparative
methods to assess resistance ; screening IITA maize varieties,
hybrids and inbred lines for their reaction to weevils ; and on-
farm storage trials. The latter are conducted in collaboration
with IITA's Resource and Crop Management Program.

Collaborative work, on screening methods and the effect of
husk cover on weevil infestations, is also underway with
scientists from the Republic of Benin. A good husk cover is a
key factor in reducing infestations and damage. Pericarp hardness
and chemical composition of the endosperm are also known to
affect the degree of resistance. Screening of IITA's maize
varieties has shown genetic diversity for
susceptibility/resistance to weevils (Table 2). Degree of
flintiness is negatively correlated with numbers of weevils
(Table 3).
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Table 2. Number of F1 Sttophtlua weevils emerging, index of
susceptibility, and grain texture of 10 varieties of maize
tested under artificial infestation at Ibadan in 1988.

Number of Index of Grain

Variety F1 weevils suscepti-y texture"^

bility^

IK(1)B149-SR 143 12.3 3.8

Acr.86 TZUT-SR-W 133 12.2 3.2

TZPB-SR 123 11.9 3.7

EV8443-SR 113 11.7 3.7

Acr.85 TZSR-W-1 111 11.4 2.3

EV 8444-SR 103 11.2 3.3

DMR-LSR-Y 90 11.0 1.8

TZ Syn.6 89 11.0 2.2

8321-18 83 10.7 1.5

Pop.25-SR 81 10.6 2.0

F Prob. 0.01 0.03 <0.001

LSD 36.7 1.3 0.99

CV 19.6 6.7 22.3

*: Index of susceptibility = [(logeF)D]100, where
F = number F1 weevils and D = median development period.

Scale of 1-5, 1 = flint ; 5 = dent.

Table 3. Correlation matrix of number of F1 weevils, median
development period (MDP), index of susceptibility, and grain
texture of 24 maize varieties tested under laboratory
conditions in Ibadan in 1988.

No. weevils MDP Index

No. weevils - - -

MDP -.46* - -

Index .93 -.74** -

Texture .49* -.18 .45*

* : significant highly significant,
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Screening is done under laboratory conditions using
artificial infestations. SitophilnA weevils are reared in the
laboratory on a continuous basis. Maize materials for evaluation
on a given test are grown together in a field trial, to avoid
variability due to growing conditions. Seeds or cobs are frozen
for a week to eliminate insects coming from the field. Seeds are
infested at moisture content of 12-13%. Samples of grain (50g) of
each test material are placed in small glass jars and 50 unsexed
weevils added to each jar for a 10-day oviposition period, after
which the weevils are removed. Evaluations are also done by
placing four cobs in a cloth bag, and infesting with 100 weevils
for 10 days. Emerging weevils are counted and removed. All tests
are replicated two to four times. The relative level of
resistance/susceptibility is assessed using the number of F1
weevils emerging and the median development period (MDP),
estimated as the time from the middle of the oviposition period
to the emergence of 50% of the F1 generation. An index of
susceptibility is then estimated using the formula (LogeF)/D)
100, where F = number of F1 weevils and D = MDP (Dobi 1974). The
higher the index the more susceptible the variety. Grain loss is
determined using the formula [(UNd) - CDNu)A'(Nd + Nu)]100, where
U and Nu are the weight and number of undamaged grains,
respectively, and D and Nd the weight and number of damaged
grains, respectively.

This work v^ill be expanded to assess larger numbers of
materials and segregating generations and it is hoped that
progress can be made in this important area of research.

Insect vectors of maize

Cicadulltna spp. leafhoppers are the vectors of the two most
important viruses of maize in Africa : maize streak (MSV) and
maize mottle/chlorotic stunt (MMCS). Severe economic losses have
been reported in up to 20 African countries, when epidemics of
MSV occurred (Fajemisin, 1984). Several species of Cicadulina are
known to be vectors of these two viruses, but their relative
importance and distribution vary in different parts of Africa,

Techniques have been developed at IITA to mass rear 0.
trianffu]ft for the MSV resistance screening. These techniques have
been perfected over the years and it is possible to rear 200,000
leafhoppers and infest 50,000 plants per week at the peak of the
production cycle (Dabrowski, 1985). A complete description of the
methods to rear leafhoppers and recommendations on how to modify
these for the needs of national programs has been provided by
Dabrowski (1909).
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To maintain the quality of the colony at IITA, rearing of
Cicadullna leafhoppers is done on a regular basis, as are studies
on transmission efficiency. At present, emphasis is on the
biology and ecology of vectors in relation to virus epidemiology.
The grass sources of the viruses and the vectors are being
studied, as well as the dry season survival and the origin of new
virus infections in maize after the dry season. It is planned to
expand work on maize mottle to obtain a better understanding of
this virus and to incorporate high levels of tolerance to it in
all IITA breeding materials. The development of over 100
varieties of maize with resistance to MSV has been a great
success

nature. %
this is the right way to address a problem of this
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ABSTRACT

Field investigations of resistance in some cowpea cultivars to
thrips fMfigalurothriPs s.iostedti) were conducted at Kadawa in the
Nigerian Sudan savanna in 1986 and 1988. Flower buds, scars of
aborted reproductive organs, flowers, pods and thrips were
counted. A visual scale was used to assess thrips damage. Short
duration cultivars produced more flower buds, flowers and pods
earlier in the season than medium and long duration cultivars.
The number of flower buds was significantly and positively
correlated (r = 0.80) with pooled number of flowers and pods.
Thrips did not show consistent preference for any cowpea
cultivar, although thrips number was positively, but not
significantly, correlated (r = 0.24) with the damage score. There
was also a non-significant, positive correlation (r = 0.11)
between the number of thrips and the n\imber of aborted
reproductive organs. Two medium duration cultivars, Dan-Ilan (a
local variety) and TVx 3236 (an improved variety), had relatively
low percentage of aborded reproductive organs and were considered
to have some level of resistance or tolerance to thrips.
Production of a high niimber of flower buds, early maturity, and
adaptability to environment were important characteristics
associated with field resistance in cowpea to thrips.

RESUME

Des recherches au champ sur la resistance au niveau de certains
cultivars de ni6b6 aux thrips (Megalurnthrips ff.lostedtl) ont 6t6
menses di Kadawa dans la zone de savane Soudanienne du Nigeria en
1986 et 1988. Les bourgeons des fleurs, les traces d'organes
reproductifs abandonn^s, les fleurs, les gousses et les thrips
ont compt6s. Une 6chelle visuelle a utilis6e pour 6valuer
les d^g&ts causes par les thrips. Les cultivars d cycle court ont
produit plus de boutons floraux, des fleurs et des gousses que
les cultivars A cycle interm^diaire et long. Une correlation
significative et positive existait entre le nombre des boutons
floraux et le nombre total des fleurs et des gousses. Les thrips
n'ont pas montr6 une preference consistante pour un cultivar
quelconque de niebe, quoique la correlation entre le nombre des
thrips et I'ampleur des degfits soit positive (r = 0,24) mais pas
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significative. II existait 6galement une correlation non
significative, positive (r = 0,11) entre le nombre de thrips et
le nombre d'organes reproductifs avort6s. Deux cultivars ^ cycle
interm^diaire, Dan-Ilan (une variety locale) et TVx 3236 (une
vari6t6 amelior^e), avaient relativement un faible pourcentage
d'organes reproductifs avort^s et avaient quelque degre de
resistance ou de tolerance aux thrips. La production d'un nombre
61eve de bourgeons de fleurs, ^ maturite precoce, et
1 adaptabilite ^ 1 ecologie ont et6 les caracteristiques
importantes associ^es ^ la resistance du niebe aux thrips au
champ.

INTRODUCTION

Some field investigations on resistance in cowpea to insect pests
have been directed towards the detection of quantitative and
qualitative characters which would aid in breeding resistant
varieties. Perrin (1978) reported that the cultivar, TVu 946, had
little attack of Cydia ptvchnrA Meyr. in the field because it had
rapid maturity, non-vigorous growth and bore the pods above the
foliage. Ezueh and Taylor (1981) demonstrated a positive
relationship between damage by ptvchora and maturity time in
selected cowpea cultivars and concluded that cultivars with early
maturity, determinate growth and uniform pod ripening would
suffer the least damage by the insect in the field. Other
characters, such as oviposition preference of ptynhora, small
seededness, and antibiosis in cowpea cultivars were also
associated with resistance to the insect (Ezueh, 1981).

