
BBO I AI. CONTROL NUMBER 12. SUBJEC1 CLASSIFICATION (695)BIB LIOGRAPIC 
DATA SHEET 
 PN-AAH-535 
 AA50-0000-GG50
 
3.TITLE AND SUBTITLE (240) 

Annual report, 1976
 

4.PELSONAL AUTIORS (100)
 

5. CORPORATE AUTHORS (101) 

Int. Inst. of Tropical Agriculture.
 

6.DOCUMENT DATE (110) 7. NUMBER OF PAGES (120) 8. ARC NUMBER 170)
1977 13 0
 p. 630.72.161-1976
 

9.REFERENCE ORGANIZATION (130)
 

IITA
 
10. SUPPLEMENTARY NOTES (500)
 

11. ABSTRACT (950) 

12. DESCRIPTORS (920) 13. PROJECT NUMBER (150) 
Agricultural research Grain legumes 
 931030900
 
Cropping patterns Root crops
 
Tropics Farming systems 14.CONTRACT NO.(140) 
 15.CONTRACT 
Sweet potatoes Yams AID/ta-G-1185 TYPE (140) 
Cassava ATS
 

16. TYPE OF DOCUMENT (160) 

52 
AID 590-7 (10-79) 



International 
Institute 
ITropical


Agriculture
ANNUAL
 
REP :RT
 



BOARD OF TRUSTEES
 

Dr. Thomas R. Odhiambo, Chairman 
InternationalCentri of Insect Physiology and Ecology, Kenya 
Dr. A. Hugh Bunting, Vice Chairman 
University of Reading, England 

Dr. J.O.C. Ezeilo 
University of Nigeria, Nigeria 
Dr. Frederic G.A. Fournier 
0Qfce o/ Scientific and Technical Research Over.%fas, France 

Dr. W.K. Gamble 
International Institute of Tropical Agriculture, Nigeria 

Mr. D.E. lyamabo 
Agricultural Research Council of Nigeria, Nigeria 

Dr. Jean Loro*ugnon-Guede 
Ministry of Scientific and Technical Research, Ivog' Coast 

Dr. F.F. Hill 
Thc Ford Foundation, United States of America 

Dr. Luis Marcano 
Farmer's Service Foundation, Venezuela 

Dr. Joseph M. Menyonga 
Institutefor Perennial Crops, Cameroon 

Dr. John J. McKelvey, Jr. 
Rockefeller Foundation, United States of America 

Mr. B.S. Oloruntoba 
Federal Ministry of Agriculture and Rural Devflopment, Nigeria 
Mr. Bernhard Schweiger 
Ministr for Cooperation, Germany 

Dr. Leonard H. Sheheski 
University of Manitoba, Canada 



CONTENTS
 

FOREW O RD ......................................................... III
 

INTRODUCTION ................................................. 1
 

THE WEATHER DURING 1976....................................... 3
 

CEREAL IMPROVEMENT PROGRAM ................................ 7
 

Maize - Genetic Improvement ............................................ 7
 

Evaluation for Resistance to Maize Streak Virus ............................... 8
 

Physiology .. ......................................................... 12
 

Rice - Varietal Improvement and Development ............................... 13
 

Entomology .......................................................... 19
 

Pathology ........................................................... 20
 

Crop X Normal-Environment Interaction ................................... 20
 

GRAIN LEGUME IMPROVEMENT PROGRAM ....................... 23
 

Cowpea Breeding ..................................................... 25
 

Entomology ......................................................... 29
 

Pathology ............... ........... .... ................ .... .... ..... 32
 

Growth and Management ............................................... 35
 

Stress Physiology ...................................................... 38
 

Intercropping Investigations ............................................. 39
 
Environment - Management Interaction .................................... 41
 

Soybean Improvement ................................................. 42
 

Plant Protection ...................................................... 44
 
Lim a Bean Breeding .................................................. 47
 

Bush Lim a Beans ..................................................... 47
 

Viny Lim a Beans ..................................................... 48
 

Protection ........................................................... 50
 

Management ......................................................... 50
 



ROOT AND TUBER IMPROVEMENT PROGRAM .................... 53
 

Cassava .. .. . . ... . ... . ... . ... . .... ... . . .. . . . . .. . ... . ... .. .. . ... . ... . 53
 

Breeding ............................................................. 53
 

Agronomy ........................................................... 56
 

Pathology ........................................................... 57
 

Entomology .......................................................... 58
 

Biochemistry ......................................................... 58
 
Nigerian NAFPP Cassava Program ........................................ 62
 

Yam ............................................................... 63
 

Breeding ............................................................ 63
 

Pathology . .......................................................... t 64
 

Entomology .......................................................... 65
 

Biochemistry ......................................................... 65
 

Agronomy ........................................................... 65
 
Cocoyam Breeding..................................................... 66
 

Sweet Potato......................................................... 66
 
Breeding ............................................................66
 

Pathology ........................................................... 67
 

Entomology ......................................................... 67
 

Biochem istry ........................................................ 68
 

FARMING SYSTEMS PROGRAM ..................................... 71
 

Soil Chem istry ....................................................... 71
 

Soil Fertility . . . ... . ... . ... . ... . ... . . .. . .. . . . . .. . .. .. ... . .... ... . . .. . 75
 

Soil M icrobiology ..................................................... 78
 

Soil Physics .......................................................... 81
 

Agroclim atology ...................................................... 83
 

Agronom y System s .................................................... 86
 

Diversified Cropping .................................................. 92
 

Entom ology ......................................................... 95
 

Nematology ......................................................... 97
 

Weed Science ........................................................ 98
 

Agricultural Econom ics ................................................ 102
 

Engineering ......................................................... 107
 

FAO/DANIDA African Rural Storage Centre ............................... 109
 

Major Soils of West Africa ............................................. IlI
 

GERMPLASM COLLECTION ........................................ 113
 

TRAINING PROGRAM .............................................. 115
 

LIBRARY ACTIVITIES .............................................. 117
 

COMMUNICATIONS AND INFORMATION .......................... 117
 

PERSON N EL .............................................. . ......... 119
 

COLLABORATION AND TRAINING ................................ 121
 

CONFERENCE AND SEMINAR PAPERS ............................. 123
 

11
 



FOREWORD
 
The food situation in developing tropical countries of the world remains serious because 
traditional agricultural systcms are unable to support rapidly increasing populations. 
Even if population planning efforts are successful the world's demand for food in the 
year 2000 will likely be twice what it is today if present nutritional levels are to be main
tained. It should be noted that the nutritional levels for much of the world's population 
need to be increased and not just maintained at present levels. 

With the exception of the intensive rice production systems of Southeast Asia, yields of 
food crops in the humid and subhumid tropical zone have remained low. The predom
inant cropping systems involve intermittent cropping alternating with varying periods of 
fallow which in some areas have been shortened to the point of ineffectiveness by popu
lation pressures. 

Continuous cultivation of tropical soils without fertilizers results in rapid loss of soil 
fertility. Leaving land under fallow for long periods not only keeps farmland out of 
production, but also increases the labor costs involved in periodic bush clearing. Clear
ing new land, still the most widespread method of increasing production in developing 
countries, exposes highly-weathered tropical soils with low inherent fertility to intense 
leaching, further loss of plant nutrients, and severe erosion. Once this happens, sustained 
yields of arable crops can be attained on a continuing basis only with costly inputs of 
fertilizers and pesticides, scientific land development and soil management. 

If methods can be found to enable continuous food production in these areas without a 
decline in crop yields or soil fertility, a substantial addition to world food resources will 
be possible. 

Although many constraints to increasing food production in the humid and subhumid 
tropics exist there is considerable scope for improvement. Studies by scientists of the 
International Institute of Tropical Agriculture and other institutions azid agencies indi
cate that increased food production in the humid and subhumid tropics on a sustained 
basis is possible. Promising approaches include intercropping and multiple cropping, 
minimum tillage, mulches, improved high-yielding, pest- and disease-resistant crop cul
tivars, selection of improved crop lines with tolerance to adverse soil conditions, improved 
hand tools, small machines and appropriate technology that is accessible to the small 
farmers who constitute 95 percent of the farmers of the region to obtain and use. 

This report includes the findings of research conducted by IITA scientists during 1976. 
Full details on research completed prior to that are not included. Interested readers are 
asked to refer to previous editions of IITA annual reports and are invited to contact the 
appropriate scientist or scientists involved. 

William K. Gamble 
Director General 
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INTRODUCTION
 

The humid and subhumid tropics are the largest underde-
veloped region to which the world may look for increased 
food production ta meet the needs of growing populations.Research scientists striving to develop thle new and improved

Reeachscenisstrvig odeelp hene ad mpovd 
technologies that will ultimately unlock the food production 

region, however, face many constraints,potential of this vast 
Chief among them are these: 

Small Land Holdings - Approximately 95 percent of the 
farmers of the region till less than two hectares of land an-
nually. 

Outmoded Systems of Cultivation - The outmoded systems 
of shifting cultivation and related bush fallow is still practiced 

on36 million square kilometers - 30 percent of the world'so . i r e 3d 
exploitable soil resources, moost of which lies in the humid 
tropics. This land supports more than 300 million people 
10 percent of the world population. 

Poor Soils - Superficially fertile soils throughout much ofthe 
region lose productivity quickly under the hostile tropical 
environment. 

Plant Diseases, Insects and Weeds - More plant diseases, 
insects and weeds that cause heavy crop losses are found in 
the humid and subhumid tropics than in any other region 
of the world. 

Lack of Improved Cultivars - Sufficient plant varieties that 
are resistant to diseases and irsects and that respond to bet-
ter management are not yet available for farmers. 

Lack of Adequate Credit Facilities - Farmers do not have 
access to adequate credit facilities and have limited resources 
to buy needed food pioduction inpts which are often high 
priced and not easily available. 

Lack of Trained Agricultural Manpower - Universities in 
the humid and subhumid tropics of Africa are still new and 
the number of agricultural graduates prepared to carry out 
research and extension programs is rclatively low. Agricultural 
graduates from temperate-zone universities often lack experi-
ence with the crops and environment in which they return 
to work. 

Labor Bottlenecks - Lack of available farm labor especially 
at peak periods limits the area a farmer can effectively culti-
vate. 

Insufficient Food Marketing and Distributing Facilities -
The infrastructure needed to market and distribute food 

produced to those who need it and to assure top returns for 
the farmer are lacking. 

Farmers Fear Risks - The typical small farmer is in no post
tion to take much risk and will not do so unless the chance 

of gain can be clearly demonstrated. 

Overcoming these constraints for the betterment of farmers 

and through them all people of the humid and subhumid 
tropical region, is the ultimate goal of all IITA programs. 

IITA's Mandate 
At the April 1976 meeting of the I1TA Board of Trustees 
certain modifications of the Institute's mandate were pro
cranmdfctoso h nttt' adt eepoposed. These changes were reviewed during the year and were 
approved by the Board at its April 1977 meeting. The man
date now reads as follows: 

Within the system of cooperating international agricultural 
research institutes associated with the Consultative Group 
on International Agricultural Research (CGIAR) and pro
vided funds are available, IITA will: 

1. 	Conduct studies of and research on farming systems in 
the humid and subhumid tropical zone* in order to 
identify viable alternatives to shifting cultivation which 
will maintain the productivity of the land under con

tinuous cultivation, with particular reference to food 
crops; 

2. Accept worldwide responsibility, covering all climatic 

zones, for research directed to the improvement of cow
peas, yams and sweet potatoes; 

3. 	Conduct studies and research, in the humid aihd sub
humid regions of Africa, for the improvement of crops 

such as maize, rice, cassava, pigeon pea and soybean, 
for which other international institutes and organiza
tions have special responsibility, cooperating in whatever 
ways may be appropriate with those institutes and 
organizations; 

'The humid and subhumid tropical zone is taken to include those parts of the 
earth, in all continents, which lie between the Tropics of Cancer and Capricorn 
in which, on average, precipitationexceeds evaporationforfive or more months 
in the year. In West Africa it thus includes the forest (Guinean) zone andpart 
of the Guinea savanna zone, but not the Sudan savanna, the Sudanian or the 
Sahelian zones. 



