
IITAANNUAL
 
REPORT
 

-A~ _.,,4 

z 4 

4 t4.Li NI dnernatIonal ~ 

' Institute 
U4 

of Tropical 
, Agriculture 



About IITA 
The International Institute of Tropical Agriculture 
(IITA) is an autonomous, nonprofit corporation 
governed by a 15-member board oftrustees headed by 
Dr. John J. McKelvey, Jr., of the United States of 
America. The Institute's chief executive officer is 
Director General Dr. Ermond H. Hartmans. 

IITA seeks to develop alternatives to shifting 
cultivation that will maintain the productivity ofthe 
land under continuous cultivation in the humid and 
subhumid tropics; to develop higher yielding pest 
and disease resistant varieties of cowpeas, yams and 
sweet potatoes worldwide, and of maize, rice, cassava 
and soybeans in Africa, and to strengthen national 
agricultural research systems by a comprehensive 
training program and collaborative research. 

IITA was established in 1967 by the Ford and 
Rockefeller foundations, which provided the initial 
capital for buildings and development, and the 
Federal Military Government of Nigeria, who 
allotted 1,000 hectares of land for a headquarters site 
seven kilometers north of Ibadan. 

IITA is one of 13 nonprofit international agri
cultural research and training centers supported by 
the Consultative Group on International Agri
cultural Research (CGIAR). The CGIAR is supported 
Ly the Food and Agriculture Organization of the 
United Nations (FAO), the International Bank for 
Reconstruction and Development (World Bank) and 
the United Nations Development Programme 
(UNDP). The CGIAR consists of about 50 donor 
countries, international and regional organizations 
and private foundations. 

IITA received support through the CGIAR from a 
number of donors, including Australia, Belgium, 
Canada, Ford Foundation, France, Federal Republic 
of Germany, India, International Bank for Recon
struction and Development, International Fund for 
Agricultural Development (IFAD), Italy, Japan, The 
Netherlands, Nigeria, Norway, Organization of 
Petroleum Exporting Countries (OPEC) Fund for 
Agricultural Development, United Kingdom and the 
United States of America. In addition, other donors 
provide funds to IITA to support specific research and 
training programs. 
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Foreword 
IITA has made steady progress over the last decade in 
developing new agricultural technology to improve
the major food crops of the humid and subhumid 
tropics and the farming systems in which those crops 
are grown. 

In recent years the Institute has expanded its 
commitment to aiding national and regional pro-
grams in the vital task of adapting and transferring
that technology. IITA's chief contributions have
been to supply these programs with the raw products
of research-improved germplasm and promising
techniques-and to share with them its scientific 
expertise by offering training and by posting some of 
its scientists in the national programs of various 
countries. 

The way was opened this year for new and stronger
links with these programs when IITA hosted in June 
the founding congress of the African Chapter of the 
International Federation of Agricultural Research 
Systems for Development (IFARD). Attended by 
about 100 delegates from some 40 countries, the
meeting enabled IITA to introduce key African re-
search directors to its work and to obtain from them a 
frank appraisal of its achievements. The participants
found IITA's research highly relevant to the agri-
cultural problems of their countries and expressed a 
strong willingness to work with the Institute toward 
solutions to these problems through cooperative
research and training. 

In September and October, the Institute was again
scrutinized by outside observers during a compre-

hensive review organized by the Technical Advisory

Committee of the CGIAR. Every five years each of

the international agricultural research centers must 

undergo such 
a review, in which a distinguished
panel of specialists in agricultural research and 
management examines the center's objectives, plans
and achievements. 

The panel's review of1 ITA management resulted 
in several major changes. The position of research 
director was upgraded to that of deputy director 
general (research), and a more participative style of 
management was introduced through the creation of 
an executive management committee. Two types of 
activity at the Institute were reorganized. First,in recognition of the importance of training in 
strengthening national programs, this activity and 

the management of cooperative research projects 
were combined under a new office, International
Cooperation and Training. Second, all the units 
engaged in disseminating research information were 
consolidated to theform Documentation, Infor
mation and Library Program (DIL).

Both the IFARD Congress and the External Review 
confirmed that the Institute has developed a range
of viable solutions to agricultvral problems and an 
effective means in its training and cooperative pro
jects for channeling those solutions through national 
research institutes into the farmers' fields. This 
Annual Report and its companion volume, Research 
Highlights,document our most recent advances in 
technology development and give examples of how 
this technology has been made available to national 
programs.


The Farming Systems Program 
 has done so by
expanding its on-farm research, which it conducts in 
cooperation with development projects. This work 
will ensure that component technologies developed
at IITA are tested and their adoption monitored in 
farmers' fields. 

The crop improvement programs have maintained 
their ties with national programs through inter
national testing, among other means. Maize varieties 
with streak resistance and improved cowpeas with 
multiple resistance to diseases and insect pests were 
widely distributed for testing this year. And on the 
strength of its success in test releases of natural 
enemies of the cassava mealybug, the biological con
trol team took important steps this year in organizing 
an Africa-wide program for control of this insect and 
the cassava green spider mites. 

The future progress of these efforts will depend on 
the readiness of national programs to work with us 
and on the generosity of donors in supporting this 
work. To those who have already contributed their 
time and resources, express gratiwe our extreme 
tude. We trust that their commitment to research is
fully justified and their hope for future successes in 
tropical food production strengthened by the results 
reported here. 

ERMOND H. HARTMANS 
DirectorGeneral 



Cereal Improvement Program
 

The cropping season of 1983 was very poor for cereal 
production in many African countries because of 
drought and an epidemic of maize streak virus, which 
was particularly severe in the savanna zone of West 
Africa. The Cereal Improvement Program has been 
working toward a solution to the maize streak pro-
blem since 1977 and was recently joined in this effort 
by scientists of the International Maize and Wheat 
Improvement Center (CIMMYT) in Mexico. 
Resistant varieties have been developed that are 
adapted to different ecologies and vary in maturity, 
grain color and texture. These varieties are already 
available to national programs. High priority should 
now be given to multiplying and distributing seeds of 
the varieties so that the problem ofmaize streak virus 
in Africa can be solved. 

A major potential threat to rice production in 
Africa is rice yellow mottle virus (RYMV). The 
disease was first reported from Kenya in 1974 and by 
1983 had also been observed in Sierra Leone, Nigeria, 
Niger, Mali and Upper Volta. Realizing the potential 
danger of RYMV, IITA scientists began to identify 
sources of resistance and over the past few years 
have incorporated this resistance into high yielding 
varieties, which will be available in the very near 
future. 

In its efforts to develop stable, high yielding va-
rieties of rice and maize, the Cereal Program co-
operates with national programs and regional and 
international institutes that also emph,-3ize resis-
tance breeding for major diseases and insect pests. A 
similar effort must now be made to meet the urgent 
need in Africa for drought tolerant varieties. 

Rice 
The main aim of rice improvement work at IITA is to 
identify superior high yielding varieties for upland, 
hydromorphic and lowland conditions. Particular 
emphasis was placed in the work this year on re-
sistance to major rice diseases and insect pests, 
especially the ones that are specific to Africa, and on 
tolerance to adverse soils. 

Several new upland selections, including TOx 936-
8-4-2-1, 1768-3-1-1 and 1871-19-1, proved superior under 
dryland conditions; these lines also showed resis
tance to blast. In lowland ecologies TOx 725-1-8-201-1, 
TOx 1838-1-3, TOx 1840-4-1, TOx 711-18-18, IR 13240-

82-2-3.2.3-1 and IR 4422-98-3-6-1 performed well, in 
addition to varieties reported in previous years. In 
screening studies at Bende, Nigeria, ITA 239, 245 and 
247 were found to have a high level of tolerance to 
iron toxicity. And in acid strip screening at Onne, 
Nigeria, a number of upland varieties, including TOx 
1753-1-24, TOx 954-203-2-101, TOx 1012-12-2.1, ITA 117, 
IR 8192-16r,-2-3 and UPL(Ri-5), proved to be tolerant to 
low pH. 

The potential threat to rice production of RYMV 
and bacterial leaf blight was confirmed in a disease 
survey this year, in which large scale infection by 
these diseases was observed in some Sahelian coun
tries. For the first time, RYMV was detected on the 
wild rice species Oryza longistaminata. 

An important component of IITA's rice work is the 
rice improvement program of the National Cereals 
Research and Extension Project (NCRE) in Cameroon. 
The program is currently emphasizing resistance or 
tolerance to major diseases and low temperature. 
Several superior varieties and better management 
practices were found in trials conducted this year. It 
was determined, for example, that adjusting the time 
of plantlng may be a simple means of reducing sheath 
rot incidence at Ndop Plain. 

IITA rice researchers strengthened their ties with 
national and international agencies in 1983. An 
agreement was signed establishing the Upland Rice 
Research Intercenter Coordinating Committee, 
which will coordinate a task force on blast research 
in Africa and characterization of environments for 
upland rice. The program continued to participate in 
internationn. testing of genetic material by nominat
ing varieties for programs of the International Rice 
Research Institute (IRRI) in the Philippines and West 
African Rice Development Association (WARDA) in 
Liberia. The program also maintained its close link 
with the National Cereals Research Institute (NCRI) 
ofNigeria. IITA lines were tested in NCRI's trials and 
those of the National Accelerated Food Production 
Programme (NAFPP). ITA 212 ranked first in the 
multilocational testing program of NAFPP. 

Genetic Improvement 

Upland Rice 
Among the major objectives of the Cereal Improve

1
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ment Program are to develop high yielding varieties 
for the free-draining upland ecosystems of Africa 
and to evaluate existing materials under upland con
ditions. Field evaluations of early generation and 
fixed lines were carried out at Onne, Ikenne, Ibadan,
Ilorin, and Zaria in Nigeria, which represent different 
climatic and edaphic conditions, and in Liberia and 
Cameroon. Under the high rainfall, acid soil cordi-
tions of Onne, leaf blast (Pyriculari ',ryzae), sheath 
blight (Rhizoctoniasolani), glume di,-. )ioration and 
stem borers were the major biological stresses. At 
Ikenne, Ibadan, Ilorin and Zaria, drought was seve-e, 
occurring during the middle of the growing season 
(July to August) at the first three locations, which 
have a bimodal rainfall pattern, and toward the end of 
the growing season at Zaria. Leaf scald (Rhynchos-
poriumoryzae)andneckblastwerethemajordiseases 
observed at Ikenne; disease pressure at Ibadan,
Ikenne and Zaria was relatively light and variable, 

Early generation materials. These materials 
were tested at four locations (Ibadan, Ikenne and 
Onne in Nigeria and Suakoko, Liberia) during 1983. 
Because ofsevere drought and related stresses during
1982, only 133 F,, lines and 317 later generation lines 
and introductions were selected and tested under 
minimum irrigation at Ibadan during the dry season 
of 1982-83. Of these 181 single-plant selections and 
over 200 bulk selections were grown during the wet 
season of 1983. The most promising fixed lines were 
advanced to multilocational variety trials. At Ikenne 
25 F. populations were grown in plots measuring 20 
x 5 m, with spacing of 40 x 10 cm and one seed per
hill. Two hundred and forty single-plant selections 
were made based on drought reaction, earliness, 
vigor, grain type. and thick and deep roots. These 
selections will be planted during the dry season at 
Ibadan, screened for resistance to blast and put into 
multilocational trials in 1984.--J. W. Gibbons 

At Onne, 160 early segregating populations and 350 
fixed lines, 65 of them introductions, were evaluated,

TOx 1757-1-28-201, TOx 955-212-2-102, TOx 960-62-2, 

TOx 891-212-1-201-1-101-201 and ITA 117 appeared 

promising for plant type, vigor and general tolerance 

to blast and grain discoloration. In addition, 500 
accessions from IITA's germplasm collection of 
Oryzasativafrom West African countries were evalu-
ated for their adaptability to high rainfall conditions 
at Onne. Thirteen accessions that had deeper and 
thicker root systems than LAC 23 were selected from 
these. Because of late planting, however, disease 
incidence was very low, and these lines will be
reevaluated for disease resistance, grain quality and 
other characteristics in 1984.-K. Alluri 

One hundred and five lines from IITA and IRRI 
were screened at Suakoko, Liberia, to identify late 
maturing materials with tolerance to glume dis-
coloration for this high rainfall area. Fifty-nine lines 
were selected from 28 populations that were superior 
to LAC 23, the local check variety. These lines will be 
multiplied at IITA during the dry season and returned 

to Liberia for further evaluation in 1984.-A.O. 
Abifarin 

Multilocational trials. The observational nur
sery and observational, advanced and elite yield
trials were conducted at five locations in 1983. 
Standard cultural practices were followed at all 
locations: conventional tillage; dibble planting at 25
x 25-cm spacing, basal application of N, P.,0 and K.,0 
at 60-60-60 kg/ha, followed by 30 kgN/ha broadcast 30 
days after sowing; and application of the pre- and 
postemergence herbicides preforan and propanil,
followed by spot hand-weeding. The early maturing
ITA 257, medium maturing ITA 235 and OS 6,a widely 
grown local variety, were used as check varieties in 
all trials. The design of these trials was a randomized 
complete block. The elite yield trial was replicated
four times, and the advanced and elite yield trials had 
three replications. At Onne the trials were conducted 
in a plot that had been in fallow for one year; N, P,0
and K,0 were basally applied at 30-60-30 kg/ha,
followed by 20 kg of N applied three times (30, 50, and 
70 days after sowing). An additional dose of 20 kg of 
P.,0, was applied at 30 days after sowing.

In the observational nursery, superior IITA fixed 
lines and introductions were evaluated for their 
adaptability to different upland environments so that 
yield trials and varietal recommendations can be 
made to fit these ecosystems more closely. A total of 
178 out of 285lines were selected at five locations to be 
advanced to yield trials in 1984 or further assessed in 
the observational nursery. Several new lines were 
identified for the forest zone that were superior to the 
checks in plant type and disease resistance (Table 1).

Varieties for the savanna zone must be of in
termediate stature and short duration, have high
drought tolerance, and produce high yields. Lines 
selected from TOx 936, TOx 1780, TOx 1857, IR 10068,
and IR 12631 were able to survive and produce grain 
at Zaria under severe drought. But no line having
growth duration less than that of ITA 257 (100 days) 
was identified in this trial. Efforts will continue to 
develop very short duration upland lines adapted to 
this ecosystem. 

The 100 entries in the observational yield trial 
were superior IITA lines and introductions chosen 
from previous years' trials. Many entries outper
formed the check varieties in yield or other charac
teristics at each of the three test locations; many
performed differently at the various locations. Seven 
lines performed very well in this year's trial at Onne 
(Table 2).

At Ikenne entries with growth duration of 130 to 
140 days gave higher yields possibly because they 
were in the vegetative growth stage during the long
drought. An introduction from the International 
Center of Tropical Agriculture (CIAT), 11568, gave
the highest yield at Ikenne and showed good blast and 
sheath blight tolerance at Onne. But it is susceptible 
to glume discoloration and cannot be expected to 
perform well in areas ofthe savanna where prolonged 
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Table 1. Pedigree, agronomic characteristics and disease reaction of rice lines selected from an observational 
nursery for the upland, forest zone, Onne, Nigeria, 1983 

Line 

TOx 936-81.6.3-101 .......... 

TOx 1010.5.3-1 ............. 

TOx 1779-3-1-201 ........... 

TOx 1780-5-6-201-1 .......... 

TOx 187-1-105 .............. 

19965 ..................... 


Cross 
IR1529/Iguape Cateto 
IRAT 13/Dourado precoce/TOx 494 
TOx 1525/OS 6 
TOx 1525//Norin 6/TOx 340 
TOx 504/lET 5854 
4440//BG 90-2/K8 

Note: Disease reaction was rated on scale of 0 to 9. 

Table 2. Performance of selected rice lines in the upland observational yield trial, Onne, Nigeria, 1983 

Entry 
Yield, 
kg/ha 

TOx 1779-3-1-202-1 .......................... 
TOx 936-79-5-1 .............................. 
IRAT 104 .................................. 
ITA 187 ................................... 
TOx 1780-9-2-201-1 .......................... 
TOx 1010-6-3-5 .............................. 
11568 ..................................... 
ITA 235 (check) ............................ 

2,950 
2,690 
2,670 
2,410 
2,320 
2,360 
2,210 
1,620 

LSD (5%).................................. 
C.V., % ................................... 

830 
29 

Note: Disease reaction was rated on a scale of 0 to 9. 

drought occurs. ITA 187 and TOx 955-202-2-101 show-
ed high tolerance to glume discoloration and blast. 
TOx 1779-3-1-201, an OS 6 progeny of intermediate 
height, produced high yields and exhibited good 
resistance to the stresses in the forest zone. Selected 
materials from the observational yield trial will 
continue to be evaluated in IITA and collaboralors' 
trials. 

The advanced yield trial, which included 29 
entries, was grown at five locations. Because the 
rains ceased early at Zaria in northern Nigeria, only
the following varieties produced grain: ITA 128, ITA 
132, ITA 182, ITA 193, ITA 235, ITA 257, TOx 1871-19-1,
IRAT 109 and DJ 12-539-2. The season was excep-
tionally dry, and farm losses of crops such as sorghum 
and'millet were very common in the savanna. Mean 
rice yields were highest at Ibadan, followed by Onne, 
Ikenne and Ilorin (Table 3). The trial at Ibadan 
received supplemental irrigation during the peak of 
the dry spell to ensure survival ofthe crop for seed. At 
Onne rainfall was abundant, but other factors such as 
low solar radiation, diseases and acid soil were 
constraints. 

Several lines performed well across locations in 
this trial (Table 3). Three lines from the cross TOx 936 
(IR 1529/Iguape Cateto) were superior in yield. Lines 
from this cross were selected in 1980 for seedling
drought tolerance using a method developed at IITA 
(Annual Report for 1980). 

Regression of the yield of each cultivar at a loca-
tion on an environmental index (mean yield of all 

Planit 
height, cm 

Duration, 
days 

Leaf 
blast 

Neck 
blast 

Glume dis-
coloration 

Sheath 
blight 

119 133 1 1 1 2 
96 127 1 1 1 4 

119 125 2 1 1 4 
121 128 0 1 1 4 
101 128 0 1 2 3 
108 121 2 1 1 4 
74 141 1 2 4 1 

106 116 2 1 5 4 

entries at a location minus the grand mean) was done 
using the Eberhart-Russel model to study the yield of 
the selections across locations. Entries that respond 
to more favorable environments (that is, have a 
regression coefficient (b) close to one) and have 
higher than average grain yields are desirable. ITA 
235, ITA 128, TOx 854-101-3-201-1-1-1, TOx 891-212-2
102-2-101-1, TOx 936-8-4-2-1, IRAT 170 and Sel. IRAT 
194 were found to be superior (Fig. 1). OS 6 was below 
average in yield and did not respond to more favor
able conditions. TOx 936-8-4-1-2 gave above average
yields at all locations and had a regression coefficient 
slightly greater than one. 

The elite yield trial, the final stage in experiment 
station testing, contained varieties having character
istics that are considered superior for upland ecosys
tems in Africa. The trial was planted at five locations, 
but data were obtained only at Ibadan, Ilorin and 
Onne. At Ikenne an early drought resulted in very
pr'sr seedling emergence, so the trial was abandoned. 
At Zaria only the early maturing varieties such as 
ITA 257, ITA 150 and IRAT 112 were able to produce 
grain. 

The performance of the ten entries in the trial is 
given in Table 4.The superiority of ITA 117 and 235 in 
these trials is evident from their consistently high
yields. IR 5931-110-1 was damaged by blast disease in 
1983. Grain quality characteristics of these varieties 
are given in another section of this report.-J.W. 
Gibbons, K. Alluri, N.V. Nguu, R. Dobson, M.S. 
Alam, V.T. John,D. Akibo-Betts and KaungZan 

Glume 
Height, Duration, Leaf Neck Sheath discol

cm days blast blast blight oration 
84 118 

102 116 
112 124 
100 118 
118 130 
80 132 

0 1 1 1 
0 1 1 1 
0 1 1 1 
0 1 2 1 
0 1 1 1 
2 3 3 3 
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Table 3. Performance of selected rice entries in an upland advanced yield trial at locations in Nigeria, 1983 
Plant Duration, Yield, kg/haEntry 	 height, cm 

TOx 936-8-4-1-2 .......................... 

TOx 936-8-4-2.1 .......................... 

ITA 128 ................................ 

IRAT 170 ............................... 

ITA 235 ................................ 

DJ 12-539-2 ............................. 

TOx 891-212-2-102.2-101-1 ............... 

TOx 936-397-9-1-2 .................... 

ITA 182 ................................ 

TOx 1871-19.1 ........................ 

OS 6(check) ....................... 


92 
87 

131 
116 
120 
83 
98 

106 
127 
106 

.................. 2,140 1,521 2,404 1,230 1,850
LSD (5%).................................................... 440 684 826 
 782
C.V., % ..................................................... 
 12 27 21 38 

.. 144 
Mean .................................... 

daysa Onne Ikenne Ibadan Ilorin Overall 
125 2,570 2,130 3,230 1,650 2,395
125 2,700 1,610 3,320 1,500 2,280
125 2,370 1,550 3,180 1,620 2,180
129 2,370 1,880 2,940 1,280 2,120
119 2,140 1,420 3,050 1,420 2,010
120 1,904 1,280 2,718 2,069 1,990
139 2,913 2,107 2,1U6 654 1,965
122 2,900 942 2,191 1,770 1,950
118 2,008 1,794 2,495 1,401 1,920
122 1,870 1,910 2,770 944 1,875
127 2,069 1,031 1,749 1,485 1,580 

"These data are from the trial at Ibadan. 

Screening for tolerance to acid soils. In parts of 
humid tropical countries such as Sierra Leone,
Liberia and Nigeria, rainfall exceeds 2,000 mm/yr and 
is usually dependable enough for upland rice culti-
vation. But production is often limited in these areas 
because of soil acidity, which frequently leads to 
nutritional imbalances such as excessive aluminum 
and manganese. and inadequate levels of calcium and 
phosphorus.

Pot studies were conducted in 1982 with a repre-
sentative high acid soil at Onne, Nigeria, to de-
termine the most beneficial combination of nutrients 
for growing rice. It was found that a balanced appli-
cation of all the nutrients under study (N, P, K, Ca 
and Mg) is needed to promote plant growth and grain
yield.. 

Since cultivars differ in their ability to grow and 
yield in acid soils, screening and selection for toler-
ance to acid soil is being carried out at IITA's high
rainfall substation at Onne. The soils at Onne are of 
coastal sediment formation (Oxic Paleudult) with low 
pH and low base exchange status, leading to inherent 
low fertility. It has been found that by applying 

Table 4.	Performance of rice entries in an upland elite 
yield trial at locations in Nigeria, 1983

Plant 
ht., 

Dura-
tion, 

Yield, kg/ha
Iba 

Entry cm days Onne dan Ilorin Mean 
ITA 117 .......ITA235 ....... 110120 120121 2,4702,500 2,0602,410 2,3401,840 2,2902,250 

ITA 118 ....... 
ITA 135 ....... 
IRAT 112 ...... 
ITA 141 ....... 
ITA 257 ....... 
OS6 .......... 
ITA 150 ....... 
IR5931-110-1... 

109 
120 
98 

114 
90 

137 
109 
102 

129 2,420 
125 2,380 
110 2,010 
130 1,920 
108 2,140 
132 2,030
110 1,980 
125 1,570 

1,870 1,560 1,950
1,400 1,620 1,800 
1,230 1,840 1,690 
2,070 750 1,580 

540 1,750 1,480 
970 1,232 1,410
160 1,940 1,360 
140 2,240 1,320 

LSD (5%)......C.V.,% ........ 35011 76741 80032 

ammonium sulphate and muriate of potash, uniform 
"acid strips" can be made and that by applying lime 
control strips can be made. Five pairs of control and 
acid strips have been made at the Onne substation for 
screening. Each is 200 m long and 4 m wide and 
separated by a 2-m wide alley with a drainage canal. 

In 1983 the control strips received 0.5 t/ha of 
dolomitic lime and 45 kg P/ha. Both the control and 
acid strips received 45 kg/ha each of N and K before
planting, and 20 kg N/ha was topdressed once at 20 
and again at 40 days after sowing. Seven hundred and 
fifty cultivars were screened for tolerance to high
acidity. Each was planted across the 4-m acid and 
control strips. The cultivars included introductions 
from three international trials coordinated by IRRI's 
International Rice Testing Program and from 
WARDA's Coordinated Varietal Trials, fixed lines 
from IITA's breeding program, and 77 cultivars 
selected from a 1982 screening at Onne. 

A total of 60 entries were selected, including IITA 
test entries TOx 1753-1-24, 594-203-2-101 and 1012-12-2
1,which showed high tolerance to acid conditions in 
1982 and this year as well. Among the elite ITA 
varieties, ITA 117 and 235 gave moderate yields,
compared to the check variety LAC 23 (Table 5).
Selection was based on yields in the control strips and 
on the ability of the cultivars to maintain high yields
in the acid strips. Cultivars that responded well to 

added lime were also retained. Plant height, maturity
period and resistance to insect pests and diseaseswere also considered in the final selection.-K. Alluri 

Hydromorphic Rice 
Hydromorphic soils, including shallow swamp ecol
ogies, are important rice growing environments in 
Africa. IITA's breeding objectives for these ecologies 

are high yield potential, short to intermediate plant
height, resistance to lodging, medium to high tiller. 
ing ability, good seedling vigor, resistance to blastand tolerance to drought. Ability of the genotype toperform relatively well under varying moisture re
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gimes is also an important trait for adaptation to Variety mean yield

hydromorphic environments. Selected breeding ma- 3500
 
terials and introductions are being screened at IITA
 
for these characteristics.
 

Observational trial. In this trial entries in the 3,000 A
 
upland observational nursery were grown under (1,2 2 .9 

hydromorphic conditions at IITA. The trial was 2,500 -o .89 to
 
planted in July, and moisture was adequate through
out the experiment. Sheath rot, neck blast and glume

discoloration were moderate. Sixty-two promising 2,000
 
entries were 
 selected, including TOx 1779-3-1-201 Ave00 9) I)and 16493, which performed exceptionally well. The Ave I }
 
former is intermediate in height and medium in 1,500

tillering and has slightly droopy outer leaves but
 
erect flag leaves. In contrast, 16493 is short and high 1000
 
tillering.-J.W. Gibbons
 

Yield potential of lowland rice on hydromor- 3,000
 
phic soils. An experiment was conducted to identify

and characterize different types of hydromorphic Average (bI)

soils, evaluate the yield potential of lowland rice in 2,500 -00
 
this ecology and identify the production constraints 00
 
of hydromorphic soils. Soils were characterized on 2,000

the basis of soil morphological data and moisture on 01
 
the soil surface. Four soil types were observed: gley |000

lowland soil, all horizon type (GLL); gray lowland ,000 6
 
soil, all horizon type (GRL-ALL); gray lowland soil, (b--.50, R-O. )

underground type (GRL-UG); and gray-brown low
land soil (GBL). In addition, a gravel phase was found 1,000 0
 
where gravels macie up mainly of iron-manganese I I I I I I I
 
concentrations and quartz appeared within 40 cm of 3,500

the soil surface. In general, GLL is the wettest and
 
most reduced and GBL the driest of the four types. 3000
 
GRL-ALL is slightly drier than GRL-UG. (b.08, R2=.94
 

Twenty plots covering the whole study area were |000 
planted with rice varieties ITA 212 and 222. The yields 2,500
of ITA 212 ranged from 0.6 to 7.1 t/ha. The highest
yield was obtained in GRL-UG, followed by GLL, 0 #0 
GRL-ALL and GBL. The major yield constraints were 2,000 
soil moisture (which is influenced by water-holding
capacity of the gravel phase of the soil) and depth of 0- Average b00I)
groundwater table (Fig. 2). 0- 0 

The yield potential of 26 lowland varieties was * 
evaluated on different soils of the hydromorphic field, 000__
which was divided into two blocks: A (flooded zone) :20I I I I I I I I
and B (not flooded but wet), each with three re- -600 -200 0 200 600 800 
plications. The depth of the groundwater table, 
measured at five points in the field, varied from 0 to 45 Environmental :ndex 
cm during the ripening stages of the crop. Grain Figure 1.Regression of yield on environmental index for
yields of the entries ranged from 0.2 t/ha for KN 144 in three rice varieties, IITA, 1983. 
block B.2 to 7.4 t for ITA 212 in block A.2. Yields of 
more than 6 t/ha were observed in the zone that was 
wet but not flooded on type II and III soils. Yields of area with less soil moisture.-K. Wasano and T. 
more than 7 t/ha were obtained from ITA 212 and ITA Kosaki 
230. IR4422-98-3.6-1, Bouake 189, IR46, ITA 123, ITA Lowland Rice 
231, ITA 222, iTA 236, ITA 239, ITA 253, 19970, 18447 
and Cisadane yielded more than 6 t/ha. The major objective ofIITA's lowland rice program is

ITA 222, which is highly susceptible to neck blast, to incorporate resistance to important biological and 
was planted in all soil survey plots to determine environmental constraints into varieties with im
environmental effects on incidence of the disease, proved plant type and high yields. This involves
Severe damage from blast disease occurred in the introduction and evaluation of superior germplasm 



6 Cereals 

Table 5. Grain yield and agronomic characteristics of IITA varieties in screening for tolerance to acid upland
soils, Onne, Nigeria, 1983 

Yield, t/ha Disease resistancec 
Control Acid Plant Days to Plant Leaf Neck Grain dis- SheathVariety/line plot" plot height, cm maturity vigorb blast b:.:,- coloration blight

TOx 1753-1-24 ..................... 4.3 3.7 110 110 1 1  3 3TOx 954-203-2-101 ................. 3.8 3.0 105 
 120 1 1 - 3TOx 1012.12-2.1 ................... 3.6 3.7 110 125 1 1 - 3 
3
5
ITA 117 .......................... 3.0 2.8 
 115 115 1 1 1 1 3ITA 235 .......................... 2.4 2.3 130 
 115 3 3 1 2 2LAC 23 (check) ................... 2.1 1.9 158 
 134 1 0 1 1 3 

"This plot was treated with lime.

"Plant vigor was rated on a scale of I to 9,where 1= very vigorous and 9= very weak.
CDisease resistance was rated on a scale of 0 to 9, where 0 = no incidence and 9 = very susceptible. 

and a hybridization and selection program.
Resistance breeding is focused on rice yellow mottle 
virus, blast and stem borer (Diopsisthoracica).IITA 
breeding lines and introductions are being screened 
at Ibadan for resistance to disease and insect pro-
blems, and testing for tolerance to iron toxicity is 
being undertaken at Bende in eastern Nigeria and 
Suakoko, Liberia. Researchers in Cameroon are 
identifying cold tolerant materials with resistance to 
rice blast and sheath rot. Initial evaluation of in-
troduced germplasm, generation of breeding ma-
terials and field testing for yield potential are carried 
out at IITA. 

Early segregating materials. Several crosses 
were made using Gissi 27 and Suakoko 8 to establish 

Depth of groundwater level from soil surface (cm) 
80 

60 

S-.19 

40 Critical zone for 
lowland rice cultivation 

SS-12 

20 -

S-9 

UdrruThe 

0 Heading (ITA 212) S-3 

-10 
 St/ha under both high and low fertilizer levels were" -YIII
I--:I-rI -LTOx1838-1-3, TOx 725-1-8-201-1, ITA 212, ITA 222, ITA 

26/8 7/9 19/9 30/9 7/10 22/10 2/11 10/1116/1128AIl 
Date measured 5/12

Figure 2.Sequential changes in depth of groundwater table 
fromthelatetilleringstagestoriceharvestatdifferentsites

in a hydromorphic field, IITA, 1983. 

populations for selection on iron toxic soils. Some F 
populations of iron toxicity and cold tolerance cros
ses made early in 1983 had been advanced to the F2
generation for evaluation in 1984. The F,populations
from 26 crosses of lowland with lowland and lowland 
with upland varieties were grown, the segregating
materials evaluated, and final selection made at 
maturity based on planit type, grain appearance and 
reaction to diseases. A total of 96 plant selections 
were obtained from six populations. Because of the 
generally poor plant type and excessive height of 
most of the segregants, no selection was done on the 
rest of the F.,populations. 

Observational nursery. An observational nur
sery composed of83 F, and advanced generation lines 
was grown in four-row plots 4.2 m long with hill 
spacing of 25 x 18 cm. A total of 18 lines with short to 
intermediate stature and acceptable grain were selec
ted at maturity. Eight of the selected lines were 
uniform; these were harvested in bulk for testing in 
the 1984 preliminary yield trial. Plant selections were 
made on the selected segregating lines for further 
observation. 

Advanced yield trial.These trials consisted of 64
entries divided into two maturity groups, medium and 
late, each with 32 entries. In the medium maturity 
group, the check varieties were Adny 11, BG 90-2 andER 42 and in the late group, FARO 15 and IR5. The 
trials were conducted under two fertility levels: 120
90-60 kg/ha and 60-60-60 kg/ha ofN, P205 and K20. The 
experimental design was a randomized complete
block with four replications, a plot size of 6.52 m2 and 
hill spacing of 20 x 20 cm. 

performance of the entries selected from the 
medium maturity group is given in Table 6. In gen
eral, the higher fertility level did not increase yields
markedly. The selections that yielded more than 6 

230, ITA 232 and ITA 234. Since their plant height is 
about 1 m or less and they mature in about 125 days
from sowing, these selections should be acceptable in 
many places where irrigated rice is grown. All the 
selections have long grains, although ITA 222, 230
and 232 tend to have chalky spots in the endosperm. 

-20 
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In the late maturing group, TOx 1840-4-1, TOx 711- Screening for Tolerance to IronToxicity
18-18, TOx 903-2-1, ITA 238, ITA 239, ITA 252, 11373, Field screening at Bende, Nigeria. Rice culti
11975 and the check variety IR 5 gave the highest vion i nn a i ed by si polms
yields (Table 7). The introduced lines were in general vation in many areas is hampered by soil problems 
earlier maturing than the IITA lines, but they did not such as strong acidity, poor nutrient status, salinity 
yield as much. ITA 238 and 239, though late in and iron toxicity, the latter being one of the most 
maturity, were among the entries with clear trans- commonly reported problems of rice grown in inland 
lucent grains. Their tolerance to iron toxicity is given valleys of West Africa, South Asia and South 
in another section of this report. America. In order for these wetlands to be used forThebestmaterialsfrom theadvancedyieldtrialare rice production,nominated to national 

varieties with tolerance to ironand international trials for toxicity and high yield potential need to befurther evaluation, or potential varieties are used as developed.furter evaltio, ompro entiprogris aIn 1982 and 1983, IITA researchers monitored theparents in rice improvement programs. iron concentration in soil solution in the Bende 
Elite variety trial. This trial included 28 entries valley, eastern Nigeria, and provided preliminary

divided into early and medium maturity groups. It information on screening for tolerance to iron toxi
was conducted in 7- X 5.2-m plots with four re- city (IITA, Annual Report for 1982). The isoline map
plications in a randomized complete block design. in Figure 3, which is based on data collected during
The trial received N, P.,,, K.,0 at 120-90-90 kg/ha. The the growing season, shows the iron concentration in 
performance of selected entries is given in Tah!,. 8. In soil solution. The area with high iron concentration
the early group, IR 2042-178-1, Taichung Sr;n Yu 285. was localized along the surrounding hill. The suscep-
KN 144, BPT 1235, Bouake 189 and the check variety tible variety IR 26 was used to assess the level of iron
FARO 27 all yielded more than 5 t/ha. ITA 212 and 222 concentration as indicated by symptoms such as 
were the highest yielders in the medium maturity oranging and bronzing of leaves. Iron toxicity scores 
group, each producing more than 6 t/ha. Both selec- were based on IRRI's standard evaluation system for 
tions mature in 126 to 127 days and are earlier than rice. The area that is suitable for screening has the
the check variety IR 42. In the advanced yield trials critical level of iron concentration of 50 ppm. The 
conducted last year, these two selections also yielded area where iron concentration was between 50 and 30 
more than 6 t/ha and were the highest yielders among ppm had only slight toxicity, which may not be clear
the test entries.-K Wasano, T. Masajo and N.V. enough for screening.
Nguu 

Table 6.Performance of medium maturing rice entries in a lowland advanced yield trial, IITA, 1983 

Grain characters 

Variety/line 
Yield, t/ha Growth du-

120 kg N/ha 60 kg N/ha ration, days 
Plant 

height, cm 
Length, 

mma 
Length-to

width ratiob 
TOx 1835-8-1 ................. ............ 
TOx 1835-11-1 .................... ............ 
TOx 1838-1-3 .................................... 
TOx 711-16-1-1 .................................. 
TOx 725-1-8-201-1 ............... ................. 
TOx 714-1-204-1-101-3 ............................ 
TOx 894-28-201-1-2 .............. ................ 

5.51 
4.47 
6.54 
5.17 
6.35 
4.78 
5.33 

6.09 
5.16 
6.36 

-
7.30 
4.71 
6.01 

118 
125 
124 
131 
125 
124 
124 

104 
97 

102 
118 
101 
110 
100 

3 
3 
3 
3 
1 
5 
1 

5 
5 
1 
5 
1 
5 
1 

TOx 894-28-201-1-5 ............................... 
ITA 121 ........................................ 
ITA 212 ........................ ............... 

5.37 
5.34 
6.57 

6.08 
6.36 
6.42 

123 
123 
128 

93 
94 

106 

3 
3 
3 

1 
-

1 
ITA 222 ........................................ 
ITA 230 ........................................ 
ITA 231 ........................................ 
ITA 232 ............................... ........ 
ITA 233 ............................. .......... 

6.39 
6.61 
5.24 
6.53 
6.81 

7.47 
6.85 

-
6.45 
5.93 

127 
126 
125 
125 
126 

97 
96 

102 
102 
96 

3 
3 
3 
3 
3 

5 
1 
5 
1 
5 

ITA 234 ........................................ 
6838 ........................................... 

6.27 
5.18 

6.20 
7.05 

123 
125 

92 
100 

3 
3 

5 
1 

18447 .......................................... 
ADNY 11 (check) ............................... 
BG 90-2 (check) ..... ........................ 
IR 42 (check) ................................... 

6.69 
4.93 
5.77 
5.07 

-
-

6.43 
5.85 

127 
125 
127 
135 

106 
95 

102 
101 

3 
3 
3 
5 

1 
1 
5 
5 

M ean .......................................... 5.82 6.25 
LSD (5% ) ...................................... 1.30 1.18 
C.V ., % ........................................ 13.7 11.3 
"Length was rated on a scale of I to 7,where 1= extra long and 7 = short. 
bLength-to-width ratio was rated on a scale of 1 to 9,where 1 = slender and 9 = bold. 
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Table 7. Performance of late duration rice entries in a lowland advanced yield trial, IITA, 1983
 
Grain characters 

Yield, t/ha Growth du- Plant Length, Lengthto
Variety/line 120 kg N/ha 60 kg N/ha ration, days height, cm mm width ratio
 
TOx 1835.12.2 .................................. 5.53 6.15 128 104 3 1
 
TOx 1836-1-3................ ...... 5.52 5.24 125 111 3 5
 
TOx 1840-4-1 ................ ............. 6.85 6.89 138 118 5 5
 
TOx 711.18-8 ................................... 5.44 6.09 143 108 3 5
 
TOx 711-18-15 ............... ............ 6.27 - 139 110 5 5
 
TOx 711.18-18 ........................... 6.27 6.23 137 108 3 5
 
TOx 903-2-1 .................................... 6.06 6.99 124 100 3 5
 
TOx 725-1.8-201.2 ............................... 6.24 5.85 125 106 3 1
 
ITA 238 ....................... ................ 6.34 117 5,
. 7.08 140 3 

ITA 239 .................. .............. 6.12 6.06 141 114 3 5
 
ITA 242 ........................6.22 6.59 141 112 3 1:
 
ITA 244 .................... ................ 6.05 7.41 143 . 114 5 5
 
ITA 246 .................... ................ 6.36 - 140 118 3 5
 
ITA 247 ............... .................. 6.74 - 143 120 5 5
 
ITA 250 .................... ....... 5.74 - 138 113 3 5
 
ITA 252 .................... ........... ...... 6.79 6.60 143 123 3 1
 
IR4422-98-3-6-1 ....... ................... 6.53 - 135 112 5 5
 
11373 ................. ..................... 6.04 102 1
. 6.21 127 3 

11643 .................... ... ......... 5.96 6.56 128 101 3 1
 
11975 ................. 6.29 6.16 132 103 3 5
 
16221 .................. .............. 5.37 5.76 129 95 3 1
 
16493 ........... ...... ............... 5.49 - 126 105 3 5
 
18522 ............ .................... 5.23 5.47 128 96 3 1
 
IET 6279............... . .............. 5.97 6.53 140 113 .5 5
 
FARO 15 (check).............. ................. 5.42 6.00 142 122 3 5
 
IR5 (check) ............. .................. 6.24 8.00 135 110 55
 

Mean ................................ 6.08 6.35
 
LSD (5%) ................... ........... 1.08 1.17
 
C.V ., % ......................................... 10.9 11.1
 

Twenty-two rice varieties were included in the flooded. Two weeks later four three-week-old seed
initial screening experiment conducted in the area lings raised in nontoxic soil were transplanted in the 
shown in Figure 3. Differences in tolerance between pots, along with one seedling each ofa susceptible (LR
the varieties tested are given in Table 9. Ofthe 16 ITA 26) and resistant (Suakoko 8) variety. The soil was 
lines, 8 (ITA 238 through 253) were selections from the kept constantly submerged. 
cross IR 5/Suakoko 8. The high yield potential and The test entries and checks were rated according to 
sturdy stem of IR 5 and tolerance to iron toxicity and foliar symptoms of iron toxicity at 4, 8 and 12 weeks 
nonchalky grain characters of Suakoko 8 were suc- after transplanting. Other agronomic characters 
cessfully combined in the test lines. The results were also recorded. Ofthe 72 entries screened, 28 were 
suggest that lines derived from crosses in which tolerant. Those having high tolerance, good panicle 
Suakoko 8 or Gissi 27 are one of the parents could exertion and clean grains were: TOx 960-72-1, TOm 2
possess tolerance to iron toxicity and should be 17, TOm 2-20, TOm 2-30 and TOm 2-65. 
evaluated further at Bende and other locations where 
there is iron toxicity.-K. Wasano, K. Alluri and T. 
Kosaki 

Pot and field screening in Liberia. A cooperative
 
research project on iron toxicity was started in July
 
by IITA, WARDA and the Central Agricultural N
 

Research Institute (CARI) of Liberia. For this project 30"M
 

two pot experiments at Suakoko and Fendall and a 31.4 X
 

field screening at Suakoko were conducted in 1983.
 
The main objective of the pot experiment at
 

Suakoko was to develop a reliable screening method J
for identifying lines tolerant to iron toxicity and then 0.7
 

to screen test entries. X
 
Soil from iron toxic sites was collected, dried, Figure 3. Isoline map of Fe concentration (ppm) in soil
 

thoroughly mixed, placed in 8-1 plastic pots and solution, Bende valley, eastern Nigeria, 1983.
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The pot screening method was reliable because Table 8. Performance of selected rice entries in a 
both resistant and susceptible checks were grown in lowland elite variety trial, IITA, 1983
 
the same pot. It was noted, however, that thoroughly Days to Plant Length/

dried toxic soil had to be submerged for a long time Yield, matur- ht., Grain width
 
before becoming toxic again. So, wet toxic soil should Variety t/ha ity cm length ratio
 
not be dried for pot screening. Early maturity


A site with a serious Fe toxicity problem was IR2042.178-1... 5.48 127 107 3 5
 
chosen below the CARI dam at Suakoko, Liberia, for BG 276-5 ...... 4.38 114 114 5 5
 
field screening of 90 entries. Three-week-old seedlings BG 367-4 ...... 4.24 116 115 7 9
 
raised in nontoxic soil were transplanted in the iron- Taichung Sen
 
toxic field in three-row plots 3 m long. The experiment Yu 285 ...... 5.13 118 111 5 5
 
had a randomized complete block design with four KN 144 ....... 5.67 126 116 5 5
BPT 1235 ...... 5.24 120 101 3 1
replications. 	 Bouake 189 .... 5.89 131 113 3 5
 

Resistant checks Suakoko 8 and Gissi 27 and Kulu ......... 3.29 120 133 1 1
 
susceptible checks IR 26 and IR 5 were planted across TE 52693 ...... 4.55 129 116 3 1
 
the test entries. Iron toxicity tolerance was rated on FARO 27
 
test lines and adjoining susceptible and resistant (check) ..... 5.39 121 93 3 5
 
checks at 4, 8 and 12 weeks after transplanting IR36(check)... 4.11 114 101, 3 1
 
according to IRRI's standard evaluation system for Mean........4.85
 
rice. Agronomic characters such as height, tiller LSD (5%) ..... 0.78
 
number, panicle exertion, grain discoloration and C.V., % ....... 11.2
 
grain weight were also measured. Medium maturity


Several entries with good plant type, panicle exer- ITA 121......4.98 121 108 6 5
 
tion and grain characteristics and acceptable growth ITA 212 ....... 6.50 117 110 3i 1

duration were found to be tolerant. The tolerant lines ITA 222 ....... 6.13 126 106 3 5
 
TOx 960-42-1 and 711-18-7 yielded more than Suakoko 	 ITA 230 ....... 5.63 125 107 1 1
 
8.-A.O. Abifarin 	 ITA 231 ....... 5.05 124 109 3 5
 

18447 ......... 5.39 127 117 3 1
 
BG 90-2 (check) 5.50 126 107 3 5
International Trials IR42 (check)... 4.24 134 111 5 
 5
 

IITA's rice program maintains strong links with Mean ......... 5.43
 
other international rice programs, particularly by LSD (5%) ..... 1.01
 
conducting trials from IRRI and WARDA. These C.V., % ....... 14.2
 
trials, which include entries from IITA, IRRI, Note: Length was rated on a scale of Ito 7, where 1 -extra 
 long
WARDA, CIAT and various national rice programs, and 7 = short, and length-to-width ratio on a scale of i to 9, where 
promote rapid exchange and evaluation of elite rice 1= slender and 9 = bold. 
germplasm and utilization of it in the national 
programs. 

The irrigated trials were conducted at Ibadan,
 
upland trials at Ikenne and screening for acid upland

soils at Onne. Yield nurseries had three replications

in a randomized complete block design. The obser- Table 9. Performance of tolerant rice entries in iron
 
vational nurseries and initial evaluation trials were toxic soils in Bende valley, Nigeria, 1983
 
not replicated. Leaf dis.
 

coloration Yield, t/ha Reac-
International rice yield nursery, very early Entry scorea Bende IITA tionb 

duration (IRYN-VE). This nursery consisted of 29 ITA 238 ................... 3.2 2.81 4.63 R 
entries from national breeding programs in India, ITA 239 ................... 3.0 2.81 4.73 R

Taiwan and Sri Lanka and from IRRI, with one ITA 242 ................... 3.3 2.41 4.61 R
 
international check, IR 50. The local check was ITA 244 ................... 4.2 1.81 4.13 M

FARO 26, a selection from IR 269-26-3-3-3. IR 25925-84- ITA 245 ................... .3.0 2.41 4.04 R
 
3-2 gave the highest yield, followed by IR 9752-71-3-2 ITA 247 ................... 3.8 1.87 4.52 R
 
(Table 10), which was among the best yielders in the ITA 250 ................... 3.3 1.47 4.43 R
 
1981 and 1982 IRYN-VE trials in several Asian and ITA 253 ...................
IR5....................... 2.94 c M
4.74.7 3.08 4.22 M 
African countries. This entry has long translucent Suakoko8 ................. 2.5 2.61 4.23 RR
grains. Leaf and neck blast were moderately severe. Gissi 27 (resistant) .......... 3.5 - - RR 
Some entries had reaction scores of 7 to 9, but IR 9752- Il 26 (susceptible) .......... 6.0 0.13 3.54 S 
71-3-2 proved resistant. Because of its short duration, LSD (5%) .................. 1.0 1.16 n.s. 
good grain quality and high yield potential, this entry These scores are based on IRRI's standard evaluation system for 
should be tested in irrigated double cropping systems rice. bRR = highly tolerant, R = tolerant, M = moderately
in Africa. tolerant and S = susceptible to iron toxicity. cNo data. 
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Table 10. Performance of selected entries in international rice yield nurseries, irrigated, IITA, 1983
 
Yield, Plant Growth dura- Lodging, Leaf NeckVariety kg/ha height, cm tion, days 1-9 blast, 0-9 blast, 0-9
 

Very early maturing
IR25925-84-3-2. ...... 4,160 109 99 1 .0 0

IR9752-71-3-2 .......................... 4,016 88 97 1 0 0

BG 367-4 ............................. 3,891 129 
 105 5 0 0

UPR 254-35-3-2 ......................... 3,786 96 102 3 1 0

IR28128-45-2 ........................... 3,736 108 98 5 0 0
 
IR28210-96-4-3-3 ................ 3,725 99 98 
 1 0 01"
UPR 103-80-1-2 ........... ............ 3,691 95 97 1 3 3

IR 25924-51-2.3 ................ ..... 3,565 104 100 1 0 0

IR29692-65-2-3 ..................... 3,546 109 102 1 0 
 0
IR25898-57-2-3 .................. I......... 3,510 104 99 1 0 
 0
FARO 26 (local chech) ........................ 3,183 138 120 5 .0 
 0
 
Mean ..................... 2,817
 
LSD (5%) ................................... 882
 
C.V., %......................... ......... 19
 
Early maturing
BR 161-2B.59 .......................... 4,011 85 116 
 1 0 0 
IR36 (international check) ................. 3,806 86 113 3 0 0

IR21015-80-3-3-1-2 ............................ 3,718 106 114 1 
 0 0
C 1322-28 .................... .3,711 97 115 3 
 0 0
C 1321-9 .............................. 3,705 93 114 3 0 .
 0 
IR13540-56-3-2-1 .............. 3,416 117 120 1 3 
 . 5

FARO 27 (local check) ...................... 3,413 81 110 1 0 
 0
IR13240-82-2-3-2-3-1 .......... .............. 3,279 
 85 114 1 0 . 0

KAU 2084.................... ........ 3,245 100 
 110 1 1 1

KAU 1727................................... 3,239 97 114 1 1 . 0
 
Mean ........ . ................ 2,296

LSD (5%) ................................... 563
C.V ., % ........................ ...... 12 
 , " ' ;i ,: , ) :: ... ,
 

Medium duration
 
IR28118-138.2-3..................... 4,643 109 132 1 0 0
ITA 123 (local check)........................ 4,601 100 . 124 . 1 0 0

ITA212 ............................... 4,456 104 127 11 0 1'
 
IR42 (international check) ................. 4,386 100 133, 1 0 .0
 
IR19670-263-3-2-2-1 ............... ..... 4,145 107i 127 3 0' '
 
BW 295-4 .......................... ... 4,003 : 106 130, , 3 0 0
 
1R9852-22-3 ....................... . .3,998 95 128 1 0
IR 27325-63-2-2 ............. . .. 3,937 107 132 1 . 0 0

RAU 2004-6-69-2-13 ........................ 3,919 89 124 1 0 1

BG 379-2 ................... :..... ...... 3,917 92 
 129 1 0 0
 
Mean ........... .................... 3,641
 
LSD (5%) ............................ ..... 605
 
C.V.,% .. .
 . ... I..
. 10
 

International rice yield nursery, early du- International rice yield nursery, medium du
ration (IRYN-E). This nursery contained 28 entries ration (IRYN-M). The 29 entries in this nursery
from national breeding programs in Bangladesh, were nominated by national breeding programs in
India, the Philippines and Taiwan and from IRRI and Bangladesh, Brazil, Burma, India, Indonesia and Sri 
included an international check, IR 36. The local Lanka and by IITA and IRRI. The local check was ITA
 
check was FARO 27. The highest yielder was BR 161- 123 (Table 10). IR 28118-138-2-3 gave the highest yield,

2B-59, followed by IR 36 and IR 21015-80-3-3-1-2 (Table followed closely by ITA 123, ITA 212, IR 42 and IR

10). The first two are dwarf varieties and the third 19670-263-3-2-2-1. IR 28118-138-2-3 and IR 19670-263-3
semidwarf, with growth duration of about 115 days. In 2-2-1 have long slender grains that are almost trans
the 1982 ERYN-E trials, IR 21015-80-3-3-1-2 was one of lucent. The latter was one of the top five yielders in
the highest ranking entries, based on average yields the 1982 IRYN-M based on averages for 32 test 
for 38 locations in Asia, Africa and Latin America. IR locations in Asia, Africa and Latin America. Both 
36 performed better than the local check. leaf and neck blast were minimal in this test. 

http:161-2B.59
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WARDA coordinated varietal trial, irrigated, selections; most were semidwarf to intermediate in 
moist zone, short duration. This trial consisted of plant height. At Ibadan the nursery was planted in 
14 entries, with IR 36 as the local check. Leaf and neck two-row plots 5 m long and was not replicated. The 
blast were minimal, but some entries had glume local checks were BG 99-2, ITA 121 and ITA 123. Plant 
discoloration scores of un to 5. The top yielder was IR height, maturity period, phenotypic acceptability,
21931-47-3-3, followed by ITA 245 and KN 144; all and field reaction to diseases were recorded. Leaf and 
these entries were significantly higher in yield than neck blast and glume discoloration were light to 
JR 36 (Table 11). KN 144 gave the highest yield in the moderate. The entries that received better pheno
1982 test at I!TA and several other locations in West typic acceptability scores than the checks at ma-
Africa but was moderately susceptible to leaf blast in turity were: C 1158-7, C 1252-9, ECIA 31-36-3-1, IR 
some locations. This variety also gave good results in 13525-43-2-3-1-3-2, IR 13538-48-2-3-2, IR 13539-100-2-2-
WARDA on-farm trials, yielding 4 to 6 t/ha. ITA 245 2-3, IR 25861-153-1, IR 25861-31-1-3, IR 25861-35-3-3, IR 
had the longest growth duration in this trial. 25861-64-3-2, IR 28126-45-3-3-2, M 57B-146-1, R 9-1-6-1-2-

WARDA coordinated varietal trial, irrigated, 7-7 and IR 21015-80-3-3-1-2. 
moist zone, medium duration. In this trial of 15 Irrigated initial evaluation trial. This trial 
entries, IR 2928-7-3-1-1 gave the highest yield, fol- contained 193 entries, most of them semidwarf with 
lowed by ITA 212, IR 54 and IR 4422-98-3-6-1 (Table 11). early to medium growth duration. The nursery was 
Leaf and neck blast were minimal. BR 508-B2-9 lodged grown in three-row plots 5 m long and was fertilized 
badly. ITA 212 (BG 90-2'/Tetep) has produced yields with 120-90-90 kg/ha of N, P20, and K20. Pressure 
ranging from 4 to 7 t/ha at several locations in from leaf and neck blast, leaf scald, brown spot and 
Nigeria and elsewhere in West Africa under both glume discoloration was generally light. A few ap
irrigated and hydromorphic conditions. IR 54 and IR parently very susceptible entries were affected by
4422-98-3-6-1 also gave high yields of4 to 7t/ha in 1981 moderate to severe neck blast. Of the 23 entries 
and 1982 trials in West Africa. selected, the following seemed most promising: 32-

Xuan, 5-P, BR 40-B2-1/C3, ITA 162, ITA 212, CP 4-Cl,International rice observational nursery Si piC 92033, BW 267-3, IR 4422-98-3-6-1, B 541-PN-585(IRON 1983). This trial was composed of 350 entries Si B C3,B 26-3 IR 4486-07M.
 
from IRRI, IITA and national programs in 16 coun- 3-1, B 3981C-PN-146-2 and P 1486-707M.
 
tries. There were very early, early, and medium WARDA coordinated 7-arietal trial, upland,

duration materials as well as a few late maturing moist zone, short duration. This trial was com-


Table 11. Performance of selected rice varieties in a WARDA coordinated varietal trial, irrigated, moist zone,
IITA, 1983 

Variety 
Yield, 
kg/ha 

Plant 
height, cm 

Growth dura-
tion, days 

Lodging, 
1 to 9 

Glume discolora
tion, 0 to 9 

Short duration 
IR 21931-47-3-3 ................................. 
ITA 245 ....................................... 
KN 144........................................ 
IR 1358-48-2-3-2 ................................... 
KAU 166 ...................................... 
CNM 31 ....................................... 

5,307 
4,917 
4,654 
4,188 
4,127 
4,049 

94 
97 

113 
103 
99 
96 

118 
135 
117 
115 
112 
117. 

1 
1 
1 
1 
1 
1 

3 
3 
1 
3 
5 
1 

C 1322-28 .....................................
IR 36 (local check) .............................. 4,011

3,272 
110
87 115

102 
1
1 1

1 

M ean .................... 
LSD (5%)................................ 

3,888 
750 

C .V ., % ..................... . . .. ......... 12 
Medium duration 
IR 2928-7-3-1-1 .................................. 
ITA 212 ....................................... 
IR54 (local check) .............................. 
IR 4422-98-3-6-1 ................................. 
IET 6056 ...................................... 
ITA 231 ....................................... 
ITA 123 ....................................... 

5,364 
5,034 
4,936 
4,780 
4,699 
4,658 
4,598 

120 
102 
109 
113 
120 
112 
105 

138 
130 
125 
137 
135 
130 
130 

1 
1 
1 
1 
1 
1 
1 

3 
1 
1 
3 
1 
3 
1 

CR 1022 ....................................... 4,556 109 138 1 3 
IR 2071-586-5-6-3 ................................ 4,509 121 140 1 1 
M ean ......................................... 
LSD (5% )...................................... 

4,295 
639 

C .V ., % ....................................... 9
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posed of six selections from IITA, four from the 
Institute for Tropical Agricultural Research (IRAT),
three from Senegal and two from IRRI. The test was 
conducted at Ibadan and Ikenne in three replications
with a randomized complete block design. Seeds were 
dibbled at 5 to 7pei hill with spacing of 25 x 25 cm. The 
total amount of fertilizer applied was 90-60-60 kg/ha
of N, P205 and K20. 

The results of the test at Ibadan are given in Table 
12. Because of severe drought, supplemental irri-
gation was provided. The highest yield was obtained 
from DJ12-539-2, followedbyDJ 11-541-1, ITA235and 
IRAT 133. DJ 12-539-2 also gave superior yields in this 
trial last year; but this selection may be too short 
under a low level of management, and the grain has a 
tendency to be chalky. Leaf blast incidence was
slight, and neck blast, despite the drought, was severe 
only on IR 19819-31-2-3. 

The trial at Ikenne was severely affected by
drought, and no yield was obtained from some entries. 
Entries that gave a fair yield in spite of prolonged
drought were DJ 11-541-1, ITA 235 and ITA 117, which 
produced 1,511, 1,408 and 1,365 kg/ha, respectively. IR 
19819-31-2-3 and IRAT 144 were damaged by leaf blast. 

WARDA coordinated varietal trial, upland,
moist zone, medium duration. In this trial there 
were five entries from IITA, eight from IRAT, one 
from Nigeria, and one from the Philippines. The test 
was conducted at Ibadan and Ikenne according to the 
same experimental design and management practices 
as the short duration trial. The top ranking entries at 
Ibadan were ITA 118, ISA 6 and IRAT 170 and at 
Ikenne IRAT 161,156 and 104 (Table 13). The varieties 
with the highest average yields at both locations 
were IRAT 161, IRAT 156, ISA 6 and JRAT 170. IRAT 
156 and IRAT 170 also yielded wcll in last year's tests. 
Both leaf and neck blast were only slight to moderate 
at Ikenne and Ibadan. IRAT 136, IRAT 161 and IRAT 
156 showed susceptibility to leaf scald at Ikenne. 

Table 12. Performance of selected entries in a 

WARDA coordinated varietal trial, upland,

moist zone, short duration, IITA, 1983 


Growth Plant Leaf Neck 
Yield, duration, ht., blast, blast,

Entry kg/ha days cm 0-9 0-9 
DJ 12-539-2 ..... 2,728 123 79 0 0
DJ 11-541-1 ..... 2,421 123 71 0 0
ITA 235 ........ 2,315 125 107 1 0 
IRAT 133 ....... 2,279 109 82 0 0 
IRAT 144 ....... 2,243 107 95 0 0
IR5931-110-1 .... 2,180 131 89 0 0 
ITA 135 ........ 2,173 114 115 3 0 

ITA 117 ........ 2,049 127 91 0 0

ITA 132 ........ 2,003 123 114 1 0 

Mean .......... 1,889
LSD (5%) ...... 759 
C.V., %........ 24 
Note: Leaf and neck blast resistance ratings are based on IRRI's
standard evaluation system for rice, 

International upland rice observational nur
sery. This nursery was composed of 204 entries,
including 12 selections from IITA, which were evalu
ated at Ikenne. The nursery suffered from severe 
drought stress a month after planting. Leaf blast was 
moderate and neck blast moderate to Thesevere. 
weather was not generally favorable, particularly for 
late maturing entries. Seventeen entries received 
good phenotype acceptability ratings and showed 
resistance to both leaf and neck blast. Among these 
were the IITA entries ITA 130, ITA 135, ITA 139, ITA 
142, ITA 175, ITA 235 and TOx 378-1-61 and the 
following selections from other sources: ARC 10372,
B 3199 B-KN-197-1-2, IR 10110-23-1, IRAT 134 and 
16838. 

WARDA ui land initial evaluation trial. A total 
of 134 entries from IITA, IRRI, IRAT, and national 
programs in Bangladesh, India, Indonesia,
Philippines and Senegal were included in this trial. It 
was conducted at Ikenne and Ibadan in unreplicated 
two-row plots 5m long. Seeds were dibbled at 5 to 7per
hill with spacing of 25 x 25 cm. 

At Ibadan the test failed because of drought and 
very poor stand establishment. At Ikenne, despitedrought at the late seedling stages, most ofthe entries 
reached maturity. Leaf blast, neck blast and leaf 
scald were generally moderate, but severe on several 
entries. Many entries looked good at flowering until 
the onset of neck blast. Entries that received good
phenotypic acceptability ratings and showed re
sistance to leaf and neck blast and leaf scald were: IR 
6023-10-1-1, IR 3646-9-3-1, JR 5929-12-3, IR 10004-3-1, 
IRAT 104 and ITA 256. 

Acid upland soil screening nursery. This is one 
of the international nurseries being assembled and 
distributed by the International Rice Testing
Program (IRTP) for testing in problem soils. The 1983 
set had a total of 44 entries, including 5 from IITA, 26 
from IRRI and 2 from IRAT; the-rest were from India,

Indonesia, Brazil, Colombia and the Philippines. ITA
235 was the local check. Only three selections,

Azucena, CICA 8 and ITA 162, performed well com
pared to JTA 235. These results confirm the tolerance
 
of Azucena to acid upland soils, as reported from 
previous IRTP trials. 

Observational nursery. Introduced elite germ
plasm and breeding materials are being evaluated at
IITA to determine which have the potential to be
come varieties or donors of plant type or tolerance to 
specific stresses. This year 74 introduced varieties
and lines from different international nurseries grown
last year were evaluated along with 22 IITA lines. The 
materials were grown in replicated four-row plots.
The total amount of fertilizer applied was 90:60:60 
kg/ha of N, P20, and K20. Data were collected on
growth duration, plant height, resistance to lodging
and field reaction to diseases such as leaf and neck 
blast and glume discoloration. Of the 96 entries
evaluated, 30 were selected for further observation 
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Table 13. Performance ofselected rice entries in a WARDA coordinated varietal trial, upland, moist zone,

medium duration, at locations in Nigeria, 1983 

Entry 

IRAT 161 ................ 

IRAT 156 ................ 

ISA 6.................... 

IRAT 170 ................ 

1RAT 169 ................ 

ITA 235 .................. 

IRAT 104 ................ 

ITA 118.................. 

ITA 135 .................. 

IRAT 168 ................ 

FAROX 299 .............. 

IRAT 136 ................ 

ITA 162.................. 

ITA 141 .................. 


Mean ................... 

LSD (5%) ................ 

C.V., .................. 


Yield, kg/ha Growth dura. 
At Ibadan: 

Plant Leaf Leaf scald at 
Ibadan Ikenne Mean tion, days height, cm blast, 0-9 Ikenne, 0-9 

1,172 
1,201 
1,872 
1,825 
1,340 
1,778 

948 
1,966 
1,685 
1,199 
1,025 

522 
670 
763 

2,726 
2,468 
1,667 
1,670 
1,721 
1,273 
2,104 
1,075 
1,254 
1,546 
1,320 
1,771 
1,610 
1,480 

1,949 
1,834 
1,770 
1,748 
1,530 
1,526 
1,526 
1,520 
1,470 
1,372 
1,172 
1,146 
1,140 
1,122 

131 
129 
131 
130 
124 
124 
133 
124 
121 
129 
128 
138 
134 
133 

114 
113 

99 
103 
95 

117 
120 
116 
126 
123 
119 
103 
115 
118 

0 
0 
0 
1 
0 
3 
1 
0 
3 
0 
0 
1 
0 
0' 

5 
5 
1 
3 
0 
1 
3 
5 
1 
1 
3 
7 
1 
1 

1,224 
450 

1,644 
441 

1,634 

22 16 
Note: Disease ratings are based on IRRI's standard evaluation system for rice. 

or testing in replicated trials in 1984. A number of 
potential parents, particularly as donors ofplant type 
and earliness, were also identified.-Kaung Zan 

Performance of Rice on a Toposequence 

Millions of small farmers in Africa plant rice on 
natural, undisturbed slopes of inland valleys in 
undulating relief, a major land form of the humid and 
subhumid regions of the continent. The rice growing
environments on these slopes may be free draining
upland or have impeded drainage, depending on the 
relief or landscape, the position of the rice plants on 
the relief and the rainfall pattern. Rice plants may
therefore suffer from lack of water at times but have 
natural flooding at others. Rice varieties that have 
been selected either strictly for upland ecosystems or 
strictly for lowland ecosystems may not be able to 
adjust to Lhe conditions of the toposequence and 
produce satisfactory yields on natural slopes of 
inland valleys. 

To evaluate the potential of the toposequence as a 
tool for screening rice varieties, a trial was conducted 
during the wet season of 198S on a no-till topo-
sequence in a V-shaped valley at UTA. Seven upland
and 12 lowland varieties were planted with spacing of 
25 x 25 cm. No fertilizer was applied. The ground.
water level was monitored weekly, using 23 piezo-
meters planted at a depth of 100 cm at various points
in the toposequence. 

The groundwater level varied with rainfall and 
with the topographical position of the point where 
groundwater level was measured. After a heavy rain,
the groundwater level rose and then gradually moved 
downward. During a long dry spell, however, the 
downward movement of groundwater 3topped about 

three weeks after the rain stopped. This was perhaps
due to irrigation on the upper parts of the watershed 
of the valley. 

Two dry periods occurred during the experiment,
the first from 1 to 24 August and the second from 12 
October to the end of the experiment. Water stress 
symptoms were cbserved on rice at the upper section 
of the toposequence. 

The drought line, or lower limits of the area in 
which rice showed water stress symptoms, moved 
down the slope daring the dry spell. During the first 
drought, this downward movement was interrupted
by rain on 25 August. During the second drought, the 
downward movement stopped permanently around 27 
October. 

Analysis of data from the soil survey, on the 
groundwater level and on rice reaction to water 
stress indicated that there were four distinct growing
environments for rice on the experimental topo
sequence (Fig. 4): (1) freely drained upland, (2) inter
mediate upland, (3) intermediate flooding and (4) 
flooding ecosystems.

On freely drained upland, the groundwater table 
never rose higher than 60 cm below the soil surface. 
In this environment rice started to show water stress 
symptoms as early as a week after the rain stopped.
The soils are of laterite, with a layer of hard laterite 
20 to 30 cm below the soil surface. 

On intermediate upland, the groundwater table 
fluctuated between 40 cm below the soil surface at the 
peak of the rainfall period and about 80 cm below the 
soil surface during drought. Rice showed water stress 
symptoms only after prolonged drought. The soils are 
grey-brown lowland, with some laterite gravel 40 cm 
below the soil surface. 

In the intermediate flooding environment, the 
groundwater table surfaced sometimes and dropped 
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Highest ground-.. . . . . 

water table --f. 

Droinageway
 
Lowest ground
water table 

.... ' ..: ...
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Freely drained Intermediate IntermediateEcosystem upland upland flooding Flooding 

Sources of Mostly Rainfall and Rainfall andmoisture rainfall groundwater groundwater Rainfall and groundwater 

Probability Most likely Possible if dry
of drought during dry spells spell is long enough None None 

Probability 

of flooding None None Occasionally Nearly permanent 

Figure 4. Schematic drawing of ecosystems on a toposequence in a V-shaped valley, IITA, 1983. 

to about 40 cm below the soil surface during drought. ecologies. Within each variety group, there was a
The soils are grey lowland with some gravels 60 to 90 distinct difference among varieties in ability to adapt 
cm below the soil surface. Rice never showed water to variation in moisture conditions (Fig. 5).-N.V. 
stress symptoms. Nguu, J.W. Gibbons, R.L. Dobson, M.S. Alam, A.

In the flooding ecosystem, the groundwater table Eversand T.Kosaki 
was at or above the soil surface during most of the 
growing season. The soils are grey lowland. Signs of Entomology
accumulation offerric iron were observed sometimes. 

Rice yield increased from the freely drained upland Screening for Insect Resistance 
to the intermediate flooding environment and then A major effort was made this year to identify rice
decreased slightly in the flooding ecosystem (Table cultivars having resistance to the stalk-eyed fly,
14). The lower rice yield in the flooding ecosystem was Diopsis (thoracica) macrophthalma Dalman; Pink
attributed partly to poor germination and crop estab- stem borer, Sesamia spp; and gallmidge, Orseolia 
lishment and partly to stress associated with natural stem bore Haia Gan 
flooding. Lowland rice varieties tillered profusely in oryzivora Harris and Gagne
the freely drained upland ecosystem but did not yield Stalk-eyed fly. This insect occurs in all rice
perhaps because their reproductive phases occurred ecosystems of Africa but is particularly abundant in 
at the end of the rainy season, owing to their rather irrigated and hydromorphic rice. A total of 328 rice
long growth duration. cultivars from IITA's breeding material, including

Stem borer infestation was higher in the upland selected materials from the International Rice
than the flooding ecosystem. The predominant spe- Testing Program and WARDA trials, were screened
cies of stem borer was the pink borer (Sesamiasp.), for resistance in the screenhouse by a method de
which constituted about 94% of the population. In veloped at IITA (Annual Report for 1982). Twenty
general, upland varieties were more susceptible to two cultivars were found to have less than 10%
this borer than were lowland varieties, infestation. These cultivars and 33 others selected in

Across the toposequence the yields of upland- a 1982 mass screening were retested in a trial with
varieties were more stable than those of lowland four replications. Stalk-eyed fly infestation was mea
varieties, although the latter yielded much more than sured on test entries 45 days after transplanting. The
the former in both intermediate flooding and flooding percentage of infestation (or "deadhearts") was 
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computed with the formula used by Onate (1965) and 
then converted by means of the IRRI standard evalu-
ation system for rice stem borers to a scale of 0 to 9. 
Eight cultivars were found to be resistant and 10 
moderately resistant (Table 15). All resistant cul-
tivars were 0. glaberrima;four of the moderately
resistant ones were 0. sativa. Because of difficulties 
in breeding with 0. glaberrima, we will continue 
searching for resistant materials among 0. sativa 
cultivars.-M.S. Alam 

Pink stem borer. This is one of the important 
species of lepidopterous rice borers in Africa and is 
most serious a problem in upland rice ecosystems,
particularly in the humid forest zone. Systematic
screening of varieties/lines for resistance to this 
species was begun in 1983. This was done in the 
screenhouse at Ibadan under artificial infestation; in 
addition, "hot spot" screening was done in the field. 

In the screenhouse 75 upland and lowland cul-
tivars, including the farmers' variety 0S 6, were 
evaluated for resistance to SesamiacalamistisHamps
under artificial infestation. The test entries were 
transplanted in a single row consisting of10 hills with 
two seedlings per hill and spacing of 25 X 25 cm. OS 6 
was transplanted after every fifteenth test entry. To 
infest the entries, an egg mass (10 to 15 eggs per mass)
in the "blackhead" stage was placed in the auricular 
region of the leaf of the central tiller 55 days after 
transplantingfestation, as on each of the 10 hills. Sesamia in-indicated by "deadhearts" or "white.

festicattio d, ba in"d adh arts or "wh te.heads," was measured 30 days after infestation, andthe percentage of infestation was computed with the
formula used by Onate (1965). Infestation ranged 

from 9.13 to 55.50%. Eight cultivars, ITA 184, ITA 140,
ITA 252, TOs 238, IR 28, IR 43, IR 45 and IR 50, were 
found to have less than 15% infestation. 1 

Forty-'six elite IITA upland cultivars, 10 RRI lines 
and OS 6 were tested for resistance to pink borer in 
the field at Onne, where pressure from this insect is 
extremely high. More than 80% of the borer popu-
lations were pink borers. The objective of this trial 
was to determine the reaction of pink borer to IITA's 
elite upland materials. The test entries were planted
in two rows 5 m long and spaced 25 x 25 cm in a 

Grain yield ( kg/ha) 
4,000 

IRAr/3 /R593/-//O-/ 135
3,000 . 

2,000 

nieans1,000 All ccosysy -r
 
0
 

TOx 8'-1-3 1/1975 11643 
6,000 

5,000 

4,000
3,000 

IU,lFandF 
2,000 - ecostem 

1,ooo0 , 
o1 V' I I t I.I.J I 

FU IU IF F FU IU IF F FU 1U IF F 
Ecosystems

Figure 5. Grain yield of three upland (top) and three 
lowland (bottom) rice varieties planted in four ecosystems 
on a toposequence in a valley, IITA, 1983. FU = freely
drained, IU = intermediate upland, IF = intermediate 
flooding and F = flooding. 
randomized complete block design with three re
r a n s. complet elo c ion w as mae atplications. A basal fertilizer application was made at
the rate of 45:4545 kg NPK/ha, and another 45 kg Nthraeo455:5kNPhaanaohr45gN 
was applied in two split applications at 25 and 50 days
after transplanting. Borer infestation, as indicatedby whiteheads, was measured 15 days before harvestand the percentage of whiteheads computed.
Infestation ranged from 8.33 to 54.72%, and signi
ficant differences were observed between test entries. 
Nine cultivars-ITA 117, ITA 134, ITA 175, ITA 176, 
ITA 184, ITA 228, IR 7919-25-2-1-1, IR 10068-12-2 and IR 
12631-38-2-1-showed less than 15% infestation in 
field screening at Onne.-M.S. Alam, Z. Dabrowski 
and scri 

and K. Alluri 
Gallmidge. Rice gallmidge occurs in Sudan, 

Cameroon, Mali, Upper Volta, Ivory Coast, Senegal, 

Table 14. Grain yield and other characteristics of rice varieties planted on a toposequence, IITA, 1983 
Yield, Flowering, Plant Number oftillers Stem borers,Ecosystem kg/ha days height, cm per square meter percenta 

Upland varietiesb 
Freely drained upland ..................... 1,185 - -. 
Intermediate upland ....................... 1,575 103 102 154 18.09
Intermediate flooding ...................... 2,313 91 103 
 157 7.85
Flooding. .......................... 1,961 
 - - - -

Lowland varietiec 
Freely drained upland ..................... 11  -
Intermediate uplhnd .................... 1,498 120 77 
 214 10.77Intermediate flooding ...................... 4,129 108 97 
 228 2.42 
Flooding ................................. 3,234 - -7 
'Observed 105 days after seeding. bAverage for 7 varieties. cAverage for 12 varieties. 
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Table 15. Rice cultivars with resistance to stalk-eyedfly, IITA,1983Designation and Resistance 
aqsit number Source rating
acquisition nThe 
TOg 5560................ Nigeria 3
TOg 6367................ Liberia 
 3 

TOg 6368................ Liberia 3 

TOg 6390................ Liberia 3 

TOg 6392................ Liberia 3

TOg 6399................ Liberia 3 

TOg 6481................ Liberia 3 

TOg 6332 ................ Liberia 5 

TOg 6337 ................ Liberia 5 

TOg 6343................ Liberia 5 

TOg 6436................ Liberia 
 5

TOg 6529................ Liberia 
 5
ITA 121 ................ IITA 
 5 
TOx 1838.2-8 ............. IITA 5 
DJ 12-539-2 .............. Senegal 5
HPU 741 ................ India 5 

Suakoko ................ Liberia 
 9 
'Resistance was 'atedon a scale of0 to 9, where 0 -highly
resistant, 3 = resistant, 6 = moderately resistant, 7 
susceptible and 9 = highly susceptible. 

Guinea Bissau and Nigeria. It is one of the most 
serious and widespread insect pests of irrigated and 
rainfed lowland rice in Upper Volta. Incidence of the 
insect is high generally during July and August in 
Upper Volta and during October and November in 
Nigeria. It has recently been observed that the 
African species of rice gallmidge is morphologically 
different from the Asian one. At IITA efforts are 
therefore being made to identify resistance sources, 

In 1982 the eighth international rice gallmidge 
nursery, was planted at Karfiguela, Upper Volta, and 
Edozhigi, Nigeria. Twenty-one-day-old seedlings of 
the 90 test entries were transplanted with spacing of 
15 x 20 cm in two replications, each consisting of two 
10-hill rows with one seedling per hill. Gallmidge
infestation, as indicated by "silvershoot," was mea-
sured 45 days after transplanting. In Karfiguela,
infestation ranged from 0 to 10.27% and at Edozhigi
from 0.50 to 23.40%. Only four entries, BW 100, Ptb 10,
OB 677 and RP 1831-4-5, proved resistant at both 
locations. Cisadane and Eswarakora were found to be 
resistant only at Edozhigi. 

Thirty-five cultivars (28 of them IITA elite lowland 
materials anC. seven IRitI materials), including the 
resistant check Ptb 10 and susceptible check IR8, 
were planted at Karfiguela in 1983. Infestation was 
moderate, ranging from 3.82 to 19.39%. Only two 
cultivars, Ptb 21 and ITA 250, showed less than 5% 
infestation. 

Eighty-seven lowland materials were tested this 
year at Edozhigi. Infestation ranged from 0.55 to 
11.49%, the lowest being observed in TOx 1835-7-4. 
Materials with less than 5% infestation will be 
retested at the same locations in 1984.-M.S. Alam 
and KaungZan 

Crop Loss Assessment 

The white stern borer (MaliarphaseparatellaRag.) is
widely distributed in all rice ecosystems of Africa.

larvae feed inside the stem but, unlike other 
borer species, generally do not cause deadhearts or
whiteheads. Since little is known about the degree of 
damage caused by this insect, attempts were made to 
determine the percentage of economic loss resulting
from M.separatellain irrigated rice. 

Twenty-one-day-old seedlings of ITA 212, a variety
with high yield potential, were transplanted in a plot
measuring 25 x 30 m at 25-x 25-cm spacing during
the wet season. Fertilizer was applied basally at the 
rate of 60:60:60 NPK/ha, and another 60 kg N was 
applied in two split applications at 24 and 60 days
after transplanting. Furadan (carbofuran) 10G wasapplied at the rate of 2 kg a.i./ha at 0 and 20 days after 
transplanting to protect the crop from whorlmaggot 
and Diopsis.

At harvest samples were collected at random from 
150 hills, and individual tillers were dissected to 
determine white borer infestation. The 1,832 tillers 
dissected were divided into two categories: those
having tillers with white borer damage and those 
with no borer damage. Grain yield was also recorded 
by group. The total number of tillers dissected, the 
numbers infested and not infested, the percentage of 
infestation, mean actual yield of infested and unin
rested tillers and actual yield per unit area were also 
recorded. The percentage of economic loss was calcu
lated with a formula used by Judenko (1973). 

The percentage of economic loss caused by M. 
separatellain irrigated rice was found to be 2.36, quite 
low considering that infestation was 37.5%. This 
suggests that the feeding behavior of this borer 
species is different from that of other species and that 
it may not be a serious threat in irrigated rice. 
Bionomics of Rice Borers 

In West Africa three major lepidopterous borers, 
Maliarphaseparatella Rag., Chilo zacconius Bles.,
and Sesarnia spp., and one dipteran borer, Diopsis 
spp., are widely distributed and attack the rice plant 
at various growth stages. This year we tried to 
determine the abundance of these lepidopterous
borers in upland and irrigated rice at IITA and 
studied the behavior of the three borers and Diopsis 
at different growth stages of irrigated rice. Samples 
from irrigated ITA 212 and upland ITA 235 were 
collected at random twice a month throughout the 
year. Individual tillers were dissected to determime 
species composition and incidence of borers. M. 
separatellawas found to be the predominant species
in both ecosystems, followed in irrigated rice by C. 
zacconius and Sesamia spp. in that order; in upland
rice Sesamia spp. was second-most predominant and 
C. zacconius third. Three peaks in the borer popu
lation were observed during the year: in the upland 
ecosystem, they occurred in May, August and 
November, the highest being in August, and in 
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irrigated rice in April, July and October, the one in Number of Insects per 50 hills
 
October being highest (Fig. 6). 160
 

For a study of the relationship between crop

phenology of irrigated rice and infestation by the N
 
three lepidopterous borers and Diopsis spp., 21-day- 120
 
old seedlings ofITA 212 (which has a crop cycle of 135 Ut
 
days) were planted throughout the year during the I~4 IU Ii I I L
 " 
first week of every month in a 10- x 10-m plot with 80I I
spacing of 20 x 25 cm. Fertilizer was applied basally 80 / , 
at the rate of 60:60:60 kg NPK/ha, and an additional
 
60 kg N was applied in two split applications at 25 and l
 
60 days after transplanting. Sampling was begun in 40 - V UPLAND
 
each planting 20 days after transplanting and was ITA 235
 
continued at 10-day intervals up to 110 days. 0 (115 days)
Sampling for three species of stalk-eyed fly, Diopsis 0 I I I I I I I I I I 1 
macrophthalma,D. apicalisand D. collaris,was done 200 
with a sweepnet. Samples of lepidopterous stem 
borers were collected at random from 25 hills in each 
plot at each sampling date, and individual tillers were 
dissected to find borer larvae and pupae. 160 -

The data showed that on the average Diopsisspp. 
occurred even before 20 days after transplanting and 
continued up to 90 days; the peak population was 120 
observed at 40 days, after which the population 
decreased gradually. The lepidopterous borers first 
occurred at 40 days and reached maximum popu- 80 
lation at 80 days, which coincided with the flowering 
time of ITA 212. Their population started to decline 
after the hard dough stage (Fig. 7). 4 40 LOWdLAND 

ITA 212 

Insect Survey ( 135 days) 

A survey was conducted in nine rice growing areas of 0 1 I 1 1 1 _
 
Nigeria during 1982-83 in irrigated, upland and Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
 
hydromorphic ecosystems to determine the incidence Figure 6.Abundance oflepidopterous stem borers in upland

of insect pests and to collect information for a corn- and lowland rice, IITA, 1983.
 
plete list of rice insect pests in Nigeria. We also tried
 
to identify natural enemies of rice insects.
 

No serious outbreak ofinsect pests was observed in Two mind bugs, CyrtorhinusmenanopsReuter, and 
1982, except in Edozhigi, Niger State, where high Two mir/ibus Reuter, and 
infestation of gallmidge, Orseolia oryzivora Harris 'ytthusparviceps Reuter, were found to be effective 
and Gagne, and caseworm, Nymphula depunctalis gg predators and one dryinid wasp to be a parasite of 
Zell., was observed in irrigated rice planted late (after nmphs and adults of N. maeander. Three species,
the middle of October). During 1983 an infestation Elasmus breviecornis Gahan, Apantelesof whitefly, Aleurocybotus indicus David and sp. andBracon pellevi Fahringer (?), were determined to be
Subramanian, was observed in irrigated rice at hymenopterous parasites of leaf folder, MarasimiaIbadan. This insect has previously been reported from sp. During November 1982, it was observed thatSenegal, Upper Volta, Nigeria and Mauritania, and Platygastersp. is an effective larval parasite of ricehSeealUpperoltae igria d fia gallmidge. So far, 62 insect species belonging to 27an aitan and
has recently become an important pest of rice in some families of seven orders have been identified in the 
West African countries.suvy-..Aa

"Hopperburn," caused by the brown planthopper, survey.-M.S. Alam 
NilaparvatamaeanderFennah, was also noticed in Storage Pests 
one rice field at Ibadan. This was the first report of 
hopperburn caused by N. maeander in Africa. This In its research on postharvest losses caused by insects 
insect was reported in 1958 from Sudan and French in storage, IITA is concentrating on plant genetic
Guinea and in 1977 from Nigeria, where it was resistance. In a short-term storage experiment, 34 rice 
observed only at Ibadan and Badeggi. One species of varieties were screened in the laboratory for re
brown planthopper, Nilaparvata lugens (Stal), is sistance to damage by the Angoumois grain moth, 
considered the most serious insect pest ofrice in Asia. SitotrogacerealellaOliver. The experiment was con-
But in Africa only the species N. maeanderis con- ducted in a Percival growth chamber maintained at 
sidered a potential pest of rice. 270C and 70 to 75% relative humidity, under a 12 h 
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Nber of insects hundred grams of seed per replicate, of which there 

.- _ 

0S. 
.Stebr, 

, 

were four for each entry, were placed in paper cups
and infested with 250 pairs ofnewly emerged adults of 

cerealellain a free-choice test cage for four months. 
At the end of the experiment, percent damage was 

80 

60 

#44%1-adulto) 

/were 

calculated, and any other insect species that na
turally infested the grains during the storage period

collected and counted. 

40 -
49 % 

% 

ITA 233 was found to be the best cultivar, suffering 
the least damage, even under free-choice conditions. 
But this variety was preferred by a bostrichid beetle, 

20 - % 
Rhyzopertha doininica(F.), which naturally infested
the grains during storage. This indicates that R. 

0o 
20 30 40 

' I 
50 60 70 

Days after transplanting 
80 90 

I 
too 

dominica may be a weak interspecific competitor, 
which to avoid competition colonizes a niche not

110 preferred by more specialized competitors such as S. 
oryzae and S. cerealella.Despite the large number of 

Figure 7. Relationship between irrigated rice crop phe- R.dominica collected from ITA 233, the percent
nology and field infestation of lepidopterous stem borers damage was low because more than one larvae canand Diopsisspp., IITA, 1983. develop within each grain. 

The influence of open husks on the resistance of the
dark/12 h light cycle for 50 days under no-choice rice cultivars tested in the experiments discussed
conditions. For each variety there were five re- above was determined by examining 1,000 grains of
plicates, two of which were controls for moisture each variety under the microscope. There were posi
adjustments. tive correlations between number of grains with open

Ten grams per replicate of each variety were husks and number of F, insect progeny (r = 0.81),
infested with 100 eggs of S. cerealellain glass vials, between number of insects emerged and percent
The indices of susceptibility used to determine the weight loss (r = 0.88), and between number of insects 
reactions of the varieties were: Log G,/D, where GI is and percent damage (r = 0.90) (Fig. 9).
the number of insect progeny in the first filial gene- The stability of open husks in rice varieties was
ration for a development period D (Howe, 1951); tested in a monthly planting experiment with 20 rice 
percent damage; and number of insect progeny. cultivars. One thousand grains per variety from each

ITA 135 and 233 proved superior to all the other monthly harvest were examined under the micro
cultivars tested, including IR 5,which was previously scope. The results obtained so far indicate that the
found to be the most resistant cultivar. Differences in proportion of grains with open husks in the majority
response between cultivars were highly significant of rice cultivars tested is unstable and may be in
with respect to the number of insect progeny, percent fluenced by changes in the environment. 
damage and index of susceptibility. The results of all the experiments discussed here

The best two cultivars, along with four others show that differences in the response of rice cultivars
selected from the short-term storage experiment, to infestation by S. cerealellaare related to inherent 
were tested in a no-choice, long-term storage experi- varietal characteristics as well as to the duration of 
ment lasting four months. storage. ITA 233 is an exception, being resistant toTwo hundred grans of seed of each variety per damage by the moth under both short- and long-term
replicate were pl:ced in jars and infested for 14 days storage.
with five pairs of newly emerged adults of S. cereal- Open husks in rice grains influence the resistance
ella, which were then removed. The adults that of rice cultivars to damage by S. cerealella. But the
emerged as G, progeny were allowed to mate and direct relationship between these parameters is in
oviposit for 14 days, after which they were removed,
counted and their number recorded. The same pro- Table 16. Intrinsic growth rates of S. cerealellaon six
cedure was repeated for G.,progeny, and undemiaged rice cultivars, IITA, 1983 
seeds were separated, counted and the percent dam- Intrinsic growth rate (RM) Mean growth
age computed. Intrinsic growth rates were calculated Cultivar G, G2 G, ratea
for each insect generation and the tctal percent ITA 233 .. 0.062 0.015 0.011 0.029
damage computed. IR52 ...... 0.163 0.074 0.021 0.084

ITA 233 did better than all the other cultivars ITA 142 .... 0.170 0.044 0.024 0.079
tested; it had the lowest number of insects and IRAT l.0... 0.199 0.097 0.060 0.119
suffered the least damage throughout the four-month ITA 135 .... 0.204 0.057 0.038 0.100 
storage period (Fig. 8). The intrinsic growth rate of IRAT 133... 0.069 0.1180.234 0.062 
the insect was slowest in this variety (Table 16). LSD (1%) .. 0.071 0.054 n.s. 0.027

The cultivars used in the long-term experiments 'These are the averages for three replicates of three insect 
were also tested for preference by S. cerealella.Two generations (G1, G, and G3). 
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fluenced by unidentified factors in some rice cul-	 Number of emerging adult moths Percent damage
tivars. A high proportion of grains with open husks 800 so
 
may still have few insects, suggesting the possible

involvement of antibiosis. 600 60
 

The stability of a genetic character influences its []LSD

use in a breeding program. Differences in cultivar 

0/)L 
D (oa)
40 0,response caused by the influence of environmental
 

changes on the number of grains with open husks
 
showed that this character is much less stable in some 200 20
 
cultivars than in others. Selection of cultivars with a 4 I .
 
stable reaction to environmental changes will be the rip 0 Al
 
aim of future screening tests. Perhaps the develop- 4u 0 '
 

ment of a combination of resistance types through 
 4 U 	 4 ,n _4
hybridization will produce cultivars with stable _ _ I I %_ 

resistance to storage insect pests.-D. Akibo-Betts Figure 8. Comparison of moth populations and damage on 
six rice cultivars stored for four months, IITA, 1983. 

Pathology 	 Percent weight loss 
Investigations of rice diseases carried out in 1982 6
 
were continued this year, with emphasis on screening A
 
for resistance to leaf and neck blast and breeding for Y= 026 + 0 1X
 
resistance to rice yellow mottle disease. Work was 
 R= 0.77 
also done on grain discoloration, and a survey for
 
bacterial disease was conducted in the Sahelian
 
countries.
 

Leaf Blast 	 2 - • 
I 

Disease severity and differential reaction of 	 0. 
varieties. One complex question about blast disease 


of rice is how much variation there is in the virulence 0
 
of the causal pathogen, Pyriculariaoryzae Cav. A Percent damage

comparison of the reaction ofdifferential varieties to _ercentdamage


leaf blast made diring 1982 and tests conducted
 
during the same months of 1983 in a hydromorphic 12
 
ecology reveal similar trends in the disease pattern. - =0.707 +0.21 X

Clearly, leaf blast was severe in 1982, as indicated by 8 - R .8
the reactions ofKhao tah Haeng 17, Taichung TW, 	 R 
Aichi Asahi and B 40, the susceptible checks. But the 

pattern of disease reaction in 1982 was similar to that 

•
 
of 1983; from the susceptible B 40 to the resistant -

Tetep, the differential varieties reacted uniformly, 
the latter scoring 0 in both years. 4-

• 

The incidence, severity and reaction of leaf blast on 

22 differential varieties were studied in monthly 0 • 
i 0 0e
The disease reaction wasplantings during 1983. 

scored weekly, according to the standard evaluation 0 I I 

0 10 20 30 40 
method on a scale of 0 to 9, starting one month after 

Number of adults emerging
germination. As indicated by the reaction of suscep. 

Figure 9. Relation between number of S. cerealella adultsfor all varietiestible varieties and by the average 
in the general emerging from rice grains and percent damage and weight

tested, there were similar trends 
loss, IITA, 1983.pattern of the disease, which was more intense in the 

susceptible varieties (Fig. 10). 
Maximum leaf blast occurred in July, dropped in 

ing four groups of differential varieties, is shown in 
August, September and October, and reached a secon-

dary peak in November and December. Variations in 	 Figure 11. The varieties representing the groups are: 

() Taichung TCWC, susceptible (6-9), (2) Kanto 51,
disease intensity in different months are being com. 

moderately susceptible (5-7), (3) Zenith, moderately
pared with rainfall, leaf wetness and other climatic 

susceptible (4-5), and (4) Fukunishiki, resistant (1-3).
factors, 

The trend in disease incidence from May 1983 to The disease trend shown in Figure 11 is similar to 

January 1984, as observed in four varieties represent- the general trend in Figure 10; the disease reaches a 
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peak in July, is lower in August, September and 
October, and moderate in November and December. 
Minor variations in the reaction of the varieties do 
not appear to reflect any major shift in the virulence 
of the causal fungus in 1983. 

Twenty-two differential varieties were planted in 
July 1983 at Ibadan, Ikenne and Onne, Nigeria, to 
study variation in the virulence ofthe blast pathogen.
The data show similar reaction patterns in the three 
tests at Ibadan (two in hydromorphic areas in two 
months and one in free-drained upland), one test atIkenne in the transition zone, and one at Onne in 
the high rainfall zone. Taichung TCWC, Khao.tah. 
Haeng 17 and Wagwag were found to be highly 
susceptible, whereas Toride 1, Tetep, Raminad Str. 3,
Pia-kan-tao, NP 125 and Fukunishiki were resistant 

Score (0-9) 

8 -w 

Susceptible check 

6 

Average reaction 
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Figure 10. Reaction of rice to foliar blast, IITA, 19831984. 
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Figure 11. Reaction of four differential varieties to leaf 
blast, IITA, 1983-1984. 

Table 17. Rice varieties with resistance to leaf blast, 
IITA 

Reaction score, 0-9 
Variety 1982 1983 

Upland 
ITA 116 ........................... 0 0 
ITA 117 .......................... 4 0 
ITA 120 ........................... 2 
 0 
ITA 135 ........................... 2 0
 
ITA 150 ............... ....... 2 0
ITA 235 ............. .. 4 3
ITA 257 .... ........... ..... 2 0
 
IRAT 13 ...................... 
0, 0 
OS6 ..................... 
 '...4 0 
Lowland 
ITA 118 .......................... 3 0 
ITA212 ............... .......... 2 
 0BKNLR 75091-CNT-B3-RST-48-1.3 ... 3 0 
BR 161-28-58 ....................... 3 0 
BR 40-300-2-1 ....................... 3 0 
PI 1377-1-15M.4.1M.1 ............... 2 0

P1 1377-1.15M.1-2M3............. 
 0 0 
Tainung Sen 12 ................. 2 0
16890 ............................. 0 0
 

at all locations. The disease was severe in July atIbadan and in September at Onne. In the other tests, 

disease pressure was somewhat 'lower.
The pattern in the reaction of the differentials was 

generally similar across locations and months. There 
were no extreme variations, and even the minor onescould be attributed to changes in the environment 

that influence disease severity. The study is being 
in 1984 to see whether the reaction pattern

of these varieties remains steady. 

Resistant varieties. The upland and lowland 
varieties listed in Table 17 have continued to show 
resistance to leaf blast in the screening nursery.Selections reported to be resistant to leaf blast in 
1982 were further tested in field screening at Onne to 
confirm their resistance to blast and other diseases 
and to check for desirable plant type. The results aregiven in Table 18. During the 1983 screening trials, 
several new resistant entries were identified. In field
 
tests conducted in upland soils at Onne, the entries
 
listed in Table 19 showed resistance to leaf blast.


entries will be further evaluated to find other
 
characteristics and confirm their resistance.-V.T.
 
John,R. Dobson, K. A luri, KaungZan and Y. Efron 

Relation of soil moisture to leaf blast. It is 
agreed that blast is more severe in upland 

in irrigated rice. To investigate the effect of soil 
on the incidence of blast, ten varieties withdifferent levels ofresistance were planted in a random

ized block design with four replications in upland, 

free-drained soil. The treatments were four wateringregimes: every day, every two days, three days and
five days. Tensiometers were used to measure the 
moisture regimes. Three weeks after sowing, blast 
infected leaves were cut into bits and strewn over the 
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plots to induce infection. Data on blast were collected Table 18. Leaf blast resistant rice entries in a trial at 
six weeks after sowing, and moisture levels were Onne, Nigeria 
noted every day. Blast was extremely severe on No. of lines 
susceptible varieties. The results clearly indicated selected 
that to create severe blast pressure in upland soils, Entry Cross 1982 1983 Other traits 

a
especially for screening, it is preferable to irrigate TOx 714 ROK 5/1R 8 3 Tolerant to 
once every three to five days. Higher moisture re- 937-55-3 leaf scald and 
gimes tend to reduce disease severity. grain discolora. 

tion.Conidia production on blast lesions. A study TOx 891 IR8230.12.1.1/ 10 j 0 b Five entries 
was begun in which in situ conidia production of LAC 23 tolerant to 
lesion types in different varieties will be used as an leaf scald. 
index of the varieties' genetic susceptibility. The first TOx 906 4445/OS 6 10 10 Six entries 
part of this study is an experiment on the production tolerant to leaf 
of conidia of Pyriculariaoryzae on lesions of different scald and grain 
grades (1to 4) froma the dorsal and ventral surfaces of discoloration. 
the leaves of three susceptible varieties. The number TOx 908 4445/LAC 23 1 16 12c Five entries 
of conidia was measured by washing lesions having a tolerant to leaf 
similar score with 0.1 ml of distilled water and taking scald and grain

discoloration.an aliquot of the solution and viewing it under the TOx 936 IR 1529-430-3/ 10 10d Eight entries 
microscope. This study will be continued next year. Iguape Cateto tolerant to leaf 

Neck blast resistance. In a study that assessed scald and grain 
resistance to neck blast, 0.1 ml of conidial suspension discoloration. 
of freshly cultured P. oryzaefrom sporulating lesions 'Two entries included in the 1983 observational yield trial (OYT). 
ofBG 90-2 leaves was introduced into the "boot" with bOne entry included in the 1983 advanced yield trial. cOne entry

included in the 1983 OYT. dThree entries included in the 1983asyringe and needle just before panicle emergence. OYT. 
One month later the leaf sheath of the panicles was 
removed to study the degree of neck blast infection, 
which was scored on a scale of 0 to 9 on the neck, 
rachis, rachilla and spikelets of the panicle. ITA 121, Table 19. Leaf blast resistant entries in a screening 
ITA 212, ITA 233, 11975, 16121, 16493, 18449 and trial atOnne, Nigeria, 1983 
ADNY 11.were found to be Ihighly tolerant to neck No. of 
blast.-V.T. John and K. Wa.ano resistant 

Entry Cross lines Other attributes 
Grain Discoloration TOx 938 4445/IRAT 13 8

TOx 952 TOx 490-3-101.1/OS6 5
Field observations indicate that grain discoloration TOx 956 6869/LAC 23 (white) 3 
is more severe in upland than in lowland rice. To TOx 1755 TOx 1525 F2 dw/ 12 Tolerant to grain 
verify this, a pot experiment was begun, using TOs TOx 502-30-BL531 discoloration. 
103 as the susceptible variety in four water/soil TOx 1757 TOx 1525 F2 dw/ 27 Most lines tol
regimes (Table 20). Seeds from plants grown in TOx 1058 F, erant to grain 
flooded lowland soil had higher germination and less discoloration. 
discoloration of both the glumes and kernels. TOx 1780 TOx 1525 F2 dw/ /Norin/ 54 Most lines tol-

At Onne, where grain discoloration is severe, TOx 340 F2 erant to leaf 
screening nurseries were evaluated for tolerance to scald and grain 
grain discoloration. Selections were made from TOx TOx 1857 TOx 504/IET 5854 12 discoloration. 

1755, 1757, 1758, 1759, 1779 and 1780.-R. Dobson, TOx 1858 TOx 504/BG 6810 18 Most lines tol-
V.T. Johnand K. Alluri erant to grain 

discoloration. 
Rice Yellow Mottle Disease TOx 1871 BG 6850/TOx 1192-16 14 

IITA researchers screened for resistance to rice 
yellow mottle virus (RYMV) disease in 1982 and 
previous years. Crosses were made between 
Moroberekan, a tolerant variety, and 6850 and TOm F. lines were selected for resistance and plant type.
1-3, lowland dwarf varieties that are high yielding Out of 221 F2 plants from the cross between 6850 and 
but susceptible. The F, plants raised in the screen- Moroberekan, 31 were selected, and subsequently 18 
house were mechanically inoculated with RYMV, out of 42 F3 lines. 
and the symptomless plants were uprooted and plan- The selections from the F. populations have been 
ted in lowland soil for further observation and selec- reinoculated under lowland conditions for further 
tion. Out of 239 F2 plants from the cross between TOm selection of tolerant plants with good plant type.
1-3 and Moroberekan, 29 were selected; 15 out of 53 V.T.John,G. Thottappillyand J. W. Gibbons 
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Disease Survey in the Sahel 
In a survey ofrice growing countries in the Sahel, rice 
yellow mottle disease was found to occur on a large
scale in farmers' fields in Niger. The disease occurs to 
a lesser extent in Upper Volta and the deep-water
polders of Mali. The disease was detected for the first 
time in the wild rice species, Oryza longistaminata,in 
Niger and Mali. Since the wild rice is a perennial, it 
could act as a reservoir for the inoculum. 

Bacterial leaf blight disease (BLB), caused by 
Xanthomonas oryzae, has been reported from Niger, 
Upper Volta and Mali. A severe form of the disease(the wilt phase or "kresek") was identified by the 
bacterial uoze test in Niger and Mali. This disease 
could become a serious constraint of rice production.
Screening for blight resistance in lowland varieties 
for Africa will soon begin.-V.T. John and G. 
Thottappilly 

Virology 
Rice Yellow Mottle Virus 
An Oryza barthiiaccession collected from the Niger
River flood plains near Badeggi in central Nigeria 
was tested for resistance to RYMV. No symptoms
developed in this species, nor did infection occur 
upon testing back to 0. sativa IR 20, which is highly
susceptible to RYMV. Serological tests performed
earlier had also given negative results. It appears 
that this species, which is indigenous to Africa, is 
immune to RYMV. 

Two accessions of Oryza longislaminata,another 
indigenous species collec ;ed from the same area, were 
also tested for resistance to RYMV. One was found to
be quite susceptible; the other appeared to be im-
mune, as indicated by serological tests and back 
inoculations to IR 20.-H.W. Rossel 

Agronomy 
Evaluating the response of varieties to management
factors such as fertilizer application, plant density
and water management is an integral part of the 
development of improved varieties. This year tr:als 
were carried out at Ibadan and Onno to investigate
the response of advanced lines from IITA's rice 

Table 20. Grain discoloration under various 
water/soil regimes, IITA, 1983 

Percent Percent Percent 

Water/soil regime 
germin,

ation 
glume dis-
coloration 

discolored 
kernels 

Flooded 
Lowland .............. 98 93 1.5 
Upland ............... 93 44 5.5 

Dry (free drained)
Lowland .............. 
Upland ............... 

87 
82 • 

56 
66 

9.5 
12.0 

Grain yield .(t/ha) 

I 2 "3l 

3 

2 

0 i _
 
Number of tillers per m.
 

300 ITA 257 IA235 

200 
100 

0 I 
Productivity index (%) 
100 

- TA257 ITA 235 IR5931-110-1 
80 

60 

0-11 1 I I T " I I I 
0 30 60 900 30 60 900 30 60 90 

Nitrogen fertilizer kg/ho) 

Figure 12. Performance of three upland rice varieties at 
different nitrogen fertilizer rates, IITA, 1983. 

breeding program to fertilizer application and rowand plant spacing or plant density. 

Fertilizer Application 
Upland rice under moderate, bimodal rainfall. 

Four elite upland rice varieties and one local check, 
OS 6, were tested under seven combinations of N, P 
and K fertilizers during the wet season at IITA. The 
experimental design was a split plot with three
replications. The fertilizer levels were the main 
treatments and the varieties the subtreatments. 

Grain yield and tiller and panicle number in
creased with N fertilizer application (Fig. 12), '.ut 
there was no clear varietal response to P and K 
fertilizer application. On the average, the grain yield 
of elite varieties was significantly higher than that of 
OS6. 

Among the elite varieties, IR 5931-110-1 had thehighest number of tillers and panicles and ITA 235 
and 257 the lowest, although their panicle weight was 
significantly greater than that of IR 5931-110-1. 

Rice varieties differed in their response to N ferti
lizer. In the low tillering group, the grain yield and 
tiller number ofthe early maturing ITA 257 increased 
as the rate of N fertilizer was increased from 0 to 60 kg
N/ha and then levelled off after further increases in 
the application rate. The productivity index (or ratio
of panicle number to tiller number) of ITA 257remained unchanged with the first 30 kg N/ha and 
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then increased sharply as rate of N fertilizer was plot with three replications in each paddy.

increased from 60 to 90 kg N/ha. 
 The grain yield of TOs 103 was significantly lower 

The grain yield and tiller number of the low than that of BG 90-2 and ITA 212, particularly when 
tillering medium maturing ITA 235 also increased as nitrogen fertilizer was applied at a rate of 120 kg N/ha
the rate of N fertilizer was increased from 0 to 60 kg (Table 21). TOs 103 had a greater number of panicles
N/ha. But when the rate was increased from 60 to 90 but lower panicle weight than ITA 212 and BG 90-2. It 
kg N/ha, the grain yield ofthis variety decreased only also matured earlier and was shorter than those 
slightly, and its tiller number remained unchanged. varieties. 

The grain and tiller number of the high tillering IR The grain yield of rice treated with 120 kg N/ha was 
5931-110-1 increased as the rate of N fertilizer was significantly higher than that of rice treated with 60 
increased from 0 to 90 kg N/ha. Its productivity index kg N/ha (Table 21). Varying the time of N fertilizer 
remained unchanged with the first 60 kg N/ha but application did not increase rice yield, except when N 
then increased with increasing application rate. fertilizer was applied at a rate of 120 kg N/ha to rice 

Upland rice under high rainfall. ITA 235, FARO planted on loamy soils. The grain yield of rice planted 
27 and ITA 117 were tested at Onne under four levels on loamy soils and given N fertilizer at a rate of 120 kg 
of nitrogen fertilizer, 0. 40, 80 and 120 kg N/ha. The N/ha in split doses was significantly higher than that 
experiment had a split plot design with four re- of rice planted in the same soils and given the same 
plications. The varieties were the main treatments rate of N fertilizer, but applied basally. 
and fertilizer levels the subtreatments. The grain
yield of ITA 235 decreased with increasing rate of Row and Plant Spacing
nitrogen fertilizer application, while that of FARO 27 Upland rice under moderate, bimodal rainfall. 
remained more or less constant. The yield of ITA 117 Three elite upland varieties and a local check (OS 6)
increased as the rate of N fertilizer was increased were planted under six combinations of soil fertility
from 0 to 40 kg N/ha but then decreased with further and row spacing. The treatments were arranged in a 
increases in the rate (Fig. 13). ITA 117 produced the split plot design with three replications. The com
highest yields. bination of fertilizer and plant spacing were assigned

ITA 235 lodged heavily and the percentage of the to main plots and varieties to subplots.
rice population that lodged increased with increasing On the average, grain yield increased with de
rate of fertilizer application. FARO 27 did not lodge, creases in spacing between rows. At high soil fer
regardless of the application rate. ITA 117 lodged tility, the grain yield of ITA 235 decreased as spacing
moderately at a low rate of N fertilizer application between rows was decreased from 30 to 20 cm (Fig. 14).
but heavily at a high rate (Fig. 13). This variety was infested with blast and lodged

The number of panicles of FARO 27 increased with moderately at the narrower row spacing.
increasing rate of N fertilizer application, but ferti- The panicle number of all varieties increased but 
lizer had no clear influence on the panicle number of panicle weight decreased as row spacing became
ITA 235 and 117. The harvest index of the varieties closer. Both panicle number and weight under high
decreased with increasing rate of N application, soil fertility were higher than under low soil fertility, 

Hydromorphic rice. Four improved varieties, regardless of the row spacing.
TOs 103, JR 54, ITA 212 and IR 4422-98-2-6-1, were Upland rice under high rainfall. ITA 117, ITA
tested under three levels of nitrogen fertilizer, 30, 60 235 and FARO 27 were planted at Onne at five plant
and 120 kg N/ha. The varieties were planted on densities: 434 x 103, 217 x 103, 108 x 103,49 x 103 
bunded hydromorphic land at IITA. and 28 X 103 hills/ha. ITA 235 lodged heavily at a 

No clear varietal response to nitrogen fertilizer 
was observed, although, on the average, rice yield
increased from 5,830 kg/ha to 7,207 kg/ha as the rate Grain yield (t/ha) Lodging (%) 

s
of nitrogen fertilizer application was increased from 1 AR 8 

30 to 120 kg N/ha. Nor did nitrogen fertilizer signi- 1T51703)
ficantly affect varietal characters such as tiller 3 -60 
number and plant height. The lack of response to Ldging
fertilizer application was perhaps due to high soil 
fertility and movement of applied nitrogen downslope 2 40 
with rainwater and interflow, causing some rice N 40 
varieties to receive a higher concentration of nitro- Groinyield/ 
gen than the applied rate.... 20 

Irrigated lowland rice. Three improved varieties, 
TOs 103, BG 90-2 and ITA 212, were planted during the 
,vet season in two irrigated paddies, one having o so 12o 40 so 120 0 40 0 120 
clayey soils and the other loamy clay soils, and Nitrogen fertilizer (kg/ha)
treated with six combinations of time and rate of Figure 13. Grain yield and lodging of three rice varieties at 
nitrogen fertilizer application. The design was a split different nitrogen fertilizer rates, Onne, Nigeria, 1983. 
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plant density of 49 x 103 hills/ha or more, but FARO 28 x 103 hills/ha to 217 x 103, and decreased after
27 did not lodge, regardless of the plant density. ITA wards. Changes in plant density had a clear effect on
117 lodged only when planted at about 217 x 103 grain yield of FARO 27 and ITA 117 (Table 22). Yield 
hills/ha or denser (Table 22). On the average, grain increases resulting from increased plant density were 
yield increased as plant density was increased from attributed to the effect of plant density on panicle 

Table 21. Grain yield of irrigated rice under different Grain yield (kg/ha I High fertility 
nitrogen fertilizer treatments, IITA, 1983 

60 kg N,'ha 120 kg N/ha 000 - ,TAI7 - TA235 - S6Variety Basal ' 2'S Basal 2 SP a 3 SP" Mean 

Paddy with clayey soils kg/ha

TOs 103.. 4,902 5,021 4,843 5,036 5,058 4,992 4,975 20o
 
B5ITA90-2..212.. 5,7285,587 5,587 5,210 6,307 6,660 5,912
5,121 5,9815,347 6,937 6,322 6,322 5,939 r 
Mean.... 5,405 5,243 5,133 6,093 6,013 5,765 1,ol 

Paddy with loamy clay soils "
 
TOs 103.. 4,507 4,189 4,268 4,633 4,889 5,143 4,605 Low fertility
 
ITA212.. 4,716 4,884 4,761 4,973 6,362 6,239 5,322
 
BG 90-2.. 4,345 5,316 5,136 5,135 6,289 6,021 5,373 ITA257 ITA 117 ITA 235 OS6
 
Mean.... 4,523 4,796 4,721 4,913 5,846 5,801
 

LSD (5%) for: Clayey Loamy clay 2PO° N
 
Fertilizer means ................. 543 325
 
Variety means .................. 307 313 a I
 
Var. means with same fert. trtmt... 752 767 "els'-

Var. means with diff. fert. trtmt.... 819 705 lpOO 

'Two-thirds of the fertilizer was applied basally and the 20 3040 203040 20 3040 20 3040
remaining third at panicle initiation.
b0ne-third of the fertilizer was applied basally, another third 10 Row spacing (cm)
 
days after transplanting and the remaining third at panicle 
 Figure 14. .3rain yield of four upland rice varieties planted
initiation. at three row spacings under two levels ofsoil fertility, IlTA, 

1983. LSD (5%): between row spacing means for the same 
variety = 682 kg/ha and between row spacing means for 
different varieties = 698 kg/ha. C.V. (main plot) = 20.51%. 
C.V. (subplot) = 20.6 % 

Table 22. Performance of rice at five plant densities, Onne, Nigeria, 1983
 
Plant density, Yield, Plant No. of No. of 
 Percentage of Harvest 
hills/ha t/ha height, cm panicles per m 2 spikelets grain filled index, % 
ITA 117 

28 x 103 ......................... 1.8 119 91 107 82 50.7 
49 x 103 ......................... 1.6 132 143 114 80 50.4 
108 X 103 ........................ 1.8 127 210 87 76 
 48.0 
217 x 103 ........................ 3.4 116 
 293 •67 82 46.2 
434 X 103 ........................ 3.2 113 391 81
54 42.9 

ITA 235 
28 x 103 ......................... 1.9 153 77 148 76 46.8 
49 x 103 ......................... . 1.2 162 126 133 48.570 
108 x 103 .................... 1.0 149 193 
 83 71 48.4 
217 x 103 ........................ 2.0 
 140 233 74 67 40.3 
434 x 103 ........................ 1.6 140 302 59 65 37.7 

FARO 27 
28 x 103 ......................... 1.1 81 136 79 66 44.6 
49 x 103 ........................ 1.2 79 192 77 67 43.4 
108 x 103 ........................ 1.5 74 
 271 67 57 47.1 
217 x 103 ........................ 
 2.6 84 311 75 63 42.1 
434 x 103 ........................ 2.1 76 520 
 42 58 30.7 

LSD (5%) for: Yield Pancl./M2 Spikelets
 
Variety means .................................................. 0.34 
 42.53 23.18 
Plant density means ............................................. 0.37 32.10 9.74
 
Plant density means for same variety .............................. 0.83 71.78 21.79
 
Plant density means for different varieties ........................... 0.76 72.32 29.19
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number, which in all varieties increased with increas- Table 23. Yield of lowland varieties planted at
ing plant density..-N. V. Nguu and K. Alluri different spacings and densities, Ibadan, 1983 

Lowland rice. An experiment was conducted to ITA ITA ITA ITA 
evaluate varieties under three planting patterns and Treatment 212 222 230 253 Mean 
two plant densities. Rice yield increased significantly Two seedlings per hill t/ha 
as plant density was increased from two to three 20 x 20cm ........... 5.75 5.66 6.49 5.51 5.85 
seedlings per hill (Table 23). No clear difference in 25 x 18cm ........... 6.01 6.51 6.27 5.27 6.0130 x 15cm ........... 5.77 6.39 5.66 5.40 5.80
grain yield was observed between planting pattern Three seedlings per hill 
treatments, although the yield of rice planted in the 20 x 20cm ........... 6.58 6.28 6.40 5.98 6.31

30- x 15-cm pattern was consistently lower than that 25 x 18cm ........... 6.13 6.81 7.00 5.32 6.31
 
obtained with other patterns.-K. Wasano 30 x 15cm ........... 
 6.24 6.36 5.86 5.73 6.05 

Mean ................. 6.08 6.33 6.28 5.53 6.05 
Grain Quality 
The main function of the rice quality laboratory, materials are available from the breeder. Except for
which was established in September 1983, is to assist routine determination of protein content of elite
breeders in identifying lines and varieties of accept- materials, we do not expect at this stage to emphasize
able grain. Several components of grain quality are nutritional quality.
being studied: storage, milling and marketability, Table 24 shows physicochemical characteristics of
cooking and eating qualities, and nutritive quality, elite lowland and upland varieties. These samples
This involves assessment of physical and chemical will be subjected to further cooking tests and taste 
attributes such as length, width, shape, milling, yield, panel evaluation. 
chalkiness, gelatinization temperature, amylose con- Another primary task of the laboratory is to iden
tent and gel consistency. Breeding lines are evalu- tify quality factors preferred in African countries and
ated at about the F4 generation or as soon as so to help establish breeding targets. Very little 

Table 24. Physicochemical characteristics of elite lowland and upland rice varieties 

Variety 
Length,

1to 7 
Shape,

1to 9 
Chalkiness, 

0 to 9 
Gel tern-

peraturea 
Amylose,

% 
Gel con

sistency, mm 

Lowland 
ITA 123 ..... .......................... 
ITA 212 ..... .......................... 
ITA 231 ....................................... 
ITA 245 ..... ................................. 
ITA 249 .......................... ........ 
IR36............. .................... 
IR 42 ........ .................. .......... .11146 .......... . . . . . .... ..... ..........1R46 

3 
3 
3 
3 
3 
3 
5 , 5 .....5 

1 
1 
5 
5 
5 
1 
5 
5 

1 
1 
1 
1 
1 
1 
1' 
1I 

I 
I 
L 
I 
I 

I/L
I/L 

29.2 
27.7 
28.9 
28.2 
28.7 
27.2 
27.028.28.5 

49 
50 
23 
47 
81 
29 
238888 

IRS0 ................... 
IR52 ........ 
R54 ............ 

IR5931-110-1 ................... 
1R6115-1-1-1 . 
IR 4422-98-6-1 

;......... 

.... 

........ 

5 
3 
3 
5 
3 
5 

5 
1 
5 
5 
1 
5 

. 1' 
1 
5 
5 
1 , 

I 
L 

I/L 
L 
1 
I 

28.6 
27.9 
27.1 
28.5 
26.7 
27.4 

45 
25. 
25 
27 
36 
37 

FARO 27 ....... .................KN144 ....................... ........ 
Bouake189.. ........... ............... 
BR 541 BKN 19-3-4 ......... I....... ............... 

3
5 
3 

.5 
5 
5 
5 

1
5 
1 
5 

L
I 
I 
I 

28.6
22.0 
24.2 
27.8 

25
61 
59 
58 

Upland
ITA 117 ...................................... 
ITA 118 ....................................... 
ITA 135 .................... ............. 
ITA 141 ................................ 
ITA 150 ....................................... 
ITA 235 ....................................... 
ITA 257 .................................. 
IRAT 112 ...................................... 
IR5931-110-1 ................................... 
OS6 .......................................... 

3 
3 
3 
1 
3 
3 
3 
1 
5 
3 

5. 
5 
5 
1 
5 
5 
5 
5 
5 
5 

1 
1 
1 
1 
1 
1 
1 
5 
5 
5 

L 
HI 

HI/I
HI/L 

I/L
I 

HI/IL
L 
L 
L 

25.9 
15.9 
15.2 
20.1 
23.7 
14.0 
20.0 
24.0 
28.5 
21.5 

86 
91 
87 
73 
43 
87 
84 
53 
24 
56 

Note: Ratings for length, shape, chalkiness and gel temperature are based on IRRI's standard evaluation system for rice. L - low, I= 
intermediate and H = high. 
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information is available about variations in quality 
preferences according to geographical, cultural and 
ethnic factors. 

Several approaches to this problem are being 
explored. A survey form for consumer preference has 
been distributed among staffmembers and trainees at 
IITA. The form is designed to gain feedback from 
consumers in Nigeria and other countries on quality 
preference in preferred varieties. 

Another study is being conducted on the effect of 
agroclimatic factors on some of the physicochemical 
properties ofrice. Ambient temperature during ripen
ing affects amylose content and gelatinization tem-
perature. Water management also influences some of 
these properties.-E. Navasero 

Maize 
In cooperation with the CIMMYT maize program and 
national research institutions, IITA is seeking to 
improve maize production in Africa by identifying 
and eliminating problems that contribute to yield 
instability in farmers' fields. The most important 
production constraints are diseases, insect pests and 
unfavorable weather, particularly drought. Our 
breeding strategy is to develop maize varieties that 
have resistance to the prevailing diseases and pests in 
all the major ecologies of Africa and that vary in 
maturity group, grain color and structure. These 
varieties should be adapted to a wide range of grow-
ing conditions within each ecology. 

This year international testing of the various 
streak resistant populations and experimental va-
rieties was much intensified. A total of 16 late matur-
ing, streak resistant experimental varieties (9 white 
and 7 yellow) were tested at 35 locations in 19 African 
countries. Five CIMMYT/IITA streak resistant ex-
perimental varieties were also included in these 
trials. 

Full-sib progenies of the midaltitude, streak re-
sistant maize population TZMSR-W were tested in 
Zambia, Zimbabwe, Cameroon and Nigeria for the 
first time. Experimental varieties have been con-
stituted from the best families selected at each 
location and across locations, 

Twelve white and yellow, early maturing, streak 
resistant experimental varieties have been formed 
from selected families based on 1982 progeny testing 
trials. These varieties will be tested internationally 
in 1984. 

The first experimental hybrids developed under a 
special project supported by the Nigerian govern-
ment were tested this year. Twenty-four high yielding 
hybrids with good agronomic traits were identified 
for further testing and on-farm demonstration trials. 
The hybrid 8322-13 yielded an average of 9.1 t/ha at 
four locations in the savanna. 

In Cameroon NCRE scientists organized large 
scale testing of selected varieties in national variety 
trials. A few varieties were selected for further 
testing and seed multiplication. Gusau TZB-81 was 

the highest yielding and most stable variety in the 
forest and savanna lowlands. 

The SAFGRAD/IITA team in Upper Volta con
tinued their efforts to develop agronomic practices 
and early maturing varieties with drought tolerance 
to raise the potential for maize production under the 
difficult conditions of the semiarid zone. 

Genetic Improvement
Population Improvement 

TZSR-W-1 and TZSR-Y-1. These are the main 
populations from which late maturing, streak re
sistant maize varieties are being extracted at IITA. 
Two experimental variety trials, comprising nine 
white and seven yellow streak resistant varieties, 
together with two local checks each, were offered to 
19 countries in 1983. The trials included three white 
and two yellow experimental varieties that were 
identified in CIMMYT's international testing pro
gram and afterwards converted for streak resistance 
through two generations of backcrossing at IITA 
under the CIMMYT/IITA collaborative arrange
ment. A randomized complete block design with four 
replications was used; the plots consisted offour rows 
5m long with 75- x 25-cm spacing. The results from 14 
locations in seven countries are given in Tables 25 
and 26. 

In addition to showing resistance, the streak re
sistant varieties were as good or better in grain yield 
than the best available variety at many locations. 
Under streak pressure from a natural epidemic at 
Bertoua, Cameroon, and under controlled infection 
at Ibadan, the streak resistant varieties outyielded
the susceptible checks by as much as 300% (Table 27). 
The streak resistant varieties were also comparable 
to the improved but susceptible local checks in 
maturity and other important agronomic characters 
such as plant height and lodging tolerance. 

The 250 full-sib families generated from the second 
cycle of improvement of TZSR-W-1 and TZSR-Y-1 
were sent as international progeny testing trials to 
five locations in four countries: both white and 
yellow families to Cameroon (Ekona) and Nigeria
(Ikenne and Samaru); white only to Tanzania 
(Ilonga); and yellow only to Upper Volta (Farako-
Ba). The TZSR-W-1 trial contained 170 progenies of 
the main population (TZSR-W-1) and 80 from a back
up, late, white streak resistant population. This 
backup population was developed to further improve 
the agronomic characters of the main population. 
The 250 families, together with six local checks, were 
tested in a 16 x 16 triple lattice. 

Data on both populations have been received from 
the locations in Cameroon and Nigeria. The popu
lation mean for yield ranged from 3.7 to 6.0 t/ha for 
TZSR-W-1 and 4.0 to 6.7 t/ha for TZSR-Y-1. At each 
location the best 10 families from each progeny trial 
were selected to form an experimental variety. The 
performance of the selected families at three loca



Table 25. Average yields of late, white streak resistant varieties in an international trial, 1983 

Location 
Ikerme 

LSRW 81 
Ferke 

LSRW 81 
Sekou 

LSRW 81 
Bertoua 

ISRW 81 
Ejura Across 

LSRW 81 LSRW 81 
Poza Rica 

7822-SR 
Across 

7729-SR 
Poza Rica 

7843-SR Mean Checka 
LSD 
(5%) 

C.V., 
% 

Cameroon 
Bertoua (first season) ......... 
Bertoua (second season) ....... 
Njombe ..................... 

Ivory Coast .................. 
Liberia, Suakoko ............... 

4.78 
4.31 
6.67 
5.85 
2.17 

5.35 
4.15 
7.41 
6.28 
1.94 

5.90 
5.30 
7.26 
6.51 
3.34 

6.06 
5.68 
6.58 
6.38 

.2.52 

6.35 
4.59 
7.17 
7.03 
2.84 

t/ha 
6.21 
4.77 
7.44 
6.44 
1.63 

6.53 
5.44 
7.11 
6.88 
3.51 

6.45 
4.32 
6.71 
7.41 
1.37 

5.92 
4.51 
7.02 
6.78 
2.64 

5.96 
4.79 
7.04 
6.62 
2.44 

6.54 
1.29 
6.95 
6.55 
3.38 

0.89 
0.97 
0.77 
0.78 
1.12 

11 
16 

8 
8 

31 
Nigeria

badan ...................... 
Ife .......................... 
Ikenne ...................... 
Ilorin ....................... 
Samaru ..................... 