Thrips, MeffalurQthn£>a spp. , are common pests of cowpea
wherever it is grown in Nigeria. Of some five species recorded on
cowpea, 11. s.TQStedt3 Trybom is by far the most important (Ta'aana
1983). Okwakpam (1977) reported that flowers and pods were
damaged. Singh (1977) observed that both adults and nymphs
severely damaged young, developing flower buds which turned brown
and aborted. Although some cultivars, such as TVu 1509 and TVx
3236, possess some resistance to thrips (Singh. 1977 ; Ta'ama
1983), there is scanty information on the factors associated with
such resistance. This investigation was undertaken to identify
some of the characters associated with resistance to thrips in
cowpea.

MATERIALS AND METHODS

The experiments were conducted on the Institute's irrigation
Research Station farm at Kadawa (ll'' 80' N, 80 15' E) Kano State,
in the rainy seasons of 1986 and 1988. In 1986 ten (five short
duration, three medium duration and two long duration, cowpea
cultivars (Table I) were grown on five-row plots in four
replicates arranged in a randomized complete plot design. Each
plot measured 4m x 3.75 m and plots were separated from each
other by buffer zones (2 x 1.5 m). On 23 July, two seeds of each
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cultivar were handsown per hole at a spacing of 20 cm (intra-row)
and 75 cm (inter-row); later seedling were thinned to one/hill. A
pre-emergence herbicide, metolachlor + metobromuron (Galex), was
applied at 2 kg a.i./ha ; the plot subsequently received one
supplementary hoe weeding. Two cultivars (Dan-Ilan and TVx 3236)
with some level of resistance to thrips (S.A. Shoyinka, personal
communication) were used as checks. No insecticide was used.

In 1988, ten (four short duration, four medium duration and
two long duration) cultivars (Table 7) were also planted on 1
August on five row plots in three replicates. Other experimental
procedures were similar to those of 1986.

The parameters assessed included total number of each of the
following : flower buds, aborted flower buds, flowers, damaged
flowers, thrips, pods, and flowers damaged by Maruca testulalis.
To assess the number of reproductive organs, one stand of each
cultivar was gently pulled out from each plot at weekly
intervals, beginning from 2 September, i.e. 41 days after
planting (DAP) to 29 September (69 DAP) in 1986. In 1988,
sampling was from 21 September (50 DAP) to 28 September. Each
cowpea plant was put immediately in a labelled polythene bag and
taken to the laboratory. The flower buds, scars of aborted
reproductive organs, flowers, and pods were counted separately.
The percentage of flowers damaged by tL. testulalla was estimated
and was used to work out the number of flower buds destroyed by
this insect.

In 1986, the number of thrips was estimated in six flowers
randomly picked from each plot at weekly interval from 41 to 62
DAP. Immediately after picking, the flowers were put in labelled
vials containing 30% alcohol, taken to laboratory, dissected in
the alcohol and the thrips counted. Similar method was used in
1908 to estimate the number of thrips, except that six racemes
per plot were sampled. Damage to racemes by thrips was visually
rated using the method of Salifu (1984). Six racemes were
collected per plot and rated on a scale of 0-4, in which 0 = no
damage, and 4 = very severe damage. The score was subjected
directly to analysis of variance to evaluate differences among
cultivars.

RESULTS

The number of flower bud, flowers, and pod per cowpea plant
varied widely among the cultivars. AT 41 DAP in 1986, three short
duration cultivars (IT82E-60, IT04E-124 and IT82D-74) had
significantly (P = 0.05) higher number of flower buds than
cultivars with longer maturity periods (Table 1). IT82E-60 and
IT84-124 significantly (P = 0.05) aborted more flower buds,
although they produced more flowers, than the rest of the
cultivars. More thrips occurred on the short duration cultivars
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the other cultivars, although not all the
ignificant. Dan-Ilan and TVx 3236 had the
of aborted flower buds, indicating that they
of resistance or tolerance to thrips attack,
cultivars were just beginning to form flower
this stage, IT83S-818 and IT82D-699 appeared

susceptible short and long duration cultivars.

than on each of
differences were s

lowest percentage
possess some level
The long duration
buds at 41 DAP ; at
to be the most
respectively.

Table 1. Mean number of flower buds, thrips, flowers and pods on cowpea
cultivars at Kadawa 41 days after planting in 1986.

Cultivars*

Total flower
buds/plant

Abordted

flowers

buds/plant

Thrips/
6 flowers

Flowers/
plant

Pods/
plant

IT84E-60(s) 127.75+2,66 13.75±0.58 9.75±1. 53 2.,50 0.50

IT84E-124(s) 138.25±6.51 17.75±0.58 10.50+4. 04 3.,50 0.0

IT83s-818(s) 69.75+2.43 12.00±6.56 11.75±4. 51 0.,50 0.0

IT82D-714(3) 80.75±4.75 8.50±5.00 8.50±1. 15 0..50 0.0

Dan-Ilan(m) 61.5+8.46 5.00±3.00 4.50±2. 51 0..50 0.0

K-59(s) 56.0+6.23 5.57+1.53 7.75±1.,53 0..50 0.0

IT82D-699(m) 46.75+7.25 7.75±4.51 4.50±0. 58 0..0 0.0

TVx 3236(m) 60.25+3.12 2.50±0.58 2.75±1. 53 0..7b 0.0

lAR 72(1) 12.5±3.38 0.0±0 2.50+0, 58 0..0 0.0

lAR 180-4(1) 15.0±6.15 — 3.50±1.,06 0..0 0.0

LSD (P = 0.05) 15.31 5.72 4.34

*(s) Short duration (matiuf'ity time, 65-75 days)
(m) Mediiun duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days)

The data obtained at 48 DAP (Table 2) showed that the three
short duration cultivars produced significantly (P = 0.05) more
flower buds than medium and long duration cultivars. The medium
duration cultivar, IT82D-699, had the highest percentage of
aborted flower buds. The results showed that the varieties with
higher number of flower buds tended to produce more flowers and
pods (Tables 1 and 2); the positive correlation coefficient
between number of flower buds and pooled number of flowers and
pods being 0.80. The variation in number of thrips was not
associated with differences in maturity period of cultivars. The
number of thrips was positively, but non-significantly,
correlated (r = 0,11) with the number of aborted flower buds.
This indicates that the level of flower bud abortion may not
entirely depend on the niomber of thrips. For example, Dan-Ilan
(Table 2) had the highest number of thrips but comparatively low
percentage of aborted flower buds ; this suggests some inherent
ability of this cultivar to resist or tolerate thrips damage.
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Table 2. Mean number of flower buds, thripe, flowers and pods on cowpea
cultiviLrs at Kadawa 48 days after planting in 1986.

Total Aborted

flower flower Thrips Flowers/ Pods/ Flowers

Cultivars* buds/ buds/ 6 flowers plant plant + Pods

plant plant

IT82K-60(s)
IT84E-124(s)
IT83S-818(s)
IT82D 714(8)
Dan-Ilan (m)
K-59(s)
IT82D-699(m)
TVx 3236(m)
lAR 72 (1)
lAR 180-4(1)

201.25±21.88
183.0+20.87

161.50+19.43

197.50+28.52
128.75±8.38
131.25±3.57
87.75±1.38

135.25+22.73

13.50±4.25
44.75±4.50

LSD (P = 0.05) 45.25

34.00±7.00
33.75+1.53

33.00+12.12

21.75+7.09

18.75±8.50
32.00±9.54
24.7o±2.08
24.75±7.51
2.75±2.31
4.50±1.15

11.45

13.00±6.24
13.50±5.03
19.75±18.23
7.50±2.08
23.00±11.00
14.00±4.58
12.50±2.08
19.75±0.0
5.50±0.0

14.50±7.37

10.42

11.00±5.57
9.75±1.15
12.50+2.52

10.75+7.02

7.75±1.53
11.00±2.00
2.50±2.08
3.0±2.65
0.0±0.0
0.0+0.0

5.81

(s) Short duration (maturity time, 65-75 days)
(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days)

0.75±0.58
4.50±1.53
3.50±2.52
3.50±2.52
1.50±0.58
3.75±0.58
0.50±0.58
1.50±2.04
0.0+0.0

0.0+0.0

2.89

11.75
14.25

16.0

14.25
9.25

14.75
3.0
4.50

0.0
0.0

AT 55 PAP, two medium duration cultivars (Dan-Ilan and TVx 3236)
produced about the same number of flower buds, flowers, and pods
as most of the short duration cultivars (Table 3).

Table 3. Mean number of flower buds, thrips, flowers and pods on cowpea cultivars
55 days after planting at Kadawa in 1986.

