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T he International Institute of Tropical Agriculture (I ITA) a one of the major links in a world wide network of 
agricultural -esearch and training centers - was established 

as an autonomous, non -profit corporation on July 27, 1967. 
The Federal Republic of Nigeria alloted 1,000 hectares of 
land for the IITA site, and the Ford Foundation provided 
initial capital for buildings and development. 

IITA is governed by an International Board of Trustees, 
the membership of which includes representatives from 

developing countries in areas of the Institute's concern. 
The principal financing of the Institute (and other 

centers) is arranged by the Consultative Group on 
International Agricultural Research (CGIAR) - an informal 
group of donor countries, development banks, foundations, 
and agencies. Support for IITA's research and training core 
program in 1981 was provided by the Canadian Inter
national Development Agency (CIDA), Overseas Develop
ment Ministry of the United Kingdom (ODM), U.S. Agency 
for International Development (USAID), World Bank, 
International Fund for Agricultural Development (IFAD), 
Ford Foundation, International Developmant Research 
Centre (IDRC), and the governments of Australia, Belgium, 
France, Italy, Japan, Netherlands, Nigeria, Norway, and 
Federal Republic of Germany. In addition, other donors 
provide funds to the Institute, particularly to support specific 
research or training programs. 

"geographic mandate" of IITA includes the humid 
and subhumid tropical zones, and the Institute concentrates 
its re-3earch and training in two major areas: farming systems 
and crop improvement of certain designated cereals (rice
and maize), grain : gumes (cowpeas and soybeans), and 
roots and tubers (yams, sweet potatoes, and cassava). 
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Preface 	 The International Institute for Tropical Agriculture has 
ispent a substantial portion of its firrt 10 years in the 
primary levels of food crop research for the humid and 
subhumid tropics. Fundamental work was required, 
because food crops had not received much research 
attention in the past. 

Now the Institute is seeing its efforts come to fruition. 
Many of the results of llTA research are ready for 
widescale testing and adaptation. Others are already in 
the field. Among :he achievements presented in this 
edition of Research Highlights are the adoption of llTA 
cowpea breeding lines in Tanzania, named with the 
Swahili words for "hope" and "pride;" the release of 
three natural enemies of the dangerous cassava mealy
bug, initiating biological control of that pest; and the 
manufacture, by small fabricators inNigeria, of simple 
labor-saving farm tools developed by IITA agricultural 
engineers. Building on an evergrowing base of know
ledge about tropical ecosystems and the hard realities of 
African farming, ilTA research is beginning to make small 
but real contributions to food production. 

llTA is at a crucialstage in its development. The Institute 
will need additional financial support to make a signifi
cant impact on a continent that is experiencing great 
difficulties in meeting its food needs. The time has come 
to put research results to work as rapidly as possible. We 
are expanding collaboration with national and inter
national programs. They are the necessary channels to 
local adaptations and, finally, to the farmers' fields. 

Through an interesting anJ challenging and rewarding 
first decade, our goals have not changed. We intend to be 
a real tool for the development of agriculture in Africa 
and throughout the humid and subhumid tropics. The 
1931 Research Highlights chronicles some of the steps 
along the way, but it does not tell the whole story. If you 
wish more complete information, it can be found in the 
Institute's Annual Report, available to you upon request. 

Director General 
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Tailoring Maize for Semi-AridEcology inAfrica 

ip IIMiYill-~l D 
,,, Tina y the end of 1981, three early-maturing, high-yielding-4 	 Dmaize varieties for semi-arid ecology were identified 

from existing lines and an,-ther three developed through 
full-sib family testing, evaluated, and found promising in 15 
African countries. 

Asaresult ofcooperation IITA scientists started their efferts to breed maize varieties 
bl tween scientists of for the semi-arid tropics four years ago bi, planting a three-
SAFGRAD-IITA and hectare observation nursery made up of thousands of lines, 
CmMMYT, an early- populations, and varieties in Upper Volta under the Semimaturing, high-yielding 

maize- SAFITA-2- has Arid Food Grains Research and Development (SAFGRAD) 
been developed for the Project. This first round identified materials adaptable to that 
semi-arid tropics of environment (700-900 mm rainfall zone). The following 
A frica. year, a full breeding program began at Kamboinse - a 

national research station in Upper Volta. 

Since then, two major areas of work have been underway 
for both the 700-900 mm and the 900-1,100 mm rainfall 
zones: (1) systematic evaluation of available and promising 
early and medium-maturing varieties from national, 
regional, and international programs, and (2) population 
improvement through regional full-sib family testing trials 
to combine tolerance to common stresses frequently en
countered in the semi-arid tropics. 

The objective for the first program was short-range to 
mobilize the available promising materials, but the second 
one is long-range to develop maize populations with wider 
adaptability by slowly pyramiding the genes which give 
tolerance to stresses in a semi-arid environment. 

Over the past three years (1979-81 ), more than 100 tests 
were conducted at experiment stations in 15 countries. As a 
result, BDS ill, TZE-4, and POOL-1 6 were identified as the 
most promising early-maturing materials and IRAT-81, 
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TABLE 1. 
Average grain yieldof 
promisingvarietiesof 
maize tested in regional 
uniform trialsin 15 
countries(1979-81). 

Yield Days, to 
(kg/ha) - 50% flowering 

POOL-16 2719 49 

BDS III 2930 53 

TZE-4 2494 50 

IRAT 81 3578 62 

TZPB 3533 61
 
Comp. C-4 3534 62
 

Composite C-4, and TZPB as the top medium-maturing 
populations (Table 1). BDS III, IRAT-81, and Composite 
C-4 were developed by national programs, TZE-4 and 
TZPB at IITA. POOL-16, originally put together by the 
International Maize and Wheat Improvement Center 
(CIMMYT), was identified as a promising material for 
the semi-arid ecology of Africa by the SAFGRAD-IITA 
Program. It was entered later in the regional uniform tests. 

Tailoring maize for the semi-arid tropics (specifically 
for the 700-900 mm rainfall zone) essentially demands 
combining early maturity with high yield and introducing 
tolerance to unpredictable drought spells during the 
growing cycle of the maize plant. To accomplish this, the 
scientists are selecting for high yield and tolerance to 
drought in early-maturing populations and selecting and 
developing derivatives from Temperate x Tropical materials. 

TZE-3 and TZE-4 were the early-maturing populations 
selected for the first approach using a full-sib family testing 
scheme. In cooperation with four national programs, the 
most promising families were selected on the basis of multi
location testing and these families re-combined to develop 
the experimental varieties. 
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TABLE 2. 
Performance ofselected 
families ofPOOL- lu to 
develop experimental 
maize variety SAFITA-2. 

Grain yield Days to 

Was ha( Kerrboinse) 50% flowdI 

36:40536 48 
F;S.4.09 4160 46 
F.S 116 3947 .46 
FS, 45 4053 46 
F.S. 70 3520 .49 
F.S. 86 -3733 - 47 
F.S. 93 2987 54 
F.S. 145 3307 52 
F.S. 69 4480 46 

Mean: 3947 48 
POOL-16 (check) 2453 50 
J.F.S. (check) 2133 46 

As soon as POOL-16 was identified as a very promising 
early-maturing population in 1980, it was included in the 
population improvement scheme, and in 1981 regional full
sib family trials were organized in collaboration with four 
national programs for multi-location testing. On the basis of 
the results obtained from this testing, an experimental 
variety called SAFITA-2 has been developed. The average 
yield of the selected families constituting SAFITA-2 was 
substantially higher than the POOL-1 6 population and the 
local variety commonly grown in Upper Volta (Table 2). 

The plant breeders are increasing their use of Temperate x 
Tropical materials because of yield performance and 
desirable plant architecture. Several of these materials put 
together by CIMMYT, IITA, and others have been evaluated 
and used in thousands of crosses both at ;badan, Nigeria, 
and Kamboinse, Upper Volta. The materials developed from 
the Temperate x Tropical crosses do have a good plant 
architecture, but many of them are susceptible to lowland 
leaf diseases when grown in the humid forest zone. In the 
semi-arid regions, the disease pressure is far less, making 
them attractive for us, [ie semi-arid ecology. 

SAFITA-104 and TZLJT have emerged as two promising 
materials in the regioi iluniform tests conducted in 15 
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countries in 1981. Both varieties yielded about 3 t/ha in 
these tests. In the meantime, efforts are being continued to 
develop better populations from the Temperate x Tropical 
materials. 

A medium-maturing, white grain variety - SAFITA-102 -
has been found to be promising for the 900-1,100 mm 
rainfall areas of the semi-arid tropics. 

Role of Tied Ridges
inMaize Production 
inUpper Volta 

Field experiments from 1979-1981 with tied ridges in 
Upper Volta in the 700-900 mm rainfall belt show that 

they can reduce the risk of drought stress during the maize 
growing season and substantially increase yields. (Tied
ridges are either earthed-up rows or ridges with laterals built 
to connect the rows on which the maize is grown; the resuli: 
a series of miniature catch basins to hold rainfall around the 
plants.) This practice has been tried successfully in other 
countries in the past. 

In the 1981 experiments, three ridging systems were 
tested: simple ridges, tying the ridges every second furrow, 
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Maize productionunder 
three differentridging 
systems: left,simple ridges; 
center, tyingall ridges;and 
right,tyingthe ridges every 
second furrow. 

.
 
"" "'; ' ' " .
 

and tying all the ridges. The last, under both low and high 
management levels, gave the largest maize yields - at least 
double those of the control plots except for the hydro
morphic soils (Table 3 and Figure 1). Preliminary evalua
tions indicate that the practice can be economically feasible 
even when the ridges and the tying operation are done with 
a hand hoe. The farmer has the choice of either planting on 
the flat and earthing-up later or planting directly on tied 
ridges. 

In some soils, the ridges last more than one season, 
thereby sharply reducing the amount of labor required after 
the first year. As shown in Table 3, the tied ridges built in 
August 1980 were still effective in increasing the yield of the 
second maize crop planted 10 months later in 1981. 

The yield increases obtainable with tied ridges depend 
on three principal factors regardless of soil preparation 
methods: 

(1) 	 Rainfall distribution pattern during the rainy season; the 
longer the duration and frequency of the dry periods 
during the season, the higher the response to tied 
ridges. 