Togo, Sotouboua .............. 

4.95 
4.06 
5.15 
4.63 
8.41 
3.59 

4.93 
3.89 
5.43 
5.47 
8.52 
3.75 

5.58 
4.16 
5.11 
6.22 
7.79 
3.47 

5.59 
4.16 
4.83 
5.36 
9.34 
2.99 

5.41 
4.11 
5.67 
4.88 
8.52 
4.11 

5.65 
4.65 
5.21 
6.67 
8.59 
5.17 

6.36 
3.59 
6.10 
5.26 
8.45 
4.12 

4.85 
5.04 
5.66 
5.73 
8.09 
3.98 

5.51 
3.88 
6.15 
4.95 
8.82 
4.35 

5.41 
4.17 
5.48 
5.46 
8.50 
3.95 

3.89 
2.87 
6.53 
6.48 
9.07 
2.69 

1.36 
1.58 
0.82 
0.93 
1.30 
1.03 

18 
28 
10 
12 
11 
19 

Sierra Leone 
Magbosi ..................... 
Njala ....................... 

Upper Volta, Kamboinse ........ 
Variety meanb ................. 

1.81 
4.36 
2.07 
5.27 

1.50 
4.53 
2.30 
5.58 

1.78 
5.03 
2.51 
5.82 

1.83 
4.32 
2.76 
5.71 

1.74 
4.31 
2.45 
5.80 

1.17 
4.20 
2.18 
6.03 

1.73 
4.55 
2.06 
6.08 

1.47 
4.03 
2.95 
5.72 

1.65 
4.54 
1.71 
5.86 

1.63 
4.43 
2.32 

1.78 
4.13 
2.57 

n.s. 
0.68 
n.s. 

28 
11 
32 

"These are the yields of the better of two check varieties which were selected by the trial cooperator and differ for each location.bMean of test varieties across locations where the C.V. was not over 20%. 

Table 26. Average yields of late, yellow streak resistant varieties in an international trial, 1983 

Location 
Ikenne 

LSRY 81 
Ferke 

LSRY 81 
Niaouli 

LSRY 81 
Bertoua 
LSRY 81 

Across 
LSRY 81 

Across 
7728-SR 

Tocumen (1) 
7835-SR Mean Checka 

LSD 
(5%) 

C.V., 

Cameroon 
Bertoua (first season) ...................... 
Bertoua (second season).................... 
Ntui .................... ................. 

Ivory Coast, Ferkessedougou ................. 
Liberia, Suakoko ............ ................ 

5.72 
3.66 
4.82 
6.99 
2.23 

5.75 
3.78 
5.36 
6.76 
3.33 

5.71 
3.72 
4.68 
5.98 
2.20 

4.75 
2.88 
4.38 
6.05 
2.00 

tiha 
4.10 
3.53 
5.37 
6.55 
2.87 

6.38 
3.05 
5.15 
6.99 
4.05 

5.89 
3.97 
4.57 
5.99 
1.62 

5.47 
3.51 
4.90 
6.48 
2.61 

4.35 
3.05 
5.54 
6.92 
3.98 

n.s. 
0.86 
1.06 
0.82 
1.71 

28 
17 
16 
9 

45 
Nigeria

Ibadan ................................... 
Ie ...................................... 
Ikenne................................... 
Ilorin .................................... 
Samaru .................................. 

Togo, Sotouboua ............................ 
Sierra Leone 

1.91 
4.64 
6.00 
5.29 
8.30 
3.37 

3.49 
4.61 
5.42 
3.97 
8.52 
3.60 

3.45 
4.85 
5.66 
5.16 
7.91 
3.87 

3.08 
4.26 
5.77 
2.65 
7.60 
3.24 

2.90 
3.32 
5.29 
4.82 
8.07 
3.76 

3.01 
4.55 
6.39 
5.73 
7.88 
3.37 

2.45 
3.85 
5.00 
4.54 
7.62 
3.62 

2.90 
4.30 
5.65 
4.60 
7.99 
3.55 

2.74 
4.20 
5.13 
7.42 
6.92 
3.96 

n.s. 
1.07 
0.93 
1.37 
1.32 
0.73 

39 
17 
12 
19 
12 
14 

Moyamba ............ ........ 3.36 3.61 3.41 4.11 3.53 3.60 3.27 3.56 3.41 1.01 21 
Njala .................................... 

Upper Volta, Kamboinse ..................... 
Variety mean b .............................. 

5.41 
4.10 
5.24 

3.58 
3.98 
5.11 

4.58 
4.07 
5.10 

3.35 
3.80 
4.51 

3.51 
4.05 
4.95 

3.41 
3.97 
5.23 

3.36 
4.10 
4.81 

3.89 
4.10 

3.43 
4.54 

1.11 
n.s. 

21 
12 

"These are the yields of the better of two check varieties, which were selected by the trial cooperator and differ for each location.bMean of test varieties across 10 locations where the C.V. was not over 20%. 
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Table 27. Yields and agronomic characteristics of late streak resistantmaize varieties in an international trial,
Bertoua, Cameroon, and IITA, 1983 

Grainyield, t/ha 

Variety 

Mean 
for 10 

locations 

Bertoua, 
first season 
(no streak) 

Bertoua, 
second season 

(natural epidemic) 

IITA, 
artificial 
epidemic 

Days 
to silka 

Plant 
height, 

cma 

Ear 
height, 

cma 

White varieties 
Ikenne LSRW 81 ................. 
Ferke LSRW 81 .................. 
Sekou LSRW 81 .................. 
Bertoua LSRW 81 ................ 
Ejura LSRW 81 .................. 
Across LSRW 81 .................. 
Poza Rica 7822-SR ................ 
Across 7729-SR ................... 
Poza Rica 7843-SR ................ 

5.27 
5.58 
5.82 
5.71 
5.80 
6.03 
6.08 
5.79 
5.86 

4.78 
5.35 
5.90 
6.06 
6.35 
6.21 
6.53 
6.45 
5.97 

4.31 (1.5) 
4.15 (1.0) 
5.30(1.5) 
5.68 (1.0) 
4.59(1.5) 
4.77 (1.5) 
5.44(1.0) 
4.32 (1.3) 
4.51(1.3) 

6.65(1.8) 
6.58(1.8) 
7.34 (2.0) 
6.64 (1.8) 
6.97 (2.3) 
7.46 (2.0) 
7.04 (2.3) 
7.05 (2.3) 
7.40(2.5) 

60 
59 
58 
57 
57 
57 
58 
56 
58 

226 117 
223 118 
224 118 
216 112 
217 112 
211 113 
215 111 
203 102 
222 : :118 

Mean ........................... 5.76 
Check meanb .................... 4.82 
LSD (5%)......................... .. 

5.96 
3.80 
0.89 

4.79(1.3) 
1.12 (4.2) 
0.97 

7.01(2.1) 
1.89(5.0) 
1.07 

58 
58 
-

217, 
220 

-

113 
125 
-

C.V.,% ......................... 11 16 14 - --

Yellow varieties 
Ikenne LSRY 81 ................ 5.24 
Ferke LSRY 81 ................. 5.11: 
Niaouli LSRY 81 ................ 5.10 
Bertoua LSRY 81............... 4.51 
Across LSRY 81 .............. .4.95 
Across '1728-SR ................... 5.23 
Tocumen (1) 7835-SR .............. 4.81 

5.72 
5.75 
5.71 
4.75 
4.10 
6.38 
5.89 

3.66 (1.8) 
3.78 (2.0) 
3.72 (1.5) 
2.88 (1.3) 
3.53(1.8) 
3.05 (2.0) 
3.97 (1.0) 

6.15 (2.0) 
6.49(1.8) 
5.98(1.0) 
7.20 (1.5) 
7.14 (1.8) 
6.74 (2.3) 
5.12 (1.3) 

58 
58 
58 
60 
58 
58 
54 

205 
212 
198 
205 
201 
206 
179 

108 
116 
108 
110 
107 
114 
87 

Mean ........................... 
Check meanb .................... 
LSD (5%) ........................ 
C.V., % ......................... 

5.00 
4.74 

-
-

5.47 
4.22 
n.s. 

28 

3.51 (1.6) 
2.85 (2.3) 
0.86 
17 

6.40 (1.7) 
1.06 (4.9) 
1.00 
15 

58 
60 
-

201 
207 

-

107 
115 
-
-

Note: The figures in parentheses are scores for streak resistance, which was rated on a scale of 1 to 5,where 1 = highly resistant and 5 
highly susceptible. 
"These figures are means for 12 locations. 
bThese figures are averages for two varieties, which were selected by the trial cooperator and differ for each location. 

tions is given in Table 28. An additional set of 10 was also formed based on across-site data. The perfor
families will be selected based on data from all the mance of the selected families is given in Table 30. 
test locations to form an across-location variety. The These varieties were formed from remnant seed at
entries from the backup, late, white streak resistant IITA and sent to CIMMYT, where they will enter the 
population had, on the average, lower plant and ear international testing program in 1984. 
heights and were less prone to root lodging than those To continue population improvement, all 250 fami
from the main population (Table 29). To initiate the lies were planted in a streak nursery, and resistant 
third cycle of improvement, a total of 80 families will plants were selfed. The progenies of these plants were 
be selected based on across-location performance in planted under streak, and resistant plants were either 
the progeny trials.-J.M. Fajemisin selfed or plant-to-plant crosses were made within 

each of these progenies. In families that had no streak
La Posta (population 43). The objective of breed- resistance, the same type of pollination was done in 

ing efforts in this population is to improve its yield nurseries without streak. Based on data from the 
and other agronomic characters and at the same time international trials, 78 families were selected to 
build up its streak resistance. During 1982 250 full-sib initiate the next cycle of population improvement. In
families were tested for yield, along with six local 29 of these families, plants with various levels of 
checks in six countries in a 16 x 16 simple lattice streak resistance had been identified and the pro
design (IITA, Annual Report for 1982). Grain yields at genies of these plants represented their original
the different locations are listed in Table 30. families in the half-sib recombination of the selected 

The 10 best full-sib families were selected at each families. During the 1983 dry season, the half-sib 
site to form experimental varieties. At some sites two families so generated were planted both in a streak
varieties were formed, one based on visual selection nursery and without streak. In these nurseries full
by the cooperators and the other based on data on sib families were generated by reciprocal plant-to
yield and other agronomic characters. One variety plant crosses for international testing in 1984. Streak 
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Table 28. Data on families selected from TZSR-W-1 and TZSR-Y-1 to form late streak resistant varieties, 1983
 

White varieties Yellow varieties
 
Ekona, Ikenne, Samaru, Ekona, Ikenne, Samaru,


Parameter Cameroon Nigeria Nigeria Cameroon Nigeria Nigeria 
Grain yield, t/ha


Mean ofselected families ........................ 4.78 
 7.36 7.20 5.39 6.63 8.08
Population mean ............................... 3.65 5.49 6.00 3.95 5.00 6.68

Best check ..................................... 
 3.50 5.91 7.00 3.63 5.30 6.99
Selected families as percentage of pop. mean ....... 131 
 134 120 136 133 121
 

Days to silk
 
Mean of selected families ........................ 63 53 62 61 52 
 61
 
Population mean..................... 
 63 53 63 61 51 62
 
Best check ............................... .. 
 61 53 62 62 50 63
 

Plant height, cm
 
Mean of selected families ...... ............. 209 3.7 a 235 215 3.6a 236
 
Population mean ............................ 216 4.6a 241 228' 
 4.7a 243
 
Best check ..................................... 210 5 .0 a 257 207 3.7 a 258
 

Ear height, cm
 
Mean of selected families ........................ 109 - 124 113 
 - 120 
Population mean ............................... 113 - 132 121 - 130
 
Best check ................................. 
 ... 112 - 147 112 - 150 

'Astorm at Ikenne made it impossible to record data on plant and ear height; these figures are scores for root lodging, which was rated on 
a scale of 1to 5, where I = least lodged and 5 = completely lodged. 

resistant plants were used wherever possible for the Table 29. Data on entries in a TZSR-W-1 full-sib 
generation of full-sibs. It is expected that a large part progeny trial, 1983
 
of the families distributed for international testing Main Backup

will have streak resistance. Parameter population population
 

While efforts are made to build up streak resistance Grain yield, kg/ha
in La Posta itself, a backcrossing program for con- Ekona, Cameroon .............. 3,787 3,377
verting the population to streak resistance is being Ikenne, Nigeria ................ 5,399 5,672
carried out. In this program TZSR-W-1 was used as a Samaru, Nigeria ............... 6,031 5,927 
donor for streak resistance. Full-sib families were Days to silk 
generated among streak resistant plants in the Ekona, Cameroon .............. 63.4 62.9
 
BC2 (F 2) generation, and some ofthose families will be Ikenns, Nigeria ................ 52.7 52.1
 
included in the international testing program along Samaru, Nigeria ............... 63.4 62.7
icuedai itefromao sting m alon Plant height, cmwith the families f La Posta itself.-M. Barnason Ekona, Cameroon .............. 220 209


TZUT-W. This U.S. x tropical population is of Samaru, Nigeria .............. .244 235
 
medium maturity (about 110 days) and combines the Ear height, cm
 
efficient plant type of varieties from the Corn Belt of Ekona, Cameroon .............. 115 107
 
the United States with the disease resistance or Samaru, Nigeria ............... 134 128
 
tolerance Root lodginga
of local African germplasm. In 1983 re- Ikenne, Nigeria ................ 4.8 4.5 
current selection was continued to improve yield, Samaru, Nigeria ............... 1.3 1.2 
major agronomic traits and streak resistance of this 
population. The full-sib families that were formed in Note: These figures are means for 170 entries from the basepopulation and for 80 entries from the backup population.1982 were grown in the international progeny testing 'Root lodging was rated on a scale of 1to 5,where 1= not lodged

trials in three cooperating countries. Screening for and 5 = completely lodged.
 
streak virus among and within families was done at
 
Ibadan under artificial infestation.
 

Table 30. Grain yield of La Posta in international progeny testing trial 43,1982
 
Catacamas, Ferke, St. Rosa, Ikenne, Suwan, Gwebe, Mean for 6
 

Honduras Ivory Coast Nicaragua Nigeria Thailand Zimbabwe locations
 
t/ha

Selected families ............. 7.87 9.64 6.25 7.09 8.56 9.15 7.45
 
Population mean ............. 6.63 7.83 4.89 5.12 6.62 6.67 
 6.29 
Population range ............ 8.50-4.48 11.15-5.40 6.84-3.21 7.44-2.56 9.64-4.14 10.16-4.10 7.83-4.90
 
Check mean ................. 4.21 
 7.08 4.56 4.49 6.31 10.51 6.19 
Best check .................. 5.51 9.31 5.40 
 5.44 7.25 12.35 7.54
C.V., % ..................... 13.7 11.7 17.3 16.6 11.8 
 13.1 

http:7.83-4.90
http:10.16-4.10
http:9.64-4.14
http:7.44-2.56
http:6.84-3.21
http:11.15-5.40
http:8.50-4.48
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For international progeny testing, 250 full-sib 
families, plus six late maturing checks (120 days), 
were grown at three sites in the savanna zone-
Samaru, Nigeria; Kamboinse, Upper Volta; and 
Sanguere, Cameroon-and at one site in the forest 
zone, Ikenne, Nigeria. Based on yield and other 
agronomic traits, the best 10 families at each of the 
four sites and across sites were selected to form an 
experimental variety by recombination using rem-
nant full-sib seed. Five experimental varieties will be 
formed during the dry season at Ibadan. The yields of 
families selected are given in Tables 31 and 32. 

One replication of the same 250 full-sib families was 
grown at Ibadan under artificial infestation with 
streak virus. A total of 190 full-sib progeny rows 
showed either complete or high resistance to streak. 
Resistant plants within these families were selfed to 
produce S, ears. The remaining 60 susceptible full-sib 
families failed completely and were therefore plantedat Samaru under streak-free conditions and the best 

tr 
 ofive plants sefed within each family.


three to five a ll thinternail 

After data from all the international progeny


testing trials are compiled, the best 30% ofthe full-sib 

families will be selected across sites to recombine the
imprati vedns.Hpopualfsib rec mbin tio inThe
improved populations. Half-sib recombination in 
isolation among selected S, progenies will be done 
during the rainy season of 1984. Male rows will be 
planted with bulk S, seed of the selected streak 
resistant plants derived from selected full-sib fami-
lies. The majoritywllof theb tecei female rows m r sis antTheal fr 
resistant, but all will receive pollen from resistant 

resi tan , e p lle should be 

TZMSR-W. This midaltitude streak resistant 
maize population has been through two cycles of 
S,/half-sib shuttle selection for resistance to streak 
virus at Ibadan and to Pucciniasorghi (rust) and 
Helminthosporiumturcicum(blight) at Jos, Nigeria.

In 1982 pairs of full-sib families were formed at Jos 
among plants in S, progeny rows that are resistant to 
H. turcicum leaf blight. After harvest 250 full-sibs 
were selected for the international progeny testing
trial, which included two checks, each represented by 

simple lattice. The trial was grown in four countries: 
s i aa nd Z i a a the fur nl t n 82ou d 
Zambia and Zimbabwe at the end of 1982 and 
Cameroon and Nigeria in 1983. The mean grain yieldsof this population are listed in Table 33. For each 
country 10 to 14 families were selected, based on grainyield and other agronomic traits, to develop a more
uniform experimental variety. The selection differentifore edeinTal 33. 
tials are listed in Table 33.mean yields of selected families in Zambia and 
Zimbabwe were 124 and 91% ofthose of the best check 

SR 52, the commercial single-cross hybrid in these 
countries. In Cameroon and Nigeria, the mean yields
of selected families were 122 and 128% of Tlaltizapan 
7844, the check.10 bestbest families across the four countries were 
selected to form the experimental variety Across 
TZMSR-W 83. The mean grain yield of the 10 families 
across countries, which exceeded the population 
mean by 17%, is given in Table 34. The mean plant and 
ear heights and days to silk of the selected entries 
were very similar to their population means. 

For each country another group of families of 
shorter plant type was selected to form another 
experimental variety. The mean plant heights and 
grain yields ofthese families are given in Table 35. In 
Zambia and Nigeria, the plant height of experimental
varieties is not likely to be less than that of the 

Table 31. Yields of families selected from TZUT-W to 
form experimental varieties, 1983 

Kam
boinse, 
Upper 
Volta a 

Mean yield of: 
Population ..... 3.6 
Selected families 5.1 
Best check ...... -

Differential, % .... 41 
C.V., %........... -
aData not yet analyzed. 

. 

Nigeria Sanguere, 
Samaru Ikenne Cameroon 

t/ha 
9.2 5.3 7.0 

10.8 7.0 9.1 
10.3 6.6 7.4 

17 32 30 
13 20 22 

Table 32. Yields of full-sib families selected to form experimental variety Across 83 TZUT-W, 1983 
Yield, t/ha 

Samaru, Sanguere, Ikenne, Percentage ofFamily number Nigeria Cameroon Nigeria Mean population mean 
166 ........................... 

203 ................... . . ...... 

54 ....................... 

226 ........................... 

39 .............................................

188 ................................... 

32 ............................. ............... 

72 ............................... 

15 .......................................

13 ......................... 

Mean of: 

Selected families ......... .. . 
Population .................. 

. ...... 

....... 

........... 


........ 


11.4 
11.1 
11.0 
10.9 
10.5 
10.4 
10.3 
10.2 
10.1
10.1 

10.6 
9.2 

8.8 6.0 8.7 121
8.1 7.4 8.9 124 
6.8 7.5 8.4 117 
7.4 5.5 7.9 110 
7.3 6.3 8.0 1118.7 7.0 8.7 121 
8.3 6.3 '8.3 116 
9.1 6.8 8.7 121 
7.7 5.9 7.9 1109.3 6.8 8.7 121 

8.2 6.6 8.5 118 
7.0. 5.3 7.2 100 
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original population (see selection differentials in 
Table 35). in Cameroon the selected families were 9% 
shorter than the original population. The mean grain 
yields of the families selected for short plant type 
were 22, 23 and 19% higher than those of the original 
populations in Zambia, Cameroon and Nigeria,
respectively. 

Remnant full-sib seed of the families selected in 
Zambia and Zimbabwe were grown at Jos, Nigeria, 
and experimental varieties for those two sites were 
formed. The experimental varieties for Cameroon and 
Nigeria and for all locations were formed at Ibadan 
during the dry season of 1983-84. These experimental 
varieties will be evaluated in an international trial in 
the midaltitude ecology, 

For population improvement 69 families were se-
lected across locations and subjected to intrafamily 
selection at Jos this year for blight and rust re-
sistance and agronomic traits. Half-sib recombi-
nation among the selected S, families was done at 
Ibadan in 1983-84, using selected plants within the 
progeny rows. Full-sibs of the second cycle of popu-
lation improvement will be formed at Jos in 1984.-
D.Makonen, F.H.Khadr,S.K. Kim andJ.M.Fajemisin 

Pool-16. This early white dent CIMMYT backup 
pool has performed extremely well in SAFGRAD 
RUVT-1 trials. Breeding work on Pool-16 began in 
1980. Current work includes recurrent selection with 
international testing of the material per se, a "side-

Table 34. Performance of full-sib families selected 
across four countries to form experimental
variety Across TZMSR-W, 1983 

Grain Plant Ear 
yield, height, height, Days to 

Family number t/ha cm cm silk 
6.................... 8.4 259 147 74 
19 ................... 8.4 269 144 78 
46 ................... 9.4 245 131 76 
58 ................... 9.7 278 156 76 
122 .................. 8.6 265 133 76 
148 .................. 9.5 270 152 77 
186 .................. 8.8 277 145 76 
206 .................. 9.6 260 155 76 
234 .................. 9.5 272 146 77 
Mean for: 

Selected families .... 9.1 260 145 76 
Population ......... 7.8 260 142 77 


Differential, % ........ 17 0 2 1 


Table 33. Grain yields of population TZMSR-W and 
families selected to form four experimental
varieties, 1983 

Zam. Zim- Came- Ni. 
bia babwe roon geria 

Population mean, t/ha ...... 5.0 7.3 9.1 9.8 
Mean for selected fain., t/ha. 6.2 8.8 12.0 13.9 
Selection differential, %.... 24 21 32 42 
Mean for best check, t/ha... 5.0 9.7 9.8 10.9 
C.V., % .................. 24 18 15 -

Note: The best check in Zambia and Zimbabwe was SR 52 and in 
Cameroon and Nigeriat, Tleltizapan 7844. 

car" approach for converting the germplasm to streak 
resistance and development of a streak resistant 
experimental variety ofPool-16 through backcrossing. 

Genetic improvement of Pool-16 per se was based 
on data from Kamboinse, Upper Volta, and on agro
nomic observations at Gusau and Ikenne, Nigeria. 
The SAFGRAD project used data from Kamboinse to 
develop an experimental variety. The performance of 
the 12 selected full-sib families used to form this 
variety is given in Table 36. In addition, the best 84 
full-sib families across locations were recombined 
twice in 1983. During recombination, selection for 
kernel structure and uniform plant type was em
phasized. In the 1983 third season, 170 new full-sib 
families were generated from the recombined fami
lies. These full-sibs will be combined with 80 full-sibs 
from the streak resistance conversion sidecar of Pool
16 to form an international progeny testing trial in 
1984. After international testing selected full-sib 
families from the sidecar will be merged into Pool-16 
in the next cycle of recombination to incorporate
streak resistant genes into the material while main
taining the yield performance and desired agronomic 
characters of the germplasm.

A streak resistant experimental variety of Pool-16 
is being developed by backcrossing. The recurrent 
parent for BC was the male families from the latest 
cycle of improvement of Pool-16 at CIMMYT. This 
material now has excellent streak resistance, ma
tures early and has a shorter plant type. It was 
entered in a preliminary trial at Ikenne in the 1983 
second season and could be tested more widely in 1985 
for use as an early, streak resistant maize variety. 

TZESR-W. This early, white streak resistant 
population was tested in 1982 at five locations in four 
countries: Nigeria (Gusau and Ikenne), Cameroon 

Table 35. Means of an original population and families selected for short plant height, 1983 
Zambia Cameroon Nigeria a 

Plant Yield, Plant Yield, Plant Yield, 
height, cm t/ha height, cm t/ha height, cm t/ha

Population mean ............. 

Selection mean. .............. 

Selection differential, % ......................... 

C.V., % ....................................... 


"These data are for one replication. 

295 5.0 245 9.1 224 9.8 
288 6.1 225 11.2 228 11.7 

-2.4 22 -8.9 23 2 19 
8 24 7 15 
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Table 36. Performance of selected full-sib families of 
Pool-16 in regional full-sib testing trial 1,
Kamboinse, Upper Volta, 1982 


Grain Plant Ear 
yield, Days to height, height,

Pedigree t/ha flowering cm cm 
FS 15 .............. 7.9 44 173 80 

FS 137 ............ 7.9 43 165 65 

FS 47 .............. 7.5 44 155 73

FS 116 ............. 7.5 43 173 88 

FS 162 ............. 7.5 43 163 60
FS.201............. 7.5 
 44 173 83
FS52 ............. 7.2 43 168 
 83
FS4 .............. 7.0 
 41 160 80 

FS 132 ............. 7.0 43 175 80 

FS 244 ............. 7.0 44 173 83 

FS 63 .............. 6.8 41 148 70

FS 79 .............. 6.8 43 163 75

Mean of selected 


families .......... 7.3 43 166 79 

Mean ofall fami-


lies tested ........ 5.7 .46 150 70 

Checks: 

Pool-16 ............ 6.1 42 156 75 

Jaune Flint de Saria. 4.7 41 143 75 


(Mayo Galke), Zaire and Tanzania (Ilonga). Five 
experimental varieties were formed in 1983 by cross-
ing in all possible combinations the 9 to 10 best 
families on the basis of site specific and across-site 
data on yield and agronomic performance (Table 37).
Although in selection much emphasis was placed on 
uniformity and resistance to lodging, the selected 
families yielded 17 to 36% more than the population 
averages and compared favorably with the best 
checks.TZESR-W, 

Since the data from Tanzania and Zaire did not 

arrive in time for use in selection decisions, only data 

from Gusau, Ikenne, and Mayo Galke were used to 

select 63 full-sib families for recombination in the 
1983 first season. Another recombination was done in
the second season, with selection emphasis on re-
duced plant and ear height, stalk quality and dayoto 
flowering. In the third season 250 full-sibs were 
generated for the international progeny trial to be 
distributed in 1984. 

Early maturing, streak resistant experimen-
tal variety trial. Formed in 1983 for the first time, 
this trial consisted of 13 entries: three experimental
varieties from TZESR-W, four from TZESR-Y, three 

from the conversion to streak resistance of popu-

lations 30, 31 and 35, and two local checks. The 

purpose of the trial was to introduce this new germ-

plasm into national programs. It was sent out in late 

1983 to East African countries for testing in the 

coming rainy season. Similar sets will be dispatched 

to other interested West African national maize 

programs for testing in 1984.. 


Early, white, streak resistant backup popu-
lation. This population was developed from TZESR. 

W and Pool-16. In the 1982 second season, a yield trial 
with both streak infested and streak-free replications 
was conducted to select 157 high yielding, streak 
resistant families. These families were recombined by
hand-pollination in the 1983 first season and again in 
an isolated half-sib block during the 1983 second 
season. The second recombination was done under 
heavy streak pressure, with additional selection 
pressure for earliness and stalk quality. This material 
now has excellent streak resistance and is becoming
earlier and shorter to fit the Pool-16 and TZESR-W 
plant type. Plans are being made to incorporate
additional early maturing, streak resistant germ
plasm from other breeding projects of the maize 
program.-H.N. Phamand J.H.Mareck 

Downy mildew and streak resistance. Both 

downy mildew (Peronosclerospora sorghi) and streak 
virus disease occur on maize in some African coun
tries, particularly Mozambique, Nigeria, Somalia,
Sudan and Zaire. As part of IITA's efforts to develop
varieties that have resistance to both diseases, a yield
and disease evaluation trial was conducted in 1983 at 
three locations: (1) Ibadan, under controlled streak 
infection, (2) Owo, under downy mildew infection, 
and (3) Ikenne, without streak or downy mildew 
pressure. The trial had sixentries: two with combined 
resistance to downy mildew and streak, DMRSR-
L(W) and DMRSR-L(Y); two with downy mildew 
resistance only, TLWD-DMR and TYFD-DMR; one 
with streak resistance only, TZSR-W-1; and one 
improved variety with neither streak nor downy
mildew resistance, Onne TZPB 81. The experiment 

Table 37. Performance of selected full-sib families of
 
1982
 

TERW 1982 Days Plant Ear Ear
 
Yield, to ht., ht., aspect,


Location t/ha silk cm cm 1-5
 

Mayo Galke,
 
Selected full-sibs ...... 5.4 53 196 80 1.3
 
Population mean ...... 4.1 55 204 89 1.7
 
Best check ........... 5.6 63 223 108 1.5
 
Gusau, Nigeria:
 
Selected full-sibs ...... 6.8 50 187 93 2.6
 
Population mean ...... 5.0 51 177 87 3.4
 
Best check ........... 6.6 46 190 90 2.5
 
Ikenne, Nigeria:
 
Selected full-sibs ...... 5.4 49 188 93 2.2
 
Population mean ...... 
 4.6 49 185 92 2.9
 
Best check ........... 4.0 48 .155 73 2.0
 
Ilonga, Tanzania:
 
Selected full-sibs ...... 6.0 55 - - 1.9
 
Population mean ...... 4.9 55 - - 2.3
 
Best check ........... 6.5 63 - 2.0
 
Across locations:
 
Selected full-sibs ...... 5.6 52 196 90 2.2
 

Population mean ...... 4.7 53 189 89 2.6
 
Bestcheck ........... 5.6 54 189 90 2.1
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Table 38. Data on families selected irom DMRSR-W(L) and DMRSR-Y(L) half-sib progeny at locations in Nigeria 
to form late downy mildew and streak resistant experimental maize varieties, 1983 

White varieties Yellow varieties 
Parameter Akure Ikenne Akure Ikenne 
Grain yield, t/ha

Mean of selected families ............................................. 5.88 
Population mean .................................................... 4.26 
Best check .......................................................... 5.14 
Selected families as a percentage of population mean ..................... 138 


Days to silk 
Mean of selected families ...................................... 57 
Population mean .................................. ................. 59 
Best check ............................ .......... ................. 60 

Plant height, cm 
Mean ofselected families .................. .................. 191 
Population mean .................................................... 189 
Best check............................................. 200 


Ear height, cm 
Mean of selected families ............................................. 98 
Population mean .................................................... 100 
Best check .......................................................... 99 

6.18 6.21 5.78 
5.15 4.79 4.70 
5.52 4.76 4.96 
120 130 123 

49 57 52 
48 5 50 
48 57 50 

3.6a 201 3.3a 

4.7a 198 4.4a 

4.9a 197 4.6a 

- 110 -

- 106 -
- 107 -

'Asevere storm at Ikenne made it impossible to record plant and ear heights; these figures are scores for root lodging, which was rated on 
a scale of I to 5, where 1 = least lodged and 5 = completely lodged. 

was laid out in a randomized complete block design
with six replications, a plot size of four rows 5 m long 
and spacing of 75 x 25 cm. 

Streak development at Ibadan was satisfactory, but 
the experiment at Owo failed because of drought. 
With no disease pressure, the DMRSR entries yielded 
only about 77% as much as TZPB, but under severe 
streak infection, they yielded 200% more (Table 38).
DMRSR entries were as good as TZSR-W-1 under 
streak pressure. In 1982 the yield of these DMRSR 
entries exceeded that of TZPB by raore than 300% 
under downy mildew pressure.

To increase the effectiveness of genetic improve-
ment, the DMRSR populations DMRSR-W and 
DMRSR-Y were each subdivided into early, DMRSR-
E(W) and DMRSR-E(Y), and late, DMRSR-L(W) and 
DMRSR-L(Y), groups. One hundred and sixty-five 
half-sib families of DMRSR-L(W) were evaluated for 
yield at Akure, Ikenne and Owo in a 13 x 13 simple 
lattice design, including four entries of TZSR-W-1 as 
checks. And 195 half-sibs ofDMRSR-L(Y) were tested 
at the three locations in a 14 x 14 simple lattice, 
including four entries of TZSR-Y-1 as checks. Each 
experiment was replicated twice. The experiments at 
Owo failed because of drought. The 10 best families 
were selected at each location from each population 
to form downy mildew and streak resistant experi-
mental varieties. The population mean yields are 
listed in Table 38. 

The early populations were taken through the 
second cycle of synthesis at Ibadan under streak 
pressure in the 1983 first season, with emphasis on 
early maturity and streak resistance. Three hundred 
and fifty-two half-sibs of each population were tested 
at Ikenne during the second season in one-row plots 
5 m long, with two replications. The population means 
are listed in Table 39. Both populations were of the 

same maturity range as the best available streak 
resistant but downy mildew susceptible early 
varieties.-J.M. Fajemisin 

Late, white streak resistant backup pool. This 
pool serves as a source of new and valuable germ
plasm for TZSR-W-1. In the 1982 third season, 109 half
sib families from this pool were included in the 
nursery for generation of full-sibs in TZSR-W-1, and 
80 full-sib families were generated within this group 
and distributed for international testing, together 
with 170 full-sib families of TZSR-W-1. The results of 
this trial are reported in another section of this 
report. 

The fourth cycle of half-sib recombination of the 
pool was completed in 1983. One set of the pool was 
planted at IITA under uniform artificial streak in
fection, and one set each was planted at Ikenne in the 
forest zone and Samaru in the savanna zone. 

About 300 ears were selected from the recom
bination block at IITA, and about 100 ears each from 
Ikenne and Samaru. It is hoped that selection of 
families at more than one site in the main season will 
contribute to a wider range of adaptation in this pool. 
The selected families are being recombined at IITA 
under streak in the 1983 third season. 

About 20 S2 lines from three populations were 
received from Tanzania in 1982 and screened for 
streak resistance at IITA. The lines came from popu
lation 10 (tropical late white dent), population 11 
(tropical intermediate white flint) and population 12 
(tropical yellow flint-dent). 

These populations originate from a previous 
cooperative program on streak and downy mildew 
resistance between Tanzania, Zaire, Thailand and 
CIMMYT. Lines with very good streak resistance 
were identified, and resistant plants were either 
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selfed or full-sibs made among resistant plants within 
each population. Progenies from selected plants were 
included as female rows in the backup pool in the 1983 
first season. 

A total of 405 S, lines from population 10, 256 lines 
from population 11 and 170 lines from population 12 
were subsequently received from Tanzania and
screened for streak resistance, and full-sibs were 
made among resistant lines within each population.
Seed of individual full-sibs has been sent to Tanzania 
for yield trials used by the national program. Seed 
from the white populations will be introgressed into 
the backup pool. 

In addition, the following promising experimental
varieties were introgressed into the pool in 1983: 
Maracay 7921 (from Tuxpeno-1), Gandajika 8022 
(from Mezcla Tropical Blanca), Ferke (1)8129 (from
Tuxpeno Caribe), Cotaxtla 8043 (from La Posta),
Ikenne (1) 8149 (from Blanco Dentado-2) and TZB 
Gusau 81 (from TZB). 

Conversion ofexperimenial varieties to streak 
resistance. A conversion program is being carried 
out to incorporate streak resistance into experimen
tal varieties from nine different populations of 
theCIMMYT.internationalExperimentaltesting program organized byvarieties from three other 
populations, two from CIMMYT and one from IITA,popladded during the year. Varieties from these 
were adddrnthyerVaitefrmtse
populations are in high demand by national programsin Africa but lack streak resistance. The parent
inoAfriat l sthevasreistnce. Tale a tpopulations of these varieties are listed in Table 40,along with information on the latest backcross gen-
eration. For each backcross the most promising ex-
perimental variety from the respective population is 
used as a recurrent parent in this modified backcross 

In 1983 five of these conversions were included in
the experimental variety trials (EVT-LSR), the re-

Table 39. Data on families selected from half-sib 
progeny trials to form early downy mildew 
and streak resistant varieties, Ikenne,
Nigeria,1983 

Parameter DMRSR-W(E) DMRSR-Y(E) 
Grain yield, t/ha 

Mean u'selected families ........ 5.20 4.33
Population mean ............... 4.36 3.44 
Best check .................... 4.10 4.12 
Sel. fai. as pct. of pop. mean.....119 126 
Mean of selected families 

Population meanm.............49 
 50 

Best check .................... 48 51


Plant height, cm 
Mean of selected families ........ 179 183 
Population mean ............... 180 180 
Best check .................... 178 179

Ear height, cm 
Mean of selected families ........ 91 92
Population mean............... 93 93 

Bestcheck..................88 84 


Table 40. Parent populations of experimental
varieties undergoing conversion to streak 
resistance 

Pop. Backcross 
Parent population no. Description generation
Tuxpeno-1 ........... 21 Late white dent ..... BC1 

Mezcla Tropical 
Blanca ............ 22 Late white semident. BC 4 

Amarillo Dentado ....28 Late yellow dent .... BC4 

Tuxpeno Caribe ...... 29 Late white dent.....BC 4 

Blanco Cristalino-2 ...30 Early white flint ....BC3 
Amarillo Cristalino-2 . 31 Early yellow flint... BC3 

Antigua x Republica
Dominicana ........ 35 Interm. yellow dent . BC 4


La Posta ............. 43 Late white dent ..... BC 4
 

A.E.D. x Tuxpeno ....44 Late white dent ..... BC 4 

Blanco Dentado-2 ..... 49 Interm. white dent, 
very short plants . BC1 

White Flint QPM ..... 62 White quality protein
maize ........... BC3 

TZB ................ - Late white flint ..... BC 1 

Note: All populations are adapted to the lowland tropics, exceptpopulation 44, which has performed well in the subtropics andmidaltitude areas. 

suits of which are given in another section of this 
sults of gvn
the trisecondoftthin
report. In some of the EVT-LSR trials conducted in 
Nigeria, the nonstreak resistant counterparts wereincluded for comparison. As the results given inTables 41 and 42 show, the streak resistantvesionw strpartsin consho the conversions were similar to their counterparts in yield 
and other agronomic characters. In these trials, theincidence of maize streak virus was very low.Table 43 compares the conversions with their 
counterparts under very heavy artificial streak in
fection at Ibadan. Here the streak resistant con
versions produced good yields and showed normal 
growth, whereas the nonresistant varieties yielded
very little, had delayed silking and poor plant growth.The conversions from the early to intermediate 
maturing populations 30, 31 and 35 were included in apreliminary experimental variety trial, early, at
Ikenne during tb , - second season of 1983. Other
entries were early to intermediate varieties and
populations in the program. These entries were 
arranged in a randomized complete block design with
 
four replications; average plant density was 63,000

plants per hectare. The yields were affected by

drought stress during grain filling (Table 44). The

streak resistant conversions from populations 30 and

31 yielded significantly higher than their 
nonre
sistant counterparts. Their yield and earliness wereequal to or better than those ofthe other entries in the
trial. The conversions from the early populations will 
enter an early streak resistant variety trial, along
with other early maturing varieties from the pro
gram; the trial will be distributed in 1984. 

Seed of the streak resistant varieties from the
conversion program has already been distributed to 
several countries, where further testing and selection
of the varieties is being done under local conditions. 
-M. Bjarnason 
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Hybrid Project of the same grain color, maturity and ecological 
The hybrid project was begun in 1979 and expanded in adaptation based on the 1982 test-cross results. The 
1982 in cooperation with the Federal Ministry of remaining hybrids were randomly produced among 
Science and Technology of Nigeria. The ultimate aim S, lines of the same grain color based on the performance of the lines per se in 1982. 
of the project is to enable the country to achieve self- To limit the size of the field trial, reduce the 
sufficiency in maize production rapidly through the 
development and adoption of hybrid maize varieties experimental error and increase the precision of the 
and appropriate cultural practices. results, most hybrids were divided into sets, eachcomprising 23 hybrids and 2 top yielding open

Single-cross yield trial. The objective of the first- pollinated check varieties. Entries in the same set
generation (single-cross) hyhrid trials was to identify belonged to the same maturity group and had the
superior hybrid maize varieties that can be recom- same grain color and ecological adaptation. The same
mended to African farmers. About 500 single-cross two checks were used across all sets of the same
hybrids produced from the S, inbred lines were tested maturity and grain color so that valid comparison
at three to nine locations in Nigeria (two in the forest and selection could be made between entries within 
zone and seven in the savanna). At least 427 hybrids and across sets. For each set, the experimental design
tested were produced in a diallel manner among lines was a randomized complete block with four repli-

Table 41. Comparison of streak resistant conversions with normal counterparts ofthree late white varieties,
Ikenne, Ilorin and Samaru, Nigeria, 1983 

Grain Root Ear 
yield, Yield Days Plant Ear lodging, aspect, Ear rot,Variety kg/ha index a to silk height, cmb height, cmb 1-5 1-5 1-5 

Poza Rica 7822 ....................... 6,572 100 56 229 116 2.0 2.2 1.6
Poza Rica 7822-SR BC 2 ... 6,601 100. . . . . . . . . . . . . 56 226 119 2.3 2.5 1.6
Across 7729.......................... 5,811 100 55 
 218 109 1.8 2.4 1.7
Across 7729-SR BC2.... 6,495 112 55. . . . . . . . . . . . . . . 220 110 2.1 2.4 1.8Poza Rica 7843 ....................... 6,964 100 58 238 134 2.7 2.2 1.5

Poza Rica 7843-SR BC2 ................ 6,638 95 56 243 129 2.4 2.4 1.4
 
Note: Streak incidence was negligible. 'Nonresistant variety = 100. bData from Ilorin and Samaru only. 

Table 42. Comparison of streak resistant conversions with nonresistant counterparts of two yellow varieties at 
Ikenne, Samaru and Gusau, Nigeria, 1983 

Grain yield, Yield Days Plant Ear Ear aspect, Ear rot,
kg/ha index a to silk height, cmb height, cmb 1-5 1-5 

Across 7728 ................................ 5,743 100 57 219 114 2.4 1.5
Across 7728-SR BC2. . . . . . . . . . . . . . . . . . . . . . 6,391 111 57 231 129 2.1 1.7
Tocumen(1) 7835 ............................ 5,088 
 100 51 206 100 2.4 1.8
Tocumen(1) 7835-SR BC 2.. 5,487 108 51. . . . . . . . . . . . . . . . . . .  197 96 2.2 1.8 
Note: Streak incidence was negligible. 'Nonresistant variety = 100. bDatp from Samaru and Gusau only. 

Table 43. Comparison of streak resistant conversions with nonresistant counterparts under streak in experi
mental variety trials, IITA, 1983 

Grain yield, Days Plant Ear Ear aspect, Streak resist-
Variety kg/ha to silk height, cm height, cm 1-5 ance, 1-5 
EVT-LSR(W)
 
Poza Rica 7722 ................................ 901 63 
 132 74 4.5 5.0Poza Rica 7722-SR BC 2 .. . . . . . . . . . . . . . . . . . . . . . . 7,040 56 215 113 2.0 2.3
Across 7729....................... ....... 1,087 62 140 72 3.8 
 5.0
Across 7729-SR BC 2 . . . . . . . . . . . . . . . . . . . . . . . . 7,050 54 212 106 2.5 2.3
Poza Rica 7843 ................................ 1,502 
 60 165 80 3.0 5.0
Poza Rica 7843-SR BC 2 ... 7,400 55. . . . . . . . . . . . . . . . . . . . . . 242 128 2.0 2.5 
EVT-LSR(Y)

Across 7728................................... 857 61 113 76 
 3.5 4.8
Across 7728-SR BC 2 ..... . . . . . . . . . . . . . . . . . . . . . .  6,743 55 234 133 2.5 2.3
Tocumen(1) 7835 .............................. 1,435 58 120 54 3.3 3.5

Tocumen(1) 7835-SR BC, ....................... 5,118 50 206 103 3.0 1.3
 
Note: Differences between streak resistant conversions and nonresistant.counterparts were highly significant for all characteristics at 
the 1%level. 
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Table 44. Results of preliminary variety trial, early, Ikenne, Nigeria, 1983 
Yield,

Variety t/ha 
Poza Rica 7931-SR BC2..... 4.61. . . . . . . . . . . . . . . . . . . . .  
Pop. 49 x 9091........................... 4.60 
Ikenne(1) 8149 x Pirsabak(1) 7930-SR ............. 4.55 
Pirsabak(1) 7930-SR BC ..... 4.47. . . . . . . . . . . . . . . . . . . .  
Mayo Galke ESR-W 82 .......................... 4.23 

Ikenne(1) 8149 ................................. 4.22 

DMR-ESR-W .................................. 4.17 
Kamboinse-ESR-Y 82 ........................... 4.15 
Tocurnen(1) 7835-SR BC . 4.05. . . . . . . . . . . . . . . . . 
Pool-16-SR ................................ 3.93 
Ikenne ESR-W 82 .......................... .. 3.89 
DMR ESR-Y ............................... 3.79 
Tocumen(1) 7835 ............. ....... 3.52 

Gusau ESR-W 82 .............. 3.46 

lkenne ESR-Y 82 .............. 3.35 

Pool-16 Gusau ...................... ...... 3.11 

PozaRica7931 ................ ........... 3.06 

Pirsabak(1) 7930 ............................... 2.73 

LSD (5%) .................................... 0.68 

C.V., %....................................... 12.3 


cations, and the plo'-s had four rows 5 m long. Plant 
density in all the tiials was about 53,000 plants/ha; 
row and hill spacing was 75 x 25 cm. All trials 
received 110:60:60 kg/ha of NPK. Data on agronomic 
traits and grain yield adjusted to 15% moisture 
content were collected from the two central rows of 
each plot. 

The numbers of hybrids yielding significantly 
better than the top yielding open-pollinated check 
were as follows: 25 at Ikenne, 1 at Ibadan, 32 at Ilorin, 
44 at Mokwa, 80 at Samaru, 48 at Funtua, 139 at 
Gusau, 1 at Yandev and 2 at Kadawa. Twenty-four
hybrids were selected for outstanding performance 
across locations, compared to the best open-pollinated 
check varieties (Tables 45 and 46). The time between 
planting and maturity of these hybrids ranged from 
100 days for the intermediate to 120 days for the late. 

The average grain yield of the eight late white 
hybrids selected across four savanna locations 
(Ilorin, Samaru, Funtua and Gusau) was 8.4 tons, 
34% higher than that of the two top yielding check 
varieties (Table '15). Hybrid 8322-13 produced the 
highest average yield, which exceeded the mean of 
the two checks, Across TZB and Poza Rica 7843, by 
50%. Four hybrids yielded more than 10 t/ha at more 
than one location; the record yield was 12.1 t/ha from 
hybrid 8324-18 at Samaru. 

Four late white hybrids, including 8322-13 and 
8326-16, were selected for both the savanna and 
forest ecologies. Four early-intermediate white grain 
hybrids were also selected based on yield and agro-
nomic characteristics. The average yield of the 
selected intermediate maturity hybrids in the 
savanna was 7.2 tons, 54% higher than that of the 
two check varieties. None of the early-intermediate 

Days 
to silk 

Plant 
ht., cm 

Ear 
ht., cm 

Root lodg-
ing, 1-5 

Moisture, 
% 

Plants 
harvested 

46 159 71 1.8 20.4 49 
51 159 69 1.0 29.3 51 
49 172 85" 1.3 25.4 52 
47 169 80 1.5 23.1 50 
49 187 95 3.0 25.5 46 
51 136 65 1.0 26.6 53 
49 184 97 2.0 22.8 51 
48 173 86 2.3 23.5 49 
51 178 89 .1.8 23.2 51 
48 160 78 2.0 23.1 50 
50 179 88 3.8 24.5 50 
48 180 94 2.0 22.0 47 
51 177 83 2.5 23.9 50 
50 176 88 4.0 22.7 50 
52 181 95 3.0 23.6 49 
46 151 68 1.8 21.9 49 
48 153 71 1.5 23.0 49 
49 160 80 2.5 22.7 48 
1.2 15.1 12.5 0.9 2.8 2.9 
1.8 6.3 10.6 29.6 8.2 4.2 

in the forest zone (Table 46). 
Two yellow grain hybrids were found to be highly 

productive in the savanna (Table 45). On the average, 
the yellow hybrids selected for this zone yielded 7.7 
t/ha, 38% higher than the top yielding open
pollinated check varieties Across TZB (white) and 

Table 45. Performance of maize hybrids selected for 
the savanna area of Nigeria, 1983 

Average 
Hybrid yield, t/ha range, t/ha index, % 

Late white
 
8322-13a ............ 9.1 8.8-10.6 150
 
8324-18 ............. 8.9 6.8-12.1 141
 
8322-3 .............. 7.8 6.3-9.3 136
 
8323-14 ............. 7.5 6.1-9.6 133
 
8326-16 ............. 8.3 7.6-8.6 129
 
8321-18 ............. 8.6 5.8-11.1 128
 
8321-17 ........... 8.6 6.6-9.9 128
 

Late yellow 
8330-16 ............. 7.4 5.7-8.4 137 
8329-23 ............. 7.9 6.2-10.4 134 
Intermediate white
 
8338-4 ............ 8.3 7.0-10.4 164
 
8338-2 .............. 7.3 5.1-8.9 149
 
8346-1 .............. 6.7 4.5-7.8 152
 
8346-3 ............. 6.6 5.3-7.7 150
 
Intermediate yellow
 
8341-6 .............. 8.1 7.5-9.1 148
 
8340-21 ............. 7.0 5.0-8.0 146
 
8340-23 a ............ 6.9 4.1-8.1 140
 
8341-5 .............. 7.5 5.9-8.9 138
 

maturity white varieties showed a yield advantage "Selected inboth savanna and forest areas. 
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Across 7728-SR (yellow). Four early-intermediate Table 46. Performance of maize hybr.dis selected for 
maturity yellow hybrids were also selected for the the forest zone of Nigeria, 1.283 
savanna area. Their average yield was 7.4 t/h, 43% Grain Yield 
higher than that of the two open-pollinated varieties. Hybrid yield, t/ha index, % 
The yields of the yellow hybrids were higher in the 
savanna than in the forest zone. Late white 

The results of the trials at Mokwa and Samaru were 8328-10 ........................ 8.5 157
 
particularly interesting. At Mokwa drought drasti- 8326-168326-16...........7.0........................ 7.0 149
148 
cally affected maize growth several times during the 8322-13 .................... 7.6 131 
season, and Striga hermonthica attacked maize in 
most of the trials. A total of 785 entries were screened Late yellow 
under heavy striga infestation, which showed highly 8329-22 .................... 6.6 153 
significant negative correlations with yield (r 632915 ................ I..... 6.1 142 
-0.352), plant height (r = -0.255), numbers of ears Intermediate yellow
harvested per plant (r = -0.343) and plant and ear 8340-23 ........................ 5.5 157 
aspect (r = -0.294). Even though grain yields at 8341-12 ..................... I.. 6.0 152 
Mokwa were very low, ranging from 0.4 to 3.9 t/ha, 
44 hybrids out of a total of 550 significantly out
yielded the top open-pollinated check. Hybrid more than 10 t/ha in trial No. 8329. The best hybrid
8322-13 had the best striga rating and highest yield was 8329-23, which yielded 10.4 t/ha. Inbred 9516 was 
(Table 47). selected from A665 (Minnesota) x RppSR, and 9848 

The long-term average annual rainfall at Samaru was selected from Hi29 (Hawaii) x RppSR. Hybrid
during the maize growing season is 1,107 mm. The 8330-22 yielded 8.0 t and 8330-8 gave 7.7 t/ha, 46 and 
total rainfall this year was only 601 mm. Despite 41% higher than the average for both checks. 
reduced rainfall, hybrid -maize grown at Samaru Twenty-six early intermediate hybrids (5 white, 17 
produced the highest yields, and 80 white grain yellow and 4 topcrosses) also significantly outyielded
hybrids significantly outyielded the top check va- the top open-pollinated check variety. Yield in
riety. The highest yield obtained at Samaru was 12.1 creases above the check ranged from 42% to 59% for 
t/ha for hybrid 8324-18 (1368 x 9091). The pedigree the white and 18% to 53% for the yellow hybrids.
origins of the parent lines are Across 7721 x TZSR for Population 49 (intermediate), Pool-16, Poza Rica 7931 
1368 and N28 x TZSR-RppSR for 9091. RppSR is and TZESR-W (early maturity) were the check va
resistant to Pucciniapolysoraand maize streak virus. rieties. The root lodging resistance and ear aspect of 
The origin of RppSR is TZSR-Y x N28 (Nebraska). the selected hybrids were superior to that of the open

Twenty-seven of the yellow late maturing hybrids pollinated checks. 
significantly outyielded the top open-pollinated yel- During the 1983-84 dry season, F, hybrid seeds of 
low variety Across 7728-SR. Four hybrids yielded the 24 selected hybrids are being produced at IITA 

Table 47. Ratings for resistance to striga of selected high yielding maize hybrids, Mokwa, Nigeria, 1983 

Yield Percent of Striga ratingb 
Selected hybrid Pedigree t/haa best check Hybrid Range S.E. (mean) 
8322-13 ............................ 1369 x 9030 3.9 207 1.4 1.4-4.8 .46 
8322-3 ............................. 1188 x9006 3.5 187 2.9 1.4-4.8 .46 
8323-7 ............................. 1187 x 9006 1.9 222 1.4 1.3-4.6 .39 
8323-8 ............................. 1188 x 1368 1.5 180 2.9 1.3-4.6 .39
8329-9 ......................... 9236 x 9848 2.0 251 2.5 2.0-4.8 .43 
8329-23 ...... . ............ 9516 x 9848 1.9 242 3.0 2.0-4.8 .43
8329-22 ...... 9490 x 9848 1.7 221 2.3 2.0-4.8 .43 
8329-18 ...... .......... 9236 x 9516 1.7 219 3.0 2.0-4.8 .43 
8329-9 .......... ... .......... 3242 x 9317 1.7 210 2.8 2.0-4.8 .43
8329-17 ................. ......... 4008 x 9516 1.7 209 3.0 2.0-4.8 .43 
8340-9 ...... 7103 x 9646 2.8 219 3.5 2.0-4.8 .43 
8340-7 ........................... 7103 x 9613 2.7 211 2.0 2.0-4.8 .43
 
8340-12 ........................... 7103 x 9432 2.5 196 2.8 2.0-4.8 .43
 
8341-12 ............................ 9485 x 9613 3.4 198 ' 2.3 2.0-4.8 .53

8341-3 ......................... 8057 x 9499 3.3 •190 2.5 2.0-4.8 .53
 
8341-16 ......................... 9499 x 9624 3.2 183 3.3 2.0-4.8 .53

8341-6 ......................... 9450 x 9499 3.1 178 2.5 2.0-4.8 .53
 
8346-1 ............................. Pop. 49 x 9032 2.7 132 2.5 2.3-3.5 .40
 
'At 15% grain moisture. 
bStriga resistance was ratedon a scale of I to 5,where 1= excellent and 5 = very poor. 
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under irrigation. About 100 kg of seed of each hybrid
is being produced for the 1984 coordinated trials and 
on-farm demonstration trials to be conducted with
the relevant national institutions in Nigeria. Only a 
few hybrids will be selected for commercial culti-
vation in 1985 and afterwards. Advancement of the 
selected inbred lines from the S, to S, stage has been 
carried out under streak virus and stalk rot infection, 

Inbred lines trial. The main objective of this trialwas to select superior inbred lines for commercial 
hybrid seed production. Similar observational trials

wastorelietsupril. ined in objecomeothrial 
hyvbdeed poduction. Siiarobseationan trpasthave been conducted at different locations in the past 

two years. The selected inbred lines were tested at 
three locations, Ikenne, Samaru and Gusau. Based on 
grain color and flowering date, all lines were divided
into four groups: one each of late maturing white and 
yellow grain trials and early to intermediate white 
and yellow grain trials. All entries were planted in 
four-row plots with three replications,

A total of 62 lines were tested at Samaru, which has 
high potential as a hybrid seed production area in 
Nigeria. The general adaptation of these lines at 
Samaru was excellent, and most showed good re-
sistance to diseases such as streak, Helminthosporium
maydisand P.polysora.The average seed yields offie 
inbreds were 2.1 t/ha for late white, 2.5 t/ha for late 
yellow, 2.1 t/ha for intermediate-early white and 2.4 
t/ha for intermediate-early yellow inbreds. Among
the late white inbreds, 1368 yielded the most (4.0 t/ha),
followed by 1394, 1188 and 9030. The yields of the 
yellow lines were even higher; 4001 produced 4.5 t/ha,
the highest yield of all the lines tested at Samaru. 

One important characteristic ofthe selected inbred 
lines is the total number of kernels per ear. Most of 
the selected lines have 200 to 350 kernels per ear; 
inbred 1394 has the exceptionally high kernel number
of 390. Seed yields of parental inbreds at Ikenne 
(forest zone) and Gusau (Sudan savatina) were not 
good, averaging 1.3 and 1.4 t/ha, resp~ectively. 

Advanced lines test cross trial. This trial was 
carried out to develop additional high-combining
inbred lines: streak resistant inbred lines from 

population 43 (La Posta) for late maturity and lines 

from Pool-16, Poza Rica 7931 and Pirsabak 7930 for 

early maturity. Gusau TZB was used as a tester for the 

late lines, and TZESR-W, an early, streak resistant 

white population, was used for the early lines. A total 
of 200 late test crosses were planted at Ikenne,
Samaru and Funtua and 100 early maturing test 
crosses at Mokwa, Funtua and Gusau. All entries 
were planted in single-row plots with three repli-
cations. Twelve crosses from late and 39 from early
maturing test crosses produced significantly more 
than the top yielding open-pollinated check variety
in each set of trials. 

Advancement of selected lines. The major pur-
pose of line advancement from Ssto So was to improve
the uniformity ofthe selected lines and multiply their 
seeds for hybrid seed production in the 1983-84 dry 

season. The 73 selected inbred lines used for produc
ing diallel hybrid combinations in 1983 were included 
in this seed multiplication. Five to 20 selected fami
lies from each line were planted on an ear-to-row 
basis. Each family was planted between 12 and 20 
May in two-row plots 5 m long and inoculated with 
blight (H. maydis) and Curvularia.Highly uniform 
lines were sib-pollinated to maintain good vigor, and 
additional selfing was done for less uniform lines.
agion1Dembrntw-wpls5mln.AlAbout 30 ears from each line selected were planted
again on 10 December in two-row plots 5 m long. All
seedlings were infested with viruliferous leafhoppersfor streak screening. Susceptible progeny rows were 
discarded and resistant progenies were advanced by 

selfing. At flowering time all lines were infected with
stalk rot pathogens (Fusariummoniliforme, Diplodia 
maydis andMacrophominaphaseoli). 

Development of new lines. New lines are being
developed continuously, using the commercial hy
brids available in the tropics, to widen the germplasm
base. New lines are also being extracted from the 
backcross conversion for streak resistance, and 
downy mildew streak resistant lines were also in
cluded (Table 48). Over 800 streak resistant lines were 
developed at IITA dluring the 1983 cropping season 
under streak infection. Only high-combining selected 
lines will be further used for new hybrid development.

Twenty-three experimental varieties from 11 
CIMMYT populations were also used to extract high
combining lines directly without incorporating IITA 
streak resistance genes. These can be incorporated
later if any outstanding high-combining lines are 
selected. A total of 1,042 S, lines were developed at 
IITA this year, and the selected lines were planted
during the 1983-84 dry season for test cross 
production. 

Development of midaltitude lines. In his work 
ep men o nmid on ist oleti lines 

four diseases; maize streak virus, Helminthosporium 

turcicum, Pucciniasorghi and ear rots. Germplasm
 
sources for this line development are from mid
altitude streak resistant populations (TZMSR-W),

recently released commercial hybrids and open
pollinated varieties from eastern and southern
 
Africa, and population 44 from CIMMYT. A total of
 
1,812 lines and 161 test crosses were planted at a
 
midaltitude station at Jos (Table 49).

The lines were artificially infested with H.turcicum 
leaf blight at the seedling stage. From the 161 test 
crosses, which were planted in single-row plots with 
three replications, 16 test crosses were selected. 
About 400 lines were also selected based on adap
tation and disease resistance. These lines are being
planted at IITA during the 1983-84 dry season under 
streak infection. Only resistant lines will be testcrossed with either SR52 or TZMSR-W as testers.
Some first-generation hybrids among the selected 
inbreds (S, to S,) are also being formed for testing in 
1984.-S.K. Kim, Y. Efron, F. Khadr, D. Makonen, 
J.M.FajemisinandJ.O. Braide 

http:agion1Dembrntw-wpls5mln.Al
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Entomology Table 49. Disease resistant lines developed for 
midaltitude ecologies, Jos, Nigeria, 1983

In 1983 IITA maize entomologists concentrated main- No. of linesa 

ly on: (1)modification of techniques for mass rearing Material Generation Tested Selected 
of Sesamia and Busseola on artificial diets and maize 
infestation by eggs and larvae under field conditions, Test cross: 
(2) improvement of technique, for mass rearing of Line testing:

Cicadulina leafhoppers and maize screening for re- MSR lines ............. S, 647 
 16 bsistance to the streak and mottle virus diseases, and National var. x SR ..... S 520 80 
(3)developing methods of collecting and identifying Zambia SR ............ SS 472 264
 
leafhoppers and starting new Cicadulinacolonies for Commercial var. x SR. .S 90 42
national programs. The need for national programs Pop. 44 x SR .......... S2 83 20
 
to develop their own leafhopper colonies for maize Subtotal .............. 1,812 422
 
resistance and screening under artificial in- "The test crosses are resistant to maize streak; the lines are 
festation was underscored this year by the severe resistant to streak, H. turcicum, P.sorghiand ear rots. 
infection of maize by streak virus disease in a num- bOnly high combining MSR lines were selected for further use.
 
ber of African countries. Trainees from Uganda,

Cameroon, Burundi, Zambia, Kenya, Tanzania, Togo production from a few hundred to 6,000 to 7,000 per

and Ghana are involved in this work, which is des- week have caused new problems in maintaining the
 
cribed in IITA Research Briefs, Vol. 4,no. 4and Vol. 5, sanitary standard of the insect colony and its diet. 
no. 1.A procedure for developing leafhopper colonies Molds were controlled with Benlate and other anti
is shown in Figure 15. microbial compounds, but other diseases oc-

A number of countries have reported severe casionally reduced the females' fecundity and in
damage of maize seedlings caused by underground creased egg sterility. These parameters were im
insect pests on the root system and stem. Among the proved significantly, though, by the introduction of
major reasons for these losses were the intensifi- Fumidil'" B (bicyclohexy-lammonium funiagillin) at 
cation of maize production, an increase in the area a rate of 1 g per 4.81 g of diet mixture. 
under maize and unfavorable weather in 1983, which Soy flour, which is often contaminated with bac
reduced plant tolerance and stimulated development teria and fungi in the humid tropics, was replaced
of these insect populations. There has apparently with the Vanderzant Adkinsson Wheat Germ Diet,
been some confusion about which species are in- which took less time to prepare and was less con
volved mainly because a number of insect species taminated with microorganisms. 
cause similar damage and because there is a lack of Other improvements-the purchasing of new diet
detailed information about their morphology and mixers, modification of the diet preparation pro
serious gaps in our knowledge of their biology and cedure and infestation of the diet with sterilized egg
ecology. Studies must be undertaken soon if losses of masses-should increase pupae production to 10,000
germinated seedlings are to be reduced. to 12,000 per week for field screening of maize. Three 

generations of maize borer (Busseola fusca) were 
Mass Rearing of Stem Borers reared on our new modified diet, with an average of75 

to 82% larvae survival and a low percentage ofIn 1982 we began rearing pink stalk borers (Sesamia diapausing larvae. Rearing both stem borer species in 
calamistis)in plastic containers, each with 60 to 70 the same larvae rearing room occasionally caused
larvae; formerly larvae were reared individually in higher diapause of Busseolalarvae. Tl ,i humidity had
 
glass vials. This change and the increase of pupae to be reduced for Sesamia larvae since moisture in
 

their diet increases bacteria development.-Z.T. 
Table 48. Number of new inbred lines for combining Dabrowski 

ability tests in 1984 
Streak Effect of Maize Growth Stage

Genera- No. of resis. on Sesamia Damage
Material tion lines Testers tancexSR-Yellow... S, 144 9450/7103 yes Maize resistance screening methods, assessment ofCommercial Hybrid yield losses and timing of insecticide application to 

x SR-White ....... 
 S, 108 1393,9071 yes control stem borers must all be based on detailed
Commercial hybrid knowledge of Sesamia and its interaction with the 

x SR-Yellow ...... S, 148 4001,9450 yes maize plant.
EV-SR Conversion ... S3 283 1368, 9450, etc. yes Two experiments were conducted in the screen-
CIMMYT Pop. 11 .... S, 792 1393,9091, no house to study: (1) the effect on maize growth and 

9450, etc. yield of Sesamia larvae released on plants at the
Pop. 49.............. S4 250 9071 no 
 three-, seven- and 11-leaf stages and (2) the effective
DMSR..........S 250 7103, etc. yes ness of four insecticides applied in three 
concen-
Total............... 1,909 
 trations at various times after infestation of maize at 
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+ + + , + + + 

Males used for correct species identification 
"T,,penetrated 

377latter 
Species"A" Species "B" 

__7__ 

Figure 15. Procedure for developing a Cicadulina spp.
colony from live insects collected under field conditions: 
(1)individual females collected from the field, (2) the F, 
population from those females, (3)bulking progeny of the 
same species (F,) and (4)the dominant species used formass 
rearing, 

the five-leaf stage with 22 to 26 Sesamia eggs in the 
blackhead stage. 

At the three-leaf stage maize was found to be highly 
susceptible to Sesarniadamage (Table 50). Over 80% 
of the plants infested at this stage formed "dead-
hearts"within30daysofinfestation, and most did not 
grow very high or produce normal cobs. Yield loss 
was extremely high. 

The seven-leaf stage " as equally susceptible to 
Sesarnia damage. Within 30 days after infestation, 
most maize plants were destroyed, and the height and 
yield of infested maize were much reduced. 

Infestation at the 11-leaf stage had less effect on 
maize growth. Yield loss was significantly lower at 
this stage, as was average overall leaf damage.
Judging from the number of larvae and pupae re-
corded on the thirtieth day after infection, the 11-leaf 
stage is the most suitable for quick larval 
development. 

In the second experiment, four insecticides 
(Furadan 10% Granules, Azodrin 60 WSC, Lindane 
20% EC and Lindane 5% Dust) were applied in three 
concentrations 1, 5, 10, 15 days after infestation of 
maize plants in the five-leaf stage with 24 to 26 
Sesamia eggs. 

Ten days after treatment, all maize stems were split 

open and living and dead larvae were counted and the 
length of each tunnel measured. The high total 
mortality recorded a day after treatment was attri
buted, for all three chemicals, to direct contact. The 
high mortality recorded on the fifth day indicated 
that the larvae were penetrating the maize stems 
slowly and were still exposed to the chemicals. By 10 
and 15 days after infestation, most of the larvae had 

the stem and escaped the insecticides.-
Z.T. Dabrowski,J. Ornoregheand E.O. Osisanya(the 

two of the UniversityofIbadan) 

Stem Borer Resistance Screening 

The pink stem borer reduces maize production in 
three ways. First, it attacks young seedlings, causing 
"deadhearts" and reduced plant stand. In later stages
the larvae bore into the stem, impeding translocation 
and increasing stalk lodging. Finally, the borer 
infests the developing ear, not only eating the grain,
but also permitting weevils and fungi to enter. 
Selectiorn efforts aimed at developing Sesamia re
sistant germplasm have concentrated primarily on 
resistance or tolerance of young seedlings to dead
hearts. 

The 1983 borer resistance trials were conducted at 
the Amakama Research Station of NCRI near 
Umuahia in southeastern Nigeria, where epibiotics 
of Sesamia occur regularly. Approximately 600 lines 
or families were tested in seven experiments. In the 
first evaluation (10 to 14 days after emergence),
deadheart symptoms were found in 10 to 90% of the 
plants in a row. Pink stem borers were responsible for 
20 to 27% of the deadhearts, where the specific cause 
could be ascertained. Dead and dry plants usually had 
a hole in the stem, indicating insect activity. The 
other known causes of deadheart damage were 
Eldana saccharina,underground beetles and ter
mites. The size and age of Eldanaand most Sesamia 
larvae in plants with deadhearts indicated that they
could not have originated from eggs laid on the 
seedling maize. Sesaniaegg laying on seedling maize 
began four to five days after emergence. Eggs and 
young larvae were visible between the first leaf 
sheath and the stem. The leaf and stem feeding
damage caused by these larvae occurred later and 
was recorded four to six weeks after planting.

Selection for borer resistance in the TZBR popu
lation was based on plant survival notes taken six 
weeks after planting. The experiment consisted of 300 
TZBR half-sib families and 30 borer susceptible 

Table 50. Effect of Sesamia larvae on maize variety TZPB, IITA, 1983 
Thirtieth day after infestation Percent yield

Stage of Plant sur- Average plant No. of larvae No.of pupae Length of reduction on
infestation vival, % damage, 1-9 per plant per plant tunnels damaged control 
3............................ 22.4 b 8.7 b 14.2 b 3.3 b 31.3 b 94.4 b
7............................ 65.5 b 8.1 b 15.6 b 
 1.7 a 40.3 c 83.4 b11 ........................... 83.3 c 4.9 a 10.6 a 7.5 c 23.1 a 30.8 a 
Note: Means followed by the same letter are not significantly different by Duncan's Multiple Range Test at the 5%level. 
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checks replicated four times. The coefficient of vari- IITA's Cicadulina mass rearing colony (Fig. 16).
ation for the experiment was 60%. Differences Changes in temperature during the year have been 
between families were not significant, although the found to affect egg and nymphal development period
TZBR population mean was significantly better (at and fecundity and longevity of females. The colony is 
the 1%level) than the mean of the borer susceptible less productive in the cooler period between July and 
checks. The 15 families selected had 660/, survival, September.
compared to 41% for the population mean and 33% 4. Plants for mass rearing of leafhoppers are no 
for the checks. The families selected have been longer planted and kept outside the screenhouse
recombined, and new half-sib families will be tested because this led to severe infestation by stem borers, 
next season. This year's work completes two cycles of armyworms, cutworms and other leafhopper species,
selection for borer resistance in the TZBR popu- which reduced Cicadulinaproduction.
lation. Cycles 0, 1 and 2 will be tested next season to 5. Cheaper, more permanent cages are being used
monitor progress from selection, for rearing nymphs. Because of high humidity and 

Crop growth at the Amakama site was highly temperature, the wooden cages used before had to be
variable, even though 500 kg of lime was applied per replaced after 12 to 15 months. The new cages have 
hectare, along with sufficient N, P and K fertilizer, metal frames measuring 1.25 x 1.25 x 1.00 m and are 
Soil and plant analyses indicated serious deficiencies covered in fine net with an opening secured by zip
of calcium and magnesium. It appeared that plant fasteners. 
vigor correlated with tolerance to borers, an obser- 6. Cicadulinaare now reared on maize or millet 
vation that was supported by the complete destruc- plants on the ground in the greenhouses; this elim
tion of several inbred line trials planted in the same inates the need for transferring potted plants, water
field. It has been noted in the past that inbreeding ing them in cages, etc. During maximal emergence of 
increased the incidence of Sesarnia-induced dead- adults, the whole plot (2.5 x 1.0 m) is covered by a 
hearts. The effects of plant vigor will be further dark cotton cage, one side of which is covered by fine 
investigated next season through soil fertility and transparent mesh. This makes it easier to collect
inbreeding trials. leafhoppers, which are attracted to the light source. 

The lessons of the 1983 borer screening trials are 7. We are now monitoring the percentage of active
that (1) the seed for breeding nurseries should be virus transmitters in the released population. In 20 to 
treated with contact insecticides to prevent seedling 24 h of acquisition feeding, only an average of 20 to 
mortality caused by underground insect pests; (2)the 22% of the leafhoppers become transmitters, causing
soil should be extensively fertilized to eliminate an average of 60% streak infection in the field. The 
micronutrient deficiencies and assure uniform crop acquisition period was prolonged to 48 h, giving 40 to
growth and the expression of plants' natural toler- 45% viruliferous transmitters and 94 to 98% streak 
ance; and (3) every effort must be made to develop infection in the field (Fig. 17).
effective artificial rearing and infestation techniques 8. We now have a better understanding of the 
for Sesamia stem borers.-Z.T. Dabrowski,L. Everett, behavior of leafhoppers after they are released in the 
J.H.Mareck and K.Nwosu (NCRI) field. Natural migration of leaflhoppers on seedlings 

five to seven days old is greater than that between 
CicadulinaRearing and Screening for older plants, on which the leafhoppers feed deeper in 
Streak Virus Resistance 

,

Because of increasing demand for leafhoppers 200C 

(Cicadulina triangula) for maize streak resistance ......-. ...........
 
screening, we have modified our rearing and screen
ing techniques in a number of ways, making it possible 270C# 

to infest 1,000 rows per week (25 hills per row and two 

%
 

plants per hill) with an average of four leafhoppers
 
per plant, or a total of 200,000 insects per week. Nine
 
improvements and developments are described in the
 
following paragraphs. 35C
 
1.Potted millet plants 10 to 14 days old are now .... 

being used for oviposition. Leafhopper feeding and 
oviposition take place on the main shoots of the millet 
plants. These develop many tillers that are used later 35 0C(ndaY) i='i26°C~nght) Nymphs&MENgs
by nymphs. As a result, it is unnecessary to change 26 Cni h)'#. Emergence 
plants during nymphal development. ........... of adults

2. The average number of eggs oviposited is now III __I __IIIIIIIII 

monitored at two-week intervals, allowing correc- 0 4 8 12 16 20 24 28 30 36 40 44 48 
tions in the number of adults released on the ovi- Days
position table. Figure 16. Effect oftemperature on the biology of Cicadulina 

3. We now have a better knowledge of the biology of triangula,IITA, 1983. 
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the funnel. Because of the low mobility of leafhoppers 
from the IITA colony and high predation by ants and 
spiders, more than 50% of the plants were insect free 
on the second day after infestation (Fig. 18). 

9. The leafhoppers are now being released for 
resistance screening at an earlier stage in plant 
growth. Leafhoppers released on five- to seven-day-
old seedlings caused 72 to 86%, of the plants to show 
symptoms after seven days; those released on two-
week-old plants caused 45 to 60% to show symptoms; 
and those on four-week-old plants of variety TZB, the 
susceptible control, caused 10 to 20%, of the plants to 
show symptoms. Infestation of plants at the three-leaf 
stage produced streak virus symptoms after five days. 
Full symptoms appear after 10 days, allowing rein-
festation if the effectiveness of the first infection is 
less than 95 to 97% of the susceptible control check. 

Effective transmissions (M) 

- (A) 

40-

20 / 

0 A 

(B) 
80 

-

60 0 

40 

20 

0 -
24 48 72 Hrs. 

Acquisition feeding 
Figure 17. Percentage of effective streak virus trans-
missions after 24, 48 and 72 hours of acquisition feeding by
leafhoppers of IITA's standard colony.(A) and by the newly
selected population (B)of C. triangula. 

Older plants required many more leafhoppers to 
produce the same streak symptoms as those on the 
susceptible plants. Our screenhouse and field obser
vations of the effect ofplant growth stage on symptom 
expression have been confirmed in laboratory experi
ments conducted by IITA's Virology Unit. 

Intensive work on other species of Cicadulinawas 
begun at IITA this year by a graduate student. He will 
try to determine if there are different species or 
biotypes in selected maize growing areas of Nigeria 
and study their biology and role in virus trans
mission. This work should give us a better under
standing of the relationships between Cicadulina 
species and the maize streak virus disease.-Z.T. 
Dabrowski 

Virology 
Maize Streak Virus 
An ecological study of wild grass streak hosts has 
shown that maize streak virus (MSV) may also occur 
in Axonopus compressus, Setaria barbata and
Brachiariadeflexa. The study has also shown that 
streak, as it occurs in Eleusine indica, Thelepogon 
elegans and Brachiaria distichophylla, is trans
missible to maize, but causes only mild and mostly
transient symptoms in some varieties and no symp
toms at all in others. The study confirmed, in addi
tion, that streak of Panicum maximum, the most 
common streak in wild grasses in southern Nigeria, 
cannot be transmitted to maize, nor can MSV be 
transmitted to P. maximum. But the vector of MSV 
in Nigeria (Cicadulinatriangula)readily transmits 
MSV from P. maximum to P. maximum.-H.W. 
Rossel and R. Nabukenya 

A survey of the northern Guinea and Sudan sav
anna regions of Nigeria during the latter part of the 
growing season (early October) revealed that MSV 
had occurred on an epidemic scale all over the 
northern region. Infection incidence was found to 
exceed 75% in most places and was often 100% in the 
northern Guinea savanna, where MSV is rarely seen. 
No streak symptoms were observed in farmers' millet, 
sorghum and finger millet in the same area, an 
interesting finding considering that both millet 
(Pennisetum typoides) and finger millet (Eleusine 
coracana)are reported to be natural hosts ofstreak in 
India. 

IITA's MSV resistant materials were evidently 
standing up to the prevailing epidemic; virtually no 
infected plants could be found among these materials 
at any of the five experimental sites surveyed.-H. W. 
Rossel 

Maize streak virus and its relationship with its 
leafhopper vector Cicadulinambila were studied in 
detail by Storey in East Africa in the 1920s and 1930s. 
But little is known about C. triangula,the vector of 
MSV in Nigeria. The transmission efficiency of this 
vector was investigated at IITA this year.

The minimum acquisition feeding period (AAP) for 
single adult C. triangulawas found to be 30 seconds, 
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Percentage of plant Report for 1980). This is somewhat surprising since no 
20-3c0hr - r) deliberate screening for resistance to this virus has 
0 -been done.-H.W. Rossel 

40 1=10(days) x =2.1 (days) 

0Oo _ SAFGRAD Project 
40 1 =0.9(2days) 1 R=0.81(2doys) Genetic Improvement 
20 Genetic improvement of maize in the Semi-Arid Food 

60 
0 --

Grain Research and Development (SAFGRAD) pro
40 R=06(4dys) I=05(4days) 1 ject in Upper Volta has four major objectives: (1) 

early maturity and good yield, (2) medium maturity
20 I _ and good yield, (3) quality protein and (4) drought
0 " - tolerance. Yield trials and population improvement80 1 cycles in the promising composites were continued 

60 --- 0.3(6days) 1=0.4(6 days) this year, and promising varieties were tested through 
40 two uniform variety testing trials: RUVT-1, consist
20 ing of early maturing varieties, and RUVT-2, con
o 2 taining medium maturity varieties. The entries were

24 6 8 12 14 6 0 2 4 6 8 10 12 14 16 nominated by various national and international
Insects per plant institutions. This year 50 sets of RUVT-1 and 35 of 

Figure 18. Frequency distribution of plants having 0 to 10 RUVT-2 were sent to 24 countries. 
leafloppers per plant after artificial infestation with an Genetic improvement work in Upper Volta was 
average of 4.6 and 3.0 leafhoppers per plant under field done at three locations, representing two agrocli
conditions, IITA, 1983. matic regions: Kamboinse and Loumbila, which 

and transmission efficiency increased with time. The receive 700 to 900 mm of rainfall annually and Farako 
minimum inoculation period required for virus trans- Ba, which receives 1,000 to 1,100 mm. At Farako-Ba 
mission was 1 h after 48 h AAP. The longer the total precipitation fell short of the long-term average 
inoculation access period (IAP), the higher the trans- by 195 mm. Low to moderate incidence ofmaize streak 
mission efficiency, which ranged from 20% for 1h IAP virus and mottle/chlorotic stunt was observed at all 
to 50% after 48 h IAP. Minimum latent periods in C. three stations and was quite severe in late plantings. 
triangulawere found to range between 10 and 24 h. In In all the genetic improvement trials and breeding 
transmission studies with single leafhoppers, 7 out of nurseries, NPK was applied at 74:46:30 kg/ha, and 
20 were able to acquire and retain the virus until they plant population was 53,000 per hectare. 
died 24 hours after acquisition of the virus. Three Early Maturing Varieties 
other insects transmitted the virus intermittently. 
Ten insects out of 20 failed to transmit it. There was a Population improvement. One cycle of full-sib 
significant difference between male and female C. family selection in TZESR-Y, a population developed 
triangulain transmitting MSV, the females being the at IITA, was completed in 1982. By recombining 10 to 
more efficient vectors. Among 60 males tested in six 12 families, experimental varieties were developed
trials, average transmission was 23%, compared to and advanced to the generation. To begin theF 2 
43% for females. second cycle of recurrent selection, 65 full-sib 

Host range studies indicated that millet and sor- families, selected on the basis of 1982 results, were 
ghum cannot be infected with MSV. Virus isolates planted and randomly mated. The resulting progenies
from Panicummaximurn and rice (Oryza sativa)did were planted during the dry season to develop a new 
not infect maize.-G. ThottappillyandM'Bi B. Zagre set of full-sib families, which will be evaluated in an 

international progeny testing trial during 1984. 
Maize Dwarf Mosaic Virus Variety trials. Twelve early maturing varieties 

The latest cycles of TZSR-W-1 and TZSR-Y-1, IITA's developed by various national and international 
streak virus resistant, improved maize populations, institutes were evaluated in a SAFGRAD regional 
were screened for resistance to maize dwarf mosaic trial, RUVT-1, at Kamboinse and Farako-Ba. At 
virus (MDMV). This virus is important in certain Kamboinse, there were no significant differences in 
regions of Africa, particularly the mid- to high- the yield of the varieties tested k- ible 51). SAFITA
altitude areas of East Africa. During a recent survey, 104, EV 8188 and the check were the earliest maturing
the virus was commonly seen at higher altitudes in varieties. At Farako-Ba plant stand, growth and yield
Rwanda. One out of 50 inoculated plants of the were adversely affected by various soil problems. 
variety TZSR-W and none out of 50 TZSR-Y plants Pirsabak (1) 7930, EV 8188, EV Gusau 81 Pool-16, 
developed symptoms of this virus, proving that their TZESR-W and Temp. x Trop. No. 3 gave the highest 
resistance to MDMV is still very high (IITA, Annual yields.-V.L. Asnani 
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Medium Maturing Varieties 

Population improvement. Full-sib families of 
the population TZUT-W were developed at IITA in 
1982 and the 250 selected families sent in 1983 for 
evaluation at four locations, one of which was 
Kamboinse. The average yield of all families was 
3.627 kg/ha, compared to 4,053 kg/ha for the best 
check. The average yield of the best 10 families 
selected to develop two experimental varieties was 
4,757 and 5,077 kg/ha. 

TZUT-Y was derived from TZUT at ITA by separat-
ing the segregating yellow grained seeds. Seeds from 
305 S, lines were sent to Kamboinse in 1982 to begin 
population improvement. S, lines were recombined 
during the 1982--83 dry season, and another cycle of 
recombinati n was (lone during the 1983 rainy sea-
son. One hundred and eighty halllsib families were 
planted in the dry season of 1983 -84 to develop full-sib 
families and begin the first cycle of recurrent selec-
tion. The 250 full-sib families selected will be sent for 
progeny testing at four locations during the 1984 
rainy season. 

Two hundred and fifty selected full-sib families of 
the population TZSR-Y-1 were tested at Farako-Ba, 
one of four test locations. Because the rains ceased 
early this year, yields at Farako-Ba were generally
low. The average yield ofa'll families was 2,047 kg/ha, 
compared to 2,987 foir the best check (TZB Gusau). 
The average yield of 10 families selected to develop 
experimental varieties was 3,989 kg/ha. 

SAFITA-102, a white grain composite, was de-
veloped in the SAFGRAD project by crossing Phil. 
DMR composite to TZPB and advancing several 
generations through selective sibbing. Since this 
composite has shown promise in SAFGRAD regional
trials, a population improvement program was begun 
with it in 1983. A large block was planted at Farako-
Ba to develop full-sib families, but because of adverse 
climatic conditions, only 122 families could be pro-
duced. These will be evaluated in 1984 and the C, 

population produced by recombining the better 

families.-V.L. AsnaniandI Hema 
Variety trials. Several trials were conducted 

during the 1983 rainy season to evaluate materials 
developed by IITA, CIMMYT, other international 
organizations and various national programs. 

In experimental variety trial EVT-LSR(W), nine 
white grain streak resistant varieties developed at 
IITA were tested with two checks at Kamboinse. 
There were no significant differences among varieties 
in grain yield. Across 7729 SR gave the highest yields. 

Seven yellow grain streak resistant varieties de
veloped at JITA and two check varieties were tested 
in EVT LSR (Y) at Kamboinse. There were no statisti
cally significant differences in yield among the va
rieties (Table 52). Acheck variety, Temp. x Trop. No. 
27, gave the highest yield. Among the streak resistant 
varieties, EV Bertoua LSR (Y) and Tocumen (1)7835 
SR showed promise.

Twelve experimental varieties developed by 
CIMMYT and three checks were tested in EVT 16A at 
Kamboinse and Loumbila. At Kamboinse La Molina 
(1)8033 and Across 7748 RE gave the highest yields 
(Table 52). At Loumbila the yields were low, and the 
C.V.'s were high because of soil problems. 

Eleven experimental varieties developed by
CIMMYT and two checks were compared in EVT 14A 
at Kamboinse and Loumbila. Significant differences 
in yield were observed only at Loumbila. At 
Kamboinse Across 8131 showed promise (Table 52). 
At Loumbila, where yields were low, the check 
(Temp. x Trop. No. 27) was' the highest yielding 
entry. 

RUVT-2, which included 11 varieties developed by
national and international institutions along with 
one check, was tested at Kamboinse and Farako-Ba. 
At the former there were significant differences in 
yield (Table 53). IRAT 178, Temp. x Trop. No. 27, 
TZPB (Onne) and Pool-34 QPM (check) gave about 
the same yield. Bako Composite proved not to be 

Table 51. Performance of maize varieties in RUVT-1 in Upper Volta, 1983 
Grain yield, kg/ha Days to flowering Average plant Average ear 

Pedigree Kamboinse Farako-Ba at Kamboinse height, cm height, cm 
Synth. C...................................... 

SAFITA-104 ............................. 

Pop. Senegal Oriental .......................... 

Temp. x Trop. No. 42 ........................... 

Pirsabak (1)7930 ............................... 

EV Gusau 81 Pool-16 ........................... 

EV 8188 ...................................... 

Temp. x Trop. No. 3............................ 

SAFITA-2 ..................................... 

TZESR (W).................................... 

EV 7982 ...................................... 

MTS .......................................... 

Jaune Flint de Saria (check)......... ........... 

Mean ........................................ 

LSD (5%) .................................... 

C.V., %........................ ............... 


4,308 2,410 
4,000 1,692 
4,000 1,744 
3,949 2,410 
3,949 2,769 
3,949 2,564 
3,897 2,410 
3,795 2,461 
3,641 2,410 
3,538 2,461 
3,282 2,051 
3,179 1,744 
3,949 2,000 
3,803 2,240 

n.s. 486 
18.0 16.0 

51 166 85 
41 143 54 
50 166 85 
49 167 79 
47 148 70 
48 149 71 
41 146 54 
51 153 79 
50 155 75 
50 168 88 
48 149 65 
50 182 105 
43 161 79 
48 158 76 
2.1 - -
3.5 - -
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adapted to this climate. Table 52. Performance ofentries in experimental
At the request of Pioneer Seed Company, we tested variety trials, Kamboinse, Upper Volta, 1983
 

seven of their hybrids with two check varieties in a Yield, Days to
 
trial at Kamboinse and Loumbila. Differences in yield Pedigree kg/ha flowering
 
were significant at Kamboinse (Table 54). Hybrid x
 
304 C, the check Temp. x Trop. No. 27 and hybrid 507 EVT-LSR(Y)
 
were the best entries. At Loumbila, the results were Temp. Trop ............. 3,627 59
( No 49
Tocumen (1) 7835 SR............... 3,947 

highly variable and the yields very low.-V.. Bertoua LSR-Y .................... 3,627 56
Asnani Across 7728-SR .................... 3,520 54
 

Niaouli LSR.Y .................... 3,413 54
 
Quality Protein SAFITA-102 ...................... 3,307 55
 

Across LSR-Y ..................... 3,307 55
Although development of quality protein maize Fereke LSR-Y 81 ................... 3,200 55
(QPM) varieties is not a major part of the SAFQRAD Ikenne LSR-Y .................. 3,200 55
 
project, some testing of QPM materials developed'

by CIMMYT is being done to identify the best Mean ............................ 3,461 54
 
population/variety for the semiarid environment. LSD(5%) ......................... n.s. 1.2
 
Some efforts have also been made to improve the C.V.,% ..................... 12.1 1.8
 
population identified as the most promising for this EVT 16
 
ecology. La Molina (1)8033 ................. 5,333 44
 

In a trial conducted in 1982, Pool-34 QPM was found Across 7748 RE .................... 5,227 44
 
promising not only for yield, but for its hard endo- Temp. x Trop. No. 27 (check) ........ 5,120 44
 
sperm and yield stability. Full-sib families were Guaira 8045 ....................... 5,013 45


SAFITA-102 (check) ................ 4,907 41
produced in the dry season of 1982-83 and the selected Across 7845 RE .................... 4,907 41
 
families planted at Kamboinse in the 1983 growing Tlaltizapan 8146 ................... 4,907 41
 
season for evaluation in a breeding nursery. The best Across 8033 ....................... 4,907 41
 
10 families will be planted in the 1983-84 dry season to Pirsabak 8146 ..................... 4,693 40
 
develop an experimental variety for testing in the TZB Gussao (check) ................ 4,587 41
 
1984 rainy season. A full-sib recurrent selection Capinapolis 8146 .................. 4,587 48
 
program will be started in 1984. Ten seeds of 107 full- Across 8146 ....................... 4,373 42
 
sib families have been sent to CIMMYT for chemical La Molina 8146 .................... 4,373 49
 
analysis to determine the protein quality. These Sete Lagoas 8033 .................. 4,160 53
 
results will be used in development of the experimen- Coimbatore 8146 ................... 3,947 54
 
tal variety and in population imp ..ovement. Average .......................... 4,736 45
 

LSD (5%)......................... 1,003 1.1

Drought Tolerance C.V., %........................... 15.4 2.0
 

EVT 14

Drought is one of the major factors affecting yield Across 8131 ........................ 3,733 53
 
stability in the Sudan savanna and can also reduce Temp. x Trop. No. 27 3,627 52
.............. 

yields substantially in the northern Guinea savanna. Suwan (1)8131 ............... .... 3,627 48
 
Breeding for drought tolerance, begun in the 1981-82 Across 7635 RE .................... 3,520 49
 
dry season, is becoming one of the major activities of Pozarica 8126 ..................... 3,413 49
SAFGRAD's genetic improvement program. Suwan 8131 ....................... 3,413 48
La Molina 8131 .................... 3,307 48
 

Variety trials. Preliminary evaluation of genetic Islamabad (1)8131 ................. 3,093 52
 
materials for tolerance to drought was done in a trial Across 7726 RE .................... 2,987 53
 
containing 26 populations, representing a wide ge- Suwan 8126 ....................... 2,880 54
 
netic background, at Loumbila in the 1981-82 dry Across 8035 ....................... 2,880 50
 
season (with irrigation). Two populations, Pool-16 Iboperenda 8035 ................... 2,560 52
 
and Jaune Flint de Saria, seemed to be more tolerart SAFITA-102 (check) ................ 2,453 56
 
to water stress than the other materials tested. Mean ............................ 3,192 51
 

In the 1982-83 dry season, a similar trial was LSD(5%) ......................... n.s. 11.8 
conducted at Valee du Kou near Bobo-Dioulasso to C.V., %........................... 29.0 18.0 
compare the performance of 12 populations/varieties 
for tolerance to drought at the seedling, flowering nus male and female flowering, (2) lower plant height
and grain filling stages. Although not all the data and (3) small tassel size. 
have been analyzed, it appears that three popu
lations, Pool-16, Jaune Flint de Saria and TZE 4, have Population improvement. Three populations
better tolerance to water stress than the other ma- were selected for population improvement during the 
terials. Our observations and those reported in the 1983 growing season: (1) Pool-16 and SAFITA-2, (2)
literature indicate that three characters are posi- Tuxpeno D.R. (from CIMMYT) and (3) SAFITA-104 x
 
tively correlated with drought tolerance: (1)synchro- a German inbred line (which has tolerance to
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Table 53. Performance of varieties tested in RUVT-2, 

Kamboinse, Upper Volta, 1983 


Grain Days to Plant Ear 

yield, flow. ht., ht.,


Pedigree 	 kg/ha ering cm cm 
IRAT 178 ................ 3,787 55 193 103 

Pool-34 QPM (check) ..... 3,787 50 175 90 

TZPB (Onne) ............ 3,733 59 215 117 

Temp. x Trop. No. 27 ..... 3,733 52 194 96 

TZSR-1 ................. 3,680 56 214 133 

EV 8176................. 3,680 56 220 132 

Poza Rica 7843 ........... 3,573 57 212 123 

SAFITA-102 ............. 3,573 55 196 111
 
Elite x E. Mex. Lomp ..... 3,134 55 211 123
 
ATK 82 ZR .............. 3,360 56 199 110

Fereke 7622 ............. 3,147 55 198 109

Bako Lomp.............. 800 66 265 162 

Mean ................... 3,356 56 208 117 

LSD (5%) ............... 720 1.5 12.6 18.4 

C.V., % ................. 15.5 2.0 4.2 10.9 


Table 54. 	Performance of hybrids from Pioneer Seed 

Company, Kamboinse, Upper Volta, 1983 


Grain 	 Days to
Pedigree yield, kg/ha flowering 

x 304C ............................ 4,907 55 


Temp. x Trop. No. 27 ................ 4,373 57 

507 ................................ 4,160 56

3094 ............................... 3,840 56 

6875 R.22 ..................... 3,413 57 

SAFITA-102 ........................ 3,413 

3204 MF ........................... 3,413 53

5065 A.................. .......... 3,200 56 

x 5800 ............................ 2,667 56 

Mean .......................... 3,710 56 


C.V, (% ........................... 1,4 2.0 


drought). Full-sib families were developed in the 

three populations by crossing plants selected on the 

basis of the three characters listed above; 263 full-sib 

families in Pool-16 and SAFITA-2, 205 in Tuxpeno 

D.R. and 41 in SAFITA-104 x the German line have 

been selected. These families and four checks were 

planted in a replicated trial at Loumbila during the
1983 dry 	season. These families will be evaluated 
1983ndry 	son Thee faiek wl srevatteds baer
under two to three weeks of water stress at the
seedling and grain filling stages in two blocks; the 
third block will not be under water stress. Based on 
the performance of the full-sib families, populationswill be reconstituted and experimental varieties 
developed, recombining the selected families.-V.L,
Asnani, A.O. Dianinoa d I. Heea 

Evaluation of Local Varieties 

A total of 210 local varieties collected from various 
parts of Upper Volta in cooperation with national 
programs were grown at Kamboinse and Loumbila 
for evaluation and seed increase. The most promising 

varieties were: Kamandaogo tollo, Boursango tollo, 
Kamanyango windigui, Kamandaogo kobo, Local 
Yellow Saria, Koudougou 1and Noubindou si Mossi. 

In addition, five local varieties have been selected 
to develop an extra-early (75 days to maturity) popu
lation: Kamandaogo tollo, Boursanga tollo,
Kamangbe Kapibabora, Korion Kouro and Tinzin 
Zambo. These varieties were planted in the dry season 
of 1983-84 to develop a composite through chain 
crossing. An extra-early composite will be useful for 
the Sahel savanna and for some farming systems in 
other semiarid ecologies.- V.L. Asnani and I.Hema 

Agronomy
The SAFGRAD agronomy program was begun in 1979
 
to identify and help solve the agronomic problems of 
maize production in the semiarid tropics of Africa. 
Most of the research has been conducted in the Sudan 

savanna, which receives 700 to 900 mm of rainfall 
annually, but experimentation in the northernGuinea savanna was started again this year.

The research has generally been conducted under 
low and 	high management. Low management is a
combination of low density (usually around 44,000 
plants/ha) and low fertilizer (usually around 37-23-15 
kg/ha of N-P.05 -K.,0). High management consists of 
high density (59,000 plants/ha) and high fertilizer (97
46-30 and 157-65-45 kg/ha of N-P,0-K.,0 in the Sudan 
and northern Guinea savanna, respectively). S and 
B0 are also applied at 6-1 kg/ha for low and 12.2 
B .,0 o h ferlie t 
kg/ha for high fertility.

Total rainfall in Kamboinse and Farako-Ba in 1983
 
was below average and was distributed quite irregularly, especially at Farako-Ba. Although the rains 

precipitation was low in August. At Farako-Ba, therein Kamboinse lasted from June to mid-September, 

were dry spells in July, and the rains ended by mid-

September, about one month earlier than usual.
 

Planting date. An experiment consisting of a
 
factorial combination of two management levels (low

and high), four planting dates and two varieties was
 
set up in a split-split-plot design with five repli
ctions. a plit ing d es with fie repli

cations. The planting dates were 22 June, 7 and 22
 
July and 7 August. The varieties were SAFITA-2 (90
days to maturity) and SAFITA-102 (110 days). 

Planting date had a highly significant effect on
maize grain yield (Table 55). Yields were highest forthe first planting date and decreased with each 
th e siv planting date a eraed ecrea ch 
successive planting date. The average decrease inyield was about 50 kg/ha for each day planting was 
delayed after 22 June. As the highly significant
management x date interaction indicates, the dropin yield 	with later planting was more pronounced 
under high than low management. In fact, the highly
significant increase in yield between low and highmanagement occurred only in the 22 June and 7 July
plantings; there was no difference in yield between 
management levels in the 22 July and 7 August
plantings. Thus, early planting is essential for obtain
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ing a good response to improved management. Grain yield (kg/ha) 
The early variety SAFITA-2 was significantly 5poe
 

better than the medium maturity SAFITA-102, except
 
in the 22 June planting, where the varieties gave
 
comparable yields. At least part of the effect of 4poe 
planting date on yield can be attributed to lack of
 
moisture at the end of the season. Streak virus also
 
reduced yields in later plantings. The percentage of *00 
plants with streak was 64.2 and 89.7% for the 22 July 0
aiid 7August plantings, respectively (LSD 5% = 5.4)./.\ SAFITA-2
 
Although no counts are available for the 22 June e SAFITA-10
 
planting, streak incidence was certainly much lower 2POO
 
for tiz!first two planting dates (51.3% of the SAFITA
102 plants in the 7 July planting were infested with
 
streak). ,poo -

Plant Density o I I I I 
0 20 40 60 80 100 I1To estimate crop response to plant density and Plant density (thousand plants/ho)

determine the optimum density for achieving maxi- Figure 19. The effect of plant density on the grain yield o 
mum yield with SAFITA-2 and SAFITA-102, these two maize varieties, Farako-Ba, Upper Volta, 1983. 
varieties were planted at five densities on 21 June in 
six-row plots, 5 m long with five replications. Grain 
yield was measured in the two central rows. The in maize and to establish an N response curve. Thc 
experiment was conducted under high management. experiment had two nitrogen levels and five N appli.
The plant densities at harvest, very close to the cation times. The design was a split plot with fivE 
intended ones, were as follows: 17,800, 38,300, 53,100, replications. There were two additional treatments, 
77,000 and 106,400 plants/ha for SAFITA-2 and 17,800, one without added N and another with 100 kg N/ha; 
38,300, 52,800, 77,000 and 103,500 plants/ha for the latter received only the T5 split application 
SAFITA-102. SAFITA-2 gave the highest yield at a (Table 56). Variety TZPB was planted on 22 June at a 
density of around 80,000 plants/ha and showed a density of 53,330 plants/ha (75 x 25 cm), and blanket 
pronounced decline in yield at the highest density applications of 75 kg P,05 (SSP) and 60 kg K20/ha
(Fig. 19). With SAFITA-102 yields close to the maxi- (KC1) were made. The N source was urea. 
mum were obtained at about 53,000 plants/ha and The yield increases, as N was increased from 0 to 
stayed fairly stable at higher densities. 150 kg N/ha, were always significant. There were no 

significant differences in grain yield between the 
Timing of Nitrogen Application different N application times, nor was the interaction 
An experiment wasepermenbegun in theth northern Guinea nificant. It is somewhatlevel surprising "hat comparabletime sig-Anwasbegn i norher Gunea between nitrogen and application 
savanna (where there is more rainfall, infiltration 
rates are greater and soils are deeper than in the yields were obtained when N was all applied early and 
Sua)t dregterin thebstime tepp fertniher in several split applications. This could be related toSudan) to determine the best time to apply N fertilizer the low total rainfall at Farako-B. this year. 

Table 55. Maize grain yield in a planting date trial, Nitrogen and Phosphorus ResponseFarako-Ba, Upper Volta, 1983 To measure the yield response to nit'ogen and phos-
Planting date phorus and estimate the residual effect of N and P 

Management 22 7 22 7 fertilizer in a semiarid environment, nine levels of N
and variety June July July August Mean P-K and three plant densities were studied in a split 
Low management kg/ha (at 0% moisture) plot design with four replications. The fertilizer 

SAFITA.2 ....... 1,655 1,195 855 190 970 treatments were as follows: 
JAFITA-102 ...... 1,530 1,175 515 40 815 
Mean .......... 1,595 1,185 685 115 895 N P205 K2SO 

High management
SAFITA-2 ........ 3,025 2,445 965 210 1,660 F1 0 0 80 
SAFITA-102 ...... 3,040 1,940 350 10 1,335
Mean ........... 3,030 2,190 655 110 1,500 F2 0 75 80 

Average F3 50 75 80
SAFITA-2 ........ 2,340 1,820 910 200 1,315 F4 100 75 80
 
SAFITA-102 ...... 2,285 1,560 430 25 1,075 F5 150 75 80
 
Mean ........... 2,310 1,690 670 110 1,195 F6 150 50" 80
 

Note: All main effects were highly significant. The management F7 150 25 80 
x date interaction was highly significant, and that between date F8 150 0 80 
and variety was significant. F9 150 75L 0 
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Table 56.	Maize yield in a timing of nitrogen
application trial, Farako-Ba, Upper Volta,
1983 

Timing of appl. Yield, kg/han 
16 36 52 50 kg 150 kg

DAP DAP DAP N/ha N/ha Mean 

T1 ......... 1/1 - - 1,490 2,980 2,240

T2 .......... 1/2 1/2 - 1,550 2,820 2,190

T3 ......... 1/2 - 1/2 1,550 3,250 2,400

T4 ......... - 1/2 1/2 1,480 3,270 2,370

T5 ......... 1/3 1/3 1/3 1,410 2,910 2,160

Mean .......................... 1,500 3,050 2,270 


Note: The effect of nitrogen was highly significant. 

"At 0%moisture. 


The check treatment was Fl. The response to N was 
evaluated in treatments F2 and F5 and the response to 
P in treatments F5 to F8. Although K is not generally
deficient in West African savanna soils, it was added 
in all treatments except F9 to ensure that the re-
sponse to N and P would not be limited by a lack of K. 
The contrast between F5 and F9 indicated whether K 
was deficient or not. Since K was added as potassium
sulfate, enough sulfur was provided in case of de-
ficiency. 	Thus, an apparent response to P would be 
due to P, not to the S in the single superphosphate.
The P and K fertilizers were broadcast and in-
corporated at planting. The N (urea) was applied in 
three equal applications 16, 36 and 52 days after 
planti ng.

The densities and spacings, with one plant per hill, 
were: (1) 26,700 (75 x 50 cm) (2)44,400 (75 x 30 cm)
and (3)66,700 plants/ha (75 x 20 cm). The test variety, 
TZPB, was planted on 22 June. To estimate the effect 
of residual fertilizer, the trial will be planted again in1984 and 1985 in the same plots, but without any 
additional fertilizer. 

Maize yields were highly significantly different
between fertility levels and plant densities. The 
response to fertilizer was significantly affected by
plant density. At all fertilizer levels except F1,yield 
reached a maximum at the highest density and then 
declined. Preliminary analysis indicates that the 
optimum density for maximum yield increased as the 
N or P level was increased. Nevertheless, the in-
termediate density of 44,400 plants/ha gave yields 
levels. For that reason the response to N and P wasthat were the highest or nearly so at all fertilizer 

evaluated by taking into account the yield at 44,400
plants/ha (Fig. 20). 

The following tentative conclusions were drawn 
from the first year's results. K was not a yield limiting
factor; comparable yields were obtained under F5 
and F9. P was more limiting than N. Addition of N 
without P increased yield by only 155 kg/ha, whereas 
addition of P without any N increased yield by 700 
kg/ha (LSD 5% = 582). Both P and N were yield
limiting factors. The response to N appeared to be 
almost linear, but that of P was clearly curvilinear, 
Nevertheless, the highest N and P20, rates in this 

trial did not result in the highest possible yield. The 
average grain yield increase was about 17 kg of grain 
per kilogram of added N. Assuming a total N content 
in the crop of 30 kg N/per ton of grain yield, the 
average yield increase (510 kg of grain per 30 kg of
added N) corresponds to an efficiency of N fertilizer 
recovery of51%. The addition of 75 kg P.,0, increased 
yield by 41.7 kg of grain per kilogram of added P2 05 . Assuming a total P content in the crop of 10 kg P20 
per ton of grain yield, the yield increase (417 kg of
grain per 10 kg of added P20) corresponds to an 
efficiency of P fertilizer recovery of 41.7%.

The response of yield to N fertilizer in this experi
me waseryil to found in thei 
ment was very similar to that found inthe timing ofN
 
application trial. 

Toposequence Studies 
A toposequence experiment was begun in 1981 to 
determine the positions along the toposequence for 
which ridge tying can be recommended in maize and 
to determine whether the ridges should be tied every
furrow or only every second furrow. The experiment
is being conducted on five strips of land perpendi
cular to the slope, each representing one of the 
following positions on the toposequence: plateau, 
upper slope, midslope, lower slope and hydromorphic 
bottomland. 

This year an experiment is being conducted with 
two planting dates (25 June and 11 July) and three 
ridgingsystems: (1)simple ridges, (2)ridges tied every 
other furrow and (3) ridges tied every furrow. The
plots were not plowed this season, but all the old 
ridges were tied every furrow. At each of the planting
dates, the ridges (furrows) in the corresponding plots 
were reopened, as necessary, following the ridging
 

treatments (rerandomized). No fertilizer was appliedin 1983. The test variety, Jaune Flint de Saria, was 
planted at a density of 59,300 plants/ha. Mean maizeyields significantly (1% level) increased from the
plateau to the bottomland position (1,900 to 4,000
 
kg/ha); were decreased by late planting (2,920 kg/ha

for 25 June, compared to 2,360 kg for 11 July); and 
were increased by tying the ridges (2,180 kg/ha for
 

Grain yield (kg/ha) 
5poo 

4POo ,LSD(5%)o',t-% 

4000 • N, 
2IOO 

pooI
 
_ 

00 30 60 90 120 15o 75 50 25 0 
Nitrogen (kg/ha) Phosphorus (kg/ha)

Figure 20. The effect of nitrogen and phosphorus on maize 
grain yield at adensity of44,400 plants per hectare, Farako. 
Ba, 1983. 
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simple ridges, 2,750 kg where half the ridges were tied Grain yield (kg/ha)
 

and 3,000 kg where all were tied). The significant 5poo
 

interaction between position and ridging system

reflects the yield response to tied ridges in all posi- 4000 - A
 
tions except the lowest one (Fig. 21). All ridgestied
 

The interaction between position and date was also Onoeholf of theridges tied
 
highly significant. The reason is that yields were (vry otherfurrow
 
lower in the 11 July than in the 25 June planting in all
 
positions except the lowest one, where yields were-.
 
4,280 and 3,720 kg/ha, respectively. Given that all the oO- LSD 1T 'e0e
plots had tied ridges between 31 May and planting, 

this suggests that the soils at the lower part of the rdi simplries


For ridging 
toposequence can store more moisture within the goo -setems 
root zone. But the relatively high yields (1 to 2 t/ha) 
obtained with simple ridges from the plateau to the 
lower positions indicate that if tied ridges are present Plateau Upperslope Middleslope Lowerslope Hydromorphic %oil 
several weeks before planting soil moisture reserves Figure 21. Effect of crop position along a toposequence and 
are increased and the risk ofdrought stress is reduced of tied ridges on maize grain yield (mean for two planting
in all positions along the toposequence. dates), Kamboinse, Upper Volta, 1983. 

Ridge tying (every other furrow or all furrows) 
increased yields in all positions along the topo
sequence except the lowest. Yields were lowest in the density. The trial was planted on 4 July in five-row 
plateau and tended to increase down the topo- plots 8 m long. 
sequence, being highest at the bottom. Ridge tying Maize yields were significantly affected by manage
had no negative effect in the hydromorphic soil. ment level, variety and seedbed (Table 57). But there 
Tying half the ridges increased yield by 40%, and was no response to high management in the flat 
tying all of them increased it by 15% (excluding the seedbed because ofwater stress. At both management 
bottomland position). These increases are smaller levels, SAFITA-2 gave higher yields than Jaune Flint 
than those observed in 1981 and 1982 but follow the de Saria with tied ridges, but their yields were similar 
same general trends. in the flat seedbed. The yield of SAFITA-2 exceeded 

that of Jaune Flint de Saria by the greatest margin 
under high management; the mean yield of the former 

Seedbed Trial in seedbeds with tied ridges was 3,840 kg/ha and that 

Previous experiments have shown that planting on of the latter 2,960 kg/ha. Yield was much increased 
tied ridges or planting on the flat, followed by tied under both management levels by the use of tied 
earthing up gives higher maize yields than planting ridges. The average number of days from planting to 
on the flat or planting on simple ridges. It has also 50%silkingwas47.8forJauneFlintdeSariaand52.5 
been shown that maize planted directly on old tied for SAFITA-2 (LSD 5%= 1.4).
ridges without tillage yields better than planting on From the results it appears that (1) hand cultithe flat after hand hoe cultivation vation of old tied ridges before planting does not give 

This year a study was conducted to determine a higher yield than planting without cultivation and 
whether hand hoe cultivation of old tied ridges (2)SAFITA-2 can tolerate severe water stress as well 
(without destroying them) before planting gives as Jaune Flint de Saria and responds better to 
better yields than planting on the ridges without improved moisture conditions. 
hand hoe cultivation. The study also investigated the Drought Stress and Soil Compaction 
drought tolerance of SAFITA-2, an experimental 
variety derived from Pool-16, which has shown Drought stress and soil compaction are major con
drought tolerance. straints of maize in the semiarid tropics of West 

The experiment, set up in the plots of the 1982 Africa, especially in the Sudan savanna. Soil com
seedbed trial, had three seedbeds x two varieties x paction can contribute to drought stress since the 
two management levels in a split-split-plot design more compact the soil, themoredifficultitisforwater 
with four replications. The seedbeds were: (1) hand to infiltrate and percolate down the profile. Total 
hoe cultivation and planting on the flat without water infiltration can be increased, even in fairly
earthing up; (2) planting on tied ridges built in 1982 compact soils, by using old tied ridges.
(without cultivation, except weeding) and earthing To determine whether there is genetic variability 
up 35 days after planting; and (3) planting on tied in maize for tolerance to drought stress under soil 
ridges built in 1982 after hand hoe cultivation (with- compaction, an experiment involving 20 half-sib 
out destroying the old ridges) and earthing up 35 days maize families and two management levels was plan
after planting. The test varieties were Jaune Flint de ted on 13 July in single-row plots 4.3 m long and 
Saria and SAFITA-2. The management levels were replicated four times. 
low fertilizer and density and high fertilizer and The 20 half-sib families were 20 ears of maize, 10 
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Table 57. Maize yield in a seedbed trial, Kamboinse, 
Upper Volta, 1983 

Management Seedbeda 
and variety S1 52 S3 Mean, 
Low management kg/ha (at 0%moisture)

Jaune Flint de Saria ........ 580 2,150 1,950 1,560

SAFITA-2 ................. 610 2,660 2,275 1,850

Mean .................... 595 2,405 2,110 1,705


High management:
Jaune Flint de Saria ........ 595 2,945 2,975 2,170

SAFITA-2 ................. 600 3,655 4,020 2,760

Mean ..................... 595 3,300 3,495 2,465


Average:
Jaune Flint de Saria ........ 585 2,550 2,460 1,865
SAFITA-2 ................. 605 3,160 3,150 2,305
Mean .595 2,855 2,805 2,085 

Note: All main effects were highly significant. The seedbed x 

variety interaction was significant, and the seedbed x 

management interaction was highly significant.

aThe seedbed treatments are described in the accompanying text. 

(families 1to 10) from afield ofLocal Koudougou and
the other 10 (families 11 to 20) from a field of Jaune 

Flint de Saria. It appears from their plant type, grain 
color and texture, maturity, etc. that the two va-
rieties are genetically related. The two management 
levels were: (1)more stress, or hand hoe cultivation 
before planting on the flat with no earthing up and (2)
less stress, or planting on tied ridges (built in 1982),
earthing up and building up of ridges and ties 30 days 
after planting. The trial was planted at a density of 
59,300 plants/ha, with a uniform application of 300 
kg/ha of 14-23-15 and 150 kg/ha of urea, for a total of 
111-69-45 kg/ha of N-P20-I 20. 

Grain yields were highly significantly affected by
the stress level. And although there were no signi-
ficant differences between the average yields of 
families, the interaction between management level 
and family was significant.

The significant interaction between management
level and family implies that the relative performance 
of the 20 families was not the same under the two 
levels of drought stress. This is clearly shown in 
Figure 22. Families 3 and 17, the top performers under 
less stress, did very poorly under more stress. On the 
other hand, families 2 and 7, the top performers under 
more stress, did not achieve the mean yield under less 
stress.
 

It appears that the SAFGRAD breeding program
could use this approach to improve maize tolerance to 
drought while carrying out breeding efforts under 
soil compaction. The population improvement pro
gram could be conducted in a stress nursery, with andwithout tied ridges, as in this experiment, or with3 

appropriate modifications. This approach could be 
followed during the rainy season and in the recom-
bination during the dry season. 

Soil Preparation 

A long-term experiment for evaluating the effect on 
maize yield of different methods of soil preparation 

and oftied earthing up was planted on 4 July, with the 
variety SAFITA-2. The trial consisted of a factorial 
combination of four tillage methods x two manage
ment levels x two ridging systems in a split-split-plot 
design with six replications. 

The tillage methods were: (1) zero-tillage
(Paraquat), (2) traditional hand hoeing, (3) oxen 
plowing and (4) tractor plowing. The management
levels were: (1) low fertilizer and low density (44,400
plants/ha) and (2) high fertilizer and high density
(59,300 plants/ha). The ridging systems were: (1)
planting on the flat, with no earthing up, and (2)
planting on the flat and tied earthing up 25 days after 
planting (in the zero-tillage plots, maize was planted 
on the old tied ridges in rows that had been earthed up
and tied in 1982). All plots except the no-tillage plots 
were cultivated with the hand hoe 14 and 25 days after 
planting. 

There were no significant differences in grain yield
between the tillage methods. Plowing with oxen or a 
tractor did not give higher yields than conventionalhand hoeing, as was the case in 1982 but not in 

previous years. The mean yields were 1,600, 2,180,
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Figure 22. Maize grain yield of selected half-sib familiesand mean yield for 20 families under two stress levels, 
Kamboinse, Upper Volta, 1983. 



Cereals 51 

1,640 and 1,900 kg/ha for zero-tillage, hand hoeing, Grain yield (kg/ho)
 
oxen plowing and tractor plowing, respectively. 4,000 N
 
Although zero tillage without tied earthing up gave LSD(5) Ti erthig-p
 
lower yields than the other tillage methods, zero 3000
 
tillage with tied ridges and tied earthing up gave
 11yields comparable to those of the other tillage me-

thods (Fig. 23). Flat zero-tillage plots often had very 2,000 
low stands, but this alone does not explain the yield

differences. A
 

There was a highly significant increase in yield2,,035
 
between low and high management (1,630 to 2,035
 
kg/ha), but this increase was negligible in the plots oL
 
without tied earthing up. The most significant in- Low High Lw High Low High Low High 
creases were due to earthing up and tying the ridges I--Zerotillge--+--Hand-hoeing--f---Oxen plowing-- Tractor plowing--I 

under both management levels and under all tillage Figure 23. The effectof tillage methods and tied earthing up 
methods. The mean yields were 800 kg/ha for plots on maize grain yield under high and low management, 
without and 2,865 kg for plots with tied earthing up Kamboinse, Upper Volta, 1983. 
(LSD 5% = 240). The yield increases resulting from 
tied earthing up ranged from 1,145 to 2,750 kg/ha further the viability ofmaize cotton intercropping in 
(LSD 5% = 678), which are far higher than those the Sudan savanna, an experiment that had a random
found in 1982. ized complete block design with four replications was 

The results of 1983 and previous years indicate that conducted this year on four cropping systems. The 
(1)ridge tying and tied earthing up are more reliable trial was planted on 13 June withou tillage on old 
ways of decreasing the risk of drought stress than tied ridges. The tied ridges of the cotton planted on 
tillage methods; (2) even when there is a response to simple ridges were opened on 25 June. The test 
tillage, tied earthing up gives large increases in yield; varieties were Local Saria (maize) and Coker (cot
and (3) a modified minimum tillage technique seems ton). The trial received a uniform application of 300 
to have potential in these soils. This technique kg 14-23-15 and 170 kg urea/ha.
consists of planting on old tied ridges without soil The spacing was 80 cm between rows and 30 cm 
preparation before planting, except what is required between hills. There wcre two plants per hill for 
for weed control. The tied ridges are later built up or monocropped maize and cotton and two per hill, with 
earthed up as necessary during the season in con- alternating hills of each crop, for the maize/cotton
junction with other cultural operations such as association. The plots had six rows 5 m long, and the 
weeding or fertilizer application. When farmers first four central ones were harvested. The cotton was 
establish tied ridges depends on the means at their sprayed with insecticide every 12 to 15 days, starting
disposal; they could establish them at planting or 35 days after planting. Maize was harvested at ma
later in the season at the time of earthing up. turity79daysafterplantingandthestalkswerecutto 
Obviously, this technique can be applied regardless minimize competition with cotton in the intercropped 
whether the land has been tilled before and does not plots. Cotton was harvested five times from 3 October 
preclude fut,,re use nf tillage in the system. Using the to 21 December. 
same tied ridges for more than one season greatly Crop yields are given in Table 58. The yield of 
reduces the labor cost. Even if tillage plus tied ridges cotton on tied ridges was 60% greater than that on 
(or tied earthing up) were to give higher yields than simple ridges. When cotton and maize were grown in 
planting without tillage on old tied ridges, the yield association with tied ridges, the yields were 85.1% 
difference would have to be weighed against the time and 74.3% of the monocropped cotton and maize 
and labor cost of tillage. yields, respectively. For that reason and because the 

land-equivalent ratio was 1.59, good for the semiarid 
Maize/Cotton Intercropping zone, maize/cotton intercropping with tied ridges 

appears very promising.-M. Rodriguez
Soil fertility is a major constraint ofmaize yield in the 
Sudan savanna, and good maize response to fertilizer NCRE Project
has often been observed, especially with improved 
water management techniques such as tillage and The National Cereals Research and Extension 
tied ridges. Use of fertilizers is generally very low in (NCRE) Project was established to develop
the region, however, in part because of limited Cameroon's capacity for research on the country's 
availability of cash to farmers. The introduction of a principal cereal crops-maize, rice, sorghum and 
cash crop such as cotton into the cropping system millet-and to improve the flow of information be
could help solve this problem. tween researchers, extension agents and farmers. 

Intercropping maize and cotton offers many of the The project operates within the framework of 
advantages of intercropping systems, such as reduc- Cameroon's Institute ofAgronomic Research (IRA) of 
ing the risk of complete crop failure. To explore the newly created Ministry of Higher Education and 
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Scientific Research. The project is funded by the 
United States Agency for International Development
(USAID) and the government of Cameroon under a 
contract with IITA, which provides scientific staff. 

The research of NCRE, which was begun in 1982, is
divided into four technical units: maize improvement
and agronomy, rice improvement and agronomy,
sorghum and millet improvement and agronomy and 
the Testing and Liaison Unit. 

RiceC.V., 

Genetic Improvement 


Most of the work ofthe rice improvement program ofthe NCRE Project takes place at Mbo Plain and Ndop
Plain, and in northern Cameroon. (For details about 
the test locations, refer to IITA, Annual Report for 
1982). All upland rice trials at Mbo Plain received 80-
200-60 kg/ha of N-P.,0,-K.0 and those at Ndop Plain 
80-60-60 kg/ha. In irrigated lowland rice at Mbo Plain 
fertilizer was applied at 60-120-60 kg/ha and at Ndop
Plain at 50-30-30 kg/ha. At Karewa in northernCameroon, the fertilizer rate was 90-60-60 kg/ha. 

Entries selected in 1982 for desirable agronomic
characteristics and resistance to stresses and a few 
elite introductions from other programs were evalu-
ated for yield potential in their respective ecosys-
tems. Replicated yield trials containing entries of 
different growth duration were conducted at Mbo
and Ndop plains under upland and irrigated con-
ditions. At Karewa the trials included only lowland 
varieties under irrigation. 

Upland rice. In the early duration trials at Mbo 
Plain, [RAT 10 was the highest yielder, followed by
IRAT 110, ITA 120 and [RAT 109 (Table 59). The IRAT 
lines were generally high yielding and showed fair
resistance to blast, but their grain quality needs 
improvement. ITA 120 performed fairly well and has 
acceptable grain quality. In the medium duration
trial, IR 52 gave the highest yield, followed by JR 3273-
339-2-5, IR 2061-522-6-9, ROK 16 and ITA 208 (Table 
59). Though the first three entries are short for uplandconditions, their grain characteristics are accept-able, and under good management they should per-
form well. ROK 16, though tall, did not lodge and 

Table 58. Yields in a maize/cotton intercropping trial,
Kamboinse, Upper Volta, 1983 

Yield, kg/ha
Crop Ridges Cotton Maize 
Cotton ..................... simple 1,160 -
Cotton ..................... tied 1,850 -
Maize ..................... tied 2,960-
Maize/cotton ............... tied 1,575 2,200 

LSD (5%) ............................. 236 n.s.

C.V., % .............................. 
 8.9 16.1Note: Plant density was 83,300 plants/ha in the monocropped
treatments and 41,700 for each crop in the intercropped
treatment. 

Table 59. Performance of selected entries in upland 
rice trials in Cameroon, 1983 

Entry 
Yield, 
kg/ha 

Plant 
ht., cm 

Days to 
maturity 

Leaf 
blasta 

Mbo Plain (earl duration)
IRAT 10 ........... 3,903 
IRAT 110 .......... 3,585 
[IAT 109............ 3,032 

108 
115 
100 

100 
100 
105 

3 
4 
4 

LSD (5%) ........... 
%............. 

914 
22 

Mbo Plain (medium duration)
IR52 ............... 4,106IR3273-339-2-5 ....... 3,995
IR2061-522-6-9 ....... 3,435 
ROK 16........... 3,265
ITA 208............. 3,104 

82
78 
86 

144 
105 

130
138 
123 
123 
122 

3
3 
4 
3 
4 

Check .............. 2,540 119 121 3 
LSD (5%) ........... 614 
C.V., % ............. 14 

Ndop Plain (preliminary trial)IRAT 109.......... 4,433ITA 212. .......... 3,633 7465 123156 2 
IRAT 112.......... 
387-113C ............ 

3,353 
2,767 

82 
85 

118 
119 

3 
2 

Check ............. 2,567 
LSD (5%)...........882
C.V., % ........... 21 

90 120 3 

Ndop Plain (advanced trial)
ITA 212 ............. 3,225 
IRAT 109 ............ 3,025
IR52 ............... ,700
Check .............. 2,400 

72 
72 
75 
80 

154 
127 
154 
118 

2 
2 
2 
3 

LSD (5%) ........... 
C.V., % ............. 

810 
22 

'Leaf blast resistance was rated on ascale of0 to 9,where 0 no 
reaction and 9= highly susceptible. 

could be suitable for upland conditions. The presence
of awns in the spikelets could pose a problem at 
threshing.

[RAT 109 and rA 212 were the superior entries inboth preliminaryand advanced yield trials conducted 
at Ndop Plain (Table 59). Both entries are short, but[RAT 109 matured about 30 days earlier than ITA 212.
ITA 212 has good grain quality and under good
management should be promising.