Total Abordted

flower flower Thrips/ Flowers Pods/ Flowers
Cultivars* buds/ buds/ 6 flowers plant plant + Pods/

plant plant plant

IT82E-60(8)
IT84E-124(s)
IT83S-818(s)
IT82D 714(3)
E)an-Ilan(m)
K~59(m)
IT82D-699(m)
TVx 3236(m)
lAR 72(1)
lAR 180-4(1)

LSD (P =0.05)

277.0±37.66
186.04±35.74
307.5±9.13
187.59+9.43

223.25±21.03
163.25±19.04
160.25+19.36
220.50±34.58
91.0±2.20
58.0±4.42

68.88

63.0±21.40
75.25±6.70
71.75+3.30

69.75±21.98
40.5±2.38
74.74±24.64
72.50+29.47

41.60±11.62
52.75±14.17
32.00±1.63

25.10

33.75±5.57
45.50+5.69

31.0+6.07

33.25±7.82
43.25±8.87
35.0±8.89
32.50±7.27
66.75+15.6

47.25±9.87
28.50±6.18

25.77

* (s) Short duration (maturity time, 65-75 days)
(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time. 100-125 days)

20.5±13.87
10.5±1.29
24.00±8.68
13.0±1.83
23.5±1.29
8.0±6,38

7.5±3.51
16.75±4.99
1.75±2.06
0.0±0

9.12

7.5±6.95
19.25±1.26
14.0±4.08
20.6±i.29
10.75±2.63
13.75±6.70

7.5+5.80
13.25±4.99
0.0±0
0.0

6.8

28.0
29.75

38.0
33.5

34.25

21.75

15.0
30.0

1.75
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The percentage of flower bud abortion was, however, lowest
in Dan-Ilan and TVx 3236, despite their infestation by
comparatively high number of thripa.

At 62 DAP, some of the short duration cultivars had become
senescent. The long duration cultivars still had significantly (P
= 0.05) lower numbers of flower buds and aborted flowers than
other cultivars (Table 4). Dan-Ilan had significantly the highest
number of thrips. There was a decline in the number of flowers
carried by the short and medium duration cultivars.

Table 4. Mean number of flowers buds, thrips, flowers and pods on cowpea
cultivars at 62 days after planting at Kadawa in 1986.

Cultivars*

IT82E-60 (s)
IT82E-124(8)
IT83S-818(s)
IT82D-714(s)
Dan-Ilan(m)
K-59(s)
IT82I>-699(m)
TVx 3236(m)
lAR 72 (1)
lAR 180-4(1)

LSD (P=0.05)

Total
flower

buds/plant

339.75±30.56
224.0±23.24
278.50±14.05
340.75±28.51
330.0±30.23
332.0±7.14
308.25±9.04
376.50±47.41
150.25±19.25
131.0±4.97

72.70

Aborted
flower

buds/plant

280.25±39.06
120.5±27.77
234.5±13.40
223.0±49.08
265.0±28.96
239.5±12.18
289.5±9.88
217.25±20.56
100.±27.77
84.0±15.06

58.16

Thrips/
6 flowers

53.75±4.37
54.75±7.77
31.75+4.73
45.0±8.48
74.75±1.80
38.75+6.24
43.25±2.56
42.0±9.43
45.75±10.43
41.50±9.82

21.42

* (s) Short duration (maturity time, 65-75 days)
(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days)

Flowers/
plant

2.65±1.58
2.25±2.67
0.0±0
3.5±1.73
1.5±1.73
1.75±2.06
1.25±0.5
2.25±2.80
1.25±1.84
0.0±0

2.34

Pods/
plants

7.25±4.92
20.75±10.83
10.5±4.65
4.75+0.92

23.75±12.42
7.50±6.35
5.75±5.76

12.75±10.11
0.5±0.58
1.0±1.63

12.24

At 69 DAP, Dan-Ilan had significantly (P = 0.05) more flower
buds than any of the other cultivars (Table 5). Most of the short
duration cultivars had become so senescent that it was no longer
possible to count he scars of aborted flower buds. The long
duration cultivars had significantly (P=0.05) lower number of
pods than shorter duration cultivars. The number of thrips
declined on the short and medium duration cultivars except in lAR
180-4, probably because it bore some fresh flowers.
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Table 5. Mean number of flower buds, thrips, flowers and pods
on cowpea cultivars 69 days after planting at Kadawa in 1986.

Cultivars

Total

flower

buds/plant
Thrips/
6 flowers

Flowers/
plant

Pods

plant

IT82E-60(s)
IT84E-124(8)
IT83S-818(s)
IT82D-714(s)
Dan-Ilan(m)
K-59(s)
IT82D-699(ia)
TVx 3236(m)
lAR 72(1)
lAR 180-4(1)

33.0119.22
228.25+6.97

342.75±7.49
378.0±15.41
546.75±53.46
308.50±25.33
385.50+12.45

405.25±30.91
153.75±13.03
157.0±17.77

35.50±3.88
19.0±1.78
25.25±4.87
26.5±1.55
41.75±10.70
13.75±4.33
13.25±3.84
17.25±4.13
37.75±4.53
83.75±23.22

0.0
0.0

0.0

0.0

6.50
0.50

1.0

4.00

1.00

3.0

* (s) Short duration (maturity time, 65-75 days)
(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days)

15.0±4.16
14.75±1.11
10,75±2.02
23.25±4.87
32.75±4.87
15.0±2.16
12.0+2.27

29.50±3.01
1.50+0.65
1.0+0.41

In 1988, the rainfall was unusually heavy, resulting in
excessive moisture and retarded plant growth so that the first
sampling was taken 50 days after planting. Dan-Ilan had
significantly (P=0.05) the highest number of flower buds,
flowers, and pods (Table 6).

Table 6. Mean number of flower bus, thrips,
cultivars 50 days after planting at Kadawa in 1988,

flowers Qi'id pods on cowpea

Total Aborted Flowers
flower flower + Pods/ Flowers/ Pods/

Cultivars* buds/ buds/ plant plant plant
plant plant

KN-1 52.67+39.55 10.33±0.58 8.33+3.06 2.33+1.15 6.00±2.00
IT82K-32(8) 52.57+6.66 10.33+3.5 5.00±0.0 2.67+0.58 2.33+0.58
IT84E-124(s) 42.00±26.91 7.33+2.89 6.67±4.04 1.67±0.58 5.00±3.00
IT84S-2246-4(s) 31.33+5.03 8.33±2.52 5.57+0.58 3.67±0,58 2.00±1.00
Dan-Ilan(m) 94.67+54.00 11.00+6.89 13.67+3.55. 9.00±3.61 4.67+0.58
TVx 3236(m) 26.67±5.03 2.33+2.52 3.00+1.73 1.33±0.58 1.67±1.15
Sampea 7(m) 28.33±21.50 6.67±3,06 1.67±1.15 l.OOil.OO 0.67±0.58
IT82D-699(m) 18.33+5.46 5.33+0.58 2.00+1.00 0.67+0.58 1.33+0.58
lAR 72(1) 4.67+1.15 0.0±0.0 0.0±0 o.±o 0 ± 0
lAR 180-4 (1) 3.33+2.31 O.OiO.O 0.0±0 0 ±0 0 ± 0

LSD (P= 0.05) 38.84 5.89 3.52 2.27 2,19

(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days)
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The unusually high rainfall, and consequent waterlogging of
the soil, may have accounted for the lower flower and pod
production in other cultivars. The local-cultivar, Dan-Ilan,
apparently performed better than the other cultivars because of
its better adaptation to the environment. Like in 1986, Dan-Ilan
and TVx 3236 had low percentage of flower bud abortion (Table 6).
The flower buds and flowers were too few to permit assessment of
damage by thrips.

At 57 DAP, all short duration cultivars (KN-1, IT84E-32,
Dan-Ilan, and TVx 3236) had significantly (P = 0.05) more flower
buds than the long duration cultivars and two mediiim duration
cultivars, Sampea 7 and IT82D-699 (Table 7). The lowest
percentage of flower bud abortion was recorded from Dan-Ilan,
ITB4E-124, and TVx 3236, in that order. Dan-Ilan also
significantly (P = 0.05) produced the highest number of pods.
Although more thrips occurred on IT84S-2246-4 and lAR 72, the two
cultivars did not have the highest thrips damage score. Indeed,
there was a non-significant positive correlation (r = 0.24)
between thrips number and damage score.

Table 7. Mean number of flower buds, thrips, flowers, pods and thrips damage
score on cowpea cultivars at Kadawo 57 days after planting in 1988.