(2) 	 Position along the toposequence (Figure 1); the 
response to tied ridges is generally maximum in the 
plateau and upper slope soils and decreases towards 
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Management level 

Earthing-up system L W: High,,i -Mean 

1.No earthing-up 1040 1480 1260 

2.Earthlng-up at 
30 days after planting (DAP) 990 1470 1230 

3.Earthing-up at 30 DAP 
and tying the ridges every
other furrow since 1980 1840 2540 2190 

4.Earthing-up at 30 DAP 
and tying all the ridges since 
1980 2040 3280 2660
 

Mean 1480 2190 1840 

TABLE3.
 
Maize grain yields (kg/ha) 
 L.S.D. (5%) for management 701 
under two management
 
levels anu four ridging 
 L.S D. (5%) for system 416 
(earthing-up) systems in *Low fertilizerand low plant density.
 
Upper Volta (1981). '*High fertilizer and high plant density.
 

Grain yield (kg/ho) 

5000 

4000 -

All ridges tied 

3000 

2000 One-half of rides led( every tsond ?urrow) 

FIGURE 1. 
Effect of crop position Simpre ridges 
along the toposequence 1000 
and tied ridges on maize 
grain yields, Kamboinse, 0 I 
Upper Volta (1981). Plteau Middle slope Hydromorphic soil 
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Tied ridges - a moisture
conservingpractice tested 
in Upper Volta duringthe 
past three years. the lower slope, deeper, hydromorphic soils. (Although 

no decrease in maize yield was observed in 1981 when 
the ridges were tied on hydromorphic soils, this practice 
can be detrimental on these soils in wet years.) 

(3) Soil characteristics such as texture, structure, surface 
crusting, compaction, and residue mulch; soils with 
low water infiltration rates respond more to tied ridges 
even in the lower slope, hydromorphic soils. 
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lrriqatodlowlandrice 
experimental plotsat IlTA 
(above) and varietylTA 
212 (below) - onaof two 
cultivarsthat produced
high yields comparable to 
those in other countries. 

Rice Yield Potential
 
inWest Africa
 

Llow yield levels of most rice cultivation in West Africa are 
L often said to be due to climatic conditions. But is this 
true, partly true, or not true at all? To clarify the effect of 
climate on the growth and yield of rice plants, I ITA scientists 
began a series of experiments in 1980/81 with special 
attention given to solar radiation. Their preliminary results 
show that high yields comparable to those in other parts of 
the world are obtainable under the climatic conditions in 
West Africa. To accomplish this, however, medium
maturing cultivars (about 130 days) with high yield 
potentia! must be selected, appropriate fertilizer applied, 
pest-free growing conditions provided, and correct timing
of planting followed so that ripening periods correspond
with favorable solar radiation. 

Two rice cultivars -TOs 103 (105-120 days) and ITA 212 
(120-135 days) - were grown in irrigated lowland at IITA 
(Ibadan, Nigeria) with periodical plantings every four weeks 
beginning in December 1980 and continuing throughout 
1981. The highest yields in the trials (10-11 t/ha for one 
crop) are comparable to those in other countries. This level 
was obtained without particularly intensive management.
The fertilizer amounted to 90 kg/ha of N, P2 05 , and K2 0 and 

the plant density was 22 plants/m2 . Furthermore, the paddy
was not ideal, and some iron toxicity appeared because of 
poor drainage. 

As shown in Figure 2, the grain yield is high when rice 
plants ripen under high solar radiation and low under low 
radiation conditions. For example, when ITA 212 was 
planted in June/July and December, the ripening period 
coincided with September/October and March, respectively, 
and the yield reached 10 t/ha because of favorable radiation 
(about 450 gcal cm- 2 day-i). In contrast, when the same 
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Maximum 

20 -500 

'S 

I0 - ITA 212 

I00 

5 - 2 

FIGURE 2. .O 0 3-
Climaticeffect on the .4 3 

grain yieldofriceplants. 00 

(The numbers in the 
circles indicate the date of 
transplantingand the 0 2 j M A M A I NI 

D J F M A M J J A S 0 N Jcorrespondingdate of full 
maturity.) 1981 

cultivar was planted in March and September, the ripening 
period coincided with June/July and December, respec
tively, and the yield hardly reached 5 t/ha - less than one
half the previous yield. This was due to unfavorable 
radiation (300-350 gcal cm- 2 day-1 ). Temperature (either 
maximum or minimum) did not seem to be critical to the 
plant growth. 

Grain ripening during the ascending periods of solar 
radiation (such as from January to March and from August 
to September) had higher yields than the grain ripening 
during descending periods of solar radiation from June to 
July and from November to January. This can be explained 
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The cowpea breeding line 
- TK- 1- has been renamed 
"Tumaini" (meaning 
"Hope" in Swahili) by the 
Ministry ofAgriculture in 
Tanzania. 

by the fact that when rice plants at early growth stages 
are grown under favorable light conditions, their growth 
becomes very vigorous with active tillering and leaf 
development. They proluce fewer photosynthates due to 
mutual shading and consume more energy to maintain 
themselves. The plants fail to allocate a larger proportion 
of photosynthates to grains durinq the ripening period.
But when the ripening period meets with favorable light 
conditions, plants produce a large amount of photo
synthates, thereby producing high grain yields. 

Impact of IITA Cowpea Varieties 
in Different Countries 

C owpea varieties originating from IITA breeding lines 
have been released by several national governments 

and the seed multiplied for planting by farmers on 
thousands of hectares. The foilowing are afew examples out 
of many. 

On July 30, 1981, the cowpea variety "Manaus" - a 
cultivar originating from the IITA breeding line 4R-0267
01 F-was released in Brazil by the National Research Center 
for Rice and Beans (CNPAF) and the Empresa Brasileira de 
Pesquisa Agropecuaria (EMBRAPA). This variety - named 
after the capital city of the State of Amazonas - is high
yielding, early-maturing, and resistant to cercospora and
leaf smut (Entiloma vignae). Seed was received in Brazil in
1978 and planted in an isolated plant quarantine area and 

multiplied for use in national and international trials. It out
yielded the local material by 17 percent during the rainy 
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_ _ _ _ _ _ _ _ _ 

FIGURE 3. 
Performance ofcowpea 
variety TK -5 at various 
locationsin the tropics
during the 1980/81 season. 

Location 	 TK-5 Local variety 

Njala, Sierra Leone 

Serere, Ugonda _ 

Chitala, Malawi 

Sebele, Botswona 	 __ _.... _ 

Rwokuba, Sudan 

Khonkoen, Thailand 

Loguna, Philippines 

Boliche, Ecuador _ _ _ _ . 

Lawrencefield, Jamoica 

Ajangba, 	 Nigeria .___--

Nigeria
 

I I II 
o 500 1000 1500 2000 

Yield (I/ha) 

been collaborating since 1975 on the development and 
identification of several breeding lines and varieties. The 
two mentioned here were released after three years of yield 
evaluations at 10 locations in different regions of Tanzania. 

Both varieties have multiple disease resistance and high
yield potential with acceptable leaf and grain qualities. In 
addition to the main season crop, they can also be 
successfully grown in the short rainy season of bimodal 
rainfall areas. In the varietal demonstrations conducted in 
farmers' plots in the short rains of 1980-81 at Ilonga, 
Tanzania, both TK-1 ("Tumaini") and TK-5 ("Fahari") 
yielded up to 1.5 t/ha when the adjacent plots of maize dried 
prematurely. TK-5 also holds promise for a number of other 
countries where it significantly exceeded the yield per
formance of the local varieties at each location (Figure 3). 

Thousands of early-segregating progenies, as well as 
fixed lines originating from IITA, have been evaluated under 
the National Cowpea Improvement Program in various trials 
covering different ecological conditions in Upper Volta. As a 
result of this effort over the past three years, KN-1, which 
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TABLE 4. 
Yield (kg/ha) ofKN- 1 
cowpea varietycompared 
with a localcheck variety 
in trialsin four African 
countries(1981). 

yielded significantly better than the local material, was 
identified. KN-1, originally a double cross made at IITA, has 
been released by the government in Upper Volta for areas 
with a rainfall of 700 mm or more. Under good management 
conditions (particularly with insecticide application), this 
variety produced yields as high as 2,000 kg/ha on 
experimental plots and close to 1,500 kg/ha in controlled 
trials on farmers' fields. Also, 1981 trials in Nigeria, 
Cameroon, and Ghana showed KN-1 to be a high-yielding 
variety (Table 4). 

The first multiplication of KN-1 in Upper Volta started in 
1981, and seeds were then distributed to farmers for large
scale cultivation. Although only 1.5 tons of seed of this 
variety were distributed in 1981 through Upper Volta's 
National Extension organization, 10 tons (enough to plant 
400 her tares) were scheduled for distribution in 1982. 

The Republic of South Yemen released VITA-5 - another 
high-yielding, disease-resistant variety developed by IITA 
and in 1981 approximately 7,000 hectares were planted in 
the country. During the same year, about 5,000 hectares of 
this variety were planted on farms in Togo. 
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Extra-Early- Maturing Cowpeas
for African and Asian Countries 

RCse of the need for extra early ia ttii rng cowpeaB varieties (60 65 clays) in man'y andAfrican Asian 
coLIntries, IIFA scientists have initiated i systematic 
breeding program to accomplish this They knew thal sn(ch 
varieties would n1ot only p)er1riit (Joule aIndor relay
croppij but niake effective use of very short rainy sealsons 
in many tropical aejs 

Initial work was started ii 1979 by the liistit( .'s 
scientists located in Taniaria ii ()sm , areais, tlhe short rains 
begin in October Novemher and end r lat, Drecerber o1 
January, celpend ir on the region A iry period for abOut a 
month follows after which the main rainls start and (;otitmile 
for about 75 to 90 days Farmers plant mvaize wihtthe onset 
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Performance of extra-.1, 
early-maturingcowpea 

varietiesin Tanzania 
(1980-81). 

Variety 
Days to 
maturity 

Yield 
(kg/ha) 

Short rains 
(Dec.-Jan.) 