4. 	 Conduct research directed to the improvement of other 
ciops %hich are, or may become, important in the 
finrming systems of the humid and subhumid zones, 
',uch as lima bean, winged bean and other grain
legumes, cocoyam, taro and other aroids, and plantain 
and other forms of Afusa which contribute substantially 
to the diets of the people of tile zones; 

5. 	 To make available the results of studies and research 
carried out in accordance with paragraphs I through -t 
above to nations and institutions which wish to use 
them through cooperation with regional and national 
programs; 

6. 	 Take responsibility in collaboration with the Interna-
ti(nal Board !or Plant Genetic Resources for the ex-
ploration, collection. conservation, documentation and 
evaluation of genetic materials of' food legumes, root 
and tuber crops and rice in the humid and subhumi6 
regions of Africa in order to make these materials 
available for use by plant breeders and scholars; 

7. Respond to requests from appropriate authorities for 
cooperation with regional and national programs ilthe 
humid and subhumid rcgions of Africa concerned with 
the improvement of farming systems and crops in re-
spect of which IITA has appropriate competence; 

8. 	 RespAmd, in association where appropriate with other 
international institutes and organizations particularlv 
those associated with the CGIAR, to requests frol 
appropriate authorities for cooperation with regional 
programs, in countries other than Africa, concerned 
with the improvement of farming systems and of crops 
in respect of which IITA has appropriate competence; 

9. 	Respond, insolar as it is competent to do so and in 
cooperation with other institutions where appropriate, 
to requests from governments in the humid and sub
humid regions of Africa for cooperation in developing
the 	agricultural knowledge systems of their countries, 

including their agricultural research capabilities; 
10. 	 To provide or organize training, conferences and work

shops on topics relevant to the tasks outlined in para
graphs I through 9 above with the particular purpose 
to increase the number of well qualified persons to 
carry out effective research and development on crops 
and farming systems; 

11. 	 Conduct, or take responsibility for, such research or 
studies on other crops or topics and for such activities 
concerned with the application of results of research to 
rural, agricultural and national development as the 
Board of Trustees may approve. 
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THE WEATHER DURING 1976
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IITA's administrative headquarters and main research fa-
cilities are located about 16 kilometers north of Ibadan, the 
capital of Oyo State in western Nigeria. The 1,000-hectare 
site has an elevation of 250 m. and an average annual rainfall 
of 1,250 mm. per year, distributed in two wet seasons. Maxi-
mum temperatures are between 30 and 36 C most of the 
year. Minimum temperatures are between 20 and 25 C. 

During 1976 experimental work was initiated at the Institute's 

-Rainfall 
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Fig. 1. IITA's administrativehead
quartersandmain researchfacilities 

located near Ibadan, Research 
work at the Institute's High-

Substation at On. ., near 
Harcourt, was begun during 
This publication also reports 
of trials and experiments 

conducted under varying agro. 
eo~ogical conditions at other loca

tonswithin Nigeria (shown on this 
and in other African coun. 

tries. 

substation at Onne, near Port Harcourt, in a high-rainfall 
area characteristic of the Niger delta region. There is, at 
present, no climatic station at Onne; the information pre
sented here is based on data collected at Port Harcourt, 15 km. 
west-southwest (Table 1). 
Average annual rainfall in the area is 2,400 mm. Although 
the rainy season shows two peaks - in July and in Septem

ber - mean monthly rainfall during the low point - August 
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7ble I. Sumniar), of data for Port Harcourt (04 0 51'N, 07 0 01'E) 

Average Maximum Teinperature* (°C) 
Average Ninimuim 'eImprature* (°C) 
Average Mean Temperaturc** (°C) 
Average Mean Relative HTumidity* ('{) 
Mean I)aily Actual Hours of Bright 

Sunshine (1956-60), (Hours)
Mean potential Evapotranspiration + 

31.6 
20.8 
26.2 
79 

5.3 

113 

F 
:32.6 
21.A 
26.9 
78 
6. 1 

116 

IM A 
32.1 31.6 
22322.1 
26.9 26.9 
83 84 

.1.7 .1.9 

129 127 

NI 
31.0 
22.6 
26.7 
85 
-4.9 

121 

J J 
29.1 28.0 
221 21.8 
25.5 24.8 
88 89 

3.3 2.5 

109 97 

A 
28.1 
21.8 
24.9 
88 

2.5 

95 

S 
28.0 
22.0 
25.2 
89 

2.0 

104 

0 
29.6 
21.9 
25.7 
87 

3.5 

115 

N 
30.6 
21.8 
26.1 
85 

4.7 

120 

D YEAR 
31.3 30.3 
20.8 21.8 
25.8 25.9 
80 85 
5.6 4.2 

118 1364 

Mean Rainfall** (rm) 29 68 187 175 2.19 269 332 278 -112 266 93 32 2421 
* 15-ear ai'~erg: 191-1965 ** 931-1960 nomrils + Drknnined on the hasos of 71rcs (1961)./iinausa. 

- is still about 280 im. Thus the "break" is not significant The soils at the Onne high-rainfall substation mainlyarefrom an :,gricutoral point of view, as it is in Ibadan and Ultisols. These are strongly leached acid soils derived fromother areas of West Africa where two definite wet seasons coastal plain sediments. They have good physical properties,occur. but chemically rate very poor. Nutrient deficiencies and soil
lihe area enjy ,.n average of 179 raindays a year, with a-, acidity are the major limiting factors. Analytical data of the 
mean maximum oi' 25 raindays in September, the period of soi!s at the two sites are shown in Table 2.
 
highest mean monthly rainfall. Relative humidity remains
high throughout the year, average values ranging from 78 Table 2. Soils at JITA, Ibadan, and at the Onne Substation 
percent in February to 89 percert in July and September.

-reniperatures~~ ith )lbadian OnnenePr arorararegealy
Temteratures in the Onne-Port Harcourt area are generally Properties Rainfall 1400 min p.a. Rainfall 2600 mm p.a.
moderate. February, March and April are the warmest
months, averaging about 27 C; July is the coolest month, Oxic Paleustalf Oxic Paleudut
averaging about 25 C. Sunshine hours, based on 1956-60 ob- Horizon Al A3 1 lB2t A I A3 B22tservations, average 4.2 hours per day, ranging from 2.0 hours Depth, cm 0-12 12-20 42-92 7-160-7 .15-160in September to 6.1 hours in February. % Clay 15 20 94 18 20 35 
The soils at the main station in lbadan are primarily Alfisols, "( Sand 66 71 37 67 74 60
Inceptisols and associated hydromorphic soils derived from pH (H,0) 6.2 6.2 6.0 4.2 4.3 4.4basement complex rock. These are fairly fertile soils for the pH (KCI) 5.5 5.4 5.3 ?.6 3.7 3.7
tropics, but have poor physical condition. Soil erosion is the % Org. C 2.1 0.8 0.5 1.0 0.6 0.2 
major limiting factor for large-scale farming. ECEC, 10.8 5.4 5.3 2.9me/100 g 2.7 2.2 

Ca 6.2 3.1 3.At 0.3 0.2 0.2 
Mg 3.4 1.6 1.2 0.09 0.03 0.02 

: 
K 0.4 0.2 0.2 0.07 0.02 0.02- IITA (CENTRAL STATION)I976 Aote: Both soils were sampled under secondaafomlst. 

280 .--- UNIVERSITY20- YEAR OF IBADANAVERAGE 

260 At Ibadan the year 1976 could qualify with justification, as 
240 the year without a growing season. A pronounced rainfalldeficit in July, August and September following an earlier one 

in April drastically reduced the length of both220 second cropping seasons. Insolation the first and 
was also comparatively 

20 poor, and the wefather was generally cooler. 
18 0 - / " 

us 20 
160-

E / I 6 . 4 - RAINFALL 
1 -- 9EVAPORATION 

'1412 E 
1-00 -~ 12 

. 410 /" .rI4 . e.= o 

0 I
 
60R U
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20 
 2 
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Fig. 2. Mean monthly rainfall. Fig. 3. Weekly mean rainfall and evaporation (ITA 1976). 

4 



Data collected at the iI FA Ibadan site compared with 20- . 0 	 WEEKLY SOLAR RADIATION 
MONTHLY SOLAR RADIATIONyear average data from the nearby University of Ibadan indi- 0 5 

cate that cumulative rainfall for the year amounted to 1011.6 E,
 

mm., about 20 percent below average. With the exception Z 400 , j*.*','
of' all in each , A,, 
of June, October and November, tile total rainfall in each '/' " " 
month fell far short of the corresponding mean. 

,300 	 , 
Daytime temperatures at Ibadan during 1976 were generally = 
lower than normal as a result of the lower insolation. Mini- 2 

mum temperatures. however, were above normal averaging _ 200 

+ 1.2 C in December. Extreme temperatures during 1976 1 15 '"1 . . . . . . . 
were 12.6 C on January 22 and 35.8 C on March 2. Higher AN'FEB 1 MAR'APR" MAYJUNEULY AUGrsEPTIocTI NOV DEC 
relative humidities prevailed throughout the year. Climatic TIME 

data collected at the IITA Ibadan site are summarized in 
Table 3. 	 Fig..4. Weekly and monthly mean solar radiation (IT4, 1976). 

Table 3. Summary of climatic data for 1976, JITA, lbadan 

Total 	 Average 

Solar Mean 
Rain- Evapo- Wind Radiation Temp. Rel-Hum Mean Rel

fall ration Speed gm/cal/ 0 C % Temp. Hum 
Months mm mm m.p.h. cm2 /day Min. Max. Min. Max. 0 C % 

Jan. Nil 149.52 2.00 375.7 19.5 31.3 36 95 25.4 66 
Feb. 13.3 167.91 3.10 393.3 22.7 32.8 45 97 27.7 72 
Mar. 79.7 180.10 3.02 407.1 23.2 32.9 46 97 28.1 72 
Apr. 97.1 169.15 3.00 410.7 22.6 31.4 56 97 27.0 77 
May 131.1 158.00 2.50 418.1 22.4 29.9 63 98 26.2 81 
Jun. 265.3 142.27 2.53 398.6 22.0 28.7 66 97 25.3 82 
Jul. 44.6 117.66 3.10 288.8 21.6 27.2 70 98 24.4 84 
Aug. 22.0 91.78 2.90 259.3 21.! 26.3 72 98 23.7 85 
Sept. 78.2 114.60 3.00 328.4 21.3 28.4 62 97 24.8 80 
Oct. 232.6 130.82 2.54 345.1 22.1 28.7 66 98 25.4 82 
Nov. 41.7 139.13 2.00 397.5 22.6 30.2 56 97 26.4 77 
Dec. Nil 150.94 2.10 384.2 21.5 31.5 40 97 26.5 69 



CEREAL IMPROVEMENT PROGRAM
 

During 1976 the Cereal Improvement Program began to 
emphasize observation and analysis in various climatic and 
agronomic regions (ecosyst, as) as an essential first step in 
conducting genetic improv:ment and crop-environment in-
teraction research. The goal of all research is to develop 
maize and rice lines able to produce high, stable and nutri-
tious yields under tropical African conditions. 

Although considerable research has been done on maize and 
rice - and dramatic increases in yields achieved in other 
areas of the world - African yields of both crops remain very 
low. Many of the constraints to increased production which 
IITA scientists are seeking to overcome are unique to the 
continent and materials and methods that are successful else-
where do not perform well here. 