Total Aborded Thrips/
flower flower 6 racemes Flowers/ Pods/ Thrips

Cultivars buds/ buds/ +6 flowers plant plant damage

plant plant score

KN-l(s) 92.67+46.06 44.67±12.5 6.67+6.66 0 ± 0 4.00+2.65 1.67±1.15

IT82E-32(s) 82.00±15.09 34.00+4.00 12.07±6.11 1.00+1.00 3.00±1.00 3.33±0.58

IT84E-124(s) 49.67+32.08 11.33+4.50 10.00±4.00 0.33+0 1.67±0.58 1.67±0.58

IT84S-2246-4(8) 53.67±17.95 24.00±7.00 27.33+12.06 0 + 0 0 + 0 2.33±0.58
Dan-Ilan(m) 86.33+28.01 14.00±6.00 11.33+3.51 0.33±0 7.00±1.0 2.00±1.00
TVx 3236(m) 82.33+10.26 28.00±10.54 12.67+9.50 3.00±1.00 l.Oil.O 1.17±0.76

Sampea 7(m) 26.67±11.04 13.67+3.51 10.00±2.00 O.OOiO.OO 0.00+0.00 2.67±1.04
IT82D-699(m) 25.67+7.24 19.33+3.79 5.33+3.51 1.00+1.00 1.67+1.53 3.33+0.58

lAR 72(1) 9.00+1.00 6.67+5.51 27.00+1758 0.00±0 0+0 2.50+1.32

lAR 180-4(1) 6.67+1.53 4.00±1.00 9.00±4.00 0.0±0 0±0 1.83±1.20

LSD (P = 0.05) 34.55 22.38 14.89 1.19 2.02 1.65

* (s) Short duration (maturity time, 65-75 days)
(m) Medium duration (maturity time, 80-95 days)
(1) Long duration (maturity time, 100-125 days).
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DISCUSSION

The short duration cultivars produced more flower buds than the
medium duration and long duration cultivars at the beginning of
the season when the population of thrips was low. It is likely
that due to low population of the thrips, some of the flower
buds merely escaped thrips damage and therefore bloomed. Salifu
(1984) found a positive correlation between thrips number and
damage. Similar positive, but non-significant, correlation was
observed in the present study. It may be inferred that thrips
damage could be reduced by timely planting of short duration
cultivars which then produce flower buds before the build-up of
thrips population. Ezueh (1981) showed that quick maturing
varieties escaped the greater part of cowpea moth (Cvdia
DtvGhora) attack, paritularly if they are sown early. It seems
that the reduced susceptibility in the short duration cultivars
was an escape from infestation (phenological resistance), a
phenomenon which exploits the lack of synchronization of growth
patters of insects and their host plants (Thorsteinson, 1960).

At 69 DAP in 1986, medium duration cultivars (TVx 3236 and
Dan-Ilan) produced the highest numbers of flower buds, even
though short duration cultivars initially produced more flower
buds. The positive correlation between the number of flower buds,
on the one hand and numbers of flowers and pods, on the other,
suggests that production of high numbers of flower buds could
confer some level of resistance or tolerance to thrips attack.
Thus, a combination of early maturity and production of high
number of flower buds could be exploited in breeding for
resistance to thrips in cowpea.

In the two years of experimentation, Dan-Ilan, a local
cultivar, produced higher numbers of flowers and pods than the
improved cultivars ; it also had low percentage of flower bud
abortion, despite heavy infestation by thrips. These observations
emphasize the importance of careful study of locally adapted
cultivars early in a breeding programme.

The long duration cultivars appeared to be very susceptible
to thrips attack, probably because they produced their flower
buds when thrips population was high. Taylor (1964) pointed out
that indeterminate cowpea varieties favoured the development of
several generations of Laspevresia ptechora that subsequently
caused severe damage to the crop.

Thrips did not show any consistent preference or non-
preference for any cultivar in this study. The low nomber of
thrips reported on TVx 3236 by earlier workers (Ta'ama, 1983;
Salifu, 1984) agrees only with data of the first sample taken 42
days after sowing in 1986. The difference may be because the
present study was conducted in the field where environmental
factors could not be controlled.
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ABSTRACT

A study was conducted in the Bawku and Tumu districts of Northern
Ghana in August, 1988 to characterize the cropping systems,
assess the incidence of Strlga on crops, and identify control
measures used by farmers to control Striga. A questionnaire,
designed with the help of a previous informal survey, wpis
administered to 100 farmers, chosen at random from the two
districts. All the farmers were aware that cereals are
susceptible to Striga- Thus, 68% of the farmers fallow their
fields every 2 to 4 years to control Striga. while 90% controlled
Strigfl by handpulling. Continuous cropping and poor soil
fertility were recognized by 60% of the farmers as favouring
Str.iga attack. About 58% of the farmers, who had observed Stripa
parasitising weeds, identified Digltaria as one of the weed
hosts. Striga hermonthloA was the prevalent species.

RESUME

Une 6tude a 6td conduite dans les districts de Bawku et de Tumu
au Nord du Ghana en Aolat 1988 afin de determiner les systdmes de
production, d 6valuer 1'incidence du Striga sur les cultures, et
d identifier les methodes de lutte utilis6es par les agriculteurs
contre le Striga. Un questionnaire concu a I'aide d'une 6tude
informelle ant6rieure, a 6t6 distribue a 100 agriculteurs,
s61ectionn6s au hasard au niveau des deux districts. Tous les
agriculteurs avaient conscience de la sensibility des c^reales au
Striga. Ainsi, 68 % des agriculteurs laissent leurs champs en
jachdre tous les 2 a 4 ans afin de lutter contre le Stri pA. alors
que 90 % d'entre eux luttent contre le Striga par le systeme
d'arrachage manuel. La culture continue et la pauvre fertility du
sol ont 6t6 reconnues par 60 % des agriculteurs comme des
facteurs favorables a I'attaque du Strica. Environ 58 % des
agriculteurs, qui avaient observe des mauvaises herbes hotes de
Striga, ont identifi^ Digitar1a comme I'une des mauvaises herbes
hates. Striga hermonthlna constituait I'esp^ce dominante.
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INTRODUCTION

Strlga spp. (witchweed) is a serious problem in the northen parts
of Ghana, i.e., areas north of latitude 8®N, especially the Upper
East and Upper West regions. In the Northern region severe damage
occurs in the agricultural districts of Tamale, Damongo, Bimbila
and Salaga. In these regions, Strica causes serious economic
losses to a range of host plants, particularly sorghum, millet,
and maize ; on these three crops yield losses of up to 78 to 100%
have been reported (Ampong-Nyarko, 1986). Apart from the direct
yield reduction, there are socio-economic losses. For example,
the farms are being located at increasingly longer distances from
settlements, with the hope of locating Strlga-free fields.

In the past, farmland was relatively abundant in northern
Ghana, thereby permitting traditional practices involving 3-4
years of cropping followed by 6-10 years of fallow. The severity
of Strlga attack probably contributed to this pattern of land use
(Ampong-Nyarko 1986). Recently, however, population pressure on
the land use has necessitated more permanent and intensive
farming practices. It appears that farmers recognize Striga as an
important production constraint ; thus, Striga has been given
local names such as "Bochoa" (i.e., caustic soda, in recognition
of its scorching effect) and "Saga" (i.e., dangerous). However,
the extent of the problem has so far not been fully appreciated
by research and extension agencies in Ghana. There is therefore,
the need to create awareness of the magnitude of yield losses
caused by Striga.

The general objectives of the present study included :
(i) to determine the incidence of Striga damage on crops,
(ii) to characterize the cropping systems in the affected
districts and to establish any relationships between cropping
systems and Striga incidence, and (iii) to identify local control
methods.

METHODOLOGY

An informal surveys of farmers' cropping systems and the
incidence of Striga was conducted in the Northern sector of Ghana
in early July, 1988. The results were used to design a
questionnaire for the Bawku and Tumu districts which were
considered important areas for the Striga study. Using the
cluster sampling procedure, 100 farmers, 10 each from 10
villages, were selected from the two districts. In August, after
pretesting, the questionnaire was administed by trained personnel
from the project. The Bawku and Tumu districts are in the Guinea
savannah zone with maximum and minimum daily temperatures of 31
and 22°C, respectively, and a relative humidity of 81^. The mean
rainfall during the cropping season for Bawku and Tumu districts
are 902 and 815 mm, respectively.
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RESULTS AND DISCUSSION

The most important crops grown in the study area include maize,
millet, sorghum, rice, cotton, and cowpea. However, in the Tumu
district, maize is more important than in the Bawku district. .In
the Bawku district, maize is commonly intercropped with millet
and/or sorghum, while cowpea is often intercropped with sorghiim
or millet. In the Tumu district, by contrast, maize and cowpea
are commonly monocropped. Millet/sorghum intercropping systems
are practised in both districts.