Main season 
(March-April) 

ER-1 
TKx 133-16D-2 

75 
65 

1482 
1547 

940 
1278 

, . 

LSD 5% 329 100 

of the short rains in October-November, and frequently 
the maize crop dries prematurely during the' dry weeks of 
January and farmers lose their crop. Only in occasional years 
when the rains extend until February does a farmer get a 
successful maize crop. In spite of this uncertainty, farmers 
plant maize because it is the principal food crop in Tanzania, 
and there has been no alternative crop early enough to 
mature within two months. 

Since 1979, the scientists have developed extra-early
maturing cowpea lines that will fit in this season in Tanzania 
and also serve as a mix crop/relay crop in monomodal 
rainfall areas. Two new lines - Cross 1-6E-2 and TKx 133-
16D-2 - mature within 65 days and yield between 1.5 to 
1.9 t/ha (Table 5) - the same range as full-season varieties. 
However, being erect and early, the early-maturing varieties 
were planted in narrow rows with approximately 130,000 
plants per hectare vs. 66,000 for the full-season varieties. 

The e.arly-maturing varieties are resistant to most major 
cowpea diseases and have acceptable seed quality. Flowers 
on the cowpea plants are all produced within a short period, 
cutting down the need for multiple insecticide sprays. Also, 
pods mature synchronously which permits a single harvest 
and reduces labor costs. These lines are now being widely 
tested in farmers' fields. 
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A number of other early-maturing selections made at IITA 
appear promising for certain areas in Africa and Asia. They 
become ready for harvest within 60 days after planting, have 
large white seeds, combine resistance to major diseases, and 
have synchronous flowering and maturity. Seeds of these 
lines will be ready for wide-scale yield testing in late 1982. 

High Temperature-Tolerant Rhizobia 
for Tropical Inoculants 

T olerance to high temperatures is a desirable property for 
inoculants intended for use in the tropics where 

temperatures during transportation, storage, and planting 
may be high. As long as the rhizobia used as inoculants are 
intolerant of high temperatures, farmers in many tropical 
countries will continue to be denied access to the cheap 
form of nitrogen from biological nitrogen fixation. Recent 
findings on high temperature-tolerant rhizobia by IITA 
scientists, in collaboration with scientists at Cornell 
University and Boyce Thompson Institute (USA), appear to 
hold much promise toward the solution of this problem. 

When a germplasm bank of 750 cowpea rlizobial isolates 
was obtained from three environments in West Africa (the 
IITA main site and its substation at Onne, Nigeria, and 
Maradi in the Republic of Niger), it was soon observed that 
many of the rhizobia from the hot, dry environment of 
Maradi grew as well at 37°C as at the usual temperature of 
30°C employed by microbiologists to culture rhizobia in the 
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TABLE 6. 
Information on the 13 
cowpea strains used in the 

fieldinoculationtrials in 
three countries. 

Strain Tolerance of Colony 
Origin (IRc) 37°C form 

Onne 	 252 Wet 
256 Dry 

283 	 nd
 
299 Dry 
344A Dry 

Maradi 383C 	 Dry

400A Dry 
409C Wet 
430A Dry 

IITA 	 462D Dry 
489B Wet 
500A Wet 
506C Wet 

'Growth relative to 30'C, -. none; +. poorer, + +, equal: + +. better. 

laboratory. Some of these even grew at 44*C, which is 
higher than any temperature ever reported for growth of 
tropical rhizobia. By contrast, few of the rhizobia from the 
cooler sites at Onne and IITA tolerated 37°C. Many of the 
rhizobia from Maradi were predominantly of a "dry" colony 
type. Preliminary data showed that the extracellular gum 
produced by some of the rhizobia might be important in 
temperature tolerance. 

Those were exceptional and unprecedented findings. 
Therefore, IITA scientists decided to evaluate under field 
conditions rhizobial strains that combine effectiveness in 
nitrogen fixation with high temperature tolerance. In 
addition to this, a third criterion of inoculant quality is the 
competitive ability in terms of nodule formation. Effective 
strains are useless in the field unless they can compete 
successfully with natural field rhizobia and can form the 
majority of nodules on the host plant. Cowpeas tend to 
show little or no response to rhizobial inoculation in terms of 
grain yield, but in the past there has been no way to 
determine whether this was caused by inoculant failure, 
nutritional problems, or other factors. With the new methods 
that now allow microbiologists to follow the course of 
nodule formation by rhizobia, a new dimension has been 
added to inoculant studies. One of these methods is the 
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Nodules formed by inoculants (%) 

FIGURE 4. 
Competition ofsix 

inoculantrhizobia with 
indigenousrhizobia for 
nodulationofthree 
cowpea cultivarsat three 
locationsin West Africa. 
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serological test, enzyme-linked immunosorbent assay 
(ELISA) described in Research Highlights 1980. 

To evaluate the effectiveness and competitive ability of 
temperature tolerant rhi7obia, a selection of 13 Rhizobium 
strains was employed in field trials at Gusau in Nigeria, 
Maradi in the Republic of Niger, and Kamboinse in Upper 
Volta. The rhizobia were selected on the basis of high 
temperature tolerance, colony morphology, and origin 
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Rhiz, bie from the hot,dry 
environment of Maradi,
Republic of Niger, werealmost exclusivelyof the 


"dry" type (left); those 
from llTA/Ibadan and 
Onne, Nigeria, pre
dominantly "wet" (right). 

(Table 6). Five of them originated from Onne and four each 

from Maradi and IITA. Strains IRc 383C and 400A from 
Maradi were the most tolerant of 37*C and IRc 252 from 

Onne the least tolerant. All were highly effective on 
cowpeas in greenhouse tests. Uninoculated and +N 
controls were included for comparison. Two hi'ih-yielding 
and improved IITA cowpea cultivars (4R-0267-1F and 
VITA-7) and one local check were the hosts. Seed was 
inoculated with 1-10 million rhizobia/seed as single strains. 
Antisera were produced against each strain to permit nodule 
typing for competitive ability. 

After six to seven weeks of growth, nodules were 
collected for typing by the ELISA method to determine 
competitiveness of six of the strains. Indigenous rhizobia 
were generally more competitive for nodulation than the 
inoculum strains (Figure 4). The mean proportions of 
nodules formed by inoculum strains were low at Gusau and 
Maradi, but high at Kamboinse (especially on cultivar 4R
0267-1 F). Strains originating from Maradi were generally 
more competitive with indigenous strains at Maradi than 
were strains from Onne and IITA. This was probably due to 
their better tolerance of the high soil temperatures prevailing 
there. 

The improved cultivars were generally more compatible 
with the inoculum strains than the local checks. (At Gusau, 
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Grain yie.d response to 

inoculationof three 
cowpea cultivarsat twolocations in West Africa. 
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Ife Brown - the check - is actually an improved, high
yielding cultivar.) These results point to the potential to 
improve nodulation of high yielding cultivars by inoculation 
with selected rhizobia. 

Grain yield of VITA-7 cowpea inoculated with three of the 
13 strains was significantly greater than that of uninocu
lated cowpea at Gusau (Table 7). In the hot, dry en
vironment of Maradi, four of the inoculants produced more 
grain on the Ioc:' cultivar, TN 88-63, than the uninoculated. 
Yield of the improved cultivars at Maradi was low because 
of poor adaptation. Nitrogen fertilizer did not produce 
any more grain than the uninoculated treatment at either 
location. 

Based on these results, strains IRc 252 and lRc 430A are 
considered the most superior. Future experiments will 
examine their capability to survive the hot, dry environment 
at Maradi, in the absence of host plants. 
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Anon-promiscuo 
soybean variety(below, 
foregrous nodulating 

line next to it in a 
breeding nursery at 
Aokwa, Nigeri (1980). 

Evaluation ofpromis-
cuousnodulatinglines in a 
nursery in eastern Nigeria, 
1981 (below, right). 

Breeding Soybeans that Nodulate
 
with Indigenous Rhizobia
 

D uring the past few years, scientists have observed that 
several soybean varieties nodulate consistently on 

African fields without a history of rhizobium inoculant 
application. They nodulated well with the indigenous 
rhizobia which provided adequate nitrogen for vigorous 
plant growth. Called "promiscuous nodulators" because of 
their indiscriminate characteristic of forming symbiotic 
relationships with various rhizobia strains, they could 
provide an opportunity for many farmers in Africa to grow 
soybeans without the use of commercial inoculants. This 

usis an important consideration because most developing 
countries do not have inoculant industries. 

IITA scientists initiated a crossing program in 1978 to 
incorporate the promiscuity character into genetic back
grounds adapted to different tropical environments. The
following year, early generation segregants were screened 

on soils with low soil nitrogen without inoculants at 



Mokwa, Nigeria. Breeding lines that grew vigorously were 
dug at physiological maturity and scored for the presence of 
nodules. Selections were multiplied under irrigation during 
the dry season at Ibadan, Nigeria, and sown at Gusau, 
Mokwa, Ikenne, and Onne during the 1980 main season. 

Based on nodulation performance and seed storability 
characteristics, 788 breeding lines were planted during 
1981 in two replications per site at six Nigerian locations. 
Some selections were also sent to 30 collaborators in other 
countries. Detailed results from the international col
laborative trials had not been compiled at this writing, but 
the Ivory Coast reported that the IITA breeding lines 
nodulated very well. 

Results of the trials in Nigeria also showed that the 
majority of the promiscuous lines nodulated well and grew 
vigorously at all the sites, but most of the non- promiscuous 
check varieties did not. Yield data was collected at four 
of the six locations (Table 8). The plant breeders are con
fident that they can genetically transfer this promiscuous 
characteristic into diverse areas where commercial rhizobial 
inoculants are unavailable. 

During 1982, elite lines from the first cycle will be 
evaluated for performance in large plots, and the progenies 
of the second cycle of improvement will be evaluated in 
preliminary yield tests at six sites in Nigeria. 
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N TABLE 8. 
Yield (kg ha) andnodulationscores' for fivepromising late-maturingsoybean breeding linesat fourlocationsin Nigeriasown without rhizobial inoculant (1981). 