Major problems include lack of improved cultivars for African 
practices, diseases and 

poor crop-managementconditions, 
insects (many of which are specific to Africa) that severely 
damage both crops, iron-toxic and other problem soil condi-
tions. heavy losses between harvest and consumption and low 
protein content and quality, 
At IITA genetic improvement of both maize and rice is now 

wherefocused on adaptation to the stresses of problem areas 
for areas

low. Genetic materials already availableyields are 
where problems are minimal need little further genetic im-
provement. Research on long-term management required for 
sustained productivity in these areas is more relevant, 

This philosophical change in approach to crop improvement 
has wide applicability in tropical agricultural research. In 
practice, it will result in fewer attempts to make cultivars 
and methods developed through research at arbitrarily located 
experiment stations fit different ecosystems where the fit is 
often poor. Instead, it will emphasize research within the de-
fined problem areas themselves. 

Maize 
Genetic Improvement 
Introduction, evaluation and utilization of germplasm. To 
broaden the sources of maize germplasm at IITA, about 400 
materials consisting of inbred lines, composites, synthetics 
and hybrids were introduced from several countries and eval-
uated at IITA. 

Materials introduced included inbred lines of Hawaiian and 
-, A (Corn Belt) origins, composites and cultivars having 

resistance to European corn borer from the USA, composites 
,if Cuatemalan origin for tight and long husk cover and other 
high-yielding and higi;-protein-quality materials originating 
from Ghama, Tanzava, Upper Volta, Mexico (CIMMYT), 

7 

Brazil, and the USA. All these introductions were grown, 
evaluated and multiplied by sib mating. Several materials 
found to be promising or potentially promising were incor
porated and utilized in the various sub-projects of early ma
turity, resistance to diseases and insects, and tolerance to acid 
soils. 
To combine the good plant type genes which exist in the 

Corn Belt materials with needed adaptability and tolerance 
to tropical disease-insect complexes, the selected Corn Belt 
entries were crossed to high-yielding tropical materials during 
early season, 1976. A total of 223 assorted crosses were 
planted in the second season and were advanced to F2 gen
eration by selective sib mating. Segregating populations are 
to be grown in the first season 1977 and selections will be 
made to combine the desirable characteristics of tropical and 
Co bel t m sic 

Plant type selection and low-density performance. Excessive 
plant height, leafiness and inefficient transfer of assimilates 
to the sink are considered to be important characteristics 
limiting yield in tropical maize. The plant architecture of 
high-yielding cultivars available now also seems to be unsuitable for mixed-crop farming systems widely practiced in 
tae fr tropic. 

Selection has not been carried out previously at IITA for 
performance at low densities. Therefore, either for the African 
farmers' low plant population practice or for higher-technology 
intercropping, it has only been assumed that selection at high
densities with high competition and inputs for .-ole crop maize 
would result in maize with high performance at low densities 
and mixed-crop farming systems. 

In 1976, selection under low plant density was initiated for 
low ear placement and large ears, preferably on short plants. 
This approach followed observations that in a mixed-cropping, 
wide-spaced planting TZPB, the population varied greatly 
in plant and ear height and in ear size and productivity. 
Thus, it was apparent that within TZPB there was a greater 
genetic variability than was realized and expressible pheno
typically under low density. From the open-pollinated popu
lation, 100 ears were selected from plants of short stature 
with large ears, and low ear placement. These were planted 
as ear-to-block during 1976 second season, at a spacing of 
75 cm x 90 cm (14,800 plants/ha) to avoid inter-plant com
petition and to allow maximum expression of genotype on an 
individual plant basis. Results obtained are as follows: 

1. The population was extremely variable and when al
lowed to express their genotypic potential through wide 
spacing, most of the plants were poor. Even if the pop
ulation became tight, interplant competition among 
plants of differing vigor would become a major limi
tation to yield. 



2. 	 There was a high frequte ncy of plants with very long 
peduncles producing secondary unproductive ears on 
the main ped uncle. 

3. 	 Development of several unproductive ear shoots below 
the main ear occurred. 

-. 	 Some plants prodtCed one large ear each with mini-
nunil expression of seconda r, and tertiary ear growthis. 

5. 	 Iii some casts, plants produced two good ears with 
ininiuti expression of' tertiary ears. 

Thus, there appears to he a wide rainlge of potentially differ
ent types, ii terns of car de velopnient aid opptortunity for 
accutuilaiing genes for diIferc t types and nuinbers of e is. 

Plants with ideal plait type of cither one or two ears were 
at i very Ilov frcquency. Selclin and intg are iinderw 8vilross 
to develop types with different ear expressions under low plant 
density. 

Screening andcldevelopment of disease and insect resistance. 
Efforts to develop intciiods to ensure identification and de
vehopment of resisLante to maize streak virus and the borers 
Sesaija aalemistis and ihB.eola fisca were intensified during 
1976. 

Resistance to Maize Streak Virus 
Screening system. The micthodology developed during 1975 
was greatly improved to enable the screening of large num
bers of plants and to redtice inOCUlItiOti variables. The fol
lowing diagram illustrates the schene used for evaluating 
the resistance of maize gerniplasn to maize streak virus: 

Mass rearing of vectors

I
 
Virus 

Acquisition feediig 

in 

Tr-ansmnission 
to diverse maize germplasm 

Tare I 
Evaluation aid selection of 

resistant and tolent t materials 

Development of full sibs 
and rnulti-loUation testing 

Mass rearing of vectors. The vectors, C. triangula, and C. 
,nbila are reared on healthy niaize plants (cv. Upper Volta)
inside cages consisting of three adjacent compartments. Young 
maize plants are first exposed for oviposition in one com-
partment where a large population of adult insects is main-
tained. After a five-day period the plants are transferred to 
another compartment where the eggs hatch and nymphs 
develop to adults. The life cycle is approximately 25 days
and production of adults with our present facilities of six 
cages is about 10,000 per week. 

Virus acquisition feeding. Adults are collected from the rear-
ing compartments utilizing a vacuum pump. They are intro
duced into individual cages (500 adult insects/cage) and 
allowed to feed for 24-28 hours on maize plants infected 
with maize streak virus. 
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Transmission for evaluation (if maize gerniplasm. After the 
acquisition period is completed, the adult insects are released 
into a large screenhouse (20 x 25 m) where maiv'e materials 
for evaluation are planted in rows of 25 plants each (50 x 
30 ci spacing). A susceptible check (Upper Volta) is planted 
every 10th row inmonitor the level and tinming of trans
mission, and the virulence of the virus. 

kI 

L 

Leafihoppers are rearedfor the maize streak virus study. 
Uniform distribution of vectors is achieved by releasing them 
at different locations throughout the screenhouse. Additional 
vectors from the greenhouse cages are release1 ..i the rate of 
eight per plant, at five and 10 days after ,e.mination. All
plants showing no streak symptolns 15 days after germination 

reinoculated individually. These are covered for 48 hours 
with small cages each containing five viruliferous leafhoppers. 
Evaluation and selection of tolerant materials. Under this 

screening system, the susceptible check (Upper Volta) is killed 
three weeks after germination. All susceptible materials are
removed at this time and new materials planted. The tolerant 
plants are either selfed to develop inbred lines or crossed to 
generate full sibs. This system seems to be simple, accurate, 
and efficient. Sources of resistance have now been identified 
for use in the breeding program. 

Host plant resistance evaluation. About 20,000 plants repre
senting maize germplasm from many sources were evaluated 
in 1976 using the screening system described above. Sources of 
resistance were identified in materials from Nigeria, La 
Reunion Island, and Tanzania. Plants with various levels of 
resistance were identified in the TZ Yellow population which 
previously had shown some resistance under field conditions. 
The frequency distribution for reaction to maize streak virus 
in two generations of successive selfing in TZ Yellow population is summarized in Table I. 

Classification into the various classes is based on a rating 
scale of 0-5 for evaluating disease severity, where plants rated 
0-1 are considered highly resistant, 2-3 are considered moder
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Inheritance studies. A resistant parent ( hadan 32) was 
crossed to a susceptible parent (Upprr Volta) and tile F, and 
the two parents were grown in the s'reenholse. All the 100 
plants of lhadan :32had a rating off I while all the plants 
(100) of Upper \'olta were rated as 5. l'i had all tie 
plants (200) with a rating of 3.The 1I has been advaced to 
F,;and has also een crossed to Il)th the parents to produce 
lit-:and BC. A lltie six generations - Il, 1 . B,,l), 1:1, 
and BC.,-- flave been planted sai i.randomized trial in the 
screei hous. )ata will Ie so bject ed to appropriate genetic 
analvis to study the nature of inheritance of resistance to 
mAize streak virus. 


Another plant, ILa Revolcor ion-1, wh'ich hlas been observed to 

possess ev.'n a higher cegree if tolerance than lbadan 32, has
 
been crosse.d to lbatlan 32 anid toi th lF if lbad-'ti 32 X Up-

per Volta. This should d ttrirniie whether or not Ahese sotrces 

of resistance are carrying tilesame gene(s) for resistance, 


Maize stem borers. )uring 1976 nich elfort was placed on 
developing methiids for mass rearing of stem borers. Popu-
lations of TBwteoa la-ca and Sesamia calamistis were developed 
inside large screenhouses (20X25 it) and attenspts are in 
progress to explore suitable artificia! diets for niass-rearing 
these two speies. Also, locations were identifiedl in Nigeria 
where natural infe;tations of these borers are very aigh an 
these are being utilized to evaluate maize gerni)lasn for 
borer resistance.J 

Initial evaluations for resistance to this ster, borer under 

controlled infestation conditions were initiated in 1976. A 

large population of 1/isses/a /iia was first developed in . ss-

ceptiblc cultivar growing inside a screrenhouse. Fifty materials
for evaluation were p~lanted to coincide With theVinergenctof adults 	fron tilemultiplied population. 


Each entry was planted in four-row plots of 25 plants each 
and every plant was infested with egg masses 25-35 days 
after gerrnitation. Th'lte larval infestation was very high, all-
eraging 12 larvae per plant and most of the plants were 
destroyed I×-fore flowering. Individual plant selections were 
based onl the ability of Tle plants to produce an -ar, under 
these conditions, which was considered as a high degree of 
tolerance to this stem borer (able 3). 

Table 3. Number qf plants selected as tolerant to Busseola 

fronm the most resistant of 50 lines, 


No. of plants No. of plants 
Material 	 infested selected 

TZB 	 100 it 
Ant. X Rep. Dorn 100 	 ,4 
W.H.E.0. 	 100 3 
Cogollero 	 100 3 
Ant. Sel. Blanca 100 2 

Among the materials tested were six synthetics resistant to 
the European corn borer. They were severely damaged and no 
selections were made. Their susceptibility to seedling blight
and poor growth conditions nmay have influenced their reac-
tion to this borer. 

Evaluation of maize gernsplasm for resistance to this stem 
borer was conducted at Umudike (eartern Nigeria) where high 
populations of this borer occur, especially during August-
December. Several materials (786) from various sources, 
mainly CIMMYT-Mexico, were evaluated. The infestation 
was extremely high 30 days after germination when 65 per-
cent of the entries were completely destroyed or were severely 
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stunted. Very few materials exhibited a high degree of tu,.:r
ante to this borer (Table 4). 

nble4. List f proisig maze materials selected under 
f
 

.	 heazY infestation of Sesaniia, Umudike, 1976. 
Material 
 % Plant Survival 
Trapcal lotm. Yellow Flint ent - Ear 1 63 
TM liA Intari llaX Con i ).I -	 65Ear 4 


ezla A n rilla × C . !M-as.
 