About 65% of the farmers use both compound and ammonium
sulphate fertilizers, while 4% apply only compound fertilizer ;
26% and 60% of the farmers apply compound fertilizer in the
second and the third to the fourth weeks after planting,
respectively, while ammonium sulphate is usually applied at the
tasselling stage. Maize is weeded twice by 70% of the farmers at
between 2-3 and 4-6 weeks after planting.

The study showed that cereals are the most common crops
attacked by Striga hermonthica. The incidence of gesnerloides
attack on cowpea was relatively low. Crops in 66% of the fields
were affected by Striga. All the farmers were aware that cereals
are susceptible to Striga attack, but only 44% knew that cowpea
can be affected by Striga.

Land prepared with animal-powered impliments comprised about
53% and had the highest incidence of Striea (Table 1). Cereals
(monocrops or mixtures) were grown in 77% of the fields, 63% of
which were infested with Striga. Striga occurred in 6% of the
remainning fields (Table 2). Cereals grown in 88% of the fields
tilled by animals were attacked by Striga (Table 3). About 13% of
the area under cereals was monocropped to maize ; of these, 79%
has Striga. the incidence of which was up to 98% (86 Striga
plants/m^) at Boti, Tumu district (Tables 4 and 5).

Table 1. Incidence of Striga in fields with various crops
in relation to land preparation method.

Method of land
preparation

Fields with

Striga (%)

Fields without

Striga (%)

Tractor 31.5 68.5

Manual 60.6 39.4

Animal 71.1 28.9

Tractor + animal 50.0 50.0

Manual + animal 81.8 18.2
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Table 2. Incidence of Striga in cereal and non-cereal
fields.

Crops grown Fields with Fields without
in field Slxiga (%) Striffft {%)

Cereals

(monocrop or mixture) 83.3 16.6

Non-cereals 6.0 94

Table 3. Incidence of Striga in cereal fields in relation
to land preparation method.

Method of land Fields with Fields without
preparation Striga (%) Striga (%)

Tractor 54.5 45.5
Manual 81.6 18.4
Animal 88.1 11.9
Tractor + animal 50.0 50.0
Manual + animal 89 10.3

Table 4. Incidence of Striga spp. in Bawku and Tumu districts
of Ghana.

Incidence of Striga (%

District/village S. hormonthlnfl S. fffiflnRrinidflfl

Bawku 117 3
Kokote 100 0
Winnaba 100 0
Manga 93 7
Tilli 100 0
Narogo 93 7
Tuipu 79 21
Boti 98 2
Torsaw 42 58
Sorbelle 97 3
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Table 5. Strlga counts (number/ni®) in Bawku and Tumu
districts of Ghana.

Number of Strlga plant/m^

District/village S. hfirmnnthlca S. gftsnftrloldfts

Rawkii district 16.0 1.5

Kokote 13.0

Winnaba 20.0

Manga 13.0 1.0

Tilli 9.0

Narogo 25.0 2.0

Tiimn difltrlct 52.0 6.0

Boti 86.0 2.0

Torsaw 10.0 14.0

Sorbelle 29.0 1.0

The study revealed that 38% of the farmers, mostly in Bawku
district, do not fallow their land, while 48% fallow their land
for 2-4 years ; about 68% of the latter practise land fallowing
as a control measure against Strlga. Continuous cropping and low
soil fertility were identified by 66% of the farmers as favouring
Strlga attack. Strlga spp, had been observed in fields under
fallow by about 60% of the farmers.

Thirthy-one percent of the farmers had observed Strlga
attacking weeds ; 58 % of these identified Dlgltarla sp. as being
susceptible to Strlga. other grass hosts of hermonthlca
identified by farmerss includes Andropogon sp. and Paspftlum sp. ;
also IndlgQfera hlrsuta was identified as host of
gesnerloldes.

Farmers used various methods to control Strlga. For example,
61% of the farmers used crops they regarded as non-host (e.g.,
groundnut, bamraranuts, soyabean, and cotton) in various ways to
control Strlga attack in cereals and cowpea. Other methods used
singly or in combinations by varying proportion of the farmers
included fertilization with ammonia (50% of farmers), hand
polling (90% of farmers), fallowing (50% of farmers), and crop
rotation (20% of farmers). The study revealed that where field
infestation was heavy, the farmers adopted a fatalistic attitude
of not caring.
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CONCLUSION

The study has shown that hermonthloa Is the dominant species
of Striga in Northern Ghana with Strlga gesnerlnldfiR occurring
only in few areas. Continuous cropping and poor soil fertility
were associated with high Striga populations. Digitaria sp. and
Indigofffrf^ hirauta were identified as hosts of hftr^mnnthi oa and

gesnerlQides, respectively. Control measures used by farmers
included handpulling, fertilization with ammonia, and rotation
with non-host crops.
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27- Incidence des Doses d'Azote sur 1'Emergence du StriBa
ftaiatioa en Culture du Mais au Togo.
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RESUME

Au Sud-est du Togo, sur Terres de Barre D6grad6es, un essai de
differentes doses d'azote (uree) visant a r6suidr I'attaque due
au Strlga asiatica a et6 conduit. De cette 6tude, il ressort que
1'application de 120 N/ha r^duit significativement le nombre de
plants de St.rlea asiatica (d'environ 53 %) par rapport au t6moin
NO at de ce fait augmente le rendement du mals de 132 %.

ABSTRACT

A trial was conducted in south east of Togo on "Terres de Barre
D6gradees" by using different levels of nitrogen (0, 60. 120,
and 240 kg N/ha) in form of urea on Striaa asiatica attack. The
results showed that application of 120 kg N/ha reduced the
incidence of asiatica attack to 53%, compared to the check
(N=0). Also that the yield of maize was increased to 132 %,

INTRODUCTION

Rtriga aFiiatioa est un des facteurs limitant I'expression des
potentialit6s du mais dans le sud-est du Togo. Les pertes de
rendement liees ^ ce parasite sont focntion de la vari6t6
cultiv6e et se situent entre 15 et 60 % (Agbobli et Huguenin,
1987). A ce jour, on ne dispose d'aucune m6thode de lutte
efficace et economiquement rentable pour le petit paysannat
contre ce parasite.

Cependant de nombreux travaux ont montr6 que le fumure
azot6e inhibe l'6mergence et le d^veloppement du ^ agiatlca
(Mathur et Mathur, 1967 ; Yaduraju al. , 1979).

Ce ph6nom6ne a 6galement 6t6 signil6 pour le S. hermpnthicfl
(Last, 1960 ; Faiz fii a1. » 1983).

L'utilisation de fortes doses d'azote assure une eradication
complete de 1'infestation de Striga et favorise I'obtention de
bons rendements (Ramaiah, 1983). Des 6tudes sont actuellement
conduites pour determiner les doses a appliquer dans le cadre
d'une lutte efficace contre le Striga.

253



254 Incidence dea Doaea d'A;:ote sur I'Emergencfl du Striga

II apparalt done Evident qu'une augmentation du niveau
d'azote pourrait avoir un effet b^nefique dans la lutte contre le
Strifla.

L'objectif de cette prdsente 6tude est d'identifier la dose
d'azote pouvant r^duire le taux d'6mergence de aalfttloft tout
en assurant un bon rendement de la culture du male.

MATERIELS ET METHODES

Cette experimentation a men6e sur le point d'essai IRAT
(Institut de Recherches Agronomiques et des cultures vivridres)
d'Agbomedji, situ6 au sud-est du Togo sur "Terres de Barre
D6grad6es" (sols ferrallitiques). Le dispositif experimental
consistait en blocs de Fisher randomises, d'une superficie totale
de 924 m^. L'essai comportait six traitements & quatre
repetitions : un temoin absolu (NO PO KO) et 5 doses d'azote avec
une fertilisation equilibree de phosphore et potasse : (soit 30 P
et 60 K) : NO PK, N1 (60) PK. N2 (120) PK. N3 (180) PK. N4 (240)
PK. L'azote a ete apporte sous forme d'uree. Sur chaque
traitement, un choix aieatoire de winq carres de 1 a ete fait.
Sur ces carres, les comptages de plants de Striga emerges ont ete
effectues.

Le mode de culture retenu correspond aux pratiques
traditionnelles am61ior6es, preconosees dans la region (semis en
ligne, densite de 42000 plants/ha.,.). Tous les travaux culturaux
ont ete semes par le paysan, sous le contrdle d'un encadreur du
developpement rural.

La variete testee dans l'essai est une population ZL2ND (Zea
local blanc dente, obtention DRA/Togo k partir de cultivars
locaux), choisie pour sa sensibilite" au aaifltioA.

Les parametres observes dans cet essai ont porte sur :

. le nombre de plants de Striga emerges par m^ ;

. la mesure, en fin de cycle cultural du rendement.