Varieties Mokwa'" Mokwa" Yandev Ilorin 
ABUJ,IAR N G P C. IAR IAR&T 

Breeding Lines Yield nod Yield nod Yield nod. Yield nod. 

DSm 776 3880 300 1093 350 1177 3.75 2708 4.00 
DSm 1449 2050 325 1603 350 1156 3.75 2604 2.00 
TGx 306-036D 2743 325 1613 3.50 1230 2.75 1771 4.00 
DSm 884 1903 2.50 1727 2.75 910 4.25 2500 3.50 
TGx 330-0102D 1916 325 1543 4.50 1093 3.50 2552 3.25 

Promiscuous Parents 

TGm 344 ,3083 3.50 1360 3.75 .790 4.25 3021 502 

m 1730, 3.25 1680 .3.50 777 3.75 2312' ,.0 

7f.m 779 163 35 93 .2500-3.50 1120 .00 .3.50
Malayan 1667 3.50 1363 3.75 '673 3.75 :2396 135 

Nonprorniscuous Check
 

Jupiter 1743 1.75 1473 2.25 670 2.50 
 1510 1.75 
Trial Mean 1587 2.67 1320 3.26 797 3.48 1790 2.95 
LSD 0.05 980 1.09 747 1.12 357 1.21 931 1 65 
CV % 31 21 28 18 22 17 26 28 
Entries 100 100 100 100 100 100 100 100 
Reps. 2 2 2 2 2 2 2 2 

"NocdwJitor scores I /no few nodules. 3 - nOQuies. 2 good nodulation. 4 - ',ygood nodulation. 5 = exce/lent nodulation. 
".okwaABU /AR- Ahniadu Be/lo Universit Experiment Station. 
Mok.a ,VG P C. = National Grain Production Company Farm iocated n7orth of Mokwa, Nigeria 



Maruca larvae spina web 
in these containersas they 
feed on the artificialdiet 
and become pupae. 

Artificial Medium for Rearing 
Pod Borers Used inCowpea 
Resistance Studies 

D uring the past two years, IITA entomologists have been 
working on the development of an artificial rearing 

medium for some of the lepidopterous insect pests found in 
Nigeria. One of these - the legume pod borer, Maruca 
testulalis (Geyer) - is an important and ubiquitous pest of 
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TABLE 9.
 
Growth and development
 
of Maruca testulalis on
 
fourartificial diets.
 

cowpeas and other legumes. It can cause between 30 and 
60 percent crop loss if left uncontrolled. 

One of the scientists' principal objectives is to breed 
cowpea varieties with adequate levels of resistance to the 
borer. To help reach this objective, an insect rearing facility 
has been established for the production of large numbers of 
insects to be used in artificial infestation of cowpea plants in 
resistance evaluation studies. 

Several diets have been developed for rearing lepidop
terous pests. A number of these were tried and some 
selected for closer evaluation. These included cowpea 
casein diet, soy wheatgerm diet, cowpea yeast diet, and 
corn soy milk (CSM) - a human food supplement. The best 
larval performance was obtained on the soyflour wheat 
germ diet (Table 9). Performance on this diet is comparable 
to that of a natural diet and has since been adopted as the 
rearing medium. (A list of ingredients used to prepare the 
diet is available from IITA.) A recent modification to this diet 
has been the replacement of soyflour with cowpea (Ife 
Brown) flour. 

28 



FIGURE 5.
 
Comparative capital,
 
labor, a-d operatingcosts
 
ofthree differenttypes of
insocticidesprayers. 


Evaluation of Different Spraying
Techniques Against Cowpea Pests 

M any farmers in the major cowpea production areas in 
the Sahel and Sub-Sqhel regions of Africa often run 

short of water for their insecticide spraying operations.
Because of this, ultra-low volume and electrostatic 
insecticide application methods which use no water have 
special value for thein. 

Field tests by IITA entomologists show that these two 
methods were as effective for insect control as high-volume
knapsack sprayers that use from 250 to 500 liters of water 
per hectare. Furthermore, the initial purchase price and labor 
and operating costs per hectare were much lower (Figure
5). Another advantage for the farmer is that the two non
water sprayers weigh only 3 kg each, compared with 25 kg 
for the knapsack sprayer full of water. 

Cost (Naira) Cost/ha/application (Naira)
100 10 

" . Hydraulic: KnapsockCP3 

80- guLV;Micron ulvo 
. Electrostatic: ICl 

electrodyn 

60 6 

40- 4 

o 
Capital Labor Operating 
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A new electrostatic-type 
insecticidesprayer (left) 
is more officientand costs 
less to own and operate 
than the older-type 
knapsacksprayer (right). 

TABLE 10. 
Comparative performance 
of differentinsecticide 
formulationsagainst 
co wpea flower thrips 
using an electrostatic 
sprayer(IITA 1981). 

For thrips control alone, insecticide applications of 
cypermethrin alone and cypermethrin plus dimethoate were 
equally effective (Table 10). 

Thrips per** 
Insecticide Dosage' flower 

Cyperrnethrin (2-row application) 15 6.0 

Cypermethrin + dimethoate 
(2-row application) 

Cypermethrin f-dimnethoate 
15 + 250 5.8 

(1-row application) 15 +250 3.7 

Dimethoate 50 (2-row application) 250 6.8 

Control Q 

LSD @ 5% 5.8 
C.V. 45 

'Dosage = gr.a.i/ha/applicationapplied at 30. 45 and 55 days after 
planting. 
"Data collected 50 days after planting. 
-VITA 5 cowpea variety. 
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Soybean plants badly 
stunted bysoybean dwarf 
virus (SDV) compared 
with a healthy one. 

inspectsa plantin a row o, 

soybean dwarf virus-infe',ted 
plantssurroundedby healthy 
ones. 

Increasing Danger of Virus Diseases 
in Rice and Soybeans 

U nder conditions of more intensified cropping, virus 
diseases in rice and soybeans - generally of low 

incidence in the past -- are now being reported more often. 
In 1981, a yellow mottle disease was reported from two 
important rice growing areas in eastern and central Nigeria. 
IITA virologists tested samples from those areas and identi
fied the rice yellow mottle virus (RYMV) as the causal agent 
of the disease. During asurvey of the area in eastern Nigeria, 
they found that the disease had established itself at experi
mental sites of alarge rice development scheme where many 
new and apparently highly-susceptible varieties were being 
tested for performance. The disease was obviously building 
up because the infection incidence in fields developed 
several years ago was significantly higher than at recently
developed sites. 

The introduction of new and mostly highly-susceptible 
varieties apparently plays a significant role in the occurrence 
of this disease, believed to be indigenous to tropical Africa. 
IITA scientists have found most traditional African upland 



rice varieties to be moderately to highly tolerant to RYMV. 
This probably explains why the disease has only recently
become important in Nigeria and several other countries in 
West and East Africa. 

A severe stunt disease almost completely destroyed a 
two-hectare planting of soybeans at Mopa in central Nigeria
in 1980. (A similar or identical disease was observed in 
northern Nigeria as far back as 1975.) The disease at Mopa
proved to be graft-transmissible but could not be trans
mitted by means of sap inoculation. 

Such monitoring of season-to-season and year-to-year
incidence and importance of various virus diseases identi
fied or newly discovered in the various target crops of IITA 
continues to be one of the aspects of the work of the 
Institute's virologists. Dwarfed soybean plants have been 
found occasionally at IITA/Ibadan during the past five years
but always at very low incidence. During the last few 
months of 1981, however, a very high incidence of severely
stunted plants (> 50 percent) was observed at a site planted
with one particular breeding line. This disease also proved to 
be graft-transmissible only. In serological tests with an 
antiserum to soybean dwa. virus (SDV) from Japan, virus 
specific positive reactions were obtained with samples from 
severely stunted plants from this field. 

Because genetic resistance is the only effective means to 
control virus diseases, IITA scientists are giving high priority
to a resistance breeding program. For RYMV, it involves the 
use of resistance levels found in traditional African upland
rice varieties. For the severe dwarfing disease of soybeans,
resistance sources still have to be identified among the more 
than 3,000 accessions of germplasm available at IITA. 
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Soybeans intercropped 
with sorghum in a t 
farmer's fieldin Benue 
State, Nigeria. 

Economists Survey Smallholders' 
Production of Soybeans 

A part of a study of the potential for soybeans in Nigeria, 
IITA agricultural economists surveyed farmers in the 

two main production areas - Benue State and the Zonkwa 
region (Figure 6). They selected 36 farmers from several 
villages in the former and 30 in the latter in cooperation with 
local officers of the Ministry of Agriculture. 

Smallholders produce most of the soybeans in Nigeria, 
and nearly all of their crop is sold in local markpts for human 
consumption. Although the potential for greater production 
exists in view of the large and increasing amounts of 
imported soybean meal for poultry feeds, soybeans at 
present rate as a minor crop. 

The average farmer grows two to three crops of soybeans 
in successive years, mainly on upland fields. The rotation 
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FIGURE 6. 

Map ofNigeriashowing 
major areas ofpresento 
soybean productionand 
potentialareas. 

Maor production areas 

PortH Polentoi areas of 
0 production 

after fallow nearly always starts with yam in Benue State and 
with sorghum in the Zonkwa area. In the second year, 
soybeans appear in the rotation often intercropped with 
sorghum and sometimes with maize. The picture is a 
sorghum-based cropping system in which sorghum/ 
soybeans appear for two or three years during the end of a 
four-to-five year cultivation period. Plant spacing for soy
beans varied greatly, and weed control was the main factor 
influencing it. 

The majority of farmers used only hand-hoeing for land 
preparation. Those who used tractors (about one out of five 
in the sample) hired them mostly from the government. 

Farmers were asked to compare labor use for soybeans 
with that for other more popular crops for which data are 
fairly well known. Soybeans required less labor for planting, 
weeding, and harvesting than groundnuts but more than 
sorghum. Slightly more than two-thirds of the labor input 
(78 man-days) was absorbed for planting, weeding, and 
harvesting the soybeans. The next largest labor use was for 
land preparation (Table 11). 
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Relative labor utilization 

Oporation % Man-days 

TABLE 11. Land preparation 25.3 30 
Combinedlabor Fertilizer application 6.0 7 
utilizationdata for Insecticido, application 0.5 1 
soybean cultivationin Bird scaring 2.9 3 
Benue State and the Total labor 100.0 119 
Zonkwa region. 