Irrigated rice. In most of the trials at Mbo Plain, 
ITA 222, ITA 121, Kn 144, ITA 212, CICA 8 and IR 54
performed well; their yields were quite high, and most 
had fairly good resistance to blast (Table 60). The 
grain quality of most of these genotypes is also good
and distinctly superior to that of the local check,
Tainan 5. Sheath rot appeared to be more severe in 
ITA 121 than in other entries. In the elite variety
trials, conducted in plots measuring 200 M 2, ITA 212,CICA 8, ITA 121 and JR 54 performed better than the
check variety.

In irrigated preliminary and advanced yield trials 
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at Ndop Plain, B 2161-C-MR-57-1-3-1, IR 7167-33-2-3, Table 60. Performance of selected rice entries under
Cisadane, ITA 222, IR54, ITA 212 and B 29838-SR- irrigation in Cameroon, 1983
51-1-2-1 were the best entries (Table 60). The intro- Plant Days
ductions from Indonesia (B prefix) were taller than Yield, ht., to ma- Leaf Sheath
the other entries but did not lodge. They did, however, Entry kg/ha cm turity blast8 rot a 

show a tendency toward grain shattering, especially Mbo Plain (preliminary trial)
if harvested late. Mbo 222 ............ tri 2 3)


In two international rice yield nurseries (very early ITAITA 121 ........... 6,640 33
222 ............ 102104 107 44
and early) conducted at Karewa, IR 25588-7-3-1, IR KN 144 ............. 6,220 118 102 4 3
 
7,468 135 

21015-80-3-3-1-2, Kaoshiung Sen Yu 252 and IR36 were Tainan 5 (check)..... 6,130 122 126 5 0 
among the highest yielders. These entries outyielded
the local check, BKN 70-33-33-2-2-3, an introduction LSD (5%)..........651
from Thailand, and had much shorter growth dura- C.V., % ............ 8
 
tion (Table 61). 
 Mbo Plain (advanced trial)
 

CICA 8............. 5,531 106 135 3 1
New introductions. A total of 1,834 new lines IR54 ............... 5,125 101 130 1 3
were introduced for testing under upland, rainfed ITA 212 ............ 4,923 106 128 3 2
lowland and irrigated conditions at Mbo and Ndop RP 1125-1526-2-2-3....4,710 117 135 4 3plains. Of these, 331 promising entries were selected Tainan 5(check) ..... 4,156 107 116 5 1
for further evaluation. LSD (5%) ........... 1,352 

C.V., % ............ 20
Agronomy 
Mbo Plain (elite trial)In NCRE rice agronomy research, which is carried ITA 212 ............ 6,980 107 110 4 0
 

out at Mbo and Ndop plains, major emphasis was CICA8 ............. 6,580 105 115 4 0

placed this year on crop response to cultural prac- ITA 121 ............ 6,080 116 112 4 3
tices and fertilizer. IR54 ............... 5,780 115 117 4 1
Tainaa 5(check)..5,500 123 99 0 

Fertilizer management in upland rice. Four Nain (relma trial 1) 
-6' 

experiments were conducted at Mbo Plain to study B 2151-CMR5713- 6,625 99 108 1 3 
various aspects of fertilizer management for upland IR7167-33.2.3 ...... 5,875 95 103 2 3
rice. The test variety was IRAT 10. Grain yields IR 19743-46-2-3-3-2 ....5,375 66 99 3 3
increased from 1.95 to 2.74 t/ha as the N level was Tainan 5 (check) ..... 3,500 89 105 5 3
increased from 0 to 100 kg/ha. Rice yield responded to LSD (5%).........1,517
phosphorus up to 100 kg P.,0Jha applied as single C.V., % ........... 22
 
superphosphate. The grain yields of plots receiving
100 kg P20/ha as tricalcium phosphate were identi- Ndop Plain (preliminary trial 2)
cal to those of plots receiving 50 kg P,0 5/ha as single Cisadane ........... 6,834 94 115 2 1
superphosphate (Fig. 24). In general, banded phos- ITA 222 ............ 6,500 82 110 2 3
 
phate was superior to broadcast P, and single super- IR54 ............... 6,416 84 126 2 1
B 2161-C-MR-57-1.3.1. 6.084 105 110 2 1
phosphate was better than tricalcium phosphate in ITA 212 ............ 6,083 77 115 2 1banded placement. Nitrogen and phosphorus ferti- Tainan 5 (check)..... 3,834 98 109 3 3 
lizer application increased rice yield significantly in LSD (5%).........1,480one tria l. L D( % . . . . . ,8
C.V., % ............ 
 16Fertilizer management in lowland rice. Three Ndop Plain (advanced trial)
experiments were conducted in irrigated rice at Mbo B29838-SR-511-2-1... 6,750 100 141 3 3Plain and one at Ndop Plain. Cica 8 and IR3272-229-2- IR54 ............... 6,708 87 153 2 3
5 were the test varieties at Mbo Plain and IR7167-33- B 2161-C-MR-57-1-3-1. 6,500 114 141 2, 3
2-3 at Ndop. Nitrogen rates were 0 to 120 kg/ha for ITA 212 ............ 6,333 83 143 2 3Mbo Plain and 0 to 100 kg/ha for Ndop. In the wet Check .............. 4,959 98 133 3 3 
season trials at Mbo Plain, the yield of Cica 8 LSD (5%) ........... 1,301

increased from 4.2 to 5.2 t/ha as the N level was C.V., % ............ 13
increased from 0 to 120 kg/ha. The yield ofIR 3273-339- Disease resistance was rated on a scale of to 9,where 0 no
2-5 at the same location increased from 5.0 to 6.1 t/ha reaction and 9 = highly susceptible. 
as the N level was increased from 0 to 100 kg/ha. In
the dry season trial, conducted on newly developed Plain, urea and ammonium sulphate Were compared
fertile land, the yield of IR3273-339-2-5 varied from 7.4 as sources ofN for transplanted rice. The N rates wereto 9.3 t/ha. The highest yield (9.3 t/ha) was obtained at 80 kg/ha at Mbo and 60 kg at Ndop Plain. The test
80 kg N/ha. At Ndop Plain the grain yield of IR7167- varieties were Cica 8 and IR3273-339-2-5 at Mbo and
33-2-3 in the wet season increased from 4.3 to 5.7 t/ha IR 2061-522-6-9-1 at Ndop Plain. In the second trial 
as the N level was increased from 0 to 100 kg/ha. prilled urea was compared with sulphur-coated urea

In two experiments at Mbo Plain and one at Ndop (SCU) and urea supergranules (USG) as sources of N 
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for irrigated rice. This trial was part of the Inter-
national Network on Soil Fertility and Fertilizer 
Efficiency in Rice collaborative program coordinated 
by IRRI. IR 2061-522-6-9-1 was the test variety at Mbo 
and Ndop plains. 

No significant differences were observed between 

Table 61. 	Performance of selected entries under 

irrigation in international riceyield

nurseries, Karewa, Cameroon, 1983 


Yield, Days to 
Genotype kg/ha maturity 

Very early 

IR25588-7-3-1 ...................... 6,013

UPR 103-80-1-2.................. 5,676
BG 367-40........................ 
 5,255
IR972967-....................... 
 5,243 

BKN 7033-33-2-2-3 (check) ........... 5,849 


LSD(5%)......................... 1,019

C.V., %........................15 


Early

IR21015-83-33.1.2 ................. 6,829 

Kaoshiung Sen Yu 252 ............. 6,584 

IR36 ............................. 6,466 

IR9782-111-2-1-2 ................... 6,454 

IR9784-142-3-3 ..................... 6,372 

BKN 7033-33-2-2-3 (check) ........... 6,307 

LSD (5%) ......................... 1,191

C.V., %........................... 13 


Grain yield (t/ha) 
2.3 
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urea and ammonium sulphate in their effect on yield, 
nor did split application 	of N show any advantage 
over a single application. But at Ndop Plain, rice 
receiving 60 kg N/ha yielded significantly more than 
rice receiving no nitrogen (Table 62). 

In the second experiment at Mbo Plain, SCU, USG 
and USG plus urea were better than prilled urea at 
lower N levels. At Ndop Plain SCU and USG were 
both superior to prilled urea for plant growth and 
grain yield at all levels of applied N. The yield 
differences were greater at higher levels of N than at 
lower levels. 

In an irrigated experiment at Ndop Plain, phosmak
(a U.S. ground phosphate rock) and tricalcium phos
phate (a local source) were compared with triple 
superphosphate (TSP), each at three application
levels, with B 2161-C-MR-57-1-3-1 as the test variety. 
Grain yield increased from 4.5 to 5.5 t/ha as the P level 
was increased from 0 to 60 kg P.0,/ha applied as triplesuperphosphate. In general, phosmak and triple
superphosphate gave similar results. 

Interaction between plant density, variety and
 
fertilizer. This experiment was conducted at Ndop
 
Plain with HPU 741, a short duration, semidwarf
 
cultivar, and B 2161-C-MR-5-7-1-3-1, a medium-long

duration cultivar. The plant densities were 16, 28 and
 
40 hills/m2 .The fertilizer levels were 40-20-20, 60-60-40
 
and 80-60-40 kg/ha of N-P,0,-K.,0. HPU 741 gave its
 
highest yield with 80-60-40 fertilizer at a plant density
 

of 40 hills/m2 (Table 63). This variety required higher 
fertilizer levels to produce maximum grain yields at 
all three plant spacings. The yield ofB 2161-C-MR-5-7231-3-1 was highest at a plant density of 28 hills/m 2 
 and 
fertilizer level of 80-60-40. 

Effect of planting time on rice yield. Planting 
time can greatly influence the yield of irrigated rice 
because of varying climatic conditions during the 

season. Low temperature and varying rain
are among the factors that affect rice yield most. 

a time of planting experiment with three varieties 

Table 62. Performance of IR 2064-522-6-9-1 under
 
various nitrogen fertilizer treatments,
 
Ndop Plain, Cameroon, 1983
 

Napplied, kg/ha a 

Basal 20 DT PI 
0 0 0 

60U 0 0 
60 AS 0 0 
30U 0 30 U 
30U 0 30 AS 
20 U 20 AS 20 AS 
20 AS 20 U 20 AS 
20U 20U 20U 
LSD (5%)
C.V., % 

Plant Tillers Panicles Yield,
 
ht., cm per i 2 per m2 kg/hab
 

63 188 156 4,028

67 231 178 5,713
 
64 256 217 6,006
 
65 210 187 5,590
 
65 240 191 5,884
 
65 231 189 5,737
 
62 252 205 6,030
 
61 216 192 5,810
 

844

10.2 

DT = days after transplanting, PI = panicle initiation, U -
Figure 24. Grain yield of IRAT 10 with different rates and urea and AS = aminonium sulphate. 
sources of P fertilizer, Mbo Plain, Cameroon, 1983. bAverage of four replications. 



.. 55Cereals 

Table 63. Grainyields of rice at various plant Number of panicles per m2 Rainfall (mm)
densities andfertilizer levels, Ndop Plain, 275 
Cameroon, 1983 

Grain yield, kg/hab 250 
Plant density N.P 2O,-KO, B 2161-C-MR IR2061-522-6-9-I 
(X 104 hills/ha)a kg/ha HPU 741 -5-7-1-3-1 
16 ................. 40-20-20 5,733 6,044 200 200 

60-60-40 5,955 6,844 Kulu 
80-60-40 6,622 6,533

28 ................ 	 40-20-20 5,555 6,502 IR 1846-296-3 
60-60-40 6,214 6,757 150 " 150 
80-60-40 6,296 6,543 

40 ................ 	 40-20-20 5,714 5,198
 
60-60-40 6,587 5,555

80-60-40 6,785 7,301 100 - 100 

LSD (5%) ...................... 751 1,368
C.V., %........................ 5.3 13.1 
Plant spacing for all treatments was 25 x 25 cm, 50 50bAverage of three replications. 

Rinfall 

0 	 0 
the highest yield was recorded for 30 June and 15 July Grain yield0(t/ha) 
plantings, which fit the rainfall pattern at Ndop Plain 
better than the other plantings. Increased number of 5 
panicles per unit area contributed most to the im
proved grain yields. There was a direct relationship 
between rainfall pattern and panicle number per unit 4 
area in all three test cultivars (Fig. 25). 

Effect of seedling age on rice yields. An experi
ment was conducted at Ndop Plain to collect infor- 3 
mation about the effect of climatic conditions, parti
cularly low temperature, on rice yields in relation to 
the age of seedlings at tranrplanting. The test va
rieties were HPU 741 (short duration) and B 2161-C- 2 
MR-57-1-3-1 (medium-long duration). Grain yields of 
HPU 741 decreased from 5.3 to 3.3 t/ha as the seedling 
age at transplanting increased from three to eight I 
weeks. But the yield difference between three-, four
and five-week-old seedlings was not significant. A 
similar trend was observed for the long duration 0 
variety. Seedling age had a pronounced effect on the 0 15/ 15/4 15/5 15/6 15/7 
yield of HPU 741. The results suggest that under the 30/3 30/4 30/5 30/6. 30/7 
agroclimatic conditions of Ndop Plain, short-duration 
varieties should be transplanted when three to five Planting date 
weeks old. Figure 25. Effect of planting date on the grain yield,of three 

Weed management. 	Experiments were conduc- rice cultivars, Ndop Plain, Cameroon, 1983. 
ted at Ndop and Mbo plains to investigate the effect of 
natural weed infestation on the grain yield of upland 
and irrigated rice and the effect of integrated weed 
management on yields. The upland experiment was Tamariz were not as effective as hand weeding (Table
conducted at Ndop Plain, with iAC 25 as the test 64). In the irrigated experiment at Ndop Plain, weed
variety. The irrigated trials were conducted at Ndop free plots produced 5.9 t/ha, as compared to 5.0 t/ha
and Mbo plains, with varieties CICA 8, IR 3273-339-2-5 for the weedy check plots. The natural weed popu
and ER 2061-522-6-9-1. The experiments at Ndop Plain lation in this experiment very low. Rice yieldwas 
took place in the wet season, and those at Mbo Plain with Basagran at 6 1/ha or at half that dosage, plus 
in the wet and dry seasons, one hand weeding at 30 days after transplanting, was 

In the upland experiment no grain was harvested as high as that of the weed-free check. Cyperus
from the weedy check plots. Grain yields increased difformis and Scirpussp. were the major weed species
from 0.7 to 2.5 t/ha as the number of hand weedings in the irrigated rice plots at Mbo and Ndop plains, 
was increased from one to three. Basagran and respectively. 
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Maize 
Genetic Improvement 

The maize improvement program of the NCRE 
Project has completed its second set of full season 
trials in the three major agroclimatic zones of 
Cameroon, the lowland rainforest, lowland savanna 
and midaltitude subtropical zone. The program's 
major objectives are to develop stable high yielding 
varieties that have good agronomic characters and 
are adapted to these zones. 

National variety trials. Promising varieties iden-
tified in 1982 trials were entered in multilocational 
trials with eight locations for lowland and five for 
midaltitude varieties. In the lowland trial, the ave-
rage grain yield in the savanna was much higher 
(128%) than in the rain forest. Gusau TZB 81 DF was 
the highest yielder of the 18 entries, followed by
Suwan 1 (yellow), Poza Rica 7843, Suakoko TZPB 81 
and others (Table 65). Ekona White, the variety 
recommended and being grown widely in Cameroon, 
gave a slightly below average performance. 

The average grain yields in the midaltitude zone 
were much higher than in the lowland zone if the trial 
at Nkwen is eliminated. This trial took place under 
very poor soil conditions, which possibly affected the 
growth of maize in the early stage. Hybrid H614 from
Kenya consistently outyielded the other entries, 
except at Foumbot, where Shaba 1 gave the highest
yield (Table 66). Varieties SAW, COCA, MLC, Poly-
hybrid 290, Across 7844, Shaba 1 and PNM 1 gave
above-average grain yields, 

Although there were no significant differences in 
grain yield between the several top entries in the 
lowland and midaltitude trials, the entries were 
consistent in their ranking across locations. The high 
yielders gave high yields at all locations, while the 
low yielders gave uniformly poor yields. 

The best few entries will be advanced to the 1984 
national variety trials to reconfirm their perfor-

Table 64. Effect of weeding on yield of IAC 25 at Ndop
Plain, Cameroon, 1983 

Grain 
Treatment yield, kg/haa 

Weedy check ............................. 0 

One hand weeding, 20 DASb .................... 714 

Two hand weedings, 20 and 40 DAS .............. 1,642

Three hand weedings, 20,40 and 60 DAS .......... 2,464

Two hand weedings, 20 and 60 DAS ............. 874 

Basagran, 8 l/ha............................... 1,214

Tamariz, 4 1/ha ................................ 750 

Basagran, 41/ha ............................... 1,178

Tanariz, 21/ha ................................ 1,357

Weed-free check .............................. 2,893 

LSD (5%) .................................. 711 

C.V., % ..................................... 34.2 

'Average of four replications.
bDAS = days after seeding. 

mance and then tested in large scale on-farm trials for 
possible recommendation to farmers. 

Experimental variety trials. Three sets each of 
EVT-LSR (W) and EVT-LSR (Y) from IITA and two 
sets each of ELVT 18A and ELVT 18B from CIMMYT 
were tested in lowland Cameroon to identify promis
ing exotic varieties for the national variety trials. 

In EVT-LSR (W) the average grain yield at Njombe 
was much higher than at Bertoua (Table 67). The four 
top yielders at Njombe, which is in the rainforest 
zone, were the LSR series, followed by P.R. 7822 SRand P.R. 7843 SR. The check variety, Ekona White, 
was about average in its performance. But at 
Bertoua, which is a transitional zone between the 
forest and savanna, earlier varieties-TZB (check), 
P.R. 7822 SR and Across 7729 SR-performed better 
than the LSR varieties. 

Under severe natural epiphytotics of streak virus 
at Bertoua in the second cropping season, the nonre
sistant check varieties Chuquisaka 7822 and Kasai 1 
were heavily infected by streak virus and gave very 
poor yields. On the whole, the grain yield of the 
second season crop was about 35% below that of the 
first season. It is not surprising that Bertoua LSR-W
81, a variety developed from lines selected at that site, 
gave the highest grain yield. 

These data suggest that locations such as Njombe
generally require long cycle varieties and the 
Bertoua area requires intermediate cycle varieties. 
For the second season crop, the varieties must be 
streak resistant. The top two to three varieties will be 
advanced to national variety trials. 

EVT-LSR (Y) was also tested at three locations, in 
the first season at Ntui and Bertoua and in the second 
season at Bertoua. In the first season trials at 
Bertoua, average grain yield was higher than at Ntui, 
but the second season yield was very low (Table 67).
The ranking ofthe entries was not the same at the two 
locations possibly because of the high coefficient of 
variation at Bertoua. 

As in the EVT-LSR (W), the LSR series performed 
better at Ntui in the rainforest, and Across 7728-SR 
and Tocumen (1)7835-SR did better at Bertoua in the 
transitional zone. Unlike Bertoua LSR-W 81, Bertoua 
LSR-Y 81 performed poorly. 

ELVT 18A (medium-late maturing varieties) was 
tested at Sanguere in the first cropping season and at 
Bertoua in the second. The average grain yield at 
Sanguere was significantly higher than at Bertoua in 
the second season (Table 68).

Streak virus incidence at Bertoua was high, and so 
was the coefficient of variation for grain yield. But 
check entry Gusau TZB gave very high grain yields at 
both locations. Across 8043 and two varieties from 
population 22 gave good yields at Sanguere. MLC did 
not perform well in the lowland savanna zone. Across 
8043 will be advanced to the 1984 national variety 
trials.
 

ELVT 18B (early-intermediate maturity trial) wasalso tested at Sanguere and Bertoua (Table 68). At 
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Table 65. Grain yield of superior lowland maize varieties in national variety trials in Cameroon, 1983 
Rain forest Semiarid zone 

Variety Ntui Njombe Ekona 
Barombi-

Kang Bertoua 
Mayo
Galke Bere 

San. 
guere 

Variety 
mean 

Gusau TZB 81 DF .................... 
Suwan 1....................... 
Poza Rica 7843 ............... 
Suakoko TZPB 81 ................... 
Ferke LSR-W 81 ....................... 
Ikenne LSR-W 81 .................... 
Sta. Rosa 8022 ....................... 
La Maquina 8022 .................... 
Salongo II .......................... 
Chuquisaka (1) 7822.................. 
Ekona White ....................... 
Across 8023 ......................... 
Los Diamantes 8023 .................. 
Ferke (1) 8023 ....................... 
Kasai 1 ............................. 
Maracay 8023 ....................... 
MLC............................... 
Localcheck ...................... 

! .... 
....... 

5,457 
5,759 
5,324 
5,563 
4,207 
4,744 
5,348 
5,803 
5,216 
5,279 
4,927 
5,358 
4,507 
5,407 
4,924 
4,457 
3,293 
2,567 

8,741 
8,418 
8,598 
7,804 
7,223 
8,092 
7,189 
7,186 
6,704 
7,444 
6,128 
6,922 
7,058 
7,321 
5,422 
5,510 
4,585 
5,751 

5,735 
5,200 
6,133 
6,003 
5,117 
4,587 
5,179 
5,465 
4,769 
5,855 
6,094 
5,545 
4,908 
5,445 
3,899 
4,615 
4,306 
5,657 

6,783 
6,986 
5,510 
6,355 
5,725 
5,283 
5,088 
4,819 
4,666 
4,898 
3,384 
3,742 
4,840 
5,030 
4,252 
5,712 
2,869 
2,198 

kg/ha
6,732 
7,186 
5,669 
5,442 
5,963 
6,373 
5,486 
5,359 
6,452 
4,761 
4,717 
5,423 
4,460 
4,490 
4,369 
4,489 
3,646 
2,120 

9,064 
8,835 
7,989 
8,605 
8,732 
6,924 
8,854 
7,078 
7,118 
7,000 
7,050 
6,316 
6,530 
6,238 
7,594 
5,640 
6,516 
7,217 

9,206 
8,264 
6,911 
7,386 
6,977 
7,525 
6,581 
6,973 
6,196 
6,736 
7,399 
5,702 
6,557 
5,418 
6,615 
5,254 
6,612 
5,457 

7,912 
6,070 
8,189 
6,936 
7,527 
7,487 
6,144 
6,089 
7,319 
5,259 
6,595 
5,935 
6,033 
5,400 
6,507 
4,784 
6,078 
6,108 

7,454 
7,090 
6,790 
6,762 
6,434 
6,377 
6,234 
6,097 
6,055 
5,904 
5,787 
5,618 
5,612 
5,594 
5,448 
5,061 
4,738 
4,634 

Location mean ...................... 
LSD (5%) ........................... 
C.V., % ............................ 

4,897 
1,270 

18 

7,007 
1,144 

11 

5,251 
1,104 

15 

4,896 
2,169 

31 

5,174 
945 

13 

7,406 
1,856 

18 

6,765 
1,036 

11 

6,465 
1,160 

13 

5,983 

Table 66. Grain yield of superior midaltitude maize varieties in national variety trials in Cameroon, 1983 

VarietyVariety Nkwen Dschang Babungo Wassande Foumbot mean 

kg/haH614 ......................................... 
 5,440 7,513 10,201 8,164 6,513 7,566SAW ......................................... 3,809 7,941 9,574 6,626 7,578 7,106

COCA ...................................... 5,915 
 5,503 9,182 7,082 6,675 6,671MLC .................................... 
 3,223 7,365 9,657 7,163 6,851 6,852
Polyhybrid 290................................. 3,937 6,837 8,732 6,858 7,088 6,690
Across 7844 ...................... .......... 3,651 6,494 
 8,940 5,808 7,229 6,424
Shaba 1................... ............. 
 3,932 6,079 8,070 5,512 8,184 6,355
PNM 1 ....................................... 3,459 6,435 
 6,910 5,778 7,977 6,112BACAO .................................. 3,178 
 5,659 8,022 5,614 6,545 5,804
Local ...................................... 3,558 5,237 6,458 
 4,339 5,738 5,066Across 7845 ............ .................. 2,982 4,634 8,066 3,564 5,989 5,047

Across 7734 ................................... 
 2,618 5,488 7,358 3,612 5,657 4,947
Kasai 1 ....................................... 2,532 4,334 
 2,192 5,196 7,138 4,278 
Location mean ............................. 3,633 6,117 7,951 5,794 6,859
LSD (5%) ......................... 
 1,171 1,701 1,400 1,370 1,335
C.V., %...................... .............. 22 
 19 12 16 14 

Sanguere the check entry Gusau TZB 81 gave by far maturity) and TZESR (early maturity). The objective
the highest grain yield (33% above the trial mean), was to identify promising early maturing varieties 
but it was later maturing than the other entries. The that are adapted to the savanna zone of northern
yield of variety NCA, which had been grown in the Cameroon. As shown in Table 69, SAFITA 102 (W), 
area for a number of years, was only 9% above the despite its susceptibility to maize streak virus, signi
trial mean. This variety also had significantly greater ficantly outyielded the other entries. This variety will
plant and ear height than most of the entries. The be advanced to the 1984 national variety trials.
Bertoua second season yield was again very low. Progeny testing trials. In cooperation with IITA 

Observation trial. This trial consisted of four and CIMMYT, five sets of 250 full-sib family testing
short cycle varieties developed by SAFGRAD, along trials were carried out at Babungo, Ekona and 
with two check varieties, Chuquisaka (1) 7822 (late Sanguere. TZMSR-W, which consists of streak re
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sistant white maize families developed by IITA for Development offoundation seed. The objectives 
midaltitude areas, was planted at Babungo, along of this work were to refine superior varieties for 
with high yielding varieties such as COCA and Shaba purity and maintain them true to type. The varieties 
1 as check entries. Some of the progenies appeared offered for development of foundation seed were: 
to be superior to the check entries in yield potential Poza Rica 7843 SR at Sanguere, Kasai 1 at Babungo, 
and agronomic characters. TZSR-W-1 and TZSR-Y-1, Tlaltizapan 7844 SR at Dschang and Shaba 1 at 
which are late maturing streak resistant white and Foumbot. 
yellow maize families from IITA, were tested at In the 1982 season, 200 to 400 individual ears were 
Ekona with three replications each. Generally, the selected from a large population of each variety. They 
entries were tall and had high ear emplacement under were planted this year in a half-sib system (plant ear 
the fertile, high rainfall conditions at Ekona. TZUT- to row), with two female rows to one male row. The 
W (U.S. Corn Belt material x tropical maize) was male rows had the same number ofgrains from each of 
tested at Sanguere. The entries had conspicuously the ears as was used to establish the female rows. All 
large kernels and ear size. IPTT 30 (Blanco Cristalino female rows were detasselled, but only 50% were 
2 from CIMMYT) was also tested at Sanguere. It was selected from flowering to harvest. Two to three ears 
earlier and shorter but had smaller ears than TZUT- from the selected female rows were harvested to be 
W. The data from these trials have been sent to IITA used in the cycle of foundation seed. The rest of the 
and CIMMYT, where the top 10 families will be ears from the selected female rows will be formed for 
selected to form experimental varieties, foundation seed. 

Table 67. Performance of maize varieties in late streak resistant variety trials in Cameroon, 1983 
Grain yield, kg/ha Streak at Plant Ear 

Njombe/ Bertoua, Bertoua, height, height, 
Variety Ntuia Bertoua second season Mean 1-5 cm cm 

EVT-LSR (W)
Across LSR-W 81 ............................. 7,436 6,208 4,768 6,137 1.3 248 142 
Ferke LSR-W 81 ............................. 7,414 5,347 4,149 5,637 1.7 263 148 
Sekou LSR-W 81 ............................. 
Ejura LSR-W 81 ............................. 
Poza Rica 7822 SR ............................ 

7,260 
7,171 
7,114 

5,859 
6,351 
6,534 

5,299 
4,585 
5,438 

6,139 
6,036 
6,362 

1.8 
1.8 
1.7 

264 
259 
251 

148 
144 
144 

Poza Rica 7843 SR ............................ 7,017 5,969 4,511 5,832 1.8 264 148 
Across 7729 SR .............................. 
Ikenne LSR-W 81 ............................ 

6,711 
6,672 

6,453 
4,778 

4,324 
4,310 

5,829 
5,253 

1.8 
1.8 

236 
253 

124 
140 

Bertoua LSR-W 81 ........................... 6,581 6,059 5,677 6,106 1.3 248 138 
Checks: 
Ekona White ................................ 6,947 
Local ....................................... 5,162 1,054 
Gusau TZB .................................. 6,542 
Chuquisaka 7822 ............................ 1,294 4.0 
Kasai 1 ..................................... 951 4.3 

Location mean .............. ......... 6,862 5,563 4,119 
LSD (5%) ................................. 770 889 974 
C.V ., % ..................................... 8 11 16 

EVT-LSR (Y) 
Across LSR-Y 81 .......................... 5,365 4,098 3,532 4,332 225 126 
Ferke LSR-Y 81 ............................. 5,359 5,749 3,775 4,961 248 144 
Across 7728 SR ................ ...... 5,149 6,384 3,047 4,860 238 141 
Ikenne LSR-Y 81 ............................. 4,818 5,715 3,657 4,730 245 139 
Niaouli LSR.Y 81 ............................ 
Toc (1)7835 SR ............................ 

4,684 
4,567 

5,710 
5,889 

3,721 
3,965 

4,705 
4,807 

237 
205 

134 
113 

Bertoua LSR-Y 81 ............................ 4,384 4,752 2,884 4,007 241 137 
Checks: 
Local ................................... 1,153 
TZB ................................. 5,543 
Suwan 1..................................... 
Chuquisaka 7822............................. 

4,348 
4,091 

3,048 

TZSR.W .................................... 2,651 
Location mean .............. 4,625 5,193 3,364 
LSD (5%) ...... ...................... .. 1,060 2,111 856 
C.V., %............................. I......... 16 28 17 
aEVT-LSR (W)was conducted at Njombe and EVT-LSR (Y) at Ntui. 
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Variety breeding. Two gene pools, one for the Table 68. Performance ofmaize varieties in ELVTs,lowland and another for the midaltitude zone, were Cameroon, 1983
created this year by planting outstanding genetic 
 Grain yield, kg/hamaterials in isolation. This reservoir of diverse Bertoua, Plant Eargermplasm will provide materials for variety breed- San. second ht., ht.,ing programs. Variety guere season cm cmThe lowland gene pool was planted at Yaounde for 

late maturity, white grain and streak resistance. ELVT18AThree female entries out of eight-Salongo 11 x Across8043
ZaSR-6, X304C x TZSR-W-1 and Za SR-6-performed La Maquina ............ 7,897 2,741 209 121
........ 7,622 2,135
Guaymas (1)80228022 ........ 7,494 188 104
3,155 203 123
poorly and were eliminated. From the remaining five Across 7729 RE ......... 6,988 1,724 173 96
female entries, four good ears were harvested from Across 7921 ............ 6,941 2,512 198 116
each row and bulked for the next cycle of genetic Across7929 ............ 6,905 2,243 189 111
recombination. The remaining entries were: Poza Pichilingue 7928 ........ 6,880 2,490 
 194 113
Rica 7843-SR x Poza Rica 7822-SR, Ferke LSR-W x Suwan 8027 ............ 6,877 2,381 199 113
P.R. 7822 SR, Ikenne LSR-W x 
 P.R. 7822 SR, Gusau Poza Rica 8024 .......... 6,785 2,895 196 115
TZB Flint x P.R. 7822 SR and BU-LSR-W F.S. x P.R. Across 7936 ............ 6,519 3,403 197 110
7822 SR. Across 7728 RE ......... 6,406 1,880
To speed up the recombination cycles, these entries Checks: 195 109
 were planted in the second season of 1983 at Yaounde Gusau TZB 81 ........ 7,657 3,188 216 128
MLC ................ 
 5,275and under irrigation at Karewa. Sixty female rows Suakoko TZPB 2,825

from each entry were planted in half-sib fashion, with
male rows having the same number of grains as each Location mean .......... 6,941 2,582
of the female entries, except Gusau TZB x PR 7822 LSD (5%) .............. 1,033 856
SR, because of its streak resistance. C.V., % ................ 10 23


The midaltitude gene pool was planted at Babungo ELVT 18Bin the same fashion as the lowland pool. Of ivhe eight Poza Rica 8032 .......... 6,836 4,083 189 102
female entries, only five-COCA, Shaba 1, TZMSR Across 7926 
............ 6,162 2,925 
 168 89
Ft., TZMSR Dt. and Pool-9 (HLWD)-were retained;the rest showed either poor growth, poor yield poten- Across8023 ............ 5,985 4,115 188 100
- Across 7726 RE ......... 5,443
Poza Rica 8035 .......... 3,381 171 91
5,276 4,138 181 89
tial or a high incidence ofHelm inthosporiumturcicum. Across 7930 ............ 5,119 3,744 
 173 82
The male entry, Tlalt. 7844 SR, was very severely Ilonga (1)7930 .......... 5,088 3,394 186 99
affected by H. turcicum. It has become necessary to Pirsabak (1)7930 ........ 4,804 2,225 154 71
incorporate leaf blight resistance into the entries Sete Lagoas 7931 ........ 4,688 3,181 180 80
from the next cycle.-J. Chung Checks:
 
Gusau TZB 81 ........ 7,660 4,317 210 117
Agronomy (Northern Cameroon) NCA ................ 6,297
SuakoTZ B o.. .... 2,187In northern Cameroon the agronomy unit conducted Suakoko TZPB.
 

18 maize agronomy experiments during the 1983 rainy 
 Location mean .......... 5,760 3,426
season (May to October) and three off-season experi LSD (%)............ 9188 1,302
 
ments under irrigation. All the experiments were ................
 
carried out in the subhumid lowland savanna (except
one, which was conducted in the highlands of the

Adamaoua Plateau), and all had a randomized com
plete block design with four replications. There was
 

Table 69. Results of an observational trial of early maturing varieties in the savanna zone at Sanguere,

Cameroon, 1983
 

Yield,
Variety Plant Ear Plants Ears Ear aspect, Ear rot, Streak,kg/ha ht., cm ht., cm harvested harvested 1-5 % %
SAFITA-102 (W) ........................ 7,261 164 85 43 
 42 1.5 1.0 19
U.S. x Trop. No. 27 (Y).................. 6,937 191 85 42 9
40 2.3 0.9Chuquisaka (1)7822 (check) .............. 170 106 39 40 
 2.3 0.8 20
TZESR (check) ......................... 
 6,006 188 81 39 46 
 3.0 0.7 5
EV SAFITA-2 (W)....................... 5,041 134 
 73 40 40 3.0 1.7 15
U.S. x Trop. No. 61 (Y).................. 3,222 138 53 
 38 32 4.5 2.6 15

Mean ................................. 
 5,869 164 80 40 
 40 2.8 1.3 14
LSD (5%) .............................. 1,091 14 14 
 4 7 1.1 0.9 6
C.V.,% ............................. 
 12 6 11 .
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about 30% less rainfall than average at test locations 
in the lowland savanna. 

Fertilizer management. The objective of these 
experiments was to determine the response of im-
proved maize to different levels of fertilizer (N, P, K 
and micronutrients). Two experiments were con-
ducted at Sanguere (one was preceded by cotton and 
the other by groundnuts) and at Touboro one trial, 
which was preceded by cotton. The test variety was 
Poza Rica 7843. 

The results indicate that maize production has 
high potential in the subhumid lowland savanna-
more potential than in the forest-savanna zones of 
southern Cameroon. To exploit this potential, it will 
be necessary to develop appropriate production 
packages. The maximum grain yield of Poza Rica was 
7.1 t/ha at Sanguere and 7.3 t/ha at Touboro. 

There was a strong response to N and a mixed 
response to P and K. Addition of micronutrients did 
not have an impact on yield. At Sanguere the op-
timum level of fertilizer was 100-60-60 where the 
preceding crop was groundnuts and 150-60-60 where 
the trial was preceded by cotton. In addition to other 
beneficial effects, the preceding groundnut crop 
would save 50kg N/ha. At Touboro the optimum levelwoul /liasae AtTouoro he ptimm lvel50kgof fertilizer seemed to be 100-0-0, and there was no response to P and K. 

Weed management. Experiments were carried 
out to determine the impact of different types of 
weed control on maize yield. The test variety was 
TZPB. There were significant differences between the 
weed management treatments at Ndock but none at 
Sanguere because of the lower weed pressure there. 
The herbicide Lasso GD applied at 5 1/ha gave effective weed control. It was found that the best time for 
hand weeding is during the first three weeks after
maize emergence. Apparently only one weeding is
maizenees rgene one oy ein iAyattewprora
necessary if it is done at the appropriate time. 

Planting date. Tle purpose of these trials was to 
determine the most appropriate planting dates for 
improved maize varieties at three locations in thesubhumid lowland savanna. The test varieties wereTZPB and TZESR(W). The highest grain yield pro-
duced by TZPB was 7.7 t/ha, and that of TZESR(W) 
was about 5.7 t/ha. 

In general, there was a strong response to planting
dates at the three test locations. The best planting
date was in the last week of June. The yield of maize
planted afterwards decreased significantly. For lateplanting it is apparently better to use TZESR(W), a
planter iestreak resistant variety,
shorter cycle, sagronomic 

Effects of phosphorus. This study evaluated the 
short-term and residual effects of lime and P applied 
on improved maize grown on the ferrallitic acid soils 
of the Adamaoua Plateau. The test variety was Shaba 
1. There was no significant difference between the 
treatments, indicating that lime and P applied in 
previous years had a residual effect. The maximum 
yield of Shaba 1was 6.4 t/ha. This variety seemed well 

adapted to the Adamaoua, but its ear tip cover should 
be improved to reduce the incidence of ear rot. 

Plant densities. The objective of these experi
ments was to determine the optimal plant population
densities for some improved maize varieties at dif
ferent locations in the region and to find out if the 
optimal density depends on the variety and amount of 
N applied. The test varieties were TZPB, Poza Rica 
7843 and Samaru 123. There were significant differ
ences between the treatments at the three test loca
tions. The magnitude of the response varied with N 
level, variety and location. At Bere the best treat
ment was TZPB at 44,444 piants/ha and 75 kg N/ha. At 
Tchollire the optimum treatment was TZPB at 53,333 
plants/ha and 125 kg N/ha. At Sanguere lodging was a 
serious problem in the high N and high population 
treatments. 

On-farm variety trials. These experiments were 
carried out to determine the response of improved 
m v 

maize varieties to fertilizer under farm conditions. 
The varieties tested were TZPB, Poza Rica 7843 and 
Samaru 123. In general, maize yields were low in thethree farmers' fields mainly because of their less
tee m er was ausignfi der
intensive management.There was asignificant differin grain yield between the different fertilizerec 
levels. The magnitude ofthe response varied with the 

ence nganyedbtentedfeetfriie 

variety and location. At Touboro the optimum ferti
lizer level seemed to be 400 kg of 15-20-15-6-1 and 100 
kg urea/ha. At Sanguere and Tchollire, TZPB and 
Poza Rica 7843 outperformed Samaru 123. At Touboro 
there was no difference between the varieties. 

Agronomy (Southern Cameroon) 
During the 1983 cropping season, the agronomy 
research unit conducted 22 agronomic experiments
in the lowland high rainfall region of southernCameroon. All had a randomized complete blockdesign with four replications. 

Fertilizer application. Fertilizer experiments 
were conducted in the subhumid forest-savanna zone
atNuanBeoaadinheumdfrsznet 
Ekona and Njombe. The main objectives of these
experiments were to determine the response of
several improved maize varieties to N and P fertilizer
in different soils and agroecological conditions and to
evaluate the region's potential for maize production.
The test varieties were TZB, Kasai 1 and Ekona 
White. 

The results indicate that these zones have potential
for successful maize production where appropriate

packages are used. There were significant 
responses to N and P fertilizer at Ntui, Bertoua arid 
Ekona but not at Njombe. The magnitude of fertilizer 
response varied with the site and variety. The ferti
lizer response was greater in the ferrallitic Ultisols of 
the forest savanna than in the humid forest. The 
preceding crop seemed to have an important effect on 
the fertilizer response, a fiming that underscores the 
importance of developing adequate cropping systems 
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for the region. Testing and Liaison Unit 
In general, the performance of variety TZB was 

superior to that of Ekona White and Kasai 1 at all. This year was a fruitful one for the Testing and 
four sites. TZB proved to be widely adapted and gave Liaison Unit (TLU). The TLU held a crop production 
relatively good yields in the lowland high rainfall training course for Ministry of Agriculture extension 
region. At Ntui the maximum yield of TZB was 5.7 workers in the Southwest Province of Cameroon, 
t/ha with 120 N + 90 P,05 kg/ha, at Bertoua 6.7 t/ha published the results of an agroeconomic survey of 
with the same amount of fertilizer, at Ekona 6.2 t/ha farmers in the Northwest Province, and conducted 
with 90 N + 45 P20, kg/ha and at Njombe 6.8 t/ha. numerous on-farm trials in several provinces of the 

country.Population densities. The purpose of this study 
was to determine the optimal plant population den- On-Farm Fertilizer Trials 
sities for improved maize varieties under different 
fertilization levels at three locations. The test varie- Three trials were conducted at three sites in the 
ties were TZB, Kasai 1 and Ekona White. Northwest Province to determine the optimum rate of 

At Ntui the two test varieties responded signi- fertilizer application for maize. Twelve fertilizer 
ficantly to fertilizer and plant population. TZB gave rates, ranging from 0 to 800 kg/ha of compound 
its highest yield at 53,333 plants/ha with 120 N and 90 fertilizer (20-10-10) were applied to maize variety 
P20, kg/ha and Ekona White at 40,000 plants/ha with Across 7844. The experiment had a randomized com
60 N and 45 P.0 5 kg/ha. At Ekona TZB responded plete block design with four replications at each site. 
significantly to fertilizer, but not to plant population. Maize yield increased from 2,332 kg/ha with no 
Ekona White responded strongly to both factors and fertilizer to 4,980 kg in plots receiving 600 kg/ha of 
performed better at low populations (40,000 or 30,000 fertilizer (Table 70). Economic analyses also in
plants/ha) and low fertilizer rates (60 N and 45 P205) dicated that 600 kg/ha is the optimum rate. The 
mainly because of lodging problems. At Njombe there average rate of return at that application rate for 
was no response to fertilizer, but both varieties tested maize was about 476%, assuming that the price for 
showed a significant response to population. TZB fertilizer is subsidized, and 150% if the farmer obtains 
seemed to produce higher yields at 66,666 plants per fertilizer at the market rate. 
hectare, while Kasai 1 performed better at 53,333 
plants/ha. On-Farm Maize Variety x Fertilizer Trials 

Methods of fertilizer application. These experi- Six maize varieties were planted under two levels of 
ments compared two methods of fertilizer application fertilizer at 19 locations across western Cameroon to 
(broadcast versus band) at different levels of ferti- evaluate them under farm conditions in various 
lization in TZB and Kasai 1. environments and determine whether they are 

The results generally showed no significant Jiffer- econemically viable. The design of the experiment at 
ence between methods. At Ekona the broadcast each site was a single block. Data were obtained from 
method gave superior maize yields, although the nine trials, six in the Northwest and three in the 
differences were not statistically significant at the Southwest Province. 
5% level. Both varieties responded positively to In general, the improved varieties gave higher 
fertilizer application at the test locations. The high- yields than the local one. But the difference in yield 
est yield increase resulting from fertilizer was ob- between varieties was significant only when fertilizer 
served for .asai 1 at Ntui (where it yielded 108% was applied. Kasai was the top yielder in the North
more than the check). On the average, TZB out- west Province, yielding 4.7 t/ha with fertilizer, and 
yielded Kasai 1 at all sites. 

Intercropping. A series of experiments was con- Table 70. Effect offertilizer on maize yield in on-farm 
ducted in which maize/cowpeas and maize/ground- trials in Cameroon, 1983 
nuts were intercropped to determine the appropriate 
relay time and plant association at different sites. Fertilizer rate, kg/ha Mean yield, kg/ha 
Two maize varieties, TZB (medium stature, long 600 a ........................................ 4,980 
cycle) and Mexico 8049 (short stature, early cycle), 800 ......................................... 4,863 
were planted at four locations. Only the maize yields 700 ......................................... 4,598 
were recorded because the cowpeas were severely 600b ............................. 4,486
damaged at flowering by insects, and the groundnuts 500 ......................................... 3,994
400 a .................... 4,381
 
were heavily damaged by diseases. 400 b .............. .............. 3,654
 

Except at Ntui, the performance of TZB in inter- 300 ................... .............. 3,634 
cropping was superior to that of Mexico 8049. The 200 a ................................ 3,147 
latter seemed to be adversely affected by plant com- 200 b -........ ............ 3,143 
petition and low fertilizer level, which reduced its 100........ ......................... 2,498 
size and yield. In addition, it was susceptible to streak 0 ........................................... 2,332 
and because of inadequate tip cover exhibited vivi- 'Applied at planting. 
parity and grain rot in some places.-H. Talleyrand bApplied in split doses. 
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Ekona White was the best variety in the Southwest, 
yielding 5.8 t/ha with fertilizer (Table 71). 

Economic analysis indicated that planting im-
proved varieties increased farmers' revenue by 37,120 
CFA ($1 = 400 CFA) and that the use of both improved 
varieties and fertilizer increased the revenue to as 
much as 125,540 CFA (Table 72). 

On-Farm Maize Minikit Trials 

In cooperation with extension workers of the Ministry 
of Agriculture, 150 minikit trials were conducted in 
the Northwest and Southwest provinces ofCameroon. 
Their purpose was to test nine improved maize vari
eties. Each minikit contained seed of improved vari-
eties, preweighed fertilizer, a measuring cord and 
stick, instruction sheets and an observation form. At 
the end of the trial only 39 percent of the cooperators 
returned the observation form completed correctly. 
The mean yields of these cooperators ranged from 2.7 
to 6.8 t/ha. Across 7844 was the only improved variety 
that gave poorer yields than the local ones. Tho 
average yield of the other improved varieties was 
higher than that of the local variety. 

On-Farm Irrigated Rice Trials 

Nine irrigated rice varieties were tested at three sites 
under farm conditions. The experiment at each site 
had a randomized complete block design with three 
replications. Data were obtained from trials at two 
sites. At one of these (Tingoh), Cisadane, IR 3237-309
2-5, ITA 121 and ITA 212 yielded about 1 t/ha more 
than the local varieties, but the differences between 
local and improved varieties were not significant. At 
Osogo-Obang, however, ITA 212 yielded 7,250 kg/ha, 
significantly more than the local check, which gave 
3,042 kg.-D. McHugh 

Table 71. Performance of maize in on-farm trials in 
Cameroon, 1983 

Mean yield, kg/ha 
Without With 

Variety fertilizer fertilizer 

Midaltitude
 
Kasai ............................. 2,927 4,672

Shaba I ........................... 2,624 4,220
 
Across 7844 ........................ 2,601 4,008

COCA ............................ 2,336 4,100

MLC .............................. 2,177 4,076

Local ............................. 1,496 2,568

LSD (5%)................................. 1,383
 
C.V ., % .................................. 37.9
 
Low altitude
 
M LC .............................. 4,430 5,372
 
Ekona White ........................ 3,922 5,833

Kasai 1........ ............... 3,310 4,567
 
Poza Rica 7843 .......... .... 2,557 3,842
 
Local ............................. 2,514 2,703

LSD (5%)............. . ............. 1,980

C.V .,% .................................. 29.6
 

Table 72. Partial budget for an on-farm maize variety 
trial in Cameroon, 1983 

Local variety COCA 
Without With Without With 

fert. fert. fert. fert. 
Avg. yield, kg/ha .... 1,496 2,569 2,336 4,100 
Total rev., CFA/haa.. 89,760 154,080 140,160 246,000 
Var. costs, CFA/ha:

Seedb ............ 1,500 1,500 5,000 5,000 
Fertilizerc ........Labord ........... 00 20,0007,200 00 20,0007,200 
Total ............ 1,500 28,700 5,000 32,200 

Net benefit, CFA/ha.. 88,260 125,380 135,160 213,800 

approximately 400 CFA.aMaize sold as dry grain at 60 CFA/kg. One dollar equals 
b200 CFA/kg for improved seed and 60 CFA for local. 
'100 kg DAP/ha, followed by 100 kg urea/ha. 
dFour man-days/ha per application of fertilizer. 



Grain Legume Improvement Program
 

A ecade of research at IITA has produced improved 
ge notypes of cowpeas and soybeans. The latest IITA 
co wpea lines can be harvested within 60 days, where
as traditional varieties are not ready for harvest until 
12.) days after planting. The improved lines also have 
resistance to some of the major pests of the crop,
such as leafhoppers, aphids, thrips and cowpeastorage weevils. 

store w eius cpaying
The most serious constraints of soybean p~ro-

duction have been poor seed longevity, the require-
ment of rhizobial inoculants for biological nitrogen 
fixation and seed shattering. Good seed longevity,
"promiscuous" nodulation and resistance to seed 
shattering have now been incorporated into im-
proved lines, making widescale soybean production 
possible in the tropics with a minimum of inputs. 

A central part of the future strategy of the Grain 
Legume Improvement Program will be to strengthen 
national programs through regional networks. In 
1984 we hope to place a program scientist in each 
of five regions: Latin America, Southeast Asia, 
the Sahelian zone of West Africa, East Africa and 
southern Africa. The scientists in Africa will work 
primarily with millet and sorghum based cropping 
systems, while the one in Southeast Asia will con-
centrate on rice and wheat based cropping systems. 
The nucleus program at IITA will provide the re-
quired genotypes and material of advanced gener-
ations (F3-F6 ) for the various tropical regions. This 
arrangement will enable us to take full advantage of 
the facilities at IITA, where crosses can be easily 
made and advanced up to four generations per year. 

The regional networks should also better enable us 
to anticipate at an early stage new problems that 
arise as improved material moves out to the farm. The 
pest and disease situation is dynamic, and pest 
species and biotypes are changing continually. For 
example, aphids, which before were hardly noticed on 
cowpeas in Africa, have within five years become a 
major pest of the crop. Similarly, Strigagesnerioides 
now poses a major threat to cowpeas, although a 
short time ago it was insignificant in the crop.
Fortunately, IITA had sources of resistance to aphids 
and striga and was able to incorporate them into 
improved varieties within two years. These materials 
are now being made available through our regional 
activities. 

Cowpeas 

Genetic Improvement
The cowpea breeding program is developing varieties 
with inscct pest and multiple disease resistance and 
improvements in oter t~gronomic attributes. It ismrvmnsi te gooi trbts ti
 

particular attention in selection to seed color,texture and size because of widely varying consumer
tefrend in Wes Af ade rionsumer
 
preferences in West Africa and other regions. High 
priority is also being placed on the development ofvarieties that have different plant types and maturity 
periods and that will fit existing cropping systems and 
permit intensified cowpea production. 
Hybridization and Early Generation 

Materials 
Character improvement and recombination are two 
components of genetic improvement by which the 
cowpea improvement program tries to solve pro
duction problems. The program made good progress 
this year in developing varieties that can stand up to 
the stresses of various cowpea growing regions and 
that suit consumer preferences. 

In hybridization we focused on combining multiple 
disease and insect resistance with high yield poten
tial, good plant type, early maturity and acceptable 
seed quality. A total of 357 crosses were made during 
the year: 81 for multiple disease resistance, 169 for 
aphid, 19 for thrips and 28 for bruchid resistance, and 
60 for early maturity, plant type and seed quality. The 
parents for different crosses were selected from 
improved breeding lines, representing a variety of 
grain types and other attributes. Only the aphid
resistant parents were taken directly from germ
plasm lines maintained at IITA. 

All crosses were made in the greenhouse, and the F, 
generation of the crosses was grown there as well. 
From the F2 generation on, evaluation and selection 
were done in the field. By irrigating during the dry 
season, we were able to advance four generations of 
cowpea breeding materials during the year. F3 pro
geniE -from selected F2 plants and those from the F, 
F5 and F, generations were grown in single rows 
4 m long and were screened for disease resistance. 
Screening for web blight, anthracnose and brown 
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blotch resistance was done under natural disease 
infection, which is quite severe at IITA. Screening
for resistance to virus diseases was carried out under 
artificial inoculation in tae field. Some of the seg-
regating populations were also screened for resis-
tance to aphids under artificial inoculation in the 
greenhouse as well as in the field. (The same set of 
materials was screened for diseases of the savanna 
zone, such as septoria, scalE and I,'own blotch, at 
Samaru, Nigeria.) During final selection at maturity, 
emphasis was placed on plant types, maturities, and 
seed colors and sizes that meet the specific agrocli-
matic requirements and consumer preferences of 
different regions. 

A total of 230 different types of crosses from 
previous cycles were also evaluated and individual 
plant progenies selected. Some of these were ad-
vanced to the F, and F, generations and bulked for 
evaluation in the 1984 yield trials. Over four growing 
seasons, a total of 227 F., 9,655 F:,, 10,760 F, 6,054 F,
and 445 F, progenies were evaluated, and plants 
were selected for further testing.-B.B. Singh and 
B.R. Nare 

Variety Trials 

New breeding lines were evaluated in four sets of 
trials: (1) initial evaluation trials (IET), which con-
sisted of newly bulked F,3/F7 lines, (2) preliminary
yield trials with advanced generation lines selected 
in 1982, (3) advonced yield trials consisting of the 
most promising lines selected from the 1982 pre-
liminary yield trials, and (4) international yield
trials containing varieties selected from last year's 
advanced trials. The international trials were sent to 
50 countries around the world. 

Initial evaluation trials. A total of 204 new 
breeding lines were evaluated in four initial evalu-
ation trials at three locations. Each trial consisted 
of 51 new lines plus TVx 3236 as a common check. 
Lines IET-1 and IET-4 were of various seed colors;those inin IET-2 were predominantly brown and those 

in IET-3 white. In each trial the lines were unrep-
licated, with one check variety replicated five times, 
in plots of four rows 4 m long. Because their plant 
types differed, lines in IET-1 and 2 were spaced closer 
(50 cm between rows and 20 cm between plants) than 
those in IET-3 and 4, which were planted with 75 cm 
between rows and 20 cm within rows. 

The performance of the most promising lines in 
these four trials is given in Table 1. Overall, 41 lines
performed as well or better than the check variety. In 
IET-1 the highest yielding line, gave 
superior yields at all four locations, averaging 26% 
more than that of the check variety. The best lines in 
IET-2, 3 and 4 yielded an average of 15, 16 and 8%, 
respectively, more than the check. In general, most of 
the lines selected from IET-3 yielded well, had good
seed quality in terms of size and color, and showed 
resistance to four important diseases. Even though 
most lines selected from IET-2 proved susceptible to 

anthracnose and brown blotch, they had excellent 
seed quality, good plant type and very high yield
potential. These lines may be well suited to the 
savanna, where anthracnose and brown blotch are 
not a major problem. Lines selected from all four 
initial evaluation trials will be evaluated in pre
liminary yield trials during the coming year. 

Preliminary yield trials. Two preliminary yield
trials with lines requiring 70 to 85 days to mature 
were conducted at IITA, Mokwa and Samaru. Each 
trial consisted of 20 lines, including two check 
varieties, TVx 3236 and TVx 1948-01F. The lines in 
preliminary trial 3 varied in seed color, but most had 
rough seed testa. Those in preliminary trial 4 were 
mostly tan with smooth testae. 

The results of the two trials are given in Table 2. 
Owing to a very poor stand at IITA in the first season, 
the yield data for preliminary trial 3 were quite
variable and therefore were not included in the 
analysis. Significant differences in yield were ob
served among the most promising lines at Mokwa and 
Samaru, but on the average these lines yielded about 
the same as the check. Some of the promising lines in 
preliminary trial 3 were susceptible to cowpea aphid
borne mosaic virus, and nearly all were susceptible to
septoria, although this was not reflected in their yield 
performance. Of those lines IT$2D-716 appeared most 
promising, showing resistance both to thrips and 
bruchids. In trial 4 most of the promising lines 
produced high yields, had multiple disease resistance 
and were of medium seed size. There were no signifi
cant differences between the yields of the top lines 
and that of the check varieties. 

Advanced yield trials. Promising lines selected 
from the previous year's trials were evaluated in two 
advanced yield trials. Each trial consisted of 20 
entries, including checks, in four randomized com
plete blocks. Lines in trial 1 varied in seed color but 
most had smooth testae. Those in trial 2 were eitherbrown or white with rough testae. The lines in both 

trials had medium to large seed. 
During the second season at IITA, the lines per

formed rather poorly as a result of drought. They 
performed best at Mokwa and Samaru (Table 3). In 
general, the yield of the top lines did not differ 
bignificantly from the yield of the check varieties. 
However, most of the lines produced larger seed of 
better quality than TVx 3236 and TVx 1948-01F. 
Several lines also combined high yield with re
sistance to several diseases. The best among these 
lT82D-551-3,ines was IT81d-1137, which has large white seed and 
combines bruchid resistance with multiple disease 
resistance.-B.B. Singh, B.R. Ntare and S.A. 
Shoyinka 

international trials. Nineteen medium maturing 
varieLies selected from the 1982 advanced yield trials 
for their high yield potential and resistance to several 
diseases were included in an international trial. It 
was sent to more than 50 countries around the world 
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and was conducted by IITA at three locations in Kamboinse. At Mokwa and Samaru, the local checks,
Nigeria (IITA, Mokwa and Samaru) and at Kam- both of which were late maturing, gave no yield
boinse, Upper Volta. At each location the varieties because of drought, which set in before they flowered. 
were evaluated in plots of four rows 4 m long, with IITA also distributes new cowpea breeding lines to 
a randomized block design with four replications, national programs through cowpea international 
The varieties were of various colors, but most were trials (CIT), which are formed every year. These trials 
tan or red with smooth seed coats. include only lines that have been tested in pre-

The yields ofsome varieties in this trial are listed in liminary and advanced trials at diverse locations 
Table 4. Their performance at all locations was within Nigeria (representing the forest zone, derived 
generally poor, although TVx 4654-44E performed savanna, Guinea savanna ani Sudan savanna) and 
fairly consistently at all locations. TVx 1948-01F also have proved superior in disease and insect resistance, 
performed consistently in Nigeria but poorly at yield potential, seed quality and maturity. Often, 

Table 1. Performance of cowpea lines in initial evaluation trials at various locations in Nigeria, 1983 
Grain yield, kg/ha 

IITA 100-
First Second seed Seed Disease reactionb 

Line season season Mokwa Samaru Mean wt., g typea Anth. BBL BB WB Sept. 

IET-1 (1982)

IT82D-551-3 ................ 1,760 1,394 2,125 2,080 1,840 18 T/S S R R R R
 
IT 82D.634.2 ................ 1,905 1,035 2,125 1,446 1,632 12 W/S R R R R S

IT 82D-559-1 ................ 2,212 480 1,875 1,768 1,584 18 T/S MR S S R MR
 
IT 82D.625-1 ................ 1,582 1,015 2,000 1,248 1,461 12 R/S 
 R R S R R 
IT 82D-623-6 ................ 1,885 1,008 1,000 1,872 1,441 17 W/S 
 R S R R R 
IT 82D-544-4 ................ 1,687 361 2,125 1,456 1,407 20 W/Wr R MR S R R
 
IT82D-544-2 ................ 1,465 893 1,125 1,456 1,234 18 C/Sp R R MR R R
 
IT 82D-550-4 ................ 2,020 1,259 875 936 1,272 17 T/S MR R R 
 R R 
TVx 3236 (check) ............ 1,317 1,288 1,567 1,144 1,329 14 C/R R R R R S
 
IET-2 (1982)
IT 82D-480-1 ................ 2,020 644 2,438 1,612 1,679 14 B/R S S R S
 
IT 82D-476-3 ................ 1,700 1,177 1,750 1,872 1,625 16 B/R S R R MR
 
IT 82D-480-2 ................ 2,348 693 1,688 1,560 1,572 16 B/R S MR R S

IT 82D-479-1 ................ 1,373 1,144 1,500 2,080 1,524 15 B/R MR R R S
 
IT 82D-484-5 ................ 1,735 992 2,000 1,248 1,493 14 B/R R S S S

IT82D-448-8 ................ 1,300 1,273 1,438 1,560 1,393 21 B/H S S S MR
 
IT 82D-450-4 ................ 1,055 1,052 1,875 1,560 1,385 14 B/R S S R R
 
IT82D-448-4 ................ 1,300 1,115 1,688 1,248 1,337 21 B/R S S R MR
 
TVx 3236 (check) ............ 1,712 1,056 1,524 1,404 1,424 14 C/R R R R S
 
IET-3 (1983)

IT 32D-593-8 ................ 1,369 1,411 2,422 2,088 1,822 17 W/R R R R MR

IT82D-597-3 ................ 1,331 1,306 2,255 2,004 1,724 19 W/S R R R R
 
IT82D-595-2 ................ 1,602 1,289 1,921 1,878 1,673 18 W/R R R R MR
 
IT 82D-596-8 ................ 1,525 1,423 1,879 1,837 1,669 19 WJR R R R S
 
IT82D-596-3 ................ 1,321 882 1,879 2,463 1,636 17 W/S R R R R
 
IT 82D-582-5 ................ 1,536 1,027 1,892 1,962 1,604 17 W/R R MR R R
 
IT82D.606-6 ................ 1,902 952 1,670 1,837 1,590 21 W/R R R R R
 
IT 82D.593-2 ................ 1,055 1,723 2,004 1,419 1,550 16 W/R R R R MR
 
TV: 3236 (check) ............ 1,200 1,307 2,096 1,353 1,533 14 C/R R R R S
 
IET-4 (1983)

IT 82D-495-2 ................ 1,503 1,880 1,879 1,503 1,691 18 B/S R R R R R
 
IT82D-519-4 ................ 967 1,667 2,117 1,503 1,563 22 W/Sp R MR R S R
 
IT82D-513.1 ................ 807 2,062 1,670 1,667 1,552 21 W/S R MR R S R
 
IT82D-508-4 ................ 1,650 1,356 1,879 1,294 1,545 18 W/S R S MR S R

IT 82D-508-5 ................ 1,759 1,216 1,545 1,503 1,506 15 W/S S R R S S
 
IT82D-516-5 ................ 705 1,612 2,046 1,587 1,488 19 W/Sp R MR MR MR R
 
IT82D-490-2 ................ 1,294 1,511 2,046 960 1,453 17 B/R R R R S MR
 
IT82D.513.5 ................ 1,166 1,612 1,336 1,503 1,404 19 W/Sp S R R R R
 
TVx 3236 (check) ............ 1,403 1,660 1,912 1,236 1,552 14 C/R R R R R S
 
'T - tan, S = smooth, W = white, R rough, Wr = wrinkled, C = cream, Sp = split and B - brown. 
bAnth. - anthracnose, BBL = brown blotch, BB = bacterial blight, WB = web blight, Sept. - septoria, R = resistant, MR = moderately 
resistant and S = susceptible. 
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more than one cowpea international trial is formed so States.-B.B. Singh,B.R. Ntare,S.R. SinghandR.A 
that varieties with common characteristics can be Adeleke 
grouped.
 

Three cowpea international trials were distributed Extra-Early Varieties 
in 1983: CIT-1, which contained 10 extra-early matur- Good progress was made this year in developing 
ing varieties; CIT-2, with 20 medium maturing va- varieties that mature in 55 to 65 days and have 
rieties; and CIT-3, which was made up of 10 bruchid various sizes and colors of seed to suit different 
resistant varieties. All three trials included a na- regional preferences. Disease and insect resistance 
tional check. Field books and a suggested field layout are being incorporated into these materials through a 
for each trial were sent along with the seeds. A total of backcrossing program. Sixty new crosses were made 
212 sets were sent to 51 countries; 140 sets went to amongte newly ew ra-es wesadAfrica, 43 to Asia, 36 to Central and South America among the newly develcped extra-early lines and
Afican2 a tratohe Unit S The reSuthhAverjwithand 2 to the United States. The results have just lines having resistance to diseases and insects. 
begun to come in and will be reported in the 1984 IITA Preliminary trials. Selected extra-early maturing
Annual Report. advanced breeding lines were evaluated in two pre-

Many scientists have requested seeds of elite liminary trials. The lines in trial 1mature within 62 to 
breeding lines for their breeding programs. A total of 69 days and those in trial 2 within 52 to 65 days. Each 
91 requests for 2to 10 varieties were received this year trial consisted of 20 entries, plus TVx 3236 as a check 
from 33 countries, including the United Kingdom, representing medium maturing varieties. In trial 2 
France, The Netherlands, Italy and the United one of the previously developed 60-day cowpeas, 

Table 2. Performance of cowpea lines in preliminary trials at locations in Nigeria, 1983 
Grain yield, kg/ha 

IITA 100-
First Second seed Seed Disease reaction b 

Line season season Mokwa Samaru Mean wt.,g typea CYMV CAbMV Anth. BBL BB Sept. 
Preliminary trial 3
 
IT 82D-927 ......... 1,599 1,931 1,284 1,605 13 B/S R R R R MR S

IT 82D-702 ......... 1,363 2,286 1,138 1,595 16 W/R R MR R R R S
 
IT82D-649 ......... 1,146 2,296 1,294 1,579 15 W/R R S R R R S
 
IT82D-704 ......... 1,340 1,722 1,503 1,522 21 W/R R S R R R S
 
IT 82D-663 ......... 1,059 1,900 1,576 1,512 17 W/R R S R R R S
 
IT 82D-713 ......... 1,271 1,962 1,253 1,495 16 C/R MR MR R R R S
 
IT82D-950 ......... 1,288 1,774 1,378 1,480 17 C/S R MR R R S MR
 
IT82D-703 ......... 1,215 1,879 1,273 1,456 22 C/R MR R R MR R S

IT82D-716 ......... 1,404 1,670 1,148 1,407 16 C/R MR R R R: R S
 
IT 82D-952 ......... 1,479 1,336 1,378 1,398 12 W/R R S R R MR S 
TVx 3236 (check) . . . 1,402 1,994 1,169 1,522 12 C/R S S R B R S_ 

LSD (5%).......... 322 346 253
 
C.V.,% ............ 18 15 14
 
Preliminary trial 4
 
IT 82D-768 ......... 1,682 1,374 2,046 1,058 1,540 18 T/S R S R':MR R S
 
IT82D-847 ......... 1,655 1,203 1,816 1,430 1,526 13 T/S MR MR R R R R
 
IT82D-829 ......... 1,767 1,376 1,639 1,159 1,485 14 T/S R, RI .'R R R R
 
IT82D-831 ......... 2,041 1,268 1,587 1,033 1,482 14 T/S R R R R R R

IT 82D-786 ........ 1,719 1,301 1,524 1,384 1,482 14 T/S R R R MR R MR
 
IT 82D.807 ......... 1,840 1,209 1,670 1,075 1,449 11 T/S MR R R R R B
 
IT 82D-844 .......... 1,485 772 2,067 1,447 1,442 15 T/S R R S R R MR
 
IT 82D-859 ........ 1,475 1,070 1,722 1,326 1,398 19 T/S R R R MR R R
 
IT82D-845 ......... 1,420 825 1,889 1,367 1,375 15 T/S R R S R R MR
 
IT 82D-744 ......... 1,446 1,003 1,399 1,054 1,226 14 T/S R R B R R R
 
IT 82D-752 ......... 1,741 954 1,639 1,002 1,334 15 T/S R R R R B R
 
Check varieties: 

TVx 1948-01F .... 1,914 944 1,827 946 1,408 13 T/S R R R R R R 
TVx 3236 ........ 1,912 1,308 1,952 595 1,442 12 CJR S S R R R S 

LSD (5%) .......... 344 245 438 289
 
C.V.,% ............ 18 16 18 19
 

'1 = brown, S = smooth, W= white, R = rough, C= cream and T = tan.
 
bCYMV = cowpea yellow mosaic virus, CAbMV = cowpea aphid borne mosaic virus, Anth. = anthracnose, BBL --brown blotch,
 
BB =-bacterial blight, Sept. = Septoria, R - resistant, MR = moderatelyresistant and S , susceptible.
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Table 3. Performance of cowpea lines in advanced trials at locations in Nigeria, 1983
 

Grain yield, kg/ha 
IITA 100-


First Second seed Seed Disease reactiona 
Line season season Mokwa Samaru Mean wt.,g types CYMV CabMV Anth. BBL BB WB Sept. 

Advanced trial 1
 
IT 81D.1137 ........ 1,574 1,477 2,244 1,785 1,770 23 W/S R R R R R

IT 82D-709 ......... 1,482 1,324 2,077 1,764 1,662 16 C/R MR MR R R R 

R 
S
IT 81D-1063 ........ 1,198 1,152 2,255 1,697 1,575 21 R/S S R R R R S
IT 81D-1039 ........ 1,172 942 2,119 1,587 1,455 21 R/S 
 S R R S MR MRIT 81D-1054 ........ 1,198 931 1,816 1,774 1,430 21 R/S S 
 R R S R SIT81D-186-69 ...... 1,430 893 1,944 1,326 1,411 16 C/S - - S R R RIT 81D-1065 ........ 1,384 735 1,878 1,628 1,407 24 R/S R R R S MR SIT 81D-1061 ........ 1,226 663 1,701 1,749 1,335 25 
 R/S MR R R S MR R 

Check varieties: 
TVx 1948-O1F .... 1,991 1,179 2,129 1,837 1,789 13 T/S R R R R R RTVx 3236 ........ 1,516 1,184 1,900 1,035 1,409 12 C S S R 
 R R S
 

LSD (5%).......... 549 289 393 402
 
C.V.,% ............ 33 22 16 20
 
Advanced trial 2
 
IT 82D-975 ......... 1,454 2,484 1,827 1,921 17 BJR 
 R S R R STVx 3536-6-1 ....... 1;376 2,296 1,900 1,857 14 B .,R R R R SIT 81D-1137 ........ 1,322 2,317 1,754 1,798 25 W/S R R MR RIT81D-1189-81 ...... 1,323 2,150 1,910 1,794 15 W/R R R MR R R 

S 

IT81D-1206.179 ..... 1,222 1,931 1,983 1,712 14 W/R R R R R RIT 81D.981 . 1,166 2,056 1,691 1,638 15 B/S R R R R
IT81D-898 . 989 2,108 1,764 1,620 22 W/R MR R R R SIT 82D-716 ......... 1,083 2,171 1,555 1,603 15 C/R R 
 R R R SIT 81D-897 ......... 1,010 1,847 1,889 1,582 22 W/R MR R R R 
 S 
Check varieties:
 

TVx 3236 ........ 1,325 2,286 1,555 1,722 13 C/R 
 R R R R STVx4659-03E .... 617 1,513 1,785 1,305 21 C R R R R R
 
LSD (5%) .......... 253 408 443
 
C.V.,% ............ 16 14 19
 
aW = white, S = smooth, C cream, R = rough, T = tan and B = brown.bCYMV = cowpea yellow mosaic virus, CAbMV cowpea aphid borne mosaic virus, Anth.= anthracnose, BBL = brown blotch, -


BB = bacterial blight, WB = web blight, Sept. 
= septoria, R = resistant, MR = moderately resistant and S - susceptible. 

Table 4. Grain yield of medium maturing varieties in an international cowpea trial, 1983
 

IITA 
First Second Mokwa, Samaru, Kamboinse,

Variety season season Nigeria Nigeria Uppar Volta Mean 

kg/haTVx 4654-44E ................ 
 ..... 1,157 1,031 1,440 1,612 1,127 1,273TVx 1948-01F ......................... 1,061 1,015 1,377 1,001 835 1,058

TVx 4659-02E ............................ 1,264 700 1,503 858 846 1,034
TVx 4677-88E .......................... 809 820 1,210 1,287 953 1,016
TVx 4661-07E .......................... 932 954 1,231 
 1,248 896 1,012TVx 4677-010E ........................... 1,158 735 1,169 1,118 
 880 1,012
TVx 3236 ............................... 1,095 786 1,232 
 884 994 998
IT81D.1069 .............................. 1,104 
 879 1,221 611 946 952
 
Localchecka ............................ 653 846 0 0 
 839 0
 
Overall mean .......................... 934 786 112 837 868 907
LSD (5%) .............. ............... 347 275 273 
 481 197
 
C.V.,% .................................. 
 26 25 17 40 16

aBecause the local varieties were late maturing, they were damaged by drought. 
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IT 82E-60, was also included as a check. The lines in resistance to all the major diseases. Its yield can be 
trial 1 had medium to large seed of different colors, further increased by raising plant population. 
Those in trial 2 were mainly small to medium and red These two trials were also conducted at Onne in 
with smooth testae. Both trials were conducted at southern Nigeria. They were planted in rice fallows 
IITA, Mokwa and Samaru in a randomized block during late October, as the rains began tapering off, 
design with four replications in plots of four rows 4 m and were ready for harvest by December. They ma
long, with spacing of 50 cm between rows and 20 cm tured in 54 to 64 days, while TVx 3236 required 74 
within rows and two plants per hill. days. Although both trials suffered badly from cal-

The performance of the best lines is shown in Table cium deficiency, the general yield level in trial 1 
5. The most promising line in trial 1 was IT 82D-789, appeared normal and was fairly encouraging. The 
which gave superior yields at all locations and highest yielding line was IT 82D-784, with a mean of 
showed resistance to all the major diseases. It ma- 1,381 kg/ha, followed by IT 82D-655 (1,297 kg/ha) and 
tured in 60 days, compared to 75 days to 84 days for IT 82D-640 (1,256 kg/ha), compared to 846 kg/ba for 
TVx 3236. In trial 2 the best line was IT 82D-885, which TVx 3236. The effects of calcium deficiency were more 
has large, red seeds and multiple disease resistance. pronounced in trial 2, where yield was drastically 
IT 82D-889 was the earliest of all the lines, requiring reduced. IT 82D-885 yielded about 833 kg/ha, com
only 52 to 55 days to reach maturity, compared to 60 to pared to 458 kg/ha for TVx 3236. 
65 days for other lines and 75 to 80 days for TVx 3236. These data indicate that with proper management 
IT 82D-889 has red seeds, determinate plant type and it is possible to obtain a yield of 1 to 1.5 t/ha from 

Table 5. Performance of extra-early maturing cowpeas in preliminary trials at locations in Nigeria, 1983 

Grain yield, kg/ha 
IITA 100. 

seed Seed Disease reactionbFirst Second 
Variety season season Mokwa Samaru Mean wt.,g typea CYMVCAbMV Anth. BBL BB WB Sept. 

Preliminary trial 1
 
IT 82D-789 ......... 2,054 1,597 1,266 1,388 1,576 17 T/S R R R R R MR
 
IT 82D-812 ......... 1,924 1,180 1,609 1,346 1,515 13 T/S R R R S S R
 
IT 82D-784 ......... 1,603 1,613 1,375 1,305 1,474 16 T/S R R R MR R R
 
IT82D-787 ......... 1,514 1,552 1,250 1,357 1,418 15 T/S R R R S R R
 
IT 82D-640 ......... 1,740 1,304 1,641 939 1,406 20 W/R S S R R R S
 
IT82D-755 ......... 1,643 1,472 1,344 1,012 1,368 11 T/S R R MR R R R
 
IT 82D.849 ......... 1,510 1,366 1,297 1,253 1,354 20 T/S R R R MR MR R
 
IT 82D-641 ......... 1,775 1,100 1,469 960 1,326 20 W/R R S R MR R MR
 
IT82D-638 ......... 1,531 1,409 1,156 1,169 1,316 13 WJR R S R R R R
 
IT 82D-720 ......... 1,702 1,183 1,344 898 1,282 14 CS - - R R R R
 
IT 82D.948 ......... 1,912 1,134 1,172 768 1,247 17 TP/S R R R R R MR
 
TVx 3236 (check)... 1,393 1,441 1,844 616 1,323 S S R R R S
 

LSD (5%) .......... 474 297 370 336
 
C.V.,% ............ 22 16 20 24
 

Preliminary trial 2
 
IT 82D-885 ......... 1,550 1,228 1,641 1,639 1,517 16 Rd/S MR MR R R R R R
 
IT 82D-874 ......... 1,488 1,108 1,516 1,451 1,391 12 Rd/S R R R R R R R
 
IT 82D-887 ......... 1,262 1,132 1,688 1,294 1,344 15 Rd/S R R R MR R R R
 
IT 82D-881 ......... 1,426 1,099 1,467 1,263 1,314 14 Rd/S MR MR R MR R MR R
 
IT82D-880 ......... 1,620 1,106 1,281 1,200 1,302 12 Rd/S R S R R R MR R
 
IT82D.872 ......... 1,228 1,300 1,453 1,217 1,299 10 Rd/S R R R R R R R
 
IT82D-888 ......... 1,442 1,084 1,438 1,211 1,294 14 Rd/S R R R MR R R R
 
IT82D-871 ......... 1,233 1,136 1,563 1,211 1,285 11 Rd/S R R R R R MR R
 
IT 82D-875 ......... 1,399 1,094 1,203 1,305 1,250 12 Rd/S R R R R R R R
 
IT 82D.892 ......... 1,382 950 1,281 1,294 1,227 12 Rd/S R R R R R R R
 
IT82D-889 ......... 1,172 650 1,422 1,221 1,116 12 Rd/S R R R R MR R MR
 

Check varieties: 
TVx 3236 ........ 1,184 1,328 1,938 835 1,321 13 C S S R R MR S S
 
IT82E.60 ........ 1,533 886 1,281 636 1,084 18 W S R R S R S S
 

LSD (5%) .......... 545 319 403 264
 
C.V.,% ............ 29 22 20 16
 
T = tan, S = smooth, W = white, R = rough, P = purple, Rd = red and C = cream. 

bCYMV = cowpea yellow mosaic virus, CAbMV = cowpea aphid borne mosaic virus, Anth. = anthracnose, BBL, = brown blotch, 
BB = bacterial blight, WB = web blight, Sept. = septoria, R = resistant, MR = moderately resistant and S = susceptible. 

http:IT82E.60
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Table 6.'Grain yield of extra-early maturing cowpea varieties in an international trial, 1983 
IITA
 

First Second 
Variety season season 

IT 82E-16 ...................... 
IT 82E-18 ...................... 
IT 82E-13 ...................... 
IT 82E.32 ...................... 
IT 82E-56 ...................... 
IT 82E-9 ...................... 
IT82E-41 ...................... 
IT 82E-77 ...................... 
IT 82E-60...................... 

1,473 
1,452 
1,616 
1,239 

870 
1,373 
1,138 

826 
820 

1,498 
1,480 

943 
1,075 
1,120 

899 
1,101 
1,127 
1,154 

Local check ................... 1,183 1,381 
Overall mean .................. 
LSD (5%) ..................... 

1,199 
489 

1,178 
520 

C.V.,% ....................... 28 30 
'R/S = red smooth, W/R = white rough and B/S - black smooth. 

extra-early cowpeas grown in rice fallows. At present 
no cowpeas are grown in the area, and people con-
sume mostly starchy foods. Popularization of cowpea
cultivars could add considerably to the farmers' 
income and improve people's diets. 

International trials. For the first time, a trial 
consisting of nine extra-early maturing varieties was 
sent to more than 50 countries around the world. The 
entries in this trial were the most promising varieties 
selected from two extra-early maturing variety trials 
conducted in 1982. The yields of these varieties in 
Nigeria and Upper Volta are listed in Table 6. At IITA 
and Mokwa,the local check was atadMkwa the local check wernafe Ife Brown;roan;wat
Samaru the local check germinated poorly and was 
therefore excluded from the analysis. All the extra-
early lines matured within 58 to 65 days; Ife Brown 
required an average of 75 days to mature. Except for 
the white-seeded varieties, which are susceptible to 
brown blotch, all the varieties had a moderate to high 
level of resistance to several diseases. The red-seeded 
varieties yielded as well or even better than Ife 
Brown.-B.B. Singh, B.R. NtareandS.A. Shoyinka 

Vegetable Cowpeas 

One of the cowpea program's aims is to develop bush 
type vegetable cowpeas that have high yield potential 
and resistance to major diseases. This year seve-al F3 
and F4 progenies were evaluated for plant type and 
screened for resistance to several diseases, and 
selected progenies were further evaluated in the F5 
generation. The F6 progenies have been bulked and 
will be evaluated in preliminary yield trials in 1984. 
Further crosses were made between vegetable types
and grain types to develop a more erect type of 
vegetable cowpea and incorporate disease and insect 
resistance into it. We will also select for vegetable 
types that are outstanding in production of green 
pods as well as grain. 

Eight bush type and two climbing type vegetable 

Mokwa, Samaru, Kamboinse, Seed 
Nigeria Nigeria Upper Volta Mean typea 

kg/ha
1,828 1,339 1,001 1,428 R/S
1,843 1,352 847 1,395 R/S
1,297 1,179 1,079 1,221 R/S
1,547 1,040 1,033 1,187 R/S
1,250 1,728 640 1,221 W
1,328 793 739 1,026 Ws 
1,188 788 655 976 W/R
1,141 819 673 917 W/R
1,171 754 662 912 W/R
1,687 - 656 

1,428 998 803 1.121
 
294 372 202
 
14 26 17
 

cowpea varieties were evaluated for green pod and 
seed yield at three locations, IITA, Mokwa and 
Samaru. Because harvesting of green pods at Samaru 
was delayed, the data were excluded from the analy
sis. At each location the varieties were planted in a 
randomized complete block design with six repli
cations. The first three replications were harvested 
for green pods and the last three for seed. The 
performance of the varieties is shown in Table 7. In 
the first season at IITA, the yields of the bush types 
ranged from 8 to 15 t/ha of green pods, compared to 9 
to 10 t/ha for the climbing types. Some of the bush 
types also produced grain yields of over 1.3 t/ha. AtIITA during the second season and at Mokwa, the 

yield of fresh pods was relatively low, owing to 
drought, which permitted only one picking compared 
to four pickings at IITA in the first season. The yield 
of IT 81D-1228-14, averaged for the two locations, 
exceeded that of the local checks. IT 81D-1228-16, 
IT 82D-1228-10 and IT 81D-1228-13 gave the highest 
grain yields, showing some promise as dual-purpose 
varieties.-B.R. Nare and B.B. Singh 

Insect Resistance 

Considerable progress was made in developing hy
brid populations and advanced breeding lines with 
good agronomic characteristics and individual as 
well as combined resistance to aphids, bruchids and 
thrips. In addition, genetic studies were conducted to 
elucidate the nature of inheritance of resistance to 
aphids and thrips. Efforts were also made to identify 
sources of resistance to Maruca tesulalis and pod
bugs. 

Bruchids. Breeding for bruchid resistance re
ceived much attention this year. Twenty-eight new 
crosses were made involving bruchid resistant 
parents, and the segregating populations were eva
luated for disease resistance and agronomic charac
teristics as well as for bruchid resistance. Twenty
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four new advanced breeding lines with bruchid and their reaction to various diseases is shown in' 
resistance and good agronomic characteristics were Table 8. The most promising among these lines were 
evaluated for seed quality. The yield of these lines IT 82D-544-4, 82D-516-5, 82D-524-3, 82D-703 and 

Table 7. Yield of vegetable cowpeas at locations in Nigeria, 1983 
IITA, first season IITA, second season Mokwa Mean 

Plant Green Dry Green Dry Green Dry Green Dry 
Variety type pods seed pods seed pods seed pods seed 

kg/ha 
IT81D-1228-14 ........... bush 15,131 1,247 6,419 1,095 9,102 797 10,217 886
 
IT81D-1228-10 ........... bush 14,257 836 4,152 1,186 10,758 1,315 9,722 1,102
 
IT 81D-1228-15 ........... bush 15,285 1,030 3,917 1,186 9,658 837 9,620 913
 
IT 81D-1228-12 ........... bush 11,864 1,165 6,166 1,145 8,935 999 8,968 998
 
IT81D-1228-16 ........... bush 13,510 1,456 3,537 1,136 8,921 1,315 8,656 1,342
 
IT81D-1228-13 ........... bush 14,799 1,129 4,461 858 6,307 1,408 8,522 1,144
 
TVx 3442-27E ............ climbing 10,151 904 3,979 1,096 10,479 793 8,203 994
 
TVx 5881-016F ........... bush 8,709 777 3,972 988 6,597 696 6,426 962
 

Local checks: 
Bush-Sitao ............ bush 6,466 446 1,984 833 8,544 1,495 5,665 1,048 
FARVE.13 ............ climbing 8,725 585 4,113 574 8,530 951 7,123 750 

Overall mean............ 11,890 957 4,264 1,009 8,783 1,088 8,312 1,018
 
LSD (5%) ............... 4,181 362 1,392 363 2,803 461
 
C.V.,% ................. 21 22 19 21 19 25
 

Table 8. Performance of bruchid resistant lines in initial evaluation trials at locations in Nigeria, 1983 

Grain yield, kg/ha 
IITA Reaction to:a 

First Second Anthrac- Brown Bacterial 
Line season season Mokwa Samara Mean Bruchids nose blotch blight Septoria 

IET-1 
IT 82D-544-4 ....... 
IT 82D-542-2 ....... 
TVx 3236 .......... 

1,687 
1,305 
1,317 

361 
481 

1,288 

2,125 
1,500 
1,567 

1,456 
568 

1,144 

1,407 
938 

1,329 

R 
R 
S 

R 
R 
R 

MR 
R 
R 

S 
MR 

R 

R 
R 
S 

IET-2 
IT 82D-448-4 ....... 
IT 82D-448-2 ....... 
IT 82D-453-2 ....... 
IT 82D-456-4 ....... 
IT 82D-475-5 ....... 
TVx 3236 .......... 

1,300 
1,220 
1,520 
1,287 
1,340 
1,712 

1,115 
868 
768 
901 
862 

1,056 

1,687 
1,625 
1,437 
1,125 

625 
1,524 

1,248 
1,456 
1,404 
1,040 
1,248 
1,404 

1,338 
1,292 
1,282 
1,089 
1,018 
1,424 

R 
R 
R 
R 
R 
S 

S 
S 
R 
S 
S 
R 

S 
S 
R 
S 

MR 
R 

R 
R 
S 
S 
S 
R 

R, 
MR 
MR 

IH. 
MR 

S 

IET-3 
IT 82D-600-5 ....... 
TVx 3236 .......... 

552 
1,200 

754 
1,307 

875 
2,096 

1,820 
1,353 

1,008 
1,533 

R 
S 

R 
R 

R 
R 

R 
R 

MR 
S 

IET-4 
IT 82D.508-5 ....... 
IT 82D-516-5 ....... 
IT 82D.504.4 ....... 
IT 82D-486-6 ....... 
IT 82D-527-5 ....... 
IT 82D-486-4 ....... 
IT 82D-524-3 ....... 
IT 82D-486-7 ....... 
TVx3236 .......... 

1,759 
705 

1,642 
1,490 
1,241 
1,526 
1,002 

822 
1,403 

1,216 
1,612 
1,249 
1,169 
1,189 

805 
1,657 
1,249 
1,660 

1,545 
2,046 
1,503 
1,336 
1,378 
1,837 
1,253 
1,278 
1,912 

1,503 
1,587 
1,169 
1,336 
1,503 
1,086 
1,336 
1,336 
1,236 

1,506 
1,487 
1,391 
1,333 
1,328 
1,314 
1,312 
1,196 
1,552 

R 
R 
R 
R 
R 
R 
R 
R 
S 

S 
R 
R 
S 
S 
S 
R 
S 
R 

R 
MR 

R 

MR 
MR 

R 
R 
R 

R 
MR 

R 
RR 
R 
R 
R 
R 
R 

S 
R 

MR 
MR 

R 
MR 

R 
MR 

S 

Preliminary trial 3 
IT82D-703 ......... 
IT82D-716 ......... 
TVx 3236 .......... 

1,215 
1,404 
1,402 

1,879 
1,670 
1,994 

1,273 
1,148 
1,169 

1,456 
1,407 
1,522 

R 
R 
S 

R 
R 
R 

R-
H 
R 

R 
R-
R 

S 
S 
S 

LSD (5%) ........ . 322 346 353 
"R = resistant, MR = moderately resistant and S = susceptible. 
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82D-716, all of which showed very high yield poten-
tial, bruchid resistance and multiple disease resist-
ance. IT 82D-716 also has resistance to thrips. These 
lines will be further evaluated in the coming year.

Nine bruchid resistant lines selected from multi-
locational trials in 1982 were included in an inter-
national trial that was sent to over 50 countries. This 
trial was conducted at three locations in Nigeria and 
at Loumbila. Upper Volta, by IITA staff. As shown in 
Table 9, the yield of all these lines was generally quite
good at IITA in the first season, at Mokwa and at 
Loumbila. But because ofdrought, yields were low at 
Samaru and in the second season at IITA. Overall, 
IT 81D-985, 81D-1064, 81D-1137, 81D-1007 and 
81D-1032 appeared most promising. Of those lines 
IT 81D-985 and 81D-1137 are white seeded, and 
IT 81D-1007, 81D-1032 and 81D-1064 are red seeded. 
All of these lines are resistant to most major diseases. 
The results from other locations have started comingin and will be presented in the 1984 IITA Annual 
Report. 

The resistance to bruchids of all nine lines evalu-
ated in the international trial was tested against that
of the original parent, TVu 2027, and a susceptibleofhe ie B r n T udred- a smple 
check, Ife Brown. Two-hundred-gram samples of all 
the lines were placed in three 500-ml jars with per-
forated screw caps. Two pairs of freshly emergedbruchids were placed in each jar and incubated in the 

bruchid bioassay laboratory. A random sample of 100 
seeds was taken at various intervals during storage, 
beginning 33 days after infestation. The number ofexithols pr amaed eed10 seds pecenageof
exit holes per 100 seeds, percentage of damaged seeds 
and 100-seed weight were recorded. The experiment 

All the new resistant lines had significantly fewer
Aithesnewrersdaagd adgnif l ofer-
lies 


exit holes, fewer damaged seeds and less of a re-

duction resistantin 100-seedas weight than Ife Brown and were
just as the original parent, TVu 2027. 
There wreistn sgnoigiadi renes g t.am
resistant lines, including TVu 2027, in any of the
pretantlners, inlueding 0 a infet ,At 2, nparameters measured. At 90 days after infestation, 

the resistant lines, including TVu 2027, had 15 to 40 
exit holes per 100 seeds and 20 to 30% of the seeds 
were damaged, compared to 240 exit holes per 100 
seeds and 94% damaged seeds for Ife Brown. The data 
clearly indicate that the resistant lines suffer only 
insignificant damage for up to three to six months of 
storage, whereas during the same period, the suscep
tible line, Ife Brown, suffers 100% damage and be
comes completely unfit for human consumption. The 
infestation level of this experiment was quite high 
compared to that prevailing under actual storage
conditions. With less insect pressure, the resistant 
lines may store well for up to nine months. The 
resistance of these lines is good enough to offer 
substantial protection during storage.-B.B. Singh,
S.R. Singh andB.R. Ntare 

Aphids. Considerable progress was made in gen
ating C ons ro m ahi dein nd 

erating new populations from aphid-resistant andmultiple disease-resistant parents, and the advanced 
populations generated last year were screened for
aphid resistance in the greenhouse. A total of 201
breeding lines have been developed that combine
aphid resistance with good plant type and diseaseresistance. These will be further evaluated for agro
nomic characteristics, seed quality and disease renomic h e rist is ne wll be e aseu re
sistance. The most promising ones will be evaluatedin preliminary yield trials next year.

Genetic studies were conducted on the inheritanceof aphid resistance. An attempt was also made to 
ascertain whether the genes for resistance in various 
rsistain re ornotn e n Fandresistant lines are thethe samesame or not. The F,, F2, F, and 
backcross populations, involving several resistant X 
susceptible as well as resistant x resistant parents 
were screened under artificial aphid infestation, anddata on genetic segregation were collected. The threesources of resistance were TVu 36, 801 and 3000, andsucso eitnewr ~ 6 0 n 00 nthe susceptible parents were IT 82E-16, IT 82E-60 andthsucpilpaeswreI82-6IT2E0an 
TVx 3236. The data indicate that aphid resistance is a
monogenically controlled dominant trait. This wastrue for all crosses, irrespective of the source ofaphidresistance. These results agree with those reported in 

Table 9. Grain yield of bruchidresistant lines in international trial 3, 1983 

Variety 

IT 81D-1064 ............................... 

IT 81D-985 ................................ 

IT81D-1137 ............................... 

IT 81D-1007 ............................... 

IT 81D-1032 ............................... 

IT 81D-1020 ............................... 

IT 81D-988 ................................ 

IT81D-1157 ............................... 

IT 91D-994 ................................ 

Local check .............................. 


Overall mean ............................. 

LSD (5%) ................................ 

C.V.,% ................ ........ 


IITA 
First 

season 
Second 
season 

Mokwa,
Nigeria 

Samaru,
Nigeria 

Loumbila,
Upper Volta Mean 

1,827 
1,475 
1,798 
1,535 
1,166 
1,376 

625 
1,204 

815 
-

645 
834 
825 

1,037 
913 
511 
610 
715 
558 
767 

kg/ha
2,312 
1,797 
1,687 
1,844 
2,359 
2,156 
1,813 
1,843 
1,157 
1,906 

532 
1,248 

858 
624 
481 
390 

1,027 
247 
780 

-

2,217 
2,557 
1,821 
1,980 
1,861 
1,977 
2,197 
1,985 
2,301 
1,547 

1,507 
1,582 
1,398 
1,380 
1,356 
1,282 
1,254 
1,159 
1,122 
1,407 

1,313 
427 

742 
261 

1,887 
451 

649 
327 

900 
180 

22 24 16 35 14 
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Table 10. Segregation patterns for aphid resistance in which would have been numerous had plants been 
cowpeas, IITA, 1983 rated individually. The results indicated that re-

Number of plants sistance to thrips is a recessive trait controlled by 
X2Population Resistant Susceptible two recessive gene pairs.-S.R. Singh, B.B. Singh, 

IT 82E-60 ........... - 19 - A.B. Salifu, B.R. Ntareand D. Bata. 
TVu 3000 ........... 20 - - Maruca and pod bugs. To identify new and better 

F ................ 40 - sources of resistance to the pod borer (Maruca tes-F2 . . . . . . . . . . . . . . . .  188 67 0.22(3:1) tulalis) and pod sucking bugs, 7,400 cowpea germ-F, x TVu 3000......... 54 - - -
F, x IT82E-60 ........ 25 29 0.29(1:1) plasm lines were screened under field conditions at
Mokwa, where insect pressure is usually very high. 
Each germplasm line was planted in single-row plots

the 1982 IITA Annual Report. The data for one of the 3 m long and 75 cm apart. The crop was sprayed once 
crosses, given in Table 10, clearly indicate single- with Nuvacron (which kills thrips but has no effect on 
gene inheritance. maruca) about four weeks after planting to avoid 

Al the crosses involving resistant x resistant confusing the two types of insect damage. Since the 
parents gave only resistant progenies. No segre- spraying brought about good flowering in most ofthe 
gation was observed in the F,, F2, F3 or backcross lines, their subsequent performance depended pri
populations. Of the more than 1,000 F2 plants marily on the level of infestation by maruca and 
screened, all were resistant. These data' -idicate that coreid bugs. 
aphid resistance in TVu 36, 801 and 3000 is controlled All lines were examined 55 days after planting for 
either by the same gene or very closely linked genes. pod setting and damage caused by maruca and pod
This study will be continued using other sources of sucking bugs. The pressure of both insects was so 
resistance and larger F2 populations.-B.B. Singh, high that only 23 lines showed minimum damage. The 
S.R. Singh, B.R. Ntare and D. Bata most promising of these, by far, were TVu 1, 4, 1832, 

1892, 1633, 4537, 9062 and 10284. TVu 946 was alsoThrips. A total of 1,600 germplasm lines were found to be moderately resistant to maruca, confirm
screened for resistance to thrips in a screening block ing the findings of an earlier screening. But some of 
bordered with pigeon peas, which harbor thrips and the other lines listed above appeared to be as good or 
ensure uniform infestation of the test materials. better than TVu 946 in pod damage and seed quality. 
Spreader rows were also planted every five rows two Seeds of these lines are being multiplied, and the lines 
weeks before planting of the germplasm lines. At will be evaluated again in replicated multirow plotsinitiation of flower buds, the spreader rows were at IITA and Mokwa.-B.B. Singh, L.E.N. Jackai, 

uprooted and shaken to.spread the thrips on test at Ng and .R. Nhare 
rows. This and the pigeon pea borders resulted in Q. Ng and B.R. Ntare 

very heavy thrips infestation. The test lines were Disease Resistance 
examined for thrips damage three times during the 
crop season. According to visual damage ratings Fungal and bacterial diseases. Good progress
made over the season, a few lines appeared moder- was made in developing breeding lines with re
ately resistant to thrips, but none were superior to sistance to several fungal and bacterial diseases. 
TVu 1509 or TVx 3236. Screening for resistance to forest zone diseases, such 

A trial consisting of 20 advanced breeding lines, in
cluding two extra-early susceptible checks (IT 82E-60 Table 11. Performance of new cowpea varieties in 
and 82E-889) and one medium maturing susceptible a thrips resistance trial, IITA, 1983 
check (IT 81D-1137), was planted during the first No. of thrips Thrips 
season in a thrips screening block. Each plot had four Variety pcr raceme damage scorea 
rows 4 m long and 75 m apart. No insecticide was 
sprayed in this block. The number of thrips per IT 82D-716 ................ 2.7 3.0
 
raceme and damage scores for a few promising IT 82D-713 ................... 4.0 2.0
 
varieties are listed in Table 11. Breeding lines IT IT82D-714 ................... 3.3 2.5
 
82D-713, 82D-714, and 82D-716 appeared to have the IT 81D-950 ................... 4.7 4.5
 
same level ofresistance as TVx 3236, which was one of IT 81D-951 ................... 2.9 5.0
 
the parents of these lines. IT 82D-716 is also resistant IT 81D-952 ................ 2.9 3.0
 
to bruchids and has multiple disease resistance. TVx 3236-5.2 ................. 5.1 3.5
 

Genetic studies wcre conducted on the inheritance TVx 3236-6-1 ................. 4.4 3.5
 
of resistance to thrips. Rows of parental, F1 and F3 IT82D.889 ................... 6.1 4.5
 
progenies were evaluated, along with backcross F2 IT 82E-60 .................... 9.5 5.0
 
progeny rows, for reaction to thrips. Progeny rows IT 82D-1137 .................. 3.8 5.0
 
showing uniform resistance in all plants were rated LSD (5%) .................... 2.9 1.0 
as resistant, and the lines showing uniform suscep- C.V.,% ..................... 33.7 11.7 
tibility or segregation were rated as susceptible. 8Thrips damage was rated on a 1to 5 scale, with 1 - no damage 
Rating was done on a line basis to eliminate escapes, and 5 = severe damage. 
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as web blight, anthracnose, brown blotch and bac- Table 12. Segregation patterns for resistance to

terial blight, was done at IITA under field conditions. anthracnose in cowpeas, IITA, 1983
 
Natural infestation of these diseases was fairly 
 No. of plants observed 
severe, enabling us to clearly distinguish resistant Population Resistant Susceptible X2 

lines from susceptible ones. Disease scores were TVx 3236 ............ 20 
given to all the varieties in our variety trials and are IT 82E-10 ........... - 16 
listed in the tables accompanying the variety trial F,................ 7  -
reports. Most of the advanced breeding lines were F2 . . . . . . . . . . . . . . . .  130 49 0.53(3:1)
found to be resistant to all four diseases listed above, F, x TVx 3236....... 16 - 
and some proved resistant to three of them. F, x IT 82E-10....... 7 9 0.25(1:1)


Early generation materials, comprising F 2 to F6 
progenies, were also screened for resistance to the 
forest zone diseases under natural infestation in the Table 13. Reaction ofcowpea breeding lines to virus
field. From those populations, only plants/progenies diseases, IITA, 1983
that combined resistance to these diseases with good Line CYMVa CAbMV CuMV CMeV SBMV
plant type, early maturity and desirable seed quality IT 82E-10 ....... 1 1 1 4 1 
were selected. IT 82E-16 ....... 1 1 1 2 1


Screening for savanna diseases, such as septoria, IT 82E.18 ....... 2 1 2 3 2
scab and brown blotch, was done at Samaru, Nigeria, IT 81D.994 ...... 1 1 3 5 2
under natural and artificial infestation. The septoria IT 81D.1064 ..... 3 2 3 2 2 
and brown blotch reaction scores for advanced breed- TVx 4659-03E ... 1 1 2 3 3IT82D-713 ....... 2 1
ing lines are listed in the tables accompanying the IT82D.716 ...... 2 1 33 54 12
variety trial reports. Because incidence of scab was IT 82D.807 ...... 1 2 2 2 1
low, many varieties escaped damage. These lines will IT 82D-808 ...... 1 2 3 2 1
be reevaluated next year. IT 82D-855 ...... 1 2 2 5 1A genetic study was carried out on inheritance of IT 82D-950 ...... 1 2 2 1-3 1
resistance to anthracnose in cowpeas. The F1, F2 and IT 82D-951 ...... 2 1-3 3 3-4 2
backcross populations of several crosses, involving Note: Disease reaction was rated on a 1to 5scale, with 1= no

resistant and susceptible parents, were evaluated 
 disease symptoms and 5 = severe symptoms.
along with the parents, and data on genetic segre- CYMV = cowpea yellow mosaic virus, CAbMV = cowpea aphid
gation were collected. Artificial inoculation of each borne mosaic virus, CuMV = cucumber mosaic virus, CMeV = 
population ensured almost 100% infection of suscep- cowpea mottle virus and SBMV = southern bean mosaic virus. 
tible parents and susceptible segregates. Data from 
all the crosses indicate that resistance to anthrac- to several fungal and bacterial diseases. 
nose is a monogenically inherited dominant trait. To identify advanced breeding lines with multiple
The results of one of the crosses (with TVx 3236 as the virus resistance, 31 promising lines were screened 
resistant parent and IT 82E-10 as the susceptible for five major virus diseases: cowpea yellow mosaic,
parent) are presented in Table 12. TVx 3236 is being cowpea aphid borne mosaic, cucumber mosaic

widely used as a source of resistance to anthracnose (CuMV), cowpea mottle (CMeV) and southern bean

and several other diseases.-B.R. Ntare,B.B. Singh, mosaic (SBMV). The results, given in Table 13,

S.A. Shoyinka and C.A. Soglo indicate that IT 82E-16, 82E-807, 82D-808 and 82D-950 

possess a moderate to high level of resistance .to allVirus diseases. The most widespread of the sev- five diseases. IT 82D-807 and 82D-808 are also re
eral virus diseases that attack cowpeas are cowpea sistant to aphids. Most ofthese lines are being widely
aphid borne mosaic (CAbMV) and cowpea yellow used in our crossing program.
mosaic (CYMV) diseases. Efforts are being made to Several reports have appeared on the inheritance
develop cowpea varieties that have resistance at least of resistance to cowpea virus diseases. But the results 
to these two virus diseases. Most of the promising have varied probably because of increasingly evident
breeding lines are also being screened for resistance differences in strains between regions. Studies on 
to other viral diseases. The F, F, and F, progenies inheritance of virus diseases should therefore be 
are first screened for resistance to CAbMV and conducted using a specific viral sero group with
CYMV in the field under artificial inoculation. The precise descriptions of the disease sympoms. IITA's
disease-free and agronoriically superior advanced Virology Unit is maintaining pure-strain stocks of
breeding lines tha. have been bulked for initial yield several cowpea viruses, including CAbMV and
trials are then rescreened for resistance to CAbMV CYMV, both of which are indigenous to West Africa.
and CYMV by IITA's Virology Unit in the screen- A study was conducted on inheritance ofresistance
house under artificial inoculation, to these diseases. F1, F2, F., and backcross popu-

The reaction of advanced breeding lines to CAbMV lations, involving resistant and susceptible parents,
and CYMV is shown in the tables accompanying the were evaluated for resistance to both diseases under
variety trial reports. Most of those lines are resistant artificial inoculation in the screenhouse, and data on
to CAbMV and CYMV and have multiple resistance genetic segregation were obtained. The results in



74 GrainLegumes 

dicated that resistance to CYMV is a dominant trait 
controlled by duplicate dominant genes. Breeding 
lines IT 82E-10 and TVx 4659-03E carry one pair of 
genes for resistance, whereas IT 82E-16 carries both 
pairs. The results further indicated that resistance to 
CAbMV is a recessive trait controlled by two pairs of 
recessive genes.-B.B. Singh, H.W. Rossel, B.R. 
Ntare,C.A. Soglo andS.A. Shoyinka 

Multiple Disease and Insect Resistance 
A hybridization program was begun for combining 

resistance to web blight, anthracnose, bacterial 
blight, bacterial pustule, brown blotch, septoria, 
cowpea yellow mosaic and cowpea aphid borne mo-
saic with resistance to thrips, aphids, and bruchids in 
high yielding genotypes that have diverse maturity 
periods and seed characteristics. The program in-
volves complementary parents. A systematic back-
crovsprogrmlabemenry iaen ste m cac widentified Ssepram hwo-wa,breei wayateds ubwel cstages. 

Several two-way, three-way and double crosses 

were made among carefully selected parents to com-
bine all the above-listed characteristics, and the 
segregating populations are being screened for de
sired recombinants. Several parents already possess 
multiple disease resistance, along with resistance to 
one or two insects. It should therefore be rather 
easy to recover lines with resistance to the other in-or 81-100, assect. I xampe, ultpledisasesects. IT 81D-1020, for example, has multiple disease 

resistance and resistance to aphids and bruchids. 
IT 82D-716 also has multiple disease resistance but 
with resistance to thrips and bruchids. Each line thus 
lacks only one character. 

A cross was made between IT 81D-1020 and 82D-716, 
and all F, plants were infested with aphids. Asepcea fourth of the F2 plants were s~i'ceptible to 
expected, plants were d seelog
aphids; these plants were eliminated at the seedling 
stage. Seeds from the remaining F2 plants were 
harvested separately, and their progenies are now 
being screened for thrips resistance. IT 82D-1020 is 
red seeded and IT 82D-716 is cream colored; both have rough testae. The lines we isolate from this cross 
souh tesae.e linsedisate fm cstmutis 
should have multiple disease and multiple insect 
resistance, varied seed colors and types, and medium 
maturity. IT 81D-716 has also been crossed with extra-
early (60-day) cowpeas that are aphid resistant. These 
populations will provide multiple disease and insect 

Table 14. Objectives of a backcrossing program for 
disease and insect resistance, IITA, 1983 

Resistance to be 
Variety incorporated Donor parent 
IT82E-60..... Yellow mosaic TVx4659-03E 

Brown blotch TVx 4659-03E 
Aphids 
Bruchids 

TVu 3000 
TVu 2027 

Thrips TVx 3236 
TVx 3236 ....... Yellow mosaic TVx 4659-03E 

Aphid borne mosaic 
Aphids 

TVx 4659-03E 
TVu 3000 

Bruchids TVu 2027 

resistant lines of extra-early and medium maturity. 
In addition to the regular hybridization program 

described above, a backcross program was begun to 
incorporate disease and insect resistance into two 
promising varieties: the extra-early IT 82E-60 and the 
medium maturing TVx 3236, which are fast becoming 
popularinNigeriaandotherWestAfricancountries. 
The specific objectives of the program for each 
variety are given in Table 14. 

Since the program began in 1982, considerable 
progress has been made in respect of aphids and virus 
diseases. By the end of1983, five backcrosses had been 
completed for aphid resistance in both varieties. We 
expect that by late 1984 aphid resistant versions of 
IT 82E-60 and TVx 3236 will be available. Back
crossing for resistance to thrips and bruchids is pro
gressing slowly because the resistance is controlled 
by two recessive genes and the character can be 

only at the F3 seed or F3 progeny-rowOnly the first backcross for bruchid resistance
has been completed.-B.B. Singh, B.R. Ntare and 

s bngh 
S.R. Singh 

Nutritional and Quality Characters 

A program was begun this year to develop cowpea 
varieties with improved cooking quality, taste andnutritional value. This project was undertaken incollaboration with the Institute of Agricultural 
collabo ra nith t Instu of A grial 
Research and Training (IAR&T), Ibadan, Nigeria, 
and the University of Manitoba, Canada. The most 
promising cowpea breeding lines were analyzed for 
chemical composition, including amino acids, to 
assess the nutritionalstatus of these linesandascertain the genetic diversity in them for nutritional 
characteristics. These lines may later be used in thebreeding program. 

The chemical composition of selected breeding 
Te cheial opstonsdele breedin 

lines is given in Table 15. Considerable variation
was observed in respect of all the chemical attributes. Data on protein from the University of 
Manitoba closely corresponded with those obtained 
from IAR&T. IT 82E-32 showed the highest and 
IT 82E-25 the lowest protein content, the difference 
between them at both locations being about 7%. 
There was a difference of over 11% in starch content 
between the lowest line (IT 82D-1151) and the highest 

(IT 81D-1137), both of which are bruchid resistant. 
There was apparently no association between ma
turity or bruchid resistance and any of the chemical 
attributes, although fiber content did seem to be 
associated with seed characteristics. IT 81D-985, 
81D-988, 81D-994 and 81D-1137, which have rough 
seed coats, had the lowest fiber content, about half 
that of the others, which were smooth seeded. In West 
Africa the preferred cowpeas are those having rough
seed coats. The data indicate that most of the lines are 
of high nutritional value. 

Data on the amino acid composition of various 
lines are given in Table 16. The amino acid com
position of all lines was quite balanced, except 
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Table 15. Chemical composition ofimproved cowpea breeding lines, 1983 
100-seed Ether

Line weight, g Sugar Starch extract Fibre Ash Protein 

Extra-early percent(on a dry-weight basis)
 
IT 82E-9 ............. ........ ...... 15.0 7.3 43.4 2.4 4.9 3.9 21 8

IT 82E-16 ........................... 12.1 6.0 44.0 2.7 5.2 2.6 2.9
 
IT 82E-18 ........................... 18.7 6.5 40.0 2.0 5.8 3.6 26.0

IT 82E-25 ............................ 9.4 8.3 50.8 1.9 4.7 4.0 21.8
 
IT 82E-32 ............................ 12.3 6.7 
 40.5 2.3 4.9 3.8 29.1
IT 82E-56 ............................. 19.9 6.9 44.1 
 2.2 5.0 3.5 24.0
IT 82E-60 ........................ ... 17.5 7.3 45.9 2.1 
 4.6 3.8 23.1 
Medium maturity
TVx 3236 ............................. 10.4 8.1 47.5 1.7 4.7 3.7 24.0 
TVx 1948-01F ........................ 12.3 6.9 44.0 2.2 4.6 4.0 . 25.3 
TVx 4659-03E ....................... 17.4 .6.3 50.9 2.8 5.5 3.9. 27.1
TVx 1836-O1J ............. 17.7 7.4 40.9 2.2 4.9 
 3.8 22.5
TVx 3871-02F ....................... .13.2 7.5 39.6 1.8 4.9, 3.8 27.7
 
TVx 4677-088E .................... 13.6 7.0 43.9 2.5 5.0 3.7 27.1
 
Bruchid resistant
 
IT 81D-985 ............... ...... .... 22.6 7.9 53.3 
 2.5 2.9 4.2 24.7
IT 81D-988 .......................... 19.9 6.9 48.0 2.6 
 2.7 3.9 23.6
IT 81D-994 .......................... 24.3 7.4 46.4 2.3 2.8 3.7 
 26.3 
IT 81D-1007 .......................... 13.3 7.1 46.4 2.4 5.0 3.6 25.6

IT 81D-1064 ....................... 23.8 7.8 48.0 1.8 4.0 2.9 25.1

IT 81D-1137 ........................... 22.8 7.2 51.3 
 2.4 3.3 3.1 21.6 
IT 81D-1151 .......................... 14.6 6.8 39.1 
 2.2 5.3 3.4 28.2 
IT81D-1157 .......................... 23.0 7.5 45.4 
 1.8 4.7 3.6. 26.3 

Table 16. Amino acid composition of improved cowpea breeding lines, 1983 
Threo. Methio. Isoleu- Tyro- Phenyl- Percent

Variety Lysine nine Valine nine cine Leucine sine alanine protein a 

gper 100 g ofproteinVITA-1 (TVu 201) ..................... 7.36 3.98 5.56 1.37 4.54 8.34 3.14 6.16 22.8

VITA-3 (TVu 1190) .................. 7.80 4.23 5.89 1.44 4.76 8.77 3.26 
 6.49 21.8
VITA-4 ('rVu 1977) ................... 7.70 4.15 5.86 1.50 4.72 8.64 3.31 6.33 20.2
 
VITA-5 (TVu 4557) ................... 7.72 4.09 6.49 1.46 4.74 8.77 3.22 6.46 23.0
 
VITA-6 (TVx 1193-7D) ................. 7.82 4.17 5.85 1.47 4.91 8.98 3.55 6.50 21.1
 
VITA-7 (TVx 289-4G) .................. 7.53 3.99 5.71 1.31 4.62 8.60 3.25 6.38 23.0

VITA-8 ............................. 7.36 4.08 5.55 1.40 4.56 8.42 3.34 6.07 
 21.9 
VITA-9 (TVx 1948-01F) ................ 7.36 4.22 6.01 1.44 4.71 8.75 3.44 6.31 
 22.8
VITA-10 (TVx 1836-013J) .............. 7.64 4.20 6.01 1.39 4.87 8.81 3.12 6.38 21.3
 
VITA-11 (4R-0267.1F) ............. ... 7.74 4.27 5.90 1.48 4.72 8.82 3.28 6.28 22.9
 
VITA-12(TVx 1843.1C) .............. 7.79 4.27 5.95 1.42 4.78 8.77 3.17 6.30 22.8

TVx 3236 ........................... 7.81 4'31 5.97 1.51 4.94 8.79 3.31 6.41 19.8

TVx 4659.03E ....................... 7.59 4.23 6.02 1.44 4.91 8.82 3.36 6.47 23.1

IT 81D-988 ........................... 7.82 
 4.33 6.04 1.49 4.97 9.00 3.45 6.47 21.6 
IT 81D-1007 ....................... 7.64 4.24 5.88 1.38 4.82 8.84 3.27 6.56 21.1 
IT81D-1137 .............. .......... 8.05 4.44 5.95 1.50 4.93 8.90 3.10 6.36 18.4

IT82D-716....... 
 7.62 4.21 5.78 1.48 4.76 8.67 3.36 6.36 22.2
1T82D-889 ........................ 7.57 4.06 5.79 1.49 4.74 8.70 3.50 6.59 
 23.1
IT 82E-9 ....... 7.81 
 4.19 5.85 1.46 4.78 8.68 3.17 6.20 18.5
IT 82E-16.................... ........ 8.03 4.42 6.04 
 1.53 4.94 8.97 3.30 6.43 19.2 
IT 82E-18 ................. •..... -..... 7.94 4.38 6.03 1.58 4.83 8.99 3.56 6.66 19.4
IT 82E-25 ................. ............ 7.86 4.36 5.89 1.58 4.79 8.68 
 3.69 6.52 18.1
IT 82E-32 ............... ............. 7.60 4.08 5.90 1.37 4.76 8.76 3.34 6.37 24.4
 
T82E-56........................... 7.68 
 3.13 6.04 1.38 4.90 8.89 3.31 6.50 22.5 

IT 82E-60 ............... .......... 7.39 4.98 
 5.63 1.40 4.59 8.39 3.28 6.11 23.8 
"Percent protein (N x 5.7) was calculated on an "as is" moisture basis. 

http:4R-0267.1F


76 GrainLegumes 

methionine, which was lower than is desirable.- 
B.B. Singh, 0. Omueti (IAR&T), B. Dronzek 
(University of Manitoba, Canada), B.R. Ntare and 
S.R. Singh 

Entomology 
Insect Surveys and Yield Loss Assessment 

To gain a better overall understanding of the be-
havior of cowpea insect pests, we began a survey of 
two major pests in 1982. Through this survey we have 
been able to identify "hot spots" for resistance 
screening and now have a better idea of the popu-
lation intensity and distribution of these pests. This 
year the surveys were conducted at IITA (first and 
second season) and Mokwa (second season). In ad-
dition to the insect pest survey, we assessed yield 
losses caused by the different pests. The results of this 
study will better enable us to determine the degree of 
the economic threat posed by the pests. 

Pod borer. The trends observed this year in popu-
lations of pod borer (Marucatestulalis)are shown in 
Figure 1for all the study areas. Larval populations at 
IITA and Mokwa were higher than last year, despite 
very dry weather in the second part of the year. 

To distinguish pod borer damage from that caused 
by other insect pests, two plots measuring 625 m2 

were planted to VITA-7 cowpeas during each of the 
test seasons at each location. One of the plots re-
ceived full insecticide protection (Decis at 15 g a.i./ha 
and Nuvacron at 400 g a.i./ha), while the other was 
sprayed with Nuvacron at 10-day intervals. This 
treatment controlled flower thrips and pod bugs but 
had no measurable effect on the pod borer, 

The results of the experiment are summarized in 
Table 17. The greatest yield reduction was observed 
at Mokwa; itwas three to four times that at IITA. The 
yield loss at IITA during the second season may not be 
typical of this location and season, however, since 
aberrations in weather, particularly the irregular 
and scant rainfall, led to poor stands and reduced the 

Number of larvae per 20 flowers 
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Figure 1.Trends in the population of Marucatestulalisat 
locations in Nigeria, 1983. 

Table 17. Yield and insect population in cowpeas
(VITA-7) at locations in Nigeria, 1983 

Maruca Pod sucking bugs 
Larvae per Yield, Bugs per Yield, 

Treatment 20 flowers kg/ha 20 mof row kg/ha 
Mokwa (main season) 
Protected ...... 5.0 1,472.2 4.1 1,509.6 

(±1.2) (±40.1) (±0.8) (±58.9)
Unprotected .... 26.0 193.3 19.9 249.6 

(±8.3) (+17.6) (±3.0 ) (±56.3) 
Yield loss, %.. 86.9 83.4 
IITA (first season) 
Protected ...... 3.3 1,347.0 1.4 1,381.0 

(±1.3)(±107.2) (±0.4 ) (±76.5) 
Unprotected .... 18.4 1,014.1 4.3 728.5 

(+3.9)(+113.6) (+0.8 ) (+47.1) 
Yield loss, %.. 24.7 47.2 
ITA (second season) 
Protected ...... 1.8 614.2 0.2 785.5 

(±0.9) (+68.3) (+0.15) (+20.9)
Unprotected .... 25.5 511.6 4.1 602.2 

(±7.1) (±86.0) (+1.0 ) (±84.9) 
Yield loss, %.. 16.7 23.3 
Note: The figures inparentheses are standard errors. 

period of flowering. Pod borer popuiations were high 
but only for a short period. The second season 
population was higher than that of the first season, as 
was the case in last year's survey. The high maruca 
population at Mokwa this year underscores the need 
for an integrated control program, especially since 
the present level of borer resistance is not very high. 

Pod sucking bugs. Populations (adults and 
nymphs) of these insects have been known to average 
over 25 bugs per 2 m of row at Mokwa. This is much 
higher than the economic threshold for pod sucking 
bugs on cowpeas and would probably result in quite 
high yield losses. This year, in addition to monitoring 
population, we began a yield loss study. Two 625-M2 

plots were planted to VITA-7; one was fully protected, 
and the other was sprayed every 10 days with Decis to 
control pod borer and flower thrips. Sampling was 
done by two methods, visual counts and drop cloth 
counts, to determine which is the more precise.

At Mokwa populations of pod sucking bugs peaked 
at 53 bugs per 2 m of row in late October (Fig. 2)
and averaged about 20 bugs per 2 m of row during 
the season. The population consisted mainly of 
Clavigrallatomentosicollis,which accounted for over 
70% of the total (Table 18). Not surprisingly, the 
infestation reduced yield by over 80% (Table 17). 

At IITA the population was generally low, with 
peaks not exceeding 9 bugs per 2 m of row during the 

season and 11 bugs per 2 m of row during the 
(Figs. 3 and 4). The highest peaks occurred

in mid-July and early November during the first 

and second seasons, respectively. Yield losses were 
higher in the first season (47%) than in the second 
(23.3%). Crop performance was generally poor in the 
second season because of drought. 



GrainLegumes 77 

A marked deviation from the pattern of previous Table 18. Population composition of pod sucking bugs 
years was the high population of Nezara viridulaon on cowpeas, Mokwa, Nigeria, 1983 
cowpeas (Table 19), which was exceeded only by that Species Drop cloth Visual count 
of C. shadabi, the predominant species in the first percent 
season (except when sampling is done by visual Clavigrallatomentosicollis..... 72.7 77.9 
counts). Normally, the second season population C. shadabi................... 0 0
consists mostly of C. tomentosicollis at IITA, as at Riptortusdentipes ............ 4.0 3.1
Mokwa. This year, for reasons not yet determined, Aspavia sp ................... 3.4 3.3
 
N. viridula was predominant (43.8%), followed by Nezara viridula .............. 12.4 10.6
 
C. shadabi (23.2%) and C. tomentosicollis (14.1%), Anoplocnemiscurvipes ........ 7.3 3.6
 
as determined by drop cloth sampling. Piezodorusguildini........... 0.2 1.4 

Two commonly used sampling methods are com- Relative variation5 15.3 18.2. . . . . . . . . . . . 

pared in Tables 18 and 19. The index of precision is the "See definition of relative variation (RV) in accompanying text. 
relative variation (RV), which is the ratio of the
 
standard error of the mean expressed as a percentage
 
of the mean. The smaller theRV value, the greaterthe Number of bugs per 2m of row
 
precision. For this kind ofsurvey, an RV value of25% 60
 
is considered adequate. Judging from its lower RV
 
values, drop cloth sampling appears to have been
 
more precise at all locations. 50
 

At Mokwa, where the populations of pod sucking
 
bugs were high, drop cloth and visual counts gave 40
 
identical results. But at Ibadan there were discrepan
cies between the methods in estimates of population
 
composition. For example, in the first season, 30
 
Riptortus dentipes was the most abundant species, 
 Drop cloth
 
followed by N. viridulaand C. shadabi,according to
 
visual estimates (Table 19). In the second season, 20
 
more C. tomentosicolliswere counted with the visual
 
method than with the drop cloth method.
 

Strong fliers such as Riptortus sp. and 10
 
Anoplocnemis sp. are not usually collected in drop 
 Visual counts 
cloth samples (Table 19). As a result, this method, 0 1 - ,
despite its high precision, grossly underestimates 5 8 12 15 19 22 26 29 2 5 9 12 16
 
populations of these bugs. For the strong fliers, drop Oct. -
I Nov.------i
 
cloth sampling should be supplemented with visual Sampling date
 
counts.-L.E.N.Jackai Figure 2. Fluctuations in the population of pod sucking 

Flower thrips. Appropriate methods of determin- bugs on cowpeas, Mokwa, Nigeria, 1983. 
ing insect populations are essential to the develop
ment of resistant crop varieties. The usual method of Number of bugs per 2m of row 
estimating thrips population has been to collect 10 
racemes, flowers or both in vials containing 30 to 50% 
alcohol. But this method removes a substantial part 
of the reproductive structures, possibly disrupting 8 
the normal growth of the plants. For this and other Drop 
reasons, evaluations were begun ofother methods for 6 cloth 
sampling thrips on cowpeas. 

Five methods were evaluated: water traps, sticky 
traps, the sweep net, collection of racemes or flowers 4 Visual
 
in alcohol and plant-shake boards. The study was counts
 
carried out in a 0.1-ha field planted to VITA-7 cowpeas
 
and bordered on two sides by pigeon peas to build up 2
 
thrips infestation. Spacing between rows was 0.75 m
 
and the distance between plants within rows 0.20 m.
 
Sampling was begun 39 days after planting and was 0 ______1 _
 

continued at five-day intervals for three weeks. 
 18 21 24 28 I 4 8 12 15 19 22 26 29 2 6 
Water traps were made from white, rectangular I- June I July I-Aug.-

laboratory pans with a surface area of about 522 cm2 . Sampling date 
Ten pans were filled with clean tap water to 2 cm Figure 3. Fluctuations in the population of pod sucking
below the rim. A few drops of detergent were added to bugs on cowpeas, IITA, first season, 1983. 
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reduce surface tension and cause the thrips to sink. 
Two drops of formaldehyde (40%) were added to 
preserve the insects and prevent growth of algae or 
fungi. Traps were mounted randomly on tripod stands 
in the field about 22 cm above ground. Their height 
was increased as the crop height increased. The traps 
were left in the field for 9 to 10 hours, after which 
thrips were counted in the field. 

Number of bugs per 2m of row 
12 

10 

8 

6 

4 - Drop cloth 

* /cussion 
2I2-


%I I Visual counts 
-I V a, 

0 L I*/"

26 29 2 5 9 12 16 19
2222 262Oct. 2 Nov. 2 6 

Sampling date 
Figure 4. Fluctuations in the population of pod sucking
bugs on cowpeas, IITA, second season, 1983. 

Table 19. Population composition of pod sucking bugs 
on cowpeas, IITA, 1983 

Drop cloth Visual count 
First Second First Second 

Species season season season season 
Clavigralla percent

tomentosicollis........ 0.6 14.1 0 36.6 

C.shadabi ............. 47.9 23.2 14.2 11.6 

Riptortusdentipes....... 6.9 0 50.8 3.3 

Aspavia sp.............. 4.1 9.7 9.0 6.8 

Nezara viridula......... 34.2 43.8 24.3 30.8 

Anoplocnemis curvipes... 0 0 1.3 1.4 

Piezodorusguildini ..... 6.3 3.8 0.4 0 

Boeriasdeplanata....... 0 1.1 • 0 7.4 

(,?etus sp............... 4.3 4.3 0 0 

Aerosternum sp.......... 0 0 0 2.2 

Relative variationa ...... 18.6 23.3 22.5 29.0 
'See definition of relative variation (RV) in accompanying text. 