(Iezela - Ea ×i 8
x Comp.AmarillaI -Earl* 1 ts. 88
 
TIY) X Comp. I X Pil )MR , 3, 5 - Ear 5 88
 

t'it. X Rep. Ion). X Coip. I -- 1Ear 3 - 88 
.. nre.. 	 7b'6 No.p/anti: I"l36" Nu. siri'ni'OT: 1,12!. 

The 59 individual plant se lections and tie open pollinated
 
bulk of the survivors have been planted at IITA to develop
 
full sibs in two maize populations based ott white and yellow
 
grains. These materials will also be planted at Umudike dur
ing 1977. and recurrent selection will be made on both pop
ulations to increase th frequency tif genes for resistance to
 
this stem borer.
 

Early maturity. [ie objective of developing carly-taturing

populations is to develop eultivars which will fit into: (I) a

second season in the forest zone, (2) a shorter rainy season
in Sudan savanna areas, and (3) mixed and/or relay crop
 
farming systems. This project was initiated in 1975 by cross

ing the early-maturing cultivar (Upper Volta) with several
 
other cultivars and composites in IITA gerniplasm.
 
Since then, several other early-mitturing materials originatitg
 
front India, Indonesia, Philippines, Mexico and Africa have
 
b
been utilized in developing early-maturing populations. Dis
ease resistance and a reasonable yield of 3-4 t/ia with a 

dmaturity period of abotit 90 days are the final goals. From 

sevcral hundred full-sibs developed in the F:1 generation dur
ing 1976 fir.t season, 200 full-sibs were selected and planted 
as progeny rows in the second season. Full-sibs were again 
developed among the selected progenies from which popula
tiotns hiave now been developed. 

Table 5 gives the number of lull-sib progenies selected in 
these populations that were planted during 1976 dry season 
for yield evaluation and for seed increase. 
Table .5. 	 Number offidl-sibsselected in eight early maturity,
 

populations developed at IITA.
 

Number of 
SI. No. Population Pedigree full-sibs 

1. TZ Early I Blancos Tropical Precoz X U.V. 27 
2. TZ Early 2 Precoz B!anco Indonesia X U.V. 17 
3. TZ Early 3 Amarillo Tropical ?recoz D X U.V. 35 
4. TZ Early 4 Amarillo Tropical Precoz F X U.V. 20 
5. TZ Early 5 Mez. Am.PB X Phil DMR X U.V. 16 
6. TZ Early 6 Mez. Am. PB X Thai comp. X U.V. 17 
7. TZ Early 7 Indonesia Precoz Am. X U.V. 30 
8. TZ Early 8 Tropical Late White Dent X U.V. 4 

Fifteen families and cultivars which were identified to be 
agronomically promising were grown out from remnant seedand Ihave been crossed in various combinations to develop 
v a e crosse i n tstedmin 1d77. 

varietal crosses which would be tested in 1977. 

Preliminary screening was initiated in 1976 under high rain
fall, depleted acidic soil and the disease-insect complex 
existing in the ecosystem at the high-rainfall forest zone of 
Onne. In the first season, single rows of 400 maize cultivars 
were evaluated for general growth vigor on plots with and 



without litte. Several promising entries were selected. These 
included imativ local euhivars which seemied to hItave a nrea-
sure of adaptation to acid so I and aluni m tuxicity but 
had many other undesiraile characters which need improve-

inltie second seasolt, S, lines of'TZPB and S lines of' TZB 
were grown and reseleced. New materials were also intro-
dued from Brazil and these were multiplied at IITA for 

testing in 1977. 

Considerable int "rest is developing illcertain :\frican cout-
tries in large-settle flarining where hybrid liaize cotld be 

utilized to it reat a(Ivaltagt, altlogh a l'arge inijor ly of 

peasant farmtters would cOtt tinue to operate illsubsi.iterlce 

level and tlie cumlpositv cultivars will be appropriate for such 

farmers. Therelite, it was cotsidered alpproipriate to develop 

inbred lines suitable fIr iroteiitil utilization in tire develop-

itentof hyibrid mIaize culivars. Additionallv these are re-

quired at IITA for uniformity trials itr faring systcms and 
agrnci y-plhysiuIhtLy resealrCh e li rts . A total of 120 S, liies 
selected froi TZB cycle 5 and S , bulks of 27 lines front 
TZB c 6 wre Ilanedil it the dry scason oif 1976 for pro

iuciag
S, and Sj lines. Selected plarts inr slccit d lines have 
been selIfed. All tileS, and Si lines will be ctossed to two 

testers and good colini g lines w\ill 1977.be seleted in In 
the iiieantilin, inbred lines if India, Philippines, aitwaii, and 

Corn Belt origin are being evaluIated in tileintroduction 
nirsery,and tilt'
promising liIcs would Ie utilized incrossing 

among themselves aind with ttl tills lies of TZ I to develop 
single cross hybrids. 

Initial screening of available gerniplasin to select promiising 
populations ftr s avanau ilid-altitude also Car-d itreas \wits 

ried out during 1)76. Nineleen experimental cultivars and 10 

Opaque-2 cultivars front CIMMYT, altng with TZB, TZO , 

and local check were phlated it Nlkwa and Sa iarati illtire 

savanna area. Fxperinsental cu Iivar TIaltizapa r 7:322 yielded 

ist0re thai Olte 111 hi hr than TZB arid tit 1lteal chreck at 
Mtokwa and more thai two tons higher ltSina tru(Table 6). 

Table 6. 	 Pronising entries frou Elite I'arielr Trials 18 and 
19 (EL VT 18 and 19) at Mokwa and Sainaru. 

;rain yield kg/ia 
........t......n.art....Averag. 

-__okwa_-l S Average 

EIVT 18 
Tlaltizapan 7322 .4,480 7191 5386 
La Maquina 7.122 36.)0 5155 -17411 
Obregon 7328 2893 5982 .11313 
Pozarica 7422 :3610 3542 3591 

TZB (check) 2707 1815 3761 

Mokwa comnposite 3173) .1001 3587 
(check) 

EILVT 19 
Across 7-17 :3451 5'345 4:399 
Pozarica 74:37 2520 5770 -4145 
TZO, (check) 3173 6385 41779 
:3123 (check) 3453 6597 5025 

This cultivar requires immediate intensive testing and further 
development. Of tile opaque materials, no cultivar appeared 
to be better than TZ opaque. In addition, an observation 
nursery consisting of promising materials originating front 

CIMMYT, Zaire, Cameroon, Tanzania, and tire U.S.A. were 
planted at Samaru, Riyom, and Bokkos. Table 7 gives tire 
performance of promising materials selected fron tire obser-
vation nursery at Sararu and Riyom, at an altitude of 65 tr. 

and 1,2501 nt. respect vel y.At tilehigher altitude of Riyom 
(Jos Plateau), TZB yield was low owning to its susceptibility 
to highland diseases and other ftlctors while Pioneer hybrids 

were relatively higher-yielding. 
"ble4et. 7. 	 Selected entries fron observation nurseriesat Samnara 

and Rirom 
Pat 
Pln t 

Ear 
witt 

l)a'si Stalk (;rain
54'jly hotlintiel /ha 

'edigrce ( cm)('I tasst'lI ; (kg) 

S..\AI. 
l.otc 1-Tuxlwio I'2 910 70 .1.5 -1942 
Lote 2-Nh'z-Trop-Blanco 2004 11) 7) 7.5 1603 
Blanco cristillano Ill) 93 69 9.5 43-18 

A\iarillo cristillano 1 19M 4)198 61 10.10 4263 

RIYONI 
Madatatsca sclchted - 671)7 

rrionvrX 105 A 5897 
l'ionticr X .1H- C - - 5-130 
Iiuicer × 3x- A - 54).103 
TZ1 - - 3.157 

Ppu laftiIn. The recurrent selection prograim to increase tie 
freqtency of clesirable genes for higher and stable yields was 

continlued this year at IITA inl four base populatio .ssuch 

as: TZ , 'ZPl, TZ Yellow, and TZ Opaque by recurrent 
selection. Yield evaluation of S, lines at clitlkrent plant popu
lation levels was determined in a trial where plant density 

varied itsa coitinuous function withinit block. 

TZI. Orie-hundred and sixty S, lines developed during the 

dry seasin of 1175 were grown in ;t yield trialin 1976 first 
season with two replications it Ibadan, ouc a lkenne ald 

two at Ilhiga inlTanzania. Trial plots illlbadan and Iken ne 

were planted with density varying as a continuous function 
front 20,100 to 120),100 plants/ha (IH'A Annual Report, 1975). 

)ring tire saile season, these 160 St lines were grown i i a 

separate block aind the selected plairs were selfed to pro

duced S, lines. Based ot ti rial dataior yield, usable ears, 
ar height, tolerance to diseases and insects and based on 

their perfornance ii tie selling plots, 27 S, lines were se
lected. S, ears frontthese lines were planted during 1976 

second season for recombination. The selected recombined 
cars were planted in tire dry seastin 1976-77 to develop t 

ie\%, set offS, lines for initiating tire seventh cycle of sclcctin. 

Tire bulk of selected recombined ears will be used as TZB 
(Si) C,, which catl be offered to national programs for their 
evaluation 	and use. 

iZPh, Composite FZPB was developed to satisfy the need 

for a short plant-type cultivar, which would resist lodging 

and fit better into a mixed-crop farming system. Selected S2 
ears fron the recombination block were planted ear-to-row 
in the 1976 second season for selfing. Selected plants were 
selfecd and tire S, lines have been planted in the dry season 
for sibbing with t line to ensure sufficient seed for testing 
these lines at several locations and under stress situations 
during 1977 early season. 

TZ Yellow. TZ Yellow composite was formed with simil.'r 

objectives to TZPB from CIMMYT Planta baja yellow selec
tions. Tihe second cycle of selection inTZ Yellow composite 
was initiated during this year and the ears selected from tie 
recombination block grown in dry season 1975 were planted 
ear-to-row in tire first season 1976 and selected plants were 
selfed. The selected Si ears were planted for sibbing to in
crease seed of S, lines for muiti-location testing in interna
tional African maize trials. 
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TZ Opaque-2.C(omposites TZA ajnd IZB W,-ere converted to 
an ()paquc-2 (hiilglssitie ) version Inythte backcrosst-s in 
l172. Otiher materials identtiied frotil CIMMYT trials have 

a lso e t e na dd eld to t [l- hse c o'tm o sit . l h eob jectiv eis to 
developIi l iii-veclhltg, and hligh-prtlthtii-quality comt)o)site f(or
trtolpical lowliand Aftical..\ thirdtly'hof, rectirlit stihctiort 
using a tmdiied -S ilitld wsi taiihd (jot diuriig 1976.A 
bulk it''set't'tt'(i fitioiall entrie s was iisr(lsitIl' polhvi isourceIor rccioitjtjitiu~. "'li scli.tttI lts tin ite Itsis olfyielidlotlItat.'lb ifliltin 1('hll't(.tl'iles I~ i'IpI ernThe on t'l~l( in 

andit othet5t'a~mI!)7l(rslotiusata w, vh o
first pilanit anid kert-iel tAla~c-irs swill be' plattdthcimiiiIt f.


first1977 fur sefitg to sta t a ne wscye of sIl tiot. 


Varietal deeilopmett if) the Iantlanmun progran...\ tmajor 
thrust it' the hrccdinti section is to itproiosi lw'l of* disease 
I'TSiStillt-C 01' l~lSeiitlv ilvailalIc Uilh.airs t0 illcrease yieil 
stabilitv. ()iie tlitior (iseisl potilileti illthe !ower tlevatiois 
if 'laizatlia is strak virus. l)turiig past v't, stv-olait. tilt' 

cral progetnies front six diflirrent cultivars 
 -ere screened for 
ti'sistlt oOftitle T to streak disease thel- screinliousesraloeit- ii 

al IITA ii ibadall, NiLeria. (iftiv! titot Ithan 10,(10 plaits 

sCtit'ed, onlv three' Iatus survived to protullt'e v'a's. 