Family Hired Community Total 

Region' B Z B Z B Z B Z 

Operation: 

Planting 6.8 13.9 3.9 1.0 0.5 0.4 11.2 15.3 
Fertilizer 

application 4.0 7.0 0.1 0.3 0.3 0.3 4.4 7.6 
Weeding 15.4 14.3 31 6.0 1.3 1.8 19.8 22.1 
Insecticide 

application 0.4 0.5 --- -- - -- 0.4 0.5 
Bird scaring 2.4 3.4 0.1 . .. .. 2.5 3.4 

TABLE 12. --*"-" ."","'$-,,I '2-q'',' Ya"7" 
Relative importance (%) NWP -R 7 ". . 
of different laborsources Total 53.4 77.2 39.u 13.5 6.7 9.3 100.0 100.0 
by operation and by 

= =region. "B Benue State, Z Zonkwa Region. 

The survey also showed that the farmers in Benue State 
used about half their labor from sources outside the family, 
but the family was the main source for farmers in the Zonkwa 
region (Table 12). The timing of the land clearing ranged 
from April-June, planting from June-August, and harvest
ing from November-December (Figure 7). 

Farmers in the survey mentioned pest control and 
economic inputs as their most important production prob
lems. The majority of them (86 percent) store part of their 
crop before selling it and market the soybeans throughout 
the year (Figure 8). Two out of three farmers criticized the 
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FIGURE 7.
 
Labor calondar for 

soybean productionin 

Nigeria.
 

FIGURE 8. 
Percent of farmers 
marketingsoybeans in 
three-monthsequences of 
the year. 
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poor marketing facilities, but toward the end of 1981 
marketing opportunities were looking brighter because of 
higher local prices and processing of soybeans by mills in 
Gusau 3nd Funtua. 
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A naturalenemy, 
Apoanagyrus lopezi,
(above) parasitizinga 
secondinstarcassava 

mealybug. 

A pr6dator- Scymnus sp. 
- feeding on mealybug 
eggs (above, right). 

ti.,> 

Pa siePrdtsParasites and Predators for CassavaMealybug in Africa 

Because millions of people depend upon cassava for their 
basic food source, the cassava mealybug, Phenacoccus 

manihoti, (MAT-FERR), may have gained the status of 
Africa's worst single agricultural pest. Since the mealybug 
was discovered first in Zaire in 1973, it has spread into 
almost all the cassava-growing areas of Africa. This pest
insect causes heavy yield losses - an average of 60 percent 
reduction in yield for the roots and up to 100 percent for the 
leaves. 

It attacks the cassava plants throughout the year with 
population numbers peaking in the dry season. Late plant
ings usually will be totally lost, while early plantings may 
escape heavy damage. P. manihoti has a parthenogenetic 
life cycle, completed in 24-26 days at 27°C. The average 
fecundity in the laboratory is 440 eggs per female. In the 
field, 9-10 generations a year have been recorded. 

IITA has advocated biological control of the cassava 
mealybug for several reasons. In Africa, cassava is grown by 
small landholders in widely dispersed plots usually with 
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Cassava plants in the field 
on the left are recovering 
quicklyduringthe dry 
season after the mealybug 
colonieshave been 
destroyedby the released 
enemies Scymnus sp. and 
A.lopezi. (Inset photo 
shows the new shoot 
growth free of mealybug.) 
In the control fieldon the 
right no new shootsare 
producedand the cassava 
mealybugs will eventually 
kill the terminalshoots. 

difficult access. As the cassava mealybug is exotic to Africa, 
having been accidentally introduced in this continent, there 
are no natural control agents (predators-parasitoids

entomopathogenes) ecologically adapted to this species. 
To solve the problem, the natural control elements of the 
original situation in the Americas where the mealybug is not 

a pest have to be re-established. This is done by introducing 
the natural control agents into Africa. They have then the 
potential to bring the population of the pest insect below the 
economic damage threshold and keep it in an equilibrium 

state with its natural enemies. 

The first step in effective biological control is to find the 
area of origin of the pest insect and collect the natural 
enemies species complex associated with it over its entire 
area of distribution. Selected natural enemies are then 
introduced into Africa after careful quarantine checks. After 
in-depth studies of their bionomics, the natural enemies are 
multiplied in mass and released into cassava fields infested 
with mealybugs. P. manihoti was described as a new 
species in 1977. Its morphological similarities with North 
American Phenacoccus spp. permitted the designation of 
the Neotropics as its probable area of origin. 

IITA's intensive exploration work for the cassava mealy
bug and its natural enemies conducted in the Americas over 
the last two years in cooperation with the Commonwealth 
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Natural enemies of the 
cassavamealybugare 
multiplied in this culture 
room for IITA s biological 
controlresearch. 

Institute of Biological Control (CIBC) and the International 
Center for Tropical Agriculture (CIAT) has lead to the 
discovery of this pest on cassava in Paraguay by CIAT, and 
in Bolivia and Brazil by CIBC. 

Four new species of natural enemies (three predators: 
Exochomus sp., Hyperaspis notata, and Scymnus sp. and 
one parasitoid, Apoanagyrus lopezi) have been collected in 
South America by CIBC. After quarantine in Trinidad and 
London, they were brought to Nigeria with the approval 
of Nigerian quarantine authorities and studied in detail. 
Scymnus sp. and A. lopezi have been mass multiplied, and 
releases in IITA's experimental fields have resulted in
successful establishment of the two species. 

In less than two months after release, cassava plants in the 
release field are exhibiting rapid recovery from the initial 
mealybug attack. The exotic natural enemies have destroyed
the mealybug colonies in the release field and are spreading 
to neighboring fields. The multiplication potential observed 
in the laboratory for the two species has been fully main
tained in the field, and they appear to be ecologically well
adapted to southern Nigerian dry-season conditions. 

This early and very positive success supports the bio
logical control approach. Because it is generally the natural 
enemy complex (rather than a single predator or parasitoid) 
that ensures control, further exploration for more natural 
enemy species is currently being undertaken. This will 
provide several species of natural enemies to fit all the 
different ecological conditions of ,he African cassava 
growing areas. 

Hyperaspis sp. was collected on P. herreni (a close 
relative of P. manihoti) from Guyana and released in 1980 in 
western Nigeria. However, its impact on the cassava mealy
bug has been minimal because of its slow population build
up in response to increases in the host population. 

An increased research effort is underway on the ecology
of P. manihoti, as well as on the exotic natural enemies of 
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potential use for biological control. More efficient mass
culture techniques will be required and then expanded as 
soon as possible to supply the quantities of natural enemies 
needed by any country. Also, IITA's scientists will assist 
African countries to build up their own biological control 
programs, supplying technical knowledge and stock cul
tuires of natural enemies. So far, predators (Hyperaspis sp. 
and Scymnus sp.) and a parasitoid (A. lopezi) have been 
distributed to Zaire (PRONAM) arid Republic of the Congo 
(ORSTOM-FAO) for further multiplication and release. 

An important consideration of the cassava mealybug 
biological control is the peculiar secondary effects of the 
pest's feeding behavior. Early studies have shown that the 
mealybug's first two larval instars are strongly toxinoferus, 
inducing severe leaf and terminal shoot growth distur
bances. The mealybug gets protection from adverse climatic 
conditions and natural enemies as the terminal leaves curl 
and surround the mealybug colonies. It is IITA's aim to 
develop plants resistant to the toxin, thereby allowing them 
to grow no(mally and leave the mealybug exposed to 
increased activity of the natural enemies and adverse 
climatic conditions. 
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The amount of hair 
densityon the young 
cassava leaves at the tip of
the plant as shown here 
may have an effect on 
resistance to both 
mealybug and green 
spidermite. 

(Above, right) Preliminary 
research in Zaire shows 
that mealybugs findit 
more difficulttosettle on 
the growing tips of the 
resistantcassava clone 
(left) compared with an 
improvedlocalselection 
(right). 

TWO Cassava Plant Mechanisms: 
Their Effect on Mealybug Resistance 

(,enetic resistance to the destructive cassava mealybugJ (CM B) through improved plant varieti.s complements 

the system of biological control with predators and 
parasitoids described in the previous article. It is expected
that the successful combination of these two control
methods will greatly reduce mealybug problems in Africa in 

the future. As part of acontinuing program to breed cassava 
for further resistance to this pest in Africa, IITA scientists 
worked on two different approaches during 1981. One 
involved the possibility of incorporating higher hair density 
on the surface of young cassava leaves and the other the 
development of glabrous clones that keep the mealybug 
population at a relatively low level. 

For the pubescence or hair density study, 60 clones were 
selected from the IITA's germplasm sources based on their 
potentials and resistance to major diseases. Five months 
after planting (February, 1981), the cassava plants were 
evaluated not only for mealybug (CM B) resistance but also 
for green spider mite (CSM) resistance. The subjective 
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ratings were based on tAx classes of infestation severity of 
young top leaves ranging from class 0 which meant no 
obvious damage symptoms to class 5 - the heaviest damage 
(90-100 percent of plants in the plot affected or plants 
defoliated). 

Researchers counted the hairs per 1 cm2 along the under
surface of the central lob and petiole of a young fully
expanded leaf and tip stem four months after the cassava 
was planted. In general, the largest number of hairs was 
observed on the leaf upper surface. The number of hairs on 
this surface was related to those on the leaf under surface, 
petiole, and tip stem. Several clones with high pubescence 
showed resistance to both CMB and CGM (Table 13). 
Figures 9 and 10 show the relation of CMB and CGM 
resistance ratings with hair density of the leaf upper surface. 

These results suggest that if the hair density were 
increased further through breeding, CMB and CGM resis
tance might be improved accordingly. Also, the CMB scores 
were significantly associated with CGM scores (r = 0.69), 
indicating that improvement for resistance to CMB will lead 
to CGM resistance and vice versa. 