The sticky traps were glass boiling tubes 20 cm 
long and 3 cm in diameter, with Tree Tangle Foot ' 
smeared on the interior. The tubes were placed in the 
field at crop level on upright wooden pegs. 

Sampling was also done with very fine nylon aerial 
net. Ten sweeps were made per sample, and a defined 
route was followed each time to avoid sweeping the 
same area twice. Sweep net catches were put in ethyl 
acetate containers for sorting and counting later in 
the laboratory.

One raceme or one flower, depending on the age of 
the crop, was collected from predetermined points at 
random from 10 plants and held in 30% alcohol. 
Thrips were then counted under a microprojector.

Plant-shake boards were constructed from sheets 
of plywood 41 x 30 cm and about 0.5 cm thick. One 
side of each board was painted with white glossy 
paint and further divided into six grids of 100 cm 2 to 
make it easier to count the thrips. At each sampling 
transparent polyethylene sheets of the same dimen
sions as the boards were pinned onto the painted sides 
of the boards. Slightly diluted Tree Tangle Foot" 
glue was then applied evenly to the polyethylene 
sheets. A board was placed beneath a plant selected as 
for the alcohol procedure during sampling. The plant 
was then tapped five times over the board. Thrips
dislodged from the plant were trapped by the glue. 

The efficiency of each of the five methods was 
computed on the basis of the relative variation 
statistic (RV). (See the definition of RV in the dis

above on pod sucking bug surveys.) The 
relative efficiency of the five methods is shown in 
Table 20. Twenty-five percent precision is considered 
satisfactory for extensive surveys and 10% for in
tensive studies of population dynamics. In this study 
only 10% precision was acceptable. Sampling thrips
with the shaking board was more precise (the RVranged from 7to 11) than the other methods. The traps 

collected a fair number of other important arthropodsassociated with cowpeas and may therefore be useful 
for faunal surveys. Based on their mean RV values,
the alcohol (RV=29.8%) and sweep net (RV=28.4%) 
methods were found inappropriate for sampling 
thrips. An experiment is now in progress that will 
evaluate simultaneously sampling precision, cost 
and relationships between absolute and relative 
density.-S.R. Singh andA.B. Salifu 

Host Plant Resistance 
Pod borer. Screening for resistance to pod borer 

(Maruca testulalis) was continued with selections 
from the previous year. The larval population at 
IITA,18 larvae per 20 flowers,isconsidered adequate

foA 18 lareer 2 flo i wers d reeuat 
for field screening. A total of 641 lines were screened,
ofwhich 151 were selected from different generations. 
Selection from F8 was based on flower infestation and 
pod damage. The seven lines selected will be further 
evaluated in larger, replicated plots (Table 21). The 
other 144 selections will undergo further preliminary 
screening. (Germplasm screening for resistance to 
this pest is reported on page 72.) 
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Table 20. Relative efficiency of methods for sampling cowpea thrips, 1983 
Sampling Mean no. of thrips + S.E. Relative variation, %a 
method 39 43 47 51 55 39 43 47 F1 55 
Alcohol ................. 1.6+0.6 1.8+0.6 18.3+3.9 45.3+11.8 14.0+3.5 40 36 22 26 25Water trap .............. 
 89.3+18.4 78.8+6.4 60.3 + 5.7 118.3+20.3 31.3+5.6 21 8 10 17 18Sticky trap .............. 9.2+1.9 6.2+1.1 37.2+8.5 29.6+8.1 4.8+1.2 20 17 23 
 27 24Plant shake .............. 25.2+2.5 21.2+1.1 50.2+4.9 
 120.2+8.2 28.2+3.1 10 5 10 7 11Sweep net ............... 
 2.6+0.8 9.3+2.8 21.8+7.6 16.5+3.4 19.6+5.1 30 30 35 21 26 
"Relative variation is corrected to the nearest whole number. 

Pod sucking bugs. In last year's work on re- Table 22. Field screening of selected cowpea cultivars 
sistance to pod sucking bugs, two cultivars were for resistance to pod sucking bugs at two

selected as possible breeding parents. This year 26 locations in Nigeria.

cultivars, including the two selected in 1982, were 
 IITA,
screened under extremely heavy field populations of first season Mokwa, second season 
pod sucking bugs at IITA and Mokwa. Pod bug Percent Percent Bugs
populations were sampled throughout the season, seed Damage seed Damage per2m
and the percent seed damage was assessed just prior 	 Cultivar damage index" damage index of rowb 
to harvest (Table 22). All entries were replicated TVu 1890 .... 2.5 0.07 19.5 0.27 22.1
twice. Any cultivar that reduced insect damage by TVx 7-5H .... 4.1 0.12 34.2 0.47 23.4
60% or more (that is, had a damage index of0.4 or less) TVx 3343-03E 6.4 0.15 18.6 0.25 18.9 
was considered promising. TVu 6863 .... 6.8 0.19 40.2 0.55 20.1

Only the check cultivar had a significantly higher TVu 1 ....... 7.4 0.21 28.8 0.39 18.5
bug populat: n than other entries. Any differences TVu 1560 .... 25.6 0.73 48.4 0.66 18.9 
between the test cultivars can therefore be attributed TVu 3417 .... 21.9 0.62betweenly te te ivaersn eef attribute thed 	 VITA-4 ...... 55.1 0.75 24.03.8 0.11 75.6 1.03 23.4primarily to the inherent genetic attributes of the 	 TVu 4596 .... - - 27.1 0.37 15.5
cultivars and not so much to bug pressure. Based on IT82E-9 ..... - - 29.0 0.40 17.9
the damage index values, the following cultivars Ife Brown .... 35.1 1.00 73.3 1.00 38.3 
were the top performers: TVu 1890, TVx 7-5h, TVx Mean ....... 14.3 - 46.8 - 21.13343-03E, TVu 6863 and TVu 1. During the second S.E.......... 2.2 8.2 2.9 
season screening, TVx 3343-03E, TVu 1890, TVu 4596, "Ratio of test cultivar to HfeBrown (check).

TVu 1 and IT 82E-9 had damage index values at or bThe drop cloth technique was used only at Mokwa.
 
below 0.4.
 

The composition of the pod sucking bug population

generally differs between seasons (see the section on program.-L.E.N.Jackai

population surveys). This may have caused some Flower thrips. The field screening techniques
cultivars to perform differently during the two sea- generally used do not permit a critical evaluation of sons, although in general this year's results were resistance to flower thrips (Megalurothripssjostedti).
similar to those of 1982. Other factors related to the Material selected from the field should therefore be

locations may also have been important. TVu 1890 screened again under artificial infestation.

has performed well at two locations during four test Tests were carried out on a meshhouse screening

seasons over two years. This cultivar will be tested in technique that should allow rapid evaluation of

large plots next year and may be used in the breeding resistance. Screening methods were tested on potted
 

plants, all of the same age. There were five varieties:Table 21. Lines selected from field screening of 	 TVu 1509 (resistant check), TVu 76 (susceptible
crosses for maruca resistance, IITA, 1983 check), TVx 3236, Ife Brown and VITA-6. Each variety 

Resistance indexa was replicated ten times in a completely randomized 
First Second design.

Entry Pedigree season season Several seeds of each cultivar were sown in each 
MRx 301 ..... TVu 946-1E x KL 17.1 24.0 pot, and the seedlings were thinned to one at 10 daysMRx 1301 ....KL x TVu 946-1E 21.7 29.9 after planting. At 13 days plants were sprayed against
MRx 1802 ....KL x TVu 946-1E 30.2 28.1 aphids, and at flower initiation all plants were trans-MRx 2501.... KL x TVu 946-IE 25.8 28.7 ferred into a screenhouse and each caged in fine nylon
MRx 3002 ....KL x TVu 946-1E 18.0 29.0 mesh bags.

MRx 3301 ....KL x TVu 946-1E 11.2 29.9 When peduncles were about 2cm long,each treat-

MRx 3901 .... KL x TVu 1 16.8 23.7 Wen pednes were about 2 cm l ec teat-TVu 946 (res. check)................ 
 6.7 25.2 ment was infested with about 30 adult M. sjostedti.VITA-6 (susc. check ................ 34.7 59.9 	 Seven days after infestation, each replicate was 

visually rated for thrips damage, which appears"lpr - Mw3 + Tw2 , where M '=number of larvae and 	
as 

stipule browning/drying and as bud browning/drying 
wi T = percent pod damage. and/or abscission. Samples of racemes and flowers 
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were taken to assess thrips populations. A field trial 
was run concurrently with the screenhouse experi
ments to measure thrips damage on the experimental
cultivars under field conditions. 

There was no significant difference in numbers of 
thrips in racemes between the resistant cultivars 
TVu 1509 and TVx 3236 (Table 23). The susceptible 
TVu 76 was significantly different from the others. 

There were positive correlations for thrips popu-
lation and damage index between field and screen-
house results (r=0.90 for thrips populations and 
r=0.95 for damage index). This indicates that the 
results of screenhouse and field evaluation closely 
agree and that resistance screening carried out in the 
screenhouse reliably indicates cowpea resistance. 
Screenhouse evaluation also provides information onthes oechresstanis ce, whi h ar no eaily
the mechanisms of resistance, which are not easily 
ascertained from field screening.-S.R. Sing and 
A.B. Salifu 

Table 23. Thrips numbers and damage after artificial 
infestation of cowpeas, IITA, 1983 

Mean number of thrips 
Per raceme Per flower Damage

Cultivar (7DAI a) (10 DAI) indexb 
TVu 1509 ................. 2.9 3.6 1.2 

TVx 3236 ................. 2.5 10.6 1.9 

Ife Brown ................ 4.1 29.5 3.2 

VITA-6 ................... 3.7 28.5 3.1 

TVu76 ................... 8.5 31.4 4.1 

S.E ....................... 1.2 2.5 0.4 
LSD (5%) ................. 3.6 7.3 1.1 
aDAT = days after infestation, 
bThrips damage was rated on a scale of 1 to 5, with 1 = slight 
damage and 5 = heavy damage. 

Table 24. Performance of foliar insecticides in 
controlling cowpea pests, IITA, first 
season, 1983 

Maruca 
larvae Percent
 

Dosage, per 20 pod bug Yield, 
Insecticide g a.i./ha flowers damage kg/ha 
Cybolt 

(Flucythrinate) .. 60 0.9 12.6 1,600 
Decis + Dimethoate ,' 5 + 330 4.0 11.0 1,597 
Tamaron. ......... 600 3.7 10.5 1,568 
Decis + Dimethoate 12.5 + 400 2.9 14.5 1,539 
Cypermethrin 400.. 30 1.0 16.1 1,510 
Oftanol ............ 500 5.3 15.2 1,490 
Thiodan + Decis'".. 600 + 12.5 1.7 19.7 1,464 
Zolone"(Phasolone) 210 6.3 33.2 1,133 
Dipel40.00 

thuringiensis).... 1,000 5.9 42.0 1,015Control (unsprayed) 6.7 62.6 537 

Mean ............ . 3.8 23.7 1,345
S.E . . . . . . . . : 0.6 4.3 107
LSD (5%) ......... 
 . 124 310 

Insecticides 

Nine insecticides were evaluated at Ibadan during
the two 1983 cropping seasons for control of three 
major cowpea pests, flower thrips (Megalurothrips 
sjostedti), pod borer (Maruca testulalis) and pod
sucking bugs (several species). The chemicals were 
applied at weekly intervals on cowpea variety TVx 
3236 with a knapsack sprayer. Each treatment had 
four replications arranged in a randomized complete
block design. There was a control plot that received 
no insecticide. Dipel was replaced with Sherpa + 
Dimethoate in the second season because of poor 
results in the first. Good yields were obtained from all 
treatments during both seasons. In the first season, 
te b ate Cybolt, ypm rn,Decis + Detimethoate, Thioweredlan + Decis, Tamaron and 
Oftanol. In the second season, these treatments plus 
Sherpa + Dimeth, :ite and Cypermethrin + Dursban 
performed well (Tables 24 and 25). 

Insect control was generally good during both 
seasons. Several of the test chemicals gave valuesthat were significantly better than those of the 
unsprayed control. Based on the results for both 
seasons, the foliowing treatments appear to be best 
for all species: Sherpa + Dimethoate, Cypermethrin 
+ Dursban, Thiodan + Decis and Decis + 
Dimethoate. Cybolt and Zolone did not give good
control of thrips in flowers; Zolone was also in
effective on pod sucking bugs. Zolone, Tan-iaron and 
Oftanol failed to give good control of the pod borer. 
Formulations with synthetic pyrethroids, alone or 
in combination with other groups of insecticides, 
generally gave best control of thrips and the pod 
borer, whereas the systemic organophosphates failed 
to control the borer satisfactorily. Only Zolone failed 
to control pod sucking bugs. These results are similar 
to those reported in 1982. 

It should be noted that control plots had heavy 
thrips pressure, which prevented adequate flowering
and podding. As a result, the number of pod borers 
and pod bugs tended to be lower than expected. The 
best compounds will be further tested in 1984.-S.R. 
Singh and L.E.N. Jackai 

Integrated Pest Management 

During the first cropping season of 19S3, cowpea 
varieties TVx 3236 and IT 82E-60 were planted as a 
sole crop and intercropped in double rows with maize 
(Population 49) rows 1 m apart and given one of two 
pest control treatments: insecticide protection or no 
protection. These treatments were replicated four 
times in 12- x 12-m plots arranged in a randomized 
complete block design. Plant densities were as fol
lows: TVx 3236, 67,000; IT 82E-60, 133,000; and maize, 

plants per hectare. 
4 hepants er h erfhe racemes and flowers of IT 82E-60 had more
flower thrips (Megalurothrips sjostedti) than did
those of TVx 3236, and incidence of flower thrips was 
consistently lower on intercropped TVx 3236 cow
peas (Table 26). Differences between sole and in

http:Dipel40.00
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Table 25. Field evaluation of foliar insecticides for control of three major cowpea pests in Nigeria, IITA, second 
season, 1982 

Mean number of: 
Pod bugs

Dosage, Flowers Thrips per Thrips per per 10 m Maruca per Yiel i,
Insecticide g a.i./ha per plant 10 racemes 10 flowers of row 20 flowers kg/ha 
Sherpa + Dimethoate - ............... 30 + 250 

Thiodan + Decis ................... 500 + 10 

Cybolt'" (Flucythrinate) .............. 80 

Oftanol .......................... 500 

Zolone'" (Phasolone) ................. 700 

Thiodan + Decis. ................... 650 + 10 

Cypermethrin + Dursban* ........... 25 + 500 

Decis + Dimethoate"' ................ 12.5 + 400 

Cypermethrin + Dursban '10........... 50 + 500 

Cybolt ' (Flucythrinate) .............. 40 

Hostaquick" ........................ 550 

Tamaron" .......................... 600 

Control (unsprayed) ................. 


Overall mean ....................... 

LSD (5%) ........................... 


tercropping were less marked with IT 82E-60 and 
significant only at 30 and 37 days after planting. 

Incidence of pod borer (Marucatestulalis)was low 
in this trial and did not differ significantly across 
treatments. Of the pod sucking bug species known to 
attack cowpeas, only Riptortusdentipes occurred in 
significant numbers (Table 26). TVx 3236 had sig-
nificantly fewer riptortus when intercropped than 
when sole cropped. The lower incidence of riptortus 
on IT 82E-60 is explained by the lower number of pods, 
a result of thrips damage, which caused more flower 
abscission on this variety. 

Cowpeas gave zero yield in all the unsprayed 
treatments because of damage from flower thrips and 
pod sucking bugs. Among the sprayed treatments, 
intercropped TVx 3236 and IT 82E-60 yielded 543 + ( 3 
and 199 + 29kg/ha, respectively-that is, only 35 and 
37% of the sole crop yield (1,548 + 93 and 528 + 134 
kg/ha)-mainly because of shading by maize. Maize 
yield averaged 4,260 kg/ha and showed'no differences 
between treatments. These preliminary results from 
the first season suggest that intercropping may 
reduce thrips pressure but that without insecticide 
application intercropping is not likely to improve 
yields. 

In a follow-up trial during the second cropping 
season of 1983, intercropped TVx 3236 and IT 82E-60 
cowpeas were planted in a different arrangement of 
four cowpea rows 0.5 m apart, alternated with double 
rows of maize (TZESR-W) to lessen the shading of 
cowpeas by maize and to better expose the cowpeas to 
insecticide spraying. The plant densities were the 
same as in the first season experiment. The inter-
cropped cowpeas and both cowpea and maize sole 
crop checks were given two pest control treatments: 
full insecticide protection (four sprays of Decis/ 
Dimethoate at 15 + 400 g a.i./ha) or minimum insec-
ticide protection (one spray of Nuvacron at 200 g a.i. 
and one of Decis at 15 g a.i./ha). These treatments 

17.6 0 19.1 2.7 0 1,622 
24.3 2.7 54.8 18.0 0.1 1,613 
15.5 6.5 121.1 55.5 0.1 1,603 
12.9 0.1 23.4 39.2 4.6 1,589 
14.3 0.9 112.3 111.7 3.0 1,587 
15.3 1.2 39.5 17.0 0.2 1,586 
20.3 1.4 44.9 29.5 0 1,579 
18.8 1.6 37.1 21.7 1.4 1,486 
20.1 0 32.7 22.2 0.1 1,440 
15.7 8.4 131.1 28.9 0.3 1,433 
12.4 6.0 170.0 38.5 2.2 1,397 
14.7 4.5 43.4 10.7 3.1 1,397 
4.1 81.1 423.6 16.0 2.4 268 

15.9 8.5 102.5 31.9 1.5 1,441. 
6.7 4.2 80.7 47.7 2.2 366 

were replicated four times on 200_M 2 plots. 
The racemes of both TVx 3236 and IT 82E-60 had 

more thrips during the second season than in the first 
(Tables 26 and 27). The incidence of thrips was again 
consistently lower on TVx 3236 than on IT 82E-60, and 
the racemes of intercropped TVx 3236 had signifi
cantly fewer thrips than the TVx 3236 sole crop; this 
was not true for IT 82E 40 in the second trial. 

The incidence of poa borer was markedly higher 
during the second season; up to 67% of flowers were 
found to be infested. TVx 3236 flowers had fewer 
maruca larvae than those of IT 82E-60 (Table 27). In 
contrast to the data on flower thrips occurrence, the 
flowers of intercropped cowpeas had significantly 
more maruca larvae than did those of the sole crops of 
both TVx 3236 and IT 82E-60. Maruca larvae from the 
samples were reared on an artificial diet to assess 
maruca parasitization under the different cropping 

Table 26. Effect of intercropping on incidence of 
cowpea insect pests, IITA, first season, 1983 

TVx 3236 
sole 

Thrips per 10 racemes 
30DAPa . 18.8 + 1.0 
37 DAP.. 18.5 + 1.7 

Thrips per 10 flowers 
44 DAP.. 54.1 + 9.6 
51DAP.. 91.2 +8.4Flowers per m of row 
45 DAP.. 19.7 + 2.4 
54 DAP.. 7.7 + 1.1 

Maruca per 10 flowers 
44DAP.. 0.8 + 0.2 
51DAP.. 0.8 + 0.2 

Riptortus per 12 m of row 
52 DAP.. 2.6 + 0.4 
59DAP.. 6.1 + 1.2 

'DAP = days after planting. 

TVx 3236 IT 82E-60 IT 82E-60 
+ maize sole + maize 

number(± S.E.) 
14.3 + 1.1 48.1 + 1.9 31.3 ± 1.9 
8.2 + 1.1 51.3 + 5.9 27.9 + 3.3 

25.5 + 4.9 130 + 20 107 ± 18 
61.7 + 5.0 177 + 20 141 + 24 

6.6 + 1.2 4.8 + 1.1 3.0 + 0.8 
1.7 + 0.5 2.8 + 0.9 2.1 + 1.1 

0.5 + 0.2 1.4 + 0.2 1.5 + 0.3 
1.5 + 0.3 1.7 + 0.5 1.0 + 0.3 

2.2 + 0.3 0.1 + 0.1 0.1 + 0.1 
2.0 + 0.5 0.4 + 0.2 0.1 + 0.1 
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systems. Two larval parasites, Braunsia sp. and istis was infesting up to 2% of plants. The cropping
Phanerotomasp. (Braconidae), emerged in significant system did not affect damage significantly.
numbers (more than 10% of larvae infested, on the Intercropped cowpea yields averaged 60% of the 
average), but differences between treatments were sole crop yields for both TVx 3236 and"IT 82E-60; 
not significant. intercropped TZESR-W maize yielded, on the aver-

Of the different pod sucking bugs present during age, 70% of the sole crop (Table 28). The resulting
the second season, Clavigralla spp. were the pre- relative yield totals ranged from 1.2 to 1.4. It may be 
dominant ones (see also the section on insect sur- concluded that the crop arrangement of the second 
veys): IT 82E-60 had significantly fewer Clavigralla trial was more profitable than that of the first. 
spp. than did TVx 3236 (Table 27). The effect of Further work is planned to assess the effect of 
cropping system was evident only with TVx 3236, in cropping system and insecticide spraying on the 
which intercropping reduced the incidence of parasites of maruca larvae and eggs of pod sucking
Clavigrallaspp. significantly. This is consistent with bugs and to determine whether increased parasite
the data on Riptortus dentipes infesting TVx 3236 incidence, together with reduced thrips and pod bug
during the first season trial, pressure, will reduce the optimum chemical control 

Disease incidence on cowpeas was rated for both input in agronomically viable mixed cropping
varieties at 50 days after planting (Table 27). It was systems.-F. Wiedijk
found that, whereas TVx 3236 was virtually disease 
free, IT 82E-60 was infected by several diseases: Pathology
leafspot (Cercospora cruenta), bacterial pustule
(Xanthosoma sp.), anthracnose (Colletotrichum lin- Surveys were carried out in all cowpea growing areas 
demuthianum) and brown blotch (Colletotrichum of Niger to collect information on the distribution 
capsiciand C. truncatum). Except for brown blotch, and importance of cowpea pathogens. Charcoal rot,
these diseases occurred significantly less on inter- caused by Macrophominaphaseolina,was found to be 
cropped than on sole cropped IT 82E-60. the most widespread and important disease, causing

Maize borer damage was rated at 16, 24 and 60 days up to 70% seedling mortality in areas of southern 
after planting. At 16 days Buphonella sp. was found Niger and total crop loss in areas of the North. Other 
to cause minor damage (up to 3% of maize plants diseases of economic importance in the South were 
infested); later ratings showed that Sesamia calam- brown blotch, web blight, bacterial blight and 

Table 27. Effect of intercropping on incidence of cowpea insect pests and diseases, JITA, second season, 1983 
TVx 3236 TVx 3236 IT 82E-60 IT 82E-60 

sole + maize sole + maize 

No insecticide spray number( +.S.E.)

Thrips per 10 racemes
 

30 DAPa .......................................-
 96.1 + 10.1 108.7 ± 8.7 
36DAPa .......................................-
 157 + 14.0 136-+ 13.0 
38 DAP b ....................................... 50.7 + 2.7 36.4 + 2.5 
44 DAP b ....................................... 118.5 + 5.4 92.1 . 7.1 -

Racemes per meter of row
 
30 DAP a ....................................... 
 - 67.4 + 3.0 79.4 + 4.5 
38 DAPb.................................... 102 ± 5.0 100 ± 5.0 -


One spraying of Nuvacron
 
Maruca per 20 flowers
 

44 DAP c.......................................-
 11.5 ± 0.7 14.0 ± 0.7 
52 DAPd ....................................... 5.3 + 0.4 6.7 + 0.8 -

Flowers per meter ofrow
 
44 DAP c ....................................... 
 - 28.5 ± 3.1 22.2 + 2.8
 
52 DAPd ....................................... 8.0±1.2 9.0 + 1.1 -


Percentage of flowers infested ...................... 24.8+ 1.7 30.3 + 3.2 51.6 + 3.3 67.0 ± 3.3
 
One spraying of Nuvacron followed by one of Decis
 
Clavigrallaspp. per 20 m at 57 DAP ................. 4.6 + 0.7 1.3 + 0.3 0.3 + 0.2 0.4 + 0.2
 
Pods per meter of row at 57 DAP .................... 28.3 + 4.8 32.3 + 3.4 29.0 + 3.0 27.1 ± 2.5
 
Clavigrallaspp. per 1,000 pods ...................... 8.1 ± 1.2 2.0 + 0.5 0.5 ± 0.3 0.7 + 0.4
 
Disease incidence (percent of crop infected) at 50 DAP
 

Leaf spot ...................................... 0 0 67.5 + 8.1 46.3 + 4.1
 
Bacterial pustule ............................... 0 0 46.3 + 10.8 20.6 + 8.9

Anthracnose ................................... 
 0 0 49.4 + 4.6 35.0 + 5.0
Brown blotch ................................... 
 0 0 50.0 ± 6.1 60.0 + 7.2 

'No racemes for sampling on TVx 3236. bNo racemes for sampling on IT 82E-60. 'No flowers for sampling on TVx 3236. JNo flowers for
sampling on IT 82E-60. 
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Table 28. Effect of intercropping and insecticide on antiserum with a titre of 1/1,024 in microrrecipitin
cowpea and maize yield, IITA, second tests. A gamma globulin coating of 1 pg protein/ml 
season, 1983 and a conjugate dilution of 1/250 proved to be the best 

Yield, combination. When an extraction buffer consisting of
Treatnient kg/ha(± S.E.) RYTn 0.25 M potassium phosphate (pH 7.5) with 0.1 M 
Sole cropped TVx 3236 EDTA and 0.25% sodium sulphite was used, positive

Full insecticide protection ...... 1,283 + 25 reactions were obtained up to a dilution of 1/625 with
Minimum insecticide protection. 885 + 130 infected young cowpea plants (TVu-76) at 10 days

Intercropped TVx 3236 after inoculation. Serial dilutions of infected N.
Full insecticide protection ...... 640 + 103 1.21 benthamiana leaves were also tested, and positive
Minimum insecticide protection 577 + 29 1.36 reactions were obtained up to a dilution of 1/625.Sole cropped IT 82E-60Fl insppectde oTe . +When old infected leaves (20 days after inoculation)Minimum insecticide protection . 480 + 90 were tested, positive results were obtained only up to 

Intercropped IT 82E-60 a dilution of 1/125. More detailed tests, using more 
Full insecticide protection ...... 613 + 61 1.31 tolerant varieties at different stages, are needed to
Minimum insecticide protection. 279 ± 63 1.29 determine whether CAbMV can always be detected in

Sole cropped TZESR-W ........... 2,180 + 172 cowpeas by ELISA.-G. Thottappilly

Intercropped TZESR-W ........... 1,543 + 166 
8Relative yield total (= LER for this trial).Cu mbrMsiVrsFurther host range and serological studies of the 
Cercospora leaf spot. In the North the parasitic plant cucumovirus occurring in cowpeas and lima beans in 
Striga gesnerioides was found to be important, in Nigeria have revealed that this virus should be 
addition to Septoria and Cercospora leaf spots. considered a strain of cucumber, mosaic virus 

The large nu'"' 1 er of progenies in the cowpea (CuMV). Although host range differences exist be
breeding program has made it necessary to develop a tween this and other CuMV strains, the differences 
rapid and efficient inoculation technique for screen- are equally large between all strains compared. In all 
house evaluation for resistance to brown blotch cases, however, Nicotiana glutinosa and Cucumis 
disease. This technique will permit early selection of sativus produce systemic symptoms. A close serologi
desirable material for further genetic improvement. cal relationship was found between our cowpea 

Two hundred and fifty-three lines tested in the pre- isolate 2'nd CuMV isolates obtained from various 
liminary and initial evaluation trials were screened crops n temperate regions. 
in the greenhouse for resistance to several diseases of CuMiV is widespread in cowpeas in Nigeria. It is 
the humid tropics. It was found that there is a high difficult to identify the disease solely on the basis of 
level of resistance to Cercospora leaf spot, a disease plant symptoms, and agar gel diffusion tests with
that usually becomes evident after flowering. A fair crude sap from cowpeas have given inconsistent re
level of resistance to bacterial pustule, bacterial sults. To produce a more reliable diagnostic method, 
blight and web blight is also available, although the direct (double antibody sandwich) ELISA method 
there are indications that the resistance may be was developed and tested. 
dilute in certain cases, as in preliminary trial 1 and An antiserum against CuMV was produced after 
initial evaluation trials 1, 2 and 3 (Table 29). Since purification of the virus from N. glutinosa, using

web blight can be a serious problem in the first season phosphate buffer, PEG precipitation, differential
 
under high humidity, particular attention will be centrifugation and sucrose density gradient centri
given to screening for field resistance to this disease. fugation. The antiserum had a titre of 1/128 in agar


There are indications that Colletotrichumcapsici, gel diffusion tests using purified virus as an antigo
 
the causal organism of brown blotch disease, pro- However, the antiserum also reacted up to a , I
 
duces new biotypes at a high frequency. The fre- dilution with sap from healthy cowpea plants. To
 
quency of resistance in the lines screened so far is not remove the antibodies against healthy plant proteins,

high enough to match the high rate of mutability in the antiserum was repeatedly absorbed with sap from
 

'the organism. Screening under field and greenhouse healthy cowpea leaves until no further precipi .te 
conditions will therefore focus on deploying host was formed. The gamma globulin fraction from Lneresistance genes.- V. Parinson absorbed antiserum was purified by an ..:onium sulfate precipitation E.nd by filtering through a column 

Virology of DE 22 cellulose. A gamma globulin coating of 1pgprotein/ml and a conjugate dil, ion of 1/250 pro-Cowpea Aphid Borne Mosaic Virus vided the best results with infected cowpeas and 
In the past it has proven difficult to detect cowpea N.glutinosa. It was also possible to detect CuMV in 
aphid borne mosaic virus (CAbMV) in cowpeas by frozen tissues as well as in cowpea leaves, which were 
means ofSDS agar gel diffusion tests or ELISA (IITA, dried over calcium chloride. Using crude juice from

Annual Report for 1982). To provide a reliable, quick infected cowpeas, it was possible to detect the virus
 
method for identifying CAbMV, direct (double anti- up to dilutions varying between 1/625 and 1/3,125.

-body sandwich) ELISA was developed, using an G. Thottappillyand J. W.M. van Lent 

http:trial).Cu
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SAFGRAD Pr-oject 

Genetic Improvement 
Variety Trials 

In these trials a range of photoperiod sensitive and 
insensitive materials were evaluated that vary in 
plant type, maturity and seed characteristics. The 
first trial consisted of 28 photoperiod sensitive var-
ieties, all of which had rough seed coats. The trial 
was planted at Farako-Ba and Kamboinse (which 
represent the Guinea and Sudan savanna zones, 
respectively) in a randomized block design with four 
replications. The plots had four rows 4 m long, with 
interrow spacing of 75 cm. The most promising 
varieties were TVx 6486-36131-K, KVu 20-2, KVu 12-2, 
KVu 18-1 and TVx 6486-12B1-K, yields of which 
ranged from 1,137 kg/ha to 1,417 kg at Kamboinse 
and 798 to 1,111 kg at Farako-Ba. Although the best 
varieties did not differ from each other in yield, they 
did yield significantly more than the local check. 

The insensitive varieties were evaluated in ten 
trials: three advanced, -five preliminary and two 
international yield trials. 

Preliminary yield trials. Five trials, three con
sisting of medium and two of extra-early maturing 

lines, were conducted in Upper Volta. Two of the 
medium maturing variety trials-preliminary trials 3 
and 4-came from IITA and the third from Upper 
Volta. The yields of the trials from IITA (both con
ducted at Kamboinse) were generally low owing to 
drought stress. The trial from Upper Volta was 
conducted at three locations; the yields of the most 
promising lines are listed in Table 30. The yields at 
Pobe, which is in the Sahel, were very poor because of 
extremely low rainfall. At Loumbila, where there was 
more moisture, the lines performed satisfactorily. 
The highest yielding line was TVx 4659-13C-1K, 
which had an average yield of 1,277 kg/ha. 

Two preliminary yieid trials consisting of extra
early maturing varieties were received from IITA and 
evaluated at Loumbila. The performance of the most 

Table 29. Reaction of breeding lines to some important cowpea diseases, IITA, 1983 

Plant response 
to inoculation 

Preliminary trial I
 
ResistanL ............................................ 

Moderately resistant ................................... 

Susceptible .......................................... 


Preliminary trial II
 
Resistant ............................................ 

Moderately resistant .................................. 

Susceptible ...................................... 

Preliminary trial III
 
Resistant ............................................ 

Moderately resistant .................................. 

Susceptible .......................................... 


Preliminary trial IV
 
Resistant ............................................ 

Moderately resistant ..................................
 
Susceptible .......................................... 


Initial evaluation trial I
 
Resistant ............................................ 

Modero.tely resistant .................................. 

Susceptible .......................................... 


Initial evaluation trial II
 
Resistant ............................................ 

Moderately resistant .................................. 

Susceptible .......................................... 


Initial evaluation trial III
 
Resistant ............................................ 

Moderately resistant .................................. 

Susceptible ..........................................
 

Initial evaluation trial IV
 
Resistant ........................................... 

Moderately resistant ...................................
 
Susceptible ......................................... 


Disease frequency, % 
Cercospura Cercospora Bacterial Bacterial Web 

canesens cruenta pustule blight blight 

72 94 
11 6 
17 0 

81 87 
19 13 
0 '0 

78 C 1 
22 0 
0 11 

95 89 
5 11 
0 0 

81 80 
15 18 
4 2 

76 51 
16 29 
8 20 

54 53 
38 45 
8 2 

71 85 
19 4 

.10 J1,-

44 
17 
39 

39 
55 
6 

39 
33 
28 

82 
6 

12 

65 
23 
12 

31 
50 
19 

60 
33 

7 

44 
44 
12 

29 
50 
21 

68 
11 
21 

63 
26 
11 

53 
26 
21 

47 
30 
23 

67 
29 
4 

62 
30 
8 

36 
8 
6 

33 
53 
14 

96 
4 
0 

71 
27 
2 

43 
57 
0 

68 
30 
2 

26 
17 
57 

77 
21 
2 

93 
7 
0 
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Table 30. Performance of cowpea lines in a preliminary yield trial at various locations in Upper Volta, 1983 
Yield, kg/ha Days to 50% flowering

Variety Farako-Ba Loumbila Pobre Farako-Ba Loumbila Pobre 
KVu69. ........................ ........ .
 
KVu 72.... ...... ............. I.......... 

KVu 76................ .... .............. 

KVu 131 ............. ...... ..... 

KVu 150...... ................ .. .... 

KVu 77 .................. ................ 

TVx 4659-13C-1K ........................... 

IT 82E-60 ....... 

Local check ....... ............ ..... .....
 
Trial mean ................................. 

LSD (5%) ....................... .............. 

C.V.,% ............................... 


promising lines is given in Table 31. In trial 1 the 
highest yielding line was IT 82D-636, although its 
yield did not differ significantly from that ofTVx 3236. 
The best lines in trial 2 also performed.about as well 
as TVx 3236. 

Advanced yield trials. Three trials consisting of 
medium maturing lines were conducted: twoIITA were planted at Kamboinse and a third fromfrom 

Upper Volta at four locations. The best lines in trial 1 
were IT 81D-105, 81D-1039, 81D-1054, 81D-1063 and 
TVx 1948-012F, with yields ranging from 719 kg/ha to 
946 kg. The best performers in trial 2 were IT 81D-975, 
81D-1189-81, 81D-1137, 82D-716 and TVx 3236-5-2; 
their yields ranged from 658 kg/ha to 944 kg. The lines 
in trial 1 had smooth seed testae, and those in trial 2 
mainly had rough seed testae, the preferred type in 
Upper Volta. The yields and seed characteristics of 
the best lines in the trial from Upper Volta are 
presented in Table 32. The highest yielding line was 
KVx 30-309-6G, which averaged 27% more than the 
local check. The best lines were of the preferred seed 
color and size. 

International trials. Two trials from IITA weid 
planted at Loumbila, Upper Volta. International trial 
1 consisted of 10 extra-early maturing varieties, the 
yields of which are listed in Table 33. The yields of the 
best five varieties of the 20 medium maturing var-
ieties in trial 2 are also listed in Table 33. The lines 
generally performed well in both trials, particularly 
the early maturing one, owing to favorable rainfall. 

Regional trials. The objective of these trials was 
to test promising cowpea varieties from different 
national, regional and international programs in the 
semiarid environments of various SAFGRAD mem-
ber countries. In 1983 two regional cowpea variety
trials were conducted, the first consisting of 15 
medium maturing varieties contributed by national 
programs in Nigeria, Senegal, Niger, and Ethiopia 
and by IITA's programs in Nigeria and Upper Volta. 
Twenty-seven sets of this trial were sent to 16 coun
tries. The yields ,o. the 15 varieties in the trial 
conducted in Uppbl Volta are listced in Table 34. On 
the average over all locations, SUVITA-2, IT 82D-952 

1,031 
1;084 

1,633 
1,928 

344 
275 

40 
49 

35 
33 

39 
59 

1,076 1,328 498 46 40 40 
829 2,528 269 47 40 45 
7...74 2,378 276 53 50 59 
593 1,527 632 47 41 42 

1,339 2,156 336 47 39 43 
533 1,400 466 43 38 37 
728 1,606 296 46 35 58 
738 1,420 457 46 39 43 
298 630 225 2 9 8 

25 27 31 3 14 11 

and IT 81D-1137 were the best varieties. Yields at 
Kamboinse were low owing to drought at flowering. 

Twenty-five sets of the second trial, consisting
of nine early maturing varieties contributed by
Senegal, IITA and Upper Volta, were also sent to 16 
countries. The performance of the lines in Upper
Volta is shown in Table 34. On the average over allthree locations, TVx 4654-13C-1K was the best var

iety, yielding 1,436 kg/ha. IT 82E-18 and 82E-32 
yielded an average of 1,230 and 1,143 kg/ha, 
respectively.- V.D. Aggarwal and I. Drabo(Voltaic 
Instituteof AgriculturalandAnimal Research) 
Insect Resistance 

Bruchids. One objective of SAFGRAD's genetic
improvement work is to develop bruchid resistant 

Table 31. Results of IITA preliminary trials at 
Loumbila, Upper Volta, 1983 

Days to 50% 
Variety flowering Yield, kg/ha 

Trial 1 
IT 82D-636 ....................... 52 2,269
IT 82D.640....................... 40 2,084
 
IT 82D-641 ........................ 39 2,140
 
IT82D-654 ....................... 37 1,927
 
IT 82D-673 .............. 46 2,067
 
IT 82E-60 .................... 38 1,160
 
TVx 3236 ....................... 38 2,226
 
Trial mean .................. 39 1,657
 
LSD (5%) .................... 6 606
 
C.V.,% ......................... 12 26
 
Trial 2
 
IT 82D-871 ........................ 40 1,987
 
rT82D-872 ................... .. 42 1,824
 
IT82D-874. ................. 42 1,824
 
IT 82D-885 .................. 35 1,851
 
IT 82D-889 .................. 34 1,530
IT82E-60 .................... 38 1,360
TVx 3236 .................. .... 42 2,010
 

Trial mean ...................... 38 1,642 
LSD (5%)....................2 351 
C.V.,% 4 15 
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Table 32. Yield and seed characters of cowpea lines in an advanced trial at locations in Upper Volta, 1983
 

Cultivar 

KVx 30-309-6G ................................ 

KVx 30-124-9G ............................ 

KVx 30-230-2G .............. ..... 

KVx 30.523.2G .............................. 

KVx 30-470-3G .................. ............. 

KVx 30.305-3G ................ ................ 

UV-TVx 5050-02C-K ......................... 

Checks: 

SUVITA-2 .................................. 

KN-1 ...................................... 

TVx 3236 ................................ 


Trial mean ................................. 

LSD (5%) .................................. 

C.V., % .................................. 

'W = white, B = brown, T = tan, C= cream, R = rough and S -smooth. 

varieties that have good seed quality, high yields and 
wide adaptation. F4 progenies derived from crosses 
involving TVu 2027, Worthmore, KN-1 and Local 
Kamboinse were screened for bruchid resistance. In 
addition, lines selected in 1982 for bruchid resistance 
were evaluated for their agronomic performance. 

Two yield trials consisting of bruchid resistant 

lines were conducted at three locations in Upper 

Volta. The first trial had 144 lines planted in single-

row plots 4 m long and 1.5 m apart. Entries were 

arranged in a 12 x 12 simple lattice. The performance 


Table 33. Performance ofvarieties in international 

yield trials at Loumbila, Upper Volta, 1983 


Days to 50% 
Variety flowering 

Trial 1 

IT82E-77........................ 36 

IT82E-9 ......................... 34 

IT 82E-41 ........................ 35 

IT 82E-13 ...................... :. 39 

IT 82E-16 ........................ 39 

IT 82E-18..................... 38 

IT 82E-32 ........................ 39 

IT 82E-56 .................... ,... 35

IT 8213.60 .................. ...I....36
ITal e0................ ... 36 

Localcheck..................33 

Trial mean .................. 36 

LSD (5%).........................1 

C.V., % ......................... .2 

Trial 2 

IT 81D-1205-174 ................. . 43 

TVx 4654-44E .................... 42 

TVx 4659-03E .................... 44 
 , 
TVx 4677-88E ................ 44 

Localcheck ................... 35 


L c k3 

Trial mean ..................41 

LSD (5%) ............. .. ..... 2 

C. ...... ........ 3 


Yield, kg/ha 100-seed Seed color 
Farako-Ba Kamboinse Pobre Saouga weight, g and texturea 

Yield, kg/ha 

1,514 
1,663 
1,497 
2,428 
2,252 
1,906 
2,392 
1,441
1,4901,490 
1,477 
1,806 
454 

17
,program., .. 


1,042 1,369 1,288 

1,040 1,188 899 

1,035 920 1,464 

1,031 1,062 941 


873 9M9 1,553 

979 1,493 987 


1,094 776 680 


660 896 1,243 

680 637 1,129 

789 587 1,280 

908 960 1,025 

280 336 412 

22 25 28 


833 20 WR
 
708 25 WR
 
729 19 WR
 
698 27 WR
 
729 21 WR
 
646 27 WR
 
406 24 WR
 

771 20 BR
 
188 14 TS
 
560 1l CR
 
543
 
310
 

8
 

of the best 10 lines is shown in Table 35. All these lines
 
were derived from a single cross between TVu 2027
 
and SUVITA-2. Except for KVx 30-G156-6-9K, all the
 
lines had seed characteristics that are acceptable to
 
consumers in Upper Volta, and their level of re
sistance to bruchids was comparable to that of TVu 
2027. Some of the lines yielded as well as the 
high yielding checks. 

In the second yield trial (international trial 3 from 
IITA), nine bruchid resistant lines and a local check 
were evaluated at Loumbila in a randomized com
plete block design with four replications. The plots
 
had four rows 4 m long. As shown in Table 36,
 
the general performance of these lines was good;
 
IT 81D-985, 81D-988, 81D-994 and 81D-1064 yielded 
significantly more than the local check. With the 
exception of IT 81D-1064, the highest yielding lines 
are of good seed quality. 

Aphids. Resistant lines selected in 1982 were.
 
evaluated this year in a replicated yield trial consist
ing of 144 lines at Farako-Ba, Kamboinse and Pobre.
 
At each location the experimental design was a 12 x
 
12 simple lattice, and the plots were single rows 4 m
 
long and 1.5 m apart. As shown in Table 37, the most
 
promising ofthe lines yielded as well as the best check
 
variety. All 144 entries are currently being screened
 
for resistance to aphids under artificial infestation.
 
Those which are aphid resistant and high yielding 
will be selected for further use in the breeding 

Seven new crosses involving aphid and thrips

1,261 resistant lines, derived from the triple crosses (KN-1

1,221 X TVu 36) x TVx 3236 and (SUVITA-2 x TVu 36) x
 
1,081 TVx 3236 and the backcross KN-1 (KN-1 x TVu 36),

1,032 were made to incorporate aphid and thrips resistance
 
909 into lines with desirable seed and agronomic traits. 
9 Populations of each cross were screened for resist

941 ance to aphids and thrips under natural infestation. 
213 Selected plants will be evaluated in 1984. Progenies
.16 from double crosses involving bruchid, aphid and 

http:30.523.2G
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thrips resistant parents are also being evaluated for Table 34. Results of regional trials at three locations 
resistance to the three insects, in Upper Volta, 1983 

Thrips. Crosses involving two thrips resistant Yield, kg/ha 
lines, TVu 1509 and TVx 3236, were made to in- Kam. 
corporate thrips resistance into promising lines. Variety and origin Farako-Ba boinse Pobre 
The populations of each cross were screened in the Medium maturity 
field under natural infestation using a susceptible IAR 48, Nigeria ................ 1,023 687 721 
spreader line planted three weeks earlier. Plants that Mougne, Senegal ............... 1,044 661 598 
produced pods were harvested individually and will TN 88-63, Niger ................ 1,073 657 493 
be screened again in 1984.- V.D. Aggarwaland Y.S. White Wonder Tr., Ethiopia ..... 1,459 305 295 
Rathore SUVITA-2, IITA/Upper Volta .... 1,146 1,045 597 

TVx 3236, IITA/Upper Volta ..... 1,148 475 676 
Striga Resistance KN.1, IITA/Upper Volta ........ 1,123 504 363 

TVx 1999-01F, IITA/Upper Volta. 1,267 676 650Several segregating populations were screened for TVx 4262-09D, IITA/Upper Volta. 626 489 334
 
resistance to Striga gesnerioides; uninfested plants IT 81D.994, IITA/Nigeria ........ 1,292 446 18
 
were selected and will be reevaluated in 1984. IT 81D-1157, IITA/Nigeria ....... 1,209 680 568
 
Advanced striga resistant breeding lines selected last IT 81D-1137, IITA/Nigeria ....... 1,428 645 635
 
year were entered in a regional cowpea striga trial IT 81D-952, IITA/Nigeria ........ 1,000 624 850
and sent to five countries. At amoneterilws 1,228 13Kamboinse the trial was TVxLocal4659-03Echeck..........699.................. 64441 451
 

conducted in a striga sick plot. Two susceptible and ...................
 
two resistant varieties were used as checks. The Trial mean .................... 1,118 572 492
 
experimental design was a randomized complete LSD (5%) ..................... 352 294 208
 
block with three replications. C.V., % ....................... 22 36 30
 

The performance of the seven most promising lines Early maturity
 
is given in Table 38. Striga emergence was delayed in IT 82E-18, IITA/Nigeria ......... 1,100 1,844 746
 
the promising lines, and the percentage of striga IT 82E-32, IITA/Nigeria ......... 1,223 1,536 670
 
infestation in them was low. Their yield was compar- IT 82E-32, IITA/Nigeria ......... 751 1,100 583
 
able to that of the resistant varieties. Although the IT 82E.60, IITA/Nigeria ......... 685 1,315 479
percentage ofstriga emergence in TN 88-63 was high, IT 82E-70, IITA/Nigeria ......... 762 1,459 629
Bambey-21, Senegal ............ 734 1,261 529 
this was not reflected in the yield, suggesting that this KVu 69, Upper Volta .... : ...... 903 1,513 935 
variety is tolerant to striga. TVx 4659-13C-1K, Upper Volta... 1,221 2,071 1,015

The inheritance of resistance to striga was studied Local check ................... 582 1,330 80
 
in F1 , F2 , BC 1 and BC segregating populations from Trial mean....................885 1,492 630
 
a cross between Kaya Local and SUVITA-2 and in LSD (5%) .................... 399 377 146
 
parental material. The experiment was planted in a C.V., % ....................... 3 17 16
 

Table 35. Performance of bruchid resistant cowpea lines at various l3cations in Upper Volta, 1983 
Seed Percent 

Days to 50% flowering Grain yield, kg/ha color bruchid 

Cultivar FarakoBa 
Kam-

boinse Pobre Farako-Ba 
Kam-

boinse Pobre 
100-seed 

weight, g 
and 

texture 
resistance 
at 60 DAI a 

KVx 30-G183-3.5K ......... 
KVx 30-G467-5-10K ........ 
KVx 30-G467-5-11K ........ 
KVx 30-G156-6.9K ......... 
KVx 30-G156-9-3K ......... 
KVx 30-G200-1-2K ......... 

55 
51 
52 
55 
51 
52 

47 
45 
44 
49 
46 
43 

49 
45 
46 
47 
50 
46 

593 
726 

1,073 
960 
943 
877 

820 
840 
798 
790 

1,118 
811 

962 
625 
817 
911 
603 
728 

25 
27 
27 
24 
28 
28 

BR 
BR 
BR 
TS 
BR 
BR 

92.5 
95.0 
82.5 
80.0 
85.0 
80.0 

KVx 30-G200-1-3K ......... 
KVx 30-G246-2-5K ......... 
KVx 30-G172-1.6K .......... 
KVx 30-G194-2-1K .......... 

51 
53 
51 
54 

45 
46 
46 
47 

46 
45 

,45 
48 

885 
752 

1,031 
806 

716 
834 
681 

.799 

1,175 
423 
616 
670 

23 
25 
30 
29 

BR 
BR 

WR 
WR 

80.0 
87.5 
72.5 
75.0 

Check varieties: 
TVu 2027 ................. 70 73 55 0 64 0 29 WR 90.0 
SUVITA-2 ................ 
KN-1 .................... 
TVx 3236 ................. 

50 
49 
50 

46 
44 
45 

45 
44 

440 

706 
806 
710 

772 
505 
797 

691 
636 
920 

20 
14 
11 

BR 
TS 
CR 

0 
0 
0 

Trial mean ............... 53 46 47 789 787 518 
C.V., % ........................ 4 8 4 24 24 42 
Note: W= white, B = brown. R = rough, T tan, S = smooth and C cream. aDAI = days afti -infestation. 
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Table 36. Performance of bruchid resistant cowpea 
lines in IITA international yield trial 3 at 
Loumbila, Upper Volta, 1983 

Days 
to 50% Yield, 

Cultivar flowering kg/ha 
IT81D-985 ............ 53 2,557 

IT 81D-988 ............ 52 2,197 

IT81D-994 ............ 54 2,301 

IT 81D.1007 ........... 39 1,980 

IT81D-1020 ........... 42 1,977 

IT 81D.1032 ........... 41 1,861 

IT81D-1064 ........... 40 2,217 

IT 81D-1137 .......... 39 1,821 

IT 81D-1157 ........... 44 1,785 

Local check ........... 34 1,547 


Trial mean ............ 44 2,024 

LSD (5%) ............. 1 404 

C.V.,% ............... 2 14 


Seed 
100-seed color and 

weight, g texturea 
23 WR 
25 WR 
24 WR 
13 rS 
14 rS 
19 rS 
20 rS 
21 WR 
18 BS 
11 BS 

.W = white, R = rough, r = red, S = smooth and B = brown. 

striga sick plot. The segregation pattern was at 
variance with results reported in the 1982 IITA 
Annual Report. So, the study will be repeated next 
year with a more refined screening technique.- V.D. 
AggarwalandN. Muleba 

Entomology 
On-farm Evaluation of Cowpeas 

A trial consisting ofTVu 1509, TVu 2870 and TVx 3236 
(which have shown resistance to flower thrips), and 
two susceptible checks, KN-1 and Ife Brown, was 
conducted in a farmer's field near Kamboinse, Upper 
Volta, to determine the extent to which resistant 
varieties will suppress thrips under farmers' con-

ditions. Maruca testulalis and pod sucking bugs were 
controlled with selective insecticides that had no 
effect on thrips. 

The population of thrips in racemes did not differ 
significantly between test cultivars, contrary to the 
results obtained in 1982, when TVu 1509 had signi
ficantly fewer thrips than TVx 3236 and the suscep
tible checks. TVu 1509 and TVx 3236 had significantly 
fewer thrips than KN-1, but there was no difference 
between TVu 2870 and IHe Brown (Table 39). TVx 3236 
had the highest yield, but there were no significant 
differences between the resistant lines. 

New elite materials that have shown reduced 
damage by thrips at were in anhbadan planted 

unreplicated trial in a farmer's field near Kamboinse 
to see how they respond to thrips in Upper Volta. 
Maruca bugs were controlled with Bacillus thur
ingiensis and pod sucking bugs with endosulfan. 
TVu 6863 and TVu 7376 had fewer thrips in the 
racemes and flowers than the standard thrips resist
ant variety, TVx 3236, and the susceptible checks. 
TVu 4544 and TVu 4548 were the top yielders, despite 
their higher thrips population, indicating that they 
may have some thrips tolerance. 

Testing for Maruca Resistance 

Lines that showed some resistance to AMaruca testu
lalis in 1981 and 1982 were tested again this year. 
Flower thrips and pod sucking bugs were controlled 
with two applications of monocrotophos, one at the 
raceme initiation stage and another at the pod for
mation stage. Because of its early maturity, TVu 946 
was planted twice, once with the other varieties and 
again 10 days later. The second planting of TVu 946 is 
not included in this discussion because it escaped 
maruca infestation. 

Table 37. Performance of aphid resistant cowpea lines in Upper Volta, 1983 
Yield, kg/ha 100-seed Seed color 

Cultivar Farako-Ba Kamboinse Pobre weight, g and texture a 

KVx 145-5-1 ..................................... 

KVx 145-99-1 .................................... 

KVx i 45-27-4 .................................... 

KVx 145-34-1 .................................... 

KVx 165-28-3 .................................... 

KVx 165-39-1 .................................... 

KVx 146-13-3 .................................... 

KVx 146-14-3 .................................... 

KVx 146-12-1 .......... ....................... 

KVx 146-21-3. ................. ... 

KVx 146-27-4........................ .....

KVx 146-53-2................................ 


Check varieties:
 
TVx 6484-51B1-K .............................. 

SUVITA-2 ...................................... 

KN I .......................................... 

TVx 3236 ....................................... 

Trial mean ................................... 

C.V.,% ................... ....... 
aW = white, B = brown, R = rough, S = smooth, C= cream and T 

1,006 1,657 741 15 BR 
1,244 1,627 831 12 BS 

743 1,244 993 17 BS 
685 1,175 1,160 14 BS 
639 1,597 851 13 BS 
760 1,331 846 13 BS 
672 1,671 957 17 BR 
576 1,298 889 15 BR 
793 1,450 1,168 19 BS 
593 1,060 1,333 18 BS 
689

772 
1,721
1,440 

995
1,151 

11
18 

WR
BS 

305 333 157 17 WR 
856 1,236 1,450 20 BR 
480 1,268 763 14 TS 
902 1,116 1,144 11 CR 
687 1,136 853 

25 29 25 
tian. 
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TVx 3236 had the fewest larvae in flowers and KN-1 Table 38. Performance of lines in a regional cowpea
the most. Neither variety, however, was significantly striga trial at Kamboinse, Upper Volta, 1983 
different from Kamboinse Local, TVu 946 and VITA-5. Days to 
The percentage of infested pods was significantly Days first Percent 
lower in Kamboinse Local than in any other cultivar, to 50% striga striga Yield,
The greatest seed damage was observed in the suscep- Line flowering emergence emergence kg/ha
tible check KN-1. This year no difference was found KVx 30-141-1G ..... 45 128 1.0 1,469
between the performance of TVu 946 and that of KVx30-166-3G ..... 44 171 a 0 1,408
Kamboinse Local, whereas they differed significantly KVx 30-183-3G ..... 44 171 a 0 1,567
in 1982. KVx 30.199-4G ..... 46 35 11.0 1,397

Although Kamboinse Local has some resistance to KVx 30-312-3G ..... 44 35 7.7 1,289 
maruca, it had 67% pod infestation by Spodoptera KVx 30-323-1G ..... 46 36 10.3 1,266 
littoralis and appears highly susceptible to this KVx 30-403-1G ..... 44 126 2.7 1,247 
species. Grain yield was significantly higher in Checks: 
TVx 3236 than in VITA-5 and SUVITA-2 and lowest Mougne .......... 40 30 87.3 926
 
in Kamboinse Local. Drought at flowering reduced TN 88.63 ......... 41 30 82.3 1,322
 
yields, affecting KN-1, SUVITA-2, VITA-5 and 58-57 ............. 42 128 1.0 1,229
 
Kamboinse Local severely.- Y.S. Rathore SUVITA-2 ........ 43 171a 0 1,486
 

Trial mean ........ 45 91 22.2 1,212
Cultural Control of Thrips LSD (5%) ......... 2 57.6 17.4 370
 
This experiment has been conducted twice before to C.V., %........... 2 37 19
 
determine the effect of intercropping on thrips popu- 'Striga did not emerge; this figure is the number of days from 
lation and grain yield. Intercropping seemed to planting to 31 December. 
provide no protection from thrips, and the yield
results were inconclusive. In those experiments Table 39. Thrips numbers and cowpea yield in a 
insects other than thrips were controlled with selec- farmer's field at Sakoula, Upper Volta, 1983 
tive insecticides. The trial was carried out again this Thrips Thrips 
year with no pest protection and minimum pro- Cultivar per raceme a per flowerb Yield, kg/ha

tection. For minimum protection two applications of
 
insecticide were made, one of decamethrin at the KN-1r.............. 22.94 121.10 359.46
 
raceme initiation stage and another of endosulfan at TVu 1509 ............ 24.62 76.40 647.00
 
the pod formation stage. Monocropped cowpeas had a TVu 2870 ............ 22.60 97.92 587.44
 
plant density of 66,666 per hectare, and intercropped TVx 3236 ............ 19.06 75.28 729.56
 
cowpeas had two densities: 33,333 cowpea and 26,666 Mean.............23.36 94.40 547.16
 
sorghum plants per hectare (DI) and 50,000 cowpea LSD (5%) ........... n.s. 18.57 245.54
 
and 40,000 sorghum plants per hectare (D2). C.V., %............. 29.93
 

As one might expect, more thrips were found in the 
r'acemes of unprotected plants than in the protected 'Total ofeight samples. bTotal ofsix samples. 
ones. But there was no significant difference in thrips
and maruca counts in flowers, suggesting a rapid Table 40. Reaction of cowpea cultivars to thrips and 
buildup of the thrips population between sprays. Nor maruca in a sorghum/cowpea intercropping 
was there a difference in thrips counts in racemes trial at Kamboinse, Upper Volta, 1983 
between the two varieties, although KN-1 had more Thrips Thrips Maruca 
thrips and maruca in the flowers (Table 40). Thrips Cultivar per raceme" per flowerb per flowerc 
counts in racemes are most important because that is TVx 3236 ............. 8.94 25.31 1.14 
where they do the greatest damage. KN-1................. 10.38 36.04 1.72 

Between monocropped and intercropped cowpeas, Note The effect of cultivar was signii. ut for all varieties. 
no significant difference was observed in thrips in the 'Total ofeight samples. 1 rotal ofseven samples. CTotal of six 
racemes. Fewer thrips were found in the flowers of D2 samples.
intercropped cowpeas than in monocropped cowpeas. 
The reason fewer were recorded in D2 may have been 
that the high plant density made them less con- Treated plots had significantly more flowers than 
centrated. There was no significant difference in the untreated ones, and monocropped cowpeas that were 
population of thrips between the D1 intercropped sprayed produced more flowers than either of the two 
cowpeas and monocropped cowpeas, confirming the intercropping systems, which did not differ signi
results of the past two years. The populations of pod ficantly from each other. With spraying the three 
sucking bugs were significantly higher in mono- cropping systems produced about the same number of 
cropped than in intercropped plots, regardless of the flowers. 
plant density. We do not know, however, whether Although yields were generally low this year,
the populations were actually reduced or simply insecticide spraying significantly increased the yield
redistributed. of both cultivars in all cropping systems (Table 41). 

http:Mean.............23
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Only the yield of TVx 3236 increased significantly in 
both intercropping systems with no protection. The 
yield difference between sprayed and unsprayed TVx 
3236 in the D2 intercropping system was not signi
ficant. The results suggest that TVx 3236 will perform 
reasonably well when intercropped with sorghum. 
Intercropping appears to lessen the insect pest 
pressure on cowpeas. This and the partial resistance 
of TVx 3236 to flower thrips probably account for its 
superior performance. 

KVu-69 gave the maximum grain yield (381 kg/h). 
Among the extra early varieties, IT 82E-9 (191.2 kg/h), 
IT 8E-16 (148.4) and IT 8E-18 (154.1) produced reason
able yields.-Y.S. Rathoreand N. Muleba 

Insect Surveys 

Field and light-trap observations made in the last two 

years have shown that late planted and late maturing 
varieties suffer more from Spodoptera littoralisthan 
early planted, early maturing ones. To confirm these 
results, a blacklight trap was operated all year to 
monitor adult populations ofthe insect. The results of 
the last two years have shown that the insect is 
present year-round and most active from mid-August 
to the end of December. 

The results for 1983, shown in Figure 5, indicate 
that the pest was active from January to March and 
during the last half of the year. As suspected, its most 
active period was August to December, during which 
at least three generations were completed. 

Regional Trials 

Nine elite cowpea lines that had performed well 
gthe past three years at different semiarid

during the st oreaatifrer mini-
locations were selected for evaluation- under mini-

mum insecticide protection in Niger, Senegal, 
Gambia, Togo, Benin and Upper Volta. Two in-
secticide applications were made, one of decamethrin 
at the raceme initiation stage and another of en
dosulfan at the pod formation stage. At the time of 
this writing, results were available only from Niger 
and Upper Volta (Table 42). According to data from 
Niger, the local check, TN 5-78 (1,413.3 kg/h), 

Table 41. Cowpea yield in sorghum/cowpea inter-
cropping, Kamboinse, Upper Volta, 1983 

Treatment TVx 3236 KN-1 
Monocropped cowpeas kg/ha 

No spraying .................... 14 g 2 g 

Two sprayings .................. 893a 343bc 

Intercrop D1a 
No spraying .................... 165 ef 39 fg 

Two sprayings .................. 468 b 242 cde 

Intercrop D2b 
No spraying .................... 198 de 36 fg 

Two sprayings .................. 334 bcd 274 cde 


Note: Means followed by the same letter are not significantly 
different from each other at the 5% probability level. 

'Plant density ofcowpeas was 33,333 and that of sorghum 26,666.
Plant density ofcowpeas was 50,000 and that of sorghum 40,000. 

Number of adults trapped 

3 
30 
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10 

-
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Figure 5. Numbers of S. littoralis in a blacklight trap, 
Kamboinse, Upper Volta, 1983. 

SUVITA-2 (1,230.8) and TN 88-63 (1,202.1) gave signi
ficantly higher yields than the other lines. 

At Kamboinse IAR-48 gave the best yield, but most 
other varieties yielded reasonably well compared to 
the local check. The results from the two locations 
indicate that among the improved materials 
SUVITA-2 gave maximum yields that were not signi
ficantly different from those of TN 88-63, IAR-48 and 
TVx 3236.-Y.S. Rathore 

Agronomy 
The objectives of SAFGRAD's agronomy research 
are to identify problems in cowpea production and
develop new production technologies for achieving
maximum economic yields in the \frican semiarid 

y 
zone, a vast area that includ 25 countries. 

Maize/Cowpea Relay Cropping 

Research on maize/cowpea relay cropping is intended 
to help farmers make better use of scarce moisture 
and inputs by obtaining a full yield of maize and 
cowpeas on the same land in the same growing 
season. An experiment was conducted at Farako-Ba 
in the northern Guinea savanna to evaluate cowpea
cultivars of two plant types (photoperiod sensitive
and insensitive) in a relay cropping system with 

maize. Maize cultivar SAFITA-2 (90 days to maturity) 
was planted on 30 June at 0.75-m row spacing with 
0.25 m between hills in each row. Maize plants 
received NPK at planting and N one month after 
planting during the rapid growth stage of maize. 

Seven cowpea cultivars, ofwhich four (Kaya Local, 

Logofrousso Local, Cuahigouya Local and IAR 1696) 
are photoperiod sensitive and three (KN-1, TVx 3236 
and VITA-5) are insensitive, were planted at two 
dates, 29 July and 6 September, in solid rows alternating with maize rows. The spacing was 0.75 in between 

rows and 0.20 m between hills in each row. Cowpeas 
were not fertilized but were sprayed twice during the 
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growing season. The experiment had a split plot between maize cultivars; the average maize yield was 
design, with cowpea cultivars as main treatments and reduced by 12%, compared to relay cropping with 
planting dates as subtreatments, and was replicated TVx 3236, a significant difference. The yield decrease 
four times. can be attributed to overcrowding under drought

Cowpea cultivars, planting dates and their in- conditions. Drought may also have reduced the 
teraction had no significant effect on physiological growth duration of SAFITA-102 and IRAT-178. 
and vegetative traits of maize. Cowpea planting date Cowpea grain yield was highly significantly affec
did have a significant effect on maize yield, however, ted by maize cultivars, cowpea cultivars and the 
With cowpeas planted on 29 July, maize yielded 3,559 interaction between maize and cowpea cultivars and 
kg/ha, compared to 3,886 kg/ha with cowpeas planted significantly affected by row spacing. Because the 
on 6 September. This 8% yield reduction can be attri- rains ceased in mid-September, TVx 3236 (which was 
buted to early cessation of rains in mid-September, planted on 9 September) failed to set pods and pro
when maize was just entering the grain filling stage. duced no yield. Therefore, the effect of maize cul-
The effects ofmoisture stress may have been worsened tivars on relay cropped cowpeas is judged here from 
by competition between maize and cowpeas planted the reaction ofthe cultivar Logofrousso Local. Maize 
on 29 July. Since cowpeas planted on 6 September cultivars Jaune de Fo and IRAT-178 significantly 
were affected by drought, they competed only very depressed the yield of Logofrousso Local, as com
little with maize plants. pared to maize cultivar SAFITA-2. SAFITA-102 was 

Cowpea grain yield and time of floweri..g were intermediate between SAFITA-2 and Jaune de Fo. 
significantly affected by cowpea cultivars, planting Since SAFITA-2 was significantly different from the 
dates and their interaction (Table 43). Of the cul- other three cultivars in most physiological and 
tivars planted on 29 July, the ones that flowered morphological traits, its tendency to compete less 
earlier gave high grain yields; late flowering cul- with cowpeas can be attributed to its earliness, short 
tivars and all cultivars planted on 6 September gave plant stature and lower leaf area index. However, 
negligible yields because of drought and foliar thrips 
damage. The advantage of photoperiod sensitive over 
insensitive cultivars in this cropping system, ob- Table 42. Grain yield of cowpeas under minimum 
served in 1981 and 1982, could not be verified this protection from insect pests, 1983 
year. The results did clearly demonstrate, however, Yield, kg/ha 
the appropriateness of planting cowpeas under maize Kamboinse, Maradi, 
one month after maize planting. This practice has Cultivar Upper Volta Niger Mean 
only a minor effect on maize yield and enables cow- Bambey 21 .................. 609.6 105.9 357.8
 
peas to escape drought and give acceptable yields. LAR-48 ..................... 1,171.5 510.8 841.2
 
The findings of this year and 1982 also underline the IT 82E-60 ................... 579.9 166.7 373.3
 
importance of using early photoperiod sensitive KN-1 ....................... 815.2 541.3 678.3
 
cowpeas in maize/cowpea relay cropping. Mougne .................... 906.5 462.1 684.3
 

A second experiment tested the effects of maize SUVITA-2 .................. 758.7 1,230.8 994.8
 
cultivars, with different maturity periods and row TN 88-63 .................... 752.0 1,202.1 977.1
 
spacings, on the performance of relay-cropped cow- TVx 1999-01F ................ 964.1 355.0 659.6
 
peas. Two early (90 days to maturity) maize cultivars, TVx 3236 ................... 920.1 664.6 792.4
pa.Local checka ............... 205.9 1,413.3 809.6 
SAFITA-2 and Jaune de Fo, and two medium matur
ing (105 days to maturity) maize cultivars, SAFITA- Mean ...................... 768.4 665.3 716.8 
102 and IRAT-178, were planted on 29 June at Farako- LSD (5%) ................... 177.7 251.3 
Ba at two row spacings (0.75 x 0.25 m and 1 x 0.25 m). C.V.,% ..................... 15.9 26.0 
Two cowpea cultivars, Logofrousso Local (photo- 'Local checks were Kamboinse Local in Upper Volta and TN 5-78 
period sensitive) and TVx 3236 (insensitive) were inNiger. 
planted under maize on 29 July and 9 September, 
respectively. The experiment had a split plot design, Table 43. Yield and flowering time of cowpeas in a 
with maize cultivars as main treatments and a fac- maize/cowpea relay-cropping system,
torial combination of two row spacings and two Farako-Ba, Upper Volta, 1983 
cowpea cultivars as subtreatments, and was repli- Grain yield, Days to 
cated four times. The agronomic practices were as kg/ha 50% flowering 
described in the relay cropping experiment discussed 6Sep- 6 Sep
above. Cultivar 29 July tember 29 July tenber 

Maize yield was significantly affected only by Kaya Local ........... 450 0 60 44 
cowpea cultivars. SAFITA-102 yielded about as much Logofrousso Local ..... 78 0 70 98 
as SAFITA-2 and IRAT-178, but significantly more Ouahigouya Local ..... 451 0 53 45 
than Jaune de Fo when relay cropped with TVx 3236 IAR 1696 ............. 120 0 77 116 
cowpeas. When maize was relay cropped with Logo- KN-1 ................ 365 0 45 62 
frousso Local (which was planted one month after TVx 3236 ............. 510 0 45 62 
maize), there were no significant differences in yield VITA-5 ............... 489 0 45 45 
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even though SAFITA-102 and IRAT-178 flowered and 
matured at the same time and had about the same 
height and leaf area index, they tended to depress the 
yield of relay-cropped cowpeas to different degrees. 
This suggests that more factors than plant height and 
leaf area index (for instance, competition at the root 
system for soil moisture and plant nutrients) may be 
involved in competition between maize and cowpeas 
during the overlap period in relay cropping. 

The reduction of cowpea yield by tall, medium 
maturing maize cultivars in this experiment agrees 
with 1981 and 1982 results. From the experimental 
results, it can be concluded that: (1)maize growers in 
the northern Guinea savanna will make better use of 
scarce available moisture and inputs by relay crop-
ping cowpeas and maize; (2) the optimum time for 
planting cowpeas under maize is one month after 
maize planting; (3) delaying cowpea planting up to 
one week after 50% maize silking may reduce cowpea 
yields, especially during years when rains end in 
early to mid-September; (4) high yielding, short, less 
leafy early maturing maize cultivars appear more 
suitable for maize/cowpea relay cropping than tall, 
more leafy medium maturing ones. 

An experiment was carried out at Loumbila to 
determine if it is possible to introduce maize/cowpea 
relay cropping in the Sudan savanna. Maize cultivar 
SAFITA-2 was planted on 24 June under three seed-
bed preparation methods: (1)planting on flat beds; (2) 
planting on flat beds, followed by earthing-up to make 
ridges and tying ridges three weeks after maize 
planting; and (3) planting on tied ridges. The spacing 
in maize was 0.75 m between rows and 0.25 m between 
hills in each row. Two photoperiod sensitive cultiva-es 
(Kamboinse Local Noir and Ouahigouya Local) and 
two insensitive ones (TVx 3236 and SUVITA-2) were 
planted in solid rows alternating with maite rows on 
18 July and 23 August. The spacing was 0.75 m 
between rows and 0.20 m between hills in rows. The 
experimental design was a split plot, with a factorial 
combination ofthree seedbed preparation methods as 
main treatments and cowpea planting dates as sub-
treatments. All agronomic practices were as described 
in the preceding experiments, except that the crop 
was sprayed three times to control insects, 

Cowpea yield was significantly affected by seedbed 
preparation method and by time of cowpea planting. 
Cowpeas planted on 18 July yielded 198 kg/ha and 
those planted on 23 August produced 47 kg/ha. 
Planting on flat beds, followed by earthing up and 
tying ridges three weeks after maize planting, and 
planting on tied ridges did not differ significantly in 
their effect on cowpea yield, but both were signi-
ficantly better than planting on flat beds. The tend-
ency of tied ridges to reduce cowpea yield, compared 
to planting on flat beds, followed by earthing up and 
tying ridges, can be attributed to the large leaf area 
index this treatment caused in maize. Heavy shading 
by maize may have impeded the growth of cowpeas. 
As observed in 1982, cowpea yields in maize/cowpea 
relay cropping in the Sudan savanna are low and 

probably do not justify the cost of spraying. 
Management practices that keep maize yields at an 
acceptable level, while reducing maize leaf area and 
plant population, would stimulate growth and yield 
of relay cropped cowpeas and should be investigated. 

Date of Planting 
Experiments were conducted to determine the op
timum planting date and identify environmental 
factors (drought,diseases and parasites other than in
sect pests) that limit cowpea yields. Six photoperiod 
insensitive cultivars were tested at four planting 
dates at Farako-Ba (northern Guinea savanna) and 
Kamboinse (Sudan savanna) and at three planting 
dates at Pobe/Djibo (Sahel savanna). Similar experi
ments involving five photoperiod sensitive cultivars 
and one insensitive one and four photoperiod sen
sitive and two insensitive cultivars were also estab
lished at Farako-Ba and Kamboinse, respectively. 
The experimental design was a split plot, with plant
ing dates as main treatments and cultivars as sub
treatments The experiments were replicated four 
times. All plots received P.,O, as superphosphate 
and two insecticide treatments, except the photo
period sensitive axperiment at Kamboinse, which 
was sprayed three times. 

In the experiment at Pobe/Djibo, yields ofIT 82E-60 
and KVu-55 (extra-early maturing varieties from 
southwestern Nigeria and southwestern Upper 
Volta, respectively) were not significantly affected by 
planting dates, and were the lowest of all cultivars at 
the first planting date (Table 44). The yield of the 
other cultivars tended to decrease with late planting,
losing an average of 14 kg/ha for each day planting 
was delayed. TVx 3236, which was developed in 
southwestern Nigeria, tended to yield better than 
SUVITA-2, TN 88-63 and 5857, which come from dry 
areas. 

At Kamboinse an average of 20 kg/ha of grain was 
lost by photoperiod insensitive cowpeas for each 
day planting was delayed. The extra-early cultivars 
IT 82E-70 and KVu-55 yielded about as much as KN-1 
at all planting dates except 27 July (Table 45). When 
planted after 4 July, those two cultivars dropped 
drastically in yield. The yield of TVx 3236 was 
significantly greater than that of KN-1 at all planting 
dates except 12 August. SUVITA-2 yielded poorly 
when planted on the first two dates, which were more 
rainy than the last two, but it was the only cultivar 
whose yield did not drop nearly to zero at the last 
planting date. Its reaction to planting date illustrates 
its greater tolerance of dry than rainy conditions. 

Grain yields of the photoperiod sensitive cultivars 
tested at Kamboinse are listed in Table 46. Compared 
to the two photoperiod insensitive checks (SUVITA-2 
and KN-1),the yield of the best photoperiod sensitive 
cultivar (Ouahigouya Local) was much lower than 
that of the best insensitive cultivar (TVx 3236), 
especially at the first three planting dates (Tables 45 
and 46). The yield of the other photoperiod sensitive 
cultivars was negligible at all planting dates. With 
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Table 44. Yield and flowering time of cowpeas at Pobe/Djibo, Upper Volta, 1983 

Cultivar 
TVx 3236 ........................................... 

SUVITA.2 .......................................... 

TN 88-63 ............................... .............. 

IT82E.60 ........................................... 

5857 ................................................ 

KVu55............................................. 

JD = Julian days. 

Time of flowering, JDa 

Grain yield, kg/ha 22 June 7 July 16 July
22 June 7 July 16 July (173 JD) (188 JD) (197 JD) 

992 779 707 234 236 239 
953 639 629 236 237 243 
782 566 532 237 238 241 
202 295 321 237 237 238 
951 623 519 233 236 239 
257 509 406 230 232 235 

Table 45. Performance of photoperiod insensitive cowpeas, Kamboinse, Upper Volta, 1983 
Time of flowering, Julinn days

Grain yield, kg/ha 16 June 4July 27 July 12 August
Cultivar 16 June 4 July 
TVx 3236 ........................ 1,760 1,841 
SUVITA-2 ........................ 
TN88-63 ........................... 
KN-1 .............................. 
IT 82E-70 .......................... 
KVu-55 ............................ 

993 
1,957 
1,011 
1,199 
1,307 

1,071 
1,451 
1,190 
1,374 
1,000 

the exception of Ouahigouya Local, all photoperiod 
sensitive cultivars tended to fail to flower, 

For three consecutive years Kaya Local, 
Kamboinse Local Noir and Kamboinse Local Rouge 
have failed to give acceptable yields. Although they
originated in the Sudan savanna, they are no longer
adapted to this climatic zone, in which the growing 
season has shortened by about one month in the last 
5 to 10 years. From these results it can be concluded 
that in this zone planting adapted photoperiod in-
sensitive cultivars before mid-July is conducive to 
high yields and that planting insensitive cultivars 
after the end ofJuly or planting long-duration photo-
period sensitive cultivars can drastically reduce 
yields. 

In general, yields at Farako-Ba were much lower 
this year than in previous years probably because the 
rains ceased early, shortening the growing season 
(Table 47). On the average, photoperiod insensitive 
cowpeas lost 11 kg/ha grain for each day planting was 
delayed. The early cultivars tended to yield less than 
medium maturing cultivars at the first three planting
dates. KN-1 and TVx 1999-01F yielded significantly 
more than the other cultivars only when planted on 
15 June. A long growing season enabled them to give
several flushes of flowering, which permitted more 
than three harvests. 

The check photoperiod insensitive cultivar KN-1 
yielded significantly more than any other cultivar 
when planted on 15 June (Table 47). At the three 
other planting dates, it yielded about as much as 
Ouahigouya Local. The late flowering cultivars 
Logofrousso Local and IAR 1696 were among the 
lowest yielding cultivars at all planting dates. These 
results agree with 1982 observations for IAR 1696 but 
not for Logofrousso Local. The low yield of IAR 1696 

27 July 12 August (167 JD) (185 JD) (208 JD) (224 JD) 
1,293 347 207 228 253 269 

993 
1,113 

479 
460 

212 
209 

230 
228 

255 
252 

269 
265 

811 0 210 229 251 267 
197 166 204 223 245 264 
441 252 208 225 251 265 

can be attributed to drought. Flowering of photo
period sensitive cultivars was not impeded by drought, 
as was the case in the Sudan savanna. This could be 
related to the relatively low air temperature and good 
water infiltration rate and water holding capacity of 
the soil in the northern Guinea savanna. 

From these results and 1982 observations, it can be 
concluded that in the northern Guinea savanna: (1)
planting cowpeas earlier than mid-July is a pre
requisite to high yield; (2)medium maturing photo
period insensitive cultivars appear to be more adapted
than the very early ones, especially when phnted
before mid-July; (3)some early maturing photoperiod 
sensitive cultivars such as Ouahigouya Local yield
about as well as improved insensitive ones, especially
when not planted very early in the growing season; 
(4) planting late maturing photoperiod sensitive cul
tivars could reduce yields drastically, particularly in 
years when the rains end early; and (5) when planted 
early, photoperiod sensitive cowpeas provide better 
ground cover than the nonsensitive ones. 

Table 46. Grain yield of photoperiod sensitive 
cowpeas, Kamboinse, Upper Volta, 1983 

Dates of planting 
Cultivar 16 June 4July 27 July 12 Aug. 

kg/ha
Ouahigouya Local... 343 312 540 0 
Kaya Local ......... 27 23 19 0 
Kamboinse Local 

Noir ............. 0 0 0 0 
SUVITA-2 .......... 554 454 681 0 
Kamboinse Local 

Rouge ............ 56 51 40 0
 
Kn.1 ............... 616 473 3 0
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Striga Resistance 

A study on resistance to Striga gesnerioides was 
repeated this year to gather information on striga's 
emergence date and density and to examine their 
relation to cowpea yield. The study was conducted at 
Kamboinse in a strigh sick plot that was artificially 
reinfested at the time of planting. The experiment
included six cowpea cultivars and three planting 

dates in a split plot design, with planting dates as 
main treatments and cowpea cultivars as subtreat-
ments. The agronomic practices were the same as for 
the planting date experiments, except that cowpeas 
were sprayed with insecticide four times at 10-day 
intervals, beginning with floral bud initiation. 

SUVITA-2 yielded significantly more than any 
other cultivar at the first two planting dates. When 
planted at the last date, it yielded as much as all 
cultivars, except Kaya Local and Kamboinse Local 
Noir. Since it was free of striga, its yield decline with 
delayed planting must reflect drought. All the other 
cultivars were equally infested by striga (Table 48), 
and striga plants emerged at about the same time at 
each planting date. Striga density increased with 
early planting, and so did striga damage to flowering 
and yield, except in the case of KN-1 (Table 49).

KN-1 was the only photoperiod insensitive cultivar 
tested. Striga emerged slightly before this cultivar 
flowered, so it sustained little flower damage. The 
drastic decline in yield of KN-1 when planted on 18 
July and 12 August can be attributed more to its high 
sensitivity to drought than to striga damage. 

KN-1 failed to delay striga emergence as observed 
in 1982. Moreover, none of the susceptible cultivars 
flowered before striga emergence. With these ex-
ceptions the results agree in general with the 1982 
finding that cultivars flowering close to striga 
emergence yield better than those flowering long 
after striga emergence. Thus, in the absence of resist-
ance, early flowering may be critical in limiting 
striga damage.-N. Muleba 

Table 47. Grain yield ofcowpeas, Farako-Ba, Upper 
Volta, 1983 

Date of planting
Dat5Jue o pula29cowpea

Cultivar 15 June 7 July 29 July 16 Aug. 

Photoperiod insensitive kg/ha

TVx 3236 ............ 1,266 1,054 1,116 362 

TVx 1999-01F ........ 1,700 1,113 1,034 389 

KN-1 ............... 1,728 1,183 994 456 

Dembo Local ........ 606 550 585 328 

KVu-55 ............. 776 729 569 465 

IT 82E-70 ............ 839 668 779 375
 
Photoperiod sensitive 
Ouahigouya Local .... 1,019 919 571 341 
Kaya Local .......... 864 678 573 350 
Kamboinse Local Noir 724 855 558 383 
Logofrousso Local .... 455 569 576 298 
IAR 1696 ............ 574 668 365 175 
KN1 .. 1,349 929 770 3 

Table 48. Density of striga in cowpeas, Kamboinse,Upper Volta, 1983 
Date 

of planting 
Cultivar 21 June 18July 12Aug. Mean 

plantsperm2 

Ouahigouya Local ....... 31 10 11 17 
Kaya Local .............
Kamboinse Local Noir ....SUVITA-2 .............. 

24 
250 

33 
250 

14 
100 

24 
200 

Kamboinse Local Rouge.. 32 21 12 22 
KN.1 ................... 30 31 12 24 
Mean .................. 24 20 10 18 

TITA/EMBRAPA Program 
Cowpeas are cultivated predominantly in the north
em and northeastern regions of Brazil on an area of 
about 1.7 million ha. Annual production varies from 
400 to 500 thousand tons, with average yields of 500 
kg/ha. The major production constraints are variable 
an distrib in t pnia growing r 
and damage by insect pests and diseases. The major
the most important disease is cowpea severe mosaic 
virus. i t ding is cow pe rir mosa 

virus. Elite breeding lines and superior cowpea 
cultivars have been introduced from IITA, and a 
hybridization program has begun. 

Variety Trials 
The IITA/EMBRAPA (National Agricultural
Research Organization of Brazil) cowpea breeding 
program consisted of 74 experiments divided among 
27 locations, including a preliminary trial, three 
advanced trials (divided by plant type) and two 
regional trials with brown and white seeded lines. 

Preliminary yield trials. These trials consist of 
F/F entries bulked from purification of F seed 
multiplication plots. The materials are of acceptable 
seed quality and have resistance or tolerance to one 

or more virus diseases. A total of 100 lines were tested 
in a simple lattice design. Pitiuba and Serido were in
cluded as local checks and CNC 0434 and CNCx 27-2E 
as virus differentials. CNC 0434 is immune to the 

severe mosaic virus (CSMV), and CNCx 27-2E
is highly resistant to several potyviruses. Most lines 

outyielded the best check line in Serra Talhada, 
Pernambuco state and Teresina Piani state; five 
gave outstanding yields and had low virus scores: 
CNCx 24-015E, 24-016E, 87-5E, 87-1F, and 105-7F. Only 
one line (CNCx 87-1F) had large seed, a low virus 
score and good yield. 

Advanced yield trials. Each of the three ad
vanced yield trials had a triple lattice of25 lines. Trial 
1 included prostrate lines, trial 2 semierect lines and 
trial 3 erect lines. The spacing between and within 
rows was adjusted to the plant type. In advanced trial 
1, which was carried out at three locations, Pitiuba 
and Serido were included as local checks, VITA-3 as 
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Table 49. Cowpea yield and striga emergence, Kamboinse, Upper Volta, 1983 
Grain yield, kg/ha Days to first striga emergence

Cultivar 21 June 18 July 12 August 21 June 18 July 12 August 
Ouahigouya Local ................ .... 12 468 338 37 32 37Kaya Locala ................ 8 0 18 38 32 37 . . . . . . . . . . . . . . . . .. . . . .Kamboinse Local Noir 0 0 50 37 32 38
SUVITA-2b ............................ 1,571 1,034 261 193 166 141
 . . . .Kamboinse Local Rougea ": . . . . . . ....... . 0 382 178 38 34 34
KN-1 ........................................ 697 171 
 116 39 33 34 
'Some plots of these cultivars failed to flower under heavy striga infestation. To simplify the statistical analysis, 31 December was used as
 
the probable date of flowering.

bThis cultivar was free of striga. To simplify the statistical analysis, 31 December was used as the probable date ofstriga emergence.
 

an improved check, and CNC 0434 and CNCx 24-015E
 
as virus indicators. The principal virus in Goiania
 
was CSMV, a potyvirus was predominant in Teresina,

and no virus was recorded in Serra Talhada. All of the Table 50. Results of advanced yield trials at various
 
test lines outyielded the local checks for the first time locations in Brazil, 1982
in the program's five years (Table 50). The 10 best Yield, kg/ha Avg. wt. 
lines had very little virus in Teresina (potyvirus), Serra Tere- of 100
whereas only three lines had low virus scores in Cultivar MeanTalhada Goiania sina seeds, g
Goiania (CSMV). Only one line had large seed and 
was moderate in yield. Advanced trial 1

Advanced trial 2 was conducted at the same three CNCx 11.012E ..... 764 1,044 934 614 16.0 
locations and included the same check lines as trial 1, CNCx 21-07E ...... 547 774 368 500 21.8 
except that the potyvirus resistant line CNCx 24-016E CNCx 24-8E ....... 650 720 434 796 16.9
 
was used instead of its sister line. The yield of the CNCx36-4E ....... 804 924 543 944 15.4

best local check exceeded the trial average only at CNCx 36-5E ....... 732 776 523 896 18.1
 
Teresina (Table 50). CNCx 10-2E was included be- CNCx 11-025E ..... 840 903 942 674 16.9 
cause it is an excellent source of resistance to the 103-10E ..... 686 885 593 580 18.1CNCxCNCx 105-7E ...... 786 949 568 841 17.4 
cowpea curulio (Calcodermus sp.), one of Brazil's CNCx 105-25E ..... 704 731 499 882 17.6 
worst cowpea insect pests. All test lines had greater CNCx 105-029E .... 818 981 755 719 18.7
resistance to the potyvirus at Teresina than the Mean of 25 lines... 822 580 640 
local checks, but only the CSMV-immune check line Check lines: 
CNC 0434 was free of virus in Goiania. The seed size Pitiuba ........... 379 620 230 286 19.6
of all higher yielding lines was average and would be Serido............ 526 685 320 274 19.1
considered acceptable in most states. VITA-3 ........... 551 874 193 586 20.5

Advanced trial 3 was carried out only at Goiania CNC 0434 ......... 653 263 897 598 15.8

and Teresina. The erect lines, which produce small CNCx 24-015E ..... 650 875 530 545 18.1
seed, are not acceptable in Pernambuco state, even if Avg. ofchecks ..... 532 663 434 458 18.7
they are high yielding. A local check, 40 Dias, was C.V., %........... 24.5 27.9 10.2 
included, along with a virus indicator, CNCx 27-2E, Advanced trial 2 
and three IITA improved lines: EMAPA 822 (VITA-3), CNCx 10-2E ....... 639 931 590 396 14.2
EPACE 1 (VITA-7) and EPACE 6 (TVx 1836-013J). CNCx24-022E ..... 908 1,129 710 885 15.0
Two lines, TVx 3735-02E and TVx 3928-017F, had CNCx87-7E ....... 925 1,054 893 827 17.1
higher average yields than EMAPA 822, the best CNCx 105-5E ...... 896 1,037 1,042 609 17.8
check line (Table 51). The best yielding line was tho CNCx 105-12E ..... 900 1,014 961 726 17.3 
potyvirus resistant CNCx 27-2E. CNCx 105-18E ..... 1,069 1,330 1,225 653 16.8CNCx 105-26E ..... 1,012 1,046 1,122 869 15.1

Regional yield trials. The best lines from the 1981 TVx 3777-1E ...... 788 825 725 815 18.2 
trials were advanced to regional trials, which were TVx 4677-016D .... 708 698 896 529 17.6
randomized complete blocks with 4 replications and Mean of 25 lines... 862 796 674 
12 treatments. Trial 1 consisted of prostrate lines, Check lines: 
trial 2 of erect lines, and trial 3 of white seeded lines. Pitiuba ........... 567 790 509 403 18.8
Trial 1 included the two checks Pitiuba and Serido at Serido............ 611 717 454 669 20.3 
all six locations, in addition to two local checks, VITA-3 ........... 706 787 572 760 21.6
which varied from state to state. The average yields of CNC 0434 ......... 901 747 1,299 656 15.3
five lines in this trial exceeded those of the best local CNCx 24-016E ..... 740 839 733 648 17.8
check, and all five showed virus tolerance (Table 52). Mean of checks .... 705 775 713 627 18.8 
Only CNCx 27-2E was highly resistant to the poty- C.V., %........... 18.1 19.9 30.8
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virus. One test line, CNCx 37-3E, had a low reaction 
to both viruses, but it was not high yielding.

The best varieties in trial 2 were VITA-3, TVx 3881-
01E, TVx 3884-01E and VITA-7, all of which yielded 
more than the check line 40 Dias, the traditional line 
of the Northeast (Table 52). The low yield in Goiania 
was due to the high level of CSMV, to which none of 
the lines are resistant. Two locations, Barlolha and 
Crateus in Ceara state, reported infections of poty-
virus. There CNCx 27-2E gave good results. 

The white seeded lines tested in trial 3 proved
highly susceptible to viruses and drought. The poor
results underscore the importance of emphasizing 
white seeded lines, which are grown on large areas in 
several states.-E.E. Watt and J. PratagilP. de 
Araujo(EMBRAPA) 

Vegetable Cowpeas 

In 1981 vegetable cowpeas were introduced from lITA 
and put in quarantine/seed multiplication. The 49 
best lines were planted during 1982 in Goiania in a 
replicated trial, and a few lines were evaluated in 
Teresina, where FARV-13 yielded 8 t/ha, compared to 
2 to 3 t/ha for local material.-J. PratagilP. de 
Araujo (EMBRAPA) and E.E. Watt 

Germplasm Evaluation and 

Characterization 


Some additions were made to the Brazilian 
Germplasm Bank: 416 lines were introduced from 
IITA into the genetic diversity nursery; 102 Brazilian 
lines were reintroduced from the Colombia Institute 
of Agricultural Research; and a 177-sample col
lection made in the Amazon valley was introduced 
from the National Center for Research on Rice and 
Beans (CNPAF). For 629 of these lines, notes were 

Table 51. 	Results of advanced yield trial 3 at locations 

in Brazil, 1982 


Yield, kgha Avg. wt.Yiel kG/a Tof 100 
Cultivar Mean Goiania Teresina seeds,g 

TVx 3871-02E ....... 638 323 952 13.7 
TVx 3404-03J ....... 618 309 928 12.8 
TVx 3404-04J ....... 533 272 794 13.8 
TVx 3912-02E ....... 772 599 944 12.7 
TVx 3928-017F ...... 958 813 1,103 15.4 
TVx 4661.06E ....... 759 547 970 15.1 
Mean of 25 lines .... 606 841 
Check lines: 
40 Dias ............ 611 626 596 13.6 
EMAPA B22 

(VITA-3) ......... 771 627 915 18.5 
EPACE 1 (VITA.7).. 756 582 929 13.1 
EPACE 6 (TVx 1836-

013J) ............ 573 436 710 19.4
CNCx27-2E ........ 1,072 724 1,419 12.5 
Mean of checks ..... 757 599 914 15.3
C.V., % .25.8 30.0 

taken on days to flowering, flower color, leaf shape,
plant type, pod number, and reaction to CSMV and 
mildew. Commercial acceptance was determined by
seed color and weight. A majority of the seed was 
white, with or without an eye (157 lines), or brown 
(100 lines). A greater percentage of the brown seed 
had a 100-seed weight of more than 16 g than seed of 
other colors. 

Six lines in the genetic diversity nursery were free 
from cowpea severe mosaic virus in Goiania; ! ve of 
these (TVu 379, 382, 966, 3961 and 5643) were white 
seeded and had 100-seed weights between 8.2 and 
13.4 g. Forty-seven introductions showed no mildew 
symptoms. 

To preserve the germplasm being grown by farmers 
in Piani state, a collecting expedition was made in 16 
districts, representing the principal cowpea produc
ing areas of the state. The material collected was 
classified according to seed color, 100-seed weight 
and the region in which it is grown.The germplasm from Piani state is of 20 different 
see ob a but 91.26 o te is arebf 
seed colors, but 91.26% of the cultivars are buff,
brown (including brown with a greenish tint), white 
with a brown eye and white with a black eye, except in 
microregion 45, where only buff and brown seeds werefound. Second most common are the white seeded 

cultivars, both with and without colored eyes, which 
make up 26.25% ofthe collection. The other colors are
of only secondary importance. This germplasm will 
be evaluated and classified by CNPAF and made 
available to all the cowpea breeding programs.-
J.R. Fonseca and J. PratagilP. de Araujo (both of 
EMBRAPA) 

Disease Development 
The effects of disease incidence and development on 
cowpeas were evaluated in some traditional inter
cropping systems. The first trial, planted in 1980, 
consisted of three cowpea cultivars (VITA-3, Manaus
 
and VITA-4) grown in four systems: monocropping
and intercropping with corn, sorghum, and cassava.The incidence of mildew (Oidium sp.) was evaluated 
in the different treatments. VITA-3 was mor', suscep

tible to mildew than the other two cultivars, and 
mildew was more intense in cowpeas intercropped
with corn and less severe in monocropped cowpeas.

In a study of seed treatment with fungicides or 
insecticides, it was found that the fungicide Tecto 
reduced death ofseedlings, regardless ofthe cropping 
system. The insecticide Aldrin significantly in
creased seedling mortality. A combination of Benlate 
and Aldrin and Benlate alone had no detectable effect 
on seedling mortality.

Observations were also made on the influence of 
the cropping systems on the occurrence ofviruses and 
other diseases. Manaus and VITA-4 were monocrop
ped and intercropped with corn, sorghum and cassava
with and without leucena. It was found that the 
number of Cerotoma and Diabrotica and virus in
fected plants was lower when cowpeas and corn were 
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Table 52. Results of regional yield trials at various locations in Brazil, 1982 
Sao Jose do Barbalha, Ceara Crateus, Ceara 

Average Goiania, Belmonte, Mono- Inter- Mono- Inter-
Variety yield 
Trial 1 
CNCx 18-2E ........................ 617 

CNCx 24-6E ............................ 685 

CNCx 24-015E ...................... 612 

CNCx 24-016E ........... ....... 656 

CNCx 27-2E .............. 631 

Mean of 12 lines ........................ 


Check lines: 
Pitiuba ........................... 568 

Serido ................................. 464 

Local checkA ..................... .... 420 

Local check B ....................... 337 


Trial2 
VITA-7 ................. 1,237 

CNCx 27-2E .......................... 1,059 

TVx 3866-04E. .................. ... 1,042

TVx 3881-01E ........................... 1,275 

TVx 3884-01E ........................... 1,261

TVx 3901-09E...................... 1,153

Mean of 12 lines ........................ 


Check lines: 
40 Dias .......................... 1,126 

VITA-3 ................................ 1,282

Local check A.......................... 912 

Local check B ........................ 


intercropped than in the other systems. VITA-3 
contained the greatest number of Cerotoma,had more 
leaf feeding holes per leaf area, and the greatest 
number of virus infected plants. Leucena served as a 
barrier to the movement of populations of Cerotoma 
and Diabrotica,thus reducing the incidence of viral 
diseases in treatments between rows of leucaena. 
The incidence and severity of Ascochyta was not 
affected by intercropping treatments.-G.P. Riss 
(EMBRAPA) and E.E. Watt 

Soybeans 

Originally confined to the temperate zone, soybean 
production is now spreading rapidly into the tropics, 
particularly in Brazil and other parts of South 
America, in India, and in the Far East. The crop is 
also becoming increasingly important in Africa,
where it is already a part of the human diet in 
numerous countries. In Nigeria nearly all of the 
soybean production, estimated at 30,000 t, is used for 
human food. And in response to increasing demand 
for soybeans as a source of protein and vegetable oil, 
national programs in Nigeria have expanded their 
research on the crop in the last two years. In Zambia 
soybean production has doubled every year for the 
past five years, and both traditional and commercial 
farmers are realizing the profitability of growing the 
crop in rotation with maize. Soybeans are grown on 
nearly 50,000 ha in Zimbabwe. Cameroon has begun 

Goias Pernambuco cropped cropped cropped cropped 

1,093 
1,090 
1,234 
995 

270 
539 
352 
383 

kg/ha 
189 
179 
138 
229 

20 
33 
11 
51 

1,240 
1,216 
880 

1,303 

953 
1,050 
1,055 
972 

870 421 142 14 1,343 994 
925 335 138 18 977 835 

674 421 143 15 1,223 931 
1,184 279 40 1 604 675 
948 273 136 33 658 472 
885 353 94 288 398 

453 1,056 1,994 1,445 
879 607 .1,556 1,195 
172 767 = 1,797 1,431
857 847 1,944 1,451 
725 854 2,019 1,445 
640 785 1,797 1,389 
593 779 1,841 1,222 

531 904 1,597 1,472 
906 698 2,204 1,319 
389 846 1,353 611 
553 748 2,132 606 

an aggressive campaign for introducing soybeans 
into the local diet and encouraging cultivation of 
soybeans as a cash crop. Ivory Coast has set up
soybean farms to produce seed for local farmers. 

The continent stands to gain much from this 
increased emphasis on soybean production and util
ization. With a protein content of 40%, soybeans 
provide a balanced diet in combination with cereals 
and are one of the cheapest means of meeting human 
protein requirements. In Africa this requirement is 
often not met because of the scarcity and high cost of 
animal protein. With an oil content of 20%, the crop 
could also become a valuable local source of cooking
oil, which is currently being imported into virtually 
every African country. 

Genetic Improvement 

The work of IITA's soybean improvement program is 
intended to facilitate the expansion of soybean pro
duction in tropical environments. The program was 
established in 1978, with the appointment ofa breeder 
at Ibadan, and was augmented in 1982 with the 
appointment of a breeder stationed at Zaria, Nigeria, 
in the northern Guinea savanna. This year a third 
breeder was added to the program as well as an 
agronomist, who is working on soybeans and cow
peas. The program is supported by a microbiologist, 
entomologists and a pathologist. 

One reason soybean production has not yet spread 
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widely in the humid and subhumid tropics is that 
stored seeds are rapidly degraded and lose their 
viability. Lines have now been identified that possess
improved storability, and this trait is now being
routinely incorporated into IITA breeding lines, 
Another problem has been the need to treat soybean
seed with inoculant of Rhizobium japonicum to 
ensure biological nitrogen fixation. IITA scientists 
have identified soybean lines that can form effective 
nodules with cowpea cross-inoculant strains of 
rhizobia (an ability referred to as "promiscuous
nodulation"), and this character, too, has been in-
corporated into IITA breeding lines, 

Other breeding goals are resistance to bacterial 
pustule (caused by Xanthomonasphasiolii),soybean
mosaic virus, field weathering, pod sucking bugs,
shattering and lodging. In 1984 high yielding soybean 
lines that have good seed storability and promiscuous
nodulation as well as resistance to bacterial pustule,
shattering and lodging will be available to national 
programs. The improved material includes lines that,
when grown in Nigeria, have maturities ranging from 
about 100 to 140 days, making them suitable for 
ecologies extending from the northern Guinea say-
anna of West Africa to the humid and semiumid 
areas near the equator. 
Variety Trials 

In Nigeria the onset of rains was unusually late 
throughout the growing area. As a result, the first 
planting in Zaria was about two weeks later than 
anticipated. Despite low rainfall throughout much of 
the growing season, many of the breeding lines 
averaged over 2,000 kg/ha. The difficult environmen-
tal conditions of the 1983 season gave us an oppor-
tunity to screen for drought tolerance and resistance 
to shattering. 

In 1983, 139 replicated yield trials were sent to 
cooperators in Africa and to 29 sites outside Africa. 
Segregating populations incorporating insect and 
virus resistance and aluminum tolerance were dis-
tributed to breeders in Nigeria and Peru. 

IITA participated actively in the All-Nigeria 
Cooperative Soybean Program, in which four re-
search organizations in Nigeria enter promising 
varieties. A late maturing and a medium maturity
trial were sown at 12 locations; results are not yet 
available. 

A uniform trial of late and medium duration lines 
was grown at five sites (Table 53). Three advanced 
trials were sown: trial 1 included 34 lines (sown at 
four locations); trial 2, 38 medium duration lines (five
locations); and trial 3 included 28 late maturing lines 
(four locations). Twenty-seven preliminary trials, 
most of them grown at two or three locations, com-
prised 1,040 experimental lines. The segregating 

Nigeria: Ibadan, Ilorin, Mokwa-NGPC (National
Grain Production Company) and Zaria. Three checks 
and seven experimental lines were included in this 
trial. In previous years experimental lines were 
tested in separate trials for good seed storability and 
promiscuous nodulation. This year advanced and 
uniform trials included breeding lines from both 
groups. All lines were screened for an at least accept
able level of seed storability, and some lines were 
tested for promiscuity in multilocational trials for 
the first time. 

A new cycle of crosses was initiated, using lines 
from the uniform trial as sources of seed storability
and promiscuous nodulation, to further improve
resistance to disease, pod shattering and lodging.
Two experimental entries, TGx 604-027C and TGx 304. 
059D, were found to be promising and will be con
sidered for international testing in 1984. 

Advanced yield trial 1. This trial included 29 
experimental entries of medium maturity and five 
checks and was sown in four randomized complete
blocks at Ibadan, Ilorin, Mokwa-ABU (Ahmadu Bello 
University) and Zaria. At Zaria yields were very poor
because of drought late in the season; only lines 
with early maturity and those with good shattering 
resistance performed well. 

Ten of the 29 lines performed well enough to merit 
further testing. Performance of the eight most prom
ising experimental lines and the checks is given in 
Table 54. Promiscuous nodulation was assessed at all 
sites, except Ibadan, and pustule, lodging and height 
were measured at all locations. Shattering data were 
collected 10 to 14 days after harvest in border rows at 
Mokwa-ABU and Zaria. Storability data represent
seedling emergence after accelerated aging of seed (6
weeks' storage at 400 C and 75% relative humidity).
Storability data were collected for trials at Ibadan 
and Mokwa-ABU. 

Bossier and Jupiter were included as nonpro
miscuous checks; SAMSOY 1, M-90 and Papilion 
were promiscuous checks. Bossier and Papillon also 
were checks for poor seed longevity. Although
Jupiter nodulates poorly with indigenous rhizobia, it 
yields well probably because of its large taproot,
which permits thorough exploitation of available 
nutrients. 

Experimental line TGx 536-02D had the highest 

Table 53. Sites for multilocational soybean trials in 
Nier 1983 

Nigeria, 1983 
Location Latitude Cooperator 
Zaria 110 Institute of Agricultural Research 

Mokwa 90 30min 

(IAR), Ahmadu Bello University
(ABU) 
ABU Experiment station andthegenerations included 3,127 F, lines, 788 F.,gllines, 2,157 7Company National Grain Production (NGPC)F3 lines and 969 F., populations. Ilorin 8030 min Kwara Stat2 Agricultural 

Uniform yield trial. Results for the 1983 uniform Development Project
yield trial are available from four locations in Ibadan 7°23min IITA 
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Table 54. Performance of medium durationsoybean lines in advanced trials at various locations in Nigeria, 1983 

Mean yield, kg/ha Resistance to: Matur-

Variety 
Iba-'Ilor. 
dan' in 

Mokwa 
ABU 

Mokwa 
NGPC Zaria Mean 

Nod. 
ules 

Stor-
age 

Pus-
tule 

Lodg. 
ing 

Shat. 
tering 

Ht., 
cm 

ity, 
days 

Advanced trial 1 
TGx 536-02D ....... 
TGx 536-03D ....... 
TGx 713-09D ....... 
TGx 711-01D ....... 
TGx 533-65C ....... 
TGx 252-6C........ 
TGx 573-6C ........ 
TGx 330-04E ....... 

2,118 1,912 
2,371 1,643 
2,225 1,727 
2,123 1,924 
2,147 1,703 
2,157 1,877 
1,820 1,885 
2,378 1,848 

2,179 
2,464 
2,270 
1,997 
2,272 
1,768 
2,137 
1,843 

1,679 
1,331 
1,123 
1,040 

955 
1,067 

931 
340 

1,972 
1,950 
1,836 
1,771 
1,769 
1,717 
1,693 
1,603 

good 
good 
fair 
fair 
fair 

poor 
fair 

vg 

good 
fair 

good 
good 
good 
good 
fair 

good 

mr 
mr 

s 
s 

mr 
s 

mr 
r 

fair 
poor 
good 
fair 
fair 
fair 

good 
fair 

good 
good 

excel. 
good 
good 

vg 
vg 

fair 

67 
64 
62 
85 
77 
89 
80 
69 

109 
108 
113 
114 
108 
112 
114 
115 

Checks: 
Bossier ........... 
Jupiter ........... 
Papillon .......... 
SAMSOY 1(M.79).. 
M-90 ............. 

1,314 761 
2,031 1,796 
2,191 1,808 
1,874 1,444 
2,131 1,641 

1,941 
2,058 
2,426 
2,170 
2,103 

1,146 1,291 
1,130 1,754 

882 1,827 
612 1,525 
570 1,611 

poor 
poor 
fair 

good 
good 

vp 
fair 

poor 
fair 
fair 

r 
s 
r 
s 
s 

vg 
fair 

good 
good 
good 

good 
good 

vg 
poor 
poor 

47 
89 
68 
58 
54 

103 
113 
107 
116 
117 

Overall mean ...... 
LSD (5%) ......... 
C.V., % ........... 

1,920 1,586 
456 460 
16.9 20.6 

1,961 
414 
15.0 

813 
357 
31.2 

Advanced trial 2 
TGx 297-35C ....... 
TGx 533-79C ....... 
TGx 252-71C ....... 
TGx 342-356C ...... 
TGx 252-1C ........ 
TGx 744-01E ....... 
TGx 442-02D ....... 
TGx 573-OID ....... 
TGx 709-05D ....... 

2,576 1,120 
2,025 1,381 
2,108 1,431 
2,311 1,374 
1,932 1,336 
2,656 1,096 
2,481 1,183 
2,194 1,547 
2,279 1,534 

2,182 
2,279 
1,989 
2,248 
2,124 
2,155 
1,738 
1,802 
1,770 

1,708 
1,960 
1,720 
2,060 
1,555 
1,830 
1,883 
1,435 
1,415 

896 1,697 
834 1,696 

1,172 1,684 
310 1,661 

1,305 1,650 
505 1,648 
939 1,645 

1,170 1,629 
553 1,510 

fair 
vg 

good 
good 
fair 

good 
good 
fair 

vg 

fair 
poor 
fair 

vg 
fair 

good 
good 
fair 
fair 

mr 
r 
s 
r 
a 

mr 
mr 

a 
mr 

fair 
good 
fair 
fair 
fair 

good 
good 
fair 
fair 

fair 
good 
good 
poor 
good 
fair 

vg 
vg 

fair 

76 
81 
86 
78 
89 
85 
86 
86 
75 

113 
103 
113 
112 
112 
116 
112 
113 
111 

Checks: 
Bossier ........... 
Jupiter ........... 
Papillon .......... 

1,116 790 
1,730 1,499 
2,239 1,099 

1,897 
2,223 
1,753 

1,148 
1,594 
2,058 

904 1,171 
1,350 1,679 
1,280 1,686 

poor 
poor 
fair 

vp 
fair 

poor 

r 
s 
r 

good 
fair 

good 

good 
good 
good 

51 
85 
68 

103 
112 
112 

Overall mean ...... 
LSD (5%) ......... 

2,108 1,249 
460 556 

1,874 
369 

1,615 
484 

809 
425 

C.V., % ........... 15.6 31.7 14.0 21.4 37.4 
Note: mr = moderately resistant, s = susceptible, vg = very good and vp - very poor. 

overall yield, nodulated well at all sites, had a low well for nodulation, pustule, lodging, and shattering,
incidence of bacterial pustule, resisted shattering as shown in the table. Cooperators in Benue State inand stored well. This line is being multiplied in the south-central Nigeria and in Kano State in northerndry season and will be made available to national Nigeria rated this line superior. It will be made programs. available to other national programs for testing in 

Advanced yield trial 2. This trial included 35 regions where seed longevity is not a severe 
experimental entries of medium maturity and three constraint. 
checks and was grown using the same experimental Advanced yield trial 3. This trial of late maturingdesign and at the same locations (plus Mokwa- lines included 28 experimental entries, to which threeNGPC) as trial 1. Because of drought, yields were checks were added, including Malayan, the variety
very poor at Zaria. Thirteen of the experimental lines traditionally grown in Nigeria; TGm 737p, an early,will be advanced for further evaluation. Performance good seed storability check; and Bossier, which isof the more promising lines is shown in Table 54. nonpromiscuous and has poor seed storability. TheUnlike advanced trial 1, in which some of the lines experimental design was the same as for advancedyielded well at all sites, none of the lines in this trial trials 1 and 2. The trial was planted at Ibadan,appeared to be well adapted at all sites. Ranks at the Mokwa-ABU, Mokw i-NGPC and Yandev. At thevarious locations differ by 16 points or more for all the time of this writing results are available from all
lines shown. However, one line (TGx 533-79C) was locations except Yandev. 
superior to the mean at four ofthe locations and rated Yields of some promising lines and agronomic and 
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disease evaluations are given in Table 55. TGx 725-
011D appears to have g'uod yield potential, despite its 
noor performance at one site, as well as good nodu-
lation, pustule resistance, shattering and lodging 
resistance, and an acceptable level of storability. 

Prelimirnry yield trials. There were 27 pre-
liminary t.. Is with 16 to 60 experimental entries, 
Altogether, these trials included 1,040 experimental 
lines that had passed a screening for seed longevity 
but had not been assessed for nodulation. Thirteen 
trials were sown at three sites, seven at two locations,triasa wee swnthre stesseve atfrom~ 
and seven more (for which seed was in short supply) at 

onlyoneloctio. inthetrilslocation. entries were 
Each trial was 

only one The in the trials ereTe etrie 
separated by maturity and stature. 

sown in a randomized complete block design, with 

three replications, in two-row plots 6 m long. Every 

trial contained standard checks, including Bossier, 

Jupiter, SAMSOY 1 (M-79) and TGm 737p. About one 
third of the experimental entries were discarded 
before maturity mainly because of poor nodulation, 
disease susceptibility and poor agronomic traits. The 
same entries were discarded at each location making 
cross-site comparisons possible. Three hundred and 
seventy-eight experimental entries have been re-
tained for seed longevity testing. Several lines, listed 
in Table 56, have good yield potential, disease re-
sistance and good agronomic traits. 

Segregating Generations 

Breeding lines in the F, generation and higher, 
derived from single-plant selection in the 1983 dry 
season, were divided into two unreplicated nurseries: 
(1) 2,800 early and medium duration lines grown at 
Mokwa-NGPC and Zaria and (2) 327 late duration 
lines grown at Mokwa-ABU and Ibadan. The harsh-
ness of the season allowed rigorous selection for 
drought tolerance and shattering resistance. Selec-
ted lines will undergo further screening for seed stor-
ability. At Zaria 289 lines, representing 51 crosses, 

and at Mokwa 758 lines from 46 crosses were selected. 
These lines are currently being screened for seed 
longevity. The best entries will be included in pre
liminary trials next year. 

Two similar nurseries included F, generation 
lines; 672 medium and early maturity entries were 
grown at Mokwa-ABU and at Zaria and 116 late 
maturing entries at Mokwa-ABU and Ilorin. A few 
single-plant selections were made from these nur
series and are being advanced in the 1983-84 dry 
season. Representative populations were also takenthese nurseries by single-pod descent. Seventy
ometFeseopurseres etingle-pod oes e beng 

one F, populations, representing 50 crosses, are beingadvanced during the 1983-84 dry season and will 

again be maintained by single-pod descent until the 
1984 main season, beselected. when single F,, plants will 

The F.generation in 1983 was represented by 2,157 
single aton ro wsgaindivi ed by auiy 
single-plant progeny rows, again divided by maturity. 
The early and medium maturity material was grown 
at Zaria and Mokwa-ABU, and the late material at 
Mokwa-ABU and Ilorin. 
in hecF population of 236 new crosses was grown1 
planted in April and advanced three generations in 

one year by using single-pod descent. 

Virus Resistance 
In 1982 crosses were made to incorporate resistance 

to soybean mosaic virus (SMV) into IITA's improved 
lines. The sources of resistance used were TGm 1360 
(P1 341-245), TGm 1400 (Nela) and TGm 1784 (Buffalo). 
In the 1983 first season, 243 F, populations were 
grown in the field and inoculated with SMV isolate 
10. Two hundred and thirteen single-plant selections 
were made from plants that did not show symptoms of 
SMV. The F, progeny of the single-plant selections 
are now being screened again for SMV resistance in 
the screenhouse and the field, using the severe strain 

Table 55. Performance of late duration soybean lines in an advanced trial at various locations in Nigeria, 1983 

Variety 

TGx 293-03D .............. 

TGx725-011D ............. 

TGx 742-05D .............. 

TGx744-02E .............. 

TGx 306-036C ............. 

TGx 742-012D ............. 

TGx 307-048D ............. 

Checks:
 
Bossier ................... 

Malayan ................. 

TGm 737p ................ 

Overall mean ............. 

LSD (5%) ................. 

C.V., % .................. 


Mean yield, kg/ha Resistance to: 
Iba-
dan 

Mokwa 
ABU 

Mokwa 
NGPC Mean 

Nod-
ules 

Stor-
age 

Pus-
tule 

Shat-
tering 

Lodg-
ing 

Height, 
cm 

Maturity, 
days 

1,824 
2,074 
1,908 

1,993 
1,538 
1,945 

2,247 
2,403 
2,139 

2,021 
2,005 
1,998 

good 
good 
fair 

fair 
fair 
-

mr 
mr 
mr 

good 
good 
fair 

fair 
good 
fair 

83 
71 

100 

132 
131 
134 

1,602 
1,702 
1,932 

1,730 
1,908 
1,407 

2,353 
2,073 
2,231 

1,895 
1,894 
1,857 

fair 
good 
fair 

poor 
good 

-

mr 
mr 
mr 

good 
vg 

fair 

fair 
fair 
fair 

92 
88 
93 

119 
124 
132 

1,911 1,608 1,993 1,837 fair fair s vg fair 84 123 

1,573 
1,142 

955 

1,442 
1,030 
1,608 

1,830 
1,401 
1,260 

1,615 
1,191 
1,274 

poor 
good 
fair 

poor 
fair 

good 

r 
s 
s 

good 
poor 

vp 

good 
vp 
vp 

56 
121 
74 

106 
131 
94 

1,613 1,753 1,947 1,771 
320 596 552 
14.0 24.1 20.1 

Note: Checks were grown with this trial but not included in the analysis. mr = moderately resistant, s = susceptible, vg = very good and 
vp = very poor. 
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Table 56. Overall mean yields and assessment of promising lines in preliminary yield trials in Nigeria, 1983 

Variety 

Trial 83F5D (21 entries, AMN)b 
TGx 855-62D ............................................ 

TGx 855-61D ............................................ 

Trial 83F5E (31 entries, MN)
TGx 803-19D ............................................. 

TGx 854-42D-1. ............ 

TGx 803-17D ............................ ............... 

Trial 83F5G (34 entries, AMN)
TGx 814-33D .. 
TGx 239-22D ........................................... 

Trial 83F5H (34 entries, MNZ)
TGx 822-12D ............................................ 
TGx 813-25D ......................... * . 
TGx 813-14D .......................... .................. 
TGx 813-12D ....................................... 
TGx 824-18D ............................................ 

Trial 83F51 (34 entries, MZ)
TGx 539-5E .......................... 

TGx 813-22D ............................. .......... 


CData for checks are from trial 83F5H grown at Mokwa (ABU and NGPC) and Zaria. 

Trial 83F6A (21 entries, MN)
TGx 813-49D ... 
TGx 814-32D .................... ........... 

Trial 83F6B (19 entries, MN)
TGx 855-70D ........................................... 
TGx 814-50D ............................................ 

Check varieties: 
Bossier................................................. 

Jupiter ................................................. 

SAMSOY 1 ............................................. 

TGm 737p .............................................. 


"mr = moderately resistant and s = susceptible.
bA = lorin, M = Mokwa (ABU), N = Mokwa (NGPC) and Z = Zaria. 

Yield, Resistance to: Maturity,
kg/ha Nodules Pustulea Shattering days 

1,837 fair s fair 123 
1,758 good mr fair 122 

2,266 v. good mr - 112 
2,165 good r - 109 
2,023 good mr - 112 

1,734 good mr . 119 
1,694 v. good mr - 114 

2,136 fair r excellent 114 
2,132 good r excellent 111 
2,047 good r excellent 111 
2,036 fair r excellent 111 
1,986 good mr excellent 109 

1,861 good r v. good 110 
1,642 good r good 111 

2,112 good mr fair 119 
o. 2,049 good mr good 120 

2,098 good mr - 130 
1,816 good mr - 124 

1,262 poor r good 101 
1,773 poor s good 109 
1,787 good 8 poor 114 
1,525 fair s poor 100 

("Micro-A"). The lines that are resistant will be 
advanced and crossed to some of the best breeding
lines.-E.A. Kueneman, W.R. Root andK.E. Dashiell 

Entomology 
Insect Survey and Yield Loss Assessment 

Last year's survey of insect pests associated with 
soybeans demonstrated that the major pest species 
of the crop in Nigeria are the stink bugs. Nezara 
viridula, Aspavia sp. and Piezodorus sp. were pre-
dominant at Mokwa and N. viridulaand Aspavia sp. 
at Ibadan. Three soybean cultivars were used in that 
survey. This year a single soybean cultivar (TGx 17
2GE) was grown at Mokwa and Ibadan in two 25- x 
25- m plots, one sprayed weekly with Nuvacron (400 g 
a.i./ha) and the other unsprayed. 

The species composition is given in Table 57. N. 
viridula,Piezodorussp.andAcrosterumsp.werc most 
abundant at Mokwa, and at Ibadan N. viridula, 
Acrosterum and Aspavia sp. were the predominant
species. Population fluctuations during the season 
are shown in Figures 6 and 7. In Mokwa up to 17 bugs 
per 2 m of row were sampled in early September at 

early podding. Three weeks later the population 
dropped to less than 6 bugs per 2 m of row for a week 
and then shot up again. The incidence and intensity 
of the bug population at this critical point in plant 
growth resulted in a yield loss of up to 60%. At 
Ibadan, where the population intensity was muchlower, the peak was observed around mid-October. By 

that time the pods were already in an advanced stage 
of filling, so yield loss was only 20%. It is quite 
probable that early maturing or fast pod filling 
varieties would reduce the devastating stink bug 
damage.-L.E.N.Jackaiand A. Raheja(IAR). 
Insect Resistance 

Soybeans can be grown in Nigeria without insec
ticide protection. This has been shown in Zaria, 
Kaduna State, where fully protected plots did not 
yield significantly more than unprotected plots, and 
in certain parts of Benue State. At Mokwa and 
Ibadan, however, weekly sprays are necessary to 
prevent extensive damage by stink bugs. Because of 
extremely high stink bug populations at these lo
cations, they provide ideal field conditions for stink 
bug resistance evaluation. 
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Table 57. Species composition of stink bugs andyield
loss in soybean variety TGx 17-2GE, Mokwa, 
Nigeria, 1983 

Species ITA Mokwa 

percent

Nezara viridula ...................... 69.3 48.1 

Acrosterum hilare .................... 15.4 10.0
 
Aspavia sp........................... 11.8 6.4
 
Piezodorussp......................... 2.3 20.4
 
Other pod bugs a . . . . . . . . . . . . . . . . . . . . . .  1.2 14.1 
Relative variationb................... 21.0 12.2
 
Mean no. of bugs per 2 m of row......... 4.4 10.8 

Percent yield loss ..................... 22.0 60.4
 

"Mainly Riptortusand Anoplocnemis.
"See the explanation of relative variation (RV) in the cowpea 

entomology section.-


This year a number of lines from IITA's soybean
breeding program were screened for stink bug re-
sistance at Mokwa, where the seasonal average stink 
bug population on a susceptible variety (TGx 17-2GE) 
planted in a 25- x 25- rn plot was recorded to be 17 bugs
per 2 m of row. The test lines were planted in plots of 
four rows each 5 m long, arranged in a randomized 
complete block design with four replications. There 
were two treatments, full protection and no pro-
tection. Table 58 shows the seasonal bug population 
mean and seed damage assessed at harvest for each 
test variety.

There were no signficant differences in number of 
bugs between most of the cultivars. Many of these 
lines have a short maturity period and thus may have 
avoided extremely high populations during early pod
set. Seed damage ranged between 26 and 55%, with 
TGn 1361 having the least seed damage. This cultivar 
was significantly different only from TGm 1364 and 
TGm 1275, however. Some differences in seed damage 
were observed between protected plots, but these 
were not generally significant. This preliminary 
finding suggests that a few of these varieties may
have some resistance. These lines will be evaluated in 
the laboratory for nymphal mortality and effect on 
bug development. Previous work seemed to suggest
that TGm 1243 and TGm 1275 may possess certain 
attributes that cause substantial nymphal mortality
(IITA, Annual Report for 1980). These results will be 
verified in our laboratory studies.-L.E.N. Jackai, 
E.A. Kueneman, K. Dashielland W.R. Root 

Virology 
Serology of Soybean Mosaic Virus 

In an experimental plot at IITA, a few soybean plants 
were found showing severe symptoms of mosaic and 
leaf deformation. Filamentous particles were ob-
served under the electron microscope, and the virus 
reacted with soybean mosaic virus (SMV) antiserum. 
Since the symptoms were more severe than with other 
SMV isolates maintained at IITA, an isolate ("Micro 
A") was established in the screenhouse for further 
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Figure 6. Fluctuations in the population of stink bugs on 
soybeans, Mokwa, Nigeria, 1983. 
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Figure 7. Populations of pod sucking bugs on soybeans, 
IITA, second season, 1983. 
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Table 58.	Field screening of selected soybean lines for 
stink bug resistance, Mokwa, Nigeria, 1983 

Bugs Percent seed 
per 2 m damage (+ S.E.)

Entry Accession of row Unprotected Protected 
TGm 1243 PI-227-687 7.0 30.3 13.5 

(± 8.0) (_ 2.5)TGm 1909 IAc-74-2832 6.2 32.8 15.4 
(m4.2) 3.5)


(± 14.1) (± 3.6) 
TGm 1367 PU-229-385 5.7 43.0 18.1 

(+9.7) (± 3.0)TGm 1907 BR-79-15197 6.9 33.7 21.8 
(± 2.7) (+ 4.3)TGm 1908B ED-73-5636 8.2 41.6 24.7 
(±0.5) (+ 6.7)

TGm 1361 ED-73-303 7.4 25.7 11.8 
(+ 1.6) (+ 4.2)

T~m 1364 P-227687-1 11.2 49.4 26.4 
7.8 38.9 18.6 

study. The isolate was propagated in soybeans (var-iety Malayan), and the virus was purified by the 


method described in the 1982 IITA Annual Report forpurification of isolate 2from soybeans.An antiserum 

was prepared by injecting a rabbit with purified virus 
preparation (see accompanying photograph). In im-
munodiffusion tests with this isolate, four types ofmedium were compared that consisted of: (1)0.8% 


Noble agar containing 0.2% SDS, 0.1% sodium azideand 0 sodium chloride; 0 Nobleand 0.% sodiumhloride;(2)0.8% Noble agar, 1.SDS and 0.5% sodium azide; (3) 0.6% Noble agar, 0.2 

SDS, 0.1% sodium azide and 0.7% sodium chloride;
and (4) a medium prepared in 0.01 Mphosphate buffer 
(pH 7.0) consisting of 0.8% Noble agar, 0.85% sodium 
chloride, 0.5% sodium azide and 0.5% 3,5 diiodosali-
cylic acid.