'hese thrIc plants, all frint tile iiuxl)iia tiulisar, wt're sell(d 
ail ie seed rtrlited ito 'iallatilia. Th'e IuiOntiies Ol these 

pllatirs swill be integrated into ti(" Tuxpclo cultivart and 
further tested ulder ralzalianl field cinidiitions. Other cul-

tiats tested With iti positivt istilt wet.TKalinilalii, Kaltuni-

bili, Lt 23, lote 21 and Ukirigiru Conmposite \. 


culiva, 
ticcti'ed tentativc alpitovail for teleasetpending tile fitil year's 
testhitig. Thte Iew citlivar is i three-way hybrid cleltecl In 

newitnig-seusttli,Ili-h-v(oatittn iiitze t 1163112 has 

ybtt 
tilt East African Agricultural atid l"otestr' Research Orgai-
itizatioil IAAI"R(.) ;ItKitile. lhe iltiVi\ar is i replaetelttt 
t tic i 1-1613 anid otyielded 1161:3 bypltcstlitlY grown has 

abuti 25 duritng tic past two't se.asons. A liited ;tilltiitnt if 
seed is ltrscntl under iicrease for 'lritir ist'. 

l)iiig 19716, %siita Seed Farin ge 60 litaof' Tixpt)to. 
The ctiltivat', rtIased iii 1975, stas ittop yieller again iti ( 
11716 'l'uttzatiii iiz' \i+riety Trial -low series, 

Ault itnitial trial of' quiality-protein cultivi-rs, comareil'rd to t.1t
il (letasse. t(lclihtk cultivars, was gros'Vi at fiur locations. 

Ai ittprove'd selection ot yetlow hard ttliIdIosIitrii opaque 
Cottposiei , yieldced ill,.sami as tie checks. If ttis result is 
susianittaed in ltapOteiltiil tlSIFurtter t(sting, tle enUlliVior 
h'r tilt stock-fecd htdistry. 

Physiology 

Envirmint,lal anl(dplysilohtgic al factotirs liniting grain yield.

R ecstilts t' tile W e'st tiaize 1967
African unifornt trials sitice 
have shown that itlaize yields in rhe gutitlia savaniii are 
higher than i the forest itt derived savatinna. Thesw dithererices 
have attri buted to iacoinhationt itt' adverse bhitlgical flIctils 
it tie Ftoi-est areas ws'ith tIteir high incidence of'pests and dis-
eases, aid t) phyIsical einvironient dillt rences, especially of 

lower light intetnsitis in tlit. "irest. Althoug atigrotoi. inliir-
Ilatio is available, detailed physiolqical response ofi plants 
it) envirnmnt'tal factor dlilterences of foriest and savallnina is 
n t ful l y d o cu(1 1d n0 o n d crst i o d . \ A.t r ia l wa s thl ee lOrt 
condu(ted in Nigeria with 12 tnaize cultivars, to test itdi
vidual plant physiohulogical rtespotises t0 ctnvirolitl(iits at ikente, 
Ibadan,.Mokwa, and Sitiriuii', representtg a ronge of latitlde 
frontr Ca. 60to I 1 N. 

aragev all 

ccr(,ayet withI decrease iii la:it ode., 

Datait e fIr cultivais indicated itan're.si.t vied 
(Chet-W 11dC_;S cxept iii te( tridl0tl i'i IftCCI ntetil lM okwa 'hiclh was severely alffctd by (rought stress, atl'l)i,al 

lir that location. Agronomtically, the lwer yield i tillflitrest 
zone at Ikcume was loss ol' rop stand thrutlh lodging (Table 
I),caiuiscd partly by stem hitcrs and stalk rots. 'here also 
was "nitcltaliial lodging asslciate(d with taller, thititner 
pllats with higher ear placeitten (i fattre oft plants groit 
in low light itleosity). 

Plint dry iiatter aitd grait production wtere record( d oil 
iidividual platits front phlaces il tIle 1potsw'het' full stanid 
C(2Itei(l. 

Total plait dry llatter i)ri(ldtiCtinldecreased wvith deceeasitig 
latitude c2hangitg frotit 310 g at .uiiaia(tll to '235 g per plant
illIkentie. The grain production per plait decreased witll 
latitude, alid this was attributable to a prgtrtessive decrease 
itt graitn numiber per ear. This \,itsitaiily due to I smaller 
ilioher ifl' keriels petr ro\w with Ia sialler dectease ii nmbii+er 
Of rosws p r irontorallt erag ofI t1Si tarn to 13.18 a 
Iketnl. A stitall itlicrase itn grain size ( )tssiblv (ie titless 
spat't! co itilt it-t udtwert cot) at l it s could not 
Coitipetisate frit the big reductiotn in grait Whilstlitnilther. 

Ili+agrittillOiic eflects iidicate almost a 
Itetit itt yield in tile savatllil, physiological 
15 pIrceiit imtore grailt w'eight leitrcar. 
litr(igli a -19 percent it kernels per rosw, 

average tillitither of tosss huit(lset i-' a 

three-l'old ilnprlve
potential a'asotily 
'his was r'alized 
7 p'cent gill in 

(lttease itt krrtel\ 
\fsweighit l' II peletit. .\ISt, it was achieived with apparetitly 
tlt alteratior illtilepiartitionitg of' dry lilttr sitnce harvest 
itdi2tces
for forest atid savatntia sites ws-ere sihilar. 

Clihmatic studies with particular etiplhasis ti) radiation were 
ctnitied s'iti tile tw lcuhlivars '1711 alid 'I'/.PI1 illthe Itrst 
season atid wvithIet'ct and sprealditg lea' synthetics (see IITA 
Annual Report 1975 it secttnd Shadig (c 20theil! season. 
percent of ntrttmal daylight, a reduction sitilatr to that etl
confit.(- hi forest areas) restited it intcreased plant height
and iore lodging as coinipared s'ith utishadetd plats.Grait 
weight per plant wtas also lower, due toi a decrease ingraintInmhers per car it the shade treatnmeints. This ist;onsistteit
sith tlie ci mtn its of' ielId dif'eie ces betseei Ikeot and 
lMadan.
 

Variation in plant eflicicticy it enposite pp)tulations. Pre
vhtus experintcis have itdicated that a certaina proportitio 
of inaize cv. TZPI1, grown at relatively low densities, produce 

7ihble 11. Yield andy~ielI ('ninpoents gr'ownt (it 1ocattons rankginkgfrom wvet forest to sai'arna zonte in iteria, 1976. 

Location 
Lat. 
o N 

A:V'rag, 
yield 
t/ha 

\'eight 
kernel / 
eir, g. 

No.of' 
kernels/ 

ear 

1()00 
grain 

weight, 
g 

No. of 
ears/ 

100 
plants 

% 
stand 

Iken ne 
badan 

Mokws'a 
Saiarti 

63 
7 
9 

II 

3.5 
5.2 
3.1* 
8.5 

81 
115 
,7* 

128 

397 
460 
33-1* 
"193 

259 
2418 
1H0* 
228 

71 
75 
72* 
7 

49 
76 
91* 
87 

*Dt,ht stressed at jItutI'e7Inki. 
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two v'ars. Tlhis lprop).tion dill.rs with tiltcpopulation 1prssilre. 

lor breeding and seletitt o)t it,i I o.i"lvi.si 14)knowe ' 
whtether two-carc lif(1I yidV ill il'1 ll'rcllict'l( (&1Ioi44 	 'l iUlItS 

-

cn)elinl 	 lir asm lrlIsll\lll11t (lt'll.4s51llii,4t(" 1\lid lulrtll d)l,' 
I'c.servc's c'c'nllnllicyield, Sinith-vt'-d'(intol t'olliplared( wilih 
iplants. 4I'114 ii l ll' \'lnl i (4 Tulg7l-lit4 Iai i l(7,7lHliwa).s"K ,"l 

plalits/l iil l ld lis with ithcr to or o(-1 ( (fh1ill\ silkint. 

thlt clanlisiln and 	 •(i acid Soill alutnlilttlln toxic'ity.tolhiltic 

.41d SUM51l5)ililitV, whiclh ite just I C1Wlill4iliI4. SC!vt d ilies 
0r4ll()il'le, lrt'n)l.s'tllt dt raillg4' o)l ladill It )t4)ss., \\crt' 

L )ormi in po ()ii \\.itsIlliteo i 	 t soil lal IITA.C(llilp)rlisoll 
oflowtt th witllianld witholut b~alaincetd liulilitiilandi ll'aisselss
llt1 o'l i wl with i'llfield 1)t -ll1l 1111aiteil ilngit411r llct' 1 I 

of,ih ( various 'ulhivars. (ullivars Cl umbhia 5 alni Katiilinalli 

ir, but and (ih1'i1 Ilel \'re under1'i 	 NIfsiiiis 011(1 dalltiesin. wcwvriu.wvsic vii.4 ullis bthi 11l11i(lt(d iutriition id under 
sthclitud. St'lial lIt dtlt llItlii dir di ilsiItihtl o4fdliv p)li(hit4 (.d tl-ici)cy. By4' (ontrast, TZ 1 w s vigorous5.tlli it) tl Ca 
iniiltr durin ii f vvl o\ inull 12 r-tt oliil\' bahr 111-tl s(.'(lilg il.4 lo €,"Stlilenti inictatcl at Ilt iii .lhlcr U la ncedt''t il il. Poorll \h 

l'i4ili yield pcr4l"p lnt 01i two4 clls. \d(lithio ally, allthou4 h t.! iilris \%,its obsel v ld bo i but Forulll 	 t1lliili lnali1'tgillls1 

tlley wtelT 4)1Sililil, r htgthe (Ili l h'-(,irdtI ibli it, l)llls had th! 

greater le'f all stlik (i liiittir. 4tiv( (&llt ill 4f( he 1);t51 of('lsiul 

exlressiIn, tIlle rtio,40' 'illiItooil)th' plaili pari s (Tal)e 0l . 

4s eclieil4ic' jdiics, \\sS hi"her ii i tll 44lihl-c.arel pldill 
lhlroku!4htlul.4rililfill to liiliilrilV 

1 

1(,14 9. 	 A1 coml~pariso)n i dry ,1i4 'r di ribiitoie (?/' singe 

and douibl'-eared nlaiz' plants7I'B. 

(/1S 

1)AF I 2 

7 0.1 1 0.2(0 

12 0.31 (.57 
17 1.09 1.33 
27 2.05 2.48 
55 3.17 1..73 

alleF=11r,1till7 ttatwum. 

.. 
/Tx _II 

I 2 1 2 

0.0( ().)11 0.0(3 )0.1( 4 

II.Ili )2 11.1)7 11.10M 
1.47 (1.-9 I.6 1 1.1( 
0.56 1.15 2.75 3. 11 
1.00 1.69 . 1 0 

G7 t, ; 1,=h'. S= q'tA:/. 

T ,ia/ rl,'ma ,,4-- ,f,,o / and ma,,mn,,,,/ per 

Ilterestilnglv , lolre t hal 50 percnlllt of' ill- polplltilili prd li ceu( 

two eals ill tis lw-delsit\ plallutig. A heritalbility study of 
this hllraicteristic anid d(e(vel141 l1ilt o,(a pIpulat ilon (l<sigilcd 

ccll( ' ff f1 yiellI,6lr higher plan it'll\\ ( l s ilil llt 1)i iltiil 

itlt4Cl.,45 tl1Vtl\1hi1', siitt4t~ii.]pliti('u~tl]~~rl1)1 i~litvi1)(4pl~l>[ng 
It i''li in b e d t -triniiit w ~ it' l-b a;di ',s ito w d w -itt wtov - s e~ i i z C! 