In the other research project with clones of a different type 
(glabrous or without hairs on the leaves), IITA scientists in 
Zaire's Programme National Manioc s~arted by screening a 
large cassava seedling nursery which had been artificially 
infested with mealybugs in the dry season. The first negative 
screening resulted in the identification of 120 clones with 
no apparent mealybug damage. These clones on further 
screening after artificial infestation in the field showed that 
the clone 70453 had no apparent damage to the plant 
although there were a few mealybugs still on it. In sharp 
contrast, the improved local selection - 02864 - showed 
considerable plant damage symptoms and harbored a large 
mealybug population. 

Greenhouse studies were then conducted to further check 
the reaction of the two clones to mealybug infestation. 
Plants of both clones were infested with three adult 

42 



TABLE 13. 
Cassava cloneswith high
pubescenceand resistance 
to both mealybug and 
green spidermite. 

Clone Hairs/c M 

L(UP)" L(UN)*" Petiole Stem 

TMS 61677 5013 2118 604 515
TMS 60142 4550 2792 464 713 

TMS 5326 x 
TMS 5032 4237 962 158 201 
TMS 61324 3388 1310 373 233 
TMS 42025 2480 1195 238 210
 
TMS 4(2)1425 2188 347 79 91
 

Leaf upper surface. 
'Leaf under surface. 

=-Range: 0 no obvious change; 5 = heaviest damage. 

mealybugs at the growing tip of the cassava plant. Four to 
six days after infestation, the number of mealybugs and their 
position on the plants showed contrasting differences in 
mealybug establishment. 

More than half of the adult mealybugs initially placed on 
the clone 70453 were lost within four to six days after 
infestation, indicating that an antibosis mechanism may be 
at work here. The mealybug loss was less than 8 percent in 
the case of variety 02864. Furthermore, the position of the 
few remaining mealybugs on clone 70453 showed that less 
than 27 percent of them were near the growing tip, but the 
figure for variety 02864 was a high 60 percent. (The 
growing tip is the most preferred place for establishment, 
multiplication and dispersal of mealybugs.) These obser
vations indicate that adult mealybugs find it more difficult to 
settle on the growing tip of the resistant clone. 

For a better comparison of the multiplication rate of 
mealybugs on clone 70453 and variety 02864, the numbers 
lost on each shoot were replenished. One month after the 
initial infestation, the total number of mealybugs, immature 
(1st, 2nd and 3rd instars), preovipositing, and ovipositing 

43 



Mtalyh4 res aston (0-5 |i rver 

40 

505 

25 


20 

0 I)0( 2000 
2 3000 4000 

uppe r4 ,mP Su'I-eofc e 

FIGURES 9 and 10. 
Relation of cassava 
mealybug (left) and 
cassava green spider mite 
(right) resistance ratings 
with hair density of the 

leaf upper surface. 

TABLE 14. 
Average mealybug count 
per shoot on a resistant 
cassava clone 70453 and 
the check variety 02864. 
(Three replicates of two 
and three plants per 
clone! variety: greenhouse 
conditions.) 
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adults were counted and the results showed significant
differences in the mealybug population and its composition 
on the two clones. The rate of multiplication of mealybugs 
on clone 70453 was much lower than on 02864. Also, a 
significantiy lower number of adults (9.2 percent) on the 
resistant clone suggests a slower rate of development of 
mealybugs on it compared with the susceptible variety 
(Table 14). 



FIGURE 11. 
Mean monthly potential 
water balance (rainfall-
potential evapotranspi
ration) for lbadan, 
Nigeria, in relation to 

three typicalcassava 
growing cycles (A 12 
months, B 16 months, 

C 18 months). 

Potential water balance (mm) 
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Agro-climatic Considerations 
for Cassava Cropping 

F armers in many areas of the humid an,-; subhumid 
tropics, particularly in West Africa, commonly leave 

cassava in the field for up to 18 months because of various 
constraints in their farming systems as a means of safe 
storage of the roots. The prolonged dry seasons that may 
occur within any 12-18 month cassava production cycle
affect yields quantitatively in view of the well-established 
relationships between dry matter production and yield onthe one hand and evapotranspiration and transpiration onthe other. Typical cassava production cycles in relation to 
moisture cycles for the humid/subhumid transition zone as
represented by Ibadan, Nigeria, are shown in Figure 11. 

Cassava reduces leaf area during the dry season as an
adaptive mechanism to reduce transpiration, but the 
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Planting and harvesting of 
cassava varieties 
compatible with the 
yearly moisturecyclesin 
certain WestAfrica areas 
may result in higher yields 
and better land use. 

remaining leaves usually show no visual sign of wilting. 
Although this has been attributed to morphological and 
physiological modification of the stomatal system, evidence 
of a decrease in the whole plant and in starch weights during 
the dry period suggests a possible partial mobilization of 
accumulated dry matter over the period to sustain the crop 
or maintain necessary plant processes. (To support the 
remaining leaves, the plant draws energy from the roots.) In 
this context, it is to be expected that yields would decrease 
in association with this phenomenon and should bear a 
relationship to the duration/intensity of the dry season. 

To test this hypothesis, yields of 10 cassava clones grown
at I ITA over a five-year period were analyzed in relation to an 

index of the severity of the respective seasonal droughts
preceding the harvests of the crops. This index, I, is defined 
as the cumulative Class A pan evaporation over the period
December 1 through February 28/29. The result of the 

analysis shows a negative and highly significant relation
ship between the fresh root yield of cassava, Y, and the 
drought severity index, I, (Figure 12) This is expressed by 
the equation: 

Y = 176.69-0.3421; (r = -0.98*) 

On the basis of this equation, a drought severity index of 
51 6.64 mm constitutes a theoretical upper limit to areas 
where leaving the crop through the dry season for a second 
growth cycle appears possible for additional yield 
accumulation. 

The index is strongly dependent on the duration and the 
intensity of the dry season. The longer duration of the period 
in the !ubhumid areas of the tropics and the parallel increase 
in evaporative demand compared with the humid areas 
results in increasingly higher index values. This implies an 
increased limitation on yield with an increase in the length of 
the dry season or the period of negative water balance in 
these areas. 

Since cassava basically is no different from other crops in 
its requirement of a favorable moisture regime for dry matter 
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Relationship between the 24 
 IN 
fresh yieldofcassava and 
the dryseason severity 20 
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accumulation and yield, a cropping system involving the 
planting and harvesting of varieties compatible with the 
yearly moisture cycles in given areas may be desirable on the 
basis of higher yields (at least per cycle) and better land use. 
It would offer farmers a choice for land use in the subse
quent favorable moisture/cropping period. (See Figure 11.) 
This choice could become even more meaningful in a 
situation where cassava is harvested at the beginning or 
midway during the second moisture cycle with no possi
bility to use the land for the rest of the period. 
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Sources of Resistance to Cocoyam 
Root Rot Blight Complex 

Appraisals of the constraints on the production of 
cocoyam (Xanthosoma sagittifolium) in many count

ries of humid Africa and the Caribbean indicate that field 
diseases rank high on the list and the cocoyam root rot blight 
complex (CRRBC) has now become number one among 
them. In West Africa it is referred to as the "Apollo" disease, 
in Puerto Rico as "Mal Seco" and it can cause severe losses 
to a root crop which is a staple food for many people. 

Cocoyam plants naturally infected with cocoyam root rot 
blight complex show chlorotic leaves with brown blight 
developing from the periphery and later extending toward 
the petiole. The petioles droop and the leaves dry up and 
shed prematurely. Infected plants remain stunted and the 

A cocoyam line resistant root system becomes greatly reduced due to decay. Fungi 
to root rotblight complex 
stands in a Cameroon field associated with this disease are Pythium myriotylum, 
in the midst ofnon- Rhizoctonia solani, and Fusarium spp., but research results 
resistant plants wiped out showed that Pythium myriotylum appears to be the principal 
by the disease. causal agent. The effectiveness of fungicides to control the 

disease has been variable. They are probably not a feasible 
method of control. 

The disease ismore prevalent in heavy soils, especially if 
they are poorly drained, and during wet years can be very 
damaging even on steep, well-drained soils. Growing 
cocoyam plants under different levels of soil moisture at IITA 
had a marked influence on their reaction to CRRBC. Plants 
growing under high soil moisture (hydromorphic) condi
tions were severely affected by the disease compared with 
those at higher elevation under low soil moisture conditions. 
The disease incidence was significantly higher under water
logged conditions than in those with normal drainage. The 
low-lying or poorly-drained fields were definitely r'-nducive 
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FIGURE 13. 
Frequency distributionof 
plantsshowingvarying
degrees ofsymptomsto 
cocoyamroot rotblight 
complex (CRRBC) in a 
populationofseedlings 
grown in hydo-omorphic 
soilat IITA. 

for high disease incidence and predisposed the plants to 
infection. 

In Cameroon, cultural practices (such as wide spacing
along with high mounds) have shown promise in reducing 
the incidence of CRRBC. Wider spacings (1.5 x 1.5 m to 
2.0 x2.0 m) and earlier planting by 20 to 30 days have also 
shown less disease incidence and given higher yields than 
the closer spacings and later planting. In addition, planting
in well-drained sandy or light soil reduces incidence of the 
disease. Use of cormels for planting gave less disease 
incidence and higher yields. Because cocoyams are a 
vegetatively propagated crop, clean material should be 
planted to minimize primary infection. 

Recent research in Nigeria and in Cameroon has revealed 
potential sources of resistance among cocoyam hybrid
seedlings from crosses between the local x Caribbean 
accessions. This implies that resistance may be present
within the crop gene pool. Also, another related source - a 
local land cultivar of yellow type found in Cameroon and 
Nigeria - has shown some resistance to CRRBC. 

Frequency response (%)
30 1 _ . 

20 . 

10 

0 
I 2 3 4 5 

CRRBC score 
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Scientists at IITA and the Cameroon National Root Crops 
Improvement Program (CNRCIP) have been able to reliably 
induce the onset of the disease by growing the plants in 
heavy soils and under natural hydromorphic field condi
tions. This proved to be a good screening environment to 
discriminate between resistant or tolerant types and sus
ceptible genotypes. Figure 13 shows the frequency distri
bution of plants showing varying degrees of symptoms in a 
population of seedlings grown in hydromorphic soil at IITA. 
Also, resistant types from a similar seedling population have 
been identified in Cameroon. The scientists selected 28 per
cent of these plants for further evaluation. These clones will 
be induced to flower and will be intercrossed. Efforts also 
are underway to transfer resistance from the yellow type to 
the cultivated types. 