The best results were obtained with the fourth 
medium. No reaction was obtained when the second 
isolatemedium"Microwas A" reacted with "MicroantiserumA", SMVtoused. With the fourth an 

isolate 10 and SMV isolate 3. The antiserum did not 
react with the "blister mosaic" isolate, which appears
to be adifferent virus from SMV. 

Direct (double antibody sandwich) ELISA was, 
developed. A gamma globulin coating of 0.1 pg
protein/ml and a conjugate dilution of 1/1,250 pro-
vided the best results. In tests of several buffers for 
extraction or dilution of the antigens, the best results 
were obtained with 0.25 M potassium phosphate

buffer (pH 7.5) containing 0.1 M EDTA and 0.2% 
sodium sulphite. 
When serial dilutions of the sap from infected 

plants were tested inELISA,itwas possible to detect 
up to dilutions varying between 1/625 and 1/3,125,
depending upon the age of the infected plants. In 
addition to SMV isolate "Micro A", the common and
mild types (SMV isolates 10 and 3), SMV isolate 11 (a 
new severe isolate obtained from the field at IITA) 
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and "Ilora 2" (another new severe isolate obtained at 
an experimental site at Ilora, Nigeria) could also be 
detected in ELISA tests with the SMV "Micro A" 
antiserum. The "blister mosaic" isolate did not react,
however.-G. Thottappilly 

Resistance to Soybean Mosaic Virus
The first set of breeding lines developed by IITA's 
resistance breeding program for SMV were evaluatedfor resistance to the disease. The materials were 
screened for resistance to the common type (SMV
isolate 10) and to a severe type (isolate "Micro A"),
which has only rarely been seen in soybeans in the 
field. It appears that the same results are obtainedwith both isolates. Since it proved to be much easier 
to score for symptoms in materials inoculated with a 
severe isolate, isolate "Micro A" has been used in 
further resistance screening work, specifically a
large field inoculation exercise involving segregat

ing populations.The new severe isolate "Ilora 2" was compared with 
a common and mild type of SMV (isolate 10) in termsof pathogenicity on resistant and susceptible soybean varieties. Varieties such as Bossier, Improved 

Pelican 	and Jupiter, which are susceptible to the
 common mild types, also are susceptible to this new 
isolate of SMV,whereas 20 SMV resistant INTSOY
 
lines showed essentially the same resistant reaction 
as found with SMV isolate 10.

A new isolate of SMV (isolate 11) was obtained in 
the field at IITA,which inMalayan causes even more
 
severe symptoms than severe isolates such as "MicroA". When this new isolate was tested on the SMVrssac oo ~ 74(ufl) osmtmresistance donor TGm 1784 (Buffalo), no symptoms 
d 

eveloped. This variety seems to be resistant to all 
isolates of SMV obtained so far.-H.W. Rossel 
Soybean Dwarf Disease 

A detailed study of the vector relationships of this 
74' 
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Electron micrograph of a purified preparation of SMV 
isolate "Micro A" (bar represents 400 nm). 
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virus disease, which is transmitted by the whitefly 
(Bernisia tabaci), has shown that this insect is still 
able to transmit the virus up to nine clays after 
acquisition. The insect can thus be considered to 
transmit the agent in a persistent manner. It was also 
shown that this vector transmits the virus efficiently 
since infection can be achieved quite readily with 
single whiteflies. In this experiment 3 out of 10 
whiteflies were shown to have transmitted soybean 
dwarf disease. The shortest acquisition feeding 
period required for transmission was determined to 
be 15 minutes. The shortest time of inoculation feed
ing needed for infection was observed to be 1 hour.--
H.W. Rossel, G. Thottappillyand R. Nabukenya 

A New Virus Disease 

Further studies on a previously unknown virus 
disease in the main growing areas around Yandev, 
Nigeria (ILTA, Annual Report for 1982), indicate that 
a virus of the cucumo-group may be involved. This 
finding iz based on a weak serological reaction
obtained with CuMV antiserum. Aphid transmission,hoaeewihs trtcansrision 
however, has not been achieved, and purification 
attempts have yielded only very fewv spherical par-
ticles, as determined in electron microscope studies, 
Whitefly transmission studies were also performed, 
but no single transmission was obtained. 

Sal) transmission from soybeans to soybeans has 
not been achieved. When soybean seedlings are 
inoculated from Nicotianabenthamiana,in which the 
virus is being maintained and in which it causes a 
bright yellow mosaic, about 50% infection incidencecan be obtained in susceptible lines, Malayan, the 
ca besobtainevainetap to be resistant to this

local soybean variety, appears toGranular 
virus. Only local necrotic lesions developed on in-
oculated primary leaves of this variety, 

The virus could not be transmitted to Cucumis 
sativusand N. rustica,which usually become infected 
with CuMV or similar viruses. N. glutinosa, a well-
known artificial host of cucumo-viruses, was in-
fected, although no symptoms were observed.- H.W.Rossel and 0. Thotappilly 

Mild Mottle Disease 

A soybean disease that is characterized by mild 
mottle and mosaic symptoms and that has been 
observed in IITA's experimental plots and in farmer's 
fields in Nigeria (IITA, Annual Report for 1979) was 
studied in detail this year. Examination of leaf dip 
preparations with the electron microscope revealed 
slightly curved, rather rigid filamentous particles, 
The virus particles were estimated to have a modal 
length of approximately 650 nm and a width of about 
12 nm. The virus could not be transmitted by aphids 
(Aphis craccivoraand Myzuspersicae),but the white-
fly (Bemisia tabaci) was found to be an efficient 
vector. 


The virus was purified and an antiserum produced. 
We confirmed that the virus has a close serological 
relationship to cowpea mild mottle virus (CMMV), 

which has been observed in soybeans in Nigeria, 
Ghana, Ivory Coast and Thailand. Several wild 
leguminous plants, including Calopogonium mu
cunoides, Centrosema pubescens, C. plumeiri and 
Desmodiutn scopirius,were fou ,d1o be natural hosts 
of this virus in Nigeria, which also occurs in cowpeas 
(IITA, Annual Report for 1978), although no symp
toms of this virus have ever been found in cowpeas. 
F.O.Anno-Nyako, G. Thottappillyand H.W. Rossel 

M icrobiology 
Soil microbiology research in the Grain Legume 
Improvement Program continued to focus on increas
ing biological nitrogen fixation in cowpeas and 
soybeans grown in the tropics. Experiments with 
cowpea varieties investigated the benefits of apply
ing granular inoculants and higher inoculation rates 
under semiarid conditions at Maradi, Niger. Work on 
persistance of temperature and desiccation tolerant 
rhizobia at Maradi was also continued. Promiscuous 
and nonpromiscuous soybean varieties were tested ininoculation trials at three locations in Nigeria. The 
aim of these experiments was to quantify possible 
yield increases resulting from inoculation and to aid
in identifying varieties that optimize nodulation and 
N fixation with indigenous rhizobia. 

Cowpeas 
The use of granular inoculant applied at high rates 

wasites on fou maturing (ay cowpeavarieties, one medium maturing variety (TVx 3236) 
and the local cultivar TN 88-63 in Maradi, Niger.inoculant was prepared for a mixture of 
rhizobial strains, IRc 430A and IRc 500A and applied 
at either thie recommended rate of 7 g/25 mn(1x) or ten 
times the recommended rate, 70 g/25 m(10 x). Single 
sue s he ed of 800wasompend rate 


superphosphate was applied basally at a rate of 800 
kg/ha before planting. Nodulation and shoot growth 
at five weeks after planting and grain yield at maturity were evaluated relative to uninoculated treat
ments, with and without fertilizer N. Nodules were 
analyzed by the ELISA technique to evaluate the 
competitiveness of inoculated rhizobia. 

The lOx rate of inoculant application increased 
nodulation (nodule number and dry weight) and 
competitiveness of inoculated strains (Table 59). 
Signs of insect damage to nodules were widespread in 
the field: nodules on the tap root were empty, while 
those on lateral roots were intact at the time of 
sampling. Shoot growth at five weeks after planting 
and grain yield at harvest were significantly lower in 
inoculated plots than in those receiving fertilizer N 
(Table 59). Average yields for the varieties tested 
were as follows: IT 82E-9, 618.7 kg/ha; IT 82E-18, 
466.2; IT 82E-60, 462.5; IT 82E-70, 330.0; TVx 3236, 
523.7; TN 88-63, 603.7 (LSD, 5% = 65.6). Yields were 
low because of exceptionally low rainfall, which was 
only 160 mm during the growing season (July to 
September). Under these conditions it does not ap
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Table 59. Effect of Nand granular inoculant on cowpea nodulation, growth and grain yield and competitiveness
of introduced strains, Maradi, Niger, 1983 

Nodule dry Shoot fresh 
No. of nodules 

Treatment per plant" 
Uninoculated 

0 N .................................. 9.2 

100 kg N/ha ......................... 8.2 

Inoculated 
1 X ................................ 12.3 

lOx ................................ 14.0 


LSD (5%) ............................. 3.2 


weight, g 
per plant" 

weight, g 
per plant" 

45.2 22.8 
22.8 34.3 

51,8
79.2 

21.5 
20.4 

19.6 3.9 

pear possible to increase biological nitrogen fixation 
and grain yields by inoculation alone.-S. Asanuma, 
d. Hohenbergand A. Ayanaba 

Soybeans 
Experiments in the Guinea savanna zone tested 
promiscuous soybeans in inoculation trials. Five 
promiscuous and two nonpromiscuous varieties were 
grown at Mokwa and Zaria, Nigeria, representing the 
southern and northern Guinea savanna, respec-
tively; one promiscuous and one nonpromiscuous 
variety were grown in plots measuring (15 x 10 m) at 
Pioneer Farms, Okaka, in the northern transition 
zone of Nigeria. Nodulation and plant growth at six 
weeks after planting and grain yield at harvest in 
plots inoculated either with IRJ 2114 or IRJ 2123 were 
compared with uninoculated treatments, with and 
without fertilizer N. 

Populations of indigenous rhizobia varied greatly 
with location (Table 60). and responses to inoculation 
varied accordingly. In Zaria, where populations of 
rhizobia nodulating either promiscuous or nonpro
miscuous soybeans were below detectable levels, all 
varieties tested responded dramatically to inocu-
lation (Fig. 8). Fertilizer N and inoculant increased 
shoot growth in Bossier, TGx 330-054D and TGx 356-
063D at seven weeks after planting. Early cessation of 
rainfall in September reduced yields of medium and 

later mattaing varieties relative to that of early 
maturing varieties included in the trial. Grain yields 
of all varieties, except TGx 330-0102D, were increased 
from 26 to 134%X) by inoculation (Table 61). Yields of 
TGx 330-0102D were least affected by low N status. 

At Mokwa populations of indigenous promiscuous 
rhizobia were on tile order of 10:'. At six weeks after 
planting, nodulation was increased significantly in 
promiscuous ones ; nodulation was not affected inthe two nonpromiscuous varieties and in three of the 

TGx 330-0102D or DSM 490 (Fig. 9). Shoot growth,
however, did not respond to fertilizer N or inocu-
lation in any variety, indicating that soil N was not 
limiting. Because of extensive pod bug damage, the 
experiment was not harvested, 

At Okaka yields from large plots of TGx 330-0102D 
were not increased by inoculation, whereas yields of 

Percentage of nodules formed 
by the inoculated strain 


IRc 430A IRe 500A 


-

4.6 
13.05 

10.1 
"At five weeks after planting. bl x is the recommended rate of 70 g/25 m,and 10 x is ten times that rate. 

Number per re plonts 

100 Nodulenumber 

P50 

o 
eh)IR12123USDA1381 

dry wemght , 

04 - n$[-]. 
I n 

0 

-

-

42.8 
52.6 
16.5 

Grain 
yield, kg/ha 

506.2 
567.5 

473.7 
467.5 
66.2 

Bossier were increased by 56%. Yields were low, 
however, because of drought (Table 62). 

Each year the soybean breeding program evaluates 
over 1,000 lines in preliminary trials at two to three 
locations in Nigeria for ability to nodulate with 
indigenous rhizobia. Studies were undertaken to 
devcop a greenhouse screening procedure that 
can identify promiscuity and reduce the number of 
varieties for field evaluation. Data from the Boyce 
Thompson Institute indicated that a group of 20 
rhizobial strains, isolated from promiscuous soy
beans grown at Onne and IITA in Nigeria and Maradi 

Table 60. Populations of indigenous rhizobia at two 
locations in Nigeria, 1983 

Cowpea Promiscuous Nonpromiscuous 
rhizobia rhizobia rhizobia 

Samaru .... 
number of rhizobiapergramof soil 

18.9 x 10:1 <10 <10 
Mokwa .... 42.7 x 103 3.5 x 10:' 0.5 x 10:' 

0 Unocu,°,.d,0N 
/ U + IN 

VO05 
O o 

2114(CBIB9) 05Nodule 

..... .. 
1s0hoot dry weight 1on1
5o0 I-

/I 
i m) 

0 ._ , 
10. 1),356-063DT3 TG,I?-2G TG.'G,,326-04 0SM490 

Figure 8. Effect of inoculation on nodulation and growth 
of five promiscuous and two nonpromiscuous soybean
varieties at seven weeks after planting, Zaria, Nigeria, 
1983. 
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in Niger would nodulate only promiscuous soybeans representing some of the genetic diversity among 
and not nonpromiscuous ones. promiscuous and nonpromiscuous varieties. The 

Preliminary trials at IITA tested for the presence or plants were grown in plastic pouches, and nodulation 
absence of nodules by these strains on 10 varieties was evaluated after three weeks of growth. Three 

rhizobia were then selected for use as mixed in-
Table 61. Effect of N and inoculation on grain yield of oculant in screening (Table 63), and 73 varieties from 

promiscuous and nonpromiscuous soybean the 1983 preliminary trials were screened in plastic 
varieties, Samaru, Nigeria, 1983 pouches. There was good agreement between the 

TGx Tgx TGx TGx results of field and greenhouse screening; out of 73 
TGm 17- 330- 330- 326- varieties tested, 27 were rated as promiscuous and 22 

Treatment 80 2GE 0102D 054D 034D as nonpromiscuous by both methods. But six varieties 
Uninoculated kg/ha rated promiscuous in the field failed to nodulate in 

0N .............. 1,454 988 1,369 546 944 the pouch. Rhizobia nodulating these varieties are 
150 kg N/ha ...... 2,578 1,971 1,171 762 1,815 being identified and added to the screening inoculant. 

Inoculated The laboratory method was not as accurate for rating
IRj 2123 .......... 1,827 1,917 1,496 1,007 1,267 varieties that are medium in promiscuity; with this 
IRj 2114 .......... 2,232 1,646 1,329 1,419 1,340 method oruiy six out of 13 varieties were found to have 

Cultivarmean ...... 2,023 1,630 1,341 934 1,342 medium promiscuity. The 1984 preliminary lines 
LSD (5%): will be screened in the greenhouse as well as in 

For cultivar means ................ 304.7 the field to confirm the accuracy of the procedure.
Cultivar means with same treatment... 512.5 -J. Hohenberg,S. Asanuma and A. Ayanaba
Cultivar means with diff. treatments... 694.2 

C.V ., % .............................. 24 
Note: The promiscuous varieties were TGx 330-0102 Q,330-0541 
and 326-034 D, and the nonpromiscuous ones were Bossier and Table 63. Nodulation of soybeans by rhizobia used as 
TGx 17-2GE. indicators in greenhouse screening, ITA, 

1983 
Table 62. Effect of inoculation on soybean yield, Rhizobium strain 

Okaka, Nigeria, 1983 Variety IRj 2155B IRj 2161B IRc 462B 
Treatment 	 Bossier TGx 330-0102D TGx 304-054D................ + + +
 

kg/ha TGx 330-054D ................ + + 0

TGx 604-027C ............... + + +
 

Uninoculated ............. 283 519 TGm 618 .................... 0 + 0
 
IRj 2114 + IRj 2123 ......... 442 536 M-79 ....................... 0 + +
 
Yield increase from Orba ........................ + + +
 

inoculation, % .......... 56 3 TGm 479................. 0 0 0

TGx17-2GE .............. 0 :0 0
 
Bossier ..................... 0 0 0
 

Number per five plants Williams................ 0 0 0
 
Nodule number 	 Uninoculoted ON

100 -• Unocloed + N 

Weight ( g/ five plants) 

Nodule dry weight 	 i223 SD 138) LO 

10C 

Shoot
 
dry weigh~
 

n _n It0-

200 -

TGmO TOx17-2GE TOn TGx326-O34D TO DSM490 TGx3S5063D
330-0102D 330-0540 

Figure 9. Effect of inoculation on nodulation and growth 
of five promiscuous and two nonpromiscuous soybean 
varieties at six weeks after planting, Mokwa, Nigeria, 1983. 



Root and Tuber Improvement Program
 

The Root and Tuber Improvement Program consists 
of the core program at IITA and three international 
cooperative programs: (1) the Cameroon National 
Root Crop Improvement Program (CNRCIP), (2) the 
Rwandan National Root Crop Improvement Program
(RNRCIP) and (3) the National Manioc Program
(PRONAM) in Zaire. The core program has received 
substantial financial support from the International 
Fund for Agricultural Development (IFAD); CNRCIP 
receives funding from the International Development
Research Centre (IDRC) of Canada and the General 
Administration for Cooperation and Development
(AGCD) of Belgium; RNRCIP is supported by IDRC 
and PRONAM by the United States Agency for 
International Development (USAID). 

Work on biological control of cassava pests has 
been supported with special grants from IFAD, the 
German Agency for Technical Cooperation (GTZ),
and the Swiss and Austrian governments. The pro
gram cooperates with the International Center of 
Tropical Agriculture (CIAT), Colombia, in the in-
troduction of cassava germplasm in seed form and 
natural enemies of cassava green spider mites (CGM)
through the Quarantine Office of Nigeria. The 
biological control staff also works closely with the 
National Agricultural Research Organization of 
Brazil (EMBRAPA) and the Commonwealth Institute 
of Biological Control (CIBC). 

The core program made significant progress this 
year in biological control of the cassava mealybug 
(CM) through field releases of the parasitoid,
Epidinocarsis(=Apoanagyrus)lopezi, which spread 
at a rate of about 200 km per year and reduced CM 
populations significantly. The program also made 
progress in improving cassava genotypes with re-
sistance to CGM and CM. 

A seed yam production system was perfected, and 
a method developed by the National Root Crops
Research Institute of Nigeria was adopted. The 
improved seed yam production system will be tested 
at the farm level on a large scale next season. Since 
traditional seed yam production require- high inputs 
of material and labor, seed yams are expensive and 
often not available to poor farmers; where available 
the seed yams are often of inferior quality. The 
improved seed yam production system minimizes 
production inputs and permits production of healthy 
seed yams in large quantities, 

IITA improved cassava varieties continue to be 
popular among a growing number of farmers in 
Nigeria. In Cameroon CNRCIP is making remarkable 
progress in the improvement of cassava, sweet po
tatoes and cocoyams and is evaluating many promis
ing clones of these root crops. The sweet potato
variety TIb-1 has been widely distributed and is 
grown throughout the country. CNRCIP will be 
entirely self-supporting in a few years.

In Zaire PRONAM is also making significant 
progress in cassava improvement. Improved varieties 
that were tested and selected in three different 
regions are becoming very popular. These varieties 
produce high yields under periodic inundation. 

Cassava 
Genetic Improvement 
Several IITA improved cassava varieties have be
come popular among farmers throughout Nigeria
because of their consistently superior yields, better 
canopy development-a result of their resistance to 
cassava mosaic disease (CMD) and bacterial blight 
(CBB) and their early recovery from attack by cas
sava mealybug and green spider mites with the onset 
of the rainy season-and good consumer acceptance. 
Successful nationwide distribution ofthese improved
varieties in Nigeria is due in large part to the 
activities of the National Accelerated Food Pro
duction Program (NAFPP), National Seed Service, 
various agricultural development projects and many
village leaders. 

New promising cassava clones have been produced
and will be further tested in multilocational uniform 
trials in cooperation with the National Root Crops
Research Institute of Nigeria. TMS 4(2)1425, which 
was reported to have some degree of resistance to 
CGM and CM, gave the second highest yield in 
uniform trials conducted during the rainy season at 
three locations in Nigeria. This clone also gave the 
highest yield in a dry season trial at IITA. Its pro
genies have a high frequency of CM and CGM 
resistance. 

Variety Trials 
Yield trials of 10 IITA improved varieties were 
conducted without fertilization at three locations in 
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Nigeria-IITA, Mokwa and Onne-that represent a good. This clone will be advanced to the variety trials 
wide range of environmental conditions. The trials next year. 
covered two cropping years from 1981 to 1983. Mokwa 
is located in the dry savanna, Onne in the high Advanced Yield Trials 
rainfall zone on sandy poor soil, and IITA in the 
region of moderate rainfall and soil fertility. The Two advanced yield trials, one of clones in the 80 
results are summarized in Table 1. series and another of clones in the 90 series, were 

TMS 50395 gave the highest average fresh yield, conducted at IITA over two years. The results are 
followed by TMS 'A0572, 30337, 40081 and 4(2)0267. summarized in Table 3. 
These varieties outyielded the standard variety at all Among clones of the 80 series, TMS 84751, 84537 
locations for the two years. TMS 50395 produced and 83350 consistently gave high yields for two years, 
outstanding yields when grown under relatively good and had acceptable gari quality. TMS 84751 and 81983 
soil conditions, showing a high degree of stability showed relatively good resistance to CM. Although 
across locations and years. This variety also showed TMS 83350 had a low dry matter percentage and low 
considerable resistance to CMD and CBB as well as garification rate, it will be advanced, together with 
tolerance to CGM and CM. But it has the disadvan- TMS 84751 and 84537, for further testing in the 
tage of a lower dry matter percentage than that of uniform trials next year. 
other improved varieties such as TMS 30572. Because Several clones of the 90 series gave high yields that 
of its higher fresh yield, the dry yield of TMS 50395 is of TMS 90257 being the highest, although this clone 
still higher than or ccmparable to that of other had very poor gari quality and a low dry matter 
improved varieties. The quality ofgari made from the percentage. TMS 91934 showed a high level of re
tuberous roots ofthis variety was rated moderate this sistance to both CGM and CM. These clones will be 
year because ofdrought, but the variety has produced further tested before some are advanced to the uni
high quality gari in previous years. TMS 30337 per. form trials.-S.K. HahnandE.M. Chukwuma 
formed the best under high rainfall, poor sandy soil 
conditions. Interaction Between Gernotype and 

Environment 
Uniform Yield Trials Combined analysis of variance for yield data from 
Uniform yield trials were conducted with nine pro- cassava variety trials, in which 10 varieties were 
mising clones, including TMS 4(2)1425, 42025 and tested at three locations in Nigeria over a period of 
60142, that showed resistance to CGM and CM in two years, showed significant interaction between 
1982. The results are summarized in Table 2. variety and location (Table 4). Poor correlation 

Clones TMS 4(2)1425 and 60142 again showed coefficients between locations were obtained for two 
relatively good resistance to both CGM and CM. TMS sets of yield data on the 10 varieties tested: 0.37 for 
4(2)1425 gave a high yield equivalent to that of the IITA and Mokwa, 0.21 for IITA and Onne, and 0.12 for 
high yielding varieties TMS 50395 and 30572 in the Mokwa and Onne. 
rainy season. In a dry season trial conducted only at An attempt was made to predict the yield of the 10 
IITA, this variety yielded 14.3 t/ha and TMS 30572 varieties at other locations based on their yields at (1) 
gave 12.7 t/ha, compared to 3.8 t/ha for the check TMS IITA, (2) IITA and Mokwa, and (3) IITA and Onne,
60506. The gari quality of TMS 4(2)1425 was rated as using this regression model: 

Table 1.Results of cassava variety trials at locations in Nigeria, 1981-83 
Percent Dry Garifi-

Yield, t/ha dry yield, Resistance to:a cation Gari 
Variety IITA Mokwa Onne Avg. matter t/ha CMD CBB CGM CM rate, % qualityb
 
TMS 50395 ............. 26.6 24.0 17.0 22.5 23.8 5.4 1.8 1.6 2.6 2.3 13 M-G
 
TMS 30572 ............. 19.9 30.0 12.9 20.9 28.9 6.0 2.0 1.5 3.2 2.5 16 VG
 
TMS 30337 ............. 17.2 23.0 19.3 19.8 25.2 5.0 2.3 1.8 3.7 2.4 13 M-G
 
TMS 40081 ............. 20.6 16.9 14.8 17.4 26.8 4.7 1.9 1.3 3.7 2.3 14 G
 
TMS 4(2)0267 ........... 15.7 17.5 18.6 17.3 28.6 4.9 2.0 1.4 2.5 2.4 17 G
 
TMS 30211 ............. 14.5 20.4 16.1 17.0 26.1 4.4 2.0 1.4 2.5 2.4 11 G
 
TMS 50207 ............. 17.0 14.1 16.1 15.7 23.3 3.7 2.2 1.5 3.5 2.5 15 G
 
TMS 30555 ............. 12.8 16.1 14.6 14.5 28.1 4.1 2.1 1.5 3.4 2.3 15 M
 
TMS 60506 (check) ...... 13.4 19.2 10.2 14.3 25.8 3.7 2.8 2.4 3.8 3.0 12 M-G
 
TMS 3001 .............. 17.8 10:7 12.4 13.6 27.8 3.8 1.5 1.6 3.9 2.7 17 G
 
LSD (5%) ............... 4.3 8.5 5.5 3.6
 
S.E ..................... 2.2 4.3 2.8 1.8
 
'Resistance to cassava mosaic disease (CMD), bacterial blight (CBB), green spider mite (CGM) and mealybug (CM) was rated on a 1 to 5 
scale, where 1 = no damage and 5 = severe damage.bGari quality was rated as follows: VG = very good, G ='good, M= moderate and P = poor. 
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Table 2. Performance of promising cassava clones in uniform yield trials at locations in Nigeria, 1982-83 
Percent Dry Garifi-

Yield, t/ha dry yield, Resistance to:a cation Gari 
Clone IITA Mokwa Onne Avg. matter t/ha CMD CBB CGM CM rate, % qualityb 
TMS 50395 ............. 23.8 11.1 12.5 15.8 24 2.0 1.1 3.1 93.8 2.5 M-G 
TMS 4(2)1425 ........... 21.5 8.3 16.3 15.4 26 4.0 
 2.0 1.0 2.3 2.5 17 G-VG
TMS 30572 ............. 20.9 12.6 11.1 14.9 27 
 4.0 2.1 1.0 3.1 3.0 12 G-VG
TMS 63397 ............. 20.3 9.4 9.4 13.0 
 28 3.6 1.9 1.0 3.4 2.8 12 G-VG 
TMS4(2)1443 ........... 13.4 - 10.5 12.0 26 3.1 2.0 1.1 3.6 2.8 12 M-G
TMS 60506 (check) ...... 13.5 8.3 23 2.9 3.5 127.0 9.6 2.2 2.0 3.0 G-VG 
TMS 42025 ............. 17.5 2.8 7.0 9.1 30 2.0 1.3 2.8 20
2.7 2.3 VG
TMS 60142 ............. 13.7 6.1 7.5 9.1 25 2.0 2.0 2.4
2.3 2.4 13 G
TMS 50193 ............. 11.7 5.7 8.2 8.6 22 1.9 2.1 1.0 
 3.1 2.5 9 P-M 
LSD (5%) .............. 6.0 5.5 4.0 
S.E .................... 2.1 1.9 1.4
 
"Resistance to cassava mosaic disease (CMD), bacterial blight (CBB), green spider mite (CGM) and mealybug (CM) was rated on a 1 to 5
 
scale, where 1 = no damage and 5 = severe damage.
bGari quality was rated as follows: VG = very good, G = good, M = moderate and P = poor. 

Table 3. Performance of cassava clones from the 80 and 90 series at IITA, 1981-1983 

Percent Garifi.
Yield, t/ha dry Resistance to:a cation Gari 

Clone 1981-82 1982-83 Avg. matter CMD CBB CGM CM rate, % qualityb 

80 series 
TMS 84751 ................. 22.2 31.1 26.7 21 1.9 1.3 2.9 1.0 14 G
TMS 84537 ................. 18.2 34.4 26.3 23 2.0 1.3 2.8 2.0 15 G
TMS 83350 ................. 23.3 27.6 25.5 19 2.5 1.8 2.8 1.5 11 M

TMS 30572 ................. 17.3 25.5 21.4 26 2.0 1.1 2.5 1.5 
 14 VG
TMS 81983 ................. 16.4 24.0 20.2 27 1.9 
 1.0 2.5 1.0 16 G
TMS 84563 ................. 16.4 23.1 19.8 26 2.3 1.6 2.8 2.0 16 G

TMS 83672 ................. 18.1 21.4 19.8 25 2.0 1.5 2.5 2.3 15 M

TMS 83761 ................. 19.1 20.2 19.7 20 2.0 1.0 3.0 2.0 10 M

TMS 84776 ................. 15.0 22.6 18.8 24 2.0 1.1 3.0 1.8 12 G

TMS 84261 ................. 16.2 21.4 18.8 24 1.9 1.1 2.4 1.5 13 
 G
TMS 60506 (check) ........... 9.5 16.1 12.8 20 2.6 2.0 2.6 
 2.0 11 G 
LSD (5%) ................. 7.0 4.8 
S.E ........................ 2.5 1.7
 

90 series 
TMS 90257 ................... ...... 26.9 21 2.0 1.1 73.3 1.0 11 P-M 
TMS90205 .......................... 22.0 22 1.9 1.1 3.0 1.5, , 13 G
TMS 90853 ......................... 21.8 2.1
24 1.3 2.5 1.5 13 G 
TMS 91142 ........................... 21.3 26 :2.3 1.9 2.3 1.5 t15 GTMS 90059 ................... ...... 21.0 28 2.0 1.4 3.0 1.3 15 G-VG 
TMS 90057............... .20.6 26 2.0 1.8 2.8 1.3 G-VG
15
TMS 90442.................. ....... 20.5 23 2.1 1.9 3.5 1.0 11 P
 
TMS 91934......................... 19.4 26 2.0 1.3 0.8 12
0.5 P-M
TMS 90546......................... 19.8 24 2.0 1.1 3.5 
 1.5 12 M-G
TMS 90278......................... 17.8 25 
 2.3 1.6 3.3 1.8 12 M-G
TMS 90368................ 17.6 24 
 2.0 1.1 4.0 2.8 13 P 
TMS 30572 ......................... 17.2 26 2.0 1.0 3.8 2.3 16 G
 
TMS 60506 (check) .................... 15.6 22 2.5 2.0 3.3 1.5 14 
 G 
LSD (5% ) ............................ 5.7 
S.E .................................. 2.0
 
'Resistance to cassava mosaic disease (CMD), bacterial blight (CBB), green spider mite (CGM) and mealybug (CM) was rated on a i to 5 
scale, where I= no damage and 5 = severe damage.bGari quality was rated as follows: VG = very good, G = good, M = moderate and P = poor. 

Yij = a, + blXil+ b2jXi2+ eij location on the genotypes tested at location 1; b2 1= 
where Yii = fresh tuberous root yield (t/ha) of the ith regression coefficient of the jth location on the 
genotype in the jth location; aj = constant for the jth genotype tested at location 2; Xil = yield of the ith
location; blj = regression coefficient of the jth genotype at location 1; Xi2 = yield of the ith genotype 
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Table 4. Combined analysis of variance for yields of 10 
cassava varieties tested in uniform trials at 
locations in Nigeria, 1981-1983 

Mean 
Source of variation Degrees of freedom square 
Variety ................. (v-1) 22.66** 
Variety x year .......... 
Variety x location ....... 
Variety x location x year 

(v-1) (y-l) 
(v-1) (1-1) 
(v-1) (1-1) (y-1) 

51.31 
111.72** 
41.60 

Error ................... ly (v-1) (r-1) 35.98 
**Significant at the 1%level. 

at location 2; and e.. = deviation from regression. As 
shown in Table 5, agreement between the observed 
and estimated yield was generally poor, indicating 
that it is difficult to predict yield at other locations 
based on data from one or two locations.-S.K. Hahn 
andN.K. Nguyen 

Pubescence in CM Resistance 

In 1982 it was reported that CGM resistance is
genetically associated with the pubescence character 

on the leaves of young shoots. This was concluded 
from data on segregating individuals from crosses of
pubescentreplicates
puetioscen etwiopubescencloes. ThdCMisahe
relationship between pubescence and CM resistance 

was studied in five open-pollinated families segregat-
ing ntopu~scetnopubscet tpes CMad

ing into pulescent and nonpubescent types. CM 
infestation was fairly uniform. During the dry season, 
when CM was severe, individual plants in each family 
were evaluated for pubescence and subjectively for 
CM damage on a 1 ko 5 scale, with 1 being most 
resistant and 5 most susceptible. For each family the 
X1 test was used to determine if CMresistance scores. 
were dependent upon the pubescence character. The 
results are summarized in Table 6. 

The X2 values were significant for three families 
but not for the remaining two, indicating that CM 
resistance may be associated with the pubescence 
character. The average scores of the pubescent seg-
regants were lower than those of nonpubescent 
plants for all families. The CM resistance appears to 
be regulated by more than one gene; the segregating 
individual plants showed substantial variation in
CM resistance. It thus appears that CM resistancecan resistance btthuseapestat CMiesisnce 
can be improved by genetically incorporating the 

pubescence character into high yielding but suscep
tible varieties.-S.K. Hahnand E.M. Chukwuma 

Pathology 
Screening for Anthracnose Resistance 
An in vitro method developed last year for assessing 
resistance/susceptibility to cassava anthracnose 
disease (CAD) was further studied this year to: (1) 
increase the reliability of the method, (2) analyze the 
distribution of the variable studied so that the ex-
perimental results can be interpreted properly, and 
(3) investigate the correlation between in vitro and in 

vivo inoculation results. With this method green 
cassava cuttings about 8 cm long are inoculated by
placing a disc of an actively growing Colletotrichum 
gloeosporioidesf. sp. manihotis colony on a group of 
three punctures made in the internodal region with a 
needle heated to red. The inoculated stem pieces are 
incubated in a humidity chamber and the length of 
the developing lesions, considered a characteristic 
of host reaction, is measured seven days after 
inoculation. 

Three potential variability factors were studied: 
stem cutting age, mycelium age and inoculum nutri
tive base. To assess the influence of stem age, stem 
cuttings were taken at various distances from the top 
of the plant: 5 to 15cm, 20 to 30 cm and less than 45 cm 
(the more lignified part of the stem). To test the effect 
of myceliuhw age, mycelial discs were taken from a 
seven-day-old Potato Dextrose Agar (PDA) culture at 
three different radii: 4.2, 3.2 and 2 cm from the center 
of the culture. The influence of inoculum nutritive 
base was determined by comparing different thick
nesses of mycelium disc (1.6, 2.4, and 3.4 mm) used as
inoculum (grown on PDA). The experiment in which
stem and mycelium age were studied had a randomized 
s te blceignge w tead andmight 
complete block design with two treatments and eight

(four stems were inoculated per treatment 
per replicate). The experiment in which the thirdfactor was studied, with known stem and mycelium 
ages, as had rn o c te blocesign 
ages, also had a randomized complete block design, 
but with three treatments and eight replicates (10 
stems were inoculated per treatment per replicate). 
Distribution of the variable lesion size was assessed 
before and after the three factors studied were stand
ardized on samples of 160 and 216 stem pieces, re
spectively. The cultivar used in these studies, TMS 
30001, was inoculated with the virulent isolate 2057 ofthe pathogen. 

Correlation between in vitro and in vivo inocu
lation was studied in ten cassava cultivars. The in 
vitro experiment had a randomized complete block 
design and was replicated eight times (four stems 
were inoculated per cultivar per replicate). The in 
vivo experiment had the same design, but with five 
repi nt pants were in ut per c iv 
replications (two plants were inoculated per cultivar 
per replicate). The plants were maintained in an air
conditioned room (270 to 30* C) under natural photoperiod and were inoculated in the third and fourth
internodal region by depositing a disc of mycelium on 

Table 5.Correlation coefficients between observed 
and estimated yields of 10 cassava varieties 

Location Overall 
Test sites IITA 
IITA ................. 
IITA and Mokwa ...... 
ITA and Onne ........ 

Mokwa 
0.37 

0.38 

Onne 
0.21 
0.22 

mean a 

0.75 
0.86 
0.79 

Note: These figures were calculated for single test sites based on
 
yields at one or two other sites.
 
'Average yield of varieties over all locations.
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Table 6. Relation between the pubescence character and CM resistance in five cassava families with varying

degrees of pubescence, IITA, 1983 
a

CM resistance score 
Family and pubescence 1 2 3 4 
82/00032/83672

Present ..................... 1 5 2 2 
Absent ...................... 3 3 6 20 

83/00031/84983
Present ..................... 4 1 0 0 
Absent...................... 8 9 4 4 

83/00030/84563
Present ..................... 10 2 0 0 
Absent ...................... 4 7 5 1 

83/00029/81483
Present ..................... 19 1 2 0 
Absent ...................... 16 7 3 0 

83/00021/40081
Present ..................... 3 0 0 .0 
Absent.................. 1 2 5 5 

"I= most resistant and 5 = most susceptible. 

a group of three punctures made with a needle heated 
to red. Developing lesions were measured weekly up
to six weeks after inoculation. 

Of the three factors studied, only stem age gave 
significant differences, with larger lesions develop-
ing on stem pieces taken at 20 to 30 cm from the top ofthe plants. Mycelial age and inoculum nutritive base 

the lans.ae Mcelalad ioculm ntritve asedid not have any significant effect (Table 7). Even so, 
to achieve greater consistency in the inoculation, it 
should be standard procedure in other studies to takeinoculum at a radius of 2.5 to 4 cm from the center of 
the culture, to use mycelial discs 2.4 mm thick and 
to choose stem pieces between 20 and 30 cm from the 
topcho ste p iestrbtwenof the variable lesion 
top of the plant. Distribution oftevral ein
size before standardization was close to a binomial 
(mean lesion size was 18.2 mm and variance, 20.3).
Standardization significantly increased lesion means 
(15.3 mm) and significantly decreased variance (18.1),
the distribution being still binomial. The log e trans
formation, which normalized the distribution after 
standardization, was used for data analysis through-
out the experiments. 

The 10 cultivars inoculated in vitro fell into two 
distinct groups in their response, as shown in Figure
1. Correlation between in vitro and in vivo inocu-
lation was highly significant (r = 0.82) for cankers 
developing in the third internodal region. There was 
no significant correlation for the canker induced in 
the fourth internodal region, where more rapid 
lignification limited extension of the canker. 

The in vitro screening method appears to work at 
least in a preliminary stage of screening. Correlation 
between the results of in vitro inoculation and those 
of field 	infection needs to be studied further. The 

X25 Total Average 	 Probability 

0 10 2.5 11.47 <0.025 
4 36 3.5 

0 5 1.2 4.69 <0.50 
0 26 2.2', 

0 12 1.2 11.42 <0.025 
0 17 2.2 

.0 22 1.2 4.77 <0.50 
' 0 26 1.5 

0 ,3 1.0 13.98 <0.01 
17 3.5 

Virology 

Cassava Mosaic Virus 
For the first time, the geminivirus isolated from 
For th ass m osaic d i rs isol a s suc
plants with cassava mosaic disease (CMD) was successfully transmitted back to cassava. In recent years 
there have been other strong indications at IITA thatthe isolated virus is the causal agent of CMD. This 
confirms recent findings of scientists at the Kenya 

c uturl Ins s atth gKnaRese titAgricultural Research Institute (KARI) at Muguga, 
that the geminivirus isolated from CMD-infected 
plants in Kenya is not a latent virus after all, as thosescientists initially claimed (Bock, personal com
munication).-H. W. Rossel 

Table 7.	Effect of variability factors on size of lesions
 
induced by in vitro inoculation of cassava
 
stem pieces with C.gloeosporioidesf. sp.
 
manihotis, IITA, 1983
 

Lesion 
Variability factor length, mm a 

Stem age (ht. at which cutting was taken): 
5 to 10 cm from top of plant ................... 9.8 a
 
20 to 30 cm from top of plant .................. 12.1 b
 
Less than 45 cm from top of plant ............. 7.0 c
 

Mycelium age:
 
Two days .................................. 10.0 a
 
Four days .............................. 9.6 a
 
Six days ................................... 8.7 a
 

Nutritive base (thickness of inoculum disc):b 
1.6 mm .................................... 
 11.7 aresults of two years of work with different isolates of 2.4 mm .................................... 	 12.3 a
the pathogen indicate that the possibility of phy. 3.2 mm .................................... 11.2 a

siological specialization among isolates should be Means followed by the same letter in a column are not
considered.-N. Ahouandijinou(National University significantly different at the 5%level.
of Benin), T. Ikotun (University of Ibadan, Nigeria) brested on cuttings taken between 20 and 30 cm from top of plant,
andD. Perreaux with four.day-old mycelium. 
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Mean lesion size (mm) cassava tubers, 12- to 15-month-old tubers were 
peeled, diced and cooked in a yam pounder. As shown 

23.0 o in Table 8, the clones that appeared waxy (clear and. 
..... yellowish) and were hard after cooking were gen2.. 


20 - O 	 erally lumpy after pounding, even if the pounding
time was extended. Clones that were soft and mealy
(white and starchy looking) when cooked produced124c 123c 12.1c1.9c 11.c pounded cassava with asmooth texture. These clones 

10 	 can be used in preparing Ghana fufu. Properties of 
the starch that are responsible for mealiness and 
softness and for waxiness and hardness, such as the
amylose/amylopectin ratio, are being investigated.0 A.M. Almazan 

r,-	 I =

_ ~ In 	 Initiation of starch formation in cassava roots was 
investigated in 10 clones at one, two and three months

Figure 1. Responses of cassava cultivars to in vitro in- after planting. Agronomic factors that may influenceoculation with IRc virulent isolate 2057 of Colletotrichum starch formation, such as plant height and number ofgloeosporioidesf. sp. manihotis.TheEe data indicate lesion leaves and roots, were also noted as well as thesize seven days after inoculation. Values followed by the incidence of cassava bacterial blight (CBB) and of same letters are not significantly different at the 5% level. cassava mosaic virus (CMD). 
Starch granules stained by iodine were observed 

under the microscope in the tubprous roots of allBiochemistry 	 Theclones at one month after planting (Table 9). 
Hydrogen Cyanide Content percentage of tuberous roots with starch increased inthe second month but decreased slightly in the third.
Selection of cssava clones with low cyanide in the The number of feeder roots also increased in the
breeding program depends on biochemical analysis. second month and decreased in the third. Plant
The cyanide content of cassava tubers was deter- height and number of leaves increased as the plant
mined this year, using the automated enzymatic matured. The plants were not damaged by cassava
method devised by Rao based on the procedure of bacterial blight or cassava mosaic virus. The average
Cooke. Two hundred and seventy-six clones were ratings at one, two and three months were 1.1, 1.0 and
analyzed for preliminary yield trials, 747 for uniform 1.0 for CBB and 1.7, 1.7 and 1.6 for CMD, respectively.
yield trials and 108 for monthly yield trials. None of Decreased starch formation was apparently notthe 120 gari samples tested, which had been stored for due to changes in plant height or number of leaves or
almost two years, contained detectable amounts of to disease. The lower number ofroots and percentage
cyanide. ofroots with starch at the third month is probably the 

result of incomplete collection of roots. The cassavaCooking Quality cuttings were planted in the ground rather than in 
To determine the suitability of cassava clones for pots or plastic bags. It can be concluded, however,

Ghana fufu, which is prepared by pounding boiled that starch formation is initiated in the tuberous
 

roots even in the first month of growth.-N.M.
 
Mahungu(PRONAM) andA.M. AlmazanTable 8. Suitability of cassava clones for making

Ghana fufu, IITA, 1983 Paste Viscosity of Cassava Flour 
Cooked Texture
 

Cooking appear- Pounding after The most important factor that determines the uti-Clone time ance time,min pounding lization of cassava flour is its ability to swell and 
TMS 30572 ........ 25 Waxy 30 Lumpy produce viscous paste when heated with water. 
TMS 30555 ........ 45 Waxy 30 Lumpy Changes in the viscosity ofcassava flour were studied
TMS 4(2)1425 ...... 30 Mealy 10 Smooth using a Brabender viscograph. To prepare the flour,TMS 8042 ......... 30 Mealy 10 Smooth 
 the tubers were peeled, sliced into thin chips, dried atTMS 50395 ........ 35 Mealy 10 Smooth 
 65'C and ground to 350 pm.
TMS 60142 ........ 35 Mealy 15 Lumpy The viscosities measured were: (1) maximum vis-TMS 30001 ........ 25 Mealy 10 Smooth 
 cosity, the highest viscosity that may be reachedIsunikankiyan ..... 25 Mealy 10 Smooth during the preparation of a usable paste, (2) viscosityTMS 30040 ........ 30 Mealy 
 20 Smooth of the paste at 95C, which reflects the ease of cookingTMS 42025 ........ 30 Mealy 20 
 Smooth the flour, (3) viscosity after heating for 20 minutes atTMS 4(2)1425 P1.2 .. 35 Mealy 20 Smooth 950C, which indicates the stability of the paste, (4)TMS 63397 . 40 Waxy 20 Lumpy viscosity of the cooked paste after cooling to 50C, a 
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Table 9. Factors affecting starch formation in cassava roots, IITA, 1983
 
Tuberous roots
 
with starch, % Total no. of roots Plant height, cm Number of leaves
 

Clone 1MAP a 2MAP 3MAP 1MAP 2MAP 3MAP 1MAP 
 2MAP 3MAP 1MAP 2MAP 3MAP 
TMS 30572 ..... 51.3 93.9 72.2 26.0 40.0 22.5 17.0 35.8 47.0 21.8 76.8 110.0
TMS 30001 ..... 78.9 100.0 92.9 31.5 33.7 20.2 22.3 92.5 99.7 20.5 68.3 108.0
TMS 50395 ..... 60.5 96.7 83.2 28.0 30.3 20.8 22.7 39.2 48.2 21.0 76.2 112.3 
TMS 30555 ..... 60.1 85.6 82.3 32.5 31.0 20.2 19.7 33.3 59.7 20.2 81.8 146.5 
TMS 30040 ..... 67.9 90.8 76.4 24.7 36.5 17.8 18.0 20.8 22.2 25.0 92.5 104.2
TMS 4(2)1425... 64.2 94.5 90.3 24.2 30.8 23.5 19.3 36.7 54.0 19.2 66.7 118.5 
TMS 60142 ..... 53.5 97.9 90.3 22.5 28.5 19.7 69.238.3 90.0 13.5 43.5 54.7
TMS 30395 ..... 67.6 91.9 80.9 21.8 26.3 18.3 22.8 36.7 40.5 17.3 83.0 138.8 
TMS 30211 ..... 53.0 93.5 90.0 39.8 39.0 28.5 22.0 39.2 53.8 18.5 77.2 128.2 
TMS 63397 ..... 84.7 96.6 95.2 32.5 46.0 27.8 20.2 69.2 73.5 22.5 69.8 120.5 
Mean .......... 64.2 94.1 85.4 28.4 35.2 22.8 20.4 47.3 58.9 20.0 76.6 114.2 
S.E ............ 11.0 4.1 7.5 5.7 5.8 4.1 2.0 22.1 23.2 3.1 13.1 25.0
 
"MAP = months after planting. 

Table 10. Effect of cassava flour concentration on viscosity, IITA, 1983
 

Flour Temperature, 0 C Viscosity, Brabender units 
concentration, At maximum At Maximum After 20 At Maximum After 20
 
g/450 ml Pasting viscosity 950C with heating min at 950C 50'C after cooling min at 50C
 
TMS 30040
 

40 ...................... 67.0 73.8 155 505 
 72 100 110 110
 
50 ...................... 67.0 75.5 238 880 92 150 
 260 260

60 ...................... 64.8 75.2 299 1,340 128 262 310 310
 

TMS 4(2)0378

40 ...................... 66.2 73.8 308 540 128 162 185 175
 
50 ...................... 64.0 75.6 472 922 192 268 291 
 275
60 ...................... 64.0 77.5 700 1,725 285 425 
 505 505
 

TMS 4(2)1425

40 ...................... 67.8 75.2 40 355 25 30 38 38
 
50 ...................... 67.8 75.6 66 650 32 52 59 58

60 ...................... 66.2 75.2 85 1,010 48 95 145 145
 

Isunikankiyan
 
40 ...................... 68.5 77.5 530 640 
 260 355 370 340

50 ...................... 68.0 77.8 825 1,285 298 562 80 560

60 ..................... 67.8 1,090 510 715 750 720
 

TMS 30572
 
40 ...................... 67.8 79.0 
 610 770 300 418 418 390

50 ...................... 66.6 79.4 780 1,222 355 445 475 449

60 ...................... 67.0 79.0 1,130 2,100 515 690 
 730 710
 

TMS 30555
 
40 ..................... 67.8 75.2 
 90 70 5 60 62 62
 
50 ..................... 66.2 75.2 
 104 695 56 82 139 98
 
60 ..................... 66.2 76.0 165 1,100 78 138 520 520
 

measure of the setback produced by cooling, and (5) showing that cassava flour is relatively easy to cook. 
the final viscosity after stirring for 20 minutes at Maximum viscosity also increased as flour con
500C, which indicates the stability of the cooked paste centration increased, as did the other viscosities 
as it is used. The temperature at which the viscosity measured, only not to the same degree. Heating the 
begins to rise, termed "pasting temperature," and paste at 95'C for 20 minutes decreased viscosity
the temperature at maximum viscosity were also because of increased cross-bonding, indicating that 
measured. the swollen starch granules are slightly resistant to 

Table 10 shows the effect on viscosity of increasing breakdown during cooking. Cooling to 500C in
the amount of cassava flour from 40 to 60 g per 450 ml creased viscosity because of a slight tendency to 
of water. As flour concentlration increased, the past- retrograde or for the swollen whole and broken 
ing temperature decreased slightly. There was then a granules to associate. Twenty more minutes at this 
rapid initial rise in viscosity from that temperature temperature either did not change viscosity or in
because of the resistance of the swollen granules to creased it only slightly, indicating that the gel is 
stirring. Maximum viscosity occurred before 950C, stable. 
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The paste viscosity of cassava flour at 50 g/450 ml 
water was measured for various clones. The pasting 
temperature varied from 62.50 to 68.0'C and at maxi-
mum viscosity ranged from 70.8' to 79.4°C. The 
viscosities of TMS 4(2)1425, 40160 and 50395 were 
quite low, especially that of TMS 50395, which pro-
duced a very thin paste (Table 11). The viscosity 
pattern of all the flours was similar, however. 
Viscographs for the starch ofthe same cassava clones 
are being obtained and will be compared with those of 
the flour.-A.M. Almazan and A.O. Chukwumereji
(NationalYouth Service Corps, Nigeria) 

Biological Control 
IITA's biological control program for the cassava 
mealybug (CM) and green spider mite (CGM) expand-
ed considerably during 1983. Three additional scien-
tists were hired to cope with increased research needs 
and carry out experimental releases in several 
ecological zones. 

The CM and CGM problem has also increased over 
the rpast year. Guinea Bissau, Guinea, Sudan, Zambia 
and Uganda were invaded by the CM and Liberia and 
Sierra Leone by the CGM. The area infested is now 
e[timated at 5.5 million ha and crop losses at $2 
bii!ion per year. At the rate the two pests are now 
spreading, the entire African cassava belt of about 10 
million ha will be infested within two to three years,
and losses will increase accordingly. 

To counter these losses, the biological control 
program has stepped up its research and technology
development efforts. Also, contacts have been made 
with national governments interested in using
biological control to solve their CM and CGM prob-
lems. Import permits and official requests for biocon-
trol aid have been received from Nigeria, Senegal, 
Guinea Bissau, The Gambia, Ghana, Zaire, Togo,
Tanzania and Central African Republic. 

A new laboratory has been built for research and 
insect production. Ground and aerial release studies 
are being carried out to determine what natural 
enemy species complexes should be released in parti-
cular ecological zones and to test the aerial release 

system and methodology. 
A meeting involving Nigeria's Federal Ministry of 

Agriculture, Ministry of Science and Technology and 
several Nigerian research institutions has led to the 
establishment of a National Biological Control 
Committee (NBCC), of which IITA is a member. The 
NBCC has chosen nine candidates to attend a train
ing course in biological control to be held early in 
1984 at IITA. Also, 12 release sites have been chosen, 
where IITA, in cooperation with Nigerian insti
tutions, will make test releases and monitor the 
impact and spread of natural enemies of the CM. At 
three of the sites, aerial releases will be made. 

Because the CGM problem is growing and becomes 
even more apparent when the CM is brought under
control, greater efforts should be made in the appli
cation of biological control methods to this problem. 

One species of predatory mite has been introduced 
into Nigeria from the International Center of 
Tropical Agriculture (CIAT), Colombia, through the 
Commonwealth Institute of Biological Control 
(CIBC) in London. Rearing methods are being studied 
in great detail. The first experimental releases are 
planned for early 1984. 

We are now certain that there is a complex of CGM 
species. C.H.H. Flechtmann (personal communi
cation) has recently identified Mononychellus pro
gresivus in new samples from Gabon and Nigeria and 
Mononychellus tanajoa in samples from Zaire, 
Mozambique and Uganda. It is probable that CGM 
specimens from Nigeria and other countries were 
previously misidentified as M. tanajoa.The discovery
of this new CGM species, which is known to originate 
in South America, suggests that the CGM may have 
been introduced into Africa at two or more sites. 
CGM specimens will be collected from as many sites 
as possible to give us a full picture of the different 
species' distribution. Since the biological control 
program uses predators that are specific to CGM 
species, it is necessary to know which species occur 
where before releases are made. 

Great efforts have been made to attract funding for 
research, technology development and the Africa
wide Biological Control Programme of Cassava 

Table 11. Viscosity of flour from different cassava varieties at 50 g/450 ml of water,IITA, 1983 
Temperature,0C Viscosity, Brabender units 

At maximum At Maximum After 20 At Maximum After 20Clone Pasting viscosity 95'C with heating min at 950C 501C after cooling min at 500C 
TMS 30040 ................. 

TMS 4(2)0378 .............. 

TMS 4(2)1425 ............. 

Isunikankiyan ............. 

TMS 40160 ................. 

TMS 4(2)0780 .............. 

TMS 30572 ................. 

TMS 30555 ................. 

TMS 4(2)0156 .............. 

TMS 60506 ................. 

TMS 50395 ................. 


67.0 75.5 238 880 92 150 260 260 
64.0 75.6 472 922 192 268 291 275
67.8 75.6 66 680 32 52 59 58
68.0 77.8 825 1,285 398 562 580 560
64.0 70.8 50 658 28 32 50 50 
62.5 71.5 100 800 55 68 '104 104
66.6 79.4 780 1,222 355 445 475 449
66.2 75.2 104 695 56 82 139 98
65.2 71.8 52 666 25 34 42 42
65.2 73.4 114 714 55 75 85 85
64.5 72.4 5 221 4 8 8 8 



Mealybug and Green Spider Mites (ABCP). So far, 
$3.7 million has been received for 1983 from the 
Directorate for Technical Development and 
Humanitarian Aid (DCA) in Switzerland, the German 
Agency for Technical Cooperation (GTZ) and 
Austrian Federal Chancellery for Economic 
Coordination and State-owned Enterprises 
(BKAWIKORD). The ABCP will need $30 million 
over five years to cover about 50% of the cassava 
growing areas in Africa with natural enemies ofboth 
pests. 

Although the total amount of funding required has 
not yet come through, IITA has decided to go ahead 
with the development of new technologies for the 
ABCP. Also, research and exploration for natural 
enemies have been stepped up so that all the nec-
essary information and beneficial insects/mites will 
be available when the ABCP receives full financial 
support. 

The ABCP will be the largest biocontrol project 
ever conducted and its prospects for success are very 
good. It could provide the impetus for introducing
biological control into Africa as a basic element of 
integrated pest management. 

New rearing and release technologies are being 
developed that will bring ABCP up to the highestpest 
control standards. The design and engineering work 
are being done through cooperation between IITA 
biocontrol specialists and engineers from companies 
in Austria and Italy. The aerial release tests are being 
carried out by a Swiss firm under IITA supervision. 

Improvement of the Insectary 
In the new insectary building, which became avail-
able early in 1983, the first rearings proved difficult, 
and plant growth and survival in the glasshouses and 
screenhouses were very poor during the rainy season 
The experiments described in the following sectionsgave us a better understanding of plant production
and culture of pests and natural enemies and im-
proved the output, 

Cassava Plant Production 

During the rainy season, the mortality of cuttings
taken from below and above the first branching of 
healthy plants was 5 and 20%, respectively. Cuttings 
from CM-infested plants had mortalities of 20 and 
55%, respectively (for 40 plants, infested versus 

X2noninfested, = 8.10*). Growth of the surviving 
plants was unaffected by their history. 

Disinfesting cuttings with dimethoate, as is com-
monly done, proved unsatisfactory for clean culture 
of cassava in a large scale insectary. Out of 30 
cuttings artificially infested with CM crawlers, 90% 
of the surviving plants were infested if planted in a 
vertical position, compared to 40% planted in a 
horizontal position. Vertical planting after disinfes, 
tation with dimethoate yielded 46.2% infested plants, 
In a second experiment with two other disinfestation 
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Table 12. Disinfection of cassava cuttings planted in a 
glasshouse at IITA, 1983 

No. of 
Morta. Infesta- leaves 

Treatment lity, % tion, % (±S.E.) 
Vertical planting, no disinfec

tion (control) ............. 0 63.3 13.1 + 0.9
 
Horizontal planting, no 

disinfection .............. 0 40.0 12.7 + 0.9
 
Disinfection in freezer: 

90 minutes ............... 3.3 31.0 11.3 + 0.9
 
180 minutes ............... 6.7 14.3 10.0 ± 0.9
Disinfection with dimethoate, 
5 minutes ................ 0 3.3 9.6 + 0.5
 

Disinfection in 520 C water: 
15 minutes ................ 6.7 0 9.7 + 0.7
 
30 minutes ................ 50.0 0 7.0 + 0.6
 
60 minutes ................ 60.0 0 5.7 + 0.9
 

methods, treating cuttings with hot water (520C) for 
15 minutes or possibly less gave superior results 
(Table 12). 

Vertical planting gave the same results in plant 
growth as horizontal planting in all 10 varieties 
tested. One variety (91934) produced significantly 
more leaves with both planting methods. More va
rieties will be tested under the more practical vertical 
planting system. 

Survival and growth in a screenhouse of cassava 
planted vertically in 200-, 1,000- and 2,600-ml pots 
(with and without fertilizer) were determined in a 
replicated experiment. Survival of the cuttings was 
37, 55 and 89% for those with two, three and five
nodes, respectively, or about 18% per node. The five

node cuttings are therefore preferred. Growth was 
not influenced by fertilizer or cutting length. The 
surviving plants averaged 8.4, 13.9 and 17.0 leaves per 
plant for the 200-, 1,000- and 2,600-ml pots, respec
tively. It was decided that for wooden insect rearing 
cages the intermediate pot size is preferable.

When 60 heavily infested plants from the insectary 
were cut back to the cutting, they did not resproutand all died. Out of 60 lightly infested plants, 46.7% 
resprouted, and all the uninfested plants survived a 
cutback. It thus appears that under present con
ditions plants can be used only once. We hop2 that in 
the future a means ofreusing plants after cutback can 
be found so as to save planting material. 

Certain types of soil are unsuitable for cassava 
plant production. In especially rich forest soil with a 
pH of 7.8 and a high Ca content (19.4 ME/100 g), 
survival of cassava was very poor and root develop
ment weak. Survival and growth were good in sandy 
soil with a pH of 6.1 and Ca content of 5.2 ME/100 g. 
Transplanting from unsuitable soil to suitable soil 
improved plant growth. Hydroponic culture has 
several advantages over cassava production in pots 
with soil: it permits control of nutrition, is cleaner 
and easier to manage on a large scale, and reduces 
labor costs. Pilot studies were carried out to de
termine the nutritional requirements and optimum 
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environmental conditions for cassava grown in nu-
trient solutions. 

In the first experiment, cuttings were placed in 
plastic-covered bottles with a nutrient solution 
(Murashige and Skoog plant salt mixture) diluted by 
a factor of two. The treatments were: aerating the 
solution, aerating and adding CO.,, and no r.eration. 
At fluctuating temperatures (270 to 35'C) and 5,600 
lux, the plants started to develop shoots the day after 
planting and grew rapidly. The CO, concentration 
proved to be too high, however, and all these shoots 
died after five to seven days. There was no mortality 
in the other treatments, and aeration had a positive 
effect on plant growth. 

In another experiment conducted in a glasshouse 
under better lighting (6,000 to 40,000 lux), plants grew 
vigorously; after four weeks the plants grown in two 
different aerated nutrient solutions had an average of 
9.8 leaves and 2.09 g ofdry weight per shoot, compared 
to only 2.9 leaves per plant and 0.41 g ofdry weight in 
the soil-grown test plants. Aeration of the nutrient 
solution increased the mean dry weight by two and a 
half times. In the nutrient solution developed by 
Farno, Asher and Edwards (1979), plants had greater 
longevity than in the Murashige and Skoog solution, 
Mealybug Culture 

Infestation of cassava plants with mealybug crawlers 
is difficult during the rainy season but relatively easy
in the dry season. In an experiment conducted in 
November and December, groups of plants of equal 
size (seven leaves per plant) in two sizes of pots (200 
and 1,000 ml) were infested with two CM egg masses 
per plant. Half the pots were irrigated every 1.5 lays, 
the other half every 3 days, and on half of the plants 
the tip was removed. The resulting eight treatments 
(with 12 replications) placed the plants under dif-
ferent degrees of stress. After five weeks the green 
and dry leaves and the mealybugs on 20 leaves from 
each treatment were counted. The mean number of 
CM for each plant group was calculated. The mean 
number of CM per plant group for one treatment (Y) 
was then correlated with the number of green leaves 
(X,) and the percentage of dry leaves (X., as arc sine 
\'p). The following regression equations were found: 
Y = 327-2.176 X ( t = 2.24 n.s.), and Y = 197 +, 
2.725 X, ( t = 3.20*). These equations suggest that 
under the same atmospheric conditions the same 
number of mealybug eggs gave a higher total CM 
infestation in the next generation, the more stressed 
the plants were (that is, the fewer leaves they pro-
duced and the more dry leaves they had). This finding 
confirms the observed difference in mealybug de-
velopment between the rainy and dry seasons. 

In studies on the emergence and behavior of CM 
crawlers, it was found that emergence is very much 
reduced during the dark period. If undisturbed, 50% 
of all crawlers emerging on a given day did so within 
six hours after the onset of light. If the egg masses 
were shaken, emergence was faster and 50% of the 
crawlers emerged within four hours. Crawler em-

ergence from an egg mass at 27*C started on day seven 
and lasted to day nine. Under these conditions 90% of 
all crawlers survived unfed for two days and at 8'Cfor 
five days. No surfaces, plastic or Teflon, could be 
found that would keep crawlers from escaping. 

Parasitoid-PredatorCultures 
The following species have been mass multiplied: 
four coccinellid predators, Hyperaspis notata, H. 
?jucunda, Hyperaspis sp., Diornus sp. (=Scymnus); 
one neuropteran, the hemerobiid Sympherobius sp.; 
and one parasitoid, the encyrtid Epidinocarsis 
(=Apoanagyrus) lopezi. We have also received the 
last few specimens of an undescribed encyrtid through 
CIBC, but these have not reproduced. Nor has the 
coccinellid Nephus sp. In the new insectary, rearing 
of parasitoid and predators succeeded only after 
dehumidifiers were installed during the rainy season; 
increased ventilation assured sufficient air exchange. 

Since in the plant and mealybug rearing units 
infestations of the CGM have sometimes threatened 
the health ofthe plants, the influence of the acaricide 
Kelthane on the CM and E. lopezi was evaluated. In 
August three replications of 10 small CM and CGM 
infested plants were treated with 1.2 ml/l and 0.6 ml/l 
of Kelthane and with water only. Mortality of CM 
was assessed after 48 hours. Ten female E. lopezi were 
added to each treatment cage, and adult CM were 
removed to prevent reproduction. Mummies and 
adults of E. lopezi were counted after one generation 
of the wasp. The results indicate that the Kelthane 
treatment, which kills CGM, has no effect on the CM 
and only a negligible one on the parasitoid (Table 13). 
Keithane pretreatments can therefore be considered 
safe, especially if the waiting period is longer than 
two days after treatment. According to the literature, 
however, direct treatment of adult encyrtids with 
Kelthane is harmful. 

Special difficulties were encountered in rearing 
E. lopezi, especially in cages with only moderate 
mealybugdensities, where the culture died out. Three 
observations, supported by experimental evidence, 
led to a solution of this problem. 

Adult parasitoids were observed in a screenhouse 
on plants in randomly mixed trays, four with heavily
infested, yellowish plants, and five with vigorously 
growing, very lightly infested plants. The males were 
swarming around the tips of the plants or sitting on 
the tips of leaves, and the females were mainly sitting 
or searching on the stems in the interior of the 
canopy. All wasps were removed with aspirators and 
sexed. On the heavily infested plants, the sex ratio 
was 1.4% females (N = 282), on the green plants
22.4% (N = 76), and on the screen of the room 79.2% 
(N = 24). Thus, females seem to prefer green plants 
and to disperse more easily than males. 

In preliminary experiments it was found that CM 
survives better on isolated fleshy leaves of waterleaf 
(Talinum triangulare)than on those of cassava, 
which curl up and dry out fast. To observe oviposition
and record oviposition success, one female E. lopezi 
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Table 13. Influence of the acaricide Kelthane on cassava mealybug and its parasitoid E. lopezi 
Number of individuals 

0.6 ml/l
Stage Control Kelthane 
Cassava mealybug

First ................ 204 221 

Second .............. 136 154 

Third ................ 93 64

Fourth (removed) 25 46 

E. lopezi............... 91 74 

Percent parasitism ...... 


Note: These figures are sums and means for 10 plants. 

and 10 young CM females were added to each of 16 x 
10 petri dishes with a waterleaf. The petri dishes were 
stored at cool temperatures and on the next day
placed at the different light and temperature con-
ditions shown in Figure 2. (Temperatures were mea-
sured inside the petri dish.) The wasps were removed 
at 0, 1,6 and 24 hours after the start of the experiment
and observed for 1 hour. As many as eight ovi-
positions per hour were observed, but the mean was 
less than one per hour. Although numerous unpara-
sitized CM were available, the wasps made repeated
oviposition attempts on the same host. But no mummy 
was ever found in the field or laboratory where more 
than one E. lopezi adult emerged. 

Observations of host feeding showed that females, 
usually after having stung their host, turned around 
and fed on it. After five days, dead, dried out CM, 
living CM (including ones that were parasitized but 
still moving) and mummies were counted, and 15 days
later all emerged E. lopezi were identified. The 
percentage of parasitism was calculated on the basis 
of living, unparasitized CM on the fifth day and 
emerged parasites. Figure 2 shows clearly that the 
unexplained" mortality of the CM, which is attri

buted to host feeding, is linked to the oviposition 
activity of the wasp. The ratio of host feeding mor
tality to mortality through parasite reproduction
varies with light and temperature and should be 
further investigated but most often is above 1: 1. The 
CM mortality of more than two for each egg laid 
explains why cultures cannot be maintained at low 
host densities and must be considered in interpreting 
field data. 

It was observed that E. lopezi emerged from dis
carded pots and dry sticks from which all green plant 
parts had been removed. To find out more about the 
distribution of the mummies, 10 heavily infested 
plants from the rearing cages were cut in pieces and 
placed in the emergence cages. The distribution of 
parasitoids emerging from the different parts was as 
follows: 6.2% from the tops with folded leaves, 32.0% 
from the upper leaves, 29.1% from the lower leaves, 
8.8% from the upper and 11.4% from the lower half of 
the stems, 6.8% from the sticks that originally served 
as planting material, and 5.7% from the pots (100% = 
6,719 parasitoids or 672 wasps per plant).

Ninety-two percent of the parasitoids emerged 

Percent mortality 
1.2 ml/l 0.6 ml/l 1.2 ml/1

Kelthane Control Kelthane Kelthane 

164 4.4 5.4 6.7 
186 2.2 0.6 1.6 
123 1.1 1.6 091 8.0 0 0 
60 

17.4 14.4 11.3 

within the first 10 days. Within that period 48.4% of 
the parasitoids from the upper half of the plants
emerged in the first five days and 51.6% in the second 
five days. From the lower plant parts, 58.2% emerged 
in the first five days (X2 = 55.7*). The predominance
of older mummies (from which adults emerged soon 
after the start of the experiment) on the lower plant 
parts may be explained by migration of parasitized 
mealybugs from the upper plant parts. This depletes
the older mummies, which are to emerge in the first 
five days, from the top of the plant. Mealybugs that 
were stung by E. lopezi shortly before the plants were 

Percent unexplained mortality 
50 

0 800 lux 
30.50 C 

40 2/21,50011 ux / 
3650C' " 2,7001ux
 

/00 31.20C
 

30 

342*C
 

20 

10 

0
 
0 1O 20 30
 

Percent parasitism 
Figure 2.Host feeding by Epidinocarsislopezi. Depending 
on the light and temperature, unexplained mortality in. 
creases with the activity of the parasitoid, expressed as 
percent parasitism. Each point represents about 100 cas
sava mealybugs exposed to 10 females for 0,1 ,6,and 24 h. 
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cut had to stay on their severed substrate and could 
not migrate. 

The results of this experiment indicate that care 
must be taken not to lose parasitoids in the insectary
and that in field data based on sampling of bunch tops 
parasitoids may be systematically underestimated.-
P. Neuenschwander, T. Haug, H.R. Herren and E. 
Madojemu 

Natural Enemy Releases 
Dispersal of Epidinocarsislopezi 
E. lopezi was released in November 1982 on Texagri
farm near Abeokuta, Nigeria, became established 
and spread through several fields. Further spread was 
investigated by taking samples of cassava tips from 
IITA and farmers' varieties at 100-m intervals through-
out the farm. Since E. lopeziwas found virtually every
100 m,samples were taken during March 1983 at 10-
km intervals on roads leading in all directions. As 
shown in Figure :3,the wasp was discovered over an 
area with a diameter of over 200 km,reaching from 
the Guinea savanna in the north to the rain forest in 
the south. The data suggest that the wasp had colon-
ized virtually every CM infested field within a radius 

'Kishi 

of 100 km. It had covered Oyo and 	Ogun states and 
spread into Kwara and Lagos states. Sampling in 
December 1983 indicated that E. lopezi was present in 
most CM infested fields within its previous distri
bution and had spread further through Ondo State 
into Bendel State in the East. 

From samples collected, the following indigenous 
parasitoids and predators were reared. They were 
identified by staff members of the Commonwealth 
Institute of Entomology (Z.Bou~ek, S. Brooks, K.M. 
Harris, J.S. Noyes, B.R. Subba Rao, T.G. Vazirani and
M.R. Wilson). 
9 Anagyrus pseudococci Girault-A few specimens 
were found, but they may have come from stray
Phenacoccusmadeirensis.Up to five specimens were 
reared from a single mummy of P. madeirensis on 
Malvaceae. In the laboratory reproduction ort P. 
manihotiwas exceedingly poor.
* Prochiloneurus insolitus (Alam)-This hyper
parasitoid was commonly reared from P. manihoti 
and P. madeirensismummies. On P. manihoti it was 
always solitary, except once when a pair was reared 
from the same mummy.
* Chartocerus?subaeneus (Forster) and Chartocerus 
sp.-These two signiphorids were commonly reared 
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Figure 3. Spread of E. lopezi five or six months after release at Abeokuta, Nigeria, in November 1982. 
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from mummies of P. manihoti as well as P. ma- Number of natural enemies per gram dry weight

deirensis. Up to three specimens of these hyper
parasitoids were found on the same E. lopezi. 
 Dry weight

Mariettajavensis(Howard)-This aphelinid hyper-9 -/o Bunchtop i.O 100
parasitoid was rare. In one case it was reared from a 
P. manihotimummy, together with one C. subaeneus. I
e Tetrastichus sp.-This eulophid was reared on I,
several occasions from P. manihoti mummies. #0 A. l 2Inspection of the mummies suggests that it is - 02 hyperparasitoid. a
 

9 Hyperaspis ?senegalensis Mulsant-This is the 

most abundant coccin-2llid predator of the CM; it is 0 
 = - - 00
also found on P. madeirensis.At low CM densities, it 5

has been observed feeding on nectar on the weed 
 Caccinellids 
Euphorbiasp.
 
e Hyperaspis pumila Mulsant-This is the second
 
most abundant predator.

* Exochomus ?trobertiMulsant-This large coccinel
lid occurs mainly at high CM populations. I 


_ _* Scymnus sp., Nephus sp.-Several of these small 

coccinellids were found locally. Some are very abun-

- -

IITA FV 5-50 51-100 101-150 S51-200 km
 

dant on P. madeirensis. ,5 1, 14 19 12 8 Fields
 
* Brinckochrysa sp.-A widespread but never abun. Figure 4. Number of E. lopezi and coccinellids per gram drydant chrysopid predator, weight of cassava tips in relation to distance from a release* Nimboa sp.-An uncommon coniopterygid site near Abeokuta, Nigeria, together with mean dry
predator. weight=perimprovedtip and meanvariety andIITA percent bunch tops in the field.FV = farmers' variety.
aDicrodiplosisnmanihoti Harris-This cecidomyiid Median, lower and upper quartiles are indicated. 

predator sometimes was very abundant on heavily 
infested tips. All existing records of this species are

from P. manihoti.This is the first record of the species 
 available later and the hyperparasitoid populations
in Nigeria, but it is known also in Senegal and Congo could not yet build up. To this hyperparasitism, thatRepublic. of Chartocerussp., which showed no relation to host
9 Campylomma sp.-This predaceous mirid was density, can be added, assuming that on the averagefound only occasionally. two hyperparasitoids emerge from one mummy. The e Geocoris amabilis Stl-An infrequent lygaeid combined degree of hyperparasitism then becomes
predator. 50.6% (based on an estimated 1,000 mummies) atCoccinellid parasitoids that reduce the efficiency Texagri farm and 26.1%) (1,026 mummies) in the other
of the coccinellid predators were sometimes fairly fields. But despite this reduction in the reproductive
common: potential of E. lopezi, the wasp seemed to be efficient a Metastenus sp.-Up to eight specimens of this and can be credited with the reduction in size andpteromalid were reared from one H. senegalensis. incidence of bunch tops at Texagri farm, compared to
 
e Homalotylus africanusTimberlake-This and an- the situation in outlying fields.
other encyrtid were reared from H.senegalensis. The indigenous coccinellids 
were more abundant

The number of parasitoids and predators per gram in fields far away from the release site and where thedry weight of the bunch tops collected in March 1983 incidence of bunch tops was higher and the inis given in Figure 4. Within a radius of 100 km, E. dividual bunch tops were larger than at Texagri farm
lopezi was homogeneously distributed, and no differ-
 (Figure 4). But if coccinellid density is expressed per
ence in population density between IITA and farmers' gram bunch top dry weight, no difference between thevarieties was found. There was, however, a marked various areas is observed.-P. Neuenschwander,
difference in the degree of hyperparasitism between K.M. Lema andH.R. Herren 
the Texagri farm (all varieties) and fields outside the 
direct release area, where E. lopezi had spread only Impact of E. lopezi on the CM 
later. The density of P. insolitus,expressed as wasps 
per gram dry weight of bunch tops (Y), was linearly After the parasitoid Epidinocarsislopezi and predator
linked to that of its host E. lopezi (X, for Texagri farm Diomus sp. were released at the Texagri Farm nearand X, for the other fields). The regression equations Abeokuta, Nigeria, in November 1982, studies were 
are Y = 0.22 + 0.702X, (t = 8.39*) and Y = 0.14 + conducted to assess their impact on the CM. Thirty0.202X., (t = 5.76*). From the slopes of these straight samples from the upper 10 cm of the shoot were
lines, the mean percentage hyperparasitism by P. collected biweekly from a control and a release fieldinsolitusalone is calculated as 41.3% on Texagri farm 2 km apart, and the populations of the pest and
and 16.8% in the other fields, where the host became beneficial insects were assessed. 
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The results, shown in Figure 5, indicate that the 
CM population in the release field was lower than 
that in the control field. At the peak population, 
which was reached in February in the control field, 96 
CM (all stages except eggs) were counted per shoot. In 
the release field, the peak population of 49 CM per 
shoot occurred in early March. 

Only two individuals of Diomus sp. were found in 
the field early in the dry season, and no others were 
recovered during the sampling period. E. lopezi 
became established and was observed throughout the 
sampling period, including the rainy season. The 
highest population density for E. lopezi was 8.9 
mummiq per shoot, and the highest rate of para-
sitization was 30%. Indigenous coccinellid predators, 
the most important group of local natural enemies, 
were observed in the release and control fields from 
February to May in relatively low numbers (Figure 
5). 

Thedifferenceinmealybugpopalationbetweenthe 
control and release fields is undoubtedly due to the E. 
lopezi parasitoids, although there is still some doubt 
about the exact percentage of mortality they have 
inflicted. The mortality factors may be parasitization 
(assessed by the number of mummies in the samples) 
and host feeding (in which the adult parasitoid kills 
the host by sucking its hemolymph). Methods for 

Average number of cassava mealybugs per shoot 
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Figure 5.Population density ofcassava mealybug in release 
and control fields, Abeokuta, Nigeria. 

assessing these mortality factors are still under 
investigation, but it should soon be possible to make 
more exact estimates.-K.M. Lema, H.R. Herrenand 
P.Neuenschwander 

Indigenous Predators 

Several species of indigenous natural enemies have 
adopted the CM as an alternate prey in many African 
countries infested by this pest. Entomophagous coc
cinellids constitute by far the most important group
of indigenous natural enemies. Although it is be
lievedthatlocalpredatorsalonecannotsolvetheCM 
problem, they do constitute a mortality factor of the 
pest and should be evaluated so the impact of released 
exotic beneficial insects can be estimated accurately. 
During the rainy season, when the CM is very scarce 
in the field, entomophagous coccinellids are not 
observed on cassava, and it is suspected that weeds 
serve as an alternative noninsect food source. 
Observations were made of weeds within and around 
cassava fields in Abeokuta, Nigeria. When coccinel
lids were found feeding on the nectaries of a weed, an 
identification number was given to the weed, and 
leaves, stem portions, and flowers and/or fruits were 
collected according to herbarium procedures. Plant 
species were then sent to the IITA Weed Service for 
identification. 

Populations of predatory coccinellids were moni
tored on the two most common weeds and a cultivated
vegetable. Five plants of each species were observed 
every other week, and species of entomophagous 
coccinellids and the numbers of individuals were 
recorded.
 

Early results of this experiment indicated that five 
species of weeds and one cultivated vegetable were 
serving as noninsect food sources for local predators 
during the rainy season. The weed species were 
Cassiatora, C.mimosoides, Hibiscusasper,Tephrosia 
flexuosa and Urena lobata. One variety of the culti
vated okra H.esculentuswas also observed harboring 
a large number of predatory coccinellids. 

The combined population levels ofentomophagous
coccinellids on H. asper,U. lobata and H. esculentus 
are shown in Figure 6. The coccinellid species re
corded are as follows in order of importance: 
Hyperaspis ?senegalensis, Cheilomenes lunata, H. 
pumila, Cheilomenessp. and Exochomus ?troberti.No 
immature coccinellids were observed on weeds dur
ing the sampling period. 

To survive when their normal prey is not available,
adult indigenous coccinellids feed on nectar from 
glands located on the leaves and on flowers of some 
plant species. These coccinellids do not become 
phytophagous per se during the rainy season, and 
they do not chew any plant part or suck any sap from 

plants. During this period entomophagous coccinellids disperse widely, and their reproductive 

capacity is drastically reduced since this alternative 
food source offers energy but is not adequate for egg
production.-K.M. Lema 
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Average number per plant Insect Production and Release 

24 Tunnel Insect Production System 
After investigating several options for the mass
production system, IITA has accepted designs pro

20 duced by an Italian company (Fig. 7). Consideration 
S.E. is being given to constructing a model 10 to 15 m long 

to test some of the assumptions of the design. The 
Tunnel Insect Production System (TIPS) has two sec

16 - tions, the phytotron and entomotron. In the phytotron 
cassava plants suitable for CM and CGM production 
are grown under optimal conditions in hydroponic 

12 -,: solution; plants 50 cm tall can be grown in less than 2112 days. In the entomotron, which is hermetically sealed 
from the phytotron, the CM, CGM and their natural 
enemies are multiplied and collected for packaging. 

8 The two sections, linked with a special lock system to 
avoid any upstream insect movement, consist of eight 
sealed tunnels 120 m long and 6 m wide. The system 
will produce an estimated 15 million beneficial in4 sects and/or mites per day on 5,000 plants. Up to six 
different species can be produced simultaneously in 
adjacent tunnels as well as the CM and CGM needed

0 1 to maintain them. The modular design of two four
19/7 4/8 24/8 7/9 4/10 19/10 2/,1 tunnel units would give the necessary flexibility in 

Sampling date the construction phase. In addition, the climate 
Figure 6. Population of indigenous coccinellid predators on control and general design of the system would allow 
two weeds and a cultivated vegetable, Abeokuta, Nigeria, it to be used for other plants and insects, if this
1983. becomes necessary in a later phase of the project. 

Exploration for Natural Enemies Automatic Insect Packaging System 
In 1983 the exploration activities of our team in the Beneficial insects and predatory mites produced in
Americas were split between Paraguay and Brazil. the rearing unit will be transferred to the packaging
Two trips were also made to Bolivia, where CM room and kept at low temperature for processing in
natural enemies were found in 1981 and 1982. A new the Automatic Insect Packaging System (AIPS). This
base for the exploration team in Brazil was estab- system allows up to four species of beneficialinsects/
lished in August at a research station in Dourados, mites to be packaged simultaneously in the same
Mato Grosso do Sul. From this station the whole of release unit. Figure 8 shows the AIPS model now
Brazil will be explored systematically for natural under construction. Insects and mites, kept cool in a 
enemies of CM and CGM over the next three years. CO2 atmosphere, are vibrated from the storage
We expect to locate many more natural enemy species containers into small funnels. The numbers of insects
suited to the various ecological zones in which they and mites are estimated volumetrically by an over
will be released in Africa. flow system before they are inserted into the cells of

In Brazil a mealybug culture has been established the release cassettes. Each cassette contains 361 
to rear the newly discovered natural enemies, and cells, each of which is fitted with a wick drenched 
cassava has been planted for field ecology studies. So with sugar water as a food source, and can hold up to 
far, four trips have been made in the state of Mato 1,500 natural enemies, depending on the species. The
Grosso do Sul, and P. manihotihas been found in very loaded cassettes are kept in containers that have
low numbers at two locations, Campostre and Porto their own cooling system and are used to store the
Murtinho. No new natural enemy species have been beneficial insects and mites in an airplane. One AIPS 
found. To increase the likelihood of finding more unit has an estimated packaging capacity of 1.5 to 2.0
natural species, trap plants (potted cassava plants million insects or mites per hour. 
infested with mealybugs in the lab) will be placed at 
several locations and brought back to the base Automatic Insecv Release System 
laboratory for examination. 

Local extension services and the mass media have Aerial release of CM and CGM natural enemies is
been contacted to get information from farmers and efficient, fast and thorough, ensuring that not only
extension officers about the mealybug and green farmersalongmajorroads(wheregroundreleasesare
spider mites.-B. Loehr, H.R. Herren and A.M. easily made), but those in remote areas, will benefit 
Varela fully from the ABCP. To counter the CM and CGM 
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with the best and most up-to-date means available, 
totally new aerial release methods are being de-
veloped. Figure 9 shows the Automatic Insect Release 
System (AIRS), which is now being tested in Nigeria. 
The AIRS has already undergone intensive wind 
tunnel testing in Austria, where it was developed, 
For the current testing in Nigeria and later use in the 
ABCP, the system has been fitted into a twin furbo-
prop Beech 18 V1 oar aircraft. Over a six-month 
period, different re- v,:.se patterns (varying in altitude, 
speed, swath width, release frequency and natural 
enemies species) and different stopper types will be 
tested in three areas ofsouthern and eastern Nigeria 
and in other countries with CM problems in different 
ecological zones. The AIRS, which is controlled by a 
microprocessor, can release up to one stopper per 
second and can store two cassettes simultaneously, 

Figure8.'Automatic Insect Packaging 't. ,. 

"~... . 

making continuous release possible. 
The stoppers are expelled from the cell by air 

pressure of 0.5 bar from the aircraft engines and are 
then accelerated in two phases to reach the outside 
air stream at a speed of about 200 km/h. The aircraft 
will fly at a speed of 250 to 330 km/h. The wind tunnel 
and flight tests have shown that these accelerations 
and air currents do not harm the natural enemies. 
The aircraft is equipped with an Omega trac flying 
guidance system that will allow it to fly swath widths 
of as little as 500 m without ground flags. 

In planning the release flights, information about 
cassava growing areas will be gathered from aerial or 
satellite photographs and land-use maps. This pro
cedure should ensure that the natural enemies are 
used efficiently and not released in non-target areas. 
-H.R. Herrenand D.J.Nadel 

Figure 7. Tunnel Insect Produc
" Figure 9....... m sec.- SystemIn........ (TIPS).'tion 

. . . ......
 

~s ~ Ii _ __
 

Figure 8. Automatic Insect Packaging System (AIPS). Figure 9. Automatic Insect Release System (AIRS).
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Zaire National Cassava Table 14. Performance of cassava clones ina finalyield trial at Mankewa, M'Vuazi, first
Program season, 1982-83
 
yield,IITA is providing technical assistance to the Zaire Fresh Resistance to :a Branch.

National Cassava Program (PRONAM), whose objec- Clone t/ha CMD CBB CGM ing ht.btives are to develop improved varieties and tech 40230/4.........22.7 1.8 2.2 2.5 2.0
nology, make these available to farmers, and provide 4(2)0060/3 ........ 2.2 2.5 2.0 3.5 2.0
in-service and degree-level training to Zairean re- 50467/12 ......... 21.0 2.0 2.0 4.0 1.0
search and extension workers. Substantial progress 60639 ............ 20.5 2.3 2.0 3.0 1.0
was made during 1983 toward these objectives. 30555/5 .......... 20.0 2.0 2.0 
 3.0 2.0 
02864 (improved

standard) ...... 19.9 2.5 2.0 3.5 2.8
Genetic Improvement 61665/4 .......... 18.3 2.0 2.0 2.5 2.0D128 ............ 17.1 2.5 2.0 2.5 1.5Variety Release 30010/1 .......... 16.9 2.0 2.0 4.0 1.3
CA 5052/4 ........ 16.1 2.0 2.2 2.0 3.0
The results of multilocational variety trials over the Mpelolongi (local) 15.8 2.7 2.0 3.0 3.0past several years were reviewed by a variety release M Col 1265 ....... 19.8 2.8 
 2.0 3.0 1.0
committee in late 1982. It was decided that variety LSD (5%) ........ 4.3

30085/28, because of its superior and stable yield 'Resistance to cassava mosaic disease (CMD) bacterial blightperformance, good level of resistance to cassava (CBB), and green spider mite (CGM) was rated on a i to 5scale,
bacterial blight, and the acceptability of prepared where 1= nodamage and5 = 
severe damage.root and leaf products to consumers, should be bl = less than Im, 2= about 1mand 3 = morethan 1m.
 
proposed for release to Zaire's Department of

Agriculture. The variety was officially released in Table 15. Performance of cassava varieties in
January 1983 and, because of its disease resistance, multilocational yield trials, Bandundu

has been named "Kinuani," which in the Kikongo Region, Zaire, 1982-83

language means "fighter." Kinuani has been multi-
 Fresh root yield, t/haplied on a large scale for distribution and is being Variety Five plateau sites Two valley sites
demonstrated to farmers. 
 F 100 ................... 12.0 17.8
 

F 150 ................... 
 9.4 13.7Hybridization and Testing F 156 ................... 9.1 13.3
 
At M'Vuazi, 30,445 seeds from 50 families were sown Local 
 4.0 13.0
in a seedling nursery. Twenty-one percent germinated

and were successfully established. Based on disease
 
and pest resistance and agronomic characteristics, but limited valley soils. The yields of the three most
754 plants were selected for further evaluation. Five promising clones are given in Table 15. They appear
hundred and sixty clones selected from the 1981-82 to be well adapted to the plateau soils, where they
seedling nursery were evaluated for disease and pest gave yields two to three times higher than those ofthe
resistance, root yield, root conformation and branch- local variety. In the valley sites, the yield ofF100 was
ing habit. Ofthe 92 clones selected for further testing, 
 37% greater than that of the local variety. Great many showed resistance to cassava bacterial blight interest is being shown by development agencies andand cassava mosaic disease. Thirty-one clones were farmers of the region in these varieties.-W.W. 
selected from 107 lines tested in preliminary yield Fiebig
trials. Yields of the selected clones ranged from 18.1 
to 40.8 t/ha, compared to an average of 14.6 t/ha for Demonstration of Improved Varietiesthe local check. Ofthe 43 lines evaluated in advanced To demonstrate the performance of improved va
yield trials, nine were selected. The highest yield Toedesta rm ancelo rate w a
obtained was 23.8 t/ha, compared to 16.1 t/ha for theloca nce cl n a rieties to farmers, PRONAM withch ormck .Theper f 1 nestes ed number of agencies that are collaboratesable to reach farmersalocal check. The performance of 10 clones tested in a with new technology, including the extension servicefinal yield trial is shown in Table 14. Five clones gave of the Department of Agriculture, the Nationalsignificantly higher yields than the local check. Fertilizer Program, the Agricultural ProductionT.P. Singh and N.1. Mahungu Project of Mvanza-Ngungu, the Integrated Rural 
Performance of Promising Clones Development Project of Luala in Luozi, Oxfam, the 

Salvation Army and several church groups. WithSeveral varieties selected at the Kiyaka station were these agencies demonstration plots were establishedtested in a multilocational yield trial at seven sites in at about 150 locations in the Bas Zaire and Bandunduthe Bandundu Region. Trials were conducted both on regions. These demonstrations confirmed the superthe poor sandy soils of the plateau, which are very ior performance of the improved varieties. The reextensive in the region, and on the more productive sults of 23 demonstrations conducted with the 

http:40230/4.........22
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Fresh root yield ( t/ha) 


30 


LSD (5%) 

Local 
Kinuani 

20-

10 

0 - 
0-0-0 50-50-50 I00-100-100 

Fertilizer rate ( kg/haN-P 2 05-K2 0) 
Figure 10. Yield (mean for 23 locations) of the improved 
cassava variety Kinuani and a local variety at three
fertilizer rates, Bas Zaire, 1982-83. 

National Fertilizer Program in Bas Zaire are shown 
in Figure 10. The recently released variety Kinuani 
significantly outyielded the local variety at all fer-
tility levels and was more responsive to fertilizer.-
S.J.Pandeyand W. W. Fiebig 

Multiplication and Distribution of 
Improved Varieties 

Approximately 200,000 m of planting material of the 
newly released variety Kinuani were distributed in 
Bas Zaire this year. To meet the rising demand for this 
variety, rapid propagation techniques are being used. 
New plantings of Kinuani covering 47 hectares were 
made in November and December by PRONAM and 
collaborating agerncies. In the Bandundu Region,
approximately 100,000 m of cuttings of improved
varieties were distributed to agricultural develop-
ment projects and farmers during the year.-S.J
Pandeyand W. W. Fiebig 

Entomology 
Follow-up on Releases of Natural Enemies 

In the 1982 dry season, a single release of Diomus sp.
and Epidinocarsislopezi was made at Kinshasa in a 
field of wild manioc heavily infested with cassava 

mealybug. E. lopezi was recovered there in June 1983, 
and by September parasitized mealybugs (mummies) 
were abundant on leaves (an average of 21 mummies 
per leaf in a sample of 14 leaves from heavily infested 
plants). Even so, the mealybug was not brought under 
satisfactory control, almost certainly because the 
parasitoid's effectiveness was reduced by three 
species of native hyperparasitoids, Prochiloneurus 
insolitus, Charlocerussp. and Pachyneuronsp. The 
total percentage of hyperparasitism by these species
reached 86.7 in a sample of 136 mummies on five leaves 
in late September. Diomus sp. was not recovered at 
Kinshasa. Neither E. lopezi nor Diomus sp. was 
recovered at any of the 1982 release sites in Bas Zaire 
possibly because mealybug populations remained at 
generally very low levels well into the 1983 dry 
season.-R.D. Hennessey 

New Releases of Natural Enemies 

In July 1983 2,250 individuals of Diomus sp. were 
released at three sites in the far southern part of 
Zaire's Shaba Region. A few individuals of E. lopezi
and Hyperaspisnotataalso were released at one ofthe

S00sites. In September only a single individual ofDiomus 
sp. was recovered, and no individuals of the other two 
species were recovered. Nine hundred Diomus sp. and 
a few Sympherobius sp. were released in Kinshasa in 
July. In September a single adult of Diomus sp. was 
found; no Sympherobius sp. were recovered.-R.D. 
Hennessey andK.M. Lema 

Survey for Cassava Mealybug 

Field observations by PRONAM personnel and 
cooperators in 1983 provided a fuller picture of the 
status of the cassava mealybug in Zaire. The known 
distribution of the mealybug in the major cassava 
growing regions of Zrire is shown in Figure 11. So far, 
all reports of the mealybug have come from localities 
with a dry season at least 90 days long. At the 
prevailing temperatures, 90 days is sufficient for 
about 2 mealybug generations. No relation was seen
between the number of mealybug generations expec
ted in a typical year (21 to 4, depending on the 
locality) and the distribution or severity of the pest.
Accumulated observations of mealybug damage in 
various vegetation zones indicate that potential
damage by the mealybug is not equally great through
out its range. Damage is chronic and severe in the 
clear Zambian forest zone of Shaba. During dry years
damage has been severe and widespread in the wood
ed Guinean savanna and Zambiansteppe of Bas Zaire 
and Bandundu. 
Plant Resistance to Cassava Mealybug 

Previous studies at PRONAM/M'Vuazi have de
monstrated that populations of the cassava mealybugincrease more slowly on clone 70453 than on suscep.
tible varieties. That the clone is also tolerant to the 
mealybug was demonstrated this year by the follow
ing methods. Thirty-six cuttings of 70453 and 24 of 
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Dry season ,A30
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Figure 11. Distribution of cassava production and the\Unfetd 
cassava mealybug in Zaire. The mealybug occurs through. 10 Infested 
out most OfA1 -A4, causing severe damage in some places.

CM has not yet been reported in B, but substantial damage
 
may occur eventually. CM has not been reported in C, and ,0

substantial damage is less likely because of high rainfall. 0 -1101 1 1 1 1 1 

0 I 2 3 4 5 6 7 8 
control variety 02864 were planted at 70-cm intervals Weeks after infestation
in a rectangular plot and grown under conditions of Figure 12. Shoot growth of resistant clone 70453 andwater stress. After one month 24 of the 70453 plants susceptible clone 02864 after infestation with cassava
and 22 of the 02864 were infested with mealybug. mealybug, M'Vuazi, Zaire, 1983. 
Twelve of the 24 infested plants of 70453 were rein
fested weekly until the end of the experiment eight 

weekly, and internode lengths were measured and 
mealybugs counted at the end of the study. An 
average of only 11 mealybugs per plant were found on 
70453, compared with 420 per plant on controls. 2 
Differences in growth rates of infested and nonin
fested plants ofboth varieties are shown in Figure 12. 3.
 
Differences in internode lengths of the plants attack. "
 
ed are shown in Figure 13. /

The extremely slow growth of mealybug colonies 
on 70453 in this test interfered with the evaluation of 
the clone's tolerance. Even weekly infestation of 
70453 did not establish pest numbers comparable to Infested Not infested Infested Not infestedthose seen on 02864 controls. Nonetheless, an esti- 02864 70453 
mation of 70453's tolerance can be made, keeping inmind that studies at IITA have shown that even a Figure 13. Mealybug-induced reduction of internode lengthsingle mealybug is capable of inducing leaf-curl and at the apices ofsusceptible 02864 and resistant 70453 plants.even a small number can induce bending of the stem The length ofeach internode is an average'for 4 to 11 stems,
and bunching ofthe leaves ofthe shoot apex. Plants of M'Vuazi, Zaire, 1983. 
70453 exhibited no symptoms of leaf-curl or bunch
top. A slight, transitory bending of the stem was seen
in only two plants. All of the infested control plants bug did cause a substantial reduction of 45% in the
exhibited bunch-top and curling of apical leaves, and growth of 70453. But the clone's ability to maintain awhen the bent stem symptom appeared, it was never normal growth habit despite mealybug attack is atransitory. As shown in Figures 12 and 13, the mealy- clear sign of tolerance.-R.D. Hennessey 
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Pathology 
Stem Tip Dieback Disorder 

In 1980 a prc iously undescribed disorder of cassava 
was observed in Bas Zaire and is now becoming an 
increasingly serious problem. The characteristic 
symptoms are abrupt yellowing and wilting of leaves, 
brownish watery spots (2to 5 mm in diameter) 10 to 50 
cm from the tips of tertiary branches, coalescence of 
the spots (inducing epidermal and cortical discolora-
tion), whitish gum exudation on affected stem areas, 

and death of branches. Thesesevere defoliation 
symptoms appear during the dry season (June to 
August) and spread quickly from the initial foci. At 
the beginning of the rainy season, the plants recover 
by producing new shoots. Decay of tuberous roots 
appears to be associated with the disorder. 

In an attempt to determine the causal agent, 
Colletotrichum manihotis and Giomerella cingulata 
were isolated from stem spots, Pseudomonasfluores-
cens from gum exudate and Erwinia sp. from rotten 
tubers. None of these induced characteristic symp
toms upon artificial inoculation. Further isolation 
and inoculation tests are continuing. 

Disease incidence was recorded monthly for six 
clones from June to August. As shown in Figure 14, 
definite differences were observed among the clones; 
02864 (tt : improved standard variety) and Coll 45 had 
the highest incidence and Mpelolongi (a local va-
riety) the lowest. 

June 
02864 20.3% 

Coll 45 44.1% 

0/0 Io.% 

30015/28 0% 

Mpelolongi 0% 

02864 74.2% 

Coil 45 78.5% 

30010/10 57% 
3055/,0 35 1% "incidence 
30555/3 %35, 

3oo85~28 1 00/0 

Mpelotongi 104/o 

August 

02064 971% 

Coil 45 968% 

30010/10 89.7% 

30555/3 5550/3005/28 65%30/o 

Mpeolon 36.0%OoPerformance 

Figure 14. Incidenceoftipdiebacksymptomsonsixcassava 
clones, M'Vuazi, Zaire, 1983. 

Table 16. Effect of mulching and fertilization on 
incidence of stem tip dieback in cassava,
Zaire, 1983 

Percentage of plants affected 
Treatment 15 days 45days 75 days 
Mulch 

NPK ................... 1.7 22.4 37.0
 
P ...................... 1.7 16.9 38.8
 
N ...................... 7.6 45.9 62.3
 
K ...................... 0 5.8 13.5
Check ...................... 0 19.4 28.2
 
Mean ..... : ............ 2.2 22.1 36.0 

No mulch 

NPK ................. 4.3 59.0 76.1
 
P .................... 6.8 45.0 72.9
 
N ................... 4.3 65.5 89.6
 
K ...................... .0 27.2 66.8
 
Check ................. 4.4 35.8 58.8
 
Mean ................... 4.0 46.7 72.8
 

LSD (5%) .................. 
Fert., same mulch trt...... 3.2 6.6 3.8 

The effects of mulching and fertilization on in
cidence of stem tip dieback symptoms were investi
gatedforclone02864.Fiftykg/haN,75kgP 205/ha and 
100 kg K,,0/ha were applied singly and in com
bination, and Hyparrhenia diplandra was used as 
mulch. The incidence of affected plants at 15, 45 and 
75 days after the first symptoms appeared is given in 
Table 16. Potassium tended to lower the incidence, 
while nitrogen appeared to favor it. Mulching re
duced the incidence of affected plants by about 50%. 

Roguing affected plants at the first occurrence of 
stem tip dieback symptoms did not prevent the ap
pearance of symptoms on other plants. 

Cassava Mosaic Disease 

Cuttings of the clone Coll 45, which is very suscep
tible to cassava mosaic disease (CMD), in different 
CMD severity classes were planted, and incidence 
and severity of CMD, growth and yield were observed 
in the crop. There were no differences in sprouting 
percentage among the different severity classes. But 
as level ofseverity in the planting material increased, 

and severity of the disease in the crop rose
significantly, and growth and yield dropped signi
ficantly (Table 17). Thus, disease development, 

growth and yield depend not just upon the presence 
or absence of infection in the planting material, but 
upon the severity of the infection.-K.A. Muimw..' 
(PRONAM) 

Crop Management 
Effect of Agronomic Factors on 

of Improved Varieties 
Improved varieties are tested under more or less 
uniform conditions of crop management. But since 
the crop management practices used by farmers may 
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Table 17. Effect of CMD infection in planting material on the cassava crop, Zaire, 1983 

CMD severity Severity rating
classa 3 MAP b 6 MAP 
1 .................. 2.0 1.9 
2 .................. 2.7 2.8 
3 .................. 3.1 3.1 
4 .................. 3.5 3.8 
5 .................. 3.6 4.0 
LSD (5%)........... 0.4 0.4 

Percentage of Percentage of Stem Fresh 
plants affected leaves affected Plant ht., m diameter, cmc yield,
3 MAP 6 MAP 3 MAP 6MAP 6 MAP 9 MAP 6 MAP 9MAP t/ha 

80 68 59 48 2.20 2.33 2.98 3.35 25.1 
88 96 77 62 2.03 2.29 2.98 3.28 23.7 
99 100 92 90 1.62 1.91 2.82 2.98 17.8 

100 100 100 95 1.56 2.08 1.94 3.02 17.9 
100 100 100 99 1.51 1.92 1.78 2.75 10.1 

4 3 10 9 0.38 0.31 0.14 0.22 7.9 
'1 = no symptoms and 5= severe distortion and reduction in leaf size.bMAP = months after planting.
cStem diameter was measured at 60 cm above the soil surface. 

differ in one or more important factors from those 
employed in normal variety testing, it is important to 
determine how newly developed varieties react to 
different levels of these factors. For this purpose 
varieties Kinuani, 30070/4, 02864 (improved stan-
dard) and Mpelolongi (local) were planted on two 
dates (first season in November and second season in 
March) at two fertility levels (no fertilizer on a 
relatively impoverished soil and 600 kg/ha of17-17-17) 
and at two densities (10,000 and 20,000 plants/ha),
Only the resultb from the first season planting are 
available. 

Overall, the highest yields were obtained from 
02864, which yielded significantly more than the 
other three varieties (Table 18). There were signi-
ficant differences between varieties in their response 
to plant density. At 10,000 plants/ha, Mpelolongi 
gave a significantly lower yield than the other three 
varieties. Increasing density to 20,000 plants/ha had 
no significant effect on the yield ofthe three improved
varieties but increased the yield of Mpelolongi by 
more than 50%. Thus, when planted at the high
density, the local variety gave yields comparable to 
those of the improved varieties, regardless of their 
plant population. (The same trend was observed in 
the yield of marketable roots.) This finding is es-
pecially interesting considering that variety testing
is normally done at a density of 10,000 plants/ha
while it has been found in PRONAM on-farm research 
work that farmers are planting at about double that 
density. All varieties showed a similar response to 
differences in fertility level. Overall, fertilizer appli-
cation increased yield by about 22%. 

Response to NPK 
To supplement its work in on-farm fertilizer testing, 
the National Fertilizer Program requested PRONAM 
to conduct a trial to determine the response of 
cassava to the three major nutrient elements. In 
addition to measuring the response in terms of root 
yield, PRONAM was particularly interested in de-
termining the effects on yield of planting material 
since production of planting material is a major 
activity of the program. Nitrogen at 0, 75 and 150 
kg/ha, phosphorus at 0, 50 and 100 kg P205/ha and 
potassium at 0, 100 and 200 kg K20/ha were applied in 

a 3 x 3 factorial experiment. A confounded design 
with two replications was used. 

Fresh root yields ranged from 11.7 to 21.6 t/ha, but 
none of the main effects or interactions were signi
ficant. More replications are required. Fertilizer 
treatment did significantly affect yield of planting
material, which responded both to nitrogen and 
potassium. It appears that maximum yield of planting
material can be obtained with N and K.,0 rates of 
approximately 75 and 100 kg/ha, respectively (Fig.
15). These rates increase the multiplication rate by 
75% over that of the unfertilized control. This infor
mation is directly applicable since the experiment 
was conducted at a site adjacent to PRONAM's major 
multiplication area. 

Land Preparation 

Previously reported results showed no difference in 
cassava yield between a crop grown on ridges and one 
grown on the fiat. But this experiment was conducted 

Table 18. Effect of plant density and fertility on 
cassava yield, Zaire, 1983 

Variety and Plant density 
fertility level 10,000/ha 20,000/ha Mean 
Mpelolongi 

Low ................ 
High ............... 
Mean ............... 

02864 
Low ................ 
High ............... 
Mean ............... 

30070/4
Low ................ 

High ...............

Mean ...............


Kinuani 
Low ................ 
High .............. 
Mean ............... 


Mean 
Low ................ 
High ............... 
Mean ............... 

LSD (5%) 

t/ha 
9.9 17.8 13.8 

16.1 22.0 19.0 
13.0 19.9 16.4 

19.6 22.6 21.1 
25.2 26.3 25.8 
22.4 24.5 23.4 

16.8 18.1 17.4 
21.1
18.9 

18.4
18.2 

19.7
18.6 

16.5 19.9 15.7 
.19.3 17.3 18.3 

17.9 16.1 17.0 

15.7 18.3 17.0 
20.4 21.0 20.7 
18.1 19.7 18.9 

Varieties x densities ............. 3.4
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Figure 15. Effect of nitrogen and potassium on production
of planting material, M'Vuazi, Zaire, 1983. 

on land that had first been plowed by tractor.Another 
experiment was conducted this year to determine if 
the same results can be obtained on land prepared
with the hand hoe as is generally done in Zaire.Cassava was planted on ridges and on the flat on land
that had been prepared by hand and on plowed land. 
Two weeding treatments, weed free and low weeding, 
were superimposed on these treatments. 

Tractor plowing gave significantly higher yields
than hand preparation (Fig. 16). There was a significant interaction, though, between the ridging treat
ments and the method of primary tillage. As found 
previously, ridging after tractor plowing had noeffect on yield, compared to planting on the flat. But
yields obtained with ridging were 33% greater than 
those obtained with planting on the flat on landprepared by hoe. We attributed these effects to differ
ences in friability and tilth in the crop's rooting zone.The weed control treatments had no effect on yield,
but weed growth with low weeding in plots prepared
by hand and planted on the flat was considerably
greater than with low weeding in the other plots.This 
appears to be due to differences in the burial of weed
residue. In constructing ridges on the hand-prepared
plots, the residue was buried under the ridge. Thus,under traditional methods of land preparation, ridg-
ing seems to have at least two benefits: it creates
better soil physical conditions in the cassava root 
zone and lowers weeding requirements.-K. Landu
(PRONAM) and F.E.Brockman 

Cassava/Groundnut/Maize Intercropping 
In Bas Zaire cassava is normally grown in association 
with other crops, most commonly with groundnuts
and often maize grown for green cobs. A trial was
conducted to determine the productivity of various 
combinations of these crops under two planting 

systems. One was of the traditional method com
monly employed by farmers, in which cassava isplanted in double rows on ridges, 1 m apart at a 
population of 20,000 plants/ha, and the other was 
cassava planted on the flat at equidistant spacing of 
1 x 1m(10,000 plants/ha). Groundnut and maize wereinterplanted at densities of 100,000 and 20,000plants/ha, respectively. As shown in Table 19, inter

cropping with groundnuts had little effect on cassavayield and gave asubstantial yield of groundnuts.
competed more with cassava than did groundnuts but.produced very low yields of green cobs. 

Introducing maize into the cassava/groundnut system 
appears to make it less productive. Because of the 
importance of the cassava/groundnut association inBas Zaire and its apparently high productivity, more 
extensive studies on the management of this crop
combination are planned. 

Yields of all crops in all crop combinations were
higher under the traditional planting system because 
of better soil moisture conditions brought about byretention of rainfall between the ridges. During the
dry spells that occurred during the season, it was 
observed that drought stress symptoms were more 
pronounced in the crop planted on the flat. 
Management of Late Planted Cassava 

Although it is recommended that cassava be planted
early in the rainy season, for various reasons farmers 

Fresh root yield (t/ha) 

15 _Ridges . 

-_ 
_Flat_ 

10 

-

. 

0  _-


Hand Tractor 

Method of primary tillage
Figure 16. Effect ofmethod ofprimary tillage and ridging on 
cassava fresh root yield, M'Vuazi, Zaire, 1983. 



plant throughout the rainy season and not uncom-
monly near the end of the rains. Since these plantings 
are at an early stage at the onset of the dry season, 
they are more adversely affected by moisture stress 
and insect infestation than earlier plantings. A trial 
was carried out to determine the effect on growth and 
yield of late planted cassava of several management 
factors: mulching with rice straw at 5 t/ha, fertili
zation with 400 kg/ha of 17-17-17 and intercropping 
with beans (Phaseolus vulgaris), a fairly common 
practice. As shown in Table 20, intercropping cassava 
with beans without mulching or fertilization signi-
ficantly lowered cassava yields and resulted in low 
bean yields. Application of fertilizer to the cassava/ 
bean mixture offset the yield depression of cassava 
by intercropped beans, but bean yields were still 
low. Mulching the cassava/bean mixture gave good 
cassava yields and significantly higher bean yields 
than the other two cassava/bean treatments. Mulch
ing and fertilizer application also tended to increase 
yields of monocropped cassava but to a lesser degree
than with intercropped cassava.-N.B. Lutaladio 
(PRONAM) 

On-Farm Experimentation 

As part of an effort to add farming systems research to 
its research and extension program, PRONAM con-
ducted an exploratory survey in late 1982 to describe 
agricultural production systems in Bas Zaire. On the 
basis of this survey, it was decided that a first step in 
improving production might be to introduce im-
proved cassava varieties into the cassava-based 
farming system. The factors considered most impor-
tant in determining yields of cassava under the 
present farming system are soil type and planting 
date. On-farm trials were conducted at nine locations 
along a 100-km rural feeder road in Bas Zaire. At each 
location two improved varieties were planted with 
the local variety, Mpelolongi, on plateau and valley 
bottom sites in the first and second seasons. Planting 
and all other operations throughout the crop cycle 
were done by the farmers according to their normal 
practices. The only difference was that they planted 
two new varieties. 

Only the results from the first planting are avail-
able. In general, yields were higher and disease 
severity lower in the valley sites (Table 21). There 
Kinuani gave significantly higher yields than the 
other two varieties, 26% more than the local variety, 
and its damage scores for CBB, CMD and CAD were 
significantly lower than those of the local variety.
The fact that the improved varieties did not yield 
more than the local variety on the poor plateau soils 
suggests that selection should be done under more 
stressful conditions. 

In addition to the experimental data compiled in 
this work, information was collected on farming 
practices, market conditions, labor utilization, etc., 
to give a more complete picture of production con-
straints and to help identify points at which changes 
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might be made to improve productivity. This infor
mation is being compiled and will be reported later.-
N. Mbulu(PRONAM), M.AshrafandF.E.Brockman 

Yams 
Genetic Improvement 

Although yams have great potential and the tubers 
are much in demand, production is declining in many 
regions because of increasing production costs and 
low yields, which in turn can be attributcd to the high 
cost and low quality of seed yams. The problem is that 
the traditional system of seed yam production has a 
low multiplication rate and requires a substantial 
labor input. Often, seed yams are simply unavailable 
to small farmers. 

Table 19. Effect ofplanting system and crop mixture 
on crop yields, Zaire, 1983 

Cassava planting system 
On ridges Or,flat 
at 20,000 at 10,000 

Crop mixture plants/ha plants/ha Mean 

Cassava yields t/haCassava alone ........... 15.9 15.7 10.8 
Cassava/groundnuts ...... 15.2 15.2 12.9 
Cassava/maize ........... 14.9 10.9 14.6 
Cassava/groundnuts/maize 12.8 9.2 15.2 
Mean ................... 14.8 11.9 
LSD (5%) 

Crop mixture means for same planting system.. 2.8 
Crop mixture means for diff. planting systems.. 3.1 

Groundnut yields (unshelled) 
Cassava/groundnuts ...... 1.8 1.3 1.6 
Cassava/groundnuts/maize 1.3 1.1 1.2 
Mean ................... 1.6 1.2 
LSD (5%) 

Crop mixture means for same planting system.. 0.4 
Crop mixture means for diff. planting systems.. 0.6 

Maize yield (green cobs) 
Cassava/maize ........... 3.1 3.0 3.1 
Cassava/groundnuts/maize 2.5 2.2 2.4 
Mean ................... 2.8 2.6 
LSD (5%):

Crop mixture means for same planting system.. 0.7Crop mixture means for diff. plantingsystems.. 1.1 

Table 20. Effect of management factors on yield of 
cassava and intercropped beans, Zaire, 1983 

Cassava fresh Bean grain

Treatment root yield, t/ha yield, kg/ha
 
Check .......................... 11.9
 
Mulch .......................... 12.9
 
Fertilizer ........................ 14.2
 
Mulch + fertilizer ................ 14.5
 
Bean intercrop ................... 9.8 288
 
Bean intercrop + mulch........... 13.7 530
 
Bean intercrop + fertilizer ........ 13.3 299
 
LSD (5%) ........................ 2.9 61
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Table 21. 	Performance of cassava varieties in on-
farm testing at nine locations in Bas Zaire,
1983 

Fresh 
yield, 

Variety t/ha 
Plateau 

Y nuani ....... 6.1 
3070/4 ........ 4.6 
Mpelolongi .... 5.8 

Valley
Kinuani ....... 9.1 
30070/4 ........ 6.2 
Mpelolongi .... 6.7 

LSD (5%) for var. 
at same site.... 2.0 

Resistance to: a 

CBB CMD CAD CGM CM 


1.6 1.6 1.7 2.4 2.5 
2.0 1.8 2.0 2.8 2.6 
2.5 1.6 2.3 2.7 2.7 

1.5 1.3 1.6 2.6 2.2 
1.8 1.6 1.9 2.6 2.4 
2.0 1.6 2.0 2.5 2.4 

0.3 0.2 0.3 0.3 0.2 
"tResistance to cassava bacterial blight (CBB), mosaic disease
 
(CMD), anthracnose (CAD), green spider mites (CGM) and 

mealybug (CM) was rated on a I to 5scale, where 1
= no damage
and 5 = severe damage. 

Production of the crop could be much improved by
the minisett system of seed yam production, which 
increases net returns and reduces labor requirements
by lessening the amount of weeding required and 
eliminating the need for staking. The multiplication
ratio of this system is 10 times that of the traditional 
method. 


Investigations of this system were continued in 
1983. Minisetts of the white yam (Dioscorearotun-
data) variety Abi and six water yam (D. alata)
varieties-TDa 291, 310, 5, 251 and 297-were pre-
sprouted and transplanted during June in ridges,
which were 1m apart and covered with plastic mulch. 
Spacing within the rows was 50 cm. Holes big enough 
to allow the minisetts to be planted were cut in the 
plastic mulch. Plant establishment was good since 
this method conserves soil moisture. Foliar diseases 
were not a problem, but there was an early drought
that lasted for about a month. Because of dry weather 
later in the year, seed yams had to be harvested early
(November rather than in December). 

Even so, yields were good. Abi produced more than 
13 t/ha, and TDa 291, 310 and 5 yielded nearly that 
much (Table 22). The total number of seed yams and 
percent marketable tubers per plot varied signi-
ficantly. TDa 291 produced the highest number of 

Table 22. Seed yam yields, IITA,1983 
Fresh 

TDa 310 .............................. 

TDa 5 ......... ...................... 

TDa 251 ....... 

TDa 297 ............................... 

S.E ................................... 

LSD (5%) ..................... ......... 


seed yams per plot, but its percent marketable seed 
yams was only about 52%. Abi gave the second 
highest number of seed yams per plot but had a high 
percent of marketable seed yams (82%). TDa 5 pro
duced the highest percent marketable seed yams per
plot (97%). 

Abi produced 1.70. marketable seed yams per plant
and TDa 291 gave 1.43. Mutual shading in unstaked 
TDa 291 might have adversely affected'bulking of the
seed yams. It may therefore be necessary to stake this 
variety to improve its light interception.The multi
vait to o s ligh co n. the i. 
plication ratio of seed yams could be further in
creased if clones could be identified that produce 
more marketable seed yams per plant in the minisett 
system.-M.N. Alvarez, S.K. HahnandJ.A. Otoo 

Pathology 
Yam Foliar Necroses
 

In a study of the association between foliar necroses
of Dioscoreaalata and fungal infection, plots of six 
plants per row (cultivars TDa 297, 310 and 204),
showing different levels of field susceptibility to the 
disease, were given a soil application of Benomyl at 
planting time at a rate of 10 g a.i./m2 .Throughout the 
growing season, the plants were sprayed weekly with 
foliar applications of Benomyl at 0.5 g a.i./l. Plots 
sprayed with fungicide were separated from control 
plots by two border rows sprayed with water. The 
experiment was arranged in a randomized complete
block design consisting of six treatments with five 
replications. At harvest symptoms of foliar necrosis 
were rated on 200 randomly selected leaves using a 
scale of 1to 5, where 1 = green leaves (no symptoms),
2 = necrotic spots (irregular lesions generally less 
than 3mm in diameter scattered over the lamina), 3 = 
round spots (generally more than 5 mm in diameter),
4 = blighted, yellow leaves and 5 = completely
scorched leaves (dark brown and dried out).

There were no significant differences in fresh yield
between fungicide treated plots (1.20 kg per plant)
and control plots (1.15 kg per plant). Fungicide 
treatment significantly reduced the incidence of 
round and necrotic spots but did not significantly
affect the other types of symptoms. There was a 
significant interaction between factors, regardless 

No. of mar- Percent mar. No. of mar
yield, No. of seed ketable seed ketable seed ketable seedVariety t/ha yams per plot yams per plot yams per plot yams per plant

Abi ................... . 13.24 331.00 271.50 82.02 1.70TDa 291 ................ 12.91 440.25 227.50 51.68 1.43
 
12.88 239.75 180.75 75.39 1.12
12.86 184.25 178.25 96.74 1.05
12.12 226.75 172.25 76.00 1.08
10.78 242.75 168.00 69.21 1.13 
0.44 20.47 12.25  0.08

1.62 60.93 36.46 - 0.23 
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Table 23. Results of sweet potato uniform yield trials, 1982-1983 

Variety 
TIb 4.................. 

TIS 2498 ............... 

TIS 70357 .............. 

TIS 8266 ............... 

TIS 8441 ............... 

TIS 8504 ............... 

TIS 8524 ............... 

TIS 9265 ............... 

TIS 9291 ............... 

TIS 8250 ............... 


S.E.................... 

LSD (5%) .............. 


IITA 
16.3 
30.0 
18.3 
17.5 
22.8 
22.4 
23.8 
38.6 
17.1 
6.2 

Fresh yield, t/ha 
Onne Zaria Mean 

2.5 4.6 7.8 
6.8 4.9 13.9 

11.0 6.8 12.0 
7.4 4.6 9.8 
8.8 6.8 12.8 
6.9 8.0 12.4 
7.5 5.8 12.4 
6.1 6.8 17.2 
6.4 5.6 9.7 
6.6 5.6 6.1 

ILTA 
4.9 

10.1 
6.7 
5.4 
6.9 
6.2 
6.8 

11.1 
5.6 
4.3 

Dry yield, t/ha 
Onne Zaria 

0.8 1.6 
2.4 1.8 
4.4 2.6 
2.4 1.6 
3.2 2.5 
2.1 2.2 
2.5 1.9 
1.9 2.2 
2.3 2.2 
2.5 1.5 

Mean 
2.4 
4.8 
4.6 
3.1 
4.2 
3.5 
3.7 
5.1 
3.4 
2.8 

Percent 
dry matter 

32.2 
35.8 
38.2 
32.6 
34.6 
28.7 
30.8 
31.1 
36.0 
32.5 

Weevil 
score 

1.0 
0.3 
0.4 
0.3 
0.1 
0.2 
0.3 
0.0 
0.3 
0.2 

Virus 
score 

1.4 
0.4 
0.2 
0.7 
0.8 
0.7 
0.9 
0.4 
0.6 
1.3 

1.1 
3.2 

0.5 
1.5 

0.6 
1.6 

0.4 
1.0 

0.2 
0.6 

0.2 
0.6 

Note: Weevil and virus damage were evaluated subjectively on a 0to 5scale, where 0 = no visible symptoms and 5= severe symptoms. 

of the symptoms. Although fungicide reduced the 
intensity of necrotic spots, they were not found to be 
associated with fungal pathogens. Several fungi-
Cercosporasp., Dreschlerasp. and Curvulariasp.--
were found to be associated with rounded leaf spots. 
Although not significantly affected by fungicide, the
blight symptoms were often associated with Phyl.
losticta or Phomaspp. But the pathogenicity of these 
fungi has yet to be demonstrated.-D. Perreaux 

Virology
DioscoreaalaraVein Yellowing 

Earlier work has shown that Dioscorea alata is 
apparently often infected with a virus belonging to 
the potyvirus group. This virus is not transmissible to 
Nicotianabenthamiana,which is a good host for the 
potyvirus infecting D. rotundata (IITA, Annual 
Report for 1982). 

Healthy D. alata seedlings established from true 
seed and grown in an insect-free screenhouse were 
inoculated using crude juice from infected D. alata 
leaves. Initially, two plants out of six seedlings
showed clear symptoms of vein yellowing. Examin-
ation of these plants with the electron microscope 
revealed filamentous particles, indicating that the 
D. alataviruscan be mechanically transmitted. After 
six weeks symptoms in one plant had faded, and itsnewly developed leaves did not show any further 
symptoms. 

Purification attempts were made using the follow.
ing method. Fesh leaves of diseased D. alata were
ground in 5 ml per gram of tissue with 0.25 M
potassiumplsphatebufferofpH7.scontaining0.5M 
sodium sulphi ate ferwhich chloroform was added at
sodiuratephfml per gram of tissue. After added
the rate of 2 lprga ftsu.Atrlow-speed
centrifugation, the supernatant fluid was centri
fuged at 47,000 g for two hours. The pellets were 
resuspended in 0.02 M phosphate buffer of pH 8.2. 
Examination of these preparations with the electron 
microscope revealed filamentous particles.

SDS agar gel diffusion tests were conducted on the 
preparations after high-speed centrifugation with an 

antiserum against the virus occurring in D. rotun
data in Nigeria (yam mosaic virus). The results were 
negative, providing further evidence that the poty
virus from D. alatais not related to the virus from D. 
rotundata.-G.Thottappilly 

Sweet Potatoes 
Genetic Improvement 

Ten sweet potato lines were tested at three locationsin Nigeria: IITA, which is in a region of moderaterainfall and soil fertility; Onne, which is located in 

the high rainfall zone and has sandy, poor soil; and 
Zaria; which is in the dry savanna. A randomized 
complete block design was used at each location. 
Each plot had four rows 19 m long with 1 m between 
rows and 0.3-m spacing within rows. The two middle 
rows in each plot were harvested for yield assessment. 
Combined analysis of two years' (1982-1983) data 
showed significant differences between varieties in 
fresh and dry tuber yield (Table 23). Because of dry 
weather, the mean yield was lower in 1983 than in 
1982 at IITA and Onne; yields were about the same in 
both years at Zaria. The top yielders at IITA were TIS 
9265 and TIS 2498, at Onne TIS 70357 and TIS 8441, 
and at Zaria TIS 8504, 8441 and 9265. 

The performance of selected clones in the 1983
uniform yield trial, conducted at five locations, is
given in Table 24. The mean yields of six clones-TIS
8504,8524, 9265,8441 and 9291-were higher than that
ofTIS 2498, the high yielding check. At every location 
some clones outyielded the check. Yields were far
higher at IITA than at any of the other locations
perhaps because drought was less severe at IITA andthe field management was better.-M.N. Alvarez,
S.K. Hahnand J.A. Otoo 

Virology 
Sweet Potato Virus Disease 

A test clone has been developed and is being used at 
IITA for indexing the two components of the sweet 

http:potassiumplsphatebufferofpH7.scontaining0.5M


132 Roots and Tubers 

Table 24. Results of sweet potato uniform yield trials, 1983 

Variety 
Tlb 4 .................... 