RESULTATS

Les resultats des comptages au champs de plants de Striga
emerges durant le cycle vegetatif montrent que N240 PK reduit
considerablement le nombre de plants de Striga emerges (Tableau
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Tableau 1. Incidence des doses d'azote sur I'^mergence du
Striga aatatlGa en culture du mats.

Moyenne plants Striga
Traitements Smerg^s sur 4 Ecart type

NO PO KO 88 a* ± 4,50
NO P39 K60 59 b ± 6,02
N60 P30 K60 48 b ± 3,30
N120 P30 K60 28 c ± 4,16
N180 P30 K60 20 cd ± 1,41
N240 P30 K60 8 d +0,95

Moyenne 42
CV {%) 8,7
Signification S (5 %)

(* Test de Duncan ; lea traitements indiqu6s par
les m§mes lettres ne sont pas significativement
diff^rents au seuil de 5 %).

L'analyse statistique des r^sultats montre qu'il existe une
difference significative (au seuil de 5 %) entre le t6moin absolu
(NO PO KO) et I'ensemble des autres traitements. Par contre, il
n'existe pas de difference significative entre les traitement
suivants : NO PK et N60 PK ; N120 PK et N180 PK ; N180 PK et
N240 PK.

On constate que le pourcentage de reduction du nombre de
plants de Strlca par rapport au t6moin NO P3C) K60 varie
considerablement en fonction de la dose d'azote apport6e (Tableau
1). II est de 53% pour N120 et de 86 % pour N240.

Une parfaite correlation est notee (r = -0,99, n = 5, 5 =
0,001) entre le nombre de plants de Stripa emerges et
1'augmentation des doses d'azote (Figure 1).

Si 1'augmentation de la dose d'azote diminue
considerablement le nombre de plants de Striga emerge, on
constate par contre que le rendement diminue au-dela de 120 N/ha
(effet depressif de I'azote aux fortes doses). L'augmentation est
de 130 % (28 contre 12 q/ha) pour N120, alors qu'elle n'est que
de 80 % pour N240 (22 contre 12 q/ha).

L'analyse statistique des donn^es des rendements revdle
qu'il existe une difference significative (au seuil de 5 %) entre
le traitement N120 et toutes les autres doses d'azote apportees.
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Iia comparalson des dosee d'azote en fonctlon dee rendements
enregistr^s par le test de Duncan (Tableau 2) permet de remarquer
que I'apport d'une forte dose d'azote n'implique pas
n6ceesairement une augmentation du rendement. Dans lea conditions
de cette experimentation la dose N120 A 1'hectare assure une
meilleure productivity de la vari6t6 ZL2BD.

Tableau 2. Incidence des doses d'azote sur le nombre de
Strica 6merg6 et ses consequences sur le rendement.

Traitement
Nb. plants Striga % plants

6merg6s par Striga Rendement Rendement
par hectare Emerges (q/ha) (%)

NO PO KO
NO P30 K60

N60 P30 K60
N120 P30 K60

N180 P30 K60

N240 P30 K60

Moyenne
CV (%)
Signification

220 000
148 000

120 000

70 000

50 000

20 000

105 000

100

81

47

34

14

8,4 a*
12,0 a
17,6 b
27,8 c
20,0 b

21,6 b

17,9
15,9
S (5%)

100

147

232

167

180

(♦ test de Duncan : les traitements indiqu§s par les m§mes
lettres ne sont pas significativement diff^rents au seuil
de 5 %).

DISCUSSION ET CONCLUSIONS

Les r^sultats de cette presente 6tude ne sont qu'une
premiere approche du probldme pose par le aaiatica. parasite
du mals au Togo. II convient, en effet de les confirmer sur
plusieurs saisons culturales, en utilisant ^galement d'autres
varietes de mals.

Quoi qu'il en soit, ces premiers r6sultats nous ont d'ores
et dejA permis de mettre en Evidence, chez le coupe mats-Striga.
que :

- la fertilisation azotee limite 1'Emergence du Striga ;

- I'effet b^nefique de la reduction du Striga en fonction
de la dose d'azote n'implique pas n6cessairement une
augmentation du rendement concomitante ;

- un apport de 120 kg d'azote a I'hectare avec la vari6t6
ZL2BD entralne une reduction de 53 % des plants de
Striga emerges et une augmentation de 132 % du
rendement, alors que un apport de 240 kg d'azote A
1'hectare entralne une reduction de 86 % de plants de
Sirigfl 6merg6s et seulement une augmentation de 80 %
du rendement.
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28. Nitrogen Fertilizer Effects on Striga Attack of Cowpea
In Northern Nigeria.
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ABSTRACT

Field trials were conducted in 1985 and 1986 at two sites in
Nigerian Sudan savanna to evaluate the effect of nitrogen
fertilizer and cowpea cultivar on incidence of cowpea infection
by Strifia gesnerioldfta. The effectiveness of N fertilizer in
significantly reducing cowpea attack by Strlaa was evident only
in 1986. At Yana (Bauchi State), the greatest reduction in
incidence of infection was obtained with 30 kg N ha-1, while at
Tomas (Kano State), significant reductions were obtained only at
higher levels (60-120 kg/ha) of N. Reduction in Strign incidence
was not accompanied by significant increase in grain yield. For
suppression of attack, SUVITA-2, the most resistant of the
cultivars, required lower levels of N while SAMPEA-7, the most
susceptible, required higher levels of N.

The resistance of SUVITA-2 tended to be site-specific ; it
was highly resistant at Yana but moderately susceptible at Tomas,
suggesting the existence of more than one pathogenic strain of s'
gesnerioides in northern Nigeria.

RESUME

Des essais au champ ont 6t6 conduits en 1985 et 1986 dans deux
sites de la zone de savane Soudanienne du Nigeria afin d'^valuer
I'effet de I'engrais azot6 et du cultivar de ni6b6 sur
1^incidence de 1'infestation du ni6b6 par Striga gesnfirlnldfiR,
L'efficacit6 de I'engrais azot^ & r€duire de facon significative
I'attaque du ni6b6 sur le Striga 6tait Evident seulement en
1986. A Yana (Etat de Bauchi), la plus grande reduction de
I'incidence de 1'infestation a 6t6 obtenue avec 30 kg N/ha"^,
alors qu ^ Tomas (Etat de Kano), des reductions importantes ont
6t6 enregistr^es en utilisant des doses d'azote plus fortes (60-
120 kg/ha). La reduction de 1'incidence du Striga n'a pas
entrain^ une augmentation importante du rendement en grains. Pour
la suppression de I'attaque, SUVITA-2, le plus resistant parmi
les cultivars, a eu besoin de doses d'azote plus faibles alors
que SAMPEA-7, le cultivar le plus sensible, a exig§ des doses
d'azote plus fortes.

La resistance de SUVITA-2 tendait k d^pendre de la
sp^cificite du site ; il 6tait fortement resistant a Yana mais
mod6r6ment sensible k Tomas, indiquant I'existence de plus d'une
source pathogene de gegnerloidf>fl au Nord du Nigeria.
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INTRODUCTION

Cowpea constitutes a natural protein supplement to staple diets
in Africa. The need for increased production of the crop cannot,
therefore, be over-emphasized. In the semi-arid regions of
Nigeria cowpea fodder (dried shoot and leaves) also provide a
valuable animal feed during the dry season (Emechebe sit al. ,
1988).

Nigeria produced about 77 .lYo of the World's total cowpea
production in 1973 (FAO, 1973) but by 1981, Nigeria's
contribution to the World's cowpea output had dropped to 37.4%,
despite increased land area devoted to the crop (Rachie, 1985).
Reliable estimate of current production in Nigeria is not known,
but estimated cowpea hectarage has been put as between 1.5
million (Leleji, 1987) to 4 million (Raheja, 1986).

About 80% of Nigeria's cowpea is grown in the savannas,
especially the northern Guinea and the Sudan ecological zones
(Emechebe oit al. , 1988). With optimum level of management,
cowpea yields would be high but yields at the farmer's level are
low ; the average yield of 240 kg/ha constitutes about 9 % of
the potential yield (Anon. 1986).

The major factors responsible for low yields include erratic
rainfall, low soil fertility, insect pests, diseases, poor
management practices, and attack by parasitic weeds, namely
Striga gfisnerioides (Willd.) Vatke and Alectra vogelii Benth.
According to Emechebe ^ al- (1988) Striga is currently
considered to be much more important and widely distributed than
Alectra. Yield losses due to S- gesnerioides of about 26-56 %
have been reported (Aggarwal, unpublished) but can be as high as
100% (Emechebe, 1981).