The potential for improving cocoyam production by 
combining genetic resistance with other desirable agro
nomic characteristics now seems feasible. 
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FIGURE 14. 
Countriesreceiving tissue 
culture material in 1981 
and others placingorders 
duringthe year that will 
receive it in 1982. 

International Distribution 
of Tissue Culture Material 

F or the first time, IITA's Tissue Culture Laboratory distri
buted disease-free sweet potato and cassava clonal 

material in 1981 to 17 countries in Africa (Figure 14). In 
addition, sweet potato material was sent to countries in 
Asia, South America, and the Pacific area. During the 
previous year, most ot the improved lines were determined 
to be virus-free through meristem-tip culture and virus 
indexing. After inspection by a quarantine officer, a phyto
sanitary certificate was issued for the material, and it was 
then multiplied and distributed in tissue culture form to 
requesting countries. 

Improvements have been made in the virus indexing 
procedure for sweet potLloes which is necessary to prove 
that the plantlets from meristem are indeed virus-free. A 
new technique, Serological Specific Electron Microscopy 

51 



(SSEM) has been utilized. (Also sometimes called Imuno 
Sorbent Electron Microscopy.) It is very rapid and can 
detect an extremely low concentration of virus. This reduces 
considerably the time required to produce virus-free 
material, as well as providing added confidence of its 
disease-free status. 

The in vitro germplasm collection of sweet potatoes now 
totals about 400 clones. Normal growth was obtained with 
some clones when transferred to a fresh medium after 28 
months of culture in the same medium. 

/Forms completed upon arrival of the clonal material in a 
country and after the plantlets are ready for transplanting 
from pot to field give IITA valuable feedback information. 

A new, rapid technique-
This system also allows the Institute to rapidly airmail a new
consignment in case the first one failed to reach its 

Serological Specific 
Electron Microscopy  can destination in good condition. 
detect an extremely low 
concentrationof virus. 
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A secondseason cropof 
cowpeas in a high rainfall 
area shows tolerance to 
high soil acidity with 
minimum lime and no 
fertilizer (top). 

Roo: drowth and 
nodulation of IITA cowpea 
variety VITA-4 as a 
function ofsoil 
exchangeable aluminum 
and calcium levels 
(bottom). 

Management of Acid Soils for Sustained 
Maize/Cowpea Production 

V ast areas of arable land in the humid tropics are 
comprised of strongly leached soils - Ultisols and 

Oxisols. "..ese soils are characterized by a low inherent 
nutrient status and a high degree of exchangeable alu
minum (AI) saturation which often reaches levels toxic to 
the growth of many crops. The traditional "slash and burn" 
agriculture sustains economic yields for only one or two 
years after seven to 15 years of bush fallow. If smallholder 
farmers on such soils are to develop a more intensive food 
cropping system, purchased inputs such as lime, fertilizers, 
and pesticides will be necessary. But scarcity of lime sources 

substantial leaching losses in the high rainfall region 
render the practice of using relatively high rates of lime 
financially prohibitive. Consequently, it is necessary to 
know the minimum rates of lime required for optimum crop 
production as well as the residual value that may be 
expected. 

Results from a six-year liming and crop rotation experi
ment, conducted at IITA's high-rainfall station at Onne near 
Port Harcourt in southeastern Nigeria, showed that rela
tively low rates of lime would be adequate to sustain crop 
yields under a continuous maize/cowpea rotation system.
(Mean annual precipitation in the area is2,450 mm, mono

modal; rainy season starts inMarch and ends in late
 
November.) With an adequate supply of N, P, K, and Mg,
liming at a rate of 0.5 t/ha maintained maize yields at a high 

level (4.0-4.6 t/ha) three years after liming (Figure 15.) 
Sustained maize yields for six years or more were possible
with a lime rate of 2 t/ha. The critical level of exchangeable
Al saturation for maize (IITA Cv. TZPB) required for 90 

percent maximum yield was about 35 percent (or pH 4.8)
for the coarse-textured, kaolinitic Ultisol (Typic Paleudult). 
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FIGURE 15. (Above) 
Residential effect oflime on 
maize yieldgrown in a 
coarse- textured Ultisol 
(Typic Paleudult) under 
high rainfall conditions 
(2450 mm p.a.). 

FIGURE 16. (Right) 
Relationship between 
exchangeable aluminium 
(Al) saturation in soil and 
cowpea yield. 

Cowpeas performed well at Onne when planted in late
September or early October as a late rainy-season crop
without additional fertilizer application. Many cowpea 

varieties (including VITA-1 and VITA-4) showed tolerance 
to high soil acidity and maintained a yield of 1.3 t/ha at 

about 50 percent exchangeable Al saturation in the surface
soil (Figure 16). Earlier sowing of cowpeas immediately 
after maize harvest in July-August is not recommended 
because of severe insect and disease infestation, as well as 
temporary water-logging during the peak rainy season. 

Applied lime leached readily from the surface soil, particu
larly at high rates of application and arapid decline of soil pH 
followed (Figure 17). In fields that received 4 tons of lime 
per hectare, 2.7 t/ha of applied lime was leached from the 
surface layer in three years. The lime was leached as neutral 
calcium salts and had little effect on the subsoil acidity 
(Figure 18). Recycling of the leached Ca in the subsoil 
horizons would require deep-rooting species tolerant to 
high subsoil acidity. 

On the other hand, because relatively low rates of lime 
sustained yields for three years or more, IITA's soil scientists 
have concluded that for the coarse-textured kaolinitic soils 
in the high rainfall tropics an annual dressing of 200-400 
kg/ha of lime should be sufficient to maintain maize and 
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FIGURE 17 (Below) 
Decline ofsoilpH and loss 
ofcalciumin thesurface 
soilfrom the limed fieldas 
a functionof time. 

FIGURE 18. (Right) 
Distributionof 
exchangeable calcium 
(Ca) and aluminium (Al) as 
a functionofsoildepth 
three years after lime 
application. 

P"(I ',M20) 

65
 

55 

50 
45 


Exch Co,req/lOOg
6 

5
 

3
 

0 2, 3. 

cowpea yields. At this rate, lime could be regarded as a 
fertilizer rather than a major soil amendment. 

Th, introduction of cowpeas as a dry season crop in the 
high rainfall tropics deserves special attention. The toler
ance of cowpeas to high exchangeable Al levels in the soil 
and the abundance of cowpea rhizobia in acid soils should 
make this crop more attractive to smallholder farmers than 
other food legumes which are susceptible to Al toxicity. 
Moreover, in the high rainfall regions where cassava and 
yams are the major food crops, a productive maize (usually 
harvested and consumed as green maize) and cowpea 
rotation system could substantially improve the present low 

protein diet of many families. 
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Live mulch (Psophocarpus 
palustris) withmaize crop 
- no nitrogen fertilizerand 
no weeding. 

Live Mulch for Intensive Cropping 

M aize can be grown in established live mulch covers of 
Centrosema pubescens and Psophocarpus palustris

without weeding and nitrogen fertilizer. To assess crop 
response under intensive cropping in an Alfisol, maize was 
grown continuously for two seasons each year during three 
years (1979-81) in a field subjected to several land manage
ment systems, including no-tillage, conventional tillage,
and live mulch. Nitrogen fertilizer levels were used as 
subplot treatments in this study, plus c blanket application 
of 60 kg/ha of P2 05 and K20 in all plots. 

Results of the three years of research show that maize 
yields averaged over five seasons of continuous cropping 
without nitrogen fertilizer were superior in a live mulch 
system (2.0 t/ha) to yields in either the no-tillage (0.8 t/ha) 
or conventional tillage systems (1.0 t/ha). Maize in the live 
mulch showed little or no response to nitrogen fertilizer. 

zl N\VEI'D MCKI
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FIGURE 19. 
Effect ofland manage-
ment, nirogen fertilizer. 
and crop intensityon 
maize yield(IITA, 
1979-81). 

FIGURE 20. 
Trend in soilmoisture 
content under different 
mulch-crop combinations 
(1980). 
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Good maize yields 	on a sustained basis and at low input
levels could be observed only where the land manage

ment system involved the use of the legume cover crops
(Centrosema pubescens and Psophocarpus palustris) as a 
live mulch. 

Maize yields in the conventional tillage system declined 
steadily with subsequent cropping, and this decline was not 
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Left, maize crop in live 
mulch withoutnitrogen 
and no weeding. Right, 
maize smotheredin weeds overcome by the application of nitrogen (Figure 19). In the 
-conventional tillage no-tillage system, low maize yields were observed when no 
without livemulch and no nitrogen fertilizer was applied. High maize yields were 
nitrogenor weeding. possible in the no-tillage systems with the application of 60 

kg/ha or more of nitrogen. Response of maize to nitrogen 
was conspicuous in this land management. 

The pattern of moisture depletion in the soil surface layers 
(0-30 cm) in the land management systems showed that 
the depletion rate was generally faster in the presence of the 
live mulches but that these mulches contributed to higher 
moisture retention in the soil following rainfall than either 
conventional or no-tillage (Figure 20). This is evidently due 
to protection of the soil surface against raindrop impact, 
maintenance of better soil structure, and better infiltration 
rate. Moisture retained was highest in Psophocarpus 
palustris, and, in general, a slightly higher moisture regime 
prevailed in weed-free compared with the unweeded plots 
(Figure 20). 
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Sustained maize yield 
(right portion of photo) 
can be attained under 
continuouscroppingon Continuous Food Crop Production 
Alfisols with judicious 
furtilizeruseand on High Base-Status Soils 
appropriate crop rotation. 

A fisols and Entisols derived from basement complex 
rocks are abundant in the humid and subhumid regions 

of tropical Africa. These soils are highly susceptible to soil 
erosion, particularly under large-scale mechanized farming 
on sloping land. 