TIS 2498 ................. 

TIS 70357 ................ 

TIS 8266 ................. 

TIS 8441 ................. 

TIS 8504 ................. 

TIS 8524 ................. 

TIS 9265 ................. 

TIS 9291 ................. 

TIS 8250 ................. 


S.E ...................... 

LSD (5%) ................ 


IITA Onne 
Fresh yield, t/ha 
Mokwa Zaria Jos Mean 

Percent 
dry matter 

Dry yield, 
t/ha 

Weevil 
score 

Virus 
score 

13.4 1.4 1.3 3.4 0.8 4.1 32.1 1.3 1.5 13 
14.9 
14.8 
13.5 
18.6 

2.7 
7.0 
3.0 
3.1 

1.2 
7.8 
1.7 
2.0 

4.2 
5.3 
5.0 
5.4 

0.5 
1.6 
0.8 
0.8 

4.7 
7.3 
4.8 
6.0 

35.6 
40.7 
33.8 
36.2 

1.7 
2.9 
1.6 
2.0 

0.5 
0.3 
0.2 
0.4 

q.2 
0.1 
0.2 
0.2 

22.6 
18.3 

3.9 
5.3 

2.7 
5.3 

11.2 
3.4 

0.7 
0.7 

8.2 
6.6 

31.1 
31.0 

2.4 
2.1 

1.4 
0.5 

0.3 
0.1 

23.4 
15.6 

2.5 
1.9 

1.4 
2.3 

5.9 
7.4 

0.8 
0.7 

6.8 
5.6 

31.6 
38.0 

2.1 
2.0 

0.5 
0.9 

0.5 
0.4 

7.5 2.2 1.1 9.9 1.5 4.4 24.4 1.1 0.7 0.4 
1.3 0.8 0.8 0.9 0.2 
3.7 2.4 2.2 2.5 0.5 

Note: Weevil and virus damage were evaluated subjectively on a 0 to 5scale, where 0 = no visible symptoms and 5= severe symptoms. 

potato virus disease (SPVD); TIb 8 s.c.9- W.F. and TIb 
8 s.c.9-A. Under a cooperative arrangement with 
IITA, the Research Institute for Plant Protection at 
Wageningen, The Netherlands, has been indexing 
sweet potato materials from Southeast Asia that are 
to -be dispatched to IITA in tissue culture form. 
Symptomless materials approach-grafted to the test 
clone preinfected with the whitefly-transmitted com-
ponent (TIb 8 s.c.9-W.F.) developed symptoms. This 
might indicate that the aphid-transmitted component 
of SPVD, a disease that has so far been reported only 
from Nigeria, is present in the materials tested and is 
much more widely distributed. This finding may also 
be evidence that sweet potato virus diseases in 
Southeast Asia and possibly elsewhere also result 
from infection with more than one virus.-H. W. 
Rossel 

Nem atology 
Root-knot nematodes are of common occurrence in 
the tropics around the world and are becoming an 
increasingly serious limiting factor to good crop 
growth as farm land is used more intensively. A 
recent study T-howed that three species of root-knot 
nematodes are widely distributed in the tropics. Of 
these, one consists of four races ofnematodes and the 
other two of two races each. The presence of multiple 
species and races greatly complicates the task of 
producing nematode resistant cultivars and for-
mulating crop rotation recommendations. 

Distribution and intensity of root-knot nematode 
infestation were studied in cassava on 26 local farms 
and five cassava plots at IITA. As shown in Table 25, 
root-knot nematodes were present in the soils of all 
the local farms and four of the five plots at IITA. 
However, the percentage of plants infected and the 
severity of the disease were significantly lower at 
IITA presumably because of strict adherence to a 
crop rotation program. IITA cassava grown in rota-
tion suffered no yield loss from root-knot nematodes, 
while ratooned cassava for stock increase had a 
hypothetical yield reduction of 2.74% for the three 

plots. On-farm cassava had an average per farm yield 
decrease of 8.45%. Hypothetical yield reductions 
were taken from a yield reduction graph produced in 
an earlier study. A risky extrapolation of this data 
would place cassava production loss for Nigeria at 
one million tons and for Africa at four million tons 
annually. The International Meloidogyne Project
study on world crop losses estimated the cassava 
yield reduction at 6%. 

Monitoring of weed fallow plots at IITA showed all 
plant-parasitic nematode population means to be at 
innocuous levels at the end ofthe crop year. Elephant 
grass, often recommended as a rotation crop for 
increasing soil organic matter content, maintained 
populations of root-knot, root-lesion and stunt 
nematodes. 

A study of plant-parasitic nematodes at 
IITA/SAFGRAD sites in Upper Volta established the 
presence of root-lesion, stunt, annular, spiral, reni-

Table 25. Results ofa survey of local farms and JITA 
cassava plots for root-knot nematodes, 
Meloidogynespp., 1983 

IITA 
26 Increase Plots under 

farms plots rotation 

Plots with root.knot .... 100 
percent 

100 50 
Infested plants (percent

age of all examined) 
Infested plants below 

.. 80 46 2 

thresholda ........... 73 70 100 
Infested plants above 

threshold ............Hypothetical yield loss: 27 30 0 
1to 25%.............17 24 0 
26 to 50% ........... 4 3 0 
51 to 75% ........... 2 3 0 
76 to 100% .......... 4 0 0 

Mean loss per plant..... 31.37 20.4 0 
Mean loss per farm ..... 8.45 2.74 0 
'Aprevious study indicated the threshold for yield reduction to 
be 544 nematodes per liter of soil. 
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form, false spiral and stubby root nematodes on Trinidad, West Samoa and Zanzibar. Another sixmaize, cowpeas and yams (Table 26). Except at the improved varieties of sweet potato were certified bystation at Kamboinse, all soils showed a low number the Plant Quarantine Services and are being multi
of nonparasitic nematodes. A soil with an active plied for distribution in early 1984.biomass would generally have 10,000 to 30,000 of IITA has been distributing tissue culture materialthese nematodes per liter of soil. Soil populations for three years. To obtain information about thevaried widely, but some plot means showed high performance of IITA improved varieties of sweet
populations, particularly ofthe root-lesion, stunt and potato and cassava under different ecological conannular nematodes, that could cause crop damage.- ditions, questionnaires were sent to 40 recipients ofF.E. Caveness tissue culture material. Seven written and three 

verbal replies were received and are summarized inTissue Culture Table 27. 

Elimination of disease, rapid multiplication, germ- Germplasm Conservation
 
plasm conservation and international distribution of

improved cassava and sweet potato varieties are the A considerable amount of time and resources 
was
main tasks of IITA's Tissue Culture Unit. This year spent on in vitro conservation ofsweet potatoes. One we also collected information about the performance hundred new breeding lines were adde6-to the existof tissue culture materials that we have distributed ing 500 clones. Arrangements for additional interand began work on meristem culture and in vitro national distribution of sweet potatoes were made
rapid multiplication of yams and cocoyams. with the Institute for Plant Protection (IPO), The

Netherlands, where 23 virus-free sweet potato clones 
are maintained and are available for distribution toDistribution of Improved Varieties requesting countries. Clones have been sent by IPO to 

Twelve improved cassava varieties are available for Argentina, the Solomon Islands, Tonga, Trinidad anddistribution in vitro. Twenty-two packages of cas- Zambia. Similar arrangements were made for cassava sava plantlets were sent to 18 African countries and with the Kenya Agriculture Research Institute 
one to Italy. The countries were Congo, Gabon, (KARI), where 12 cassava varieties are maintained.
Ghana, Guinea, Kenya, Liberia, Mauritania, KARI will assist IITA in the distribution of cassava to
Mauritius, Sao Tome, Sierra Leone, Somalia, Sudan, East African countries upon request.

Zanzibar and Zaire. Another three cassava varieties
 
were certified by the Plant Quarantine Services at Meristem Culture and

Ibadan. These varieties are now being multi- Multiplication

plied and will be ready for distribution in early 1984.


Eighteen improved sweet potato varieties were Since many requests are being received for IITA yamdistributed to 27 countries in 32 consignments. The varieties Dioscorearotundataand D. alata,we havecountries were Angola, Cameroon, Central African begun work on meristem culture for elimination of
Republic, Congo, Comores, Cuba, England, Ethiopia, disease in yams.
Gabon, Ghana, Guinea, Honduras, Indonesia, Italy, Plantlets were obtained in Murashige and SkoogMalawi, Mauritania, Mauritius, Peru, Rwanda, Sao medium supplemented with 3% sucrose, 0.12 ppmTome, Sierra Leone, Somalia, St. Vincent, Sudan, benzyl adenine purine (BAP), 0.2 ppm Napthalene 

Table 26. Results of a survey for plant-parasitic nematodes at IITA/SAFGRAD sites in Upper Volta, 1983 
Kam- Farako FarakoNematode boinse Saria-Oa Saria.Nb Pobre station trials 

mean numberof nematodesper literof soilNon-plant-parasitic nematodes ........................... 17,811 4,438 2,948 3,005 3,484 3,410
Root lesion nematode (Pratylenchus

sefaensis, P. zeae.) .................................... 3,221 
 189 118 219 272 173Stunt nematode (Tylenchorhynchus nudusand
Tylenc/zorhynchusspp.) ............................... 2,347 467 186 246 4 -Annular nematode (Tetylenchus annulatus)................ 7 724 158 -  -

Spiral nematode (Helicotylenchuspseudorobustus
and Helicotylenlzchus spp.) .............................. 266 38 56 4 20 86Reniform nematode (Rotylenchulus reniformis)............. 134 -  38 - 203

False spiral nematode (Scutellonema
clathricaudatum)..................................... 10 - 1- - 6Stubby root nematode (Trichodorussp.) ................... - 28 20 -  -Total number of plant-parasitic nematodes ................ 5,985 1,446 538 508 296 468
Fungus feeding Aphelenchoid nematodes .................. - 612 776 
 - - -

"No nematicide applied. 1'Nematicide applied. 

http:Saria.Nb
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acetic acid (NAA), 0.4 ppm gibberellic acid (GA 3), 50 
mg 11 cystine and 0.7% agar. The pH was adjusted to 
5.7 + 0.1 before sterilization. Development of the 
meristems was extremely slow; complete plantlets 
were not obtained until four to five months after 
inoculation of the meristems. Plantlets from four D. 
rotundatavarieties were transplanted into soil in the 
isolation room for virus indexing. Attempts were also 
made to culture meristems of D. alata on the same 
medium; a few plantlets were obtained from one of the 
cultivars. Blackening of the meristems of D. alata 
from oxidation of phenol compounds was a serious 
problem. 

The low multiplication ratio of yams has greatly 
hindered the breeding program. In vitro multipli-
cation of yams was attempted using node cuttings of 
the young stems as well as tuber discs. For the node 
cutting and its subsequent subculturing, Murashige 
and Skoog medium supplemented with 2y sucrose, 
0.5 ppm NAA, 0.5 kinetin, 20 ppm cystine and 0.7% 
agar was found to be the most suitable medium for 
many varieties of both D. rotundataand D. alata, 
although blackening of the meristems was a problem 
with D. alata. 

Tuber discs of 1 cm31 were obtained from newly 
harvested yam titbers of varieties Abi and Nwapoko 
after removal of the corky periderm. Murashige and 
Skoog medium supplemented with 2% sucrose, 20 
ppm cystine and various hormones, including NAA, 
BAP and GA3, was used. Callus formation was ob-
tained with treatments of 0.1 ppm NAA four weeks 

after culturing. With 0.5 or 1ppm BAP in the culture 
medium, the upper surface of tuber discs burst one 
month after culturing. Bud formation was observed 
in the second month, followed by root initiation and 
elongation. In the third month, complete plantlets of 
variety Abi were obtained. Nwapoko responded very 
slowly and rarely formd plantlets. 

Taro (Colocasiaesculenta)and tannia (Xanthosoma 
sagittifolium)were successfully grown in vitro using 
the meristems ofthe apical buds or axillary buds from 
corms and cormels. Suitable media were identified for 
growth and development of taro and tannia meris
tems, anid preference of the meristems as to the 
physical status of the medium was determined. It was 
found that plantlet formation is greater and meris
tems develop faster for all three varieties of taro used 
(TCe 1], TCe 23 and TCe 36) in liquid medium on a 
rotary shaker at 70 rpm. Tannia culivars TXS 17, TXS 
23 and TXS 19-9-284 did better on a solid medium. 

Meristem culture of taro was carried out in a 
Murashige and Skoog medium supplemented with 
3% sucrose, 80 ppm adenine sulfate and 100 ppm 
inositol. The same medium was used for tannia, with 
the addition of 200 ppm casein hydrolysate, 0.1 ppm
NAA, 0.5 ppm BAP and 0.7%, agar. The pH of the 
media was adjusted to 5.7 + 0.1 before sterilization. 

In subsequent culture of taro, more vigorous plant
lets were obtained in a liquid Murashige and Skoog 
medium with 3% sucrose. Tannia also did well in this 
medium, and no differences were observed between 
solid and liquid media.-S. Y. Ng 

Table 27. Responses to a survey on the performance of ITA improved sweet potato and cassava varieties 
distributed in tissue culture form 

Year 
Country Crop sent 
Cuba ........... Sweet 1982 

potatoes 
Gambia ......... Sweet 1981 

potatoes 

Taiwan ......... Sweet 1981 
potatoes 

Solomon Islands . Sweet 1981 
potatoes 

Zaire ........... Cassava 1982 

Seychelles...... Cassava 1982 
and sweet 
potatoes 

Liberia ......... Cassava 1981 
and sweet 
potatoes 1982 

Performance 
All varieties are very well adapted to their environments. Yield data will 
be available soon. 
Of the seven varieties (TIS 2532, Tib 10, TIS 1487, TIS 3017, TIb 10, TIb 4 
and TIb 2)established and tested, the first two have the highest tuber 
yield, 19.2 and 19.5 t/ha, respectively, compared to 10.8 t and 4.5 t for two 
local checks.
 

TIS 2532 has shown a low level of resistance to weevils in resistance 
screening.
 

TIS 2498 has consistently produced high yields and shown resistance to 
scab fungus, Elonoe batatas.TIb 5 is highly susceptible to scab and Tlb 2, 
though resistant, gives low yields. In resistance to cyclas weevil, all 
materials are similar to the local cultivars. 
TMS 30395, 30572, 30555, 30211, 30040, 30786 and 30337 scored 2 in their 
reaction to CBB and 3 in CMD, except TMS 30395 and 30040, which scored 
2. Yield data are not yet available. 
Reports were received ofl the number of varieties established in the field, 
but no yield data or disease scores. 

Reports were received on the number of varieties established in the field, 
but no yield data or disease scores. 
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Root Crops Research in Yield /ha)
 

Cameroon 40 •
 
The Cameroon National Root Crops Improvement 0
Program (CNRCIP), now in its fifth year, is engaged 0 
in genetic improvement and agronomic and food 30 - 0
 
technology research on cassava, yams, sweet pota- o %. 

toes and cocoyams. The program has developed a Soo 0
formidable research capability and is carrying for-

ward an ambitious on-farm testing program. Improved 

0
 
20 - 0%0 

varieties of sweet potato developed by CNRCIP have 0
 
been widely distributed in the country, and the 0 0 LM
 
program will soon be at that stage in its work on the
other major root crops. 0 0
 

Y=2.40+0.28X** 

Cassava 0 
Genetic Improvement 01 
The cassava green mite (CGM) is now believed to be 20 60 100 140 
distributed over the entire country. The cassava Number of tubers per unit area( lOr)
mealybug has not been observed, even though the Figure 17. Relationship between yield and number ofpest occurs in neighboring countries. Several thou- cassava storage roots per unit area in preliminary yield
sand seeds of CGM tolerant clones imported from trials at locations in Cameroon, 1983. 
IITA were planted in a second season trial at Bertoua 
for evaluation. In addition, first season seedlingnurseries were established at Mujuka, Mbankomo detopping. The yields of cultivar 1 were not signiand Meiganga. None of the plants in the first season ficantly reduced when it was detopped every fifthseedling nurseries showed any resistance to the week after the first detopping and after every thirdrather heavy infestation of CGM during the dry week following four and a half months of growth.season. These yield differences resulted from differences inA number of relatively high yielding, disease the sizes of the commercial tubers; no differencesresistant clones were selected from progenies of were observed in the number of tubers per unit area.TMS 30555 and 30572 and placed in yield trials. The number of tops removed was related to thePreliminary yield trials were established at Mujuka, number of detoppings. Detoppings started late gaveMbankomo and Meiganga, with 86, 96 and 142 clones, more axillary buds per detopping than those startedrespectively. Fresh yields ranged from 4.3 to 38.3 t/ha earlier and continued at about the same frequency.for clone 8024 at Mujuka and 4.2 to 39.8 t/ha for clone Detopping every three weeks produced the lowest1114 at Mbankomo. The percentage of marketable quality tops because the leaves harvested at threeyield ranged between 57 and 99. Number of storage week intervals were smaller.

roots had no relationship to average tuber weight, A linear relationship (r = 0.73) was established
although there was a significant positive relationship between total leaf area and the yield of clone 1, even
between yield and number of storage roots per unit 
 though detopping decreased its total leaf area. Since
 
area of 10 m2 (Figure 17). 
 clone 1 branches naturally, detopping did not signi-
Five sets of clones were placed in advanced yield ficantly increase the number of axillary buds protrials at three locations: one set at Mbankomo, two at 
 duced in the long run, although earlier in the seasonBabungo and two at Mujuka. Clone 7621 gave the the treatments had higher numbers of axillary budshighest yield of 23.3 t/ha at Babungo, and clone 0480 than the control. For clone 2 all treatments signiwas the highest yielder at Mbankomo with 35.6 t/ha. ficantly increased the total number of axillary budsIn yield trials being conducted in the various agro. since it branches late or not at all naturally.
ecological zones of the country, some materials are Fertilizer application. The effect of 13 fertilizerperforming better than the local cultivars in disease combinations on the yield of a local clone was testedresistance and yield potential. obntoso h il falclcoewstse on land that had been cropped with cassava for two
Agronomy consecutive years (Table 28). The aerial parts of the cassava were-incorporated into the soil with a roto.Detopping of cassava. Nine detopping treat- vator on half of the field and removed from the otherments were given to two local cultivars; they were half (main treatments), as was done during thedetopped at the level of the youngest fully expanded 1981-82 growing season. Potassium and nitrogenleaf. The yields of cultivar 2 were significantly fertilizers were applicd two months after planting,reduced irrespective of the frequency and time offirst and phosphorus was applied before planting. 
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Table 28. NPK fertilization on a plot continuously cropped to cassava, Mbankomo, Cameroon, 1982-83 

Treatment 

000............ 

110.................... 

220 ......................... 

011 ......................... 

111 ......................... 

121 ......................... 

211 ......................... 

221 ................. ....... 

022 ..................... 

112.................... 

122......................... 

212......................... 

222......................... 


LSD (5%) ..................... 


Fert. application Yield, 
N PO, KO t/ha 
0 0 0 21.1 

60 60 0 26.2 
120 120 0 25.5 

0 60 90 29.4 
60 60 90 30.9 
60 120 90 30.2 

120 60 90 31.8 
120 120 90 32.7 

0 120 180 34.2 
60 60 180 28.4 
60 60 180 28.5 
120 60 180 26.2 
120 120 180 33.7 

3.5 

No differences were observed between the main 
treatments. Mean tuber yields were 29.2 t/ha where 
the aerial parts of the previous crop were incorpora-
ted into the soil and 29.0 t/ha where they were not. 
The unfertilized subtreatment yielded the lr est 
where the aerial parts were not incorporated, but the 
yield of this subtreatment was not significantly 
different from subtreatments 011 and 112 (Table 28). 

Food Technology 

"Fufu" is a major cassava food product in tropical 
Africa. In traditional processing of cassava into fufu, 
the whole peeled tubers are soaked to ferment them 
for three to five days, and the pulp is sun dried for two 
to four days and milled into flour. The process is not 
very economical and is unhygienic. A study was 

carried out to reduce the processing time and improve 
the hygienic and nutritional value of the product 
through protein supplementation. 

The results showed that the time required to 
ferment cassava can be reduced to 25 h if the tubersare fisOuvrzdadsee ihpeemne 

aefirst pulverized and seeded with prefermented 
cassava liquor. In addition, the pulp drying time can 
be reduced to 28 h with a simply designed fire/solardryer, which also improves the hygienic conditions of 
thdry ich alo iros tmechanical dryers were 
the drying process. Two mextension 
found to be faster and more efficient, but their costs 
are prohibitive, especially for farmers. Substitution 
of full fat soybean flour for 10% of the cassava flour 
increased the protein content of the cassava flour 
from about 2 to 6% without changing the organolep-
tic qualities of the fufu. 

Cocoyams 
ThemainaimofCNRCIP'sresearchoncocoyamsisto 
find methods for minimizing the damage caused by 
Pythium myriotylum. Program scientists are search-
ing for tolerant clones by producing hybrids from 
local and imported clones, selecting for disease 

Aerial parts not integrated 
No. of tubers Virus 

per 10m 2 incidence 
114.5 0.9 
132.6 1.4 
116.1 1.6 
125.1 1.2 
139.1 0.9 
121.3 1.3 
145.0 1.0 
136.1 1.4 
128.0 1.2 
130.0 1.5 
113.7 1.6 
115.7 1.4 
137.8 1.2 
23.9 0.19 

Aerial parts integrated 
Yield, No. of tubers Virus 

t/ha per 1Cm 2 incidence 
22.0 90.9 1.7 
28.6 106.9 1.2 
29.8 106.3 1.2 
26.4 99.0 1.4 
30.4 122.6 1.3 
30.0 105.5 1.3 
29.8 111.4 1.6 
33.5 122.3 1.3 
30.4 110.5 1.1 
30.0 117.2 1.3 
26.8 102.9 1.6 
28.5 103.8 1.7 
33.6 123.0 1.3 
5.7 17.7 0.23 

resistance under field infection and evaluating their 
yield. The program is also improving cultural prac
tices such as planting densities and dates, testing 
chemical controls such as metalaxyl, and carrying 
out studies on the etiology and epidemiology of the 
disease. 

Yams 

A total of 98 accessions of eight species of yam 
(Dioscoreaspp.) are now being maintained at Ekona, 
Njombe and Bambui. For fear of losing these ac
cessions as a result of poor weather and field con
ditions, we hope that an international body will take 
over the maintenance of the accessions, so that they 
can be made available to other national programs and 
institutions. 

Sweet Potatoes 

In its experiment station workon geneticon improvementNROIP is concentrating sweet potatoes, 
and studies on physiology, chemicals and production.

T e onphslo chmig armrduch 
The program is also carrying out on-farm researchwith improved cultural practices and clones in dif
ferent agroecological areas in cooperation with the

services of the Ministry ofAgriculture and 

various development organizations and farmers 
groups. 

Genetic Improvement 
The objective of the genetic improvement program is 
to find superior clones with high, stable yields, good 

root characteristics and multiple resistance to sweet 
potato virus disease and weevil. A number of clones 
have been selected for further evaluation. The IITA 
clone TIB 1, which produces high yields and has fair 
acceptability, low virus and medium weevil suscepti
bility, and wide ecological adaptability, is being 
multiplied for distribution to farmers. 



Variety testing. Twenty sweet potato clones were 
tested at Njombe and other locations throughout
Cameroon. Significant differences were found be-
tween clones in each environment. The highest
yielding clone across environments was 048, followed 
by 064. Yields were highest at Njombe and lowest at 
the Bambui upper farms. Y1 -lds at some locations 
were relatively low partly because of an early
drought during the latter two and a half months of 
growth, the critical time for bulking (Table 29). There 
was a significant negative relationship (r = -0.68*)
between mean yields and the altitude of the locations,
All but four clones had stability indices that were not 
significantly different from unity. 

Leaf size was reduced with altitude, and the re-
ductions were greater with broad- than small-leaved 
clones. The severity of virus attack also diminished 
with altitude, although the highly susceptible clones 
tended either to maintain or increase their suscepti-
bility levels. Weevil attack was generally reduced at 
the lower altitudes partly because of late planting
and early drought. 

On-farm experimentation. On-farm trials were 
conducted across several agroecological zones of 
Cameroon. In one season four clones and in the 
second season five clones were compared to the best 
available local material. 

The trials were of two types: researcher managed
and farmer managed. The former were conducted in 
the most representative production "domains" of 
each agroecological area and usually at locations 
where an agricultural development organization or 
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large farmer group could provide the necessary
facilities. Each clone was planted in a 3- x 10-m plot
replicated three to five times, depending on the 
facilities available. 

For the farmer managed trials, farmer groups or 
individuals provided the land and labor, taking the 
yields as compensation for their efforts. These were 
very simple unreplicated trials consisting of three 
rows of each clone, including the local one, and two 
guard rows of the local clone at each end of the plot.

Field days were held at harvest, and the farmers 
were invited to make their own choices, based on the 
production and acceptability of the test clones. The 
field days were also used to demonstrate the impor
tance of using healthy material and improved cul
tural techniques such as weeding during the early 
stage of crop growth and reridging before the end of 
the second rainy season. Where possible, field day
participants were invited to compare trials and 
identify the production constraints and explain the 
differences between trials. Informal discussions were 
held on commercialization, storage problems and 
cooking quality of the test clones. Afterwards, parti
cipants took cuttings of the best clones back to their 
farms for "home multiplication" and further 
production. 

Extension agents were invited to help plan the 
demonstrations within their respective activity 
zones. Most were also actively involved in the re
searcher managed trials and in identifying pro
duction constraints by compiling farmers' obser
vations and their own. The trials were conducted 
under favorable conditions, and only a few demon-

Table 29. Performance ofsweet potato clones at various locations in Cameroon, 1983 
Location and altitude, m
 

Njombe Ekona Mbe Bertoua Bindiba Babungo Moungel Dschang Bambui 
 StabilityClone 80 450 600 650 1,000 1,100 1,300 1,480 2,000 Meana index 
1611 ........... 36.0 11.1 5.2 20.0 9.5 11.4 3.6 18.5 2.4 12.6 1.531592 ........... 31.1 15.3 6.1 16.2 10.5 8.5 
 4.5 22.2 2.9 12.9 1.361602 ........... 29.8 - 5.5 2.7 
 6.4 3.4 3.4 12.3 1.2 7.2 0.95TIS 2498 ....... 27.6 13.9 4.4 17.2 9.2 8.0 
 3.6 7.2 1.6 10.4 1.16002 ............ 23.8 7.3 3.0 6.8 4.9 
 8.0 7.9 10.4 2.1 8.2 0.761048 ......... 23.3 5.1 5.4 7.0 
 8.1 4.3 1.9 3.7 0.4 6.3 0.82048 .......... 22.7 15.1 7.5 23.8 16.4 9.5 
 4.6 21.3 2.2 13.7 1.17064 .......... 21.1 15.1 7.2 25.5 
 14.0 3.3 6.3 23.2 1.0 13.4 1.291639 ........... 21.7 12.4 4.7 19.9 13.4 8.6 5'5 15.0 1.6 11.8 1.06
TIb 1 .......... 
 21.2 17.4 5.6 18.1 15.1 10.8 4.6 18.0 3.4 13.1 1.011112 ........... 20.1 15.9 6.8 
 21.9 13.2 5.9 7.0 18.7 1.5 13.1 1.09TIS 2544 ....... 19.5 
 14.2 7.1 28.3 11.3 10.4 6.6 16.1 2.8 13.2 1.08502 ............ 19.3 18.3 10.8 24.3 15.7 8.9 5.6 17.7 3.6 
 13.3 0.97TIb 2 .......... 19.2 16.1 4.8 17.5 10.6 5.4 3.1 15.4 1.1 10.6 1.05
27034 .......... 
 18.7 11.6 8.7 21.9 13.2 6.0 3.8 15.1 1.0 11.0

046 ............ 15.6 8.5 6.6 17.3 11.6 4.9 4.3 5.4 
1.00
 

0.7 8.0 0.721557 ........... 15.4 9.5 5.8 11.0 7.1 4.3 
 3.0 9.3 0.6 7.1 0.69096 ............ 12.8 - 1.9 4.0 3.0 
 2.6 0.6 - 0.2 3.6 0.43034 ............ 10.8 11.9 5.0 14.5 9.9 5.4 2.9 14.1 0.9 8.9 0.67
Local .......... 16.9 11.1 1.5 5.7 5.0 
 7.8 2.3 10.4 0.8 6.7 
Mean .......... 21.4 12.8 5.7 16.5 10.4 6.9 4.3 14.4 1.6 
LSD (5%) ...... 3.7 4.5 - 3.8 4.3 3.8 - 4.6 1.1 
'These means are based on yields from 11 locations, two of which (Foumbot, 1,050 m, and Meiganga, 1,100 m) are not included here. 
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Table 30. Yield reduction between researcher and 
farmer managed trials in three agro
ecological zones of Cameroon, 1983 

Semi- Guinea. 
deciduous Forest Sudan 

Variety forest savanna savanna Average 
TIb 1 ............ 29 63 18 36.7 
TIb 2 ............ 23 66 34 41.0 
23303 ............ 41 66 38 48.3 
527034 ........... 20 60 21 33.7 
Local............ 24 74 3 31.7 
Average ......... 27.4 65.8 21.6 38.3 

stration plots failed for lack of care. 
The farmers were very impressed with the im

proved material; in most trials the best clone perform
ed 172 to 351% better than the local material. And in 
trials where yields of improved and local clones were 
similar, some farmers preferred the taste of TIb 1 and 
527034 to that of the local clone. Farmers also appre
ciated the very regular tuberous root shape and the 
clustered tuberization of TIb 1 and 527034, which 
makes them easier to harvest. 

A comparison of the researcher and farmer man
aged trials during the first season for each zone 
showed an average yield reduction of 31.7% for the 
local clone and 48.3'% for 23303. The largest yield
reduction between the two types of trials (65.8%) was 
observed in the forest savanna area, where the 
potential for high production is greatest (Table 30).
This zone is 600 to 800 m above sea level and receives 
1,400 to 1,600 mni of rainfall annually in a bimodal 
pattern. The sweet potato production potential of the 
semideciduous forest (which is 400 to 700 m above sea 
level and receives 1,500 mm of rainfall annually in a 
bimodal pattern), and the Guinea-Sudan savanna 
(which is at 1,000 m and receives 1,400 mm of rainfall 
in a monomodal pattern), is 30 to 40% less than that of 
the forest savanna zone. Production in the first 
season was higher than that in the second over the 
same cropping period of four months at all locations. 
A major constraint in all areas for early season 
production was the lack of planting material. 
Farmers can solve this problem by maintaining
planting material around their compounds or by
growing small dry season production plots in swampy 
areas. 

The advantages of the approach described here to 
on-farm experimentation are that it establishes a 
permanent dialogue between farmers, extension 
workers and researchers and generates answers to 
farmers' technical problems. The high interest in 
improvement of sweet potato production shown by 
most farmers and extension agents gives some indi
cation of this procedure's effectiveness.-J.A. Whyte 



Farming Systems Program
 
In farming systems research this year, high priority 
was placed on on-farm research and wetlands utiliz-
ation. Work on upland soil and crop management,
which has been focused on alley cropping and no-
tillage mulch systems, is now ready for extensive off-
site testing and validation, 

The program's main aims this year in on-farm 
research were to strengthen linkages with national 
programs in Nigeria and Ivory Coast through joint
workshops, training courses and methodology de-
velopment for on-farm diagnostic surveys. This work 
has been supported by the Ford Foundation. 

Physical and socioeconomic inventory reports, 
which are part of a collaborative project on wetlands 
research in West Africa, were completed, and we are 
now preparing to begin field work in Sierra Leone,
Benin and Nigeria. The project is being financed by 
the government of The Netherlands.Research on the agronomy and physiology of plan-
tains was expanded within the framework of the West
African Regional Cooperative for Research onPlantain (WARCORP). 

Soil Management and 
Land Development 
Characterization and Use of 
Wetlands 
A cooperative project was begun this year by IITA 
and the government of The Netherlands on the use of 
wetlands in West Africa. In the first pha.,;e of the 
project, completed this year, an inventory report was 
prepared by staff from three Dutch research in-
stitutions: the International Institute for Land 
Reclamation and Improvement (ILRI), Soil Survey 
Institute (STIBOKA) and Royal Tropical Institute 
(KIT). Researchers identified four types of wetlands 
in West Africa: (1) deltas, tidal and large inland 
swamps comprising 36,700 to 74,400 km 2 (1.7 to 3.5% 
of the inventory area), (2) river flood plains (large
floodplains) covering 54,200 to 129,700 km2 (2.5 to 
5.9% of the inventory area), (3) overflow valleys
(small floodplains) covering 80,100 to 194,100 km2 (3.6 
to 9.0% of the inventory area), and (4) stream flow 
valleys (small inland valleys) occupying 101,200 to 
218,100 km 2 (4.7 to 10.0% of the inventory area). 

The total wetland area in West Africa is thus 
estimated to be somewhere between 272,000 and 
616,300 kiM2 , or 12.6 to 28.5% of the inventory area. 
About one-third of this area is occupied by small 
inland or stream flow valleys. The main objective of 
the IITA/Netherlands project is to develop low input
soil and water management technologies that will 
enable small farmers of the region to cultivate these 
valleys more intensively. Research sites are being
sought in Sierra Leone, Benin and Nigeria. The work 
at these sites will be done in cooperation with the 
national research institutions and development
agencies and with active participation by farmers.-
A.S.R. Juo andJ. de Wolf (ILRI,Netherlands) 

Soil Properties of Wetlands in Sierra Leone 
As part of the wetlands utilization project, IITA soil 
A pars t e wetland a reasin Si l
scientists visited several wetland areas in Sierra 
Leone and examined land use, soil and hydrological 
survey reports made available by the Land and Water
Development DivisionAgriculture (LWDD) of the Ministry ofand Forestry, Freetown. According 
the LWDD, there are four types of wetlands in Sierra

to 

Leone: inland swamps, riverine lowlands, inland 
depressions and estuarine swamps. 

Inland swamps are scattered among dissected
valleys on the coastal and interior plains, which 
occupy 60% of the country. The valleys vary in size 
from one-half to several hectares and have mostly
long, narrow valley bottoms, with streams in the
central part, surrounded by low hills. 

Riverine lowlands are located mainly on the coas
tal plains in the southern and western parts of the 
country and occupy 9.2%Y of its total area. These 
lowlands consist of floodplain complexes along lower 
reaches of major rivers and of dissected coastal 
terraces with very low elevation. They generally 
have negligible relief. 

Inland depressions (Bolilands) are large saucer
shaped lowlands on the interior plains ofthe country.
Usually, Bolilands are much larger (several hundred 
hectares) than inland valleys. They may or may not 
have consistent drainage in a specific direction, and 
they are surrounded by gently sloping hills. About 
4.3% of the country is classified as bolilands. 

Estuarine (or tidal) swamps are located at the 
mouth of major rivers on the west coast of the country
and occupy 3.2% of the total area. These swamps are 
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veryflat, poorly drained and influenced by tidal water laterite layer commonly occurs in the subsoil, in
to some extent. Properties of selected soils from terrupting the movement of water. This soil is prone 
different types of wetlands in Sierra Leone are given to drought in the dry season and deep flooding in the 
in Table 1. wet season. It is characterized by medium to coarse 

Soil samples from an inland swamp were taken in texture, high soil acidity, low cation exchange ca
the central part of Sierra Leone at Bo, which is pacity and low base saturation. The soil sampled at 
located in the Precambrian basement complex Ghonsamba is classified as a PlinthicTrol)aquult. 
(granite and gneiss) area. The valley in which the Soil of estuarine or tidal swamps was sampled at 
swamp is situated has a flat bottom with a narrow Rokupr near the mouth of River Great Scarcies on the 
colluvial slope on both sides. The coarse-textured northwestern coast of the country. The site is on the 
soil, classified as a Typic Tropaquept, has low pH, recent marshy deposit and was originally covered 
low cation exchange capacity and low saturation. with mangrove. Now it has been developed for irri-
The drainage of soil in inland swamps ranges from gated rice but is still occasionally clvered with tide 
imperfect to pool- because there is some artificial water. The soil is characterized by high organic 
drainage. Natural swamps are more poorly drained matter content in both the surfirce soil and subsoil. 
throughout the year. The profile is genetically undeveloped but shows 

The Bo valley has irrigated rice paddies with well- strongly reduced color throughout the profile. High 
designed water control systems (gravity irrigation). sodium content, especially in the subsoil, suggests a 
The paddies were developed by a Chinese agricul- strong influence by brackish water. The very low soil 
tural team and are maintained by local farmers with pH (air-dry soil) and high exchangeable hydrogen 
some assistance from the Ministry of Agriculture. indicate the presence of sulfidic materials. The soil is 

Soil from a riverine lowland was sampled at classified as aTypic Sulfaiquent. 
Gbundapi on the southern coastal )lain. This soil is Several thousand hectares of the mangrove or tidal 
developed on heavy-textured, recent alluvial deposits swamp near Rokupr have long been used by farmers 
and is characterized by high organic matter in the for rice cultivation. The acid sulfate soils of the 
surface layer, strong soil acidity end low base satu- Rokupr tidal swamps are fine-textured, montmorillo
ration. The area is under grassland and is cultivated nitic and rich in organic matter. These soils have pH 
very little because of deep flooding during the rainy values of 5 to 6 (luring the rainy season when the soil 
season. The soil is classified as an Umbric becomes saturated and reduced, but they become very 
Tropaquult. acidic (pH below 3.0) in the dry season owing to the 

Bolilands occur in the north-central part of Sierra presence of sulfuric acid.-T. Kosaki and A.S.R. Juo 
Leone, which has less annual precipitation (2,800 
mm) and a more severe dry season than other wet- Iron Toxicity in an Inland Swamp in 
lands in Sierra Leone. The soil, which was sampled at Southeastern Nigeria 
Gbonsamba, is derived from Tertiary sedimentary In tropical Africa two requirements must be met 
rocks such as sandstone and siltstone. A plinthite or before small farmers can intensify their use of wet-

Table 1. Properties ofselected hydromorphic soils in Sierra Leone 

Or- Bray CEC,1' 
Depth, Sand, Silt, Clay, pH ganic Total P-1, Exchangeable cations, meq/100 g meq/ 
cm Horizon Y % % (H,20) C, % N, % ppm Ca Mg K Na H Al 100g 

Typic Tropaquept, Bo 
0-15 Apg 64 33 3 4.6 2.4 0.24 11.7 0.32 0.08 0.06 0.03 1.24 1.16 2.89 
15-35 B2g 68 29 3 4.8 1.2 0.18 8.2 0.27 0.07 0.05 0.02 0.96 0.96 2.33 
35-60 B3g 70 25 6 4.8 0.6 0.07 9.2 0.21 0.42 0.03 0.02 0.97 1.09 2.76 
60-80+ Cg 70 23 7 4.8 0.6 0.09 6.0 0.21 0.09 0.03 0.03 1.05 1.11 2.52 

Umbric Tropaquult, Gbundapi 
0-23 Ap 16 38 47 4.8 6.8 0.58 5.4 0.97 0.49 0.16 0.08 4.56 3.20 9.47 
23-32 IlIBg 8 21 71 4.5 1.7 0.22 4.6 0.46 0.35 0.07 0.08 4.16 3.04 8.16 
32-55 IIB2g 6 37 57 4.5 0.8 0.10 4.2 0.25 0.29 0.06 0.07 3.50 2.42 6.59 
55-80+ IIB3g 6 63 31 4.5 0.9 0.11 - 0.21 0.37 0.06 0.09 3.30 2.51 6.53 

Plinthic Tropaquult, Gbonsamba 
0-20 Ap 32 57 11 5.0 1.6 0.21 7.9 0.29 0.09 0.07 0.03 1.86 1.94 4.28 
20-40 A3 38 53 9 5.0 1.6 0.10 4.5 0.16 0.06 0.04 0.02 1.92 1.88 3.88 
40-65 B2g 40 45 15 4.8 0.3 0.07 1.9 0.19 0.09 0.04 0.02 1.57 1.63 3.55 
65-90+ IIB3gCn 80 17 3 5.0 0.2 0.05 - 0.30 0.14 0.05 0.03 2.35 2.05 4.92 

Typic Sulfaquent, Rokupr 
0-15 Ap 16 53 31 3.9 3.8 0.30 4.8 1.38 0.61 0.32 2.04 1.96 1.56 2.89 
15-50+ IIAp 38 49 13 3.0 4.5 0.28 4.5 2.29 0.61 0.10 6.52 11.79 2.93 24.43 
REffective cation exchange capacity. 
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lands for rice and other food crops: (1) appropriate jg u 6 j:,
 
soil and water management technologies and (2)
 
better yielding rice varieties with tolerance to di- . , Hill aid upland .
 
seases and adverse soil conditions. . 45; . ag, 


Iron toxicity is a widespread problem of rice in .
 
inland valleys and swamps, where seepage flows 50
5pm 
contain a high concentration of ferrous iron (Fe+ +) . . Z:one..> . a ppm ' ' 
and the soils are strongly reduced throughout the Zone . 30. " 
year because of a high groundwater table. In cooper- .Zone B (Max 5ppm) 

ation with the ino/Anamnbra/World Bank Small- ... 2"ppm.Fe:. 
Holder Rice Production Scheme, IITA researchers (Me lppm 
are characterizing the source and dynamics of , :';'''A tonicre- HighlyHighly toxic ':'' ''... 
duced Fe in the soil and screening lowland rice B Moderately toxic iZone D
 
varieties for tolerance to Fe toxicity on farmer's fields C Slightly taxic '....
 
in a small inland valley of about 20 ha near Bende in : Don-to . .,:..
 
southeastern Nigeria. (The results of variety screen
ing for tolerance to iron toxicity are reported in the 
 Figure 1. Isolines of mean and maximum concentrations of 
section on the Cereal Improvement Program.) ferrous Fe in soil solution during the growing season in 

Groundwater tubes were installed in the Fe toxic relation to Fe toxic zones (determined from leaf symptoms
and nontoxic areas, and groundwater tables and of the susceptible variety IR 26), Bende valley, Nigeria, 
concentrations of ferrous Fe in the soil solution were 1983.
 
measured weekly. Rice variety IR 26, which is sen
sitive to Fe toxicity, was planted uniformly across the Soils derived from Soils derived
luvial deposits I - from colluviol .,: 
concentration gradient in the field. Based on the deposits 
ferrous Fe concentration in the soil solution and the 
expression of Fe toxicity symptoms in rice (bronzing
 
and various degrees of oranging), the field was di- T4 T3
 
vided into three Fe toxic zones. These zones and their
 
mean and maximum concentrations of ferrous Fe in se
 
soil solution are shown in Figure 1. In zone A IR 26
 
showed severe bronzing and gave little or no grain Be',:.
 
yield; in zone B it showed severe oranging and some
 
bronzing and in zone C slight oranging symptoms. -,
 
Zone D is nontoxic. 
 93 

In inland valleys or swamps, Fe toxicity in rice is
 
generally a localized phenomenon (IITA, Research T GroundwaterT - tubestbesduring dry spell
roudwatr -Grundwterable 

Highlights for 1982). Severe toxicity normally occurs ,g Groundwateroffer heavy table during dry seasonrain 93" Groundwater table 
in fields next to the source of seepage flow, parti
cularly when the soil is poorly drained and has a 
high groundwater table throughout the year. Figure 2.Cross-section showing landscape, locations of the 
Fluctuations in the groundwater table during the groundwater table and its seasonal fluctuations, Bende 
rainy season follow the rainfall pattern. But the valley, Nigeria, 1983. 
magnitude of groundwater fluctuations varies from 
one site to another and is associated with soil type In the development of lowland nontoxic areas for 
(Figs. 2 and 3). Although the nontoxic zone is situated irrigated rice cultivation, measures should be taken 
in the lowest part of the landscape, groundwater to ensure that ferrous Fe in the seepage water from 
tubes installed in this zone (Fig. 3, T4) showed the the upper slopes is prevented from accumulating in 
largest fluctuations in groundwater table througlout the flooded rice field. This may be achieved by in
the year. This indicates that the nontoxic area is tercepting the main seepage flow in the upper slope
better drained than the toxic area, even though the and by draining the field at the end of the cropping
latter is on higher land (Fig. 3, T2 and T3). Because of season to allow oxidation to take place. Without 
the nontoxic area's greater distance from the seepage adequate flood control, farmers in the Bende area 
source and its large fluctuations in groundwater and normally transplant rice after the peak of the rainy
redox potential, the ferrous Fe in the soil solution season in mid- or late September to avoid deep
either drains out with groundwater or is oxidized and flooding.
precipitated as ferrous oxides (Fig. 3 and 4). In In a strongly reduced field containing toxic levels 
contrast, soils in the Fe toxic area (Fig. 2, T2 and T3) of ferrous Fe, rice plants generally show two types of 
remain almost permanently saturated and reduced at symptoms on older and fully developed leaves: the 
shallow depth throughout the year, as indicated by bronzing symptom of acute Fe toxicity and the 
the groundwater and ferrous Fe data given in Figures oranging symptom, which generally occurs in fields 
3 and 4. containing moderate levels of ferrous Fe. The orang

http:2"ppm.Fe
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ing symptom seems to be associated more with nutri- give us a better understanding of the mechanism of 
tional disorders resulting from a malfunction of rice Fe tolerance and identify factors for further genetic 
roots than to direct effects of Fe toxicity. improvement.-T. Kosaki andA.S.R. Juo 

Rice varieties vary in their tolerance to high levels 
of ferrous Fe in the soil solution. Roots of a highly Development of Valley Bottom Land 
susceptible variety simply cannot survive in strongly
reduced soil containing high levels of ferrous Fe. A In 1983 a study was begun in a small valley bottom at 
moderately tolerani: variety, in contrast, can main- IITA to determine the potential and constraints of 
tain an oxidized condition at the root surface, causing developing this type of land for crop production. The 
ferric oxides to precipitate on the root tips and inland valley is situated on a basement complex.
surfaces. The surface coating of ferric oxides inhibits Three approaches to developing the area were stud
normal nutrient and water uptake by roots, which ied simultaneously. The first was a water manage
may be partly responsible for the leaf oranging ment approach, in which a reservoir was constructed 
symptoms. Tolerant varieties not only are capable of upstream, the main drainage way cleaned and up
maintaining an oxidized condition at the root-soil graded, terraces and bunds formed on the lower slope
interface, :ut also have more vigorous root systems. and bottom lands, and a supplemental canal con-

Further studies are being conducted on root growth structed for irrigation and drainage of the paddies
in relation to nutrient uptake of tolerant varieties in created by terracing. The second was to test the 
a highly Fe toxic environment. These studies should suitability of the land for rice-based cropping sys

tems. And the third was a mixed cropping system, 
Depth of groundwaoter oble (cm) representing the traditional approach to developing
-40 valley bottoms and adjacent land. A combination of 

A crops, including bananas, vegetables, sweet potatos,
0 T -rice, cocoyams and soybeans were grown on different 

parts of the valley depending on elevation (Fig. 5).
I jj "' Information about the soils in the study area is 

"'T2 "given in Table 2. Cleaning the main drainageway 
[ | ;* * * exposed sandy soil. As a result, when heavy rains 

80o- -occurred, no soils at the upper part of the stream were 
!A , carried away with the runoff and deposited at the 

0- T lower end, disturbing the stream flow. 
I lThefragile sandy soil on the lower slope proved to 

be the main constraint to the development of paddies.
Bunds made from the sandy soils were easily eroded 
by rainfall and water was lost rapidly through perco-

A S 0 N D J F M IA M J J A S 0 N lation in the irrigation canals. These problems were 
Month (August1982toNovember1983) partially solved by planting paspalum grass on the 

Figure 3.Depth ofgroundwatertableatdifferentsites in the bunds and dikes and surfacing canals with clay soil 
Bende valley, Nigeria, between August and November brought in from another area. 
1983. The rainy season begins in April and ends in The thin layers offine textured fertile topsoil on the
November. The positions of the gronidwater table are lower slopes had to be removed (so that the subsoil
shown in Figure 2. could be levelled) and then returned during the 

terracing operations. This required much labor, 
SolubleFe (ppm~) energy and time. Since the valley bottom surface wastoo relatively flat, terracing was not needed for con

-T structing the paddies. Moreover, severe weed in
@o --. , festation and accumulations of undecomposed or-

T4 ganic matter greatly hindered the work in this part of 
the valley.

60 -Whether grown on a natural, undisturbed slope or 
on developed paddies, the rice crops did well on the 

* 	 , season. Heavybird damage on the relatively small
\o ,\y" of area made yield assessment impossible.~experimental 

20 V From the upper slope to the valley bottom, three 
soil/crop interactions were apparent: (1) in upland

S osoils rice showed moisture stress; (2) on the lower
A S 0 N D J F M A M J J A S 0 N

Mm, AugI92-Now 913) 	 slope in grey lowland soils without water control, rice 
Figure 4. Concentration of soluble Fe in soil solution, showed no water stress; and (3) in the valley bottom,
Bende valley, Nigeria, 1982-83. Note the positions of the gleyed lowland soils were flooded to varying depths
groundwater table in Figure 2. throughout the growing season (Table 2). 



Root and tuber crops, grain legumes and vegetables 
were planted on the upper slopes, and rice mixed with 
bananas or cocoyams did well on the lower slope and 
in the valley bottom. But because of the diversity of 
crop species and the small area per crop, it was 
difficult to apply herbicides and fertilizer. Further 
studies will be carried out to estimate how much 
valley bottom land can be irrigated with natural 
water accumulated in the reservoir and to determine 
the most suitable methods for paddy development, 
land preparation, and controlling erosion of dikes 
and percolation of water in canals constructed from 
sandy, coarse soils.-A. Evers, T. Kosaki and N. V. 
Ngitu 

Soil Degradation 
Soil Compaction and Plant Growth 
It is a well-known fact that vehicles cause soil 
compaction in crop fields. Much is known about soil 
compaction in temperate climates, but very little 
about this problem in the wet tropics. A study begun 
in September 1982 on the relation between com
paction and crop growth was repeoted in April and 
September of this year. 

The experiment had a split-plot design with three 
replications. Conventional and zero tillage were the 
main treatments, with 5.5- x 15-i subplots for dif-
ferent degrees of compaction. Conventionally tilled 
plots were disc plowed to a depth of 20 cm, followed by
harrowing. The no-till plots were treated with para-
quat one week before planting. The compaction 
treatments were zero, two aid four passes ofa tractor-
mounted, two-ton roller. Three crops of maize, cow
peas and soybeans were seeded in the first and second 
seasons of 1983 and were fertilized with 120 kg N, 26kg P and 30 kg K/ha for the maize, and 30 kg K and 26
kg P/ha for the legumes. 

Table 2. Description and evaluation of soils in E 
hydromorphic area, JITA 

Soil Type Description Evaluation 
Yellow 
(upland) 

Well drained and 
sandy with many 
quartz gravels in 
the subsoil, 

Suitable for upland
rice. Natural water sup-
ply and water holding
capacity too low for 
lowland crops such as 
rice and cocoyam, 

Gray
lowland 

Imperfectly drained 
with thin, medium 

Suitable for lowland 
rice with occasional 

textured surface 
and sandy subsoil. 

supplementary irriga.
tion. Slight risk of 
Fe toxicity. 

Gley 
lowland 

Poorly to very 
poorly drained in 
strongly reduced 

Suitable for lowland 
rice all year. Slight
risk of seasonal flood-

condition with 
medium textured 
surface and sandy 

ing. Drainage may be 
required occasionally.
Slight risk of Fe 

subsoil, toxicity. 
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Figure 5.Schematic representation of the soil, hydrological
regime and research activities at an experiment site, IITA, 
1983. 
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Figure 6. Saturated hydraulic conductivity of soil under
 
various traffic and tillage treatments, IITA, 1983.
 

The sura hydrai conductviymeasuredon cores using a constant head permeameter, was 
significantly influenced by traffic and tillage treatments, as shown in Figure 6. Compaction effects were 
observed to a depth of 10 to 15 cm in both tilled and notill plots. At each level of compaction, the rates in no
till plots were higher than in plowed plots to a depth 
of 10 to 15 cm. 

Compaction increased dry bulk density throughout
the measured depth. Heavy compaction increased 
bulk density by 37% at 0 to 5 cm under zero tillage and
by 63% under conventional tillage. Heavy com
paction reduced total porosity by 22% under zero 
tillage, and by 41% under conventional tillage at a 
depth of 0 to 5 cm (Fig. 7).

Compaction reduced vegetative growth of the 
crops. After eight weeks the highly compacted plots
showed a reduction in leaves of 16% under no-till and 
21% under conventional tillage in maize and of 50% 
under both tillage systems in cowpeas. At 11 weeks 
soybean leaves were reduced by 50% under no-till and
65% under conventional tillage. At the maximum 
plant height of the three crops, severe compaction
significantly reduced plant heights by 18 to 33%
in maize, 25 to 27% in cowpeas and 30 to 34% in 
soybeans. 
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Figure 7. Profiles of mean dry bulk density and porosity
immediately after compaction treatments, IITA, 1983. LSD 
is for comparing passes under the same tillage system. 

Under conventional tillage yields of maize were 
slightly higher than under no-till, as shown in Figure 
8. Severe compaction reduced maize yields by 500/ 
under zero tillage in both seasons and by 60 and 74% 
under conventional plowing. Cowpea and soybean
yields were also significantly reduced by heavy com-
paction. At each level of soil compaction, legume 
yields under both tillage techniques were strikingly 
similar. Generally, there were no significant differ-
ences between two and four passes, indicating the 
vulnerability of Alfisols to moderate compaction.-
B. Kayombo and R. Lal 

Root Penetration of Compacted 
Gravelly Soils 

A common feature ofmany tropical soils, particularly
those developed on basement complex rocks, is the 
existence at variable depths of a compacted gravel 
layer, which impedes the growth of roots into deeper 
regions of the soil profile. Since shallow-rooted crops 
suffer from drought and nutrient stress, penetration 
of this layer is extremely important in crop pro-
duction. One approach to achieving better root 
penetration is to increase the proportion of root-sized 
pores, such as old root channels, in the gravel layer. 
The objective of this study was to verify the hy
pothesis that the proportion of root-sized pores in a 
compacted layer in the soil profile can be increased by 
means of appropriate cropping sequences and soil 
management systems. 

The cropping sequences being tested are pigeonpeas/maize and maize/maize. The soil "management 

systems are: (1)conventional tillage (disc plowing to 
20 cm, followed by harrowing); (2)zero tillage (seeds 
are sown through the residue of the previous crop, 
and weeds are controlled with paraquat one week 
before planting); and (3) reduced tillage (chisel
plowing to a depth of 35 cm in the major season, 
followed by zero tillage in the minor season). 

Measurements of root growth suggest that the 
cropping sequence and soil management systems 
interact. Pigeonpea roots were found at a depth of 115 

cm in zero tillage plots; with other treatments the 
maximum depth of rooting was 45 cm. Irrespective of 

the tillage system, maize roots did not penetrate the
gravel layer beyond a depth of 35 cm.-N. Hulugalle

R. Lal 

of Fluctuating Water Table 
on Root Growth 
Because of seasonal fluctuations in the depth of the 
water table, the root zone of a crop may often become 
flooded (cutting off the oxygen supply) and other 
times suffer from water stress. An experiment was 
conducted to observe the effects of a fluctuating
water table at different depths in a natural soil profile 
on root growth patterns.

Each ofthe three experimental sites had a different 
water table depth-low, medium and high-in hy
dromorphic soil. Soybeans (TGm 344) were planted in 
the major season and cowpeas (1T82E-60) in the minor 
season. Variations in soil water content, fluctuations 
in the water table, and root growth were monitored 
throughout the growing season. Root growth at the 
sites with medium and low water tables was limited 
by a compacted gravel layer at a depth of 30 to 40 cm 
(Fig. 9). Because there was no such layer at the site 
with a high water table, soybean roots reached the 
capillary fringe, although cowpea roots did not. Even 
so, the depth of rooting of both crops at this site was 
greater than at sites with a low and medium water 
table. Evapotranspiration and ET/E0 values for both 
crops were significantly greater at the site with a high 
water table.-N. Hulugalleand R. Lal 
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Figure8. Effectoftillageandcompactiononmaize, cowpea 
and soybean grain yields, IITA, 1983. 



FarmingSystems 145 

Assessment ofSoil Erodibility rainfall for Ikom, Heipang and Onne, respectively. 
In an experiment for assessing soil credibility, topsoil The correlation coefficient was 0.967.samples from 27 locations in Nigeria were subjected There was no runoff and soil loss from the soil at 
s tamplfr2 ineNoigeria werected which is derived from basalt and has goodationsl. indiffeIkom, 
to artificial rainfall. The soils, collected in different crumb structure and high aggregate stability. The 
agroecological regions, had contrasting physical and low splash erosion is a further indication of this soil's 
chemical properties, high structural stability. Only when aggregates ofAir-dried, disturbecl soil was packedl in a 30- × 90- the topsoil are destroyed by raindrop impact is there 

cm soil pan 5 cm deep, which had a screen base 
covered with cheese cloth and was tilted to a 9% 
slope. The soil samples were subjected to one hour of Depth (cm)

rain with an intensity of about 9 mm/h. Percolation 0
 
(infiltration through the soil layer), splash, runoff 0
 
and soil loss samples were collected every five min
utes. After the first run, the sample was brought to -20 0- High watertable
 
field capacity and again received 30 minutes of rain of 0 Medium watertable 
the same intensity. The results provided a basis for SoybeansS Low watertableat V8 growth stage 
comparing the detachability characteristics of clif- -40 (10 June) 
ferent soils in relation to soil physical properties. F 

Erodibility under simulated and natural rain- 0 
fall. Data collected from standard field runoff plots at __-
Ikom, Heipang (Jos) and Onne, Nigeria, (luring the 
last three years show that soil crodibi lity ranges from -20 
0.09 to 0.15. 

Extrapolating data from simulated rainfall experi
ments to anticipate the effects of natural rainfall has -40
 
serious limitations. The erodibility factor (K) moa- Soybeans at RG-7 growth stage

sured in the field was compared with laboratcy (7 Sept.)
findings for three soils. In the simulation test, there -60 
was no runoff and soil loss from the Ikom soil. The 
erodibility factors for the two other soils, given in 
Table 3, were calculated using the Universal Soil 
Loss Equation. 0 

We observed two things about these calculations. 0 
First, K values measured under natural rainfall 
reflect a range of soil moisture conditions over the -20 Cowpeas at28 DAP 
year. At Onne soil moisture is often near field mois- ( 12 Oct.) 
ture capacity, except at the beginning of the rainy 
season. At Heipang the longer intervals between -4 0 0 2 4 6 1 
rains leave the soil in a dry antecedent condition. 0 0.2 0.4 0.6 0.8 1.0 1.2 
Second, soil erodibility is time dependent and is Root length density (cm/cm 3 )
influenced by deterioration in soil structure, decline Figure 9.Variation in root length density with depth, IITA, 
in soil organic matter content and development of a 1983. 
crust as a result of continuous raindrop impact.

On the basis of these observations, we made two Table 3. Erodibility determinations using rainfall 
comparisons. First, the soil crodibility values, which simulation for soils from locations in 
were determined under field conditions when samples Nigeria, 1983 
were obtained for the simulation run, were compared
with the K values measured under simulated dry Soil moisture A (soil R (ero- K (erodi
conditions corresponding to field moisture conditions regime loss), t/ha sivity) bility)
 
at the start of the rainy season. These values were Ikom:
 
0.007,0.045 and 0.005 under field conditions and 0.000, Dry ..................... 0 - 0
 
0.142 and 0.014 under simulated rainfall for Ikom, Wet ..................... 0 - 0
 
Heipang and Onne, respectively. The correlation Heipang:
 
coefficient between these two sets of'values was 0.991. Wet ..................... 5.92 130 0.228
 

Second, the values for the first year of field obser- Onne: 
vations were compared with those for simulation Dry ..................... 0.61 224 0.014 
under a corresponding moisture regime (wet for Wet ..................... 2.21 114 0.096 
Onne, dry for Heipang and wet for Ikom). The K Note: Assuming that for abare fallow soil the C, P and Sfactors 
values were 0.036, 0.067 and 0.050 under field con- (9%slope) are equal to 1,slope length (L)is computed to be 0.20, 
ditions and 0.000, 0.142 and 0.096 under simulated and the basic equation is: K = A/(R x 0.20). 
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any runoff and soil loss, which there obviously was 
during the three years when the field runoff plots 
were operative. 

Structural breakdown, surface sealinig andreduced infiltration. One of tile most striking 
findiigs of the rainfall simulation tests was the 
decrease in infiltration rate over time. This occurred 
in nost of the 27 soils and was measured by the change 
in the amount of water that percolated through the 
5-cm layer of soil. 

Except in the very sandy soils and those having 
high structural stability, a thin compacted layer
gradually formed on the soil surface. This is illus-
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Figure 10. Soil loss, splash, runoff, percolation and 
runoff/percolation rate for a Heipang soil under simulated 
rainfall, ILTA, 1983. 
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Figure 11. Soil loss, splash, runoff, percolation and 
runoff/percolation rate for an Egbeda soil under simulated 
rainfall, IITA, 1983. 

trated in Figures 10 and 11 for the Heipang and 
Egbeda soils. 

For the Heipang soil, the percolation rate de
creased during the dry run from 2.2 to about 0.7 cm/h.
The equilibrium rate was observed to be 0.7 cm/h at 
the end of the wet run. For the Egbeda soil, the 
percolation rate decreased from 8.8 to 2.0 cm/h at the 
end of the dry run. The percolation rate for tie wet 
run was about the same. 

On a completely disturbed sample with an uneven, 
rough surface, raindrop impact causes the aggregates 
to break down and a surface seal to form. As this 
happens the infiltration rate decreases, and theequilibrium infiltration rate is reduced by the crust. 
aWhend i theo soil is exposed to rainfall over a long period 
and is not disturbed between rains, the equilibrium
infiltration rate, which is controlled by the surface
seal, determines the amount of runoff. Tile amount of
sediment transported by runoff depends on slope and 

soil properties. 
Susceptibility to structural breakdown and surface 

is important in the erosion of tropical soils, 
those with low organic matter content and 

low-activity clays. Further research should be done 
on changes in surface soil characteristics with dif
ferent management systems and on the relation of 

characteristics to other soil parameters.-A.
Vanelslande, R. Lal and D. Gabriels(University of 
Ghent, Belgium) 

Effects of Clearing and Tillage on Runoff 
and Erosion 
A field test was begun on land that had been under 
savanna vegetation for about 10 years. One plot wascleared manually; all others were cleared with a 
shear blade/tree pusher combination. The soil 
management treatments, which were not replicated, 
were as follows: (1) manual tillage with a hand hoe;
(2) root ripper, followed by conventional plowing and 
Glyricidia sepiun alleys 4 m apart; (3) Leucaena 
leucocephalaalleys 4 m apart and no-tillage; (4) notillage with a Mucuna utiliscover in alternateyears; 
(5) root cutting, conventional plowing and mucuna
relayed through the first season maize; (6) manual 
clearing, stumping and conventional tillage; (7) 

traditional farming of yams grown on ridges made up 
and down the slope; and (8)bush fallow. 

These treatments were applied on eight runoff plots 
measuring 50 x 20 m. Runoff and soil erosion were 
monitored during the 1983 cropping season. 

of glyricidia or leucaena alleys was
unsuccessful despite repeated plantings.

Maize yields were very low in all plots (Table 4).
But yams grown according to the traditional method 

extremely well. Water runoff varied greatly
among soil management treatments, the last occur
ring in the traditional farming plot. The no-till 
treatments also had low runoff. The plot that was 
cleared with the root ripper and conventionally
plowed had the greatest water loss of 75 mm. Manual 
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Table 4.Effects of soil management on water run- treatments. The equilibrium infiltration rate and
off and crop yield, IITA, 1983 infiltration capacity differed widely among treat-

Maize ments, causing differences in runoff and sediment 
Runoff, yield, load between different watersheds. Knowing theTreatment mm kg/ha a initial level of these variations should make it easier 

Manual tillage with hand hoe ....... 36.11 1.3+0.04 to interpret the treatment effects of phase 2, evenRoot ripper, cony. plowing and 4-rn though the variations are expected to decrease with
glyricidia alleys ................. 75.21 1.5±0.10 time.


4-m leucaena alleys and no-till ....... 27.52 1.5 + 0.04 
 The runoff and soil erosion from a 63.5-mm rainNo-till with mucuna cover in storm that occurred before crop establishment in
alternate years .................. 16.85 1.5 ± 0.05 
 May 1983 reflect the initial differences resulting fromRoot cutting, cony. plowing and past management (Table 7). Runoff ranged from 0 to 
mucuna relayed through maizeb ... - - past mangeme n g sol rosion from 0 to

Manual clearing, stumping and cony. 11.64mm and corresponding soil erosion from 0 to 212
tillage .......................... 54.72 1.5 ± 0.10 kg/ha. There were also measurable differences in 

Traditional farming of yams on ridges 11.37 40.7 + 2.8c sediment load. 
Bush fallow ....................... traces Runoff hydrographs for this rainstorm on 12 watersheds are shown in Figure 12 for each replication, on"S.E. values were computed from three subsamples for yield whihs r s eun n superiosed. 
measurements in each treatment. which six crop sequences have been superimposed.
"This treatment was not applied until November 1983. There are wide variations between replicated water
'Yam yield, sheds in peak runoff rate, nature of the curve and flow 

duration. Tile maximum runoff was observed intillage caused less runoff than conventional tillage watersheds 3 and 5 and the minimum in 10 and 11.(Table 4). Studying the hydrology of' small agricultural 

These findings have useful applications to land catchments and of fluviai processes and alterations in 
development in the savanna, where, as in the sub
humid region, water runoff and soil erosion increase Table 5. Cropping sequences imposed on a land 
with increased soil disturbance during clearing and clearing experiment, IITA, 1983

seedbed preparation. Root ripping, cutting or raking, Phase 1(treatments Phase 2(cropping sequences
 
as well as plowing and harrowing decrease water through 1982) begun in 1983)

infiltration and increase soil detachment, surface 
 1.Manual clearing, Leucaena alley cropping
crusting, and runoff and sediment transport. con. tillage with a maize/mucuna and 
Stumping and root plowing decrease bush regrowth, maize/cowpea sequence
and aggravate soil erosion.-R. Lal, P. Reid, B. me/as quento
Dawtryand 0. Lawal (the latter three of IlorinADP) 2.Tree pusher/root rake, Same as 1but withoutcony, till. leucaena alleys 
Effects of Soil and Crop Management on 3.Manual clearing, no- Maize/mucuna sequence
Runoff and Soil Erosion tillage 
In 1979 an experiment was begun on 14 small water- 4.Shear blade, no-tillage Sweet potatoes/maize, maize. 
sheds to investigate the effects of land clearing cassava, cassava/mucuna 
methods and postclearing soil management on hy- and maize/cowpeas 
drological characteristics, soil properties and crop 5.Same as 2 Same as 1
growth. The first phase of the study was completed at 6.Tree pusher/root rake, Same as 2 
the end of 1982. In 1983 new cropping systems were no-tillage
imposed as variables. Table 5 shows the old and new 7.Traditional Fallow 
treatments.cultivation 

The cropping cycles of phase 2 are planned for four 
years. Variation in soil characteristics caused by the 8.Same as 6 Grass/legume mixture (2yr)
different treatments of phase 1 are likely to diminish and maize/cassava (2yr)
during the third and fourth years. Among these 9.Same as 4 Same as 8 
effects was very severe compaction in no-till treat- 10. Same as 3 Rice/cowpeas, maize/
ments following mechanized land clearing and 
mechanized farming (Table 6). Averaged over all cowpeas/rice 
treatments, the soil bulk density at a depth of0 to 5cm 1ow4easlr 
increased from a preclearing mean of 0.66 to 1.37 11. Same as4 Same as 10
g/cm :' at the end of the 1981 cropping season. 12. Same as 1 Same as3
Similarly, there was an approximately seven-fold 13. Same as 4 Same as 4 
increase in penetrometer resistance from 0.22 to 1.48 
kg/cm2 14. Manual clearing, Fallow 

There were also measurable differences in soil cony. till. (without 
mechanical and hydrological properties between erosion control) 

http:1.5�0.10
http:1.3+0.04
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Table 6. Effects of deforestation methods on soil characteristics in the 0-to 5-cm layer, IITA, 1983 
Bulk density, g/cm 3 Penetrometer resistance, kg/cm 2 

Treatment 197811 1979 

Traditional farming ..................... 0.64 1.06 

Manual clearing ........................ 0.68 1.17 

Shear blade ............................ 0.70 1.19 

Tree pusher/root rake ................... 0.60 1.24 

Note: Each figure is a mean of 25 separate analyses.
 
"Before clearing.
 

soil properties is important in assessing the effects of 
soil and crop management on land and water re-
sources and their productive capacity. But the exist-
ing level ofvariability among the catchments must be 
known before these effects can be evaluated.-R. Lal 

Runoff and Soil Erosion Studies 
in the Savanna 
Asoil erosion and runoff experiment was established 

so eros e on landnear ITA o e wetablishednear IITA at Alore/Ijaye villagevillage on land with a 4 to 

5%Yslope. The soil, a Psammentic Ustorthent belong-
ing to the Apomu soil series, is sandy isohyperthermic 
and siliceous with an iron pan at depths varying from
20 to 100 cm. The experiment consisted of seven plots
each 10 m wide and 50 m long. 

Table 7.	Variability in the runoff and sediment load 
characteristics of watersheds as a result of 
past management, IITA, 1983 

Sedi. 
Maximum Run- Time of ment Ero. 

Water. stage, off, flow, load, sion, Area, 
shed cm mm min g/1l kg/ha ha 
1............36 7.50 100 1.25 94 3.17 

2.............. 30 6.25 88 1.82 114 2.92 

3.............. 42 11.50 100 0.65 75 3.07 

4.............. 27 3.50 80 0.97 34 2.72 

5.............. 54 11.64 60 1.82 212 3.96 

6.............. 32 5.50 80 2.22 122 3.15 

7.............. 0 0.0 0 0.0 0 2.55 

8.............. 25 3.40 72 2.11 72 3.12 

9.............. 21 3.03 52 0.93 19 2.68 


10 .............. 8 0.06 24 1.07 6 3.69 

11 ............... 0 0.0 0 0.00 0 3.69 

12 .............. 25 5.34 132 0.67 36 4.10
 
13 .............. 9 0.20 16 0.80 16 2.09 

14 .......... 10 0.56 40 3.05 17 2.04 


1980 1981 1978" 1979 1980 1981 
1.07 1.27 0.21 0.96 0.52 1.32 
1.17 1.39 0.20 1.4 0.75 1.19 
1.37 1.38 0.26 1.0 1.84 2.19 
1.32 1.42 0.20 1.3 0.73 1.23 

The three cropping treatments were traditional 
farming of yams + maize and cassava + maize with 
hand tools; a maize and cowpea rotation under no
tillage, with fertilizer and herbicides; and the same 
rotation and inputs under conventional tillage. Each 
treatment was replicated twice. Yield and plant
growth were measured on three subplots; the seventh 
was kept in bare fallow as a control to determine the 
K and C factors of the Universal Soil Loss Equation.

The collection system consisted of a concretetrench designed to capture all the runoff, including 
eodesindconcentre it nt of , ichucan 

eroded soil, and concentrate it into a flume, which can 
measure a flow rate of up to 167 rm/h, or 80% of the 
most intense rain at ITA. From the flume the water 
passes through a tank, divided at the overflow, which 
traps the sand and part of the silt. One-twelfth of the 

water is collected in another tank and divided again 
before entering the last storage tank. 

The flow through the flume is measured by a water 
level recorder with a chart speed of 60 mm/h; it can 
record differences in the water table of 1 mm. This 
makes it possible to analyze infiltration shortly after 
single events and determine if it is affected by the 
rain's intensity. Rainfall characteristics were mea
sured with a recording rain gauge having the same 
chart speed as the water level recorder. 

Soil loss for the first and second seasons of 1983 is 
given in Table 8. Soilerodibility, calculatedfromdata 
on soil properties according to the nomogram of 
Wischmeier et al. (1971), was estimated to be 0.048. 
The erodibility of the bare fallow treatment was 0.053. 

The C factors for the three management systems 
were also low, and that for the no-till treatment is 
expected to be even lower next year since it dropped
considerably during the second season after mulch 

was applied (Table 8). (Since the land had previously
been burned, there was no mulch for the first crop;the 
residue of that crop was used to mulch the second 

Table 8. Effect of soil and crop management on soil erosion and C factors, Alore, Nigeria, 1983 

Plot 
1 .............................. 

2 .............................. 

3 .... ..................... 


.4 .............................. 

.5 ............ 


6 ................ 

7 ............................ .
 

Soil erosion, t/ha 	 C factor 
Treatment First crop Second crop Total First crop Second crop Total 
Traditional 3.9 0.4 4.3 0.12 0.03 0.12 
No-tillage 2.4 0.1 2.5 0.08 0.01 0.06 
Plowing 2.8 0.5 3.2 0.11 0.05 0.09 
Traditional 5.8 0.1 5.9 0.22 0.01 0.15
No-tillage 2.0 0.1 2.1 0.08 0.01 0.06 
Plowing 2.4 1.1 3.5 0.08 0.01 0.06 
Bare fallow 23.2 10.7 33.9 
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one.) During the first season, there was not much Runoff (mm)

difference in C factor between no-tillage and con- 8
 
ventional plowing, indicating that it is mainly the WATERSHED I -5
 
mulch that protects the soil in a no-till system. 6
 

Because the soil was highly variable, especially
 
downslope along the catena, crop yields can be
 
interpreted only by comparing the yields in cor- 4
 
responding subplots (Table 9). First season maize
 
yields were higher in the plowed than in the no-till 2 
treatment, whereas in the second season, when the
 
no-till treatment was mulched, cowpea yield did not 0
 
differ significantly between treatments. The no- 0
 
tillage system controls erosion on sandy savanna soil 6
 
as long as there is an adequate mulch cover. The . 6
 
traditionally farmed plots were even more severely 4 6
 
eroded than the plowed treatments mainly because 
the yams growing on stakes produced a poor crop 
cover that did not protect the soil adequately against 2 " 
raindrop impact.-U. Sabel-Koschella, R. Lal and U. 
Schwertmann(University o/ Munich, West Germany) o I 

6
 

Organic Residues and Fertilizer 312
 

Potential of Sesbaniarostratain Alley 
Cropping 
The nodulation of Sesbania rostrataand its contri- 2
 
lution as green manure (in pots and as a hedge plant)
 
were studied in an alley cropping trial. S. rostratais 0
 
an annual legume shrub that thrives in water-logged 6 
soils in northern Africa. It is fast growing, has good / 3 
regrowth after coppicing, and is unique for its profuse WATERSHED 4 
stem nodulation. Four to five thousand nodules, or 4 
about 18 g (dry weight) of nodule mass per plant, can 
be found on stems 3 m high. Less than 50 nodules are 2 
usually found on roots of this ard most other legumes. 
Stem and root nodulation of S. rostrata occurred 
freely in the field when unsterilized seeds were sown 0 
at Onne in southeastern Nigeria, at Ibadan and at 6 
Fashola in sot'thwestorn Nigeria. Peak nodulation 8 9 
occurs at the podding stage. 4 

In screenhouses, particularly in the absence of pod
bugs, stem nodules were limited to the crown. Profuse 
stem nodulation occurred, however, when S. rostrata 2 
was sprayed with pure cultures of the appropriate 
rhizobium and with water suspensions of either 0 
macerated stem nodules or soils from Nigeria. This 6 
suggests that field inoculation of sesbania with 6 1 
rhizobium may be beneficial only for early stem 1o , . " 
nodulation and N fixation. In all cases stem nodules" 4 
were pink, a characteristic of effective nodules. 
Symbiotic N fixation of S. rostratawas about 250 pmol 2 
per hour per plant. 

The elite rhizobium strain ORS 571 (from
ORSTROM, Dakar, the French Overseas Agency for 00 4 80 120 1600 40 80 120 160 
Scientific and Technological Research), which was Time after runoff initiation (mi)
isolated from stem nodules of sesbania grown in 
Senegal, multiplied poorly in the yeast-extract man- Figure 12. Runoff hydrographs for a rainstorm in 12 
nitol medium routinely used for growing rhizobium watersheds, IITA, 1983. 
and when sucrose, arabinose and glucose were sub
stituted for mannitol. With acetate, lactate, citrate or 
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Table 9. Crop yields in a runoff and soil erosion 

experiment, Alore, Nigeria, first and second 

season, 1983 

Treatment Upslope Midslope Downslope 
Plow: t/ha 

Maize ............... 4.0 3.8 3.3 

Cowpeas ............ 0.5 0.4 0.4 


No-tillage: 
Maize ............... 3.0 2.9 2.2 

Cowpeas ............ 0.5 0.5 0.4 


Traditional: 
Maize ............... 0.8 1.0 0.2 
Yams...............5.5 5.0 3.4 

glutamate as carbon sources, its growth improved, 
and its doubling time was shortened from more than 
18 to 3 h. Rhizobia that nodulated freely on sesbania 
stems in Nigeria were the fast growing type in yeast-
extract mannitol medium. It was also noted that S. 
rostratacross-nodulated on the stem with the rhizo-
bia from Leucaena leucocephala. In our experiments 
isolates from root nodules of Sesbania grandiflora 
and S. punctata failed to induce stem nodules on S. 
rostrata. 

Aphids and root knot nematodes attacked sesbania 
during dry spells; dinethoate was applied to control 
aphids and carbofuran for the nematodes without 
affecting the number and dry weight of nodules per
plant. High doses of carbofuran (greater than 16 ppm) 
applied one week after emergence promoted prema-
ture leaf fall and retarded stem nodulation and 
growth of sesbania. It was noted that the Ehrub is 
photoperiod sensitive. 

In the pot trial, rice yield increased 65% when 100 g 
of sesbania leaves were added to 20 kg of a soil from 
IITA (with soil N:O of 0.15%). Similarly, weight and 
total N of maize were always superior in pots of 
Fashola soil (with soil N:O of 0.04%) supplemented 
with sesbania leaves. But because dry matter pro-
duction of sesbania in the field was poor at Fashola, 
the leaves did not contribute significantly to the 
growth and yield of maize. 

Field testing of S. rostrata with rice on a hy-
dromorphic site at IITA showed that the shrub is a 
good source of N for higher rice yield and N content, 
When planted with spacing of 10 x 200 cm and 10 x 
150 cm, S. rostrata prunings provided 3 and 4 t/ha of 
dry matter, respectively. These were collected at 8 
and 12 weeks after planting by cutting materials 

above the rice canopy and were distributed evenly 
between rows of rice planted at 25 x 25 cm. The 
experiment was a split plot with rates of sesbania 
prunings (0, 3 and 4 t/ha) as the main treatments in 
four randomized blocks and urea (0 and 120 kg N/ha) 
as the subtreatments. 

As shown in Table 10, rice yield increased in 
sesbania plots by the same amount as with 120 kg
N/ha applied as urea. In fact, the estimated amounts 
of N released from the prunings during the rice 
cropping season were about 60 and 75 kg N/ha in plots 
with low and high sesbania population, respectively.

About 40 kg N/ha were recovered in rice straws and 

grains, as a result of adding sesbania prunings, and as 
much as 56 kg N/ha was recovered in plots that 
received both the prunings and urea. With this 
additional N, if rice straws are left in the plots, an 
alley cropping system in which S. rostrata is the 
hedge plant will maintain better soil status.-K. 
Mulongoy 

To determine the N contribution of S. rostratain an 
alley cropping system, studies were done on the rate 
at which different parts ofthis shrub decay and on the 
effect of rainfall on dry matter loss and N release 
during decomposition. The N and P composition of S. 
rostratais given in Table 11. 

In one experiment, mature plants of S. rostrata 
were cut into 10-cm pieces, and different plant parts
roots and root nodules, stems and stem nodules, 
leaves, and pods-were placed in insect.proof nylon 
bags. These were dried at 80'C to constant weight and 
laid out in the field as a split plot experiment, with the 
plant parts as main treatments in four randomized 
blocks and sampling time as the subtreatments. The 
plots were irrigated with 24 mm of water three times 
a week. 

Decomposition of stem nodules and leaves mea
sured as dry matter and N loss, occurred quickly, as 
was expected because of their high percent N. 
Decomposition released relatively more P than N, 
even in roots and stems that lost apparently little or 
no N. 

A parallel study was conducted during the dry 
season on the effect of simulated rainfall on decom
position of young sesbania plants. Plant materials 
and bags were prepared as in the experiment dis
cussed above, except that only the aboveground parts 
were used. The experiment had a three-replication 
split plot design, with irrigation (in the same amount 

Table 10. Effect of S. rostrataprunings and urea on yields and total N of rice in a hydromorphic soil at IITA, 1983 
Sesbania Yield, kg/ha Straw, kg N/ha Grain, kg N/ha Straw and grain, kg N/ha
prunings, t/ha a Nofert. Fert.b Nofert. 120kg N/ha Nofert. 120kg N/ha Nofert. 120 kg N/ha 
0................... 3,007 4,789 33.3 57.0 17.8 34.5 51.1 91.5 
3.................. 4,477 4,714 58.0 67.5 31.1 33.7 89.1 101.2 
4.................. 4,670 4,417 63.9 73.0 30.4 34.0 94.3 107.0 
Mean ............. 4,050 4,640 51.7 65.8 26.4 34.1 78.2 99.9 
'Sum of two prunings collected during the cropping season: 3 t/ha in plots with 10- x 200-cm plant spacing and 4t/ha in plots with 10- x 
150-cm spacing.bUrea was applied in two splits of 60 kg N/ha each when sesbania was pruned. 
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as in the other experiments) as the main treatments 
and sampling time as the subtreatments. Irrigation
accelerated the loss of dry matter, N and P; and 
sesbania released 50% of its P within 1 and 50% of its 
N in four weeks.-K. Mulongoy and R. Gunundu 

Nitrogen Management in Various 
Cropping Systems 

An experiment was started in 1982 at the Institute's 
high rainfall substation at Onne, Nigeria, on land 
that was hand cleared (stumps were not removed) 
after 12 years of bush fallow. The soil is an Ultisol 
(Typic Paleudult). The experiment has a split plot 
design with four replications and compares four 
cropping systems at five N rates (0, 45, 90, 135 and 180 
kg N/ha, main treatments): (1) maize followed bycowpeas, (2)maize followed by stylosantes, (3)maize 

mix-cropped with cassava, and (4) maize mix-cropped 
with cassava and pigeon peas.

In the main season of 1983, maize yields were lower 
than in 1982. As was the case in 1982, monocropped 
maize gave higher yields than when intercropped
with cassava at the same population of 40,000 maize 
plants per hectare (Table 12). The yield of maize mix-
cropped with cassava was the same with and without 
pigeon peas because they did not establish well, 
owing to close spacing. Yields of main season maize 
were significantly higher following stylosanthes
(planted during the minor season) than after a minor 
season cowpea crop. In the second year after bush 
clearing, maize yield responded more to N appli-
cation than in the first. The mean N response was 
significant even at the high N rate of 180 kg/ha. Yields 
of minor season cowpeas grown after maize did not 
show any benefit from residual effects ofthe N applied 
to the maize crop.-A. vanderKruijs,J. van derHeide 
andB.T. Kang 

Evaluation of Nitrogen Sources 
Onne. A trial was carried out at this location to 

compare the effectiveness of.urea supergranules with 
that of commercial grade urea and calcium am-

monium nitrate (CAN) for maize. Nitrogen was 
applied at five rates (0 to 180 kg N/ha) in three equal
doses to the main season maize crop. The trial had 
a randomized complete block design with four 
replications. 

On this intensively cropped land, the main maize 
crop responded significantly to N application up to a 
rate of 180 kg N/ha (Fig. 13). The results were similar 
to those obtained last year. Using different N sources 
had no significant effect on maize yields; the three N 
sources appeared to be equally effective. Moreover, 
there were no differences in yields between broadcast 
and band application of the prilled urea. 

To test residual effects of N, the land was again 
planted to imaize, but no nitrogen was applied during 
the minor season. As in 1982, the crop showed severe
nitrogen deficiency: maize yields were low and didnot show residual effects from nitrogen applied to thepreceding crop.-A. van der Kruijsand B. T. Kang 

Ibadan. A nitrogen source trial was conducted on 
an Egbeda soil (Oxic Paleustalf) at Ibadan for the 
second year. The purpose was to test the effectiveness 
of urea, urea supergranules and calcium ammonium 
nitrate (CAN) in no-tillage maize. The experiment
had a randomized complete block design with three 
replications. 

Maize yields are g, ien in Table 13. Prilled urea 
appeared to be less effective when broadcast or 
banded on the soil surface. When placed in the soil 
either by banding or hill placement, urea was just as 
effective as CAN or urea supergranules. The method 

Table 11. Nand P composition of S. rostrata,IITA, 1983 
Percent 

plant Percent Percent 
Plant part dry weight N P 
Roots and root nodules ......... 10 1.50 0.18 
Stems ........................ 26 0.85 0.15 
Stem nodules ................. 2 4.40 0.59 
Leaves .............. ........ 10 3.80 0.25 
Pods....................52 2.55 0.35 

Table 12. Effect of nitrogen rate and cropping system on maize yield, Onne, Nigeria, 1983 
Monocropping Mixed cropping

N treatment, After After With With cassavakg N/ha cowpeas stylosanthes cassava and pigeon peas Mean 
kg/ha0........................... 879 1,055 484 646 766


45 ................................ 1,608 1,873 1,131 973 1,397
90 ................................ 2,266 2,490 1,466 1,545 1,942
135 ................................ 2,693 2,726 1,979 1,946 2,306
180 ................................ 2,750 3,190 2,238 
 2,154 2,583Mean ............................. 2,039 2,267 1,420 1,453
 
LSD (5%):

N rate means ....................................................... 
 280
Cropping system means ............................................. 199

Cropping system -meansfor same N rate ............. .................. 447
 
Cropping system means for different N rates ............................ 477
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used to apply CAN appeared to have little effect on 
maize yield.-B. T.Kang 

Ikenne and Mokwa. Nitrogen source trials were 
also conducted at Ikenne (humid forest zone) and 
Mokwa (subhumid savanna) to compare the ef-
ficiency of three nitrogen sources: calcium am-
monium nitrate (CAN), prilled urea (UBa) and urea 
supergranules (USg). The use of N in maize/cowpea 
relay cropping was studied at Mokwa and the re-
sidual effect of N on cowpeas in maize/cowpea 
sequential cropping at Ikenne. 

Maize grain yield (/ha) 
5.0 

LSD(5%)I.S( 
Ure Urea4.0 -anded 

Urea supergranules 

3.0 
CAN 

2-0a 

1.0 "Control (ON) 

0 Io I. I I I 
0 45 90 135 180 


Nitrogen rate (kg/ha) 

Figure 13. Effect of nitrogen rates, sources and manage- 

ment on grain yield of maize, Onne, Nigeria, 1983. LSD is for 
comparing fertilizer sources at the same N level. 

Table 13. Effect of nitrogen sources and placement on 
maize yield under no-tillage, IITA, 1983 

Nsource 
Placement Nrate, Prilled Ureasuper. 
method kg N/ha urea CAN granules 

kg/ha 
Broadcast ....... 60 2,997 3,504 

120 2,943 3,788 
Banded at surface. 60 3,203 3,436 

120 3,288 3,804 
Banded cover .... 60 3,278 3,399 

120 3,859 3,905 
Hill ............. 60 3,415 3,752 3,489 

120 4,356 3,806 3,868 
Control ......................... 2,722 
LSD (5%). S...................6146Agricultural 


In 1982 at Ikenne, maize yield responses to all N 
sources were linear up to 120 kg N/ha. In 1983 the 
nitrogen rate was increased to 160 kg N/ha. Nitrogen 
responses of maize at Ikenne are shown in Figure 14. 
Maximum yields were obtained at 80kg N/ha. Higher 
application rates depressed maize yields because 
of lodging. At Mokwa severe drought and Striga 
hermonthica infestation caused the experiment to 
fail this year.-S.K. Mughoghoand B.T. Kang 

Evaluation of Phosphorus 
Phosphorus source trials begun at Ikenne and 

Mokwa, Nigeria, in 1982 were continued this year. 
Their objective is to compare the use of phosphate 
rock (PRA) with single (SSP) and triple superphos
phate (TSP) and with materials such as 25 and 50% 
partially acidulated phosphate rock (PAPR-25 and 
PAPR-50). TSP was not applied this year. The experi
ment was split into two parts: a maize/cassava in
tercrop and a maize/cowpea rotation. All plots where 
phosphate rock was basally applied (PRB) in 1982 
were planted to a cassava/maize intercrop in 1983. 
One set of check plots was also planted to a maize/ 
cassava intercrop. The other cropping system at 
Mokwa was a maize/cowpea rolay and at Ikenne
maize followed by cowpeas. On the plots receiving 
PRA, PAPR-25, PAPR-50 and SSP, P was reapplied at 
the rates of 0, 30, 60 and 90 kg P.,O/ha in 1983. 

At Ikenne the less soluble phosphates, PRA, PAPR
25 and PAPR-50, were equally effective. Residual TSP 
increased maize yields significantly. The best yield of 
3,288 kg/ha was obtained with 60 kg P2O/ha (Fig. 15). 
The optimum yield with SSP was obtained at 30 kg
P2 ,/ha; higher rates reduced yield. At Mokwa the 
less soluble phosphorus sources did not affect maize 
yields. SSP significantly increased maize yield to a 
maximum of 3,637 kg/ha at 90 kg P2O,/ha. Phosphate 
rock (PRB) applied in 1982 had a residual effect on 
maize at Ikenne. Rates higher than 180 kg P205 
depressed maize yield (Fig. 16). At Mokwa maize yield 
improved with applications of up to 180 kg PO/ha of 
PF!3 but decreased at 270 kg PO/ha. 

A new site was selected at Mokwa for the 1983 
benchmark trial because the 1982 site had very high 
available P content. The new site had not been
cropped for many years. Soil analysis showed 1.8 ppm 
P (Bray 1). The pH was 5.2, the cation exchange 
capacity 4.14 meq/100 g and organic carbon 0.57%. 
Phosphate rock was compared with 25 and 50% 
partially acidulated phosphate rock and with single 
superphosphate at rates of 0, 30, and 90 kg P,OJha. 

Maize yields were depressed at 30 kg P,,O, with all 
P sources, a trend that persisted at higher PRA rates. 
With slightly soluble P sources such as the PAPRs 
and soluble SSP, maize yields increased with in
creased P rates (Fig. 17). The best yield of 5.75 t/ha 

was obtained with SSP at 90kg P,,O/ha.
In another P source trial conducted in Ondo State 

in southern Nigeria, four phosphorus sources were 
studied in trials conducted with the Ekiti-AkokoDevelopment Project at Ado-Ekiti, Ikole
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Maize grain yield (kgAia) Maize grain yield (t/ha) 
3,250 3.5 

IKENNE //USg 

3,000 , . "
 
TSP
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2,750 PRA
 

CAN PA-50 

2,500 2"5 

P-25 

.0 I I 
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Kg N/ha Kg P2 05 /ha 
Figure 14. Effect of sources and rates of nitrogen on maize Figure 15. Effect of sources and rates of phosphorus on 
grain yield, Ikenne, Nigeria, 1983. maize grain yield, Ikenne, Nigeria, 1983. 

Ekiti and Ikare-Akoko. The P sources included the in the soil and its "resistance" to leaching, calcium

standard compound fertilizer (15-15-15), diammonium cyanamide (CCM) may be an effective N source for
 
phosphate (DAP), 50% partially acidulated phos. crops grown in well-drained soils in the humid tro
phate rock and single superphosphate manufactured pics. As reported in the IITA Annual Report for 1982,
 
at Kaduna, Nigeria. The phosphate rates were 0, 30
 
and60kgP2O/ha, and 120 kg N/ha and 60 kg K2O/ha Maize grain yield (t/ha)
 
were basally applied. The experiment had a ran- 30
 
domized complete block design with four replications.
 

Maize did not respond to P application at Ado-
Ekiti. At Ikare-Akoko, maize responsed to 15-15-15, 
DAP, SSP and PAPR-50, but only the responses to the 
latter two were significant (Table 14). At Ikole-Ekiti, 
sulfur deficiency symptoms occurred in the plots that 2.5 
received 15-15-15 and DAP. From the strong crop 
response to SSP and PAPR-50, it is clear that S has to 
be supplied with the phosphorus.-S.K. Mughogho 
and B.T. Kang

The phosphorus response of intermediate maturing 

maize (TZPB) and early maturing maize (TZESR-W) 2.0,
 
was studied on an Alagba soil (Oxic Paleustalf) at
 
Ikenne. The experiment bad a randomized complete ow
 
block design with four replications. The plot had Ikenne-'
 
previously been used for a cowpea phosphorus trial.
 
The control plot showed a low Bray P-1 level of less 1.5
 
than 5 ppm P.
 

TZPB produced higher yields than TZESR-W, al
though yield differences were not significant. Despite 
the low Bray P-1 level, maize did not respond signi
ficantly to phosphorus application.-B. T. Kang 0 __________________1_____________r 

0 ,90- 80, 270 

Calcium Cyanamide as a Source of .2 g . 05 /ha2
Nitrogen for Maize "! : Kg P 2 0,N e fr MFigure 16. Residual effect on maize of phosphate rock
Because of its low rate of transformation into nitrate applied in 1982 at two locations in Nigeria, 1983. 
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Figure 17. Effect of sources and rates of phosphorus on 
maize grain yield, Mokwa, Nigeria, 1983. 

Table 14. 	Effect of P source and rate on maize yield at
 
locations in Nigeria, 1983 


Treatment P2 0 rate,h 

kg/ha
Control ..................... 0 3,898 5,333 1,218 
15-15-15 ..................... 30 4,494 6,382 2,341 

60 3,821 5,803 2,937
DAP ........................ 	30 3,814 6,209 1,842 

60 4,104 5,943 3,161
PAPR-50 ..... ........... 	 30 3,585 6,390 5,489. 

60 3,613 7,609 4,909
SSP...... .............. 30 4,226 6,376 4,098 

60 4,077 6,737 4,711 
LSD (5%).................... 726 1,056 1,621 

Table 15. Comparison of CCM and urea as N sources 
for maize, IITA, 1983 

N source, Grain yield,
120 kg N/ha Time of application kg/ha 
CM ........ Two weeks before planting 3.48 

Urea ......... Two split applications 3.33 

Urea ......... At planting 2.86 

LSD (5%) ........... ..................0.54 
C.V., % .7.8 

a laboratory leaching study 	of three forms of N 
fertilizer showed that calcium 	ammonium nitrate is 
highest in leachability, followed by urea and CCM. 

year a field trial was conducted on an Alfisol at 
Ibadan (Oxic Paleustalf, pH 	6.0) to compare CCM 
with urea. The experiment consisted of three treat
ments: (1) granulated CCM 	 broadcast two weeks 
before planting, (2) urea in split applications (one
third broadcast at planting and two-thirds banded 
between rows four weeks after planting); and (3) urea 
broadcast at planting. N and 	P were applied at 120 
and 30 kg/ha, respectively. Phosphorus (TSP) ferti
lizer was broadcast at planting. The field was sprayed 
with a preplant herbicide (Glyphosate) two weeks 
before planting, and a preemergence mixture of 
Paraquat and Premixtra was applied at planting.
Maize (TZSR-W) was planted 	using a no-till rolling 
injection planter. The experiment had a randomized 
complete block design with eight replications.

The granulated CCM applied two weeks before
planting was just as effective as urea applied in split 
applications but gave significantly higher maize 
yields than plots that received one application of urea 
at planting (Table 15). Since the nonhygroscopic

CCM fertilizer can easily be applied with 
a mechanical fertilizer applicator, it may be a more 
suitable form of N fertilizer for medium size and large
farms, where labor cost is an important production
constraint. Because of its herbicidal effect, CCM 
should be applied at least two weeks before sowing to 
avoid damage to seed.-A.S.R. Juoand J.L. Pleysier 

Nutrient and Water Use Efficiency 

The highly weathered upland soils of the humid and
 
subhumid regions of tropical 	Africa are character
ized by low nutrient and water-holding capacities.The low nutrient reserve is due primarily to the low 
clay activity and rapid turnover of organic matter in
these soils. The predominance of large pores (trans

mission pores are > 50p)throughout the soil profile is 
among the major reasons for the low available water
holding capacity. These soil factors, together with 
intense rainfall and frequent dry spells during the 
cropping season in the subhumid and bimodal rain
fall regions, often lead to rapid changes in the 
nutrient and water supply to the crop. It is essential 
for us to gain a better understanding of the nutrient 
and water relationships in these soils to improve the 
fertilizer and water use efficiency of crops.

In cooperation with Buntehof Agricultural 
Research Station, West Germany, and the German 
Agency for Technical Cooperation (GTZ), two experi
ments are being carried out at IITA: one on an Alfisol 
(Oxic Paleustalf, Egbeda Series), with maize planted 
in the first season (April to July) and cowpeas in the 
second season (August to November) and a second 
experiment on a coarse-textured Entisol 
(Psammentic Ustorthent, Apomu Series) with maizeand cowpeas grown in rotation in a seven-year-old
leucaena alley cropping system. Soil solution probes 



and tensiometers were installed in the cropped fields 
at 10-cm depth intervals to monitor changes in soil 
moisture content and nutrient concentration in soil 
solution over time. 

Although the rainy season started late this year,
rainfall was well distributed during the crucial 
months of the growing season (May to June). The 
grain yield of maize was 4.3 t/ha in the unfertilized 
plots and 5.2 t/ha in fertilized plots, which received 
120 kg N, 60 kg P, 100 kg K and 30 kg Mg/ha.

Soil solution analyses showed that the bulk of the 
nitrate and potassium was found in the top 30 cm of 
the soil and that thenr concentration had dropped to 
very low levels by "h..middle of the growing season, 
when only 60% of the final dry matter yield had been 
produced and grain filling had just begun (Fig. 18). 
This suggests that, unless the crop can accumulate an 
excess of mineral nutrients in the early stages of 
growth for 	redistribution in the later stages, ad-
ditional N and K have to be supplied. The additional 
supply of N and K are particularly necessary for soils 
with a low 	exchangeable K pool, and the rate of 
mineralization of soil N is minimal toward the end of 
the first cropping season. This is even more so when 
the period of low nutrient supply coincides with the 
period of low soil water content. Under these con
ditions the growth and yield of crops, such as maize 
and upland rice, that have high nutrient demand butshallow root systems can be severely limited.There was some downward movement of nitrates in 
the soil at midseason after 410 mm of rain (Fig. 18). 
The relatively slow rate of movement indicates that 
leaching of nitrate in the well-drained, newly cleared 
Alfisol may not be as rapid as one would expect.
Similar changes in NO3-N and K were observed in the 
Apomu soil, although the concentrations were much 
lower. 

Changes in the soil moisture profile during the 
growing season are shown in Figure 19. In the Egbeda
soil under maize monoculture, there was only one 
moisture depletion zone above 50 cm. Water content 
in the subsoil horizons (at depths of 80 and 100 cm)
remained relatively high throughout the growing 
season. 


In the second experiment, with maize in a leucaena 
alley cropping system, water extraction patterns in-
dicated no moisture competition between leucaena 
and maize (Fig. 19). The tensiometer readings showed 
two separate zones of water depletion or uptake by 
the plant: the first, occurring at a depth of 0 to 40 cm, 
was attributed to the root activity of maize, and the 
second (70 to 90 cm) was apparently the result of 
water use by leucaena. The water use of maize was 
lower in the Apomu soil than in the Egbeda soilbecause of late planting in the former. 

An important feature of these soils is their high
of i mportanfacro t s ilsi os t 0 inproportion of macro-or transmission pores (>50 iin 

diameter) and low available water-holding capacity.
In the Apomu soil, the transmission pores make up
approximately 40% of the total soil volume, and the 
available water content is 7 to 10%, which is equiva-
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lent to the percentage of storage pores (0.2 to 50 p in 
diameter). In the Egbeda soil, the transmission pores 
constitute about 34% of the total soil volume, and the 
available water content 10 to 16%. The high pro.
portion of transmission pores explains why there was 
neither water lodging nor impeded aeration in either 
field after heavy rain. This relationship may not hold 
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Figure 18. Nitrate and potassium concentration in soilsolution in an Alfisol at various times during maize growth,IITA, 1983. (A)Growth curve of maize (the data points on 
the curve indicate the stages at which the nutrient con
centrations were determined as a function of time); (B)
nitrate concentration in soil planted to maize; and (C)
potassium concentration in soil planted to maize. 
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after the same soil has been compacted under con-
tinuous cultivation of annual crops with heavy 
equipment. 

After a heavy rain (50 mm in two hours), soil 
moisture tensions as low as 20 to 30 millibar were 
recorded, but the corresponding water content of the 
Apomu soil was only 12 to 15% and that of the Egbeda 
soil 15 to 18%. This indicates that a large proportion 
of the transmission pores were still air filled,

The low water-holding capacity of the soil and the 
rapid drainage of excess water through macropores
allow only a small part of rainwater to be used by the 
crop. Adequate growth and yield therefore depend 
upon frequent soil water recharge. Two possible 
means of increasing nutrient and water use efficiency 
are to carefully adjust the timing of fertilizer appli-
cation and to select or breed for deep rooting crop
species or varieties that can use subsoil moisture 
more effectively during dry periods.-H. Grimme, 
A.S.R. Juo and B.T. Kang 

Leaching of Nitrate Under High Rainfall 
Nitrate leaching patterns in an Ultisol (Typic 

Depth (cm) 
0 

A
Maize Monoculture 
Alfisol, Egbeda Series 

50 / 

027 June 
0 5 July
i 8 July 
AI3July (A) 

100 Icentration 
0 

Alley Cropping ( Maize/Leucoena) 
50 Entisol, Apomu Series 

(B) 

100 Iized 
0 200 400 600 

Soil water suction (mb)Figure 19. Patterns in soil water suction under two crop-

ping systems between rainstorms, IITA, 1983. High suction 
indicates low soil water content. (A)Under maize monocul-
ture water extraction occurred only from the top 50 cm of 
soil. (B) Two separate maxima developed in a field under 
leucaena/maize alley cropping. 

Paleudult) are being studied at IITA's Onne sub
station, which receives an average of 2,440 mm of 
rainfall annually. The study is a part of an IITA/
Netherlands cooperative project on nitrogen 
utilization in the tropics. Twelve tension-drained 
monolith lysimeters (80 cm in diameter and 120 cm 
deep) were installed. Maize was planted in the first 
growing season (March to July) and upland rice in 
the second season (July to November).

In the first season, four lysimeters received '5N
labelled urea; four received unlabelled urea; two 
bare lysimeters received It'N-labelled urea; and two 
more bare lysimeters received no fertilizer. The maize 
crop received urea at a rate of 135 kg N per ha in two 
split applications. Lime was incorporated at a rate of 
! t CaCO.,/ha in the upper 10 cm of the soil two weeks 
before planting. Other nutrients, including P, K, Mg,
S and Zn, were applied at the recommended rates. 

During the second season, urea was applied to 
upland rice at the rate of 90 kg N/ha in two split 
applications. The number of cropped and bare lysi
meters was the same as for maize, but the lysimeters 
that received unlabelled and I N-labelled urea were
interchanged. Leachates were collected at regular 
intervals, and NO.-N, NH,-N and other nutrient 
cations and anions were analyzed.

Nitrate leaching patterns of the cropped and bare 
lysimeters are shown in Figure 20. For both seasons 
only one nitrate peak was obtained, suggesting thatonly the first season N application was leached out or
moved below the lysimeter's maximum depth of 120 
cm. Since the rain had virtually stopped in December, 
the second season application was expected to drain 
out during the next rainy season, which starts in 
March 1984. In the bare, unfertilized lysimeter, a 
substantial amount of mineralized N, which formed 
during the onset of the rainy season (nitrogen flush),
aiso leached out readily (Fig. 20). The leaching 
patterns of NH,-N are not given because the con

of NH,,N in the leachates was very low 
throughout the year. 

The cumulative curves of total mineral N (NO. + 
NH.,) in the leachates are given in Figure 21. 
Leaching of applied N was apparently complete by 
the end ofthe rains in December after a total of6001 of 
leachate had been collected. The amount of mineral
ized N that was leached out of the lysimeter under 
bare fallow (7.58 g N/lysimeter) exceeded the total N 
uptake by the first season maize (4.09 g N/lysimeter). 
Adjusting the planting date based on predictions of 
the rate of downward movement of nitrate would 
increase the efficiency with which crops use mineral-

N. 
Based on nitrogen leaching data from the fertilized 

and unfertilized bare lysimeters, it was estimated
that about 61% of the added N (135 kg N/ha) was 
leached below 120 cm by the end of the rainy season. 
This suggests that the remaining 40% of the added N 
(urea) was either lost through volatilization in the 
limed soil or retained in the soil in the form of NH +, 
NO3 or both. 
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N03-N(ppm)
40	 and aeration, bulk density, water infiltration, crop 

establishment and yield. 
or . Water infiltration decreased with increased til-

Bare;,oa/i rop:ed, lage, reaching a maximum in the no-till plots, parti30arurea l Cropd, 	 cularly those covered with crop residue mulch (Table-ure opple ,16). Removal of the residues from no-till plots lowered 

" ' rinfiltration 	 by about 18%. Chiselling done in 1982 had 
5 	 4. no effects on infiltration in 1983. Infiltration was

20  \" 	 slowest in ridged plots because aclay film formed at 
the furrow bottom. Regardless of the tillage method,

s fNae, water infiltration was about the same in all plots
o 	 noferlglzewhere the surface soil had been mechanically dis

10oI 	 / turbed. There were no significant differences in bulk,,/ densities (Table 16). No-till treatments had high
4-" infiltration, despite relatively high bulk densities, 

0 - 2 2 . probably because earthworm and root channels pro0 50 100 15 200 250 300 30 400 450 500 5o vided pore continuity.
Cumulative leachole volume (I) 	 During a three-week drought, which occurred 

Figure 20. Leaching patterns of nitrate in monolith lysi- immediately after the first season crop was seeded inmeters under cropping and bare fallow, Onne, Nigeria, April, there were significant differences in soil tem1983. peratures among different tillage treatments. These 
were due to differences in soil moisture content, the

The total N balance and the amount of N leached insulating effect of crop residue mulch and the
from the fertilizer source will be assessed when '5 N surface area exposed to insolation. 
analysis of plant and leachate samples has been One problem with tillage is that it leads to crusting
completed.- Wong Ting Fook,A.B.M. nan derKruijs 
and A.S.R. Juo 

Total mineral N in leachate (g)
14 

Seedbed Preparation and Tillage 
Effects of Tillage on Soil Physical .... 0
Properties and Maize Production oBoe, ureaapplied *0 

long-term experiment was begun in 1980 to in- a "r 
vestigate the effects of seedbed preparation methods * .0. 
on soil physical properties and maize production. The C eopped,ureaopplied
seedbed preparation methods were no-tillage with 0 
and without crop residue mulch, no-tillage with 4 - 0'4 1, .B0,no.,,,iiz, 
chiselling, plowing with and without residue mulch 2 	 tr
and with ridging, plowing at the end of the rains, and 
rotovation. Fertilizer was applied to all treatments at o ... I I0 	 I i 

aeo1g510 10 2 250 300 350 400 450 500 53 0 a rate of 100 kg N, 26 kg P and 30kg K/ha. No-tillage Cumulative leachate volume (I)

plots were sprayed with Paraquat at 5 1/ha five days Figure 21. Cumulative leaching curves of mineral nitrogen

before seeding. In 1983 the effects of various tillage (NO,- and NH,+) under cropping and bare fallow, Onne,
methods were quantified in terms of soil temperature Nigeria, 1983. 

Table 16. Effect of tillage methods on soil physical properties, ITA, 1983 
Accumulative Oxygen Soil temperature

infiltration, cm/3h diffusion rate, Bulk density, g/cm3 at 5 cm, C
Treatment 1981 1983 pg/cm/min 0to5cm 5to 10cm 0800 1500 
No-tillage with residue mulch ....... 216 168 0.520 + 0.190 1.4 1.5 29.9 34.1
No-till with chiselling in 1982 ........ 120 80 
 -	 1.6 1.5 28.9 34.9
Moldboard plowing followed by two 

68 0.254 + 0.138 1.6 1.5 29.6 42.1harrowings ..................... 177 

Disc plowing ...................... 155 
 71 0.359 + 0.150 1.4 1.4 29.4 42.7No-till without residue mulch ........ 
 168 138 0.339 + 0.179 1.4 1.6 29.3 37.9Plowing at end of rains ............. 134 
 74 - 1.4 1.5 29.7 43.7
Plowing, harrowing with mulch ...... 183 79 0.405 + 0.078 1.4 1.5 30.5 37.3
Plowing, harrowing with ridges ...... 87 59 - 1.6 1.5 28.3 43.9 
LSD (5%) ......................... n.s. 50 -	 n,s. n.s. 0.8 1.4 
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Table 17. Effect of tillage methods on maize 
performance, IITA, 1983 

Treatment 

Emerg-
ence,

% 
Plant ht., cm 

4WAP a 10 WAP 

Grain 
yield, 

t/ha 

Straw 
yield, 

t/ha 
No-till with 

residue mulch .. 71 61b 258 ab 4.4 a 4.4 ab 
No-till with 

chiselling ...... 84 75 a 254 ab 4.2 a 4.2 ab 
Moldb. plowing 

and two 
harrowings ..... 

Disc plowing ..... 
No-till without 

77 
72 

58 b 
62 b 

267 a 
263 ab 

3.7 a 
4.6 a 

5.5 a 
5.2 ab 

residue mulch .. 52 59b 224 bc 3.7 a 3.6 ab 
Plowing at end of 

rains .......... 72 63 b 258*ab 3.8 a 4.5 ab 
Plowing, harrow

ingwithmulch . 87 59b 264ab 4.4a 4.2ab 
Plowing, harrow-

ing with ridges.. 15 40 c 215 c 3.4 a 3.2 b 
Note: Means are grouped according to Duncan's Multiple'Range Test at the 5%level 

'WAP = weeks after planting. 

and surface sealing of the soil. Plowed plots often 
develop an impermeable crust that slows water and 
air movement through the soil profile. No-tillage with 
mulch prevents or reduces surface crusting and 
facilitates movement of water and gases. As shown in 
Table !6, the oxygen diffusion rate was lowest on a 
bare or ridged, plowed soil surface. 

Seed germination and crop establishment were 
affected by differences in soil temperature and mois-
ture regime (Table 17). The ridged plots had the 
lowest germination. The no-tillage treatment with-
out mulch suppressed maize emergence. A second 
seeding was necessary in some treatments with low 
emergence. Crop vigor was also affected. As with crop 
emergence, plant growth four weeks after planting 
was lowest in ridged plots. Maize yields in those plots 
was 23% lower than on no-till or plowed, mulched 
plots, but this difference was not significant. Mulches 
appeared to increase yields slightly. Chiselling im-
proved germination and early growth, but this did not 
result in better yields.-R. Lal 

Soil Compaction and Seedbed 
PreparationMethods 
A study was begun in 1982 on a gravelly Alfisol 

(Ibadan series) to determine the effects ofmechanized 
farm operations (seeding, fertilizer and herbicide 
applications, and harvesting) on soil compaction and 
root growth and yield of maize seeded after con
ventional and no-tillage. The experiment had a split 
plot design with three replications. The two tillage 
treatments, as main plots, were split into subplots,
with and without residue mulch. 

The experiment was repeated in 1983. Soil bulk 
density, infiltration rate, root growth and yield were 
measured periodically. During the second season, 
after the rains ceased abruptly in October, drought 
stress was assessed by monitoring hourly changes in 

the leafwaterpotential of maize. 
By the end of the second crop in August, the bulk 

density ofthe plot on which farm operations had been 
done manually was still low: 1.12 g/cm1" for the 0- to 5cm layer and 1.37 g/cm 3 for the 5-to 10-cm layer. But 

where mechanized operations were practiced on no
till plots, soil bulk density increased to 1.46 and 1.52 
g/cm3 for the two layers. With conventional tillage 
the low bulk density observed immediately after 
plowing and seeding (1.11 and 1.35 g/cm 3) increased to 
1.47 g/cm3 for the 0-to 5-cm layer and 1.48 g/cm 3 for 
the 5-to 10-cm layer at harvest (Table 18). 

There were also differences in water infiltration 
among treatments. The least water infiltration was 
observed in plots on which farm operations were 
completely mechanized and in those that were not 
mulched (Table 19). Consequently, those plots were 
also susceptible to accelerated soil erosion and lost as 
much as 12 to 26 t/ha of soil during one cropping 
season. 

The maize grain yield of the first and second crops 
was not significantly influenced by the degree of 
mechanization; it was consistently greater in the 
mulched than in the unmulched treatments. The 
growth of the third consecutive maize crop was 
significantly influenced by soil compaction resulting 
from mechanization (data not reported here). This 
crop suffered from severe drought stress, and the 
plants in severely compacted (completely mechan
ized) treatments were less vigorous and wilted earlier 

Table 18. Effects of seedbed preparation methods, mulching and mechanization on soil bulk density, IITA, 1983 

Treatment 

No-till (manual) with mulch .......................... 

No-till (manual) without mulch ....................... 

No-till (partially mechanized) with mulch .............. 

No-till (partially mechanized) without mulch' .......... 

No-till (mechanized) with mulch ...................... 

No-till (mechanized) without mulch ................... 

Conv. tillage (mechanized) with mulch ................. 

Conv. tillage (mechanized) without mulch .............. 


January August
Oto5cm 5to 10 cm 0to5cm 5 to 10cm 

g/cm 3 (+ S.E.)
1.15 + 0.007 1.31 + 0.02 1.12 ± 0.12 1.37 + 0.09 
1.15 ± 0.08 1.33 ± 0.12 1.22 + 0.06 1.31 + 0.07 
1.20 ± 0.06 1.21 ± 0.10 1.20 ± 0.03 1.34 + 0.05 
1.21 ± 0.10 1.13 + 0.09 1.29 ± 0.04 1.48 + 0.03 
1.30 ± 0.09 1.43 ± 0.05 1.46 ± 0.05 1.52 + 0.03 
1.43 + 0.05 1.49 ± 0.07 1.45 ± 0.05 1.49 + 0.09 
1.11 + 0.07 1.35 ± 0.07 1.47 + 0.07 1.48 + 0.07 
1.39± 0.08 1.57 ± 0.04 1.27 . 0.10 1.36 ± 0.10 
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Table 19. Effects of tillage, mechanization and mulching on infiltration, soil erosion and maize yield, IITA, 1983 

Infiltra- Soil 
Treatment 

No-till (manual) with mulch ................. 

No-till (manual) without mulch .............. 

No-till (partially mechanized) with mulch ..... 

No-till (partially mechanized) without mulch .. 

No-till (mechanized) with mulch............... 

No-till (mechanized) without mulch ........... 

Cony. tillage (mechanized) with mulch ........ 

Conv. tillage (mechanized) without mulch ..... 


than those on 
which farm operations were done 
manually. Furthermore, roots extended farther into
the soil of no-till treatments with mulch than in 
completely mechanized, conventionally tilled treat
ments (Fig. 22). These observations on root growth 
were corroborated by data on leaf-water potential
(Fig. 23). The plants in plowed plots had lower leaf 
water potential (more negative) than those in no-till 
mulched treatments where farm operations were 
done manually.-H. Franzen,R. Lal and W. Ehlers 
(University of Gottingen, West Germany) 

Tillage and Nitrogen 
In the African tropics, soil compaction can be a major
problem in mechanized, particularly no-tillage, crop 
production on low-activity clay Alfisols, resulting
in poor crop establishment and lower yields. 
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Figure 22. Effect of tillage method, mulching and degree of
mechanization on root length density of maize, IITA, 1983. 
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Figure 23. Diurnal fluctuations in leaf water potential of

in a plowed, unmulched, completely mechanized 
treatment and in a no-till, mulched, partially mechanized 
treatment, IITA, 1983. 

Conventional tillage can make good seedbeds on 
compacted soils but may increase erosion. Another
alternative is the paraplow, which has rigid, slanting 

,.-legsthat loosen and lift, but do not turn, the soil. Inbreaking up compacted areas, the paraplow does not 
interfere with the protective cover of surface mulch.

The paraplow was tested on compacted upland 
Alfisols in two trials carried out on a degradedsoil (Oxic paleustalf) at IITA. The experiment 

had a split plot design with three replications. Thefirst trial was started at the beginning of the rainy 
season on a plot that had been under mixed grass

for several years. Maize was planted with a 
rolling injection planter, giving stands of 70%, 81%
and 90% in the no-till, paraplow and plowed plots,respectively. Some replanting was done in the no-till 
plot, but it still had a lower stand. Supplementary
irrigation was used during the early growth stages of crop. 

As shown in Table 20, maize responded signi
ficantly to nitrogen. Tillage also had a significant 
effect on plant establishment and yield. The disc plow
treatment gave the highest yield and no-till the 
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lowest. Yield differences caused by tillage were 
highest with no N and the lowest N rates. In the 
plowed and paraplow treatments, maize responded to 
N application up to 120 kg/ha but in the no-till plot 
only to 30 kg/ha. 

In the second trial, conducted on a plot that had 
been planted to acover crop of Mucuna utilisformore 
than one season, maize was hand planted, and all 
treatments had good stands. The soil had an average 
bulk density of 1.27 g/cc. As shown in Figure 24, 
tillage and nitrogen application significantly affec-
ted maize yield. The paraplow gave the highest yield 
and no-till the lowest, even at high N rates. Yield 

Table 20. Effects of tillage and N rate on maize yield 
in degraded soil that had been under mixed 
grass fallow, IITA, 1983 

Nrate, kg/ha Tillage Paraplow No-till Mean 

0................. 3,533 
kg/ha 

2,332 1,540 2,468 
30 ................. 3,394 2,446 2,260 2,700 
60 ................. 4,452 2,729 2,3,42 3,174 
90 ................. 3,867 2,807 2,442 3,039 

120 ................. 4,255 3,270 2,392 3,306 
Mean ............... 3,900 2,717 2,193 
LSD (5%): 

Tillage means .............................. 765 

Nitrogen rate means ........................ 623 


Maize grain yield t/ha) 

Paraplow
6.0 - .sorghum 

.	 Sdisease, 
D (stalks 

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

TMore 

5.0-

4.0 	 Noften 

3.0 	 'Tillage 

01"1 I I I I 
0 30 60 90 120 

Nitrogen rate (kg/ha) 
.Figure 24. Effect of tillage and nitrogen rates on maize 
grain yield, IITA, 1983. 

differences between the paraplow and disc were not 
signficant. The results show that the paraplow may 
have potential for use on compacted soils.-B.T. 
Kang,C. Garman,M. Sulaemi and Koharuddin 

Tillage and Residue Management 
The effects of tillage and crop residue on crop pro
duction were studied on an Alfisol (Oxic Paleustalf) 
at Mokwa in the savanna region of central Nigeria. 
The experiment had a randomized split plot design 
with four replications. As reported in the 1982 Annual 
Report, mulching in the first year was partial, consist
ing only of the residue from the short grass fallow in 

the field. 
Results of the trial for 1981 to 1983 are given in 

Tables 21 and 22. In 1981 plant establishment was 
poor because ofbird and rodent damage, so there were 
no significant differences between treatments. In 1982 
and 1983, conventionally and manually tilled plots 
produced significantly higher maize yields than the 
strip and no-tillage plots (Table 21). Yields of sor
ghum under conventional tillage were higher than 
under other treatments in 1981, whereas in 1982 the 
strip tillage plots produced the highest sorghum yield 
and no-tillage the lowest. These results suggest that 
appropriate tillage practices may be essential on 
naturally compacted soils in the subhumid and semi
arid regions to facilitate seed emergence and good 
crop establishment. 

The effects of crop resi,.ue on yields were incon
sistent. During 1981 and 1982 in both maize and 
sorghum, yields were slightly higher where residues 
were burned than where mulch was applied or the 
residue removed. But in 1983 the mulched plots 
yielded more than those on which residue was burned 
or removed (Table 22). In 1982 the very low yield of 

in mulched plots was due to Cercospora leaf 
which was transmitted with the sorghum 

used as mulch. Where residues were burned or 
removed, yields were signifieantly higher. 

studies are needed to evaluate the agronomic 
and economic benefits of mulching with crop residue 
for farmers in the subhumid and semiarid region, 
where annual crop residue is commonly burned. It 
must also be borne in mind that these residues are 

used for fencing, fuel, animal feed and other 
purposes.-B.T. Kang, E.N.O. Iwuafor, L.A. Nnadi 
(ABU,Nigeria)and A.S.R. Juo 

Methods for Irrigated Rice 
A study was started in 1978 to investigate the effects 
ofno-tillage and puddling on growth and yield of rice. 
The response of transplanted rice to the two methods 
was assessed for four levels of nitrogen: 0, 30, 60 and 
90 kg N/ha. For the 10 crops grown, each combination 
of seedbed preparation methods and nitrogen rate 
was replicated six times. 

The grain yields of the 10 consecutive rice crops 
grown on the same paddy have remained high. The 
last two crops have yielded better under no-tillage 

http:resi,.ue
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Table 21. Effect of tillage on maize and sorghum 3236. The experiment had a split plot design with fouryields, Mokwa, Nigeria, 1983 replications. Herbicide treatments and application 

Maize yield Sorghum yield rates are shown in Table 25.Tillage method 1981 1982 1983 1981 1982 The population of grass weed species increased 
kg/ha L from the first to second season (Fig. 25). BroadleafStrip tillage ..... 2,795 3,381 3,716 2,181 2,461 weed populations also increased in the conventionalConv. tillage ..... 2,745 4,137 4,916 2,514 2,331 and strip tillage plots, while sedges decreased in allNo-tillage ....... 2,525 3,299 3,419 2,056 2,039 
 tillage systems. The main sedge in the experimentManual tillage... 2,493 3,843 4,285 2,404 2,413 area was Mariscus alternifolius; Brachiariadeflexa 

LSD (5%) ....... n.s. 336 453 n.s. 267 and Digitariahorizontaliswere the dominant gras
ses. Broadleaf weeds outnumbered grasses and sed
ges in all but the no-tillage system during the secondTable 22. Effect of crop residue management on season. The decrease in broadleaf weeds under nomaize and sorghum yields, Mokwa, Nigeria, tillage in the second season was due to the total1983 absence of Acanthospermum hispidum, the dominant 

Crop residue Maize yield Sorghum yield weed in those plots during the first season. Commelinamanagement method 1981 1982 1983 1981 1982 benghalensiswas one of the major broadleaf weeds in 
kg/ha the second season. Euphorbiaheterophylia(wild poin-

Mulch ........... 2,525 3,615 4,472 2,124 1,923 settia), a major broadleaf weed, made up 42%, 39%Residue removed. . 2,615 3,540 3,664 2,229 2,451 and 6% of the total population on the untreated plotsResidue burned... 2,705 3,840 4,116 2,514 2,555 in the conventional tilhrge, strip tillage and no-till 
LSD (5%) .171 systems, respectively. The population of Talinum221 n.s. n.s. 515 triangulareseedlings in the untreated conventional 

tillage plots was about three times that in the no-tillthan under the other treatment. Invariably, rice yield plots by the second season.hasbrinvfrs, rie yiedhas been 1 to 2 t/ha greater in the first than in the No conclusion can be drawn at this stage aboutwhether specific weed species are associated with 
second growing season. Similar trends havesecod gowinSimlartreds been whtespcfcedseisarasoaedseson hve iheen specific tillage methods. The differences observed
observed for upland crops such as maize. It appears were pbllae to The numer oseed 
that low yields in the second season are due to low

solradon n plerh were in the tillage systemsan ield of e 3 measures to begin with. ControlAs shown in Table 23, the mean should be effective in reducing the grassyield of the 1983 and broadleaf weeds that occur most frequently in 
crop was 5.9 t/ha for the conventionally puddled and c o ea elds. 
6.7 t for the no-tillage treatment. At each N rate, cowpea fields. 
yields with no-tillage were more than with con
ventional puddling. 
 Table 23. Effect of tillage and N rate on rice yield,

In previous studies (IITA, Annual Report for 1981) IITA, 1983 
on a coarse textured soil (69% sand, 16% silt and 15% Grain yield,t/haclay), irrigated rice responded differently to tillage Conventionalmethods than in this study of a more clayey soil (41% Nitrogen rate, kg/ha No-tillage tillage Mean
sand, 29% silt and 30% clay). On sandy soil puddled 0 ...................... 5.92 4.89 5.41
 
treatments significantly outyielded the no-tillage 30 ...................... 6.09 6.04 6.07

method (Table 24). In addition to severe losses of 60 ..................... 7.20 
 6.20 6.70applied nitrogen through leaching, seedling estab- 90 ...................... 7.44 6.45 6.95
lishment was very poor on an unpuddled soil. Mean ................... 6.70 5.90
For a clayey soil, however, the results of this Note: Both tillage and Nrate effects were significant. Tillage xexperiment do not indicate that puddling has any Nrate interaction was notsignificant.
advantage over no-tillage. On the contrary, in ad
dition to raising rice grain yield, the no-tillage
method saves time and money for seedbed prepara- Table 24. Effects of tillage and nitrogen rate on ricetion. Moreover, the physical structure of an un- growthandyield, IITA,1980
puddled soil is superior to that of puddled land and is Height at Grainbetter suited for growing other crops, such as cow- N rate Tillers per maximum yield,peas or soybeans during the dry season.-R. Lal and tillage 16 hills tillering, cm t/ha 

No nitrogen:
Tillage and Weed Control in Cowpeas No-tillage ............ 144 a 102 b 4.0 b

Puddled .............. 167 a 114 a 5.9 aAn experiment was conducted at IITA to determine 100 kg N/ha:
the efficacy of preemergence herbicides in cowpeas No-tillage ............ 148 a 105 b 4.3 b
under conventional tillage, strip tillage and no- Puddled .............. 
 196a 113a 5.3abtillage (main treatment) and assess crop performance Note: Means are grouped according to Duncan's Multiple Rangein these systems. The cowpea cultivar tested was TVu Test at the 5%level. 
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Table 25. Effect of tillage and herbicides on visual weed control ratings, ITA, 1983 
EhO Tt Ah, Cb, Bd Dh 

Treatment and rate, kg/ha Firstb Second First Second First Second First Second First Second 

Conventional tillage
Metobromuron + metolachlor (2.5) .... 39 33 90 100 100 96 100 100 100 100 
Metobromuron + metolachlor (4.0) .... 56 53 99 98 100 98 100 100 100 100 
Chloramben (2.0) + metolachlor (2.0).. 
Two hoe weedings (3 and 6 WAP c) ..... 