Enven though considerable work has been done on various
control methods for Striga in cereals, control of cowpea Striffa
has received relatively little attention (Aggarwal, 1986),
Emphasis on control of Striga in cowpea has been placed mainly on
host plant resistance (Aggarwal, 1985, 1986 ; Emechebe fii al-,
1988 ; Atokple, 1989). However, complete reliance on host plant
resistance is not advisable ; rather a strategy that combines
Stri ga-resistant cultivars with appropriate complementary
agronomic practices has been advocated (Ramaiah, 1984).

Nitrogen fertilizer has been used as a means of controlling
Striga in cereals (Last, 1960, 1961 ; Ogborn, 1970 ; Bebawi,
1981, Babawi and Farah, 1901 ; Ogunlela, 1983 ; Ramaiah, 1984)
though in some cases it has been combined with phosphorus
fertilizer and the effect of N could not be separated from that
of P (Last, 1961 ; Ogunlela, 1983). For obvious reasons, the use
of N fertilizer in controlling cowpea Striga has not been
investigated. Cowpea, being a legume, fixes its nitrogen in
association with Rhizobium. High levels of nitrogen suppress
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nodulation, thereby reducing yields (Dart and Mercer, 1965).
Preliminary studies in sand culture, however, showed that 140 ppm
N, supplied as sodi\im nitrate »olution, drastically reduced the
incidence of geenerioides infection in potted cowpea (Emechebe
et al., 1988). There was however a corresponding decrease in
nodule numbers.

Striffa is favoured by low soil fertility and unreliable, low
rainfall. Despite the effect of nitrogen on nodulation, there
seems to be a need for a concerted research effort on the use of
fertilizers, in general, to control Striga in cowpea, given the
devastating effect of this obnoxious parasitic weed on cowpea
grain yield on marginal soils of Africa.

The work reported here forms part of an integrated study of
soil nutritional effects on Striga attack of cowpea in the
Nigerian Sudan savanna.

MATERIALS AND METHODS

The experiment was carried out in 1985 and 1986 wet seasons at
Yana (11^22'N, 10"03'E) and Tomas C12"9'N, 8®31'E) in Bauchi and
Kano States of Nigeria, respectively. Both sites are located in
the Sudan savanna ecological zone of Nigeria. The soil texture
varied from loamy sand at Yana to sand at Tomas with low organic
carbon and total nitrogen. Detailed physico-chemical properties
and rainfall data for the experimental sites are shown in Table
1.

Trials at each location consisted of four levels of nitrogen
(0, 30, 60, and 120 kg N/ha) applied as calcium ammonium nitrate
(CAN) at Yana and as urea at Tomas. Three cultivars of cowpea
(SAMPEA-7, SUVITA-2 and a local check) were used. SAMPEA-7 is a
semi-erect, medium maturing cultivar which is highly susceptible
to Striga gesnerioidea. SUVITA-2 is also medium maturing cultivar
which has been found resistant to Striga in Burkina Faso
(Aggarwal al. , 1984) but was found to be susceptible when
tested in Mali, Niger and Nigeria (IITA-SAFGRAD, 1983). The
"Local check" used at Yana were IT82E-60 and Kananado in 1985 and
1986, respectively, while Dan-Ilan was used in Tomas. The twelve
treatment combinations of N and cultivar were arranged in a
randomized complete block design in three replicates, each plot
being 4 m x 5, 75-cm ridges.

Nitrogen fertilizers in full doses were applied as side
dressing in a small furrow at one side, 5 cm away from the centre
of the ridges. All plots received a basal application of about 24
kg P/ha, as single superphosphate, and 20 kg KzO/ha, as muriate
of potash (60% KzO).
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Table 1. Some physical and chemical properties of soils and
rainfall data of e^cperimental sites (Yana and Tomas).

Soil properties Ycjia Tomas

Clay (%) 4.8 4
Silt (%) 11.5 4

Sand (%) 83.7 92
pH (CaC12) 5.7 4.9
Org. C (%) 0.41 0.18
Total N (%) 0.038 0.025
Available P (ppm) 6.95 3.15
Exchangeable cations (meg/100)

Ca 2.47 0.75
Mg 0.48 0.31
K 0.20 0.12

(^C (meg/l(X)g) 3.26 1.25

Ralnfftll dntA (mm)

Yana Tomas

1985 mb

January _ 9.6
February -

-
- -

March 3.3 20.7 22.6 -

April - 5.1 0.4 2.0
May 42.6 42.2 49.3 10.7
June 135.9 74.8 155.2 99.5
July 204.7 199.9 193.6 156.4
August 225.2 69.2 197.2 203.9
September 191.4 101.4 176.0 129.4
October - - — 4.0
November - - — ..

December - - - -

Total 803.1 523.1 794.3 605.9

Long term mean 1061 821
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Planting was done at Yana on 10 July and 7 July and
harvested on 30 and 6 October in 1985 and 1906, respectively. The
corresponding dates for similar operations at Tomas were 8 and 22
July and 6 and 17 October in 1985 and 1986, respectively. Two
seeds of cowpea were planted per hole at 20 cm inter-plant
spacing and thinned to one plant per stand (approximately 66,666
plants/ha) at 10 days after sowing.

Normal weeding was done as found necessary but without
removal of emerged Striga plants. Plants were sprayed three times
in a season with a mixture of 100 ml of cymbush lOEC (50 g
a.i./ha) and dimethoate (500 g a.i./ha).

Yield data and Striga counts were taken from the central 3 m
of the 3 inner rows (6.75 m^).

Analvsia of data

Data collected were subjected to two-way analysis of variance to
test treatment differences and to compare treatment means, using
the test of least significant difference at P<0.01 or 0.05 (Steel
and Torrie, 1960) ; the incidence of infection percentages were
transformed to arcsine values before analysis of variance.
Simple correlation coefficients were calculated to evaluate the
relationships between Striga numbers and incidence of infection,
on the one hand, and cowpea grain and fodder yields, on the
other.

RESULTS

Data on various parameters assessed during the studies are
presentes separately for the two sites for each of the two years.
They were not pooled because different local checks were used
between locations.

Results of the effects of nitrogen and cowpea cultivar on
Striga emergence, incidence of infection, grain and haulm yields
at Yana and Tomas are shown in Tables 2, 3 and 4.

Incidence of Striga infection

Nitrogen fertilizer had no significant effect on Striga
emergence, incidence of infection (% of cowpea plants with
em«^rged Striga) or number of Striga plants per attacked cowpea
plant at both sites in 1385 (Tables 2 and 3).
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Table 2. Effects of nitrogen and cultivar on incidence of infection of cowpea by
Striga fiegnerioidefi, and on grain and haulm yield at Yana, Nigeria, 1985 and 1986.

1985 1986

Treatment
No. of
Striga/

plot

Cowpea
plants

attacked

(%)

Striga Grain

attached/ yield
cowpea (kg/ha)

No. of

Striga/
plot

Cowpea
plants

attacked

i%)

Striga Rrain

attacked/ yield
cowpea (kg/ha)

Haulm

yield
(kg/lia)

N rateR**

(k£/ha)

0 54.4 31.6 3.2 296 69.6 25.5 3.7 1002 4518

30 50 36.3) 3.1 446 49.7 16.1 3.8 913 5141

60 72.3 34.2 3.4 194 50.0 19.1 4.1 931 4436

120 56.2 31.2 2.7 314 42.9 18.1 4.7 837 6555

LSD (0.05)
S.E. ±

ns

13.4
ns ns

0.7
ns

81.8
ns

10.04
ns

1.26
ns

111.7
ns

732

Cultivar

SAMPEA-7 84.5 51.4) 3.8 384 131 44.4 3.7 475 3478

SUVITA-2 3.8 2.3 1.5 227 7.9 4.3 3.4 1367 1506

Local check 56.5
LSD (0.05)

0.01 46.4
S.B. +

46.7

15.60

4.0

1.78
327

n.s

70.8

19.9

34.8

10.5

10.9

5.0

n.s

1.09

n.a

332.5

10505
1864.7

applied as calcium ammonium nitrate; n.s: not significant ; n.a: not available
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Table 3. Effects of nitrogen and cultivar on incidence of infection of cowpea
by Striga gesnerloidea. and on grain and haulm yields at Tomas, Nigeria, 1985
and 1986.