)o)ulatin wo(ldc I o' 111a silglh.- .t(i111it,stlek liilteriIl 
whtln cOlnsidereVd I'M lhigllr-dhilsitv oropl))il4q.nill)t 


(ompairisons 44l and niarinil 41.I ile,.riwt\'iniacid soil. r tFlr 

llilli geliellt II liillv leached acid Soils :i his illy 4xi( 

illtudull soil of iOle 11TA higl]-rdinflall sulib-staliilln111 ()al1111, 

examiinailon of, tIll. extelt of' g1itic vI'ariai)lity oillte(s f 
growtih res)on1)se celllell(lCI'd ill 1976.\%,its 	 'Tll preltlilinary 


or01i studiesscreen prov5ide(d Coitrasting iul+mlteill ill-depllh l 

ot4he1r ttlti\'irs, 14ion it.l stat1e.illteratr 4it t'ill55ih1the.ntrl1 itiinail 

.\ suc) S1euen'tu I eli lr(it4s iro)s dy obtaidtI (',IMMYT 
rtS)tahtl ai ii lkvld dI49(c 14gtiilic variability ill see(liig 

lesp1nseili 1to aci(d So4il. Flillhr stlllies art. lide'wy which 
ili-l(h iii withi geneitsFtllathilliliiii) loxhity.alterialis spcific 

ill till U.A.toleranc andli sus1)1)tibilitv, idetilifid ' 

)uring 1171h se7cndt(4 se4asonll,yield tiials w'r( conu(Ited a4 
O nlie,wiihth ut jltle aplic'ation, and [l t lli'iviIs showe(l 
)oth g.d anid )oor 1esl)4,llsls S.l 4iiillS.riltilt screnng dlring 

till irst S the Iltrils welt. 9' l\ l IITAscalSoll. iI 'tll gtr 

a1 l ll 5a it p)pulation densitv (33,11)1 plalnts/11) 1,01rt1ll

pdie l) The 1141!) ()at C \ewas lilvily diseased1lrl)4oss. Cro 

and haId4 i high inci(eId It ofstell) boir b r lerlgin1g14an far I)alnd.a. 

ws stvtr. (70 B-1percti ) ill all pIlots and gIrill yields were 
low (Table 10). 

Rice 
Varietal 	Improvement and Development 
(;ernlllasin introdtlilon and (listrilutiln. )uriing 1976 about 

1,50(1 c4luiv4rs of rice wele introduced inlo II°IA firulli Ih 

Philippines (IRRI), Indial, Brazil, (o llia hnd soin A'rical 
ri . .,A is in w e r i nt edc o nt e.s b o ut 2(00 p r o mli g m a t~ie r i atls ro d uic 

FIllo Liberia and rIlra Leoll1 fhil l)ievious select ions under 
(rvlai(d, ]lydroitlulihic and( irrigated coi(litilnis. Some uland 

rice tvlli'als llrotil inz.iaia aniidBrazil. I'I't4rigiillted 11Ta 

inlatlturidl lruli IRRI ilncluded iht1 1976 trials fOr IURON 
(1115 enitries), IRYN-M (32 entries), IRYN-E (21 eiltries), 
IRSATON (69 entries), IRCIN (1:17 niltriCs), ani1dIRON 
(330 eltries). Ilnaddition, 4i() cultivars were introduce(d 

replishntiigi th Ile blt resistlanlt aterials IRAT'sbust 	 b'roill 

7'tble 10. 	 (onptlarison (?f n1iz:e €ultiar.Viehds in the ecos.sleyns of Onn and 117.1, second siexas on 

ONNE 

Griil) 
No. earl's/ wt/lear Yield No. ears

En.rtry Origin 100 plns g kg/ha 100 plants 

Golden 
Crystal Ghana 65 48 1-472 50 
Western 
Yellow Nigeria 56 54 1461 -
TZPB IITA 58l 5-1 1450 72 
TZB IITA 51 61 1417 

Co)lpo
site W Glhana 53 52 1261 49 
Con I)o
site 4 Ghana 52 47 1206 45 
Largo 
del Dia CIMMYT 51 52 1205 60 
Batan 7,1 CIMMYT .49 38 656 56 
UCA Tanzania 30 71 589 -

U. V.
 
Yellow Upper Volta "35 13 122 46 


1976.
 

IITA
 

Grail 
wt /ear Yield 

g kg/ha 

144 5143 

-+
 

122 6399 
-

138 41857 

173 5570 

IIl 4750 
94 3750 

52 171t 
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ible II. 	 Characteristics and origin of some promisinA Ft and Ft; families bulked for yield evaluation under dr;,land rainfed 
conditions, Suakoko, Liberia 1976. 

Line 	 Cross Height Flowering Grain 

FI generation bulks 
LS (I) 19 - 1 IR599. (A6-10-37/LAC 5) T 120 MB 
LS (1) -31 -2 IR1159- ' 118 MB 

LS (10)- 1 1 	 1R6263 (MRCI72-9/LAC 23) T 117 MM 
F,, generation bulks 
LS (19) -.1 2 TOX C1-13-1 1 110 MB 
I'S (!)) I - 1 " T 116 MB 
LS 19) 2 1 " T 116 MB 
LS (19)- 2 -2 TT 116 MB 
LS (20)- 3 - 3 "'OX CI-18-1 1 114 MB 

pedigree material 35 families appeared promising from which trial, in 1976. Because of their intermediate to loose panicle 
63 plants were selected. Three of the Ft families and five of threslability, they are not suitable for peasant farming but 
the F, families ('able 11) appeared uniform enough to bulk may be useful for mechanical harvesting and breeding 
for yield trials to be conducted in dryland rainfed conditions purposes. 
next year. In Sierra Leone, 11189 entries from collections and introduc-

In Sierra Leone, crosses were made to incorporate blast and tions were evaluated in dilt'erent trials, with tie objective of 
virus resistance into promising cultivars. These crosses were determining the best entries for total ecosystem adaptation. 
Fossagbe XCP-I., Fossagbe X RCK7, OS6 X 1(OK I, and Mange This included disease pressure as part of the criteria, thus 
2 X LAC 23 Moroberekan, Gbongoy, Durado Pracoce and eliminating resistant lines not otherwise adapted. Therefore 
Junia I. all but 50 entries were eliminated for upland conditions. 

From a total of 106 segregating lines for dryland introduced Upland observational yield material: Nigeria. From previous 
from IITA in 1975, 53 were rated promising for good yield, upland screening in Nigeria plus information obtained else
blast and sheath blotch resistance. These were all from crosses where, 59 lines were selected for an observational yield trial. 
TOXCI and TOX95. From 81 single plant selections in 'Fhese were to be 29 of short duration and 30 of medium 
I"Fto F, of cros::es TOX23 and TOXCI from IITA, evalu- duration. Included along with sisters of crosses of 'FOX 7 
ated under irrigatcl conditions, 10 that rated 'good' would (OS6 X IR 154) were some adapted African tall lines, Brazilian 
be fiurther tested, 	 upland types, and IRAT 13, a mutant of 63-113. 

Selection and scrt'cciing of lines: 1)ryland. Two approaches 'Fie trial was conducted at six locations in Nigeria, covering 
were taken in 19-6 to establish a broader, more analytical dryland and hydromorphic conditions in savanna, transition 
base for germpla m evaluation, (1) reexamination of many and wet forest areas. In addition, 25 of the 60 cultivars were 
materials from toe gerniplasm bank, to include especially tested separately in five locations in Bendel State. 
IRAT, Brazilian and adapted African materials, and (2) 
development of a screening system which would evaluate The rationale of this trial was to see if any lines previously 

many materials on a nmulti-locational basis, to obtain per- screened could be considered sufficiently superior to the 

lbrmancec relating to spacing, and fertility on drought stress 
tolerance. In addition, a clear separation was made lor per- Table 12. Cultivars in 1976 Nigerian upland observational 

formance under hydroniorphic conditions as opposed to pure yield trials cmnparable to 0S6 in at least 50'/c of 
locations.dryland conditions, 

In Nigeria, in the first approach, the screen consisted of a 	 Cultivar No. times selected 
'special' dryland set, the 1975 IURON, 1975 IURYN, niate- Short duration: IAC 25 5 
rial from IFA and promising selections from Liberia and TOS 2300 4 
other African countries. The 'special' dryland material origi- TOS 4103 3 
nated from several Far East countries. At Ikenne, a marginal TOS 4120 4 
wet forest site with moderate drought, 590 lines were screened; TOS 4138 4 
at IITA, a transition location, 630 lines, and at Onne in the 'FOS 4148 3 
depleted acid soil of the wet forest zone, 260 lines. At IITA, TOS 4688 5 
wet forest conditions were provided by overhead irrigation. Medium duration: 63-83 4 
At Ikenne, 47 lines, and at Onne, 31 lines were selected for IAC 1391 3 
further evaluation. IAC 5544 5 

Iguape Cateto 4In Liberia 	 5.t9 lines were evaluated under dryland rainfed
conditions, consisting of 1976 IURON (185 lines), 1976 	 IRATF 13 5 

WARDA Initial Evaluation Trial (69 lines) and introductions Moroberekan 4 

from IITA's germplasin. 'Fwenty-seen lines were selected as OS6 (check) 6 

promising for peasant or commercial farming conditions. TOS 2583 3 
TOS 4106 3Fifteen were resistant to the major rice diseases in Liberia. 


Of the eight lines selected last year as promising for dryland TOS 4153 4
 

IRAT 13, 	 TOS 4620 3rainfed conditions (Aus 61, Azmil 26 Azucena, 
TOS 4622IRI752-F5B-1, IR1754-5B-16 and Juma), only IRAT 13 and 3 

Junta showed a high-yield potential in the observation yield TOS 4631 4 
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checks; IAC25 for short duration and()S for mediun dura-
tiin. Ili gemiral '1I )$S2300, T()S-I120, [OS-t1138 and 'C )S
4t111iriily arc worth ((ltinuing amiong [lhe short duratioin 
('I able 12). 	Within the indium-duration group the filowinig 
will be ri-evalual'd and also uscd ias parneu "IX)S:nts 2581, 
2583, .1116,.1153, W IAC 554t, C;nape C'ateto, IRAT 13,131:( 

Moro)i-r-kan, 'C)S .115:3, TOS .16:31,TS 2581, "IC)S 2583 
and T()S tIlo6. lhe "I()S lin's are mostlyvarly in-Ilodginig 
witll (Idgraili quafity, 

In advalmud yield trials -igfh0lediili-durati ticutivarssehc d il 107.1 and 1975 were (-valuated against LAC 23.Several dwair entries t5-ilvd I A( 23, thr 1gh Ilih 

panlich, numbersSee v e nt iae s l w o rl l f v i l I d e C ' i lr o n l i (Tlalth.l~13). l I 1 ig h Illwever. their short stature,sall pallicles and threshadbiliy are no appropriate It
siiiasot friile. oIid iii r 8 wshohiyacil~ria for1t hl)w-iig 


ad siiscptlil- i shleat6R hltch. 17ws iio be useful for 

crossing for high paicle weight. 

.\ yield trialof early-dihratioii material revealed that several 
IRAT eitri-s In iII ((lasto and TOS 2581 were highe-st-
vieldiig (Tabhi I.). Thw Ivriail lines had defects of thresh-
ibility and susc tibility to sheath blight, slitath rot and finskep
 
discoloratiol. 