60 
100 

45 
100 

100 
100 

97 
100 

89 
100 

97 
100 

100 
100 

100 
100 

100 
100 

100 
100 

Untreated check .................... 0 0 0 0 0 0 0 0 0 0 

Strip tillage 
Metobromuron + metolachlor (2.5) .... 44 30 95 81 78 85 100 .83 100 100 
Metobromuron + metolachlor (4.0) .... 
Chloramben (2.0) + metolachlor (2.0).. 

59 
48 

38 
29 

89 
91 

83 
95 

92 
94 

100 
90 

100 
100 

100 
100 

100 
100 

100 
100 

Two hoe weedings (3 and 6 WAP) ...... 100 100 100 100 100 100 100 100 100 100 
Untreated check .................... 0 0 0 0 0 0 0 0 0 0 

No-tillage 
Metobromuron + metolachlor (2.5).... 71 60 74 95 98 83 87 92 99 81 
Metobromuron + metolachlor (4.0) .... 
Chloramben (2.0) + metolachlor (2.0).. 

74 
68 

38 
31 

83 
78 

94 
97 

90 
93 

95 
100 

100 
100 

100 
100 

100 
100 

92 
97 

Two hoe weedinga (3and 6 WAP) ...... 100 92 100 98 100 96 100 98 100 95 
Untreated check .................... 0 0 0 0 0 0 0 0 0 0 
Note: Weed control was rated visually three weeks after treatment on a scale of 0 to 100, where 0= no control and 100 = complete

control.
 
'Eh = Euphorbiaheterophylla, Tt = Talinum Iriangulare,Ah = Acanthospermumhispidum, Cb = Commelina benghalensis,Bd =
 
Brachiariadeflexa and Dh = Digitariahorizontalis.bThe first season was from April to August and the second from September to November. 
cWAP = weeks after planting. 

In the strip tillage and no-till plots, Glyphosate 
provided excellent control of preplant vegetation,Composition of weed species (%) except for T. triangulare.A sequential application of 
2,4-D amine controlled this weed very effectively. 

Broad- Excellent annual grass control was achieved with allGrosses V Sedges LJ leaves herbicide treatments in each tillage system (Table 
10 25). E. heterophyllawas the most difficult to control

00 .. and exhibited some tolerance to all herbicides. 

Directed application of paraquat four weeks after 
planting improved control of E. heterophylla in the 
first season, but not in the second, because most ofthe80- wild poinsettia seedlings occurred within the crop 
rows. Control of T. triangulareseedlings ranged from 
74 to 100%, and was not as thorough in no-till plots as 
in the other plots during the first season. All the 

60 herbicide treatments gave excellent control of gras
ses. Extensive screening of new preemergence her
bicides and the introduction ofother measures would 
be necessary to provide acceptable control of E. 

40 heterophylla in cowpeas under the three tillage sys
tems studied in this experiment. 

Tillage and herbicide treatments affected cowpea
population (Table 26). A formulated mixture of meto

20-	 bromuron plus metolachlor (Galex) at 4 kg a.i./ha 
significantly reduced cowpea stand in the conven
tional and strip tillage plots but not in the no-till 
plots. But when applied at the recommended rate of 

0-	 2.5 kg/ha, this herbicide mixture was safe for cowpeas
I 2 I 2 I 2 in all tillage systems. Tillage method also had a 

Cony. tillage Strip tillage No-tillage significant effect on cowpea height. Cowpea plant 
Figure 25. Composition of weed species in unweeded height, identical in the conventional and strip tillage
control plots, IITA, 1983. (1)first season (April to August) plots, was significantly greater in those plots than 
and (2)second season (September to November). under no-till. 



FarmingSystems 163 

Cowpea yields for the second season were very low 
because the rains stopped at the critical stage ofcrop
growth (Table 27). Yields were significantly affected 
by tillage method and herbicide treatment in the 
second season but not in the first. Yields under no-till 
were consistently higher than under conventional or 
strip tillage in the first season, except with Galex 
applied at the high rate of4 kg/ha. Yields in untreated 
control plots, especially the conventionally tilled 
ones, were very low. The weed dry weights in the 
untreated control plots were 2,616, 2,453 and 1,409
kg/ha under conventional and strip tillage and no-
till, respectively. The hoe-weeded plots outyielded
other treatments under each tillage system.-J.A.
Poku and 1.O. Akobundu 

Effect of Tillage and Weed Control
in Cassava 

The effects of tillage and weed control in cassava 
cultivar TMS 30375 were investigated in two studies, 
one conducted on an Alfisol in a three-year fallow 
that had been slashed at least once a year and the 
other in two-year bush regrowth on an Ultisol. The 

tillage treatments were (1) ridging, (2) plowing and 
harrowing and (3) no-tillage. The fallow vegetation 
was slashed in the plowed plots, and the no-tillage
plots were sprayed with glyphosate (2.5 kg/ha) before 
planting. The experiment was a split plot, with tillage
practices as main treatments in four randomized 
blocks. The subtreatments were weed control 
practices. 

On the Alfisol weed biomass was significantly
higher in the no-till than in the ridged and plowed and 
harrowed plots, indicating that cultivation by itself 
is an important weed control method (Table 28).
Cassava yields in the Alfisol were significantly higher
in the cultivated plots than under no-till (Table 28).
Lack of weed control reduced yield by 73% in the no
till plots but by 23% in the ridged and 40% in the 
plowed and harrowed fields. When the cassava fields 
were cultivated, the yields in plots treated with
formulated mixtures ofatrazine plus metolachlor and 
metobromuron plus metolachlor were as good as in 
plots that had either been weeded three times or kept
weed free for the first 20 weeks after planting.

In spite of the dead mulch cover in no-tillage pl '.s,
weed pressure was higher than in cultivated plots. 

Table 26. Effect of tillage and herbicide treatment on cowpea stand,IITA, 1983 
Cony. tillage Strip tillage No-tillage Mean 

Treatment and rate, kg/ha 
First 

season 
Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Metobromuron + metolachlor (2.5) .............. 69 

Metobromuron + mptolachlor (4.0) .............. 32 

Chloramben (2.0) + metolachlor (2.0) ............. 74 

Two hoe weedings (3and 6WAP a) ................ 66 

Untreated control ............................. 86 

Mean ........................................ 
 65 
LSD (5%): 

81 
51 
86 
87 
89 

plantsper hectare x 1,000
78 79 86 
46 80 80 
81 83 94 
92 72 86 
87 85 94 

90 
78 
92 
89 
99 

78 
53 
83 
81 
89 

84 
69 
87 
82 
91 

79 77 80 88 90 
First season Second seasonTillage means ......................................................... 
 13 17Herbicide treatment means .............................................. 
 9 9Hi~rbicide means for same tillage treatment ................................ 16 16
Herbicide means for different tillage treatments ............................ 19 
 22 

"WAP = weeks after planting. 

Table 27. Effect of tillage and herbicide on cowpea yield, IITA, 1983 

Treatment and rate, kg/ha 

Metobromuron + metolachlor (2.5) .............. 

Metobromuron + metolachlor (4.0) .............. 

Chloramben (2.0) + metolachlor (2.0) ............. 

Two hoe weedings (3and 6 WAP") ................ 

Untreated control ............................. 

Mean ........................................ 

LSD (51/,): 


Cony. tillage 
First Second 

season season 

577 174 
659 82 
706 184 
908 319 

19 24 
5 74 157 

Strip tillage No-tillage Mean 
First Second First Second First Second 

season season season season season season 
kg/ha (at 12% moisture)

602 183 930 213 703 190 
534 288 492 197 561 189 
596 198 724 71 675 151
907 145 980 178 932 214 
95 36 90 26 68 29 

547 170 643 137
 
First season Second seasonHerbicide treatment means ............................................. 
 182 76Herbicide means for same tillage treatment ............................... n.s. 
 131Herbicide means for different tillage treatments ............................ n.s. 160 

"WAP = weeks after planting. 
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Table 28. Effect of tillage and weed control on weed blomass and cassava yield, IITA, 1983 
Weed fresh weight, t/ha Cassava fresh root yield, t/ha 

Plowed and No. Plowed and No. 
Rate kg/ha) and time of treatment Ridged harrowed tillage Mean Ridged harrowed tillage Mean 
Atrazine + metolachlor (3.0), PEn ......... 2.9 4.2 7.7 4.9 25.4 24.5 11.0 20.3
 
Metobromuron (2.0) + metolachlor (2.0), PE 3.4 6.2 10.9 6.8 28.8 24.3 13.7 22.3 
Metobromuron (2.0) + metolachlor (2.0), PE,

followed by weeding 8WAP a ............ 3.1 6.5 7.0 5.5 24.8 26.6 12.4 21.3
 
Diuron + paraquat (3.0), 3WAP ........... 2.8 5.1 13.6 7.2 19.5 16.7 11.6 15.9
 
Hoe weeding, 3,8 and 12 WAP ............. 1.6 3.1 4.2 2.9 25.7 28.1 26.7 26.8
 
Weed free for 20 WAP .................... 3.2 3.6 1.8 2.9 22.6 29.7 25.9 26.0
 
Unweeded check ........................ 6.1 7.0 13.6 8.9 17.5 18.1 7.0 14.2
 
Mean .................................. 3.3 5.1 8.4 23.4 24.0 15.5
 
LSD (5%):

For weed control means .............................. 3.3 2.8 4.6 4.0 
For weed control means with same tillage method ........ n.s. 6.9 
For weed control means with different tillage methods ... n.s. 7.9 

"PE - preemergence and WAP = weeks after planting. 

Table 29. Effect of tillage and weed control on weed biomass and cassava yield, Onne, Nigeria, 1983 
Weed fresh weight, t/ha Cassava fresh root yield, t/ha 

Plowed and No- Plowed and No-
Rate (kg/ha) and time of treatment Ridged harrowed tillage Mean Ridged harrowed tillage Mean 
Atrazine + metolachlor (3.0), PEa ......... 16.5 14.6 19.0 16.7 19.1 20.7 13.3 17.7
 
Metobromuron (2.0) + metolachlor (2.0), PE 18.7 24.5 22.7 22.0 18.3 16.3 9.9 14.8 
Metobromuron (2.0) + metolachlor (2.0),

PE, followed by weeding 8 WAP a ........ 7.9 10.1 16.8 11.6 20.4 19.9 15.4 18.6
 
Diuron + paraquat (3.0), 3 WAP ........... 18.0 15.5 15.1 16.2 16.6 11.5 15.7 14.6
 
Hoe weeding, 3,8 and 12 WAP ............. 3.1 4.6 8.1 5.3 23.9 22.2 18.1 21.4
 
Weed free for 20 WAP .................... 1.5 6.8 3.8 4.0 25.3 23.7 20.2 23.1
 
Unweeded check ....................... 43.1 22.4 32.5 32.7 11.7 8.7 10.2 10.2
 
Mean .................................. 15.5 14.1 16.8 19.3 17.6 14.7
 
LSD (5%):

For weed control means .............................. n.s. 5.4 3.0 3.1
 
For weed control means with same tillage treatment ..... 9.3 n.s.
For weed control means with different tillage treatments. 9.7 n.s. 

apE = preemergence and WAP = weeks after planting. 

Moreover, preemergence herbicides were more effec. The results of these studies show that in the Ultisol 
tive in cultivated than in no-tiil plots. Since cassava cassava root yield is lower in a no.till system than 
yield was identical in both no-till and conventionally under ridging or plowing and harrowing; this con
tilled plots that were kept free of weeds, the signi- firms results reported in the 1981 Annual Report. The 
ficantly lower yields observed in no-till plots may yield difference is to some extent due to better weed 
have been caused by the higher weed pressure and control in cassava grown in a conventional tillage
reduced herbicide effectiveness in them. The pre- system with ridging or plowing and harrowing.-I.O. 
sence of in-situ mulch had little or no effect on weed Akobundu 
pressure in the no-tillage plots and may have been 
responsible for reduced herbicide effectiveness in Effects of Tillage, Fertilizer and Mulch 
them.on Cassava 

In the experiment conducted on an Ultisol, tillage
had no effect on weed biomass. Three hoe weedings The effects of tillage, fertilizer and mulch on cassava 
the first 12 weeks after planting were necessary to were studied on a sandy Ultisol at Warri, Nigeria, and 
reduce weed interference in cassava (Table 29). a gravelly, variable Alfisol at IITA. The soil at Warri 
Cassava yields under no-tillage were significantly is a loamy sand with 85, 9 and 6% sand, silt and clay,
lower than in the ridged treatment. Yield reduction respectively, a pH of 5.2, 0.101% N, and 52 ppm of 
caused by weed growth was high in all tillage treat- ammonium acetate extractable K. The IITA soil has a 
ments (Table 29). Poor weed control in no-till plots sandy loam texture with 65, 20 and 15% sand, silt and 
treated with metobromuron plus metolachlor ac- clay, respectively, a pH of 6.0, 0.206% N and 180 ppm
counted for the rather low yield in this treatment. of K. At each location the experiment was a split plot 
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Table 30.Effect of tillage on cassava yield at two has been found between response to fertilizer and
locations in Nigeria tillage (Table 32). Tillage has had no effect on cassava 

IITAa Warri8 yields in the absence of fertilizer and mulch. In the
Treatment 1981-82 1982-83 1981-82 1982-83 gravelly Alfisol at IITA, on the other hand, tillage 

tiha appears to be important for cassava production. In 
Cony. tillage ....... 22.8 a 18.8 a 9.2 a 11.5 a neither year ofthe experiment has cassava responded
Min.(strip) tillage.. 23.1a 15.0 b 11.9 a 14.3 a to fertilizer and mulch. One implication of these
No-tilh'ge ......... 23.0a 15.2 b 9.7 a 11.9 a findings is that tillage should be used only where
 
Note: Mvans are grouped according to Duncan's Multiple Range necessary since it leads to soil compaction and 
Test at tha 5% level. degradation.-H.C. Ezumah, P. Ohuyon and D.N.
"The soil at IITA is a gravelly Alfisol and at Warri a sandy Kalabari(the lattertwo of Shell Nigeria)

Ultisol.
 

with tillage treatments as main treatments in four Land Clearing

randomized blocks. The-tillage treatments were: (1) 
 Effects of Land Clearing on Soil Properties
conventional plowing to a depth of about 20 cm, and Root Growth 
followed by disking and harrowing; (2) minimum 
(strip) tillage with narrow furrows about 2 cm wide In the humid tropics, forest is being cleared for cropand 6 to 8 cm deep; and (3) no-tillage. The subtreat- production at an increasingly rapid rate. Much ofthis 
ments were four combinations of fertilizer and mulchFertilizer (15-15-15) was applied clearing is being done with heavy machinery. Little isat a rate of 306 known about the effects of mechanical clearing onkg/ha, and mulch, consisting at lITA of rice straw and soil properties and root growth of crops. This studyat Warn ofa mixture ofpalm leaves and grass (mainly attempted to quantify the alteration in soil physicalImperata cylindrica),was applied at 6 t/ha (field dry properties caused by mechanical land clearing andweght. Cutings, wasthecultivdr TMS 30572 were the attendant effects on root growth and crop yield.weight). Cuttings of the clia M 307wee The experiment site was cleared in thedry season ofselected inforMayuniformity of size and physiological age, 1 exp e in si a l s l prper tes orplanted 1981 and harvested a year later. In 1982-83. Changes in soil icaphysical properties wereMay 1982 this second crop was harvested in May 1983. monitoredThere from January to March 1983. The fourwere three replications at ITA and two at clearing methods used were manual labor, shearWare; plot size at the former was 8 x 8 m and 15 8m blade, tree pusher and tree pusher/root rake. Manualat the latter. clearing was done with axes, machetesCassava responded differently to tillage treatments and chain 

saws. After the underbrush was cleared, all trees were 
and fertilizer at the two locations. In the first year, 

dug out to a depth of 20 cm. Trees and underbrushthen burned in situ three to four weeks after
 
tillage had no effect on yield or on any of the crop were The b adesi , at t to u ttingks ae
 
characteristics measured. In the second year, con-
ventionally tilled soil at IITA produced 25% higher elling. The shear blade, a flat-bottomed cutting bladewith a stinger mounted on front of a D-8 Caterpillar

ventonaly illesol a IIT prducd 25 hiher tractor, cut trees off at ground level, after which theycassava yields than strip tillage and no-til (Table 30).
This difference was highly significant. Cassava were windrowed and burned. The third method was a 
grown in the gravelly Alfisol did not respond to Fleco tree pusher mounted on front of a D-8 Cater
fertilizer and mulch. 

In the sandy Ultisol, fertilizer had significant Table 32. Effects of tillage, fertilizer and mulch on
effects on growth and root yield (Table 31). Fertilizer cassava stem weight at harvest, Warri,
results not only in higher cassava root yields in this Nigeria, 1982-83 
soil, but develops a thicker stem that aids pulling and Conventional Min.(strip) No. 
root recovery. A significantly higher percentage of Treatment tillage tillage tillage
roots were recovered from stalks of fertilized plants kg/plot
than from those with no fertilizer. No fert., no mulch 49.3 39.9 44.7......... 


Studies on tillage and cassava have given contrast- No fert., mulch ............ 93.0 119.1 81.9

ing results. In the sandy, well-drained Ultisol at Fert., no mulch............ 93.6 141.3 187.6

Warri, mulch and particularly fertilizer have proven Fert., mulch .............. 196.9 179.5 163.5

essential for good cassava yield, and a relationship Means ................... 108.2 119.8 119.4
 

Table 31. Effects of fertilizer and mulch on cassava, Warri, Nigeria 

Root yield 1982-83 Rootsin 1981-82, Root No. of roots Stem wt., Height, Root wt., kg/plot pulled,Treatment t/ha yield, t/ha per plot kg/plot cm On stalk In soil percent
No fert., no mulch ............... 8.1 6.5 196 44.5 45.4 57.9 86.7 40No fert., mulch .................. 
 8.8 12.3 342 98.0 60.5 101.0 88.0 53Fert., no mulch ................. 11.1 14.0 431 140.8 72.8 119.1 
 89.5 "57Fert., mulch .................... 12.8 
 17.0 470 180.0 82.3 158.7 102.0 61 
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pillar tractor. Trees and underbrush were burned in 
situ. For the fourth method, a Fleco tree pusher was 
combined with a tined root rake, which removed roots 
and biomass. These implements were mounted on 
front of a D-7 Caterpillar tractor. After clearing, the 
trees were windrowed and burned, 

The experiment had sixteen plots (each measuring 
25 x 50 m),of which four were cleared manually, eight 
with a shear blade, two with a tree pusher and two 
with a tree pusher/root rake combination. Measure-
ments were also made on an uncleared area of 25 x 
100 m adjacent to the main experimental site. 

Each land clearing treatment was either cropped 
with a maize/cowpea sequence under a no-till system 
or fallowed with Mucuna utilis. The soil physical 
properties measured were bulk density, penetrometer 
resistance, in situ water retention, saturated hy-
draulic conductivity and infiltration characteristics. 
Root growth was measured in maize at 3 and 7 weeks, 
in mucuna at 7 and 20 weeks, and in cowpeas 4 weeks 
from emergence. 

Soil compaction was less severe with the manual 
than the mechanical clearing systems (Table 33).
Clearing with a tree pusher was found to result in less 
compaction than either of the other mechanical 
systems. The land clearing method affected maize 
root growth only during the vegetative stage, but 
enough to influence yield (Tables 33 and 34). The root 
growth of maize at tasselling, of mucuna and of 
cowpeas was not affected by the land clearing 
method.-N. Hulugalle,R. Laland C.H.H.ter Kuile 

Economic Returns to Post-Land-Clearing 
Methods 


In the bimodal rainfall regions of the humid and 
subhumid tropics soil degradation occurs rapidly 
after large scale land clearing unless conservation 
measures are applied. Newly cleared land can lose its 
productivity after three to four years of cropping with 
poor land management and conventional tillage. 

Of the land clearing methods tested at IITA, the 
shear blade has been found to be the least expensive, 
using less than two hours of machine time and about 
19 unan-days of labor per hectare (Table 35). The treepusher used 40% more machine time and no less labor(18 man-days with a root rake and 36 man-days 


Table 33. Effect of land clearing on soil characteris-
tics and crop yield, IITA, 1983 

Clearing
Clearing 
method 

Cumulativeinfiltration 
iniltratio 
in3 h,cm 

Bulkdensity
d y 
g/cm3 

Yield,t/ha
iel, Cwas 

Maize Cowpeas 
Uncleared ......... 222.0 1.00 
Manual ............ 294.6 1.04 4.44 0.39 
Tree pusher ........ 201.9 1.15 4.09 0.39 
Tree pusher/root

rake ............. 118.6 1.17 4.01 0.43 
Shear blade ........ 112.3 1.18 4.17 0.43 
[SD(5%) .. .34.6 0.08 0.22 05 

Table 34. Effect of clearing on root length density of 
maize, mucuna and cowpeas, IITA, 1983 

Clearing method 
Tree 

Crop age and 
soil drpth 
Maize (3wk): 

Manual 
Tree pusher/ Shear 

pusher root rake blade 
cm/cm 

LSD 
(5%) 

0to 10 cm 1.291 0.840 0.744 0.632 0.132 
10 to 20 cm 0.252 0.294 0.086 0.129 0.066 

Maize (7wk): 
0to 10 cm 0.754 0.962 0.676 0.728 0.169 

10 to 20 cm 0.233 0.169 0.221 0.104 0.068 
Mucuna(7wk): 

1to 10 cni 0.546 0.652 0.637 0.260 0.094 
10 20 cm20 toto 30 cm 

Mucuna (20 wk): 
0.1280.013 0.0910.026 0.130

0.039 
0.169
0.026 

0.034 
0.027 

0 to 10cm 0.261 0.260 0.277 0.325 0.069 
10 to 20 cm 0.069 0.087 0.087 0.091 0.025 
20 to 30 cm 0.017 0.052 0.017 0.022 0.016 

Cowpeas (4wk): 
0 to 10cm 0.338 0.364 0.433 0.416 0.107 

10 to 20 cm 0.043 0.052 0.139 0.081 0.028 

without). Manual clearing, which required 201 man
days of labor, was not only slow but was at least three 
times more expensive in Nigeria than the shear blade 
and tree pusher. 

In the first year after clearing, halfofthe plots were 
planted to maize (first season) and cowpeas (second 
season), and the others were planted to Mucuna utilis 
to stabilize the soil and extend its productive life. 

Planting a mucuna cover crop on mechanically 
cleared land may be a good way of obtaining the 
advantages both of the slow and expensive manual
 
methods and the faster mechanical ones. Mucuna
 
production costs are about $165/ha: $28 for mechani
cal seeding and about $137 for the labor costs of gap 
filling, one weeding, and harvesting. The seed cost of 
50 kg/ha has not been included. Mucuna bean yields 
largely depend upon the stage at which pods are 
picked. Early picking, when vines are not yet coin
pletely dead and pods have not shattered, gives much 
higher yields. In the 1983 second season, during
which there was a drought, the mucuna crop produced an agronomic yield of 600 kg/ha. But only 250
kg of beans could be picked easily because of late 

harvesting. 
One critical consequence of growing a mucuna 

cover crop after clearing is that the farmer must 
exchange the immediate benefit from an arable cropfor unknown gains from long-term use of the soil;
there is at present no market for mucuna beans. 
Further work is needed to determine the number of 
seasons of mucuna cropping required for soil stabili
zation and restoration. The cost of mucuna culti

vation can then be included with the land clearing
 
cost to determine which method of land clearing is 
most efficient, both in biophysical and economic 
terms. As shown in Table 35, the gross crop value inthe manually cleared plot is highest, followed by plots 
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cleared with a shear blade, tree pusher with rake and 
tree pusher without rake. These returns reflect a 
bumper first season maize crop and the effect of 
drought on cowpeas in the second season. The gross
margins per hectare of arable crops provide an 
estimate of the income farmers would forego in the 
first year if they were to plant mucuna.-M. Ashraf 

Cropping Systems and 
Management
Multiple Cropping and Rotations 

Cassava/Maize Intercropping 
Cassava intercropped withmaizein a simple two.crop
mixture generally yields about as much as monocropoped cassava, provided that the maize stand is not too 

dense. Maize yields are also unaffected by intercrop-
ping. At higher maize populations, however, cassavayields a' rducd wih TPB,yiels a sinifcanty hihlysignificantly reduced with TZPB, a highly 

vegetative maize variety, though not with Kewosekehas,which lrequiresmaize, whih An semiupright leaves (IITA Annual 
Report, 1982). An experiment was done thisoear at 
IITA to determine the effects of a wide range of maize 
genotypes on cassava yields,Seven maize genotypes, ranging from the tall, 

TZPB a.nd TZESR-W and mod-

Cassava yields were significantly greater when 
cassava was intercropped with the short maize 
population 49 than with the spreading TZPB or early
maturing, less vegetative types such as TZESR-W and 
New Mod br2. But the yield of these genotypes was 
lower. Increasing maize population increased maize 
yields but did not significantly decrease cassava 
yields.-H.C. Ezumah andM. Bjarnason 
Maize/Cowpea Intercropping 

A 3x 2x 4 factorial experiment in three randomized 
blocks was started at Ibadan this year to determine if
short maize varieties and a relatively sparse maize 
canopy will increase the yield ofassociated cowpeas.
The first factor was the maize varieties: population 49(very short), TZSR-W (a relatively tall streak re
sistant IITA line) and TZPB (a tall, highly vegetativeIITA variety). The second factor was the cowpea 
varitiets: TVX 3236 (a semierect, profusely flowering 

ta m of85e (aturi8t y ndwViTvarietyvariety that matures in 80 to 85 days) and VITA-5 (ahighly vegetative, indeterminate climbing type that 

over 90 days to mature). The third factor wasfour N rates (0, 40, 80 and 120 kg/ha). N was added as 
urea in split applications, 50% at planting and 50% 
four weeks later. The plot size was 4 x 6 m. Cowpeas 
were harvested twice. The experiment was repeatedduring the second season, but failed because of 

highly vegetative duigtescnsaobtfildeasefhighely vtatvea TZPBmaturind Z R a nd m1793toddrought. The monocrop yields were based on dataerately tall, early maturing Pirsabak (1)7930 to the from unreplicated plots of each treatment 
very short, intermediate maturing (about 105 days)
population 49, were intercropped with cassava va-
riety TMS 30592 at two maize populations, 40,000 and 
80,000 plants/ha. The plant density of cassava was 
10,000/ha. The experiment was a 7 x 2 factorial in
three randomized blocks. The plot size was 8 8m.x 
Fertilizer (15-15-15) was added at 300 kg/ha in split
applications: 50% at planting and 50% four weeks 
later. 

Maize variety had a highly significant effect on 
cassava and maize yield (Table 36), and maize popu.
lation significantly eilected maize yield (2.3 t/ha at 
40,000 plants/ha and 3.1 t/ha at 80,000 plants). The 
rather weak negative re3idual correlation between 
cassava and maiz yiclids (-0.19) indicates weak 
interspecific competition between cassava and maize. 
The C.V.'s were 20.1% for cassava yield and 13.4% for 
maize yield. 

combination. 
The results of univariate analysis of maize and 

Table 36. Effect of maize variety on yields in maize/ 
cassava intercropping,IITA, 1983 

Maize variety 

TZPB ........... 

TZESR.W ....... 

Poza Rica 7729 (E). 

Pirsabak (1)7930.. 

Ferke(1)7635 

New Modified br2. 

Population 49 .... 

S.E .............. 


Cassava Maize 
Vegetative yield, yield, 
type 
tall, leafy 

t/ha 
11.02 

t/ha 
3.41 

intermed. ht. 18.49 2.56 
erect leaves 15.88 2.82 
intermed, ht. 17.96 2.59 
short 18.16 2.63 
short 16.47 2.60 
very short 20.63 2.28 

1.39 0.15 

Table 35. Clearing and production costs and va)lue of crop production in the first year after clearing, IITA, 1983 

Land clearing method 

Tree pusher without rake ........ 

Tree pusher with rake ........... 

Shear blade .................... 

Manual ........................ 


Cost 
of land 

clearing 

570 
425 
350 

1,610 

Cost ofproduction" 
Maize, Cowpeas,

1st season 2nd season 

450 470 
450 470 
450 470 
450 470 

Total 

$/ha
920 
920 
920 
920 

Value of crop productionb 
Maize, Cowpeas,

1st season 2nd season Total 

1,484 546 2,030 
1,512 596 2,108
1,540 610 2,150 
1,737 547 2,284 

"These estimatee are for mechanized no-tillage farming. The values are standardized since production operations were done uniformly.

1naira = $1.40.
 
"Value of cowpeas refers to poor crop yield affected by serious drought.
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cowpea yields are given in Tables 37, 38, and 39. The 
C.V. for maize yields was 14.4% and for cowpea yields 
24.1%. The residual correlation between the two 
yields was -0.47, indicating strong interspecific 
competition between maize and cowpeas. Bivariate 
analysis of these two crops may give a better under-
standing of how they perform in the cropping system. 
The bivariate analysis of variance showed that the 
maize varieties and N had a highly significant effect 
and that there was a significant N-cowpea 
interaction. 

As an a-d to the bivariate analysis, the treatment 
combination means of significant effects and in-
teraction are displayed in skew-axes graphs in 
Figures 26, 27 and 28. These graphs eliminate the 
underlying correlation (resulting from competition 
between the two crops) from visual interpretation. In 
Figure 26 a circle is drawn around each maize variety. 
Two means are not significantly different from each 
other at the 5% level if their circles overlap. TZPB 
and TZSR-W have similar yields and the yield of 
population 49 is significantly lower. Cowpeas in-
tercropped with population 49 bad significantly 
higher yields than with TZSR-W and TZPB. But the 
lower maize yields of population 49 may make it 
unpopular for intercropping. Maize yields increased 
significantly with increasing N up to 80 kg/ha (Fig. 
27). Cowpea yields decreased significantly at higher 
N rates. One explanation is that the N increased 
vegetative growth of maize, resulting in increased 
shadingoftheassociatedcowpeas.TheeffectoftheN-
cowpea interaction on cowpea yields can be seen 
clearly in Figure 28. 

Table 37. Effect of maize variety on maize and cowpea 
yields under inter- and monocropping, 
IITA, 1983 

Maize Intercropped Intercropped Monocropped 
variety maize cowpeas maize 

kg/ha 
Population 49 ....... 3,409 577 3,316 
TZSR-W ............ 4,254 434 4,201 
TZPB .............. 4,579 409 4,284 
S.E ................ 120 23 

LSD (5%)..........342 


Table 38. Effect of N application on maize and cowpea 
yields under inter- and monocropping, 
IITA, 1983 

Inter- Inter- Mono- Mono-
Nrate, cropped cropped cropped cropped 
kg/ha maize cowpeas maize cowpeas 

0 ............ 3,141 
kg/ha 
540 3,250 912 

40 ............ 3,909 484 3,891 1,773 
80 ............ 4,469 436 4,265 1,758 

120 ............ 4,802 432 4,328 1,643 
S.E ............. 138 27 

Note: The linear effect of Nrate on both intercropped maize 
yields and intercropped cowpea yields was highly significant (P 
<0.001 and P = 0.003, respectively). 
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Figure 26. Effect of maize variety on maize and cowpea 
yields under monocropping and intercropping, IITA, 1983. 

The results suggest that when maize is more impor
tant to the grower than cowpeas, the best corn
bination is TZPB (or TZSR-W) and VITA-5 supplied 
with 80 to 120 kg N/ha. If both maize and cowpeas are 
ofequalimportance, a combination ofTZPBorTZSR-
W with TVx 3236 at 80 to 120 kg N/ha is best. Growers 
who cannot obtain fertilizer, seek higher cowpea 
yields and can accept lower maize yields (about 60% 
of the maximum) could intercrop TZPB or TZSR-W 
with VITA-5 without N application. At 40 kg N/ha 
either VITA-5 or TVx 3236 can be grown. 

It appears that modification of the growth habit of 
maize and cowpeas does not resolve the problem of 
reduced cowpea yields in the maize/cowpea inter
cropping system. A cropping pattern that will permit 
more light to reach the associated cowpeas should be 
developed.-H.C. Ezumah 

Table 39. Effect of cowpea variety and N rate on 
maize and cowpea yields under inter- and 

monocropping, IITA, 1983 
Inter. Inter. Mono-

Cowpea N rate, cropped cropped cropped 
variety kg/ha maize cowpeas cowpeas 

kg/ha
TVx 3236 0 3,095 483 1,036 

40 3,941 482 1,874 

80 4,507 393 1,947 
120 4,702 496 1,795 

VITA-5 0 3,188 597 787 
40 3,877 487 1,672 
80 4,430 480 1,569 

120 4,903 368 1,490S..196 38 
S.E. 
Note: The interaction between cowpea variety and linear effect of 
Nrate on intercropped cowpea yields was significant (P = 0.011). 



Microclimate and Crop Canopies
It has been established that the "strap" leaf type of 

cassava has distinct advantages in mixed cropping
(IITA, Annual Report for 1981). Since none of IITA's 
elite materials have this characteristic, it is nec-
essary to determine the range of properties of the 
available cultivars as a basis for selecting these
cultivars for cropping systems studies. VarietiesIsunikankiyan (local), TMS 30001 (erect) and TMS 
30555 and 30572 (spreading) were planted in two 
randomized complete blocks; light transmission was 
monitored starting six weeks after planting and soil 
moisture starting at planting. 

Figure 29 shows the characteristic pattern of light 
transmission of the four varieties. TMS 30001 and
Isunikankiyan develop their canopy quickly but 
ultimately intercept much less light than TMS 30555 
and 30572. This difference should be an important 
factor in choosing between these varieties. The 
eventual low light transmission by TMS 30572, for 
instance, makes it an ideal weed suppressor after a 
fast-growing crop such as cowpeas, which will have 
used the initially high amount of light transmitted. 

Soil moisture was generally highest under TMS 
30001 and lowest under TMS 30572, particularly

during the first part of the rainy season. This is 

probably the result of the higher incident light at the
 
soil surface under TMS 3572.-T.L. Lawson
 

Soil Water Balance in the Root Zone of 
Maize/Cowpea Cropping Patterns 
Maize and cowpeas are frequently important com-

ponents in the cropping systems of the humid West 

African tropics. But little is known about the soil 

water balance of the various cropping patterns used. 

The objective of this study was to determine the soil 

water budget in the root zone of four maize/cowpea 
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Figure 27. Effect of nitrogen application at 0, 40, 80 and 120 
kg/ha on maize and cowpea yields under monocropping and 
intercropping, IITA, 1983. 
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cropping patterns: (1)monocropped maize, (2) mono
cropped cowpeas, (3) intercropped maize and cow
peas, with the two crops planted in alternate rows,
and (4)intercropped maize and cowpeas, with the two 
crops planted alternately within the same row. 

The experiment had a completely randomized de
sign with three replications. The maize cultivar used 
was TZESR and the cowpea cultivar VITA-5. The
following parameters were measured on all plots: (1)runoff and sediment loss, measured with multidivider 
flumes; (2) soil water content, measured gravimetri
cally at 10-cm depth increments within the root zone; 
(3) soil water potential, measured with tensiometers 
installed at 10-cm depth increments within the root 
zone; (4) drainage, inferred from soil water retention 
and hydraulic conductivity curves derived in situ; (5)plant growth and yield; and (6) degree of shading.
Precipitation and potential evaporation were also 
monitored with a nonrecording rain gauge and an 
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Figure 28. Effect of nitrogen-cowpea variety interaction on 
maize and cowpea yields under monocropping and in
tercropping. Each treatment combination is designated by 
a letter (T for TVx 3236 and V for VITA-5) and a number 
indicating the nitrogen application rate in kg/ha. 
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evaporimeter located at the experiment site. with a CP-3 knapsack sprayer fitted with an external 
Results obtained during the major season were pressure regulator on the spray lance. The sprayer 

highly variable because much of the maize was was calibrated to deliver 180 /ha of spray volume. 
destroyed by rats. The results presented here are for The two experiments had a randomized complete 
the minor season of 1983 (Table 40). block design with four replications. Annual weeds in 

The major component of the soil water balance in maize were controlled preemergence by applying a 
all treatments was evapotranspiration. Runoff and tank mixture of atrazine and pendimethalin (2.0 + 
drainage were negligible, in the casa of the latter 1.5 kg/ha); a tank mixture of metobromuron plus 
because of the low v osaturated hyd' iulic conduc- metolachlor (1.5 + 1.5 kg/ha) was used to control 
tivity of the soil. E'rapotranspiration differed be- annual weeds in cowpeas. Control of perennial weeds 
tween treatments only from 4 to 17 October.-N. was rated visually and quantified from samples taken 
Hulugalleand R.Lal at the beginning of the study and after harvest in fixed 

quadrats along a transect in each plot. The residual 
activity of the preplant herbicides was assessed by

Weed Management means of bioassay on soil samples taken randomly 
from the treated plots three weeks after herbicideChemical Control of Fallow Vegetation 
application. 

This study is part of a project for identifying appro- Good control ofChromolaenaodoratawas obtained 
priate herbicides and mixtures for control of peren- until the end of the cropping cycle in plots treated 
nial weeds commonly found in short- ,rm fallows in witha high rate ofglyphosate (3.6 kg/ha) alone and in 
the humid and subhumid tropics of West Africa. plots where a lower rate was sprayed sequentially 
Herbicides and mixtures found to be promising last with 2,4-D. The addition of 2,4-D made it possible to 
year-glyphosate used alone and in mixtures with 2, reduce the rate (and consequently the cost) of gly-
4-D, fosamine or dicamba-were tested this year at phosate from 3.6 kg/ha (10 /ha) to 0.7 kg/ha (2 /ha) 
two sites in the rain forest region ofsouthern Nigeria. without reducing the extent of perennial broadleaf 

The dominant fallow species at one site was control. Replacing 2,4-D with MCPA resulted in 
Chromolaena odorataand at the second site Panicum poorer control of perennial broadleaf weeds. A tank 
maximum. These weeds are among the most common mixture of dalapon plus 2,4-D was ineffective on the 
perennial weeds found in short-term fallow vege- perennial broadleaf weed C.odorala.Paraquat killed 
tation in the rain forest belt of West Africa. All all succulent C. odorata shoots with which it came 
herbicides were applied preplant as broadcast sprays into contact, giving acceptable control of this broad-

Table 40. Soil water balance in the root zone of four maize/cowpea cropping patterns, IITA, 1983 
Precipi-

tation 
6-15 September: 

Monocropped cowpeas ................. 79.3 
Monocropped maize ................... 
Maize/cowpeas in alternate rows ........ 
Maize/cowpeas in same row ............. 

15 September to 4October: 
Monocropped cowpeas ................. 131.3 
Monocropped maize ................... 
Maize/cowpeas in alternate rows ........ 
Maize/cowpeas in same row ............. 

Potential 
evaporation 

37.3 

161.3 

Change in soil 
water storage 

mm2 

4.7 a 
7.8 a 
9.3 a 
5.3 a 

1.0 a 
6.4 a 
5.5 a 
5.2 a 

Runoff 

1.5 a 
1.3 a 
1.7 a 
1.7 a 

3.7 
3.3 a 
0.1 a 
4.9 a 

Drainage 

0.1 a 
0.2 a 
0.1 a 
0.1 a 

10.1 a 
0.1 a 
0.1 a 
0.1 a 

Evapotran
spiration 

73.0 a 
70.0 a 
68.2 a 
72.2 a 

126.5 a 
121.5 a 
122.2 a 
121.1 a 

4-17 October: 
Monocropped cowpeas ................ 
Monocropped maize ................... 
Maize/cowpeas in alternate rows ........ 
Maize/cowpeas in same row ............. 

11.6 109.8 -29.3 
-40.8 
-34.7 
-26.7 

ac 
b 
bc 
a 

-
-
-
-

-0.1 a 
0.0 a 
0.0 a 

-0.1 a 

41.0 ac 
52.4 b 
46.3 bc 
38.4 a 

17-31 October: 
Monocropped cowpeas ................. 3.0 107.1 -14.2 a - -0.1 a 17.3 a 
Monocropped maize ................... -14.1 a - -0.3 a 17.4 a 
Maize/cowpeas in ;lternate rows ........ 
Maize/cowpeas in same row ............. 

-11.2 a 
- 10.4 a 

-
-

-0.2 
-0.2 

a 
a 

14.4 a 
13.6 a 

31 October to 10 November: 
Monocropped cowpeas ................. - 119.2 -1.5 a - 0.0 a 1.5 a 
Monocropped maize ................... 
Maize/cowpeas in alternate rows ........ 
Maize/cowpeas in same row .............. .. 

-1.0 
-2.8 
-2.7 

a 
a 
a 

-
-
-

-0.1 a 
0.0 a 

-0.1 a 

1.1 a 
2.8 a 
2.8 a 

Note: Means are grouped according to Duncan's Multiple Range Test at the 5%level. 



FarmingSystems 171 

Table 41. Evaluation of herbicides for weed control in cowpeas, IITA, 1983 

Weed control rating, percenta Weed dry 

Treatment and rate, kg/ha 
Metolachlor + metobromuron (2.5)... 
Metolachlor (2.5) ................... 
Metolachlor (2.0) + chloramben (1.5) . 
Metolachlor (2.0) + dinoseb (5.0) ..... 
Pendimethalin (1.5) +

chloramben (2.0) ................. 

Oxadiazon (0.5) .................... 

Oxadiazon (0.75) ................... 

Oxadiazon (1.0) .................... 

Bifenox (0.96) ...................... 

Bifenox (1.92) ...................... 

Codal (2.0) ......................... 

Fluazifop-butyl (0.5) + 

hand-weeding .................... 
Sethoxydim (0.5) + hand-weeding .... 
CGA 82725 (0.5) + hand-weeding ..... 
Two hoe weedings (3 and 6 weeks 

after planting .................... 

Untreated control .................. 


Crop 
injury, 

percent 

0 
4 
8 
4 

5 
43 

50 
64 

.69 
83 

5 

0 
0 
0 

0 
0 

3 weeks after treatment 
B. de- D. hori. T. tri. 
flexa zontalis angulare 

98 98 64 
100 98 75 
100 99 93 
100 99 81 

100 100 87 
96 98 56 

100 100 90 
100 100 88 
90 96 .81, 
94 96, 65 
99 99 84 

0 0. 0 
0 0 0 
0 0 0 

100 100 100 
0 0 0 

8 weeks after treatment wt. at 
B. de- D. hori- T. tri. harvest,

2flexa zontalis angulare gm 
74 78 42 325 
89 87 60 173 
98 81 61 154 
93 88 52 234 

92 80 62 270 
68 56 48 477 
81 78 61 295 
63 58 58 450 
35 54 64 388 
31 50 63 507 
82 83 59 216 

100 99 75 82
100 100 75 0 
100 100 77 0 

99 97 77 0 
0 0 0 470 

"Fluazifop-butyl, sethoxydim and CGA 82725 were applied postemergence at 3WAP, and hand-weeding was done at 8 WAP. 

leaf weed. But bush regrowth from basal stumps was 
evident by the end of the crop cycle, whereas little or 
no regrowth was observed in plots where the systemic 
herbicides were used. Only the high rate of gly-
phosate (3.6 kg/ha) gave satisfactory control of 
Panicum maximum. A sequential application of gly-
phosate (1.08 kg/ha) and 2,4-D (1.5 kg/ha) appeared to 
give acceptable control of both perennial broadleaf 
weeds and grasses, as indicated by the high per-
centage of the two weed species killed. 

None of the herbicide mixtures significantly re-
duced field emergence of maize, but' cowpea 
emergence was significantly reduced by high rates of 
glyphosate. This observation was confirmed by the 
cowpea bioassay. Glyphosate used alone or sequen-
tially with 2,4-D also affected rice seedling 
establishment.-LO. Akobundu 

Weed Control in Cowpeas 

Field experiments were carried out at Ilorin in the 
southern Guinea savanna and at IITA in the forest 
transition zone to evaluate herbicides for weed con-
trol in cowpeas. Cowpea cultivar TVx 3236 was used 
at both locations. The herbicide treatments and 
application rates listed in Tables 41 and 42 were 
replicated four times in a randomized complete block 
design. 

Oxadiazon and bifenox caused crop injury ranging 
from 43 to 83% (Table 41). Metolachlor alone or in 
combination with either chloramben or dinoseb, and 
pendimethalin plus chloramben controlled weeds as 
effectively as the standard herbicide (a formulated 
mixture of metobromuron plus metolachlor at 2.5 kg
a.i./ha). None of the herbicide treatments was effec-

tive on Euphorbiaheterophylla.Grain yield could not 
be measured at IITA because the rains ended before 
podding. The highest cowpea biomass was obtained 
in plots treated with tank mixtures of chloramben 
plus either metolachlor orpendimethalin. With these 
treatments and oxadiazon (0.7 kg/ha), Galex, and 
fluazifop-butyl or CGA 82725 plus hand-weeding, 
cowpea biomass was as mach or greater than with 
hand-weeding. 

The major weeds at the Ilorin site were Imperata 
cylindrica,Rottboelliaexaltataand sedges. Fluazifop
butyl, sethoxydim and CGA 82725 did not give good 
control of I. cylindricaand sedges but appeared to 
stunt their growth slightly. Fluazifop-butyl at 0.5 kg 
a.i./ha controlled R. exaltata. Most herbicide treat
ments controlled Spigelia anthelmia, the prevalent 
broadleaf weed (Table 42). Grain yields were low at 
Ilorin because the rains ended before pod
maturation.-J.A. Poku and1.O. Akobundu 

Weed Control in Soybeans 

Two experiments were established at Mokwa in the 
southern Guinea savanna to evaluate herbicides in 
soybeans under conventional and no-tillage systems. 
The soybean cultivar TGM 579 wa used in both 
experiments, which had a randomized complete block 
design with four replications. The herbicide treat
ments and application rates are listed in Tables 43 
and 44. 

All herbicides were applied preemergence in the 
conventional tillage system. The treatments gave
good weed control, and grain yields in treated plots 
were the same as in hoe-weeded plots (Table 43).
Chloramben plus alachlor at 2.0 + 2.0 kg/ha gave 
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Table 42. Evaluation of herbicides for weed control in cowpeas, Ilorin, Nigeria, 1983 
Weed control, %a Weed dry wt. Cowpea yield 

Grass Broadleaf at harvest, at 12% mois-
Treatment and rate, kg/ha weeds weeds g/m2 ture, kg/ha 
Metolachlor + metobromuron (2.5) followed by

fluazifop.butyl (0.5) ................................... 74 97 22 388 
Metolachlor (2.5) followed by sethoxydim (0.5) ............. 82 91 30 491 
Metolachlor (2.0) + chloramben (1.5) followed by

CGA 82725 (0.5) ...................................... 86 98 19 436 
Metolachlor (2.0) + dinoseb (5.0) followed by 

fluazifop-butyl (0.75) .................................. 81 98 23 388
 
Pendimethalin (1.5) + chloramben (2.0) ................... 53 98 64 380
 
Oxadiazon (0.5) followed by CGA 82725 (0.75) ............... 87 96 21 502
 
Oxadiazon (0.75) followed by sethoxydim (0.75) ............. , 81 83 31 372
 
Oxadiazon (1.0) ........................................ 46 98 45 348
 
Bifenox (0.96) .......................................... 31 96 85 296
 
Bifenox (1.92) .......................................... 30 97 66 265
 
Fluazifop-butyl (1.0) .................................... 90 65 52 338
 
Sethoxydim (1.0) ....................................... 71 84 48 388
 
CGA 82725 (1.0) ........................................ 85 69 74 309
 
Two hoe weedings (3and 6 weeks after planting) ............ 52 71 20 328
 
Untreated control ...................................... 0 0 138 242
 
aWeed control ratings were given 24 days after postemergence application of fluazifop.butyl, sethoxydim and CGA 82725. Other herbicides 
were applied preemergence. 

Table 43. Evaluation of herbicides for weed control in soybeans underconventional tillage, Mokwa, Nigeria, 1983 

Control Weed dry Soybeans 

Treatment and rate, kg/ha a 
of 

B. Lata, %b 
weight at 

harvest, kg/ha 
Height, 

cm 
Population 

per 9m 2 
Yield at 12% 

moisture, kg/ha 
Metolachlor + metobromuron (2.5) ............. 96 346 97 173 2,154 
Alachlor (2.0) + chloramben (2.0) .............. 99 140 105 161 2,286 
Alachlor (1.5) + dinoseb (5.0) .................. 91 491 132 167 2,201 
Metolachlor (2.5) ............................ 93 15 121 158 2,210 
Pendimethalin (1.5) .......................... 98 311 97 138 2,157 
Pendimethalin (2.0) .......................... 99 322 91 145 2,262 
Pendimethalin (3.0) .......................... 98 194 89 107 2,166 
Oxadiazon (0.75) ............................. 87 169 109 159 2,182 
Bifenox (0.96) ................................ 72 140 110 169 2,212 
Chloramben (2.5) ............................ 96 507 104 149 2,177 
Two hoe weedings (3 and 6 WAP) ............... 71 1 114 163 2,223 
Untreated control ............................ 0 1,376 106 145 1,439 
LSD (5%) ................................... 519 22 30 254 
'All herbicides were applied preemergence to the crop and weeds. WAP = weeks after planting.
bWeed control ratings were given at 4WAP. 

excellent weed control, and grnin yield was highest unweeded controls (Table 44). Pendimethalin at 3.0 
with this treatment. Crop injury ratings given four kg a.i./ha caused only 8% crop injury, less than in the 
weeks after treatment showed that pendimethalin at conventional tillage system. Soybean plants treated 
3.0 kg/ha caused 25% crop injury and significantly with sethoxydim at 0.5 kg a.i./ha were shorter than 
reduced soybean population but did not significantly those in unweeded control plots. 
reduce grain yield. The recommended rate of pendi- A similar study was conducted at IITA in the 
methalin (2.0 kg a.i./ha) did not cause any stand humid/subhumid transition zone in a split-plot ex
reduction, as was also observed in an experiment at periment with three tillage systems and five weed 
Ikenne. control treatments. Soybean grain yields were ex-

Metolachlor at 2.5 kg/ha gave season-long control tremely low because the test cultivar, TGM 344, 
of Brachiaria lata, the most prevalent weed at lodged badly.-J.A. Poku, D.A. Shannon and 1.0. 
Mokwa. Grain yields in the unweeded controls were Akobundu 
significantly lower than those of the treated plots. 

In the no-tillage experiment weed control and grain Effect of Herbicides and Tillage on 
yields in plots treated with chloramben plus alachlor Nodulation of Soybeans and Cowpeas 
at 2.0 + 2.0 kg a.i./ha and pendimethalin at 1.5 kg 
a.i./ha were significantly higher than those of the The effects ofselected herbicides on the nodulation of 
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soybeans and cowpeas were investigated in the g/pot in the control without herbicides.

greenhouse and in field trials. In the greenhouse TGm The field trials investigated the interactions be
80 (Bossier), an American soybean cultivar, was tween tillage systems (no-tillage, conventional tilplanted in pots containing IITA or Fashola soil. The lage and strip tillage) and weed control methods (two

experiment was a split plot with sources of nitrogen 
 hoe weedings, a mixture of chloramben at 2 kg a.i./haas main treatments in four randomized blocks and and alachlor at 2 kg a.i./ha for soybeans, chlorar:,ben
herbicides as the subtreatments. The three sources of and metolachlor each at 2 kg a.i./ha for cowpeas, aN were urea supplied in three splits of 45 ppm N each, commercial mixture of patorum and metolachlor at 
an inoculant of Rhizobium japonicum applied as 2.5 and 4 kg a.i./ha, and a control without herbicide).
broth and an uninoculated control without fertilizer. The nodule number and weight of soybeans (TGm 344)
The herbicides, applied at recommended rates one or and cowpeas (TVx 3236) were the same in all herten days before sowing, were chloramben (Amiben), bicide treatments. No-tillage stimulated nodulation
alachlor (Lasso), metolachlor (Dual), pendimethalin in soybeans, but the nodule mass of cowpeas was
(Stomp), a commercial mixture of patorum and meto- superior under conventional tillage (Table 46).
lachlor (Galex), and a control without herbicide. Recommended rates of metribuzin or oxyfluorfen,

As shown in Table 45, none of the herbicides applied zero, one and two weeks before soybeans were
studied affected nodulation of TGm 80 adversely, planted, with or without N fertilization, had no effectChloramben and metolachlor stimulated it in in- on field nodulation of the promiscuous soybean
oculated pots of IITA soil that received no urea and cultivar TGm 344.-K. Mulongoy, A.A. Chukwuedo
that were sown one day after herbicide application. A andJ.A. Poku 
similar trend was observed in Fashola soil for meto
lachlor, but nodule numbers and weight were three Weed Control in Maize/Cassava

times less than in IITA soil. Herbicides had no
 
significant effect on shoot total N and dry matter Intercropping

(Table 45). They controlled weeds, except in pots Maize/cassava intercropping is commonly practiced
treated with chloramben, where there was an average by small farmers in the humid regions of tropical
of 0.1 g (dry weight) of weeds per pot, compared to 0.6 Africa. These farmers spend 32 to 40% of their total 

Table 44. Evaluation of herbicides for weed control in soybeans under no-tillage, Mokwa, Nigeria, 1983 

Control Weed dry Soybeans
of weight at Height, Population Yield at 12%Treatment and rate, kg/ha a B. Lata, %b harvest, kg/ha cm per 9m2 moisture, kg/ha

Metolachlor + inetobromuron (2.5)............. 91 192 95 156 1,965Metolachlor + metobromuron (4.0) ............. 96 467 97 169 
 1,955Alachlor (2.0) + chloramben (2.0) .............. 92 
 298 97 146 2,041Chloramben (3.0) ............................ 93 
 585 92 115 1,897Metolachlor (3.0) ............................ 88 
 811 105 169 1.976Pendimethalin (1.5) .......................... 
 99 239 97 163 2,116Pendimethalin (3.0) .......................... 100 441 112 
 139 1,833Fluazifop-butyl (0.5) .......................... 
 0 496 93 162 1,879Sethoxydin (0.5) ............................. 0 
 490 81 140 1,655One hoe weeding (5 WAP) ..................... 0 171 
 99 163 2,024
Untreated control ............................ 0 1,002 
 103 140 1,606
LSD (5% .)................................... 
 664 18 n.s. 430 
"All herbicides were applied preemergence to the crop and weeds, except fluazifop-butyl and sethoxydim, which were applied 4WAR. 
'Weed control ratings were given 4WAP. WAP = weeks after planting. 

Table 45. Nodulation of soybeans sown one day after herbicide application in IITA soil, 1983 
No. of nodules per plant Nodule mass,mg/plant Shoot total N, mg/plant 

Uninocu- Inoculated 135 ppm Uninocu- Inoculated 135 ppm Uninocu- Inoculated 135ppm
lated with R. N as lated with R. N as lated with R. N asTreatment control japonicum urea control japonicum urea control japonicum urea 

Control ................ 35 117 2 293 463 19 135 197 262Chloramben ........... 32 143 2 262 556 13 123 200 260Alachlor............... 37 3
120 312 
 457 17 146 247 250Metolachlor ........... 
 49 154 2 338 661 27 137 235 264Patorum + metolachlor. 41 126 3 318 508 18 117 215 284Pendimethalin ......... 30 129 
 2 201 484 17 120 220 251
Mean ................. 37 134 
 2 287 521 18 130 219 262
LSD (5%) .............. 23 
 109 n.s. 
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farm labor inputs on controlling weeds. Earlier applied by an IITA technician. Researchers recorded 
research at IITA has shown that weeds can be con- all inputs, weed ratings and data on crop growth and 
trolled in maize/cassava intercrops by hand weeding, yield. Maize yields are given in Table 47. Cassava will 
biocontrol, herbicide application and integrated be harvested in May 1984. 
weed management. Primextra gave good weed control. The farmers' 

On-farm weed control trials in maize/cassava in- weeding practice gave acceptable weed control at 
tercrops were begun this year at two locations, Ijaiye but not at Ekiti Akoko, partly because the 
Alabata/Ijaiye and Ekiti Akoko, in Oyo and Ondo farmers at the latter location prepared their land too 
states in southern Nigeria. The objectives were to test far in advance of planting. The pattern of maize yields 
the effectiveness of selected preemergence herbicides generally followed that of the weed infestation. 
on farmers' fields, obtain feedback from farmers on The dominant weed species varied between loca
the use of herbicides and assess the economic returns tions. At Ijaiye the major weeds were grasses such as 
of selected weed control methods compared to the Imperata cylindrica, Panicum maximum, Paspalum 
farmers' practice. A total of seven farms were orbiculare, Rottboellia exaltata and Echinochloa 
selected. colona. The main broadleaf weeds were Ageratum 

Four treatments were used at each farm: (1) a conyzoides and Spigelia anthelmia.At Ekiti Akoko, 
formulated mixture of atrazine and metolachlor broadleaf weeds such as Chromolaena odorataand 
(Primextra) at 2.5 kg a.i./ha, (2)a low rate of chloram- Ageratum conyzoides were predominant. 
ben (Amiben) plus metolachlor (dual) (1.5 + 1.0 kg Farmers traditionally weed five and eight weeks 
a.i./ha) plus one hand weeding, (3) two hand weedings after planting, which is too late. To reduce weed 
three and seven weeks after planting and (4) the competition, it is recommended that hand-weeding be 
farmers' weeding practice. The plot size was 20 x 20 done twice, once at three weeks and again at seven 
m, and the plant population was 40,000/ha for maize weeks after planting. The average labor requirement 
and 10,000/ha for cassava. The trials had a single for the two weedings was 89 and 78 h/ha, more than 
replicate per farm. that required by the farmers' weeding practice (117 

Before planting, discussions were held with and 37 h/ha). The recommended weedings appeared to 
cooperating farmers to acquaint them with the objec- increase the labor peak. So, to complete plantings and 
tives of the trials and to draw up a schedule of weeding of all their crops on schedule, farmers may 
activities. The farmers provided the land, labor for have to increase the wage they offer to attract enough 
land preparation, planting, weeding and harvesting, hired labor. Use of preemergence herbicides, though 
and took care of the trials. Researchers provided it increased production costs and prevented farmers 
planting materials such as cassava (TMs 30572) from planting vegetables in the mixture, reduced the 
cuttings and maize (TZSRW) seeds. Herbicides were labor inputs to 6.8 h/ha, only 4% ofthe labor required 

Table 46. Effect of tillage on nodulation and dry matter production of cowpeas and soybeans, IITA,1983. 
Cowpeas (TVx 3236) Soybeans (TGm 344) 

Nodule Nodule Shoot Nodule Nodule Shoot 
Treatment number dry wt., mg dry wt., mg number dry wt., mg dry wt., mg 

per 10plants 
No.tillage ............................. 83 60.4 201 101 161 97.8
 
Conventional tillage .................... 87 82.2 254 63 106 196.0
 
Strip tillage ............................ 69 54.6 272 46 87 183.8
 
LSD (5%) .............................. n.s. 19.2 n.s. 36 65 43.2
 

Table 47. Effect of weed control method on maize yield in maize/cassava intercropping at two locations in 
Nigeria, 1983 

Weed control, %a Avg. labor, man-h/ha Maize yield, t/ha 
Ekiti First Second Ekiti 

Treatment rate (kg/ha) and time Ijaiye Akoko weeding weeding Ijaiye Akoko Avg. 
Primextrab (2.5), preemergence .............. 85 77 - 1.4 2.8 2.1 
Chloramben (1.5) + metolachlor (1.0) pre

emergence, followed by a hand-weeding .... 67 57 - 37 0.8 2.5 1.6 
Hand-weeding 3 and.7 weeks after planting ... 65 56 89 78 1.4 1.8 1.6 
Farmers' weeding practice 5 and 8 weeks 

after planting ........................... 78 58 117 37 0.8 1.8 1.3
 
LSD (5% ) ................................ n.s. n.s. n.s.
 

"Weed control ratings were given 3weeks after planting: 0% -no control, 70% = acceptable control and 100% = complete control.
bA formulated mixture of atrazine and metolachlor. 
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Table 48. Economic returnsfrom maize thatreceived various weed control treatments in a maize/cassava
intercropat two locations in Nigeria, 1983 

Gross margin, naira/ha 
Treatment Ijaiye Ekiti Akoko 
Primextra ............ 171 304 
Chloramben + metolachlor ......... -5 218 
Hand-weeding ..................... 80 -51 
Farmers' weeding practice .......... -

Average return for both locations 
Marginal cost

increase, 
Marginal reve. 

nue increase, 
Gross

margin, 
Marginal

rate of 
naira/ha naira/ha naira/ha a return, %b 

124 361 237 190 
103 201 98 95 
85 94 9 11 

..... 
'The gross margin, or incremental income, is the gross income from an activity minus the variable expenses of that activity. 1naira = $1.40. 
bThe marginal rate of return is the net benefit divided by the marginal cost. 

Table 49. Partial budget for weed control methods used in an on-farm maize/cassava intercropping trial in 
Nigeria, 1983 

Extra costs and losses, naira 

Primextra (2.5 kg/ha), preemergence
Primextra (5 I/ha at 7.35 naira) ....................... 36.75 
10% depreciation on sprayer (c.p. 15 at 95 naira) ......... 9.50 
Labor for application (3.36 h/ha at 1naira) ............. 3.36 

Labor for getting water (2.5 h/ha at 0.83 naira).......... 2.07 

Labor for mixing chemicals (1 h/ha at 1naira) .......... 1.00 

Additional labor for harvest (13.47 h/ha at 0.83 naira) .... 11.18 
Foregone revenue from vegetables (60 naira/ha) ........ 60.00 
Total losses........................................ 123.86 

Gains, naira 

Labor costs saved on two hand-weedings 
(154 h/ha at 0.83 naira) ................. 127.82 

Revenue from extra maize yield
(776 kg at 0.3 naira) ................... 232.80 

Total gains ............................ 360.62 
Gross margin, or incremental income ...... 236.76 

Chloramben (Amiben) (1.5 kg/ha) + metolachlor (Dual) (1.0 kg/ha) + one weeding
Amiben (6.25 1/ha at 1.45 naira) ....................... 

Dual (2 1/ha at 7.35 naira) ............................ 

10% depreciation on sprayer (c.p. 15 at 95.00 naira) ...... 

Labor for application (3.36 h/ha at 1naira) ............. 

Labor for getting water (2.5 h/ha at 0.83 naira).......... 

Labor for mixing chemicals (2 h/ha at 1naira) .......... 

Additional labor for harvest (2.27 h/ha at 0.83 naira) 
 .... 
Foregone revenue from vegetables (60 naira/ha) ........ 


9.06 Labor costs saved on first weeding
14.70 (117 h/ha at 0.83 naira) ................. 97.11
 
9.50 Revenue from extra maize yield 
3.36 (348 kg at 0.30 naira) .................. 104.40
 
2.07 Total gains ........................... 201.51
 
2.00 Gross margin, or incremental income ...... 98.94 
1.88 

60.00 
Total losses ........................................ 102.57 
Two hand-weedings 3and 7 weeks after planting
Opportunity cost of labor for timely first weeding

(89 h/ha at 0.83 naira) ............................. 
Cost of additional labor for two full weedings 

(13 h/ha at 0.83 naira) ............................. 

73.87 

10.79 

Revenue from extra maize yield 
(313 kg at 0.30 naira) .................. 

Total gains ..................... ..... 
Gross margin, or incremental income.... ... 

93.90 
93.90 
9.24 

Total losses....................................... 84.66 
Note: 1 naira = $1.40. 

for the recommended hand weedings. 
Tables 48 and 49 give economic returns from maize 

and a partial budget for some weed control methods 
tested in these on-farm trials. According to the 
economic indicators given in Table 48, Primextra 
increased costs the most, but it also gave the best 
economic returns, followed by Amiben plus Dual and 
hand-weeding at the recommended times. Relating 
the marginal increases in revenue to their respective 
increases in cost for each treatment gave marginal 
rates of return of 190, 95 and 11%. This suggests that 
Primextra, for instance, could increase a farmer's net 
benefit by 190% for every additional unit cost. 

In computing the partial budgets given in Table 49, 
the extra costs incurred, revenue foregone (oppor-
tunity costs) and losses caused by the weed control 
method were all taken into consideration, 

The preliminary results of these trials suggest that 
farmers can increase their income by using the 
preemergence herbicide Primextra for weed control. 
Amiben plus Dual appears to be a less attractive 
alternative at the two locations. At Ijaiye, the recom
mended hand-weedings can increase a farmer's net 
benefit from maize by almost 90%, although the 
practice would not be profitable for farmers at Ekiti 
Akoko probably because the higher weed infestation 
there calls for an additional weeding.-D.S. 
Ngambeki and1.O. Akobundu 

Control ofImperatacylindrica 
Spear grass (Imperatacylindrica)is very common and 
difficult to control in the forest transition and Guinea 
savanna zones of West Africa. This weed is a problem 
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Table 50. Response of Imperata cylindrica to control practices, IITA, 1983 
Imperata, stand/m2 Percent 

12 days 
Treatment rate (kg/ha) and time before treatment 
Glyphosate (1.8), preplant, followed by no-till ................................ 101 

Glyphosate (1.8), preplant, followed bytillage 1week after treatment ............ 133 

Glyphosate (1.8), preplant, followed by tillage 4 weeks after treatment ........... 78 

Glyphosate (1.8), preplant, followed by no-till ................................ 101 

Glyphosate (3.6), preplant, followed by no-till ................................ 86 

Psophocarpus cover ...................................................... 101 

Pueraria cover........................................................... 114 

Mucuna cover ............................................... 101 
Ridging ......................................................... ..... 78 
Slashing .............................................................. 85 
LSD (5%) .............................. ... ........... 

in all food crops, especially in roots and tubers, whose 
edible underground parts are easily pierced by the 
weed's rhizomes and thereby made vulnerable to rot. 
Spear grass is traditionally co.trolled by hoeing or 
tillage, but these methods do not provide season-long 
protection. A study was started this year to determine 
the long-term effectiveness of chemical, mechanical, 
biological and integrated methods in controlling 
spear grass. 

The results showed that after 19 weeks, the spear 
grass stand in many of the treatments was markedly 
reduced (Table 50). Mucuna utilisprovided excellent 
cover within 12 weeks, and no spear grass could 
be seen above the mucuna cover at 19 weeks. 
Psophocarpuspalustris and Puerariaphaseoloides 
did not provide sufficient cover early enough in the 
season and so did not reduce the spear grass very 
much. Nor did ridging alone. Of all the herbicide 
treatments and combinations of herbicides and til
lage, glyphosate at 3.6 kg/ha reduced the spear grass 
stand the most. Combining half this rate of gly-
phosate (1.8 kg/ha) with tillage one week after treat
ment was as effective as the high rate of glyphosate. 
Delaying tillage by four weeks tended to reduce +hMe
effectiveness of the integrated control prartices. 
Glyphosate followed by tillage one week after treat
ment or the use of a mucuna cover significantlytrat 
reduced the fresh weight of spear grass rhizomes. 

The regrowth potential of rhizomes from treated 
plots was determined by growing rhizomes at similar 

stages of development and of equal lengths in the 
greenhouse. The results show that although the 
mucuna cover appeared to have smothered all spear 
grass stands and reduced the fresh weight of the 
rhizomes, the regrowth capability of these rhizomes 
was 50% of that of rhizomes from the slashed control 
plots (Fig. 30). The regrowth capabilities were similar 
in the plot treated with glyphosate at 1.8 kg/ha and 
cultivated one week after treatment. There was no 
significant difference in the regrowth potential of 
rhizomes between plots treated with glyphosate (1.8 
'cg/ha) and cultivated one or four weeks after treat-
ment and the ones that received the same rate of 
glyphosate and were cultivated four weeks after 
treatment. Observations in later years will show 

......... .
 

which of these control practices is most effective in 
the long term in controlling spear grass in farmer's 
fields.-I.O. Akobundu and J.A. Poku 

Alley Cropping 

Investigations of alley cropping were continued in 
1983 as part of an effort to find alternatives to the 
traditional bush fallow system. In alley cropping food 
crops are grown in alleys formed by hedgerows of 
trees and shrubs that are periodically cut back or 
pruned to reduce shading and competition with the 
food crops. 

Fresh weight of rhizomes (gm/lOcm. 
5.0 

4.0 

3.0 

20 

I.0 

0 A B . D E F G 

Figure 30. Effect of method for controlling Imperatacylin
drica on rhizome vigor, IITA, 1983. (A) Glyphosate (1.8 
kg/ha) and "ko-tillage, (B)glyphosate (1.8 kg/ha) and con
ventional tillage one week after treatment, (C) glyphosate
(1.8 kg/ha) and conventional tillage four weeks after 
treatment, (D) glyphosate (3.6 kg/ha) and no-tillage, (E) 
plowing, harrowing and ridging, (F) mucuna cover and (G) 
periodic slashing (control). 

19 weeks stand 
after treatment reduction 

28 70 
10 92 
16 83 
39 47 
6 93 

80 20
 
109 2 

0 100 
68 7 

118 -47 
47 
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Table 51. Effects of sulfuric acid concentration, acid: seed ratio and treatment period on germination of 
leucaena seeds, IITA, 1983 

Treatment Sulfuric acid concentration, % 
period, min Control 5 10 25 50 98 

5................... 16 25 28 29 34 81 

10 ................... 25 22 25 27 36 79 

30................... 26 28 19 23 43 86 

60................... 22 26 30 39 36 77 

Mean ............... 22 25 26 30 37 81 

LSD (5%)


Treatment period means ...................... 5 
Acid concentration means ..................... 4 
Acid con. means for same treatment period ...... 8 
Acid con. means for diff. treatment periods ....... 9 

Table 52. Dry matter and N yield of leucaena in an 

alley cropping trial, IITA, 1983 


Nrate, Dry matter yield, t/ha Nyield, kg/ha
kg N/haa 1981 1982 1983 1981 1982 1983 

0........ 6.32 5.43 5.79 519 161 199 

40 ....... 7.52 6.26 5.44 186 180 192 

80 ....... 8.07 6.86 6.34 197 201 227 

LSD (5%) 095 n.s. 1.21 21 32 n.s. 

aApplied to the associated maize crop. 


Leucaena Seed Treatment 

The success of alley cropping greatly depends on 

simple and quick establishment of the tree or shrub 

species. The seed of some suitable species, such as 

Leucaena leucocephala,have delayed and low germi-
nation because of seed coat dormancy. Hot water and 
sulfuric acid are widely used for seed scarification to 

improve germination, but several of the procedures 

areare tootoo costly or difficult or give poor results. Soaking
coslrdfcult ragie resul.h poofuric Soaki
the seeds with concentrated sulfuric acid, for ex
ample, gives good results, but the chemical is scarce 
and costly. As part of a study to find a simple, low cost 
seed treatment method, tests were carried out to 
determine how the use of sulfuric acid can be mini-
mized. The experiment had a randomized complete 
block design with four replications. 

The effectiveness of the sulfuric acid treatment 
decreases with decreasing concentration (Table 51).
Dilute acid is less effective for seed treatment, parti-
cularly at lower concentrations of 25% or less. The 
effects are also influenced by the acid to seed ratio: 
with lower ratios longer treatment periods are ne-
cessary (Table 51). Using a low acid :seed ratio of 1:10, 
for example, a high germination of 88% can still be 
obtained with a longer treatment period of one hour. 
This reduces considerably the amount ofsulfuric acidrequired for seed treatment.-B. Duguma and B.T...Kang 

Leucaena and Maize/Cowpeas 
This trial was begun in 1976 on a low fertility Apomu 
soil (Psammentic Usthorthent) at IITA. The prun. 

Acid: seed ratio 
Mean Control 1:1 1:2 1:5 1:10 Mean 

percent
36 4 66 53 21 13 32 
36 5 88 73 34 14 43 
38 5 96 97 89 57 69 
38 5 68 82 97 88 68 

5 80 77 60 43 

Treatment period means....................... 3 
Acid: seed ratios ............................. 4 
Acid: seed ratios for saniq treatment period ...... 8 
Acid: seed ratios for diff. treatment periods ...... 8 

ing height of the leucaena rows was originally
150 cm but was lowered to 75 cm in 1983. Cutting the 
old stems lower did not affect coppicing of the plants.
Dry matter and N yields from the prunings in 1983 
were just as high as in previous years and responded
significantly to nitrogen applied to the maize crop
(Table 52). But even without added nitrogen the 
leucaena rows still fixed and recycled substantial 
amounts of nitrogen from the prunings.

Without leucaena prunings and nitrogen, the main 
season yields of maize variety TZPB continued to 
decline in 1983 to 0.26 t/ha or about half the yield in 
1982 (Table 53). Addition of leucaena prunings gave 
yields of about 2.0 t/ha, the same as in 1982. As in 
previous years, application of nitrogen at a low rate 
was needed to obtain good grain yields. The no-till 
treatments with a surface mulch of prunings showed 
better establishment and earlier growth than the 
tilled treatments and gave a better yield.

As iin 1982 the dry matter yield of the minor seasoncowpea.crop increased with the addition of leucaena 

prunings, but this apparently had no effect on seed 
yields (Table 54). Nor did tillage affect yields, al
though higher nodule numbers and weights were 
found in the no-till treatment. 

Table 53. Grain and stover yields of maize alley 
cropped with leucaena, IITA, 1983 

Grain yield, Stover yield, 
. . . t /h a t/ haTreatment, kg N/ha s 

Tilled: 
0b ............................ 0.26 0.99
 
0 ............................. 1.92 2.80
 
40 ............................ 2.41 3.62
 
80 ............................ 3.16 4.66
 

No-tillage: 
........................... 
 0.27 0.970 ............................. 
 2.17 2.6640 ............................ 
 3.03 3.72 

80 ............................ 3.97 4.93

LSD (5%)........................ 0.79 1.02
 
aApplied to the main season maize crop.
 
bLeucaena prunings were removed from the plot.
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Table 54. Yield and nodulation of cowpeas alley To obtain appropriate inoculants for leucaena, the 
cropped with leucaena, IITA, 1983 most effective strains were selected from 42 isolates 

Cowpeas purified from nodules of L. leucocephala, Tephrosia 
Treatment, Nodule Nodule Dry matter Seed vogelii, Sesbania grandiflora, S. punctata,S. rostrata, 
kg N/had number b wt., gb yield, t/ha yield, t/ha Acacia albidaand Vigna unguiculatagrown in soils 
Tilled: 	 collected at IITA and at Fashola in southwestern 

0c ............ 70 0.70 1.41 0.57 Nigeria. The symbiotic effectiveness of the isolates
 
0 ............. 43 0.30 1.74 0.45 was assessed in Leonard jars under aseptic con
40............ 49 0.43 1.54 0.57 ditions and in pots containing soil. Two rhizobial

80 ............ 59 0.30 1.55 0.45 strains produced the highest shoot dry weight, hav

No.tillage: ing an effect equal to that of 70 ppm urea N. One of 
0c ............ 74 0.95 1.08 0.49 these strains, Le II, was isolated from leucaena grown

0 ............ 117 0.65 1.42 0.50 in IITA soil and the other, IRc 1045, from leucaena
40............ 92 0.63 1.90 0.51
80 ............ 101 0.65 1.77 0.49 
 grown in Fashola soil.LSD (5%)....... 53 0.33 
 0.37 	 0.09 These two strains were tested in the field at IITAand at Fashola, and their influence on nodulation,

'Applied to main season maize crop. 	 nitrogen fixation and growth of leucaena was combFor five plants harvested six weeks after seeding. pared to the effects of urea (150 kg N/ha) and soil N 
cLeucaena prunings were removed from the plot. without inoculatio..The experiment had a split plot 

design with three replications. To identify strains 

The effect of six years of alley cropping on some of and compare the competitive ability of inoculant 
the chemical properties of the soil profile of the strains with that of indigenous rhizobia, nodules 
Apomu series soil is shown in Table 55. Soil organic were typed using the enzyme linked immunosorbent 
matter, K, Ca and Mg levels were higher where assay (ELISA) technique for Rhizabium Le II and the 
leucaena prunings were added. Repeated removal of intrinsic resistance of IRc 1045 to 500 pg/ml of 
the prunings resulted in a generally lower nutrient streptomycin. 
status, except for P. When prunings were added, Table 56 gives the response of leucaena to in
application of nitrogen reduced the surface soil pH oculation and N fertilizer. At IITA only inoculated 
only slightly.-B.T. Kang, T.L. Lawson and H. plants nodulated, and all the nodules were produced 
Grimme by the inoculant strains. At Fashola nodules were 

found in all the treatments. In the uninoculated and 
Nodulation and Nitrogen Fixation N fertilized plots, the nodules were due partly (69%) 
of Leucaena to Rhizobium Le II used in a 1982 inoculation trial at 

this site. The high percentage (about 75%) of nodules 
Poor growth of Leucaenaleucocephalain some areas containing introduced strains in inoculated plots at 
has been attributed to the absence of root nodules. Fashola indicated that indigenous rhizobia were poor
Since rhizobia that nodulate this legume effectively competitors. Also, strain Le II performed better at 
are few or absent in many tropical soils, inoculation this location than IRc 1045 on the basis of nodule. 
may be necessary. number, nodule mass, plant height and icetylene 

Table 55. Effect of six years of alley cropping maize and cowpeas with leucaena and N application on chemical 
properties of an Apomu series soil (Psammentic Ustorthent), IITA, 1983 

Treatment, Soil depth, Organic carbon, Exchangeable cations, meq/10 g Bray P-1,
kg N/ha cm pH (H20) percent K Ca Mg ppm 
0a ........................ 0-15 6.0 0.65 0.19 2.90 0.35 27.0 

15-30 6.0 0.30 0.12 2.86 0.37 6.1 
30-45 6.0 0.12 0.08 2.00 0.31 2.9 
45-60 6.1 0.10 0.07 .' 1.63 0.06 2.2 

0......................... 0-15 6.0 1.07 0.28 3.45 0.50 26.2 
15-30 6.0 0.52 0.22 3.46 0.47 9.2 
30-45 6.1 0.22 0.15 2.60 0.39 2.4 
45-60 6.1 0.14 0.12 2.16, 0.38 1.6 

80. ................... 0-15 5.8 1.19 0.26 2.80', 0.45 25.6 
15-30 6.0 0.99 0.17 2.96 0.41 7.0 
30-45 6.2 0.19 0.13 2.35 0.35 2.4 
45-60 6.2 .12 0.10 2.s3 0.38 1.5 

LSD 5.) ................. 0-15 n.s. 0.14 0.05 0.55 '0.11 5.3 
15-30 n.s., 0.12 0.04 0.84 0.10 3.9 
30-45 n.s. 0.05 0.04 0.51 0.09 0.9 
45-60 n.s. 0.05 0.03 0.48 0.10 0.4 

aLeucaena prunings have been removed from tlud plot in the last four cropping years. 
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Table 56. Effect of inoculation and N fertilizer on performance of leucaena at two locations in Nigeria, 1983 

Treatment 

Fashola
 
Uninoculated, no fert............... 

150 kg N/ha as urea.................. 

Rhizobial strain Le II ............... 

IRc 1045 .......................... 


IITA
 
Uninoculated, no fert............... 

150 kg N/ha as urea.................. 

Rhizobial strain Le II............... 

IRc 1045 .......................... 


LSD (5%) .........................

Fashola........................ .
 
IITA............................ 


No. of Nodules Nodule Shoot Plant Nitro. Estimated 
nodules from inoculant dry wt., dry wt., N, genase atmospheric N 

per plant strains, % mg/plant g/plant kg/ha activitya fixed, kg/ha 

.
 

36 
36 

6 9b 
6 9b 

179 
87 

26 
72 

82 
232 

0.48 
0.11 

-
-

40 78 485 79 228 2.94 
15 94c 174 68 209 2.54 

0 
0 

17 
34 

00 
0 

100 
100 

0 
187 
277 

51. 
130 
103 
121 

174 
445 
398 
448 

0 
2.65 

10.25 

0 0 
0 

224 
274 

12 
11 

ND 
ND 

25 
23 

22 
12 

66 . ' 
53 

0.17 
0.12 

ND 
ND 

Note: Thee data were recorded 12 weeks after planting, except shoot dry weight and plant N, which were recorded 20 weeks after 
planting. 
a mole C2H4 produced per plant per hour.bOnly strain Le IIfrom 1982 trial.CSeventy-three percent resulted from IRc 1045 and 21% from indigenous Le II from a 1982 trial. 

reduction assay; but dry matter and total N of the 
plants inoculated with this elite strain were superior 
only to those ofuninoculated plants. The amount ofN 
fixed biologically was estimated at IITA by the 
difference method, in which the uninoculated leu-
caena served as the nonfixing control; it fixed be-
tween 224 and 274 kg N/ha, representing 52 and 61% 
ofthe total N in the plant. Thus, when well-nodulated 
leucaena is used in alley cropping systems or in 
planted fallow, more than 50% of its N contribution is 
derived from atmospheric N.-N. Sanginga, A. 
Ayanaba and K. Mulongoy 

Evaluation of Tree and Shrub Species for 
Alley Cropping 

A trial was started in 1981 on an eroded Egbeda series 
soil (Oxic paleustalf) at IITA to compare the perfor
mance of Gliricidiasepium, Leucaena leucocephala, 
Acioa barterii and Alchornea cordifolia in alley 
cropping. The experiment has a split plot design with 
three replications. 

All species expect acioa were fully developed by the 
third year. In 1983 leucaena produced the highest dry
weight of prunings, followed by gliricidia and alchor-
nea (Table 57); acioa produced the least. Significantly
higher amounts were obtained with the 2-m hedgerow 
spacing than with the 4-m spacing. Higher fertilizer 
rates had no effect on the prunings of the four species. 

Five prunings of leucaena produced 8.64 t/ha ofdry
prunings and yielded the highest dry weight of stakes, 
with a mean of 6.62 t/ha. Gliricidia produced 5.18 t/ha 
of prunings but only 2.0 t of dry stakes. Acioa pro-
duced only a negligible amount of stakes. 

Leucaena also produced the highest amount of 
nitrogen, with a mean of 233 kg N/ha in five prunings, 
followed by gliricidia with 144 kg N/ha. The amount 

Table 57. Dry weight of prunings from species alley 
cropped with maize and cowpeas, IITA, 1983 

Spacing/ Gliri
fertilizer a cidia Leucaena Alchornea Acioa Mean 

t/ha/yr 
2m/F1 ........ 6.30 9.06 3.83 2.66 5.46
 
4 m/F1 ....... 5.03 8.16 3.28 1.50 4.19
 
2 m/F2 ........ 5.40 9.23 4.49 2.62 
 5.43 
4m/F2 ........ 3.99 8.10 3.47 1.51 4.26
 
Mean ........ 5.18 8.64 3.77 2.07
 
LSD (5%) 

Species means ............................... 1.52 
Spacing and fertilizer treatment means ......... 0.60
Spacing and fert. trtmt. means for same species .. 1.30 
Spacing and fert. trtmt. means for diff.species ... 1.83 

"Spacing between hedge rows. F1 = 45-20-20 and F2 = 90-40-40 kg 

N-P-K/ha applied to the maize crop. 

of N in the prunings of the two nonleguminous 
species, alchornea and acioa, was 84.3 and 28.7 kg 
N/ha. 

Maize yields were significantly lower with gliri
cidia and leucaena than with the much slower grow
ing acioa and alchornea, which only slightly affected 
maize yield (Table 58). Because gliricidia and leu
caena grow quickly on the Egbeda series soil, better 
timing of prunings was apparently needed to avoid 
partial shading ofthe maize. As one would expect, the 
effect of shading was more pronounced in the 2-m 
alleys. Further studies will be done on the appro
priate pruning regimes for each of the species. 
Despite the high N yield from gliricidia and leucaena, 
a small but significant response to increased fertilizer 
application was apparent in maize alley cropped with 
the four species. 

The root distribution of the four species was 
studied to a depth of 1m. All four sppcies had tap roots 
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deeper than 1 m, and after three years of growth, 
gliricidia appeared to have the most tap roots, fol-
lowed by leucaena and acioa at a shallow depth. 
Although alchornea had a low root weight at a 
shallow depth, like gliricidia, it had more tap root 
mass than the other two species at a greater depth. 
Leucaena appeared to have the most lateral roots, 
followed by gliricidia, alchornea and acioa.-B.T. 
Kang, Koharuddinand G.O. Cole 

Evaluation of New Shrub Species 
for Alley Cropping 

The major hedgerow species used in alley cropping at 
IITA have been Leucaena leucocephala and Gliricidia 
sepium. But since these two species will not fit all 
environments and systems, new species must be 
found. A series of evaluation trials is being conducted 
to identify a wide range of suitable species. In 1981 
Cassia siamea, Flemingia congesta and Gliricidia 
sepium, the latter serving as the standard, were 
planted in 30- x 28-m plots with alleys 4 m wide. 

The branching habit of the species seemed to be the 
major factor influencing weed development. The 
erect branching G. sepium and F. congesta allowed a 
higher percentage of solar radiation to reach the 

Dry weight (t/ha) 
60 

50 Leaf prunings 
SFloor litter 

40 - Wood 

30 

20 -Residue 

1decomposed
I0 i!congesta 

0 mpotential 
Cassia Fleming/a Gl'ricidIa 

Figure 31. Biomass production of shrub species after two 
years of growth, IITA, 1983. 

Control and species means ..................... 224
 
Spacing and fertilizer treatment means .......... 203
 
Spacing and fert. means for same control and sp... 453 
Spacing and fert. means for diff. control and sp.... 451 

Note: Gliricidia, leucaena and alchornea were pruned three times 
and acioa twice during maize cropping. 
aSpacing between hedgerows. F1 = 45-20-20 and F2 = 90-40-40 kg 
N-P-K/ha during maize cropping. 

ground, resulting in more weeds under these species 
(Table 59). The laterally branching C. siameashaded 
even the center of the alleys and limited weed growth 
in the center as well as the sides of the alley. 

Aboveground biomass yields varied markedly, with 
cassia outyielding the others (Fig. 31). F. congesta, a 

bushy shrub, contributed very little wood, most of 
which was large twigs. Wood from G. sepium was 
mainly stakes with an average girth of 3cm; C. siamea 
produced stouter stems suitable for poles and 
firewood. 

C. siamea showed the highest potential nutrient 
contribution mainly because of its higher leaf pro
duction (Table 60). G. sepium showt.3 remarkable 
recovery and produced a big second pruning, which 
raised its nutrient contribution potential. This rapid 
recovery may be disadvantageous, though, because a 
second pruning during the season increases labor. 

The slow recovery of C. siamea makes a second 
pruning unnecessary and lowers the labor 
requirements. 

persistence indicates the value ofthe litter 
as mulch and for weed control and moisture con
servation during crop growth (Fig. 32). G. sepium 

rapidly and thus made little mulch. F. 
and C. siamea decomposed slowly, forming 

fairly good mulches. 

Overall, both of these legumes seem to have good 
for alley cropping. The disadvantages of F. 

congesta are that it does not shade the alleys enough 
to suppress weed growth during fallow and its nu
trient contribution potential is much lower than that 

Table 59. Evaluation of shrub species for alley cropping, IITA, 1983 

Species 
Branching 
habit 

No. of 
branches 

Gliricidia 
Flemingia 
Cassia 

Erectophile 
Erectophile 
Planophile 

5.1 
6.7 
730 

Table 58. Yield of maize alley cropped with various 
tree and shrub species, IITA, 1983 

Spacing/ Con- Gliri-
fert.a trol cidia 

2m/F1 3,577 2,768 
4m/F1 3,582 3,557 
2m/F2 4,225 3,861 
4m/F2 4,261 3,820 
Mean ... 3,911 3,501 

LSD (5%) 

Leu- Alchor
caena nea Acioa Mean 

kg/ha 
1,867 3,466 3,200 2,976 
2,704 
2,151 
2,900 

3,733 
3,722 
4,222 

3,674 
4,026 
4,188 

3,450 
3,597 
3,878 

2,405 3,785 3,772 

1m from alley border 2 m from alley border 
Photosynthetic 

active radiation, % 
17.0 
43.0 

4.1 

Weed dry 
wt., kg/m 

Photosynthetic 
active radiation, % 

Weed dry 
wt., % 

0.11 55.0 0.24 
0.29 56.0 0.49 
0.03 7.7 0.04 
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Table 60. Potential nutrient contribution of various biomass sources, IITA, 1983 

Weight, Nitrogen Phosphorus Potassium 
Source kg/ha Percent kg/ha Percent kg/ha Percent kg/ha 
C. siamca 
Floor litter............. ....... 10,075

First pruning ..................... 10,666 

Second pruning................. .... 660 

Total ............................. 21,301 


F. congesta
Floor litter ..................... ... 2,438 

First pruning ............. 1,955 

Second pruning ..................... 1,360 

Total .................... .......... 5,753 

G. sepium
Floor litter....................... 1,263 

First pruning ....................... 3,120 

Second pruning ..................... 2,667 

Total .............................. 7,050 


of G. sepium. Its advantages are that its stems are 
small and easy to cut back and prune, and its residue 
decomposes slowly and forms a good mulch. The 
disadvantages of C. siamea are that its thick wood 
requires ..,uchlabor at pruning and its leaf nutrient 
content is low. The advantages are that its good 
shading prevents weed growth during fallow; its high
biomass production compensates for low nutrient 
content; its leaves decompose slowly and form good
mulch; and it produces a large amount of wood. 
Studies on the effects of these shrubs on soil chemical, 
physical and biological properties are in progress.-
G.E. Wilson 

Gliricidia and Maize/Cowpea/Cassava/Rice 
Gliricidia hedges were established in 1982 from 
cuttings on an Alagba series soil (Oxic paleustalf) at 
Ikenne, Nigeria. Maize yields benefitted somewhat 
from addition of gliricidia prunings with no nitrogen 
application (Table 61). Addition of 40 kg N/ha and 
gliricidia prunings increased yield significantly. 
When gliricidia prunings were added, nitrogen appli
cation had no effect on maize yield. Cowpea seed yield
also increased some with the addition of gliricidia 
prunings and benefitted significantly from the re-
sidual nitrogen applied to maize. The rice crop in this 
trial was severely damaged by drought in 1983. The 
cassava crop will be harvested in 1984.-B.T. Kang,
G.F. Wilson and C. Yamaoh 

Resource Use in Alley Cropping 
Increasing interest in alley cropping has made nec-
essary a wider search for suitable species that can be 
incorporated into this system. The principal criterion 
of suitability is that competition for resources be-
tween the crops and alley shrubs must be kept to a 
minimum. Our studies have been expanded to include 
three new species in addition to Leucaena leuco-
cephala: Gliricidiasepium, Alchornea cordifoliaand 
Acioa barterii. 

1.02 102 0.13 13 0.40 40 
2.57 274 0.25 27 1.15 123 
2.57 16 0.25 2 1.15 10 

- 394 - 42 - 173 

1.81 44 0.16 4 0.57 14 
3.17 62 0.33 6 2.06 40 
3.17 	 43 0.33 4 2.05 28 

- 149 14 - 82 

1.81 23 0.18 2 0.58 7 
4.04 126 0.25 8 2.77 86 
4.04 	 108 0.25 7 2.77 74. 

- 257 - 17 - 167 

Residue remaining after pruning (/) 

V C.siane 
1eo

.sepAum 
80

60

40 - I 

2 

o\mENNEEM'
pruning5 weeks after Ist 10 weeks after 2nd. pruning

Figure 32. Residue or mulch persistence of shrub species 5 
weeks after the first pruning and 10 weeks after the second, 
IITA, 1983. 

Table 61. Grain yield of maize and cowpeas alley 
cropped with gliricidia, Ikenne, N;, ria, 
1983
 

Maize Cowpeasb 
Nrate, kg/haa (TZSR-W) (TVx 3236) 

kg/ha 
0N, prunings removed ........... 2,699 738
 
0N + prunings ................. 3,037 818
 
40 prun.ngs ................ 3,291 820
80 NN ++ pruniags ............... 	 994
3,125 

120 N + prunings ................ 2,777 1,162

LSD (5%) ..................... n.s. 187
 
'Nwas applied only to main season maize.
 
bCowpeas were planted in the minor season after maize.
 

As in a previous study on leucaena, light and 
moisture distribution were monitored in all five 
species planted in association with maize during the 
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Figure 33. Soil moisture suction under different shrub/crop

combinations, IITA, 1983. 


first season, followed by cowpeas in the second (IITA,
Annual Report for 1982). Alley spacing was 2 m and 
4 m. Soil moisture was measured gravimetrically in 
the 0-to 20-cm layer and with tensiometers at 20 cm. 
Solar radiation was measured with tube solarimeters 
1m long, as in previous studies. 

Different shrub/crop combinations had different 
soil moisture profiles over time (Fig. 33). Moisture 
retention was generally lowest in the plots without 
shrubs. Moisture depletion was fastest with leucaena 
and least with alchornea. Measurements between the 
hedgerow and adjacent crop rows were generally 
found to be higher than those between the two crop 
rows near the center of the plots and therefore 
farthest from the alley shrubs (Fig. 33). The alley 
shrubs were evidently not competing with the crop 
for moisture, certainly not in the surface layers, but 
seemed in fact to be contributing to moisture con-
servation. This could be the result of their shading 
the surface. With gliricidia this advantage was not so 
obvious. 

Analyses of the light data continue to indicate 
competition for light, which is strong in some cases, 
as with leucaena. Two relationships were derived 
based on an index that combines the shrub and crop 
heights and the distance of the first crop row from the 
shrub row (Figs. 34). For maize light incident at cob 
height is given by: Yc = 63.5e -0.1673X, where X = (Hs 
- Hc)/D, He and Hc being the shrub height and crop 
height and D the distance of the shrub row from the 
adjacent (first) crop row. For cowpea crops, which do 
not have a canopy that overlaps the hedge, the 
incident light at the top of the crop canopy is given
by: Y = 117.7e -0.46063X with X defined as before. 

It should be possible on the basis of this relation-
ship to select the shrub (judging from its height and 
growth rate), cutting height and spacing necessary to 
limit shading when the shrub is planted in com-
bination with a given crop. The relationship gives 
clear evidence of the advantage of reducing cutting 

heights to the lowest level that is consistent with 
regrowth.

Further work is needed to ascertain whether these 
relationships will vary substantially according to 
crop row orientation. The orientation of plots in this 
study was east northeast-west southwest.-T.L. 

and B.T. Kang 

Cut and Carry Leucaena Stakes 
for Yam Productioi 

The most laborious operations in yam production are 
mound making and staking, especially in the Guinea 

where stakes are scarce. In Benue State, 
Nigeria, where yams are perhaps most extensively 
cultivated, farmers do not stake their crops. Informal 
surveys carried out in this area have shown that
farmers understand the value of staking yams, but 
because of the large area planted in the crop and the 
enormous amount of labor required to obtain stakes,
they choose not to stake their yams. In 1983, ten on
farm yam staking tests were conducted in parts of
Benue State to evaluate the economics of yam stak
ing and assess the suitability of leucaena stakes for 
yam vines. 

The Yandev-Zakibiam area was chosen because it 
is &.rportantfor yam production ard because on-farm 
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0 X Ario oateril, 4-m(9 Acio bateril, 2-m spacingspacing 

0,o 
60 - V• 

* 
40 .. ..... 

/ 0 
2 . 63.5e 73x 
20 Ye e 

- I I I I I I I 
100 

\0 COWPEAS 
80 -

V 
x O 

ilZ7e " 46o63x 
60 -

o' . 
40 - V 

0 

20 I I I I 1 t 
0.5 1.0e1.5 2.0 25 H 3 .5 4.0 

Height to distance index:( H Hc)5 
Figure 34. Percentage of light incident at cob level in the 
maize (first season) and cowpea (second season) rows 
nearesttoalleyshrubsasafunctionoftheheightdifference 
and distance between the crops and shrubs, IlTA, 1983. 
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Table 62. Economic returns to yam staking (cutand carry) in the Guinea savanna, Benue State, Nigeria, 1983 
Yield, t/ha Yield increase Value of yield Benefit:

Village Staked Unstaked t/ha Percent increase, naira/haa cost ratiob 
Yandev 1 ............ 25.5 6.9 18.6 269 3,627" 10.4Yandev2 ............... ...... 12.1 7.1 5.0 70 
 990 2.8Amaladu .............................. 20.0 11.0 9.0 81 
 1,782 5.1Nyikwagh ..... .......... ......... 33.5 17.7 15.8 89 3,128 8.9
Abari ..... ........................... 
 19.4 10.5 8.9 85 1,762 5.0Zakibiam 1.... ......................... 27.7 
 20.8 6.9 33 1,366 3.9Zakibiam 2. ............................ 18.0 17.0 1.0 6 198 0.6
Isherev ................. 30.5 23.0 
 7.5 33 1,485 4.2Average ...................................... 23.3 
 14.2 9.1 1,801 5.1 
'1 naira - $1.40. bBenefit: cost ratio is derived by dividing the value of increased yield by the cost of cutting and carrying leucaena. 

trials of leucaena alley cropping with yams are 
already taking place there. Farmers were selected
who grow at least 1 ha of yam varieties (Dioscorea
rotundata)that usually require staking, who are 
willing to cooperate and whose farms are readily
accessible. Four farmers were selected around 
Yandev and six, of whom two were already cooperat-
ing in leucaena/yam alley cropping trials, around 
Zakibiam. 

Leucaena stakes 2 m long were cut from previously
established leucaena plots by the farmer or brought
in by IITA staff members. Plots of 50 by 20 yam heaps
(0.14 ha) were laid out jointly by the researcher and 
farmer and staked by the farmer. Each trial was a 
simple comparison of a staked and unstaked plot,
with a single replicate per farmer. With the exception 
of the stakes, the farmers supplied all inputs, includ-
ing labor, and researchers determined the cost of,
staking and recorded yields. 

Because wood is scarce in this area, the cost of 
staking for a farmer who hires someone to cut the 
stakes in the bush is very high. A farmer who estab-
lishes a leucaena plot as a source of staking materials 
reduces the cost ofstaking to 352 naira per hectare (or
$490/ha), which would decline in subsequent years,

Yam staking significantly increased yields. At 
seven out of ten sites, yield increases ranged between 
33 and 89% and exceeded 200% at one site in Yandev. 
Table 62 gives the economic returns of yam staking. If 
farmers obtain stakes from their own leucaena plots,
the economic returns range from 3 to 11 times the 
cost. With an inexpensive source of wood such as 
leucaena, yam staking is economically very
attractive. 

The farmers found that most staked mounds gave
two to three yam tubers and that tubers were longer
and bigger than from unstaked plants. They also 
reported that yam vines stakes grew vi-on more 
gorously and were the last ones to wither during the 
dry season. Some farmers said that leucaena stakes 
supported yam vines throughout the growing season 
without falling and commented that leucaena stems 
appear to withstand termites and rotting. Half the 
farmers saved tboir leucaena stakes for the next 
season; the other1 used them fog. firewood.-D.S. 
Ngambeki andG.F. Wilson 

On-Farm Trials of Leucaena/Maize/Yams 

Long-term on-farm trials ofmaize/yam alley cropping
with Leucaena leucocephalawere continued in 1983. 
In addition to pursuing the original objectives of the 
studies, we checked the suitability of leucaena as live 
stakes for yam vines, tested the effects of alley
cropping with leucaena on maize and yam yields
under farm conditions, and recorded farmers' opini
ons about the alley cropping system.

By the end of 1982, leucaena was either just being
established or had already been established in 10 of 
the trials. All plots were planted to a rotation of yams
and maize. In 1983 five plots wore planted to yams (one 
at Yandev and four at Zakibiam) and six to maize (one 
at Yandev, two at Zakibiam, one at Ijaiye and two in 
Ekiti Akoko).

The yams were two local varieties of Dioscorea 
rotundata,and the maize varieties were TZSR-W and 
FARZ7, which was planted at Ekiti Akoko. For the 
yam plots the farmers supplied all inputs, including
fertilizer, labor and seed yams. For the maize pro
duction, the farmers supplied labor and land. while 
the researchers supplied the maize seed. Labor inputs
required for pruning leucaena were monitored, and 
the management problems of the farmers were 
evaluated.
 

The farmers made heaps between alleys in 
January/February, planted yams in March and 
pruned the leucaena live stakes at a height of 2 m in 
April. The farmers were anvised to prune shoots off 
the leucaena live stakes regularly until yam harvest 
in November or December. 

The farmers at Zakibiam 1and Yandev pruned their 
leucaena live stakes regularly. The yams in these 
plots grew vigorously, and yields increased 18 to 20%. 
The other farmers pruned only two to three times, and 
the leucaena shoots on the live stakes overgrew the 
yam vines, causing yield depressions of 8 to 60% 
(Table 63).

Farmers plowed and planted maize in. the alleys,
then cut the leucaena at 60 cm and pruned again three 
weeks later, leaving cuttings in the plots as mulch. 

The maize/leucaena trials at Ijaiye and Zakibiam 
were closely monitored by the research staff. Cutting
and pruning increased labor costs by about 58% but 
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Table 63. Effect of leucaena alley cropping on yam 
yield with in situ stakes in Nigeria, 1983 

Yield, t/ha Yield 
In-situ live change, 

Location stakes Control percent 
Zakibiam 1 ............... 25.4 20.8 +20 
Zakibiam2 ............... 19.2 20.8 -8 
Abari .................... 13.8 19.4 -28 
Isherev .................. 9.2 24.3 -62 
Yandev .................. 32.7 27.8 +18 

Table 64. Effect of leucaena alley cropping on maize 
yields under farm conditions in Nigeria, 
1983 

Yield, t/ha Yield 
Location Leucaena plot Control increase, % 

Zakibiam2 .............. 1.3 1.0 30 

Abari................... 1.5 1.0 50 

Yandev ................. 3.0 1.5 100 

Ijaiye................... 1.9 1.3 46 

Ekiti Akoko ............. 4.7 4.3 9 

Average ................ 2.5 1.8 39 


halved the use of nitrogeneous fertilizers and in- 
creased maize yields by 30 to 50%. At Yandev leu-
caena doubled maize yields (Table 64). Leucaena 
increased the yield of FARZ7 by just 9%, a finding 
which can perhaps be attributed to high fertilizer use. 
Because of irregular rains in 1983, yields were so low 
at three out of five locations that farmers did not 
recover their production costs. But at Yandev and 
Ekiti Akoko, maize yields were better, and the leu-
caena plots gave net benefits of 280 naira ($392) and 
800 naira ($1,120), respectively. 

After three years of alley cropping leucaena with 
maize and/or yams and of contact with researchers, 
some cooperating farmers have become quite in-
terested in leucaena, particularly as an inexpensive 
source of wood for yam staking, building huts and 
firewood. They would prefer to preserve their leu-
caena plots or establish new ones specifically for 
those purposes. They also recognize the value' of 
leucaena for improving soil fertility. Four of the 
farmers have explained that if they establish new 
leucaena plots for alley cropping, they would prefer 

wider spacing and a system of cut and carry (or cut 
and stake) rather than in-situ live stakes. In 1983 the 
number of neighboring farmers requesting leucaena 
seeds increased to eight, a further indication of the 
growing interest in leucaena.-D.S. Ngambeki 

Live Mulches and Cover Crops 

Canavaliaensiformis as an Intercropfor 
Green Manure Production 

Few small holders in the tropics use green manure 
because they cannot afford to maintain a pure legume 
stand to provide the biomass. It has been suggested 
that since these farmers are accustomed to mixed 
cropping they might be able to grow a cover crop for 
green manure in a mixture with a food crop without 
reducing the food crop's yield. This hypothesis is 
being tested in a series of experiments; the results of 
the first part, consisting of experiments with 
Canavaliaensiformis,are presented below. 

The treatments in the first season of 1983 were (1) 
pure maize, (2)maize with C. ensiformisplanted at the 
same time, (3) maize with C. ensiformis planted two 
weeks after maize, (4) maize with C. ensiformis plan
ted four weeks after maize, (5) pure C. ensiformis 
planted the same time as maize, (6)pure C. ensiformis 
planted two weeks after maize, and (7) pure C. 
ensiformisplanted four weeks after maize. Each plot 
received NPK at 60:60:60 kg/ha. Maize was spaced at 
100 x 100 cm with three plants per hill. C. ensiformis 
was spaced at 100 x 30 cm. Two experiments were 
conducted, one at IITA and the other at Ikenne. The 
experiments had a randomized complete block design 
with four replications. 

The performance of maize and C. ensiformis at 
Ibadan and Ikenne is given in Table 65. C. ensiformis 
as an intercrop with maize did not affect maize yield 
significantly. As expected, late planting of C. en
siformis resulted in lower tissue yield, especially 
when this species was intercropped with maize. 
Nitrogen content of C. ensiformis tissue did not differ 
significantly, and the potential nitrogen contribution 
followed the same trend as the dry matter yield. Since 
C. ensiformisdid not affect maize adversely, delayed 
planting of C. ensiformis was not found to be 
desirable. 

Table 65. Performance ofintercropped maize and C. ensiformis at two locations in Nigeria, 1983 

C. enformis 
planting, wk 

Treatment after maize 

Maize ........... ............. 

Maize/C. ensiformis........................ 0 

Maize/C. ensiformis........................ 2 

Maize/C. ensiformis........................ 4 

C. ensiformis.............................. 0 

C. ensiformis.............................. 2 

C. ensiformis.............................. 4 

LSD (5% ) ......................................... 


Maize yield, kg/ha 
Ikenne Ibadan Mean 

4,117 2,907 3,512 
3,367 
3,377 

2,126 
3,099 

2,747 
3,238 

3,367 2,875 3,121 

n.s. n.s. 

C. ensiformis tissue at Ibadan 
Dry wt., 

kg/ha 
Nitrogen 

Percent kg/ha 

3,631 
2,466 
1,155 
5,363 
2,916 
2,985 

2.51 
2.48 
2.87 
2.51 
2.90 
2.87 

91.14 
61.16 
33.15 

134.61 
84.56 
85.67 

978 
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Table 66. Effect of plant residue management and fertilizer on maize yield, Ikenne, Nigeria, 1983 
Fertilizer 
treatment 

Control ................. 

PK ..................... 

NK .................... 

NP ..................... 

NPK ................... 

NPK, Mg, Zn ............ 

Mean ................... 


LSD (5%): 

1978 1979 1980 1981 1982 1983

Ma Ba M B M B M B M 
 B M B 

kg/ha
4,228 3,706 2,864 2,675 2,841 3,055 3,257 3,613 2,507 2,499 2,468 2,055
5,069 4,830 4,493 4,386 4,341 4,080 4,880 5,042 3,632 3,798 3,273 3,895
4,939 4,812 3,016 3,385 3,243 3,601 3,825 4,503 2,788 3,117 2,678 3,254
5,205 4,720 4,360 4,526 5,378 4,857 4,894 5,196 3,948 3,524 3,487 3,410
5,327 5,275 4,454 4,448 5,289 4,936 5,308 5,835 4,056 3,899 3,365 4,229
5,838 5,824 4,316 4,509 4,968 4,724 5,486 5,592 4,105 3,943 4,267 4,669
5,101 4,861 3,852 3,988 4,343 4,208 4,608 4,935 3,506 3,463 3,256 3,585 

I......................... 822 536 802 467 576 
 490
II ........................ 738 764 1,263 741 885 
 762 

aM = plant residue applied as mulch and B= plant residue burned.bl = between fertilizer means.for the same residue management treatment and II = between fertilizer means for different residue 
management treatments. 

C. ensiformis in a pure stand produced a higher
tissue yield than when intercropped with maize, but 
the extra green manure would not compensate for the 
maize yield. 

The second part of the experiment, in which the 
effect of green manure on second season maize was to 
be measured, failed because of poor rainfall. The 
preliminary results reported here indicate that a 
substantial amount ofgreen manure can be produced
by interplanting maize with C. ensiformis. But the 
effect of this practice on subsequent crops has yet to 
be determined.-G.F. Wilson 

Comparison of Mulching With Burning of 

Plant residues are still commonly burned as part of 
seedbed preparation in many farming systems. Two 
trials were started in 1978 on an Alagba series soil 
(Oxic paleustalf) at Ikenne and on an Ultisol (Typic
paleudult) at Onne to determine the long-term effect 
of this practice on soil productivity and crops. The 
trials have a split plot design with four replications, 
Annual burning of dried plant materials before 
planting and mulching are the main treatments and 
various fertilizer rates are the subtreatments. An 
annual maize/cowpea rotation has been used through-
out the period of the trials, 

At Ikenne this year, the maize with mulch showed 
better early growth, particularly in the control plot.
But there was no significant difference in maize yields
between mulching and burning (Table 66). Except in 
the unfertilized plots, burning gave a slightly higher
grain yield in tl other treatments. The results of 
cropping for six years have consistently shown that 
when NK is applied the maize yield in the plots where 
residues are burned is slightly higher than in the 
mulched plots. There has, however, been nu signi-
ficant difference in the mean maize yield between the 
burning and mulching treatments. 

The results of the trial on a strongly acid Ultisol at 
Onne have also shown no significant difference in 
maize and cowpea yields between mulching and 

burning treatments. With application of NPK, Mg
and Zn and biannual application of lime, a high maize 
grain yield of about 4.2 t/ha was obtained with residue 
mulching and burning. The results from the last six 
years indicated that with judicious fertilizer use, 
application of lime at low rates and proper crop
rotation high maize and cowpea yields can be ob
tained on the strongly acidic soil at Onne whether the 
residue is used as mulch or burned.-B. T. Kang,
A.B.M. van derKruijsandJ. van derHengel 

Maize Response to N Fertilizer and Ground 
Cover Management
In the past few years at IITA, research has been 
carried out on the use of live mulches for soil con
servation. The results reported in previous IITA 
Annual Reports have shown that Centrosemapubes
cens and Psophocarpuspalustris are excellent live 
mulch legumes that suppress weeds, provide nitrogen 
to maize crops, minimize soil degradation, contribute 
to higher moisture retention after rainfall, and do not 
adversely affect maize production. 

The 1983 maize yields on an Alfisol that has been 
continuously cropped with a live mulch for five years 
are given in Table 67. As in previous years, maize 
yields were significantly reduced in the conventional 
and no-tillage treatments when no nitrogen fertilizer 
was applied and the crop was weeded once three 
weeks after planting. This was not the case in the live 
mulch plots. 

A parallel study was started in 1981, in which one 
maize crop has been grown each year. The average
maize yields over the three-year period show that live 
mulch has the advantages of no-till but does not 
depress yields, as occurs when no-till maize is grown 
at low levels of N fertilizer (Table 68). It took 90 to 120 
kg/ha of N fertilizer in a conventional tillage system 
to produce an average yield equal to that with 
psophocarpus live mulch at 30 kg N/ha. Although the 
no-till system has been shown to reduce erosion, it is 
known to require more N fertilizer than conventional 
tillage. Preemerge; ce herbicide is needed to control 
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Table 67. Effect ofground cover management and Percent reduction in organic carbon level 
fertilizer on maize yield, IITA, 1983 A B C D 

N fertilizer level, kg/haGround cover 
management 0 60 120 Mean 

t/ha 
Conventional tillage ........ 1.6 2.7 3.1 2.5
 
No-tillage ................. 1.1 2.1 2.9 2.0
 
Maize stover ............... 1.9 3.4 3.9 3.1
 
Arachis ................... 2.4 2.0 3.1 2.5
 
Centrosema ................ 4 3.2 3.2 2.9
 
Psophocarpus .............. 2.8 3.2 3.4 3.1
 

-10
Mean ..................... 2.0 2.8 3.3 


LSD (5%)
 
rert. means for same ground cover .............. 0.9
 
Fert. means for diff.ground cover ............... 1.1
 

Note: Maize was weeded three weeks after planting. 

Table 68. Response of maize to N and soil manage
ment, IITA, 1983 -20 

N fertilizer level, kg/ha 
Soil management 0 30 60 90 120 Mean A Conventional tillage 

t/ha B :No-tlll 
Conventionaltillage... 1.6 2.0 2.1 2.3 2.3 2.1 C entrosemaNo-tillage ............ 1.3 1.6 1.5 2.0 2.0 1.7 


2.4 2.1 	 D PsophocrpusCentrosema .......... 1.6 2.0 2.2 2.5 

Psophocarpus ......... 1.9 2.3 2.5 2.6 2.6 2.4
 
Mean ................ 1.6 2.0 2.1 2.4 2.3 -


LSD (5%) for N means .................... 0.2 n.s. 	 -30
 

weeds in both no-till and conventional tillage, where- Figure 35. Effect of groundcover management on changes 
as live mulching does not require these inputs, in organic matter in the surface soil of continuously 

Figure 35 shows the effect of ground cover manage- cropped Alfisols after two years of cropping, IITA,1983. 
ment on changes in organic matter in the soil surface 
during the first two years of cropping. In the con
vention'ally tilled plots, organic carbon was reduced 
32%, but in the psophocarpus plots little or none of less labor intensive mulching methods is being 
the organic carbon (8%) was lost. Clearly, the live carried out. 
mulch was effective in maintaining organic matter in According to one method, every four rows of 
the soil and was superior to the no-tillage system. The plantains (spaced 2 x 2 m) are separated by an equal 
ability of live mulch to minimize loss of soil organic area planted to a mulch source. In the second systemn .-,ter, maintain high earthworm activity impoe 	 ae lne oamlhsuc.I h eodsse 
ix' ther aitatinigharaton r acrtity, improve each pair of plantain rows (2 m) is separated by 4 m, 
the soil water infiltration rate, and retain more soil the centre 2 m of which is planted to a mulch source. 
moisture after rainfall than conventional or no- The mulch sources are Pennisetum purpureum, 
tillage accounts for the sustained maize yields that Flemingia congesta and Eupatorium odoratum. 
have been obtained with this system in continuous Fertilizer was applied at the same rate as last year 
cropping on an Alfisol.-I.O. Akobundu, B.T. Kang (IITA, Annual Report for 1982). 
and T.L.Lawson 
 Yields of the plant crops and first ratoon and the 

cumulative total are shown in Figure 36. The majorPlantain Research 	 difference between the two arrangements was due to 

Effect of In Situ Mulch on Plantain 	 differences in plant density. The higher yield of the 
control in the second arrangement suggests that theProduction mulch sources were competing with plantains. This 

Although mulch has been shown to have beneficial competition was not observed in the plant crop 
effects on plantains, not many farmers are mulching because the mulch sources were not yet well estab
this crop. The primary deterrent is the high labor lished. Since definite trends have not yet been found 
requirement for procuring, transporting and apply- in the relationship between the plant crop and first 
ing the organic mulches that are usually available to ratoon, no conclusions can be drawn yet.-R. 
tropical farmers. To overcome this problem, research Swennen andG.F. Wilson 
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Response of Plantainsto Mulch The yield responses of "Agbagba" and "Paranta"
and Fertilizer are shown in Figure 37. The plantain plant crop 
Over the past three years, experiments have been responded significantly to fertilizer and mulch and 
conducted on the effects of mulch and fertilizeron two even more so to mulch plus fertilizer. But the yields of 
plantain (Musa sp. AAB) clones "Agbagba" and theratooncropsdeclinedandinthethirdyeardidnot 
"Mimi Abue," and the banana AAA "Paranta." The differ"Paranta"significantlyincreased mulch, fertilizer, andfromwiththe control. The yield of 
treatments were (1) a control with no mulch and no mulch plus fertilizer in the plant and ratoon crops. 
fertilizer, (2) mulch only, (3) fertilizer only and (4) Unlike plantains,the bananasdidnot showdeclining 
mulch plus fertilizer. The fertilizer rates were 300 kg yieln the anas did declin ing 
N/ha and 550 kg k,0/ha applied in six equal appli- yield in the ratoon crops. The yield decline reflectedNcaon over each Oh ppli ing erix a Tualmulch was elephant grass (Pennisetum purpureum)i- the poorer plant survival of plantains compared tobananas (Fig. 38). The giant False Horn "Mimi Abue"
applied two times each year to a total of about 8 t/ha ratooned poorly; less than 20% of the plants survived
(fresh mulch)e to harvest in the first ratoon. This cultivar is not 

recommended for ratooning. 

These results underscore the intrinsic differences 
between plantains and bananas. Where plantains are 

Yield ( t/ha) mulched, fertilizer application may not be necessary,20 _especially for ratoons. Long-term observation of the20 plantain clone "Agbagba" has shown that mulch 
maintains higher productivity than does fertilizer inSYSTEM I SYSTEM 2 ratoons (Fig. 39). With bananas fertilizer and mulch 
interacted positively.-R. Swennen and G.F. Wilson 

Z-j First ratoon 
IM Plant crop 

A Control
B : E. odoratum 

C : F conges$o Yield (t/ha)
 
D P purpureum AGBAGBA 
 PARANTA 

LSD ILSD(5%)T 
io I 

20 -
Mulch - + fertilizer 

16-
Mulch 

5 12

8 

Fertilizer 
401 

A B C D A B C D Cntrol 
Production system =" I 

Figure 36. Effect ofcropping system and mulch type on total Plant First Second Plant First Second
yield (plant crop and first ratoon) of a medium False Horn crop ratoon ratoon crop ratoon ratoon 
plantain, Onne, Nigeria, 1983. LSD(5%) for total yield: Figure 37. Yield decline of plantains (Agbagba) and babetween systems, 5.9; mulch types, 2.4; mulches in the same nanas (Paranta) at four fertility levels, Onne, Nigeria, 1983. 
system, 3.4; mulches in different systems, 5.6. Second ratoon incomplete. 
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Table 69. Results of a minimum tillage trial, IITA,FarmMechanization = 1982 

Tillage Maize Soil penetrometer cone 

index after till., kPaayield,
Long-Term Minimum Tillage Studies Treatment kg/ha 50 mm deep 150 mm deep 

Soil compaction may become a serious problem on Chisel planter ..... 2,309 b 307 b 431 b 
Strip tillage ....... 2,261 b 326 bc 431 b
kaolinitic soils under large scale no-till systems in 

which tractors are used for planting and harvesting. Paraplow, once a 
long-term study on alternative mechanical tillage year ........... 2,734 a 211 a 259a 
lod-tes wstudygn aterinative1mecan ialtig No-tillage, hand... 1,998 c 345 bc 508 c 

methods was begun at ITTA in 1981 on an Alfisol (Oxic Paraplow, once 
Paleustalf, Egbeda Series). The purpose of the study every two years.. 2,661 a 211 a 268 a 
is to test the ability of various conservation tillage No-tillage, tractor. 2,110 bc 364 c 556 c 
practices to avoid or alleviate compaction and allow Note: Means are grouped according to Duncan's Multiple Range 
sustained crop production. Test at the 5%level. 

The following six treatments are being tested in 'The soil penetrometer cone index was much smaller in 1982 than 
field experiments: (1) a continuous no-till system in 1983 because of differences in soil moisture content when the 

using a four-row no-till planter, a 10-m boom sprayer, readings were taken.
 

a broadcast fertilizer applicator, and a sidedress
 
fertilizer applicator; (2) a continuous no-till system season planting, followed by no-till (treatment 1)
 
with hand-operated equipment, including a rolling season plalowed with a
injetio napsck during the next three seasons; (5)(5) planting with a4-n platerpnumaic oom 
injection planter, 4-m pneumatic knapsack boom chisel planter (at a depth of 20 cm) every season; and 
sprayer, and a fertilizer applicator; (3) tillage at a 
depthof25cmwithaparaplowonceayearjustbefore (6) strip tillage 10 cm wide and 13 cm deep with afirs sesonfolowelaningby o-tll treamen 1) rotovator in front of the planter.
first season planting, followed by no-till (treatment 1) The field in which this experiment was established
in the second season; (4) tillage at a depth of 25 cm had been cropped with maize under mechanized no
with a paraplow once every two years just before first tillage, and weeds had been controlled chemically. 

The experiment had a randomized complete block 
design with eight replications. The maize varieties 

Survnig plat (W 
planted in the first season were TZESR-W in 1982 and 

A10 P.TA 

kIC " second season of 1983 was IT 82E-9. All treatments 
F,, ... received ur.iform fertilizer applications at rates of 80-

MIMI AA TZSR-W in 1983. The cowpea variety planted in the 

_- I 50-30 N-P 205 -K20 in 1982 and 90-60-40 in 1983. 
M In 1982 maize yields were significantly higher in the 

C,,tw 
h .two paraplow treatments, which "'rere the same that 

, .year, than the chisel play 9r, strip tillage and no
t yea, Second Frt y yr ye tillage treatments in thatyear Second , Secody ,.'der (Table 69). The soil 

Figure 38. Percentage of plantain and banana plants penetrometer cone index corresponded closely to 
surviving in the plant crop and ratoon crop under four maize yield. 
fertility levels, Onne, Nigeria, 1983. In 1983 there were no significant differences in 

maize yield in the first season and cowpea yields in 
the second season between the chisel planter, stripCumulative yield (/hol 
tillage and the paraplow used every year and no
tillage with manual equipment (Table 70). But yields 

50- with the paraplow used every other year and mechan
ized no-tillage were significantly lower than those of 

40 the other four tillage treatments. The yields ofsecond 
season cowpeas were significantly higher in mini

3o- mum tillage treatments than under no-tillage, as was 
the case with first season maize yields. 

The soil cone index before tillage in 1983 was 
significantly lower in the chisel planter treatment at 

- Fertilized\ all three depths measured than in the other treat
- -- ments. And it remained lower in the plant rows ofthat 

treatment after tillage (Table 71). 

S0 NDJ FMAMJ J ASON DJ FMAMJ J ASO ND FJMAMJ J AS Even though the planters were weighted heavier in 
i---- 1980  i 1981 -i 1982 -I the untilled than tilled treatments, the planters did 

Figure 39. Cumulative yield of unthinned, medium sized not all achieve equal penetration. But the variation 
False Horn plantains with mulch and fertilizer, Onne, in depth is probably not the cause of the lower yields 
Nigeria, 1983. in the no-till treatments. A more likely cause of the 
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discrepancy in yield and plant height at tasselling 
may be soil resistance to root penetration. In 1984 the 
planters will be weighted so as to give equal depth in 
all treatments. 

The paraplow treatment gave the best yields in the 
first year, but its overall effects cannot yet be de-
termined. On compacted soils the minimum tillage 
treatments (the chisel planter, strip tillage and 
paraplow once a year) are expected to continue 
resulting in higher yields than no-tillage.-C. 
Garmanand A.S.R. Juo 

Mechanized No-Tillage in Upland Rice 
A 7-ha field at IITA (Alfisol, Iwo Series) was planted to 
six lines of upland rice under a mechanized no-tillage 
system. Rice was the first crop in rotation with 
cowpeas. Planting was done in early May with a 

rolling injection planter set up on a tool bar for 12 
rows. Spacing was 23 x 23 cm with three to five seeds 
per hill. Fertilizer was applied in three split appli-
cations at a rate of 110-30-30 of N-P-K per hectare, and 
pre- and postemnergence herbicides were applied. Spotsprayind posfeernce herbicidewswreqapied. SptdThe 
spraying of iron chelate at 6 gil was required 30 daysafter sowing to eliminate iron deficiency. 

Establishment and early growth of the rice crop 
were very good, and rainfall was sufficient during the 
first season for the early duration line IITA 257 to 
produce a good yield (2.7 t/ha). The other lines, which 
are of medium duration, were in the heading stage 
during a month-long dry period and so produced low 
yields, ranging from 1.6 t/ha for ITA 135 to 0.4 t/ha forITA 118.-C. Garman,N.NavaseroandJ. W. Gibbons 

Solar Energy 

Preliminary work is being done at IITA on solar 
energy, which has much potential for crop drying,
domestic water heating and photovoltaic 
applications. 