Although the traditional bush-fallow system is not the 
most productive way to use land resources, it has provided 
subsistence farmers with an efficient, balanced, and stable 
system for maintaining soil productivity. But serious 
problems arise when land becomes limited because of 
increasing population pressures. Under these conditions, 
now happening in several countries, fallow periods become 
progressi',ely shorter and soil restoration correspondingly 
less effective. In addition, already high and increasing costs 
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of land clearing make it more difficult for farmers to bring 

fallow land into cultivation. 

Long-term fertilizer trials (1972-81) were conducted at 
IITA as part of a research program to develop efficient land 
and soil management systems for continuous and sustained 
crop production in order to replace the bush-fallow system. 
These experiments were carried out on Alfisols and Entisols 
at IITA's main station at Ibadan, Nigeria. The scientists 
wanted to find out if it were possible to obtain sustained 
yields in continuous cropping with judicious fertilizer use on 
small plots where erosion is minimal as under traditional 
farmers' conditions. A sequential cropping of early-season 
maize followed by late-season sweet potatoes was used 
during the initial four years (1972-75), but the latter were 
replaced with cowpeas beginning in 1976. Plots were tilled 

FIGURE21aand2lb. once each year at the start of the first season. 
Long-term yield trend of Despite yield fluctuations from year to year due to climatic 
maize grown on two 
major soil typesat lbadan, factors, sustained high yields of early-season maize were 
Nigeria, with judicious obtained on the Alfisol (Egbeda Series) with a fertilizer 
fertilizer use and without 
fertilizer. 

Maize grain yield (t/ha) 

8.0 (a) ALFISOL (Eqbeda series) (b) EN7-1SOL (Aponu series) 

6.0 

2.0 ( Control- no fertilizer) 

1972 74 76 78 80 1972 74 76 78 

Year 

80 
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application of 60 N, 30 P, and 80 K in kg/ha (Figure 21a). 
Yields obtained in 1981 with fertilizer application after 10 
years of continuous cropping were comparable to those 
where maize was grown on a plot just cleared after more 
than 15 years of bush fallow and where plant residue was 
burned or applied as mulch. 

On the sandy Entisol (Apomu Series), higher rates of 
fertilizer (150 N, 60 P, and 40 K in kg/ha) were needed to 
sustain the first-season maize yield (Figure 21 b). The 1981 
maize yields from the fertilized plot were comparable to 
those from another plot after more than 15 years of fallow 
where the residue was burned but lower than that from the 
fallow and mulched plot. The yield difference was due 
mainly to the higher nitrogen status of the plants grown in 
the mulched plot, indicating that still higher nitrogen rates 
were needed in the fertilized plot. 

These results show that on the medium-textured Alfisol, 
sustained high maize yield can be obtained with reasonable 
fertilizer rates in a continuous maize/cowpea sequential 
cropping. On the sandy Entisol, however, higher fertilizer 
rates are needed to sustain a high yield. Such rates are 
beyond the reach of the average farmer. Therefore, the 
inclusion of some type of fallow on sandy soil types during 
the cropping cycle is a possible alternative approach. 
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WEARBLADE 
NO T.LACG 

Rapid and dense bush 
regrowth after 
mechanizedshear-blade 
clearingof land followed 
by no-tillcultivation, 

Soil Moisture Characteristics 
of an Alfisol After 
Mechanized Clearing 

P revious research on large-scale land clearing for food 
crop cultivation (Research Highlights 1979) showed 

that shear-blade clearing with subsequent no-till farming 
was the most effective system of soil conservation. 
However, this system results in rapid bush regrowth and 
mechanical harvesting problems for some crops. Costly
herbicides could be used to suppress the regrowth of bush, 

but it was felt that this regrowth would not compete with 
food crops for soil moisture and nutrients because of their 
deeper root system. 

A series of experiments was conducted during 1981 to 
verify the effects of bush regrowth on soil moisture deple
tion and on the plant-water status of maize. Fluctuations 
in soil-water suction at different stages of maize growth, 
as well as changes in soil moisture potential at three 
different depths, were monitored. Results showed that 
moisture depletion was greater from the sub-surface layers 
(10-20 cm and 20-30 cm) of the bush regrowth plots than 
from the surface layer of the bare plots, indicating that the 
bush extracted more water from the sub-surface layer 
(Figure 22). The shading effect of the bush also decreased 
evaporation from the surface layer. 

A comparison of soil moisture potential in maize alone 
and maize with bush regrowth showed that maize with bush 
regrowth extracted soil moisture at least up to a depth of 
30 cm (Figure 22). The effect of bush regrowth on soil 
moisture was evident by low soil water potential during dry 
spell periods (i.e. between 37 and 42 days after planting).
During this time, the soil moisture potential in soil with 
maize plus bush regrowth was approximately 50 to 100 cm 
lower than in plots with maize alone. Furthermore, the 
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FIGURE 22.
 
Soil suction distribution in bare, shrub, maize alone, and maize with shrub plots undershear
 
blade/no-tillage treatment.
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TABLE 15.
 
Shrub regrowth and leaf
 
water potentialofmaize.
 

resaturation of the soil profile was never complete even 
during periods of frequent rains in plots with bush regrowth. 
For example, between the period of 50 to 58 days after 
planting, the mean soil moisture potential in plots of maize 
with bush regrowth was also 50 to 100 cm lower than with 
maize alone. 

As a result of this rapid moisture depletion, the competi
tive effects of bush regrowth on maize were obvious by the 
observed wilting. The leaf water potential of maize grown in 
association with bush regrowth was lower than maize alone 
by 1 to 2 bar at the 0900 hour and by 0.5 to 4 bar at the 
1500 hour (Table 15). Also, plants without bush regrowth 
regained turgidity much earlier than those with severe 
competitive effects of bush regrowth. 

In summary, bush regrowth severely competed for soil 
moisture with arable crops such as maize, as well as 
hindering harvesting operations. Additional agronomic 
research on ways to suppress bush regrowth is needed. 
Appropriate herbicides, biological means of growing an 
aggressive cover crop, and mechanical methods of root 
cutting and ripping may be useful for some soils and agro
ecological environments. 
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A comparison ofa 
medium false-horn 
plantainplot which has 
been mulchedwithout Response of Plantain 
fertilizer(left) with one 
fertilizedbut not mulched to Organic Mulch 
(right). 

The high productivity and longevity of backyard-grown 
plantains, compared with their field-grown counter

parts, have been attributed to the high soil organic content 
from household refuse thrown around the roots of the 
plants. Under field conditions, even when inorganic ferti
lizers are liberally applied, rapid yield decline is often 
observed from the first ratoon in tropical weathered soils. 

IITA trials and observations have now confirmed that 
the productivity and longevity of compound gardens are 
obtainable under field conditions if the plants are ade
quately mulched with organic material. Tests on two false
horn type plantains - a giant and a medium - and a banana 
"paranta" have shown that significant response to mulch 
occurs (Table 16). 

In observation plots in which the effects of mulch and 
inorganic fertilizers have been compared, the former showed 
aslight yield increase compared with a marked yield decline 
of unmulched fertilized plots (Table 17). The mulch plot 
received approximately 40 t/ha/yr (fresh weight) of leaves 
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Treatments False-horn type plantain Banana 

giant medium 

No mulch, no fertilizer--

No mulch, fertilizer 18.0a " 16.7a 7.5a 

Mulch, no fertilizer 17.2a 15.8a 9.5a 

TABLE 16. 
Yield ofplantainmother 
plants with and without 'Numbers iin the same colun followed by the same letter are not
mulch and fertilizer signillcantly different at 5 percent.
 
(tha). 
 'Most of the plantsbroke. 

Fertilizer 

Yield (t/ha) 
4.8 

TABLE 17. Bunch wt. (kg) 8.1 
Observationson response 

fertilizerat the end of the Harvest duration (months) 6.0 
fourthcycle (1981). 

and stems of Eupatorium odoratum. Fertilizer applied to the 
unmulched plot was 300 kg N, 250 kg P2 0 5, and 550 kg
K2O per hectare per year. In the fourth year, the yield of the 
mulched plot was four times that of unmulched fertilized 
plots (Table 17). Since no suckers were manually elim
inated, the number of plants producing fruits increased in 
mulched plots but decreased in unmulched ones, and the 
harvest duration lasted longer in the former. Work on 
developing cheap and efficient mulching techniques is in 
progress. 
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tool for shelling maize 

Center, a single-row 
injection planter designed 
by IITA being usedin the 
field.Right, the planter 
being fabricatedin a small 
shop in Ibadan, Nigeria, 
which has made several 
hundred for later 
distributionto farmers. 

Designing, Testing, and Making
Low-Cost Equipment for Farmers 

P rototypes of several simplified, low-cost farm tools and 
equipment designed and tested by IITA's agricultural 

engineers over the past several years have been turned over 
for local production to small manufacturers and government
development centers in Nigeria. They are also being sent to 
several other countries at their request for review, fabrica
tion, and testing under their farming conditions. 

The Nigerian Federal Ministry of Agriculture ordered 
1,300 single-row rolling injection planters and 300 cassava 
levers from local fabricators during 1981 for distribution tosmall farmers. Also, at the request of the Chancellor of the 

University of Philippines at Los Banos and officials of the
International Rice Research Institute (IRRI), prototypes of
five tools and machines were taken to that country (rolling 

injection planter, auto-feed "jab" planter, fertilizer band
applicator, maize sheller, and a modified "Hampasan" orrice thresher). Both engineers and students assisted in the 



This newly-designedand 
low-costlever makes the 
job ofliftingcassava out 
of the groundmuch 
easier. ! a . . . 

fabrication of several of these in the shops there. In turn, 
IRRI agreed to send some of its small equipment to IITA for 
testing under African conditions. 

Simplicity in design was essential so that small local 
shops could copy the prototypes and make them at low cost. 
Other objectives were to ease the drudgery and back
breaking work of traditional farming and enable small
holders to make more efficient use of labor at critical stages 
in the crop cycle - land preparation, seeding, weeding, and 
harvesting. 

The single-row rolling injection planter now being made 
by small fabricators has been modified to improve its 
performance in both conventional and no-tillage systems. It 
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and easily at the time of harvest but also for planting and 
digging yams. Several other types of small equipment are 
being improved and tested by IITAs agricultural engineers. 
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