Selection and screening of lines: Irrigated Rice. )uriig 1976, 
general perl'fornai cc SCIre iig f'o irrigoed rice cuhiVars ill 
Nigeria was conducted at IITA. at Badeggi in collaboration 
with tlieNational Ct-reals Research Institute (NCRI), and at 
Adani in collaboration with AI) rice. 

ilble 13. 

In 1975 IRON aiid 106 other entries chosen fron various 
IRTP trials on the basis of' written infornmation from Asia 
were screened at the above locations. In addition, 375 entries 
pretested inAfrica were re-screened at I TA.From tIe first 
screening of' 1975 IRON at II A, 28 selected materials were 
re-screet ed, along wiihi the other African-prescreened material. 

A general conclusn nronithis work andtie ld observitions is 
that for typical normal irrigated coliditions with good water 
coitrol, ihee ar ianv dwarf" (uhivars which will yield well 
under some West African ciiditions. Moreover, higli-yieldingcultivars, such as TOS 78, IR5, IR8, IR12, T()SI03 andFARO 15 are already widely growwn or available. Therefore, 

it is n o w%n c ess oiv to exa mii n e (lie (It-fi c-ien ctie s o f ex ist in gIi slo xc~sr oea~il h eiinistfeitn
higi-yielding cutivars in relation tl specific probleis and
diflicuIt areas, rather than continued massive general screen

ing under well-irrigated conditions where there is low pressure 
from the environmtienit. 

The specific problems or needs for irrigated rice in different 
places in lowland \West Africa are: 
Neck blast 
Brown spot 
Pale yellow inottle virus 
Poor exertion 
Scald 
Soil nutrient imbalances 
Continuously reduced soils 
Low light 

Avoidance of' transplanting 
Good milling recovery 

Sheath blight
 
Sheath blotch 
Bakanae disease 
Dirty panicles (fungal) 
Insect pests of various types 
Soil toxicities 
Low nutrients 
Fluctuating water 
Quality needs 

Yield and other aiponontic characteristics o/ mnedium-duration culti'ars evaluated under dr;,land rainfed conditions 
(Suakoko, Liberia, wet season 1976). 

Pan. Pan. 
Yield 5W';1 1-t. Pall. It. wt. T'hresh-

Cultivar. kg/f. fI. (ciii) 2/ (cm) (g) ability Grain SB SR GD 
IR2035- 111-2 3-.1-f 11 65 300 20 0.75 7 LB MR I I
11397-55-3 2699 98 72 .1.18 10 0.72 7 MB MR I INIlRG 172-9 2.151 112 93 .102 20 0.72 7 MI R I Sjuna 1 2377 97 101 
 328 21 0.83 7 MI MR I IIR480-5-9-3-3 2300 119 73 378 19 0.89 7 II R I I-S
TOS 52- 10-1 1896 109 119 335 21 1.14 3 MI R I-S SIRI 1754-F513-23 1837 9fi 135 195 22 1.83 5 LS R MR I63-83 	 14741 90 121 1110 21 1.44 3 MB MR S ILAC 23 (white)- check 172 104 130 227 24 1.41 I MB R R R 
LSID (5';; ) 52N A.qlha;(A'(")=19.5. 

Table -. 	Yield and other algronomnic characteristics of early-duration cultivars evaluated under dryland rainfed conditions 
(Suakoko, Liberia, wet season 1976). 

Pani- Pan. Pan.
 

Yield Days to lit. cle It. 
 wt. Thresh-Cultivar kg/Ia 50 ftl. (cm) 
 /m (cm) (gin) ability Grain SB SR GD 
M Ill 2:322 85 102 270 20 1.1 5 LB I S MR
M55 2113 fl 101 252 22 1.1 5 LB I S MRTOS 25111 2066 82 107 232 21 1.3 3 VLS MR I R
M-1 1969 8-I 106 225 22 1.1 7 LB MR I RIOS -1030 17813 86 107 230 20 1.5 3 VLS MR I MRTOS 2578 1673 116 105 278 20 1.0 3 LS R I MR

'OS25113 1658 119 107 252 
 20 1.2 3 VLS R R Ri'16 1509 90 109 220 18 0.6 1 MM I S IP11 12-13 76 118 242 18 0.9 3 SB I S I-SIkong-Pao 1219 82 72 372 19 0.3 5 SB S S S

P20 108-1 76 80 290 17 0.8 3 SB I S I-SP13 998 77 83 308 15 0.4 3 SB I I I 
LVD .5;=658 kg/ha Cl' (%) = 3-1.8. 
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Most of tihe bioicail prblhns increase in th wet te%, low- Suakoko for lowland conditions werv- also evaluated at Mange 

light areas of tile dccp firest ecIstvtn, espc ally in .ierra larn, Sierra LIcrie under irrigated lowland condition. Thirtv-

Lcore andILiberia. Soil problms are )rCsct there as vell two lines, including IR5, 252(i, IRt41(6-131-5 and TOS 78 

as ill and diletr by IOcathis. Blast, sheath weresavarina, ItheV observed to be promising there, indicating that selections 

blight and solie oll"er diseases also are important il less wet made inllowland at Suakoko, Liberia could be adapted in 

areas. Sierra ILone. 

Screcning under irrigated conditions in ILiberia. Onitile basis InlLiberiar yield trials under irrigated conditions, IR.1416 

of their performance in 1975 dry season and 1976 wet s,.asoni, performed best and six itlers yielded similarly to IR5. Cul

.15 lines were iderntified as promising for inland valley tivar 2526 yielded slightly less than IR5 but it has superior 

swamps. Eighty-nine promising lines previously selected at grain quality and iron toxicity tolerance. IR1416 is too short 

Tabhle 15. List of lines ih,ntijied as pronrising for inand valley swamps Suakoko, Liberia, 1976. 

Line/\ riety Origin Lire /Variety Origin 

B RI 1-2B-40-3 Bangladesh 1R2035-290-2-1-3 I RI1.I 

B1R15 1-118-2 Bangladesh 11(2055-481I-2-6-2 IRRI 

B11(51 -199- 1 Bangladesh 1R2061-628-1-6-.-3 IRRI 

X 69-56-12-10-63 Burma I112068fi-65-3 IRRI 

13 151-Knr- 19-3-1 Indonesia IR2070-83-- 1-2-2 IRRI 

13 .891b-528-3-I Indonesia 112071-286-5-6 IRRI 

1 41-b-2,--5-I Indonesia IR207 1-588-5-t-3 IRRI 

B .15'3-b-49-2-,-3 Indonesia 11/2561-58-I I RRI 

Brengut Indonesia 11(2588-5-1-2 IRRI 

Mahrsuri Malaysia IR2588-19-1-1 IRRI 

Iproved Mahsuri Malaysia IR2588-48-3 IRRI 

Bahagia Malaysia IR2588-60-1 IRRI 

C 168-134 Philippines I R2588- 132-1-2 IRRI 

4t1. Philippines 1R2797-115-3 IRRI 

-1418 Philippines IR2823-7.-3 IRRI 

.1:3 Philippines IR2851--I 1-3 IRRI 

-1-t5 Philippines 1R2865- 1-6 IRRI 

+167 Philippines IR3265-112-1-2 IRRI 

SPit 6726-13.1-2-26 Thailand Ob 5. 677 ? 

CRI 1113 India KLG 6987-59 
IETF 22541 India KLG 6987-133-2 ? 

11It15-1-238-2-3 IR111 TG 37 Indonesia 

IR 1820-52-2-4-1 IRRI 

Table 16. "lhe most promisirg cultivars under irrigated conditions from neuI; intrmuced Indian material, wet seasor, 1976, 
Mange, Sierra Leone. 

Cutivars Grain lPan. Plant 

yield no. it. Leaf Brown Leaf Iron Insect 

Early duration kg/Iha i
2 cm blast spot scald tox. damage 

CRM 13-3061 2829 165 65 3 1 1 I 1 

CRM 13-'3532 255:3 165 55 4t 1 3 2 2 

BALA 2:328 151 79 5 1 1 3 2 

J13S 54.; (5416) 2166 1.1l 78 .4 2 2 2 2 

CR 113-11-2 2154 95 62 , 2 2 3 1 

CRM-.-2-MTU- 17-IMUT 2142 117 107 2 1 2 1 2 

Mid-Early duration"* 

P X J 72(0. CR- 1008 3517 207 101 4 4 3 1 1 

CI(- 115-76 3392 174 79 3 1 2 2 2 

S x S 55-296 3367 124 80 3 2 1 2 0 

CR 138-802-10 3292 227 85 3 2 2 2 1 

IR 2070-1.- 1-3 3283 140 82 4 2 3 3 1 

S x S 55-3041 3206 219 62 5 1 1 2 1 

CR 1-- I 18-I 3081 227 72 3 2 2 2 2 

Mcdiuiin-duration *** 

CRS-95-JR 1512-li 3225 213 81 5 1 0 0 0
 

CR 1'39-I0.1-.-25 3142 123 98 4 2 2 2 0
 

DJ 68.11) 3083 141 85 4 2 2 1 1
 
CICA .IX F I (IR665

23-3-1 x TETEP) 30,42 108 97 3 2 2 0 2 

BG 66-1 30-12 195 97 2 1 1 2 0 

•</O day. ** (110-125 days) (125-140 days). 
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arid spreading for peasant adoptito. Advantage call be taken 
of tie diverse characteristics ofl thIese er ites, itcluding high 

.panich, weights, ill a crossig pIrlgr a l 

In Northlwest Liberia, i tries I I -116, 112071- 105,11.2070-575 
and IR2055-473 appeare.d to be best visually. But in tilt
hiighr inlt l c tstal area So mtneof these lietrlrtwell an 
instead, 11(2071-77-9 and IR2(35-(;5i-3 yielded Iiightest. 

Attig tile early-d, ri;itiol (l.ss that 1'3( days) cultivars eval-
ttmtecl in swatips at Suiak,iki. l-ova and Johtisotvilh-, 1R2071-
(621-2. I1R2035-120-3, (:[CA .1, IET 1996., CR 12-178 atidIR2()53--407-2-1 appe~ared proinising4. All cuhtivars c'xcept 

I R2053-.07-2-1 and 1121)71-527-6-3 showed poor ma nile ex
ertion duriing tilt- wet season. I'le earliest entries ilog Sun, 
and I1R2071-559-2 which had goind vields during dry season 
trials suffered froin serious bird daltiage ill this itr .1 and thv. 
rt'uire firthe tvaluation. C(osiderinti the attottt and dis
tribitiolo of, raitifall in the coittry, early-duratio materials 
should be better .itited ltr dry-seastn euft ivation when there 
is a likelihood of' water shortage during tit- latter pat of the 
seasontt. 

Screening: Irrigated rice for soil toxlcitjes and nutritional 
imbalances. Il tnanv locations of' West Africa irrigated rice 
exhibits vellow-orange sytnptoids which are associated with 
itigh iron 	ot moderately high ntiganese levels in leaf tissue, 
The high tmetal elhment levels ;ti- associated with low levels 
of N or P. Thus, tile situation is one oftnutritional inbalance. 

Fifteen cultivars were selected earlier as tolerant to toxic soil
conditions ini Liberia with seven showing susceptible syiup-
tontis at IITA: twenty-four thit were selected for general per-
t6rinanee at IITA were grow)n\ll under mioderately toxic andnoi-tlixic 'onditio~ns aitIITA. 1)ilerences in synptont expres-

sionl antd 	 in yie-ld aind yield ctntponietis ounder twwo soill 

cindlitions wvere tneasured and are beitg analy'zed. lowever,

bistd oilt Ieaf syliptonis at ve-getative stage and general per
firtnance be'ore harvest, sevell cultivars were selected 
 for 

tolerance to toxic soilI conditiois: NI ashuri, KILG 6986-161-7, 

SPR 6726-134-2-6-26, C 168-134, IR2061-228-3-9, 11.2071-

176-1-5-2, 11(2153-550-2-6-3. 