Treatments

N rates**

(kg/ha)

1985 1986

No. of Cowpea Striga Grain Haulm No.of Striga Grain Haulm
Striga plants attacked/ yield yield Striga attacked yield yield
plot attacked cowpea (kg/ha) (kg/ha) plot cowpea (kg/ha) (kg/ha)

(%)* plant

0 20.2 35.5 1.1 757 4362 45.0 1.6 988 1695

30 17.2 37.3 1.2 1111 3811 34.8 1.6 1045 2765

60 12.1 27.7 0.8 876 5132 17.9 1.6 1095 2293

120 20.2 24.7 1.5 1133 5180 12.6 1.2 1070 2667

LSD 0.05 ns ns ns ns ns 13.9 ns ns 519.8

S.E. ± 3.0 0.2 170 546 0,15 47

Cultivar

SAMPEA-7 21.6 44.8 0.9 1020 2728 44.9 1,8 1066 2469

SUVITA-2 13.3 16.4 1.4 1222 3833 25.6 1.5 1321 2790

Local check 17.6 32.8 1.2 665 7391 12.2 1.3 762 1806

LSD 0.05 ns ns 433.5 1391 13.2 ns 120 543.7

0.01 1893 18.1 163.3 740.0

S.E. + 2.6 0.18 0.33

ne : not significant ; **: N applied as urea.

•1
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Even though there was no significant nitrogen x cowpea
cultivar interaction, the cultivars tended to respond
differently to N. Thus, SUVITA-2 required lower levels of N than
the other two cultivars to withstand the Striga infection,
especially at Yana where 60 kg N/ha virtually suppressed Strips
emergence. The differences among cultivars in respect of Striga
emergence counts, incidence of infection, or number of Striga
plants per attached cowpea plant were significant (P<0.05) at
Yana ; in every respect, SUVITA-2 was the least susceptible. At
Tomas only, the incidence of infection in SUVITA--2 was
significantly lower than that in any of the other cultivars.

In 1986, the incidence of Striga infection at Yana was
significantly (P<0-05) lower in plots that received N fertilizer
than in those that did not receive N fertilizer ; the effect of N
on the other infection indices were not significant. At Tomas,
applied N at 60 or 120 kg/ha significantly reduced Striga
emergence (Table 3) and incidence of infection (Table 4)
compared to both unfertilized plots and plots that received 30 kg
N/ha. Cultivars again exhibited different levels of resistance to
Striga in 1986, but the trend was inconsistent. Thus, SUVITA-2
was the least susceptible at Yana while at Tomas the Local Check
was the most resistant. At Tomas, there was a significant cowpea
cultivar x N interaction ; the incidence of infection in SAMPEA-7
was higher at 30 kg N/ha than at 0 kg N/ha, while it was lower in
the other two cultivars at 30 kg N/ha than at 0 kg N/ha.

Table 4. Interactive effects of nitrogen rate and cultivar on
infection of cowpea by Striga geaneploldes at Tomas, 1986.

N - rate

Cowpea plants attacked

(%)
N Mean

(kg/ha) SAMPKA-7 SUVITA-2 LOCAL OffiCK

0 29.2 43.6 26.0 32.9

30 35.2 15.6 18.0 22.9

60 23.7 8.9 10.0 14.2

120 17.0 3.6 2.9 7.2

Cultivar Mean 26.3 17.9 14.2

LSD 0.05 for N
V

NxV

= (0.0896)
= (0.0778)
= (0.1554)

* Arcsine transformation in brackets
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Grain and haulm yields

Grain yields were not significantly influenced by nitrogen
treatments at either site in both years. However, at both Yana
and Tomas, grain yields of plots given 30 kg N ha-1 tended to be
higher than those that did not receive N fertilizer in 1985
(Tables 2 and 3). However, in 1986, all levels of applied N
tended to decrease grain yields at Yana; by contrast they
marginally increased yields at Tomas.

At Yana differences in grain yield among cultivars were
significant (P<0.01) only in 1986, with SUVITA-2 outyielding
SAMPEA-7. On the other, the grain yields of cultivars differed
significantly (P<0.01) from one another in both years at Tomas.
Thus, both SUVITA-2 and SAMPEA-7 outyielded the local check in
1986.

At Tomas in 1985, nitrogen fertilizer had no significant
effect on haulm yield, but the haulm yield of the local check was
significantly (P<0.01) higher than that of SAMPEA-7 or SUVITA-
2. Similarly, haulm yield did not respond to N at Yana in 1986
but there was significant (P<0.05) response to 30 kg N/ha at
Tomas. Differences between cultivars were significant at both
sites. At Yana, the local check significantly outyielded both
SAMPEA-7 and SUVITA-2, while SAMPEA-7 yielded significantly
higher (P < 0.05) than SUVITA-2. In contrast, at Tomas the local
check yielded significantly lower than SAMPEA-7 or SUVITA-2.

Correlations

Simple correlation coefficients (r) between Striga counts and
incidence of infection on the one hand and, on the other, grain
and haulm yields are shown in Table 5. No significant correlation
was found between either Stripa counts or incidence of infection
and grain yield at both sites in 1985. However, in 1986, both
Striga emergence and incidence of infection were significantly (P
<0.01) and negatively correlated with grain yield at Yana. There
was also no significant correlation between the two Strica
Infection indices and haulm or grain yield at Tomas.
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Table 5. Correlation coefficients between Striga

numbers and cowpea plants attacked {%) and grain
and haulm yields of cowpea at Yana and Tomas, 1985
and 1986.

YANA

Grain Yield

(kg/ha)
Variable

1985 1986

Number of Striea/Dlot

Striffa attacked/cowDea clant

ODwpea plants attacked (%)

0.201

0.401

0.339

-0.737"*^

0.038

-0.808"^

TOMAS

Variable

Grain Yield

(kg/ha)
Haulm Yield

(kg/ha)

1985 1986 1985 1986

Number of Striea/plot

Striga attacked/nowDfta olant

Cowpea plants attacked^ (%)

0.106 0.176

0.008 0.103

0.183 0.099

-0.109 -0.166

-0.035 -0.246

-0.276 -0.21

'Significant at the 1% level of probability.

DISCUSSIONS

The evidence from the present studies suggests that nitrogen
could be effective in reducing the severity of Striga attack in
cowpea in some areas of northern Nigeria, especially if the
cultivars has some degree of resistance to the parasite. This
confirms the report on preliminary studies in sand culture
(Emechebe ei ai., 1988). The results also indicated that,
generally, nitrogen fertilizers had adverse effect on Striga. an
observation that agrees with previous studies on 2^ asiatica in
maize (Shaw ai. , 1962) and on hermonthica in sorghum (Last,
1960 ; Ogborn, 1970 ; Bebawi, 1981 ; Ramaiah, 1985).

The different levels of resistance exhibited by SUVITA-2 at
Yana and Tomas suggests the existence of different pathogenic
strains of gesnerioidea in northern Nigeria. The report that
SUVITA-2 was resistant in Burkina Faso (Aggarwal fii al- > 1984)
but susceptible in Mali, Niger and Nigeria (IITA-SAFGRAD, 1983)
may not, therefore, be applicable to the whole of Nigeria. The
higher number of emerged Striga at Yana (as compared to Tomas) on
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the susceptible cultivars was probably due to higher Striga seed
density in the soil at Yana. However, the greater effectiveness
of N fertilizer in reducing Striea emergence at Tomas is probably
attributable to two factors. The more sandy soils at Tomas
(compared to heavier soils at Yana) might have exposed the young
seedlings of the Striga to higher concentrations of the N
fertilizer which could retard SiJZl&Q. growth and subsequent

surface. On the other hand, the use of
CAN at Yana might account for the
VItro evidence that soil applied urea

may directly inhibit germination of Striga spp- (Pesch and
Pieterse, 1982). Recent studies have also indicated that urea
tended to be slightly better than CAN in suppressing Striga
emergence (Adu, 1988).

Lack of corresponding increases in grain yield with
decreases in Striga infection associated with N fertilizer was
probably due to the opposing effect of nitrogen fertilizer on the
physiological activities of the crop. The presence of the
nitrogen probably helped the plant to suppress Striga infection
by systematically increasing host's root tissue nitrogen to a
level at which Strica parasitism was inhibited (McNally and
Stewart, 1982 ; Stewart fii ai., 1985). On the other hand, the
high doses of N might have adversely affected nodule production
(Dart and Mercer, 1965), thereby reducing nitrogen fixation.
Unfortunately, it has been shown that fixed nitrogen lost due to
poor nodulation is not adequately compensated for by application
of combined N (Dart al-, 1977), especially as cowpea depends
mainly on its fixed N for seed formation (Summerfield ei ai. ,
1977). Small amounts of applied N at sowing (about 30 kg N/ha)
benefits symbiotic fixation (Dart and Mercer, 1965) ; this
probably accounts for the relatively higher grain yields at 30 kg
N/ha. Inorganic N, while not increasing grain yield, increases
vegetative development as shown in this study by the higher haulm
yields of plots that received fertilizer N,

emergence above the soil
urea at Tomas and of
differences. There is In.
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