A method for studying the thermal conductivities 
of poor solid conductors in the form of thin flat plates 
was modified to assess the conductivities of two fibers 
from plantain and coir. The results indicate that the 
conductivities of plantain stem fiber vary from 380 x 
10-' to 1,180 x 10-' watts/mOC, those of plantain 

-fruit stalk fiber from 460 x 10-' to 1,380 x 10 ' and 
-those of coir from 290 b vaie fro 120as the 

packing density of the fibers varies from 12 to 350 
kg/m3 . At a packing density of 112 kg/m3 , the fibers , - 4 410 46 1 ad20×0 wts/ Cfo 
10'l 460 x 10' and 290 x 10-' watts/m1C for 
plantain stem fiber, plantain fruit stalk fiber and coir, 
respectively. These data can be used as indices in 
selecting cheap local fibers to replace imported 

exhibited minimum thermal conductivities of 380 x 

insulation materials for solar energy work.suitability of six prototype flat-plate solar 
collectors was tested for solar crop drying and domestcwtrhaig h olcostse eea 
follws: ( fat Te coer, ()t pla 
follows: (A) flat plate with glass cover, (B) flat plate 
with corrugated plastic cover, (C) finned plate with 
glass cover, (D) finned plate with corrugated plastic 
cover, (E) black corrugated galvanized roofing sheet, 
nd (F) fiat plate with corrugated plastic cover and a 

rock bed thermal storage. In temperature, airflow andefficiency tests, collectors C and D performed best,followed by B, A, F and E in that order. On the basis of 

these preliminary results, collector D has been selec
ted for a solar water heater, and a collector that 

Table 70. Crop performance in a minimum tillage trial, IITA, 1983 
First season maize Second season cowpeas 

Yield, Planting Plant ht. Yield, Plant ht.Treatment kg/ha depth, mm 70 DAP, mm kg/ha 30 DAP, mm 
Chisel planter ................................... 4,327 41 a 2,664 a 797 a 341 ab
Strip tillage ................................... 4,256 ab 38 a 2,713 a 794 a 350 aParaplow, once a year .......................... 4,135 abc 39 a 2,775 a 723 a 366 aNo-tillage, hand ............................... 4,042 abc 29 b 2,503 b 545 b 309 c
Paraplow, once every two years .................. 3,997 bc 25 bc 2,515 b 581 b 318 bc
No-tillage, tractor ............................. 3,843 c 24 c 2,352 
 591 b 313 c 
Note: Means are grouped according to Duncan's Multiple Range Test at the 5%level. 

Table 71. Soil penetrometer cone index at various depths in a minimum tillage trial,IITA, 1983 
Before tillage, first season After tillage in plant row 

Treatment 0mm 50 mm 150 mm 0 mm 50 mm 150 mm 

kPaChisel planter ................................ 115 a 489 824 19 105 297
Strip tillage ................................. 201ab 862 a 1,102 a 39a 192 a 441
Paraplow, once a year ......................... 211 b 853 a 1,006 a 43 a 220 a 
 882
No-tillage, hand .............................. 144 ab 795 a 1,006 a

Paraplow, once every two years .............. 163.ab 891 a 1,054 a
 
No-tillage, tractor ............................ 230 b 958 a 1,083 a
 
Note: Means are grouped according to Duncan's Multiple Range Test at the 5%level. 
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combines the high efficiency of D with the storage
properties of F will be used for a solar crop dryer.-
E.A. Baryeh 

Cooperative Development 
On-Farm Adaptive Research 

On-farm adaptive research (OFAR) was begun at 
IITA in 1982. This year several steps were taken 
toward closer cooperation with national research 
systems in OFAR. The objectives of these activities, 
which are supported by a grant from the Ford 
Foundation, are to help national research institutes 
in West Africa develop their OFAR capability and 
begin OFAR programs and to contribute to the 
development of OFAR methods that are suitable to 
this region. 

There is a growing awareness that OFAR can be a 
way of making agricultural research more relevant to 
farmers' needs. But relatively few researchers have 
experience in OFAR, and very little exchange of 
information on the subject is taking place. IITA 
wishes to help remedy this situation by offering 
training in OFAR to scientists and field staff, parti-
cipating in OFAR programs set up by national in-
stitutes and helping to create channels of infor-
mation between groups within and between 
countries. 

Toward this end the following activities are being 
undertaken: visits to institutes and development
agencies to contact potential cooperators, workshops 
for cooperators and research leaders in various 
countriw, training workshops on OFAR methods, 
participation in all phases of OFAR programs in 
various institutes, further development of OFAR 
method,. training of field staff, and national and 
regional seminars and meetings for exchange of 
results and discussion of issues. 

A relatively new approach such as OFAR can only
develop rapidly if its practitioners are continually in 
touch with one another and if national coordinators 
can stimulate such contact. There are now active 
coordinators in Nigeria and Ivory Coast whose work 
is supported by the Ford Foundation. A grant has 
been obtained from the International Development 
Research Centre (IDRC) in Canada to support IITA's 
OFAR projects in Nigeria and Cameroon, which will 
begin in 1984. 

Two- to three-day workshops were held this year in 
Nigeria, Benin and Ivory Coast. At the one in 
Nigeria, an informal network and several work 
groups were formed. The On-Farm Research in Ivory
Coast project, funded by the Ford Foundation, out-
lined its plans, and in Benin OFAR principles and 
concepts were explained to an audience of resear-
chers and developers. 

In March the first regional training workshop in 
OFAR was held at IITA. All the participants, repre-
senting Nigeria, Ivory Coast and Cameroon, were or 
will be active OFAR scientists. Technical assistance 

was provided by scientists at IITA and from the 
Institute of Agricultural Research in Zaria, Nigeria, 
and the Farming Systems Support Project based at 
the University of Florida, U.S.A. The subject matter 
of the workshop was mainly the exploratory phase of 
OFAR, in which surveys are done, available techno. 
logies are screened, and the first round of on-farm 
trials is designed. The primary aim of the workshop 
was to give scientists the minimum of practical
experience that they will need for their own OFAR 
activities. 

Such activitie s were begun in September and 
October by Nigeria's Institute of Agricultural 
Research and Training, National Cereals Research 
Institute and National Root Crops Research 
Institute, which carried out two-week exploratory 
surveys in the southern part of the country with 
support from the Federal Agricultural Coordinating 
Unit (FACU). The three institutes, which used the 
method developed at the March training workshop, 
are now designing on-farm trial programs to be 
started in1984,againwithsupportfromFACU. Based 
on the experience gainedin these field surveys and 
from OFAR projects carried out by lITA scientists 
elsewbpre in Nigeria, a set of guidelines for explora
tory surveying have been drawn up and will be tried 
out in 1984 by scientists in Ivory Coast, Cameroon 
and Ghana. Methodology development, training and 
on-farm research should thus proceed simultaneously
in a joint effort between national research institutes 
and IITA. 

The West African Farming Systems Research 
Network was created in November 1982. In March of 
this year its steering committee met at IITA to draw 
up rules and procedures for the network. In August
and September, the steering committee visited sites 
in Nepal and the Philippines as a guest of the Asian 
Cropping Systems Network. This study tour was 
partly sponsored by IDRC. 

The network's inventory work group started an 
inventory this year of farming systems research 
projects in the region. Other activities have been 
limited by lack of funds. The network coordinator, 
G.O.I. Abalu, has investigated possible sources of 
funding and submitted aproposal to some donors. The 
major event planned for 1983, a second network 
workshop, was postponed until 1984, and funding is 
now being sought for it.--H.J.W. Mutsaers 

Case Studies in OFAR 
Agroeconomic Evaluation of
 
Agroenm ic atioof 
Improvements in a Rice Based System 
Although the lowland rice fields in the Bida ADP, 
Nigeria, have high yield potential, their productivity 
is low because of late planting, laborious methods of 
land preparation (ridging), low plant density and 
poor rice varieties (IITA, Annual Report for 1982).
In continuation of work begun in 1982, factorial ex
periments were conducted at six farms to test six 



improved varieties, two tillage methods and two hill
densities under the farmers' management. 

Changing from ridged to flat seedbeds and increas-
ing hill density from 80 to 150 thousand per hectare 
gave a positive yield response. Because farmers first 
had to plant sorghum on upland fields, the trials were 
planted late, with the result that improved varieties 
at most sites suffered from drought stress. But this 
was not a problem for the shorter duration local 
varieties. At the one site where water management 
was good and irrigation was continued after the rains 
ceased, the yields of improved varieties were 32 to 
40% higher than those of the local control. Where
yields were increased, planting or the flat and in-
creased hill density contributed an extra 800 kg/ha of 
paddy rice to the farmers' yield of 2,203 kg/ha. Gap
analysis showed that 64% of the increased yield was 
due to the change in tillage method and 36% to the 
increased hill density. Both changes were highly
beneficial to the farmers, giving a benefit-cost ratio 
at or above 4.5:1. So that farmers can make better 
use of high yielding rice varieties, experiments are 
now being conducted to determine whether a portion
of the upland fields can be planted to extra-early
sorghum, which can be planted after rice is sown.

In on-farm trials at two sites, cowpeas were grown
in the dry season after rice on residual moisture. The 
cowpea yield was 854 kg/ha at a cost of 60 days of 
labor and $81/ha for insecticide spraying. As shown 
in Table 72, improved rice management and growing
dry season cowpeas substantially improved the re-
turns to labor and capital of the rice based system.
But before these practices can be recommended to 
farmers, they should be retested on a larger scale.-
M.Ashraf,A. Jibrin(BidaADP)and K. Alluri 

Table 72. Estimated gains of improved rice manage-
ment and dry season cowpeas in the Bida 
ADP, Nigeria, 1982-83 

Rice based system with: 

Note: the average farm size was 2ha. 

Improved 

Item 
Bench-

mark 

rice 
manage-

ment8 

Dry 
season 

cowpeas Both 
Farm costs, $/ha ..... 
Farm returns, $/ha: 

1,962 1,989 2,116 2,143 

Gross ............. 
Net after land and 

1,802 2,018 2,263 2,479 

capital .......... 
Net after labor and 

1,514 1,730 1,775 2,138 

land rent ........ 
Net after labor and 

101 290 461 650 

capital .......... 
Net of all costs ..... 

Returns per unit of: 
Land, $/ha ......... 
Capital, $ ......... 
Labor and manage-

-133 
-160 

-66 
0.40 

V 

56 
29 

28 
1.10 

174 
147 

86 
1.50 

363 
336 

180 
2.10 

ment,$/man-days. 6.10 6.90 6.90 7.60 

'Dry season labor was valued at 50% of the normal wage of
$6.75/man-day (1naira = $1.40). 
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Dry Season Cowpeas 
Diagnostic surveys done in cooperation with Bida 
Agricultural Development Project (ADP) agrono
mists and farmers have shown that local cowpea
production is falling far short of demand. During the 
dry season of 1983, agronomic trials were conducted 
at two sites to determine if IITA extra-early maturing 
cowpeas can be grown as a catch crop on residual 
moisture after paddy. Farmers were already planting
small areas of lowland to vegetables and sweet 
potatoes but had not considered growing cowpeas
because the local varieties are indeterminate, late 
maturing types.

At both sites farmers conducted the trials under the 
supervision of project agronomists. Of the four cow
pea varieties tested (IT 82E-60, IT 82E-77, IT 82E-18 
and TVx 3236), IT 82E-60 matured earliest (in 65 days)
and gave the highest yield (854 kg/ha). At the local 
market price of $1.35/kg, the total crop value was 
$1,153/ha for a labor input of 60 man-days, 25 kg of 
seed and two or three insecticide sprayings against
aphids and thrips. The cowpea enterprize proved to be 
reasonably profitable, with a net return to labor of 
about $11.40/man-days during this slack period.

Results from the 1983-84 dry season are not yet
available. But experiments on cowpea establishment 
methods indicate that large lowland areas could be 
brought under cowpea production at minimum costs. 
Introducing this enterprize could increase the mixed 
cropping intensity of the rice/sorghum system to
175% from its present level of 150%.-M.Ashrafand 
A. Jibrin(BidaADP) 

Analysis of Farming Systems 
Productivity of Cropping Systems 
in Central Nigeria 
In cooperation with the Bida Agricultural Develop
ment Project, the cropping systems in the project area
 
were 
described and their overall productivity and
 
returns to farm inputs studied. Data-were collected
 
by the project's monitoring and evaluation staff in
1982-83 from 225 farmers in 15 randomly selected

villages. The purpose of measuring farm productivity
 
was to establish a benchmark for this region of the

Guinea savanna by which the effectiveness of new
 
technologies can be measured. 

The four predominant cropping systems in the
region were found to be (1)rice (lowland and upland),
(2)yam, (3) cassava and (4)cereals based systems. The 
average farm size was over 2 ha. Yam growers 

a lly a d thejust r 2 h. mua he 
usually had the largest faims and those using the
cereals based system the smallest. Total labor input
was also highest in the yam based system, followed by
the rice, cassava and cereals based systems in that
order. The average cost of production per hectare was
$859 to $971, being lowest for the cassava and highest
for the rice based system. Eighty-five percent of the 
total cost was for farm labor, most ofwhich came from
the family. Only 12% went for capital inputs such asseed, fertilizer and farm tools (Table 73). 
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Table 73. Farmcosts and income for the major cropping systems in the Bida ADP, Nigeria, 1982 

Cropping system
Item Rice Yams Cassava Cereals Overall 
Average farm size, ha. ............................... 
Total labor input:

Man.days ............................................. 
Cost, $a............................................... 

Seed cost, $...................................... 
Fertilizer cost, $b................................ 
Annual cost of farm tools, $c............................ 
Land rent,$d .......................................... 

2.0 

248 
1,674 

153 
16 
92 

. 27 

3.21 

365 
2,464 

285 
3 

79
43 

2.1 

239 
1,613 

66 
18 
79
28 

1.3 

147 
992 

86 
9 

77
18 

2.1 

250 
1,686 

147 
12 
82
29 

Total farm costs, $............................ 1,962
Total farm income, $............................. .1,802
Net farm income, $. ............................... 160 

2,874 
3,842 
968 

1,804 
2,427 
623 

1,182 
1,053 
-129 

1,956 
2,281 
326 

Measures of efficiency:
Return Lo land, $/ha .................................... 
Return to capital, $..................................... 
Return to labor and mgt., $/man-day ..................... 

-66 
0.4 
6.1 

315 
3.6 
9.4 

310 
4.8 
9.4 

-84 
0.25 
5.9 

171 
2.3 
8.0 

'TLibor isvalued at the current wage of 5naira ($6.75)/man-day. 
1'rhe fertilizer cost was calculated from the subsidized price of 2 naira ($2.70)/50.kg bag.

cFarm tool costs are for two large hoes, three small hoes, two cutlasses, one ax, three sickles(for the rice based system only), three baskets
 
and two to five sacks. The annual cost of cash capital is charged at a 25% interest rate.
 
"Land rent is placed at 10 naira ($13.50)/ha, although land is not actually rented.
 

Net farm income was negative for rice and cereals millets) was computed this year to serve as a bench
farmers and positive for farmers practicing other mark for measuring the effectiveness of improved
cropping systems. The return to land for the rice and cowpea production packages. The average cost of 
cereals based systems was negative, and the return to production per hectare was estimated to be about 
capital for all systems was extremely low, indicating $530 for cowpeas/sorghum and $575 for cowpeasf 
a need for better seed, improved fertilizer manage- sorghum/millet. The gross crop value per hectare of 
ment and more efficient farm tools. The return to the former was $880 and of the latter $1,050. Of these
labor and management ranged from $6.10 to $9.40 per gross values, fodder made up nearly 40 and 25%, 
man-day, which is about the prevailing rural wage respectively.-M. Ashraf 
rate in Nigeria.-M. Ashraf andA.Q. Gudugi (Bida
ADP) Farmer and Consumer Surveys 

Cowpeas in the Farming Systems of Estimating Farm Income 
Northern Nigeria 
 Estimating farm income is a difficult task because 
Cowpea production in Nigeria, the world's largest farmers have a number of income sources and are 
producer, is concentrated in the North across the reluctant to give out financial information. Another 
Guinea and Sudan savanna zones. These regions, problem is that income is an abstract concept about
having fewer insect pests, diseases and weeds, are which it is not easy to collect data through inter
more favorable to production than the rain forest, views. One common solution is the frequent interview 
where cowpeas are a minor crop. In Kano, Sokoto, approach, in which data are collected continuously
and Bauchi states, farmers grow cowpeas on a large throughout a production year. This approach gives
proportion of their arable land frequently in mixtures a detailed record of cash flow and activities but 
with sorghum and millets, which are the primary is costly and time consuming and does not allow a 
staple foods and also provide hay and stalks for 
animal feed (Tables 74 and 75). 

Farmers' cowpea yields are extremely low and are Table 74. Percentage of farmers' total cropped area 
not adequate to meet the demand of growing urban planted to cowpeas in northern Nigeria,
populations. Because of the low yields, farmers com- 1982-83 
mit only very small amounts ofmanagement inputs to Crop mixture Kano Bauchi Sokoto 
avert losses in food production and farm income. As Cowpeas/sorghum/millets ........ 38 35 32 
the end of the cropping season approaches, they Cowpeas/millets ................ 12 2 3 
divide the crop between grain production and animal Cowpeas/sorghum .............. 8 7 4 
feed. Genetic improvement efforts will have to take Cowpeas/sorghum/millets/
into account the constraints posed by intercropping groundnuts ................... 5 - 
of cowpeas and the multiple uses of the crop. Cowpeas/sorghum/maize ......... - 1 -


The economic value of the two predominant crop Cowpeas/sorghum/groundnuts.... - - 8 
mixtures (cowpeas/sorghum and cowpeas/sorghum/ Total area, % .................. 63 45 47 

http:2.70)/50.kg


large enough sample for comparisons between groups
having different levels or sources of income. For. 
defining target farmers in 0n-farm research pro-
grams, such comparisons are of major importance. 
Social scientists at IITA have therefore adopted a 
single-interview approach for obtaining complex
income information that is exact enough to indicate 
income levels and sources in farm production. The 
method is quite simple, and the forms are precoded so 
the data can be transferred directly to the computer.

Experience with this method in villages near Ibadan 
has shown that the data collected do indicate income 
levels and social stratification. Data from interviews 
about cocoa production were compared with the 
records of purchasing agencies, and the differences
between the two were 10 to 20%. Similarly, little 
difference was found between data obtained through
field observation of the cassava and maize production
of several farmers and that collected in interviews. In 
these interviews the farmers were asked what crops
they had in their fields during the last season, how 
much of each was sold and how much they got for it. 
The average number of crops on a farm was 15 out of 
about 50 grown in the research area. Generally, five 
crops were grown only for consumption; the rest were 
sold. 

Information on inputs, socioeconomic parameters, 
changes in crop production and production problems 
were collected for on-farm research. In the Ilorin 
area, 194 farmers were interviewed, 

Cash income from farm products in the Ilorin 
sample ranged from zero for older farmers to more 
than 5,000 naira ($7,000). The average was 1,700 naira
($2,380). The interviews concentrated on products
sold and did not consider income from other sources 
such as women's food processing, petty trading or 
palm oil production. These other income sources are 
more important in the lower income group than for 
farmers who sell large quuntities of their production.
No details on subsistence production were gathered
in these interviews. Despite these deficiencies, it was 
possible to separate the farmers into five strata with 
computer frequency tables. The 20% of the farmers 

Table 75. Cowpea production and yield in northern 
Nigeria, 1982-83 

Item Kano Bauchi Sokoto 
Area, ha ....................... 2.1 1.6 -1.2 
Area fertilized, % ............... 17 50 41 
Households growing cowpeas, %.. 84 76 88 
Production, kg .................. 321 443 160
Yields, kg/ha: 

Sole ......................... 378 297 106

With one crop ................. 150 296 246 

With two crops ................ 155 264 219
With three crops .............. 215 246 178 

Average ...................... 153 277 217 


Source: These figures are from an agroeconomic survey of 632 
farm households in Kano, 523 in Bauchi and 240 in Sokoto 
conducted by the Agricultural Projects Monitoring, Evaluation 
and Planning Unit, Ministry of Agriculture, Kaduna. 
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Table 76. Proportion of income from farm products in 
different income strata, Ilorin, Nigeria, 1983 

Lowestgroup Highest group
Crop (170 naira (4400 naira) 

percent
Tree crops .................. 17 30 
Cereals .................... 31 20 
Legumes ....................... 2 7 
Tubers............ ......... 
Vegetables ..................... 

22 
25 

25 
15 

Others ......................... 3 3 
Total .......................... 100 100 
'170 naira = $238. b4,400 naira = $6,160. 

having the lowest income were compared with the 
20% earning the highest incomes. 

Farmers with the lowest incomes were older than 
those in the highest group, an average of 52 years
compared to 45 years. The farmers in the highest 
group had, on the average, more crops in their fields 
than those in the lowest group, who concentrated on 
staple foods such as cassava, yams, maize and vege
tables. The average cash sales in the lowest group was 
170 naira ($238) and in the highest 4,400 naira ($6,160).
There were major differences in the proportion of 
cash income from product groups, as indicated in 
Table 76. 

Tree crops are important not only in the forest 
zone, where cocoa, cola, oil palm and citrus are widely 
grown, but also in the savanna, where locust beans,
shea butter, mangos and cashews are important cash 
earners. Maize is grown in the whole Ilorin ADP 
area; sorghum production is expanding in the sa
vanna and decreasing in the high rainfall areas. 
Yams are the most important root crop for the lowest 
income group, whereas cassava earned more than all 
other tubers for farmers in the highest stratum. More 
than half of the farmers in the lowest income group
have reduced their cassava production in the last two 
years, mainly in favor of yams. But nearly two-thirds 
of the farmers in the high income group have expand
ed production of cassava and maize. 

The majority of farmers with low incomes com
plained about low soil fertility but only a few in the 
highest group mentioned this problem. This differ
ence is closely related to differences in land ure rights 
and access to fertile land among farmers in various 
social groups. Informal surveys indicate that there 
arc other factors as well: the risks (posed by seasonal 
bush burning and cattle herding) of using land far 
away from the villages and access to hired laborers,
especially for land clearing and weeding.-P. Ay 

Food Consumption Survey 

A survey was conducted in Ilesa, Oyo State, to 
estimate the level of consumption of selected foods 
from January to April during the dry season. Most of 
the inhabitants of this moderately sized town are
engaged in trading. The survey covered a 10-week
period and included 37 households purposely selected 
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Table 77. Average consumption of selected food items 
In Ilesa, Nigeria, 1983 

Income level 
Lower Upper 

half half Overall 
Number of households .......... 18 19 37 

Family size ................... 7.2 10.4 8.8 

Consumption (kg/week) of: 

Maize ...................... 1.6 2.1 1.9
 
Rice ........................ 4.2 6.1 5.1 

Cowpeas .................... 2.2 3.7 3.0 

Beef........................ 1.7 3.8 2.7 

Chicken .................... 0.5 1.4 0.9
Goat..................... 0.2 0.5 0.3
Fish ..................... .3 1.7 .
 

to represent all income groups. Forty-one percent of 
thesamplehouseholds wereengagedinpettytrading, 
28% had members working in public service depart-
ments, and 31% ran steady businesses or worked on 
contract for the state government. 

Daily records were kept on the quantity of selected 
foods (maize, rice, cowpeas, beef, chicken and goat 
meat, and fish) cooked and eaten. Most families pur-
chased these items daily; few bought enough maize, 
rice and cowpeas to last a week or more. Storage was 
minimal, leading to seasonal food deficits. Consump-
tion patterns depended on what was available in the 
market. And it appeared that the purchasing habits of 
the urban consumecs encouraged and sustained the 
large number of traders in food marketing. 

Average consumptio:n per week for the selected 
foods is given in Table 77. Expenditure elasticity 
(percent increase in expenditure for an item resulting 
from a 1% increase in family income) for maize was 
0.47, for rice 0.51, cow peas 0.84, beef 0.94, chicken 
1.99, goat meat 1.84, and fish 0.68. Consumption of 
maize, rice and fish was relatively inelastic since 
these itemE are an essential part of the diet and are 
consumed regularly. Consumption of cowpeas was 
somewhat more responsive to income increases. The 
high percentages for chicken and goat meat imply 
that consumption of these items rises sharply if 
income increases. Consumption of cowpeas, rice and 
fish was also related to family size. 

These results are consistent with the opinions of 
consumers about the changes they make in their 
consumption patterns as commodity prices vary. The 
percentages of consumers reporting that they would 
increase their consumption of an item if its price 
dropped were 6 for maize, 8 for rice, 11 for cowpeas, 
36 for chicken, 25 for goat meat, 33 for beef and 22 for 
fish. 

The correlation matrix was computed to determine 
whether consumption of some food items was cor-
related with consumption of others. The test showed 
consumption of cowpeas is highly correlated with 
that of rice, maize, fish and chicken. There was also 
a high correlation between fish and rice. Food items 
showing the highest correlation were cooked to-

gether. The most interesting finding of this *analysis 
was that consumption of cowpeas and rice is highly 
influenced by consumption of various meat items, 
which are generally consumed by people in higher 
income groups. Thus, as the income level of urban 
Nigerians rises, so will the demand for cowpeas and 
rice.-M.Ashraf 

Coo perative Research on Plantains 
Solutions to the problems of plantain production in
 
West Africa are being sought through a special
 
project funded by donors such as Belgium's GeneralAdministration for Cooperation and Development 
and the International Fund for Agricultural Develop
ment. IITA is now placing major emphasis on this 
project, the West African Regional Cooperative for 
Research on Plantain (WARCORP), in addition to 
conducting plantain research at its stations in 
Nigeria. 

Through this cooperative scientists in various 
disciplines from Nigeria, Ghana, Ivory Coast, Zaire, 
Gabon, Cameroon and IITA are sharing their know
ledge and experience in research on this major stable 
crop. The cooperative meets annually (usually the 
first week of December) to discuss the results of 
experiments and consider proposals for new experi
ments. Each participant has at least one trial that is 
funded through the cooperatite. Although it is man
datory that these experiments be reported at all 
meetings, participants are encouraged to report on 
all their plantain research. 

This year WARCORP met at JITA. The main topics 
covered were the development, spread and control of 
black sigatoka disease; the effects ofmulch on growth 
and yield of selected cultivars; rapid multiplication 
techniques, with emphasis on tissue culture; and the 
economics of backyard or home compound produc
tion. Participants in the meeting considered the 
relation of WARCORP to other plantain and banana 
researchers in Africa and other continents and ex
pressed support for the development of an Africa
wide research network for plantains and cooking 
bananas and a worldwide network linking African 
researchers with those in Asia, the Pacific islands, 
the Caribbean and Latin America.-G.F. Wilson 

Cooperative Research in Rwanda 

In the Bugesera Region of Rwanda, which is located 
in the southeastern part of the country, rapid popu
lation growth is straining food production capacity 
and social economic infrastructures. This problem is 
compounded by the region's poor, often very acid, 
leached soils. 

Farmers in this region grow a variety of subsis
tence crops-sorghum, cassava, beans, maize, sweet 
potatoes, groundnuts, bananas and other fruits-on 
plots with an average size of 2 ha. In a preliminary 
survey conducted this year on traditional farming 
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systems, labor shortage was identified as the main Table 79. Performance of cowpea progeny lines,constraint of crop production in the region. All farm Karama, Rwanda, 1983operations are done with simple hand tools; no Disease reaction a 
chemical fertilizers are used and pesticides rarely Cowpea Ascochyta Yield,(and even then only on coffee crops). Line scab blight kg/ha. IITA and the Institute of Agricultural Science of TVx 4661(4420) x IET 120-4Rwanda (ISAR) launched a farming systems research (R16) ...................... R MR 1,920program this year-the Bugesera-Gisaka-Migongo TVu 123 x TVu 1190 (R7) ...... R R 1,910project-with support from the International TVx 4661-07E(4420) x IET 120-4Development Association (IDA) of the World Bank. (1115) ...................... 
 R R 1,630The purpose of the project is to identify the pro- TVx 4661.07E(4420) x IET 120-4duction constraints of local farming systems, develop (1117) ...................... R R 1,630
appropriate technologies for overcoming them, and Cross 1-6E-2 x TVx 4661-07E 
test the technologies under farmers' conditions. (4420) ..................... R R 1,450

So far, the project has focused on farming systems TVu 3629 x TVu 754 (2R) ...... R R 1,360(TVu 3629 x TVu 727) x (TVusurveys and evaluation of local and introduced crops 3629 x TVu 410) ............ MR MR 1,205
for yield, stress tolerance, and resistance to insects TK9-110 x TVu 1504 .......... MR S 1,145and diseases. Legumes have been emphasized because TVu 410 x M66TN ............ MR R 920of their potential for improving nutrition and soil TVu 1193-9F x Emma (116) ..... MR R 910fertility in the region. Cross 1-6E-1 x 43-06-2 (R6) ..... S MR 875 
TVx 289-46 x TVx 2027 x (TVxCollection and Evaluation of Cowpeas 33-1J) (R8) ................. S MR 780
M66TN x TVu 3620 x (TVu 410) S R 695The yields of beans (Phaseolussp.), the most impor- IET 120-4 .................... S MR 467tant grain legume of the region, are low and crops Cross 1-6E-2 x SVS ........... S MR 455often fail because of erratic rainfall and poor soil. 5/8/2/2 x TVu 20273 x (TVuDrought tolerant cowpea varieties have been grown 2027) ...................... S R 405in the past but proved susceptible to pests and TVx 1834-1C x M66TN ........ HS MR 350
diseases. TVu 1505 x TVu 1630 ......... HS MR 360
Good progress was made this year in selecting early TVx 1834-4C x M66TN (2R1)....Cross 16E-2 ................ HSHS MR 295
S 287

maturing, stress tolerant cowpea lines (Table 78). .1116 varieties tested in yield trials suffered from scab aMR = moderately resistant and HS - highly susceptible.

disease, ascochyta blight and root-knot nematodes.
 
Scab was particularly devastating and appeared to
 
affect growth, in addition to damaging leaves and
 
pods.
 

In a screening of 105 cowpea lines, 13 were iden
tified that have resistance to scab. The most resistant 

Table 78. Yield of elite cowpea lines in the Bugesera were progeny lines from crosses of TVx 4661-Region of Rwanda, 1983 07E(4420), seed material that was obtained from IITA. 
Kasaga Kasaga (40 KaramaVariety Plateau kgP2O,/ha) Station Average Lines from crosses ofTVx 4461-07E(4420) x IET 120-4

V P kha (1116), TVx 4461-07E(4420) x Cross 1-6E-2 and TVuS123 x TVu 1190 (117) were also found to be moderately 
kg/ha resistant to ascochyta blight (Table 79). The resistant 

TVx 1948-1F .... 1,813 1,630 495 1,313 lines generally yielded more than the susceptibleMwanza ........ 1,780 1,860 
 251 1,297 ones, and many also have qualities farmers prefer,RET-120-3a ...... 1,386 1,323 458 1,056 such as drought tolerance, large seeds and earlyRET-120-4a ...... 1,593 1,313 533 1,146 maturity.RET-120-5a ...... 1,316 1,027 440 927 The most serious constraint of cowpea productionRET-120-8a ...... 1,440 990 629 1,019 in the Bugesera Region is insect damage. Thrips wereRET-129-79a ..... 1,093 1,303 725 1,040 the most berious problem at the Karama Experimer.-,TKx 133-16D-2m.. 963 1,446 593 1,001 Station, where this research is taking place.Cross 1-6E-2 ..... 570 1,403 391 788 Although all 73 cowpea lines tested suffered someCs-3 ............ 1,466 1,593 458 1,172 
 damage from this insect, it was less severe in the
TKx 133-16D-2 ... 907 1,593 418 972TKx 177-01D-2 ... 1,133 1,657 926 1,205 crosses TVx 4661-07E(4220) x IET 120-4, TVx 466 1-TKx 169-25D-1 ... 1,195 1,456 611 1,087 07E(4220) x 1-6E-2, TVu 3629 x TVx 754-(2R) and TKTKx4677014D... 1,570 1,556 640 1,255 9-11D x TVu 1504. The thrips resistance ofthese linesTVx 4661-08E .... 1,500 1,789 509 1,266 will have to be determined through refined screening.
LSD (5%) 347 150C.V., % 226................ 33.5 20.3 367 If they are found to be resistant to thrips as well as to
scab and ascochyta blight, they could greatly im

prove farmers' cropping systems. 
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Potential of Sunn Hemp for Green Manure 
and Forage 
Sunn hemp, a member of the genus Crotalaria,is a 
leguminous crop grown mainly for fiber, although it 
is sometimes used for green manure and forage. A free 
nodulator with a long root system, it can fix 100 or 
more kilograms of nitrogen per hectare. 

Although sunn hemp is indigenous to India, a 
Tanzanian variety was selected for testing because of 
its superior quality as green manure and forage. This 
variety was intercropped with Katumani maize. 
Preliminary observations suggest that competition
between the crops is minimal as long a§ there is 
enough moisture for maize during tasseling.
Experiments in which sunn hemp is relay cropped
with sweet potatoes are also underway to design an 
economical system of improving the soil without 
making heavy demands on the farmers' scarce labor 
resources. 

Sunn hemp proved to be palatable when fed to goats
6 and 18 months old. Those fed rations containing 50 
to 70% sunn hemp gained 2 kg in 16 days, compared tc 
only 0.5 kg for those receiving their usual rations. 

The nitrogen fixing ability of sunn hemp will be 
assessed next season. If successful, the crop could 
greatly benefit small farmers by decreasing the need 
for fallowing and chemical fertilization. Sunn hemp
could be introduced into existing farming systems
without disrupting cropping patterns and would 
provide high quality fodder. 

Guar as a Food and Cash Crop 
Guar (Cyanopsis tetragonolaba(L.) Taub), which is 
native to India and Pakistan, is a heat resistant, 
drought tolerant, deep rooted annual legume that is 
related to soybeans. A valuable cash crop, guar is 
used in a wide range of products, including paper,
cosmetics and ice cream. The green pods can be eaten 
fresh like string beans or dried and salted. Guar 
seedcake and hulls are used as animal feed. 

In eastern and southeastern Rwanda, low and 
erratic rainfall and poor soils have made cash crop.
ping impossible. Guar could become an important
food and cash crop in these semiarid areas since its 
selling price is excellent and few inputs are required 
for its production.

Seventeen varieties were evaluated in the low 
fertility soils of the plateau at Kasaga and on the 
highly fertile alluvial soils at the Karma station. Not 
surprisingly, all varieties performed better at 
Karama; the highest yielder was Katch-8-RG14. It 
also matured earlier, appeared to be more tolerant to 
drought and was less photosensitive than the other 
entries. Pests and diseases were not a problem
perhaps because the crop is new to the area. Breeding 
and evaluation will continue, and management prac
tices will be developed to obtain maximum yields.-
M. Priceand V. Balasubramanian 



Training, International Programs and
 
Research Support 

Training Program 
IITA was established to serve as a center for agricul-
tural research and training. Through its training 
program, the Institute helps prepare agricultural 
scientists to solve food production problems in the 
world's humid and subhUmicl tropics. The Institute 
also trains research workers and extension personnel 
to assist agricultural scientists and transfer new 
technology to farmers. 

A total of' 676 people received training through 
IlTA in 1983, including, for the first time, participants 
fron Antigua, Comores, Kiribati, Saint Lucia and 
Saint Vincent. The numbers and countries of people 
that have received training since the program began
in 1970 are listed in Table 1. The types-of training 
offered by the Institute are described in the following
sections. 

Degree-Related Training 
In the degree-related training program, postgraduate 
students from universities throughout the world 
conduct the field work portion of their degrees at 
IITA tinder the supervision of Institute scientists, 
The program is lesigned primarily to give students 
from the humid and subhumid tropics the oppcrtunity 
to conduct their field work in the tropics with the 
crops, soils and farming systems with which they will 
work upon completion of their degree programs.

During 1983, 32 master's degree students (research 
scholars) fr-om 10 countries and 27 cloctoral students 
(research fellows) from nine countries were engaged 
in research under the supervision of IITA scientists, 
In all, 15 countries were represented, of which 11 
are in Africa, and 18 universities, of which 6 are in 
Africa. 

Vacation Student Research 
Scholarships 
The vacation student scholarship program was cre-
ated to initiate and maintain cooperative relation-
ships with agriculture faculties in Africa, some of 
which have no postgraduate programs, and to iden-
tify promising students and motivate them to pursue 

careers as agricultural scientists. Scholarships are 
awarded to students in the next to last year of their 
first degree programs. During their last long vacation 
as undergraduates, the students carry out field and 
laboratory studies under the supervision of IITA 
scientists. 

Since it began in, 1971, this program has attracted 
nominations from faculties in French- and English
speaking Africa. I)urinp 1983 vacation scholarships 
were awarded to 25 stuclents, representing six coun
tries and six universities of' Africa. The Institute 
remains in touch with former scholars, many of whom 
now have positions in research institutions, uni
versities and international organizations, including 
IITA. 

Non-Degree-Related Training 
Individual programs for research workers and tech
nicians are organized through the non-degree-related
training program. The Institute responds to requests
for training in agricultural technology for employees 
of departments and ministries of' agriculture, uni
versities, agricultural experiment stations, inter
national organizations, and private agencies in the 
humid and subhumid tropics. Training is organized to 
meet the specific needs of each research training as
sociate. Because their individual needs vary widely, 
so does the length of the programs, from one week to 
nine months. 

In 1983 the Institute received into this program 19 
persons representing 10 nations. The participants 
acquired research and technical skills, working 
under the supervision of IITA scientists and 
technicians. 

Senior Research Fellowships 
The senior research fellowship program is for scien
tists from the humid and subhumid tropics who have 
already received their doctorates and wish to refreshtheir research tkills, do library studies and become 
familiar with the Institute's work. Senior research 
fellowships las. up to six months. Four agricultural 
scientists, repi esenting four African countries, parti
cipated in this program during 1983. 
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Table 1. Numbers and countries of participants in ITA's training program, October 1970 through December 1983 

Vacation stu- Research
 
Research Research dent research training


Countries Total scholarsa fellowsb scholars associates Courses
 

Africa 
Angola . ................................ 9 1 8
 
Benin ................................... . 178 
 32 12 7 127 
Botswana ................................ 5 
 1 4 
Burundi ................................ 9. 
 9 
Cameroon ............................. 107 
 10 5 1 17 74 
Central African Republic .................. 16 .. 1 15
 
Chad .................................. 9 1 1 7
 
Comores .............................. .1 
 1 
Congo .................................. 25. 
 3 22 
Egypt ......................... .. ... . 5 1 . 4
 
Ethiopia...............................
 28 1 1 2 24 
Gabon ...... *' .6 6 
Gambia ...............o ...... 118i 1..8..... 
Ghana ............................... 134 10 8 16 . 18 84 
Guinea.......... 40 ..... 5 35 
Guinea-Bissau ................. 11 11
 
Ivory Coast ............................ 33 3, 30'
 
Kenya ................................ 58 2, 3 53

Liberia .................................. 53 3 12 38
 
Libya .................................... 1 1
 
Malagasy Republic ............. ...... 5 5
 
Malawi ..... ...... 22, 1 21

Mali ............. ..................... 53; 9 44 -

M auritania .............................. 10: 
 10"
 
M auritius ....................... ....... 4 
 2 
Mozambique ........................ . 2 1'1

Niger ........... 14 1 13
 
Nigeria .................................... 1,010 18 33 129 48 782
 
Rwanda ........ ............... 14 11.. 
 1 
SaoTome ................................ 9 5 4
 
Senegal ......... ........... 35 , 2 - 33
 
Sierra Leone .... 101 2 17 23 
 59 
Somali Republic ............. 17 1 16

Sudan ................................. 
 1 20 
Swaziland ..................... ..... ;, 2
 
Tanzania ............................. 118 2 2 24 90
 
Togo ................ 5...................2 5 1 44
54 2 

Uganda ............ .................. 52 3 2 6 6 35
 
Upper Volta .................... 51 1 1 1 2 46
 
Zaire ....................... ;........ 120 18 10 15 77
 
Zambia ........................ . 22 
 2 20 
Zimbabwe ............................ 18 13 5 
Total for 42 countries ...................... 2,500 102 .70 204 213 1,911 
Asia 
Bangladesh .............................. 3 1 2 
Japan ................................. 3 21 

"
India .............. ............. 19 2 2 
 2 13 
Indonesia ......... ...... ............. 1 4 11
 
M alaysia ................................ 6 6
 
Pakistan ............................... 2 . .1 1
 
Philippines ........................ 12 2 " 1" 9
 
South Korea .......................... 2 1 1
 
SriLanka ............................... 
20 " . . . 1 .. 2 17 
Thailand 1......................
2 
Viet Nam ............................... 2 2 
Totalforllcountries ..................... 88 5 2 1 15 65 
Australasia 
Australia ............................. " ",3 1 2 
Papua New Guinea ..................... 5 1 4 
Total for 2countries .......... ;... 8 1 2 . 1 4 
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Table 1. Participants in Training, continued 

Vacation stu- Research 
C-Research Research dent research trainingCountries 
 Total scholarsa fellowsb scholars associates Courses 

Europe

Belgium .......................... ... 37 34 
 2
England............. 
 11 6 1 
 2 2
West Germany.............. .......... 17 6 9
Netherlands .................. ........... 12 

2

7 1 
 3 1
Switzerland ................ . ....... 1
Total for 5countries .................... 78 54 
 13 2 3 
 6
 

North America
Canada. ...................................
 2 1
United States ........................ 56 4 4 
 1 4 33
Total for 2couutries ....................... 60, 6 5 
 1 14 34
 
South and Central America
 
Antigua ................................. 1
 
Beliz.........................
:.......
1 
 1
Brazil........................ 
 ..... 17 
 14
Colombia.......................I 
 .....
Costa Rica........... 1
 
Cuba ...............................
 

... 11 
. , 

11
Dominica ...... .......................... 
 1
Dominican Republic..................... 1 1

Guyana ........................ 
 .... . . 3
Haiti .........................
 2 
 2
Jamaica ........................ ........ 
 3
Nicaragua.................. 21
3 
 3
Peru ............................. 
 6 
 1 5
Saint Lucia.................... 
 1
Saint Vincent.............. ........... 1
1

Trinidad.............................. 
 6 
 6
Venezuela ...................... ...... 2
Total for 17 countries ..........,......... 53 1 1 1 

2
 
6 44
 

Pacific Region
Fiji ................................. 
 .2 
 2
Solomon Islands............ ...... 
 1
Tonga..........................

Western Samoa.................. 1
1"1
 
Kiribati.......................1
 
Total for 5 countries...................-
 6 
 66
 
Total for 84 countries 2,793 169 93 209 252 
 2,070 
'Candidates for master's degree or equivalent.
 
bDoctoral candidates. - "
 

Group Courses number of group course participants in 1983 was 600.
 
Group courses on various aspects of agricultural The 27 courses offered this year are described in the
 
technology and production in the humid and sub- following paragraphs.
humid tropics are organized as the need for training Soil and plant analysis (17 January to 18larger numbers of research workers, technicians and February). This course was conducted jointly by theextension supervisors in a particular area becomes Centre for International Programs of the Universityapparent. The demand is currently so great that the of Guelph, Canada, and IITA. It was funded primarilynumber of applications received forcou-ses typically by a grant from the Canadian International Deexceeds by two to five times the number of places velopment Agency (CIDA). The principal objectiveavailable, of the course was to train senior laboratory techTwenty-one courses were offered at IITA's head. nicians in the management, methodology, instruquarters in Ibadan, and six more were held at as many mentation and techniques of soil and plant analysis,locations in Cameroon in cooperation with that with emphasis on soils and crops of tropical regions.country's Institute of Agronomic Research. The total There were 26 participants from 19 countries. 
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Crossing procedures for soybeans (16-17 
February). This short course was conducted for four 
staff members of the Yandev Station of Ahmadu Bello 
University, Nigeria. 

Monitoring on-farm experiments (24-26 
February). In this course seven staff members of the 
Ilorin Agricultural Development Project, Nigeria,
rceivdinrctiin the procedures and require-received instruction in farmers nd 

ments of gathering data in farmer's fields. 

Tissue culture of plantains (28 February to 25 
March). The focus of this course was in vitro meris-
tem culture of Musa sp. and techniques for handling 
in vitro cultured meristems. Six persons from four 
African countries participated. 

On-farm research training workshop (7-18 
March). The participants in this training workshop 
were 20 scientists from national research institutes in 
Cameroon, Ivory Coast and Nigeria who are engaged 
in or want to begin on-farm adaptive research (OFAR) 
programs. The scientists received training in the 
technical aspects of OFAR and other farming systems 
research methods, agreed on a methodology for 
OFAR in West Africa and developed training ma-
terials. The workshop was sponsored by the Ford 
Foundation. 

Cowpea and soybean production (7 March to 1 
April). The primary objective of this course was to 
provide research workers with the practical know-
ledge and skill they need to establish and manage 
field trials and take advantage of improved lines of 
cowpeas and soybeans distributed through inter-
national cooperative trials and nurseries. There were23 participants from 15 countries.Inesvcorentopalotadtur 

Weed control (14-25 March). This course, which 
included 27 representatives of Nigeria's Federal 
Department of Agriculture, covered herbicide 
application, 

Food crop production and extension methods 
(6-15 April). This course was conducted in Kumba, 
Cameroon, by the Testing and Liaison Unit of the 
National Cereals Research and Extension (NCRE) 
Project, a cooperative venture involving IITA, the 
Cameroon Institute of Agricultural Research and 
the U.S. Agency for International Development 
(USAID). The 40 extension agents attending the 
course, which was financed by USAID, reviewed 
basic principles of food crop production and exten-
sion methods. 

Orientation to agricultural research in the 
tropics (11-22 April). The Conseil de l'Entente, an 
organization of Francophone countries in West 
Africa, sponsored this couise on food crop research in 
the tropics. The seven participants, representing four 
member countries, had recently returned from post-
graduate studies abroad. 

Tropical root andtubercrop production(9 May 
to 15 July). The primaryobjective of this course was 

to train research workers and extension supervisors 
in improved methods of tropical root and tuber crop 
production and acquaint them with applied research 
and technology. The course focused on the different 

environments in which root and tuber crops are 
grown in the tropics, on identification of problems, 
and on practical solutions to those problems. 
Working alone and in teams, the 34 participants from23 countries carried out applied research projects, 
which they presented during a farmers' field day. 

They also conducted a week-long intensive course in 
root crop production for 30 extension workers and 
farmers. 

The course was funded primarily by the United 
Nations Development Programme (UNDP) under its 
joint grant, entitled Technology Transfer on Root 
and Tuber Crops, to the International Center of 
Tropical Agriculture (CIAT), International Potato 
Center (CIP) and IITA. 

Soil management in the humid tropics (30 May 
to 17 June). In this course 33 research workers and 
extension supervisors, representing 16 countries in 
Africa and Asia, studied soil management techniques 
for sustained crop production in the humid and 
subhumid tropics. 

Cowpea production (21-23 June). This course 
was requested and sponsored by the World Bank 
Agricultural Development Projects in Nigeria and 
by Pioneer Farms, Ltd., Nigeria. Its purpose was 
to acquaint field and extension workers, of which 
41 participated, with production methods and new 
varieties of cowpeas. 

Intensive course in tropical root and tuber 
crop production (4-8 July). Participants in the 
Institute's course in tropical roots and tubers (dis
cussed above) planned, organized and conducted this 
course for 30 field and extension workers and selected 
farmers served by the World Bank Ilorin Agricultural 
Development Project, Nigeria. The course served as a 
valuable "train the trainer" exercise for those who 
planned and conducted it. 

Engineering design and manufacturing (25 
July to 14 October). Sponsored and conducted by 
the United Nations African Regional Centre for 
-Engineering Design and Manufacturing, this course 
included 15 graduate mechanical engineers from 
African countries and focused on machine design and 
manufacturing techniques for agricultural equip
ment in Africa. 

Gene bank management and seed technology 
(15-26 August). This course was conducted jointly 
by IITA and the International Board for Plant 
Genetic Resources (IBPGR), which also provided 
funding. Its purpose was to provide trained personnel 
for national gene bank programs in tropical Africa. 
Eighteen persons from 13 countries attended. 

Orientation to tropical food crops and farming 
systems research (19-30 September). This course 
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was requested and sponsored by the National Productivity, which sponsored the event. The objec-University of Benin for agricultural students in their tive was to support a program in which students offinal year of academic training. The main objective of cooperative colleges will collect data on group farmsthe course was to acquaint the students with research and assist in technology transfer and adaptive reconducted at IITA and in the humid tropics on food search. There were 14 participants. 
crops and farming systems andidentifying projects for the research portion of theirto assist them in Tropical root crops production and extensiondegrees. There were 29 participants. (December). Five training workshops, sponsored byUNDP, were conducted at various locationsMaize production (5 September into .9 Cameroon by the Cameroon National Root CropsDecember). The objective of this course was to train Improvement Program. Designed for extensionresearch workers and extension supervisors in im- agents and research technicians, the course was partproved methods of maize cultivation and experimen- of an effort to build an efficient pre-extension systemtation and to acquaint them with applied research and establish links between extension and researchand production technology. The course focused on workers so as to improve technology transfer and theidentification of and practical solutions to problems flow of information from farmers to researchers. In allin the different maize production environments of 110 persons attended the workshops.

tropical Africa. The 25 participants, representing 17

countries, also planned and conducted a farmers' International Programs

field day and week-long intensive course for Nigerian

extension workers. 
 IITA and its sister institutes can perform no greater

Plantain production (3-28 October). Offered for service than to help national programs strengthenthe first time, this course covered new methods of their capacity to bring technical solutions to bearplantain production and research objectives, tech- upon agricultural problems. The Institute continuedniques and findings. The 19 participants, represent- rendering this service in 1983 through its Office ofing 12 countries, were research workers and exten- International Programs, which manages numbera
sion supervisors of plantain improvement projects in of mandated or core-supplementing projects andthe tropics. cooperative projects. (For brief descriptions of these 

projects see JITA, Annual Report for 1982.)Tissue culture of tropical roots and tubers (31

October to 18 November). 
The objective of this Project Evaluations 
course was to familiarize research workers with
simple tissue culture techniques and in particular to 
 One of the grant conditions of all IITA's cooperativetrain them in safe handling and testing of tissue and core-supplementing projects is that they beculture material upon its arrival in the recipient reviewed periodically to assess progress in the decountry. The course was funded with a UNDP grant, livery of inputs, creation of outputs and accomplish-There were seven participants from six countries in ment of the projects' objectives. In 1983 two cooper-Africa, Asia, and Central and South America. ative projects-the National Cassava Research 

Intensive course in maize production (28 Program (PRONAM) in Zaire and the National
November to 2 December). This course was plan- Cereals Research and Extension (NCRE) Project in
ned, organized and conducted for field and extension Cameroon-and one mandated research project, thestaff of Nigeria's Federal Ministry ofAgriculture and High Yielding Varieties Technology (HYVT)
World Bank Agricultural Development Projects by Project, were evaluated.
 
the participants in this year's maize production
 
course (see description above). The 35 participants PRONAM
 
were brought up to date on maize research, pro-
 The purpose of PRONAM is to assist Zaire's nationalduction and extension. cassava program in developing its capacity for adap-

Postharvest food loss prevention (28 tive and applied research to improve cassava yield,November to 16 December). This course,was sponsored by the which increase its disease and insect pest resistance, andFood and Agriculture improve its nutritional status. The project has alsobytheFoodandAgrculurewas ponoreOrganization, familiarized 30 crop storage extension enabled agriculturalag workers from Zaire to receivee rm, ricetra r and dgre -rece d
and training officers with improved techniques for short-term, in-service trainatg and degree-related
harvesting, drying, storing and controlling insects inthe major tropical cereal, grain legume and tuber training at IITA.In a report of its findings, the team that reviewedth o tthis project noted the good progress that has beenmade since 1974 in identifying disease and insect pestResearch methods and survey techniques in resistance among cassava clones selected from seedcooperatives (12-16 December). This workshop lings. Several clones with high yield potential andwas conducted for cooperative college teachers and good quality are being tested, and two were releasedstaff members of Nigeria's Ministry of Agriculture to farmers in 1983. Adaptability testing and on-farmand Ministry of Employment, Labor and demonstrations have been carried out with the most 
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promising clones since 1980. Master's degree training 
has also progressed satisfactorily. Seven people have 
received their master's degrees, and others are con-
tinuing with their training programs. One Ph.D. 
student completed his studies in 1983 and returned'to 
PRONAM to replace the expatriate plant breeder.Although the program has had successes, it has not 
been without problems. Among these are the difficult 
beenthouicproble. and poortrartionand 
socioeconomic setting aor transportation 
marketing facilities. For these reasons PRONAM 
will inevitably be a long-term project and even then 
will lead to a self-sustaining national program only 
if the government alters some of its gricultural 

The review team recommended that PRONAM be 
oTined pree ayam prtom d hatroar b,

continued, preferably as part of a broader multicrop,
multidisciplinary project. This recommendation has 
already been acted upon, and in the future the project 
will deal with the major annual crops grown in 
rotation or association with cassava. In this newprjet teteam suggested that special attention be 
project, th eam sfgeaentaing al i tpron be 
given to means of maintaining and improving soil 
fertility, especially in savanna areas. The evaluators 
also stressed the need to conduct more socioeconomic 
studies on which to base introduction of new techno-loisand urged PRONAM to develop strategies for 
logies andured syste esa, 
extension and farming systems research. 

NCRE 
IITA's role in the NCRE project, which is an integralpat ofCaeroln nstitte roctnwic sea gral 
partof Cameroon's nstituteforAgronomic Research
(IRA), is to improve the national research capability 

in crop improvement and to accelerate staff develop-
ment in research and technology transfer. The pro-
ject consists offour units: (1)maize improvement and 
agronomy, (2) rice improvement and agronomy, (3) 
sorghum and millet improvement and agronomy, and 

The evaluation team found NCRE to be an out-
standing program and commented that it had made 
remarkable progress during its two years ofexistence 

in denifingvaietesthat perform well under thein identifying varieties tat formelo nd in 
varied agroecological conditions of Cameroon and in 
tiple cropping systems. These varieties and practices 

are being tested under small-farm conditions by the 
TLU, which also works closely with Cameroonian 
extension agencies in taking research results to
farmers. 

The evaluators cited six reasons for NCRE's suc-
cess so far: (1) there was a great need for intensified 
cereals research in Cameroon; (2)overall, the project 
was wei conceived; (3) the Cameroonian government 
has strongly supported the project; (4) USAID has 
provided considerable funding and leadership; (5) 
IITA has assembled a highly capable staff to work 
with Cameroonian scientists; and (6) the country's 
farmers and other agriculturists have been very 
receptive to research results. 

HYVT 
The HYVT project was initiated to compensate for 
shrinking core funds and maintain the tempo of 

s r edingor n maintaice temp af 
IITA's breeding work on maize, rice, cowpeas and 
soybeans. This work ly integrated theeachis intoInstitute'score research. Its objectives are to develop 
elite germplasm that is suited to the diverse ecologies
ofAfrica and to ensure the flow ofthis germplasm intonational programs for testing and adaptation. 

The evaluation team's unanimous conclusion was 
that this project has made remarkable progress in 
meeting its objectives for each crop. It noted that a 
number of high yielding, disease and insect pest 
resistant varieties have been developed and are being
tested in farmers' fields. The team further commented 
that the 20 technicians and 8 degree candidates who 
have received training under this project "represent 
an important gain in human resources that can be 
an ort he bni t of ropi caAfri ca 
mobilized for the benefit of tropical Africa."Here are some specific conclusions the team 
reached about research on each crop. After touring 
maize projects at several sites in northern Nigeria,
the e ts a re n the rnropria , 
the evaluators remarked upon the appropriateness of 
concentrating on this region, in view of the growingimportance of maize in the savanna. They found the 
trials to be extremely well managed and recom
mended that the work be further diversified to include 

additional insect pests and diseases. 
Their conclusion about rice work at the Institute's 

substation at Onne, Nigeria. was that "a lot of ground 
had been covered in a short time" in the search forsolutions to the production problems of the high-, 
rainfall region. The team urged that after on-station
evaluation of rice cultivars testing should be carried 
outlat oth e ctis tin doude igrii 
out at other locations within and outside Nigeria in 
cooperation with national programs.

The evaluators observed cowpea and soybean trialsin the northern savanna region of Nigeria. They 
commented that the white-seeded 60-day cowpea and 

the variety TVx 3236 are outstanding in yield and 
plant type and could significantly increase pro
duction and bring down the cost of cowpeas to 
consumers. The team also acknowledged the achievement of the soybean breeding team, which has pro
duced varieties with good storability and the ability 
to nodulate with indigenous rhizobia. Some of these 

varieties are being tested in nationally coordinated 
variety trials and are likely to be released in Nigeria 
as commercial varieties. This work has attracted thenotice of oil mills in northern Nigeria, which are
hwn neeti ucaiglclypoue 

showing interest in purchasing locally produced 
soybeans for processing, and it has also stimulated 
soybean research programs in Nigeria and other 

New Projects 

In 1983 two new projects got underway in Rwanda, a 
cassava and sweet potato improvement program and 
aproject for research and training in food crops ofthe 



country's savanna region. Under the former an IITA 
root crops breeder, posted in Rwanda, is working
closely with scientists in the national research sys-
tern to develop high-yielding varieties and improved
cultural practices. He will also assist in the develop-
ment of a training program for Rwandaise scientists 
and later will help coordinate efforts to establish a
network ofresearchers working on cassava and sweet 
potatoes in East Africa. 

The aims and activities of the second project are to 
evaluate local varieties of cassava, sweet potatoes, 
cowpeas, soybeans, maize and sorghum, conduct 
agronomic trials with these crops, evaluate soils, 
carry out on-farm testing of new technologies, and 
develop packages of recommendations for the exten-sion service. The project provides IITA with an 
excellent opportunity to verify technologies de-
veloped under another cooperative venture, the 
Semi-Arid Food Grains Research and Development
(SAFGRAD) Project in Upper Volta, and to expand
research in the semiarid environme.nt to inc'ide 
mandate crops not dealt with by SAFGRAD. 

Research Support Units 
Farm Management 
The Farm Managementstaff manages IITA's 1,000.ha
research facility at Ibadan, its 80-ha high-rainfall
substation at Onne and 32-ha midrainfall station at 
Ikenne. Cooperating with national research stations, 
the staff also provides support at locations in north-
ern Nigeria to enable IITA scientists to grow trials 
under various climatic conditions and soil types. An 
additional task carried out by Farm Management in 
1983 was to assist IITA cooperative projects in Upper
Volta, Zaire and Cameroon in developing and improv
ing their research facilities. 


Mechanization of field operations has been emphasized over 
the years because of the increased 

accuracy obtained and the extremely high cost of 

labor in Nigeria. The most important advances made 

in 1983 were mechanization of cowpea harvesting and 

upland rice planting. Cowpeas were harvested on a 

commercial scale by cutting and windrowing and 
then threshing with a Brazilian-manufactured pick-
up combine specially designed for cowpea harvest-
ing. Seed loss and splitting were minimal with this 
method, which shows promise for commercial farm-
ers in Africa. No-till cone seeding of upland rice trials 
was begun in 1983 and showed considerable promise
for saving funds. 

Research staff have been encouraged to use zero 
tillage in planting trials, and this system is now used
almost exclusively in planting cereals (except swamp
rice), grain legumes and cassava. 

Approximately one third of all research land was 
fallowed during the year with a cover crop of Mucuna 
utilis, which protects the soil, controls weeds and 
promotes buildup of organic matter. 

Research Support 203 

A bulk seed handling unit was completed in 
November of 1983 for drying, threshing, cleaning,
grading, dressing and packeting cereal and grain
legume seed. This unit, which includes an air
conditioned seed store for medium-term storage, will 
be instrumental in improving the quality of seed 
distributed by IITA. 

Installation of three new diesel-driven water 
pumps in a new building was completed this year.
These pumps provide reliable irrigation on 40 ha of 
dry season research trials and 6 ha of rice paddies.
The standard overhead sprinkler irrigation system
used at IITA has been supplemented by irrigation
travellers mainly on maize hybrid seed multiplication 
fields. 

The University of Ife this year agreed to provide an 
additional 8 ha of land for the Institute's Ikenne
substation and granted right of occupancy for 10 
years. Development of this station continued in 1983 
with road construction, land grading and drainage
installation. Two deep wells were drilled, one by IITA 
and the other by the Nigerian government to provide
w',ater for irrigation, which will be installed in 1984. 
Since the irrigation will require more work to be done 
at this site, a living unit consisting of five Porto
cabins has been purchased. This unit will provide 
living accommodations for a farm supervisor and two 
bedrooms for visiting scientists.The Farm Management staff supported research 
work in the savanna zone of Nigeria at Mokwa, Ilorin 
and Zaria, using a mobile mechanization unit, which 
does land preparation, planting, spraying, harvest
ing, etc. 

Staff members also contributed to all major train
ing courses and trained students in farm management
and mechanization. The staff also conducted many
field tours and received numerous visitors. 

Genetic Resources Unit 
Plant Exploration and Collection 
Plant exploration, suspended since 1981, was re
sumed in 1983. In an exploration trip to southeastern 
Nigeria, a total of 48 germplasm samples were gath
ered: 8 of cowpeas, 4 of wild Vigna, 1 of wild 
legumes, 33 of Asian rice and 4 of wild Oryza. The 
Genetic Resources Unit also received donations of66 
samples of cowpeas, 124 of rice, 93 of Bambarra 
groundnuts and 254 accessions of other crop species
from its cooperators. Twenty-four of the 66 cowpea
samples were received from the International Board 
of Plant Genetic Resources (IBPGR), 14 from India 
and 24 from the United States. Thirty-one of the 
rice germplasm samples were provided by the 
International Rice Res irch Institute (IRRI),
Philippines, and 93 by IBPGi,. All other crop samples,
totalling 254, were provided by IBPGR. 

At the end of 1983, the unit held a stock of 11,509
accessions of cowpeas, 7,585 of rice (0. salivaand 0. 
glaberrina),1,350 of soybeans and 1,250 of Bambarra 
groundnuts (Tables 2 and 3). 

http:1,000.ha
http:environme.nt
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Germplasm Distribution 

The unit responded to a total of 180 requests s year
from 25 countries for a total of 9,846 samples of 

germplasm; 94 requests were for cowpeas, 20 for rice, 
11 for soybeans and 55 for other legumes. From IITA 
scientists there were 43 requests for cowpeas, 9 for 
rice, 8 for soybeans and 12 for miscellaneous crops, 

Table 2. Cowpea germplasm currently available at 
IITA 

Country Number of Country Number of 
oforigin Accessions of origin Accessions 
Benin ............ 277 Tanzania .......... 370 
Botswana ......... 14 Togo.............. 75 
Cameroon ......... 
Egypt ............. 
Ethiopia .......... 

469 Uganda ........... 
345 Upper Volta ....... 

6 Zaire ............. 

70 
197 
15 

Ghana............. 278 Zambia ........... 250 
Ivory Coast. . ...... 129 Zimbabwe ......... 7 
Kenya ............ 52 Yemen ............ 20 
Liberia ........... 9 India ............. 1,935 
Malawi ........... 322 Brazil............. 32 
Mali .............. 177 United States ...... 799 
Niger ............. 
Nigeria ........... 
Senegal ........... 
Somalia ........... 
Sudan ............ 

700 
2,492 

17 
3 

46 

Selection from 
mixture ......... 

Other countries .... 
Unknown ......... 

719 
331 

1,245 

South Africa ....... 108 Total ............. 11,509 

Table 3.Rice germplasm currently available at IITA 
Country of origin Oryza g'aberrima Oryza sativa 
African countries 
Benin ..................... 0 28 

Cameroon .................. 65 79 

Chad ....................... 15 21 

Egypt ...................... 2 128 

Ghana ...................... 27 82
 
Gambia ..................... 39 295 

Guinea Bissau............... 22 61
 
Guinea ..................... 64 214 

Ivory Coast ................. 83 598 

Liberia ..................... 644 802 

Madagascar ................. 0 414 

Malawi .................... 1 279 

Mali ...................... 73 6
 
Nigeria ..................... 771 775
 
Sierra Leone ................ 27 311 

Senegal .................... 73 530 

Tanzania ................... 3 267 

Upper Volta ................. 36 47 

Zambia ..................... 0 280 

Zaire ....................... 1 49 

Non-African countries 

Brazil ...................... 0 84 

Bangladesh ................. 0 30 

Colombia ................... 0 5 

India ..................... ..0 16
 
Philippines ................. 0 27 

Others ..................... 0 211
 

Total 1,946. 5,639 
_rice 

totalling 8,665 germplasm accessions or 88% of the 
overall distribution by the Genetic Resources Unit.
The unit also provided rice germplasm materials to
toOIRIsiue,39acsin fArcnrc 
to IRRI and 250 African traditional and improved 
cultivars of 0.saiva to the International Center of 
Tropical Agriculture in Colombia. 

Germplasm Evaluation 
A total of 7,400 cowpea germplasm accessions were 
evaluated for resistance to Marucatestulalisand pod 
bugs at Mokwa, Nigeria, and sources of moderate 
resistance were identified. The results of this work 
are reported in the section on grain legume improve
ment. The great majority of the germplasm ac
cessions, most of which are traditional cultivars, 
were seriously damaged by various insect pests at 
Mokwa. When grown as a sole crop, these cultivars 
cannot produce pods without insecticide spraying in 
areas where insect pest pressure is high. Develop
ment of resistant varieties should greatly increase 
the yields and reduce the costs of cowpea production
in Africa. 

Five hundred accessions of rice germplasm col
lected in the high rainfall region of Central and West 
Africa were selected by the unit from its gene bank 
and given to rice scientists to be screened for re
sistance to diseases prevailing at IITA's high rainfall 
substation at Onne and for thick root characteristics. 
These materials were previously screeneA by the unit, 
and most were found resistant to leaf blast and some 
to rice yellow mottle virus. 

During 1982 a rice entomologist identified 32 ac
cessions of rice germplasm that are resistant to stem 
borer from over 750 accessions provided by the unit. 
Fifteen of these accessions were confirmed as being 
resistant to this pest, most of these being 0. glaber
rima,the species that originated in West Africa. 

Germplasm Characterization 

A total of 1,290 accessions of cowpeas were character
ized for up to 29 characters and over 900 accessions of 
rice for up to 41 characters. The seed coat color 
of over 6,000 accessions of cowpeas was also 
characterized. 

Multiplication and Rejuvenation 
During the year about 3,500 accessions of cowpeas, 
1,000 of rice and 350 of soybeans were multiplied 
or rejuvenated because the stock was depleted or 
the seed viability was low. Over 500 new cowpea 
germplasm samples and 1,138 new rice germplasm 
samples were multiplied and given IITA accession 
numbers. By the end of 1983, the number of cowpea
germplasm accessions had reached TVu 13,000 and of 
rice accessions TOs 12,200. 

Long-Term Seed Conservation 

To date over 2,000 accessions of cowpeas and 1,000 of 
have been tested for seed germination for long
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Table 4.Viability of soybean seed after storage, IITA, 1983 

Initial 

Storage temperature, *C 
Moisture 

content 
germination 
percentage 

Germination percentage after storagea
4 months 8months 12 months 17 months 

TGm 479
32 ................... ... ......... 
32 .................. .......... 
32 .... ?, ........................ 
5................... 
5........ ........ ......5............................... 
-20 ...... . ...... ......... 

6.0 
11.0 
14.8 
6.0 

11.0
14.8
6.0 

90 
90 
90 
90 
90
9090 

77 
7 
0 

88 
80
6991 

56 
33 
0 

78 
67
4983 

43 
30 
0 

69 
44
263081 

47 
29 
0 

71 
47 
83 

-20............... ............. 
-20 ...................... ..... 

11.0 
14.8 

90 
90 

91 
89 

71 
62 

72 
53 

71 
52 

TGm 579 
32 ................................ 
32 ............... ... 
32 ............. ......... ...... 
5............................. 
5.................................... 
5......... ...-20 ................................. 
-20 ................................. 
-20 ................................. 

7.0 
14.0-

16.0 
'7.0 
14.0 
16.0
7.0 

14.0 
16.0 

97 
97 
97 
97 
97 
97 
97 
97 
97 

93 
58 
4 

91 
91 
64
100 
103 
102 

90 
0 
0 

93 
54 
39
97 
56 
43 

71' 
0 
0 

80 
40 
49
93 
62 
58 

_62 
0 
0 

82 
41 
43
95 
59 
57 

'Computed as a percentage of initial germination. 

term conservation. Only those with a germination 
percentage above 87 were dried to less than 7% 
moisture content before being sealed in aiuminum 
cans for long-term storage at -20"C. By the end of 
1983, a total of 1,285 accessions of cowpea seeds and 
865 of rice had been stored in 3,840 and 1,066 cans,
respectively. In addition, about 1,350 accessions of 
soybeans and 500 of West African rice were stored in
deep freezers in aluminum foil packets.-N.Q. Ng 

Seed Longevity Studies 

The main concern of germplasm conservation is to 
prevent loss of seed viability by identifying storage
conditions under which seed longevity is prolonged 
as much as possible. The longer the seeds can be kept
viable, the less frequently will they require reju.
venation and the more effectively will the genetic
integrity of the germplasm be maintained, 

To gain a better understanding of the influence of 
genotype, temperature and moisture content on seed 
longevity, experiments were begun in 1982 with seeds 
of two soybean (TGm 479 and 579) and three cowpea
cultivars (VITA-1, VITA-4 and VITA-5) stored under 
various combinations of temperature and moisture 
content. Soybean cultivar TGm 479 is reported to 
have poor seed storability. 

All the soybean seeds were provided by the soybean
breeding program from harvests in October and 
November 1981; the three cowpea cultivars were
produced by the Genetic Resources Unit during the 
same season. All seeds were kept under ambient 
conditions for three to four months after harvesting
and drying. The germination of all five cultivars was 
above 90% when the investigation began. 

Seeds were conditioned to moisture contents of 6 to 
16% for soybeans and 7.26 to 15.71% for cowpeas
either in a room dehumidified by silica gel or in a 
moist atmosphere of almost 100% relative humidity.
The moisture content of the seed was maintained by
hermetically storing it in sealed alunmiinum envelopes
containing 100 seeds. Between 6 and 15 packets of 
seed with a constant moisture content were stored at
each of three constant temperatures: -20'C (deep
freezer), 5°C (refrigerator) and 32°C (drying room).
The packets ofseeds were withdrawn from storage at 
regular intervals and all seeds were tested for ger
mination (one packet per test divided into two 
replicates) between moist rolled paper towels at a 
temperature of29°C + 2°C in a seed germinator.

The seed longevity of all cowpea and soybean
cultivars deteriorated faster at the higher moisture 
content and at higher storage temperatures (Tables 4 
and 5). The storage temperature and moisture con
tent combined had an even more pronounced effect on 
seed longevity. For instance, TGm 479 dropped from 
an initial seed germination of 90% to 0% in only four 
months of storage at 32°C and 14.8% moisture con
tent, whereas the same seed lot retained around 83% 
of its initial seed viability during 17 months ofstorage
at -20'C and 6% moisture content. But when the 
seed was stored for 17 months at -20'C and 14.8% 
moisture content or at 32'C and 6% moisture content,
only about 50% of the initial seed viability was 
maintained. 

The study also revealed that seeds of different 
genotypes differ in longevity when stored in similar 
environments. TGm 479 deteriorated faster than TGm 
579, and their differences in percent seed germination 
were significant after 12 months of storage. 
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Another finding of the experiments was that both the rate of seed deterioration under storage. It was 
the storage temperature and moisture content have noted, however, that soybean seed loses its viability
about the same effect on cowpea as on soybean seed at an alarmingly rapid rate. The seed germination of 
longevity, although it appeared that cowpeas had TGm 479 dropped by more than 5% from an initial 
greater seed longevity than soybeans. For instance, seed viability of 90% in less than 4 months of storage
VITA-1 and VITA-5 had a seed moisture content of at -20'C and 6% moisture content. The germination
14.22% and 14.32%, respectively, or about the same as of TGm 579 dropped by 5% after 12 months of storage
the soybeani variety TGm 579 (14%), but they could be at -20'C and 7%moisture content. 
stored at 32C fr r more than 10 months, compared to 4 The IBPGR's panel of experts have recommended 
months for TGm 579, before their seed viability that when a seed lot drops 5 to 10% in germination
dropped to 0%. Their storage life in this environment from its initial seed viability, then it should be 
was at least twice that of TGm 579. regenerated as soon as possible Our practice is to 

In these studies deterioration of both soybean and regenerate an accession when tht germination per. 
cowpea seeds was greatly reduced when they were centage of the seed lot becomes less than 85. Thus, we 
stored at low temperature (-20'C) and low seed may have to regenerate.TGm 479 or other soybean
moisture content. Within the range of seed moisture cultivars with similar seed longevity once every year
contents and storage temperatures investigated in if we cannot maintain higher initial seed viability
these studies, it appeared that the lower the seed (above 90%) before storage. Further investigation
moisture content and storage temperature, the lower into the storability of this genotype at a lower 

Table 5.Viability ofcowpea seed after storage, IITA, 1983 

Storage temperature, 0C 

Moisture 
content, percent 

wet basis 

Initial 
germination 
percentage 

8 
months 

Germination percentage after storagea 
10 12 16 19 

months months months months 
23 

months 

VITA-1 
32............................ 
32 ........................... 

7.51 
8.51 

93 
94 

89 
85 

75 
79 

73 
66 

75 
76 

73 
77 

82 
-

32............................ 14.22 99 42 35 0 1 0 -
5 ............................ 7.51 93 90 93 94 95 84 -
5 ............................ 8.51 94 83 77 92 94 77 -
5 ............................-20 .......................... 14.227.51 9993 8199 6399 5399 6197 6397 --

-20 ....................... 8.51 94 97 96 98 96 96 -
-20 .......................... 14.22 99 91 85 81 83 81 -

VITA-4 
32......................... 7.38 98 88 77 85 88 86 71 
32................ .... 
32....................... 
32................... 

8.54 
12.46 

15.45 

92 
96 
98 

89 
75 
84 

89 
63 
63 

76 
68 
60 

. 87 
54 
16 . 

85 
49 
14 

88 
60 
0 

5....................... 7.38 98 83 86 94 92: 94 80 
5......................... 
5 ............................ 

8.54 
12.46 

92 
96 

96 
90 

87 
73 

94 
71. 

93 
75 

'94 
73 

59 
71 

5........................ 
-20........................ 
-20 ....................... 

15.45 
7.38 
8.54 

98 
98 
92 

97 
95 
97 

88 
94 
97 

82 
96 
98 

76 
96 
99 

76 
96 
98 

80 
89 
87 

-20 ......................... 12.46 96 94 78 83 83 83 60 
-20 .......................... 1.45 98 92 87 87 88 90 83 
VITA-5 
32 .............. ....... 7.26 97 96 91 89 87 81 93 
32............ ... .... 8..8.46 99 95 91 85 91 92 92 
32 ... 
32........................ 

14.32 
15.71 

98 
98 

94 
37 

74 
31 

69
0 

12
0 

25
0 

0
0 

5...................... 
5 ............. ........... 
5 ............. ....... .... 

7.26 
46 

14.32 

97 
99 
98 

98 
98 
92 

93 
97 
77 

96 
94 
82 

93 
95 
84 

92 
94 
76 

96 
97 
80 

5........................ 
-20 .......................... 

15.71 
7.26 

98' 
97 

85 
96 

46 
99 

62 
99 

80 
99 

71 
98 

87 
95 

-20 ....................... 
-20................ .. ... 

8.46 
14.32 

99 
98 

99 
94 

99 
90 

95 
80 

97 
80 

95 
82 

81 
86 

-20 ...................... 15.71 98 92 61 53 71 76 84 
'Computed as a percentage of initial germination. 
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moisture content may be useful. The influence of Number of external users per year

prestorage conditions and field weathering on seed 3,000
 
longevity should also be investigated.-N.Q. Ng and
 
A.A. Osunmakinwa 

Biometrics Unit 
A new biometrician joined the staff at IITA in
 
November 1983. His main duties are to consult with 
 2,000
scientists and research scholars on designs ofagricul
tural field experiments and to review proposed de
signs before the experiments are carried out. To
 
centralize experimental data, a data analysis service
 
and an intercropping data bank are planned for 1984.
 
Research on the statistics of intercropping is in
 
progress in cooperation with the Department of 1,000

Applied Statistics, Reading University, United
 
Kingdom.
 

GENSTAT (release 4.04A), a statistical package

developed by the Department of Statistics, Rotham
sted Experiment Station, United Kingdom, was in
stalled recently on IITA's Vax 11/750 computer 0
 
system. GENSTAT is a very comprehensive data 1977 
 78 79 80 81 82 83management and statistical analysis system. It is Figure 1. Use of the IITA Library and Documentation
well suited to IITA because the Institute's field ex- Center by non-IITA staff.

periments require relatively complex designs owing
 
to the great heterogeneity of African soils. The
 
biometrician plans to give seminars on the use of
 
GENSTAT for scientists and research scholars at

regular intervals in 1984. reprints on specialized subjects such as yams, plan

tains and cowpeas. Current acquisitions were an-
Analytical Services Laboratory nounced every month through two media: Selected 

List of PublicationsReceived in the Libraryand GrainThe laboratory continued to perform routine chemi- Legume CurrentTitles.cal analysis ofsoil, plant and watersamples, handling Use of the library by IITA staff and trainees
a total of391 requests during the year. The majority of continues to increase. The library has maintained itsthese came from IITA research programs, but44 came status as the major information resource for thefrom other organizations. The laboratory analyzed agricultural and biological research and training10,268 water samples for various elements and a total community of Ibadan. External users of the library
of 4,812 soil samples. Routine chemical and physical include university staff, postgraduate students, reassays were performed for pH, N, P, K, exchangeable search staff of various agricultural research incations, acidity, organic carbon, clay, silt and sand stitutes as well as consultants. The number of userscontent. The laboratory analyzed 4,596 plant samples not associated with IITA increased from 380 in 1977for macro- and micronutrient elements and root and to 2,900 in 1983, more than a seventyfold increase
tuber extracts for cyanide. A total of 83,249 assays (Fig. 1).were performed during 1983. Sponsorship of the International Grain Legume

Some research on the methodology of soil analysis Information Centre by the International Dewas carried out; a new method for measuring cation velopment Research Centre, Canada, was extended toexchange capacity was tested on a number of soils December 1983. During the year we developed phaserepresentative of those in the humid and subhumid III of the Grain Legume Information Project. Thistropics. The method was modified to make it suitable phase, which will run for three years, features microfor use in small laboratories with limited facilities, fiche production and distribution, development of a 
computerized data base on grain legume informationLibrary and Documentation Center and documentation of Brazilian cowpea research.

Three issues of the TropicalGrainLegume BulletinThe library added 1,400 books and 1,850 volumes of (Numbers 26, 27 and 28) were published in 1983. Theperiodicals to its collection during 1983. In December camera-ready copy of the fourth volume of the world1983 the library's holdings consisted of 26,850 vol- literature on cowpeas was produced. The volume,umes of periodicals, 24,400 books, 4,300 pamphlets, which includes 497 abstracts representing the litera3,550 microform items, 1,860 slides and 83 audio- ture published during 1981 and 1982, is in press andcassettes. In addition, the library has over 6,500 will be distributed during 1984. 



208 ResearchSupport 

Public Affairs and Development 
Communications and Information 

The office distributed about 28,000 copies of IITA 
publications to 4,800 requestors in 131 countries 
during the year. 

Three publications were reprinted: 
" Tasks for the Eighties:A Long-Range Plan 
" Role of Mulching Techniques in Tropical Soil and 

Water Management 
" Proceedings of the International Workshop on 

Cassava 
The following IITA publications were produced at 

the Institute and printed at the headquarters' print-
ing plant or abroad: 
" IITA Research Briefs, Vol. 4, Nos. 1, 2 and 3 
" The Food Crisisin TropicalAfrica: The Challenge 

of IITA 
* La Crise Alimentaireen Afrique Tropicale:Le Defi 

de I'IITA 
" IITA Record of Publications,Vol. 2 
" Field Guide to Common Weeds of IITA and Their 

Control 
* Cowpea Research at IITA 
" Proceedingsof the FirstWorkshop ofthe All-Nigeria 

CoordinatedCowpea ResearchProgram 
" No-Till Farming:Soil and Water Conservationand 

Manag,,ment in the Humidand Subhumid Tropics 
* Visitor'Guide 
" Le Guide du Visiteur 
* Training and Post-Graduate Research Oppor

tunitiesa! IITA 
" Formationet Recherche Post-Universitairea I'IITA 
* TropicalGrainLegume Bulletin, No. 27 
" IITA Research Highlights,1982 
* ITA Le Pointde la Recherche, 1982 
" IITA Annual Report, 1982 

Two new printing presses and accessories were 
installed during 1983. 

Two students from the University of Ibadan doing 
their master's degrees in Communication Arts carried 
out their research at IITA during the year under 
supervision of the staff of the Communications and 
Information Office. Two research training associates 
(photographers), one from the Federal Agricultural 
Coordinating Unit, Ibadan, the other from the Faculty 
of Veterinary Medicine, University of Ibadan, also 
underwent training at IITA. 

The office represented the Institute at the Inter
national Book Fair in Frankfurt, West Germany. 

Conference and Visitors' Center 

In 1983 seven workshops and conferences were hosted 
by IITA in Ibadan or held at other locations by the 
Institute and cooperating organizations: 
* Farming Systems Research Methodology Work

shop, 14-18 March. 
o Caribbean Regional Root Crops Workshop, 

Jamaica, West Indies, 5-9 April. 

* Workshop on Integrated Pest Control for Grain 
Legumes, Goiana, Brazil, 5-9 April. 

e International Federation of Agricultural Research 
Systems for Development (IFARD) Congress, 6-10 
June. 

• Second Triennial Symposium of the International 
Society for Tropical Root Crops-Africa Branch, 
Douala, Cameroon, 14-19 August. 

* International Fertilizer Development Center 
Research Planning Meeting on Sources and 
Management of Phosphorus and Nitrogen in Sub-
Saharan Africa, 16-18 November. 

• Soybean Utilization Workshop, 5-9 December. 
Twenty-seven research seminars were presented, 

including four special seminars on instrumentation. 
More than a hundred student groups visited IITA to 
increase their knowledge of agriculture and learn 
about technologies being developed at the Institute. 



Appendix 209 

Appendix: IITA Weather Rainfall (mm) 
280
 

IITA, Ibadan Univ. of Ibadan
 
An approximately one-month delay in the start of the Univ. o
rainy season and very low rainfall in the second half 240 1953-1982)
 
of the year resulted in a poor crop year, as was the
 
case in 1982 (Fig. Al). Total rainfall for 1983 was 28% IITAIbadan
 
below normal (1953-1982), making this the fourth 200 (A9b3)

driest year in 31 years. Insolation was nearly normal,
 
on the average, but significantly above normal dur- N

ing periods of rainfall deficit. Temperatures were 160 -- I
 
mostly above normal and so were relative humidity If
 
and pan evaporation (Table Al)." i
 

120Rainfall and Evaporation 0 
The year was marked by extremely dry conditions I 
from the outset. There was no rainfall in January, and 80 
evaporative demand was the highest on record for
that period. February and March were essentially the I 
same. By April the cumulative evaporation had risen 40 
to 667.4 mm, compared to a total rainfall of only 7.1 
mm.##4 

The rains made a false start in April, but the 0 1 
extreme aridity preceding and following thcse rains Jan Feb Mar Apr MoyJunerJuly Aug Sept Oct Nov Dec 
made them ineffective. Total evaporation for the 
month exceeded rainfall by 20%. The moisture bal- Figure Al. Mean monthly rainfall, Ibadan. 
ance in May and June was favorable, however (Fig.
A2). Regular rains during that period were conducive demand. Two unusual storms in December accounted 
to rapid growth of late planted crops. The total for much of the 85.9 mt of rainfall received in that 
amount ofrainfall received in May (236.2 mm) was the onth the 5.9 wm r eceme Ttala of
highest recorded for the month over the period month;thisamount wassa record forDecember. Total
1953-1982. evaporation for the year was 1,746.1 mm, the highest

A wet period in mid-July followed a slackening of yearly total observed. 
the rains in the last week of June and first week of S
July (Fig. A2). This rain proved to be rrucial for the kyConditions and Solar Radiation
first season crops since no rain fell for nearly six Insolation was mostly just below normal, although
weeks afterwards. August was extremely dry, with large, positive departures from the multiannual
only 36.1 mm of rain, 22.1 mm of which fell on 29 means were recorded in July (+9%), September
August. (+8%) and October (+11%), all of which had below 

There was no second cropping season since rainfall average rainfall. August was unusual, having less 
through November was very much below moisture than average insolation coincident with extremely 

Table Al. Summary of climatic data, IITA, Ibadan, 1983 
Total Total evapor- Solar radia- Mean wind

rainfall, ation, tion, g-cal/ Temperature, 'C Rel. humidity, % speed,
mm mm cm 2/day Max. Min. Mean Max. Min. Mean mph

January ................. 0.0 251.2 385.6 32.5 18.3 25.4 63 27 45 3.7
February ................ 3.9 193.4 422.9 35.6 22.9 29.2 87 29 59 3.0
March ................... 3.2 222.7 450.3 36.7 23.9 30.3 92 
 27 60 3.3April ................... 80.8 170.0 a 458.6 34.7 23.4 29.0 97 48 73 3.3
May .................... 236.2 154.8a 437.2 31.6 23.2 27.5 98 61 
 80 3.0
June .................... 160.8 118.8 a 381.8 29.2 22.6 25.9 99 67 83 2.6
July .................... 108.4 86.2a 371.6 27.5 21.8 24.7 
 98 69 84 2.2August .................. 36.1 75.3 a 304.9 26.5 21.5 24.0 99 72 86 -

September ............... 139.2 93.9 a 398.1 28.5 22.3 
 25.4 99 66 83 2.7October ................. 38.3 129.2 453.6 30.6 23.1 26.9 98 
 56 77 2.4November ............... 28.6 145.3 426.9 32.3 23.3 27.8 
 96 46 71 2.7December ............... 85.9 103.9 380.0 30.7 22.2 26.6 96 52 74 2.1
 
'Values adjusted for days for which no data were obtained. 
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Rainfall and evaporation (mm/day) 
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Figure A2. Weekly mean rainfall and evaporation, IITA, 
1983. 

low rainfall. This was consistent with the parallel 
aver-observation of actual sunshine hours, which 

aged 1.7 h/day for the month, compared to the long-

term mean of 2.6 hi. 

and Relative Humidity 

Recurrent waves of harmattan in January kept at-
mospheric humidity very low and contributed to 
increased radiative cooling at night (Table Al). 
Minimum temperatures fell 1.8°C below normal, and 
the mean relative humidity stood at 45%, compared to 
the multiannual average of 61% for the period. There 
was a late resurgence of the harmattan in the first half 
of March, but it had a less drastic effect on atmos-
pheric moisture content. 

Higher than normal temperatures prevailed from 
February through June (Table Al). The largest 
departure (2.9°C) from the mean maximum tempera-
ture (36.70C) occurred in March. This was the highest 

value for the period since 1953. Daytime temperatures 
were slightly cooler than normal in June and July, 
but warmer temperatures prevailed through the 

remaining months of the year, except December, 
which had cooler maximum temperatures (the ave
rage difference from the mean was -1.6°C).

Wind speeds were by and large near average. The 

significantly higher values in January reflect the 
unusually strong harmattan that prevailed (Table
Al). The weaker flow in June and July was evidently 

the result of the reduced incidence of storms during 
that period. 

Onne 
As at Ibadan, the rains started late at the Institute's 
substation near Onne in southeastern Nigeria. The 
weather was dry from January through March. April, 
with 128.6 mm of rainfall, provided the earliest 
opportunity for planting (Table A2). 

Excessive rainfall in May and June made up for the 
cumulative deficit that had occurred up to that time. 

Rainfall was again below average from July through 
October. November was also abnormally dry, signal
ling an early beginning of the dry season. 

Departures from the long-term averages for mean 
global radiation were generally negative. February 

and September were exceptions, their respective 
means being 9 and 12% above normal. 

Maximum daytime temperatures were higher than 
normal from January through April but lower during 
the rest of the year. As at Ibadan March was the 
hottest month, the temperature being 2.90C above 
normal. 

Minimum temperatures were above average, ex
cept in Jan*uary, when the temperature was 0.50C 
below normal. Relative humidity was lower than 
average in all months; the difference was most 
pronounced in January (51%, compared to a mean of 
79%), reflecting the harmattan that prevailed during 
that period.-T.L. Lawson 

Table A2. Summary ofclimatic data, IlTA, Onne (Port Harcourt), 1983 

Total, Solar radia
rainfall, tion, g-cal/ Temperature, 00 

January ................. 

February ................ 

March .................. 

April .................... 

May .................... 

June .................... 

July .................... 

August .................. 

September ............... 

October ................. 

November ............... 

December.............. 


mm cm 2/day Max. Min. Mean 
0.0 354.0 32.9 20.3 26.6 
1.3 414.8 35.0 24.1 29.6 

42.0 378.4 34.9 25.4 30.2 
128.6 352.4 32.2 24.7 28.5 
314.9 304.0 30.6 24.7 27.7 
324.8 300.7 28.6 24.0 26.4 
263.9 269.8 27.3 23.4 25.4 
242.1 270.7 26.7 23.3 25.0 
361.5 364.4 28.0 23.4 25.7 
230.8 341.2 28.9 23.0 25.9 
40.2 324.2 29.8 23.5 26;7 
79.3 319.3 30.2 22.4 26.3 

Relative humidity, % 
Max. Min. Mean 

82 19 51 
97 35 67 
97 38 68 
99 56 77 
96 64 81 
96 67 81 
98 73 86 
99 74 87 
99 70 85 
99 65 82 
99 1 63 81 
98 57 78 
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Personnel L.A. Oke, senior research technician
O.A. Oladimeji, senior research technician
 

Administration H.N. Pham, Ph.D., CIMMYT maize breeder*
"M. Rodriquez, Ph.D., agronomist, SAFGRAD, Upper
E.H. Hartmans, Ph.D., director general VoltaB.N. Okigbo, Ph.D., D.Sc., deputy director general (re.turned from sabbatical leave in October) 

A.C. Roy, Ph.D., agronomist, NCRE, Cameroon
H. Talleyrand, Ph.D., agronomist, NCRE, CameroonL.H. Shebeski, D.Sc., deputy directorgeneraland interim K. Wasano, Ph.D., rice breederdirector of research* and geneticist, JICAexpert, Saga University, Saga, JapanM.A. Akintomide, B.S., AICTA, director of admini- KaungZan, Ph.D., IRRIliaison scientist

stration
J.E.G. Haakansson, M.B.A., director of budgetfinance and GrainLegume Improvement Program
B.A. Adeola, ACS, accountant 
K.A. Aderogba, D.P.A., S.R. Singh, Ph.D., directorFCIS, principal administrativeofficer R.A. Adeleke, senior research technician 
C.A. Enahoro, administrative assistant to the director 

V.D. Aggarwal, Ph.D., plant breeder, Upper Volta 
general J.0. Akinwande, senior research technician
 
geral S. Asanuma, Ph.D., microbiologist


E.A. Fox, M.S., manager of information systems* K. Dashiell, Ph.D., plant breeder
L.J. McDonald, B.A., computer manager 

F.A. El Sayed, Ph.D, plant breeder
M. Gowman, visiting scientist, ICI, pest management0.0. Ogundipe, M.D., medical officerM.E. Olusa, assistant to the director for administration J. Hohenberg, Ph.D., microbiologistL.E.N. Jackai, Ph.D., entomologist

E.A.D.J. Sewell,Onifade,dormitorysecurity superintendent*and food service manager E.. k a, Ph.D., entmo eegisE.A. Kueneman, Ph.D., plant breederR.O. Shoyinla, B.S., personnel manager N. Muleba, Ph.D., agronomist, SAFGRAD, Upper VoltaS.J. Udoh, AMNIM, chief accountant
A. Yuuf, BS . cicontrolleraonstore B.R. Ntare, Ph.D., plant breeder
A. Yusuf, B.S., controller of stores G.A. Odekunle, senior research technicianH.T. Ogundimu, executive secretary 

J. Okogun, research assistantCereal Improvement Program R.K. Pandey, Ph.D., agronomist, IITA/IRRI, Philippines
Y. Efron, Ph.D., director V. Parkinson, Ph.D., pathologistY.S. Rathore, Ph.D., entomologist, SAFGRAD, UpperA.O. Abifarin, Ph.D., IITA liaison scientist, WARDA, VoltaLiberia W.R. Root, Ph.D., plant breeder, Zaria, NigeriaM.S. Alam, Ph.D., rice entomologist D.A. Shannon, Ph.D., agronomistD. Akibo-Betts, Ph.D., rice entomologist S.A. Shoyinka, Ph.D., plant breeder, Zaria, NigeriaK. Alluri, Ph.D., rice agronomist/breeder B.B. Singh, Ph.D., plant breederV.L. Asnani, Ph.D., SAFGRAD, project leader, Upper E.E. Watt, Ph.D., plant breeder, BrazilVolta F. Wiedijk, Ph.D., entomologistE.A. Atayi, Ph.D., chief of party and agricultural econ

omist, NCRE, Cameroon
M. Bjarnason, Ph.D., CIMMYT maize breeder Root and Tuber Improvement ProgramJ. Braide, Ph.D., maize agronomist S.K. Hahn, Ph.D., directorJ. Chung, Ph.D., maize breeder, NCRE, Cameroon A.M. Almazan, Ph.D., biochemist/food technologistZ.T. Dabrowski, Ph.D., maize entomologist M.N. Alvarez, Ph.D., plant breederO.P. Dangi, Ph.D., sorghum and millet breeder, NCRE, K.V. Bai, Ph.D., cytogeneticist*

Cameroon 
 F.E. Brockman, Ph.D., agronomist and project leader,R. Dobson, Ph.D., rice pathologist PRONAM, ZaireH. Ebadan, senior research technician F.E. Caveness, Ph.D., nematologistL. Everett, Ph.D., maize breederJ.M. Fajemisin, Ph.D., maize pathologist/breeder E.M. Chukwuma, research associateW.W. Fiebig, M.S., extension agronomist, PRONAM,B.A. Gbadamosi, senior rciearch technician Zaire*J. Gibbons, Ph.D., rice breeder T. Haug, Ing., entomologist, FAO associate expertT.G. Hart, Ph.D., chief of'party, NCRE, Cameroon* R.D. Hennessey, Ph.D., entomologist, PRONAM, ZaireD. Janakiram, Ph.D., rice breeder, NCRE, Cameroon H.R. Herren, Ph.D., entomologistV.T. John, Ph.D., rice pathologist K.T. Lawal, administrative assistantF.H. Khadr, Ph.D., maize breeder, Zaria, Nigeria K.M. Loma, Ph.D., entomologistJ. Kikafunda-Twine, agronomist, NCRE, Cameroon B. Loehr, Ph.D., entomologist, BrazilS.K. Kim, Ph.D., maize breeder E. Madojemu, B.Sc., research assistantD. Makonen, Ph.D., maize breeder (visiting scientist), P. Neuenschwander, Ph.D., entomologistAddis Abab, University, Ethiopia S.Y.C. Ng, M.S., tissue culturistT.M. Masajo, Ph.D., rice breeder J.A. Otoo, Ph.D., agronomist/breederJ. Mareck, Ph.D., maize breeder S.Y. Pandey, Ph.D., extension agronomist, PRONAM,D. McHugh, extension agronomist, NCRE, Cameroon ZaireE. Navasero, M.S., rice quality specialist D. Perreaux, Ph.D., plant pathologist*N.V. Nguu, Ph.D., riciagronomist H.J. Pfeiffer, Ir., agronomist and project leader, CNRCIP,D.A. Ogundare, executive secretary Cameroon 
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G.I. Servant, M.B.A., administrator, PRONAM, Zaire 
F. Schulthess, Ing., entomologist, FAO associate expert 
R.L. Theberge, Ph.D., plant pathologist 
A.M. Varela, B.Sc., entomologist, Brazil 
M. Veloso, physical plant services officer, PRONAM, Zaire 
J.A. Whyte, Ph.D., plant breeder, CNRCIP, Cameroon 
J.S. Yaninek, M.S., entomologist 

Farming Systems Program 

C.H.H. ter Kuile, Ph.D., director 
A.S.R. 	Juo, Ph.D., deputy program director and soil 

scientist 
C.W. Agyakwa, B.Sc, senior research technician 
S.A. Ajirenike, B.Sc., research assistant 
1.0. Akobundu, Ph.D., weed scientist 
M. Ashraf, Ph.D., agricultural economist 
P. Ay, Ph.D., socioeconomist 
R. Balasubramanian, Ph.D., soil fertility specialist, BMG 

II project, Rwanda 
P.K. Balogun, B.Sc., research assistant 
E.A. Baryeh, Ph.D., agricultural engineer 
A.0. Dabiri, B.Sc., research associate 
A. Evers, Ir., associate water management engineer 
H.C, Ezumnah, Ph.D., agronomist 
C. Garman, M.S., agricultural engineer 
T. Gebremeskel, Ph.D., agricultural economist 
H. Grimme, Ph.D., visiting soil scientist, Bimtekof/GTZ 
N. Hulugalle, Ph.D., soil scientist 
B.T. Kang, Ph.D., soil scientist 
C.C. Kiwamu, B.Sc., research assistant 
T. Kosaki, Ph.D., soil scientist 
M.T. Laditi, executive secretary 
R. Lal, Ph.D., soil scientist 
T.L. Lawson, Ph.D., agroclimatologist 
C.A. Moradesa, senior research technician 
S.K. Mughogho, Ph.D., soil scientist 
K. Mulorgoy, Ph.D., microbiologist 
H.J.W. Mutsaers, Ph.D., agronomist 
N.C. Navasero, B.S., associate agricultural engineer 
D.S. Ngambeki, Ph.D., agricultural economist 
M.A.0. Nwaogwugwu, research associate 
F. Nweke, Ph.D., associate economist 
F.O. Ochiobi, executive secretary 
P.S.O. Okoli, Ph.D., agronomist* 
S.O. Olubode, research associate 
G.A. Opara-Nadi, Ph.D., soil scientist* 
0. A. Osinubi, M.Sc., research associate 
J.A. Poku, Ph.D., weed scientist 
M. Price, Ph.D., agronomist and team leader, BG RIproject, 

Rwanda 
R.A. Raji, research associate 
R. Swennen, Ir., plantain agronomist 
A.B.M. van der Kruijs, Ir., soil scientist, Onne, Nigeria 
A.H.S. 	 Vanelslande, Ir., FAO associate expert, soil 

physics 
D. Vuylsteke, Ir., plant physiologist 
G.F. Wilson, Ph.D., agronomist 

Training Program 

W.H. Reeves, Ph.D., assistant director and head 
L.A. Amavi, executive bilingual secretary 
G.A. Cambier, Lic., translator/interpreter 
C. Duval, Lic., translator/interpreter 
E. Molinero, Lic., translator/interpreter 
C. Puttevils, Lic., translator/interpreter 

D.W. Sirinayake, training officer 
A.P. Uriyo, Ph.D., training officer/agronomist 

InternationalPrograms 

E.R. Terry, Ph.D., director 
M. Anyide-Ocloo, bilingual secretary 
E.F. Deganus, B.S., CAR, administrator 
F.O. Ogunyemi, FCCA, accountant 
A.K. Owusu-Sarpong, bilingual secretary 

Farm Management 

D.C. Couper, M.S., farm manager 
E.A. Bamidele, farm superintendent 
S.L. Claassen, M.S., assistant farm manager 
P.V. Hartley, B.S., farm engineer 
P.D. Austin, B.S., officer in charge, Onne, Nigeria 

Genetic Resources Unit 

N.Q. Ng, Ph.D., head and plant geneticist 
M. Davids, Ir., plant scientist, FAO associate expert 
A.A. Osunmakinwa, M.S., research associate 
M.O. Ajala, M.S., research associate 

Virology Unit 

H.W. Rossel, Ir., virologist 
G. Thottappilly, Ph.D., virologist 
J.W.M. van Lent, Ir., virologist* 

Analytical Services Laboratory 

J.L. Pleysier, Ph.D., head 

Biometrics 

J. McGuire, Ph.D., biometrician* 
K.N. Nguyen, Ph.D., biometrician 

Library and Documentation Center 

S.M. Lawani, Ph.D., head 
M.A. Aluko, senior bindery superintendent 
S.B. Akande, M.L.S., assistant catuloger 
G.O. Ibekwe, B.A., principal !ibrarian 
E.F. Nwajei, B.A., acquisitions librarian 
M.O. Odubanjo, B.S., cataloger 

Public Affairs and Development 

J.E. Keyser, B.S., assistant director 
J.0. Oyckan, B.S., head, communications and information 
B. Bakare, conference officer 
S. Berberich, B.S., writer* 
B. Fadare, senior photographer 
F.M. Gatmaitan, B.S., senior graphic designer 
J.C.G. Isoba, M.S., communications officer, publications 
N.C. Russell, M.A., editor 
A.K. Shiwoku, senior executive secretary 

Physical Plant Services 

J.G.H. Craig, assistant director for physical plant services 
E.O.A. Akintokun, research vehicles service officer 
A. Amrani, heavy equipment service officer 



A.C. Butler, buildings and site service officer 
O.O.A. Fawole, automotive service officer
J.M. Ferguson, fabrication/water utility service officer 
N. Georgallis, scientific/electronics service officerJ. Lukowski, electrical service officer 
M.O. Yusuf,construction site engineering service officer 

*Left during the year. 

Trlanees rM.T.
Trainees 
Cereal Improvement Program 
Research Scholars: 
A. Grela (Belgium), University of Gembloux, Belgium
J.K. Lekunze (Cameroon), University of Ibadan, Nigeria
G.N. Ngala (Cameroon), University of Ibadan, Nigeria
V.A.O. Okoth (Uganda), Reading University, England
J. Omoregbee (Nigeria), University of Ibadan, Nigeria 

Grain Legume Program 

Collaborators: 

M. 	 Alexander, Cornell University, Ithaca, New York,

USA 
C.A. Atkins, University of Western Australia 
C.J. 	 DeMooy, leader, Colorado State University/

Botswana Cowpea Collaborative Research Program,
Gaborone, Botswana 

A.R.J. Eaglesham, Boyce Thompson Institute, Ithaca, 
New York, USA 

M.l.Ezueh,coordinator(cowpeas), NCRI, Ibadan, Nigeria1. Fawole, cowpea breeder, University of Ibadan, NigeriaNR 
Ladeinde, University of Ibadan, NigeriaT.A.O.T.A.O.Ladene, Unieriof IntieIa 

T.A. 	 La Rue, Boyce Thompson Institute, Ithaca, New 
York, USA

0. Leleji, AR, ABU, Samaru, Nigeria
J.A. Odebiyi, University of Ibadan, Nigeria 
B.A. Ousanya, NCRI, Ibadan, Nigeria
0. Omueti, IAR&T, badan, Nigeria 
A.K. 	Raleja, JAR, Ahmadu Bello University, Samaru,

Nigeria 

Research Fellows: 
M. Owusu-Akyaw (Ghana), University of Science andTechnology, GhanaRe 

Mbe-Mpie 
 Mafuka (Zaire), Catholic University ofouin,Belgiu (ZieN.B.

Louvain, Belgium
A.B. Salifu (Ghana), University of London, England 
M. Ta'Ama (Togo), University of Ibadan, Nigeria 

Research Scholars: 
J. Abadassi (Benin), National University of Benin
0. 	Adjadi (Benin), National University of Benin 
H. Adu-Dapaah (Ghana), University of Ibadan, Nigeria
K.P. Atropo (Benin), National University of Benin 
H. Dossou Bata (Benin), National University of BeninW.N.0. Hammond (Ghana), University of Ghana 
C.A. Hamo(enn)Naona), University of GnnC.A. Soglo (Benin), National University of Beain 

Root and Tuber Improvement Program 
Collaborators: 
M. 	 A-As-Saqui, agronomist and head, Division of Field 

Crops, CAR, Suakoko, Liberia 
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O.B. Arene, program leader for cassava and pathologist, 
NRCRI, Umudike, Nigeria

T. Badra, nematologist and leader, FAO/NIHORT, Ibadan, 
Nigeria

J. Baumgaertner, entomologist, Federal Institute of 
Technology, Zurich, Switzerland 

A.C. Bellotti, entomologist, CIAT, Cali, Colombia 
F.E. Bennett, director, CIBC, Curepe, Trinidad
A.I. 	Carpenter, UNDP/FAO, Ministry of Agriculture, 

Zanzibar, Tanzania 
H.R. Chheda, Department of Agronomy, University of 

Dahniya, project leader of root and tuber improve
ment, Njala University College, Njala, Sierra Leone

V. 	Delucchi, director, Phytomedicine Institute, Zurich, 
Switzerland 

O.A. Egunjobi, Department of Agricultural Biology,University of Ibadan, Nigeria
L.S.O. 	 Ene, director and breeder, NRCRI, Umudike, 

Nigeria
A. 	 Fritschi, entomologist, Federal Institute of 

Technology, Zurich, Switzerland 
D.J. Greathead, CIBC, London, England 
A.P. 	Gutierrez, entomologist, Division of Biological

Control, University of California, Berkeley, California 
M. 	 Janssens, plant breeder, Institute of Agricultural

Sciences of Burundi, Bujumbura, Burundi 
N.B. Lutaladio, co-director, PRONAM, M'Vuazi, Zaire 
S. Lyonga, coordinator, CNRCIP, Ekona, Cameroon 
H. 	Maraite, head, Phytopathology Laboratory, Catholic 

University of Louvain, Louvain-la-Neuve 
J. Meyer, professor, Phytopathology Laboratory, Catholic 

University of Louvain, Louvain-la-Neuve, Belgium
D. O'Donnell, entomologist, CIBC, Silwood Park, Ascot, 
0.0. Okoli, assistant director and leauer of breeding,IU dieNgri
 

R IUuieNgra
F. 	 Quak, bead, Virology Unit, IPO Wageningen, 
Netherlands 

J.N. Sasser, principal investigator, InternationalMeloidogyne Project, Department of Plant Pathology,
North Carolina State University, Raleigh, North 
Carolina 

L.A. Wilson, dean, Faculty of Agriculture, University of 
the West Indies, Trinidad 

M. Yaseen, entomologist, CIBC, Curepe, Trinidad 

Research Fellows: ar h el o s 
S.K. Asiedu (Ghana), McGill University, CanadaLutaladio (Zaire), University of Ibadan, NigeriaM.N. Mahungu (Zaire), University of Ibadan, NigeriaJ.A. Otoo (Ghana), University of Ghana 

Research Scholars: 
K.N. 	Ahousandjinou (Beam), National University of 

Bean 
T.P. Akonde (Benin), National University of Benin 
Ndombo Delo (Zaire), University of Ibadan, NigeriaMuyolo Gilumbu (Zaire), University of Ibadan, Nigeria 
C.E. Gyansa-Ameyaw (Ghana), University of GhanaIdumbo Kasele Nsongi (Zaire), University of Ibadan, 

Nigeria
Kiala Kilusi (Zaire), University of Ibadan, Nigeria
HO. Nsiama She (Zaire), University of Ibadan, Nigeria
Kasu Tombo (Zaire), University of Ibadan, Nigeria
A.A. Younous (Chad), University of Ibadan, Nigeria 
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Farming Systems Program 
Collaborators: 
G.O.I. Abalu, Department of Agricultural Economics and 

Rural Sociology, IAR, Zaria, Nigeria 
C. 	 Agbokoba, director, Okomo/Udo Federal Oil Palm 

Project, Nigeria 
L. 	 Ahialegbedzi, director, Meterorolog;cal Services, 

Lome, Togo 
0. 	 Babalola, soil scientist, Department of Agronomy, 

University of Ibadan, Nigeria 
M. de Boodt, soil physicist, University of Ghent, Belgium 
R. Delogu, director, Okomo/Udo Federal Oil Palm Project, 

Nigeria 
J. de Wolf, 11,111, Wagningen, Netherlands 
M. Diomande, ORSTROM, Adiopodoune, Ivory Coast 
W. 	 Ehlers, soil scientist, University of' Gottingen, West 

Germany 
T.A. Faseun, NIHORT, Ibadan, Nigeria 
D. Gabriels, soil scientist, University of Ghent, Belgium 
A.Q. Gudugi, Bida ADP, Nigeria 
E.G. Hallsworth, IFIAS, University of Sussex, England 
F.S. 	Idachaba, professor, Department of Agricultural 

Economics, University of lbadan, Nigeria 
A. Jibrin, Bida ADP, Nigeria 
B. Kalabari, Shell Nigeria. Warri, Nigeria 
A. 	Koghlevi, Centre National d'Agropedologie, Cotonou, 

Berin 
P.R. Maurya, soil scientists, IAR, ABU, Samaru, Nigeria 
F.B. Ndubuka, Imo State/World Bank Small-Holder Rice 

Production Scheme, Nigeria 
M. 	Obaton, Laboratoire de Recherche sur les Symbiotes 

des Racines, Montpellier, France 
0. 	Odeyemi, I)epartment of Microbiology, University of 

Ife, Nigeria 
P. Odili, NTEJE, Nigeria 
C.T.I. 	 Odu, microbiologist, Department of Agronomy, 

University of Ibadan, Nigeria 
S.O. Odurukwe, NRCRI, Umudike, Nigeria 
A. Ohiri, NRCRI, Umudike, Nigeria 
P. Ohuyon, Shell Nigeria, Warri 
0. 	Ojo, professor, Department of Geography, University of 

Lagos, Nigeria 
B.A. Olunuga, NCRI, lbadan, Nigeria 
M.O. Omidiji, IAR&T, University of Ife, Ibadan, Nigeria 
J.A.I. 	Omueti, Department of Agronomy, University of 

Ibadan, Nigeria 
C.O. Opiita, FACU, Ibadan, Nigeria 
P. Reid, senior agronomist, Ilorin ADP, Nigeria 
G. 	Rinaudo, Laboratoire de Biologie des Sols, ORSTROM, 

Dakar, Senegal 
U. 	 Schwertman, soil scientist, University of Munich, 

West Germany 
W. Shearer, program officer, UNU, Tokyo, Japan 
K. Smilde, Institute for Soil Fertility, Haren, Netherlands 
J. 	 van der Heide, Institute for Soil Fertility, Haren, 

Netherlands 
0.0. Vaughn, NCRI, lbadan, Nigeria 
K. Vlassak, professor, University of Leuven, Belgium 
P.L.G. Vlek, IFDC, Muscle Shoals, Alabama 
A. Wild, professor, Department of Soil Science, University 

of Reading, England 

Research Fellows: 
M. Armon (Nigeria), University ofIbadan, Nigeria 
K. Attah Krah (Ghana), University of Ibadan, Nigeria 
B. Duguma (Ethiopia), University of !badan, Nigeria 

E.T. Eshett (Nigeria), University of Ibadan, Nigeria 
H.F.K. Franzen (West Germany), University of

Gottingen, West Germany 
J.E.G. Ikeorgu (Nigeria), University of Ibadan, Nigeria 
N.O. 	 Iwuafor (Nigeria), Ahmadu Bello University, 

Nigeria 
B. 	 Kayombo (Tanzania), University of Dar-es-Salaam, 

Tanzania 
C.A. 	Mba (Nigeria), Technical University of Berlin, West 

Germany 
M.B. Niyungeko (Zaire), Faculty Institute of Agricultural 

Sciences, Zaire 
M.E. 	 Ogula (Zaire), Faculty Institute of Agricultural 

Sciences, Zaire 
L.T. Ogunremi (Nigeria), University ofIbadan, Nigeria
U. 	 Sabel-Koschella (West Germany), Technical 

University of Munich, West Germany 
N. 	 Sanginga (Zaire), Faculty Institute of Agricultural 

Sciences, Zaire 
S.B.C. Wanki (Cameroon), University of Ibadan, Nigeria 
Wong 	Ting Fook (Mauritius), University of Reading, 

England 
C.F. Yamoah (Ghna), University of Ibadan, Nigeria 

Research Scholars: 
B.R. Ball (Canada), University of Guelph, Canada 
A.R.S. Ibrahim (Ghana), University of Ibadan, Nigeria 
A.E. Kraayeveld (Netherlands), Wageningen University, 

Netherlands 
D.M.J. 	 Neirynck (Belgium), University of Leuven, 

Belgium 
W.H. Sampers (Belgium), University of Ghent, Belgium 
J.E.M. 	 van den Hengel (Netherlands), Wageningen 

University, Netherlands 
M. 	 van Uytvanck (Belgium), University of Leuven, 

Belgium 

Research Support Units 
Collaborators: 
R.D. Smith, consultant to IBPGR, Royal Botanic Gardens, 

Kew, England 

Research Fellows: 
F.N. 	 Anno-Nyako (Ghana), IITA Virology Unit, 

University of Science and Technology, Ghana 
M. Gumedzoe (Togo), IITA Virology Unit, Laval 

University, Belgium 
Research Scholars: 
J. 	 Janssens (Belgium), ILTA Analytical Services, 

University of Leuven, Belgium 
S. 	 Bologeoku (Nigeria), IITA Communications and 

Information, University of Ibadan, Nigeria 
0. 	 Famubode (Nigeria), IITA Communications and 

Informtion, University of Ibadan, Nigeria 
m ti Uni o, igeri 

M'Bi 	B. Zagre (Benin), ILTA Virology Unit, National 
University of Benin 
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Publications Farming Systems Program 
Cereal Improvement Program Ezurnah, H.C. 1983. Agronomic considerations of notillage farming. In No-Tillage Crop Production in the
Akibo-Betts, D.T., J.W. Gibbons, M.S. Alarn and Y. Tropics, p. 102-110. Eds. 1.0. Akobundu and A.E.Efron. 1983. Aphids on rice roots. IITA Research Briefs Deutsch. Corvallis: International Plant Protection4(1, 2&3): 4-5. Center, Oregon State University.Alam, M.S., J.W. Gibbons, D.T. Akibo-Betts, K. 	 Ezumah, H.C., ed. 1983. Cassava ProductionWasano, Kaung Zan and Y. Efron. 1983. Hopperburn 	 and

Extension in Central Africa. IITA Proceedings Series,in rice caused by brown planthopper. IITA Research 	 no. 4. Ibadan: IITA.Briefs 4(1, 2&3): 6-7. Ezunah, H.C., and V. Balasubrananian. 1983. PossibleDabrowski, Z.T. 1983. Identifying and collecting roles of farming systems research in reducing foodCicadulina for maize streak resistance screening.
ResearchBriefs 4(4): 2-3. 

ITA 	 production constraints of Rwanda. In Agricultural
Research in Rwanda: Assessment and Perspectives, ed.
M.J. Chang, p. 77-82. Government of Rwanda and
ISNAR. 

Grain Legume Improvement Program Ezumah, H.C., and D.L. Plucknett. 1982. Culturalstudies on taro, Colocasiaesculenta(L.) Schott. 2.Age and
Jackai, L.E.N. 1983. Efficacy of insecticide applications at moisture effectsdifferent times of day against the legume pod borer, 	

on growth and corm yield. Journalof
Root Crops 8(1,2): 17-26.Maruca testulalis (Geyer) (Lepidoptera: Pyralidae) Ghurnan, B.S., and R. Lal. 1983. Effect of crop cover oncowpea in Nigeria. Prot.Ecol.5: 245-251. 

on 
temperature regime of an Alfisol in the tropics. Agron. J.Jackai, L.E.N., and S.R. Singh. 1983, Suitability of 75:931-936.selected leguminous plants for development of Maruca 

testulalis larvae. Ent. exp. et appl.34: 174-178. 
Ghuman, B.S., and R. Lal. 1983. Growth and plant-water

relations of sweet potato affected by soil moistureasJackai, L.E.N., and S.R. Singh. 1983. Varietal resistance regimes. Plantand Soil 70: 95-106.
in the integrated pest management of cowpea pests. Ghuman, B.S., and R. Lal. 1983. Mulch and 
 irrigationInsect Sci. Application 4:1-2. effects on plant-water relations and performanceKuenernan, E.A. 1983. Genetic control of seed longevity 	 of 
cassava and sweet potato. FieldCrops Res. 7: 13-29.in soybeans. Crop Sci. 23: 5-8. Kang, B.T. 1983. Fertilizer use in multiple croppingPrice, M., B.B. Singh and C. Mamkwe. 1983. The role ofearly maturing cowpea varieties in Tanzania. Trop. 
systems in Nigeria, Tanzania and Senegal. In Fertilizer 

GrainLegume Bull. 27: 8-10. 
Use Under Multiple Cropping Systems, p. 36-45. FAO
Fertilizer and Plant Nutrition Bulletin 5. Rome: FAO.Singh, B.B., and S.R. Singh. 1983. Objectives and

achievements of the IITA research programme 
Kang, B.T. 1983. Potassium and magnesium responses of on cow- cassava grown in an Ultisol in southp'n Nigeria. Fert.peas and soybeans. In More FoodFrom Better Technology, 	 Res. In press.eds. J.C. Homes and W.M. Tahir, p. 778-790. Rome: FAO.

Singh, B.B., 	
Kang, B.T., and A.D. Messan. 1983. Fertilizer manage-S.R. Singh and L.E.N. Jackai.

Opportunities for 
1983. 	 ment for no-tillage crop production. In No-Tillage Cropexpanding cowpea production in Productionin the Tropics, ). 11-118. Eds. 1.0. AkobunduRwanda. In Agricultural Research in Rwanda: and A.E. Deutsch. Corvallis: International PlantAssessment and Perspectives,ed. M.J. Chang, p. 139-141. Protection Center, Oregon State University.Government of Rwanda and ISNAR. Kang, B.T., and D. Nangju. 1983. Phosphorus response ofSingh, S.R., B.B. Singh, L.E.N. Jackai and B.R. Ntare. cowpea, Vigna unguiculata (L.) Walp. Tropical Grain1983. CowpeaResearch at IITA. IITA Information Series, 	 Legume Bulletin 27: 11-16.no. 14. Ibadan: IITA. Lal, R. 1983. Effects of slope length on runoff from Alfisolsin western Nigeria. Geoderma31: 185-193. 

Lal, R. 1983. Erosion caused productivity decline in soils of
Root and TuberImprovement Program the humid tropics. Soil Taxonomy News 5: 4-5, 18.Lal, R., A.S.R. Juo and B.T. Kang. 1983. Chemical
Badra, T., and F.E. Caveness. 1983. Effects of dosage approaches towardssequence on 	 increasing water availability tothe efficacy of nonfumigant nematicides, crops including minimum tillage systems. In interplantain yields and nematode seasonal fluctuations as national conference proceedings entitled Chemistry andinfluenced by rainfall. Journalof Nematology 15. World Food Supplies: The New Frontiers, p. 57-77.Dahniya, M.T., S.K. Hahn and C.O. Oputa. 1983. Effects Manila: IRRI.of shoot removal on shoot and tuberous root yields and

yield components of sweet potato. 	
Lal, R., and J.O. Oluwole. 1983. Physical properties ofExperimental earthworm

Agriculture.In press. 	
casts and surface soil as influenced by

management. Soil Science 135: 114-123.Hahn, S.K., and Y. Hozyo. 1983. The physiology of sweet 	 Mambani, B., and R. Lal. 1983. Response of upland ricepotato. In The Physiology of Tropical Field Crops. varieties to drought stress. I. Relation between rootChichester: John Wiley and Sons. system development and leaf water potential. PlantandHahn, S.K., and Y. Hozyo. 1983. Sweet potato and yam. In Soil 73: 59-72.Potential Productivity of Field Crops Under Different Mambani, B., and R. Lal. 1983. Response of upland riceEnvironments,p. 319-340. Los Banos: IRRI. varieties to drought stress. II. Screening rice varieties byRao, P.V., and S.K. Hahn. 1983. An automated ei,.ymatic means of variable moisture regime along a toposequence.assay for determining the cyanide content of cassava Plantand Soil 73: 73-94.(Manihotesculenta)and cassava products. Journalof the
 
Science ofFoodandAgriculture.In press.
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Mambani, B., and R. Lal. 1983. Response oi upland rice 
varieties to drought stress. III. Estimating root system 
configuration from soil moisture data. Plantand Soil 73: 
95-104. 

Mbagwu, J., R. Lal and T.W. Scott. 1983. Physical 
properties of three soils in southern Nigeria. Soil Science 
135:114-122. 

Virology Unit 
Anno-Nyako, F.O., H.J. Vetten, D.J. Allen and G. 

Thottappilly. 1983. The relation between cowpea golden 
mosaic and its vector, Bemisia tabaci. Ann. appl. 102: 
319-323. 

Rossel, H.W., G. Thottappilly, and I.W. Buddenhagen. 
1982. Occurrence of rice yellow mottle virus in two 
important rice growing areas of Nigeria. FAO Plant 
ProtectionBulletin 31: 137-139. 

Genetic Resources Unit 
Ng, N.G., M. Jacquot, A. Abifarin, K. Goli and K. 

Miezan. 1983. Rice genetic resources collection and 
conservation activities in Africa - the programs of IITA, 
WARDA, IRAT and ORSTROM. In Proceedingsof the 
1983 Rice Germplasm Conservation Workshop, p. 45-52. 
Los Banos: IRRI and IBPGR. 

Library and Documentation Center 
Ibekwe, G.O. 1982. Libraries in Oyo State: still hoping for 

the best. Library Forum 1(1): 41-8. 
Lawani, S.M. 1982. On the relationship between quantity 

and quality of a country's research productivity. Journal 
of Information Science 5(4): 1,13-145. 

Lawani, S.M., and A.E. Bayer. 1983. Validity of citation 
criteria for assessing the influence of scientific publi-
cations: new evidence with peer assessment. Journalof 
the American Society for Information Science34(1): 59-66. 

Conference and Sem inar 
Papers 
Cereal Improvement Program 
Efron, Y. 1983. Development of high yielding stable maize

varieties with emphasis on resistance to maize streakvaritie wihn epbais aizreistnceto steak 
virus through international cooperation. Paper pre

sented at the seminar Agricultural Research in Rwanda: 
Assessment and Perspectives, 5-12 February 1983, 
Kigali, Rwanda. 

Grain Legume Improvement Program 
Dashiell, K.E., E.A. Kueneman, W.R. Root and S.R. 

Singh. 1983. Breeding tropical soybeans for superior 
seed longevity and for nodulation with indigenous rhizo-
bia. Paper presented at the International Symposium on 
Soybean, 26 September-I October 1983, Tsokoba, Japan. 

Jackai, L.E.N. 1983. Feeding behavior of pod bugs: impli-
cations for host plant resistance studies. Paper presented 
at the International Congress of Plant Protection, 20-25 
November 1983, Brighton, England. 

Jackai, L.E.N. 1983. Cultural control of insect pests of 
tropical grain legumes: use of trap crops. Paper pre-
sented at the International Workshop on Integrated Pest 
Control for Grain Legumes, 4-9 April 1983, Goiania, 
Brazil. 

Kueneman, E.A. 1983. Requirements for accelerating 
soybean production in Nigeria: a look at the past and 
projections for the future.. Paper presented at the Third 
Annual Meeting of the Nigerian Soybean Scientists, 7-9 
February 1983, Makurdi, Nigeria. 

Kueneman, E.A., and W.R. Root. 1983. Highlights of 
soybean research at IITA in 1982. Paper presented at the 
Third Annual Meeting of the Nigerian Soybean 
Scientists, 7-9 February 1983, Makurdi, Nigeria. 

Root and Tuber Improvement Program 

Caveness, F.E. 1983. Cassava storage root yield losses 
from root-knot nematode (Meloidogyne incognitarace 2 
and M.javanica)parasitism. Paperpresented at the Sixth 
Symposium of the International Society for Tropical 
Root Crops, 21-26 February 1983, CIP, Lima, Peru. 

Caveness, F.E., S.K. Hahn and M.N. Alvarez. 1983. 
Description of crops: sweet potato, yam and cocoyam. 
Paper presented at the Global Workshop on Root and 
Tuber Crops Propagation. 12-16 September 1983, CIAT, 
Cali, Colombia. 

Hahn, S.K. 1983. Progress of root and tuber improvement 
at IITA. Paper presented at the Sixth Symposium of the 
International Society for Tropical Root Crops, 21-26 
February 1983, CIP, Lima, Peru. 

Hahn, S.K., M.N. Alvarez, F.E. Caveness and S.Y. Ng. 
1983. Sweet potato improvement at IITA. Paper pre
sented at the Caribbean Regional Workshop on Tropical 
Root Crops. 10-16 April 1983. University of the West 
Indies, Kingston, Jamaica. 

Hahn, S.K., N.M. Mahungu, E.M. Chukwuma, P.V. 
Rao and A.M. Ahnazan. 1983. Breeding low cyanide 
cassava varieties and effect of traditional processing 
methods on the residual cyanide content in the final 
products. Paper presented at the First African 
Conference of Food Science and Technology, 14-17 
November 1983, Cairo, Egypt.

Herren, H.R. 1983. The cassava mealybug and green spider 
mite problem and the biological control approach to 
solve it. Paper presented at the Annual Meeting of the 
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