The first 	 three wvere initially selected in Liberia, while the 
otther f'our were pre-viously st-lccd atKIG, 	 IITA. Thiree lilies, tileSPR and 	C shlowed yellow-orange sy'niptonis initially,but, litter (r C sowed. yelloworan ge2whiihtis ieritlrynt
but later rccoveredt. Gissi 27 aid 2526 which were tolerant 
ti ironttxic conditions in Liberia were t teste. 

T"ble 17. 	 Cultivars perforiniig well under toxic shallow
swvanip conditions, Yafegbolontor, Sierra Leone, 
1976. 

Liberia Selections Sierra Leone Selections 

BR5 1-199-1 Carrubantakassa 
BR I89b-29--t-3-1 Pa Panel 
Mashuri BanawoIR BagadIR2562-69--1 Bakutu 

IR2854-23-.t Pamatis 
IR2865-1-6 Parinatis 
C168-134 Indian Panel 
SPR 6726-1--2-6 Sokopent 

IR 1909--3-3 
BR1-21140-3 

B1151-2-13-1 
B 158d-Ki-19-3-1 
B 189b-29-4-3-1 
B189b5283 

K)-' 1 ,. ' ., -1 41 W 
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A rice line that performed well under iron toxic conditions. 

Soil toxic swanip screening in Sierra Leone. Sixty-seven local 
and introduced lines were evaluated at Magbolontor inland 
swamp near Roktpr for perfornance under soil toxic coiditions. The introduced lines had been found to possess toler
alice to iron toxicity itt Liberia. Twenty-fotir lines perflormedwell (Table 17). 

Iron toxicity. In Liberia, 573 lines wvere screened for tolerance 
to iron toxicity ill inland valley swanps. Both Gissi 27 and 
2526 were confirted to be tolerant to moderately tolerant. 
The ortnier showed purple pigmentation while the latter had 

orange discoloration. The purple pigmentation of Gissi 27 
was observed to be correlated with the level of iron toxicityin thle soil. This cultivar canli ol 	 be tusedlsda a ureh 	 hschvrcnb as miarker to determine tie relative iron toxicity levels in different parts 

odtr
of in

land valley swamps which are generally heterogeneous for 
this soil problem. I112035-65+1-3 was used as a susceptible 

check and 61 cultivars were identified as tolerant. 

The following points were revealed: (I) Many tolerant lines 
were derived front at least one tolerant parent, suggesting 
that tolerance is heritable. (2) Crosses of' IR5 and similartypes with Gissi 27, 35, 26 and similar types should be car
ried out and evaluated. (3) Several lines from Sri Lanka, 
Malaysia and Indonesia were tolerant, suggesting that it 
would be useftil to introduce more gerniplasm from thesecountries fbr screening and crossing for developmenttivars suitable for West Africa.	 of cul-

Screening: Specific problems: Irrigated rice with different 
low nutrients. At IITA, paddies w\'ere developed previously 
to investigate plant response to litniting nutrient levels, with 
separate paddies for each low element. These were utilized 
for determining if differences existed among 25 elite and other 
cultivars in performance under no application of N, P, K, S, 
or Zn or all nutrients, in comparison with normal complete(N, 1, K, S, Zn added) fertility levels. The 25 cultivars 
(Table 18) were grown as the eighth crop without addition 
of the particular nutrient. 
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'Fable 18. 	 Cultlivars tested in paddies with different histories 
of nutrient status, 

4421 from Colombia ** 1R578-95-1-3 
.4440 from Colombia II1529-430-4 
* BG 9(0-2 IR2035-212-1 
Biplap IR2071-179-3041 
* BPI 76/9 X Dawn * IR2153-338-3 
FARO 15 IR2153-550-2-6-3 
IAC 1391 ('1'OS 4169) 1R2863-31-3 
IET 1444 OS6 

IET 2845 ** Pelite 1-7 
11269-26- '-3 (TOS 78) Pokkali 
IR1480-5-.-3-3 TOS 4106 

(IR154-61-1-1 XOS6) 
IR503-1-91-3-2-1 (TOS 553) TOS 4138 

(IR5t-61-1-1 XOS6)
*'FOX 161-5-5 

*thIohestyie/ding under lou' N, P, K, and N'K 

* lightstyielding azasv alllow ilnent plots 

Striking difierences among cultivars were obiained in growth 

and yellowing symptoms in the different minus-one nutrient 

paddies. Yield differences also occurred, showing interactions 
between nutrient deficiency and cultivar. TFhe two cultivars 
yielding highest (more than 39 grams/plant) across alliiii-
trient delicient paddies were Pelita 1-7 and IR578-75- 1-3. Five 
others yielded moderately high (more than 24 g/plant) when 
either N, P, or K or all three nutrients were low. These were 
1G 90-2, FARO 15, IR2153-3311-3, TOXI61-5-5, and BPI 
76/9 X )awn. The experiment is being repeated to better 
quantify yield performance. However, the preliminary data 
indicate that varietal screening tnder different low nutrient 
levels would Is.useful 'wAfrican conditions and should be 
carried out as a Ipiority. The yield depression under missing 
nutrients was not consistently correlated with yield perfor-
mance under high fertility. 

Entomolqgy 
Screening for insect resistance. The major effort was on 

identification of rice cultivars having resistance to stemborers, 
whorl nmaggot, stalk-eyed fly, and rice gallhidge. The gall-
midge screening trial was conducted inthe north of Nigeria, 
while replicated stemborer screening trials were conducted 
in the east and central parts of the country and also at IITA. 
The stemhorers at the east and central parts were Chilo and 
Sesamin spp., while Maliarpha separatella was the predominant 
species at IITA.The International Rice Observation Nurser), 
(IRON from IRR1, 351 entries) was also screened at these 
three locations,. 


Field screening. Forty-seven rice cultivars were tested for field 
resistance to insect pests at three locations'in Nigeria - the 
east (Adani). central (Badeggi) and southwest (ibadan) of 
Nigeria. The cultivars were planted in a randomized complete 
block design with four replications. The level of infestation 
by stemboreis, whorl maggot and Diopsis sp. varied according 
to location. The overall level of damage by stemborers and 
whorl maggot was highest at Adani. Infestations of Diopsis 
were low at all locations. Table 19 summarizes the response 
of some selected cultivars. The response of cultivars WC 1251, 
WC 1253, and WC 1263 is interesting in that these have 
been used as donors for stemborer resistance in Asia. Their 
response of susceptibility to the stemborer complex in Nigeria 
emphasizes that resistance to Asian borers does not necessarily 
provide resistance to African borers of the same genus. 

The insect infestations at Adani were sufficiently severe to 
distinguish varietal differences to stemborers and whorl mag-

got. Cultivars IR2070-820-2-3 and IR2071-77-9-3-5 had the 
lowest percentage of damaged tillers. These also have good 
plant type ard yield potential. 

Table 1.9. 	 A comparison of selected rice cultivars to various 
insect pests at different locations in Nigeria, 1976. 

Percent tillers damaged 

Adani Badeggi Ibadan 

Cuhivars SB WM__ 1) S_3 1) S13 WM D 

IR2070-820-2-3 9 7 I 3 2 - 10 It 
IR2071-77-9-3-5 13 8 0 5 2 3 9 3 
TKM 6 22 12 I 22 9 5 6 5 
WC 1251 241 9 (1 . 2 3 7 7 
WC 1253 
WC 1263 
BW 191 

2. 
16 
10 

9 
4 
-1 

I 
2 
0 

3 1 
,4 1 
2 2 

6 
3 
5 

6 
4 
3 

7 
5 
4 

IET 2845 15 15 2 1 I 4 7 7 
IR 80S6 (Local Check) 15

218 
28
35 

0
(0 

2
16 

3
5 

4
8 

8
14 

4
2 

Sit-Stemobrsu; Jt'tI--Whorl mnagot;D-Diopsis thoracica 

Gallinidge. 	Thirty-two cultivars, with various degrees of re
sistance to this insect in Asia, were planted at the Plateau 
State where heavy infestations normally occur during June -
August. This test was to identify sources of resistance and to 
determine if resistance in Africa corresponded to resistance 
of the same materials in Asia. 

The response of a few selected cultivars is umimarized in 
Table 20. The cultivars VC 1263 and Ptb 18 showed the 
lowest levels of infestation and these two cultivars have also 
been reported to possess a high degree of resistance in India. 
However, RP V 6-12 which is resistant in India was not re
sistant here. Further screening will be directed toward the 
identification of other sources of resistance. Emphasis will be 
placed on screening elite breeding materials to identify good 
sources of resistance combined with good plait type and 

yield. 

Table 20. 	 Reaction qf some of the rice cultivars screened for 
resistance to the gallmidge, Pachrdiplosis or)'ey, at 
Gangnum, Plateau State, 1976. 

Percent infected Average number 
Cultivars Hills 'Fillers galls/40 hills 

Ptb. 18 2 4 3 
WC 1263 3 12 3 
ET 2845 10 20 8 
IR 8 	 18 18 10 

OS6 8 2C 13 
IR2560-130-2 27 20 15 
Pokkali 9 10 16 
China 1039 8 4 17 
Pelita 1-7 17 13 22 
RPW 6-12 22 21 23 

Observation nursery. The International Rice Observation 
Nursery, comprising 351 entries, was planted both during the 
dry season (January - April) at IITA and the wet season 
(July - October) at Badeggi and Adani. The trial at Badeggi 
did not yield any useful information on insect resistance due 
to the low insect pest infestation. 
At IITA, an average infestation of 20 percent for Hydrellia 
spp. and 25 percent for Nymphula sp. was recorded, while in

festation of Diopsis thoracica (4 percent) and stemborers Chilo, 
Sesamia, and Maliarpha spp., (less than 1 percent) was very 
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low. Rice cultivar BW 191 was least damaged (2 percent tiller 
damage) by lYr,helia spp., compared with the rnost damaged 
cultivar, Sri Mfalaysia (51 percent tiller daolage). Inflestation 
of .Vmphula sp. was lowest on BKN fif09-74-10 (-Ipercent 
tillerdamage) an(d highest oin ,JP 5 (115perceent tiller dani-
age). 

The insect infestations at Adao i were also very low. h 
seedlings itt inrsery beds wecre infested naturally by Ilrdrdhlu 
sp. Scattered intiestations of A.*rmp/iha sp. were observed aicl
tie most Susceptible cultivars were IR 1561-221-3-3, 1,iplab,
OS6, and IET 2931. Aln average infestation of 17 percent was 
recorded for stemtborers and the most susceptible cultivars 
were B151(1-Kn-19-3-1, Tongil and Parwarnipur 1. Stinte of 
the cltivars having least stemborer itfestation attd also good 
plant type and yielId potential were, 196-lK-23-5-5-2-2-2, 
Joachin A74, IR1857-103-2-2, BG 9-1.-2 and 1R2i. 

Insect screening: Caseworin. In Liberi:a, a fi''ld screening
test of 100 cultivars indicated that cultivars LAU 23, Moro-
berekan, 2526i, '1'0 4, 1'OS 143, and IEl 1996, were less 
danagecd than others. IRI11l6-131-5, Jaya, CICA 4,TOS 78,

andre lon suceptble'ighlStil w
arid -hogSnn were highly susceptible. 

Insect screening: Leaf feeding beetle (Epilachna similis).
This insect has been observed to damage upland rice in the 
seedling and tillering stages. The insect feeds on the leaf sur-
face and causes white streaks and patches. Entries in the 
Liberian leaf blast nursery, where the insect ptpulation was 
high, were rated for damIige. Forty-four percent of the lini 
were grouped in Ite least damaged category. Atniong the hles 
adapted to upland conditions, NI RC 172-9, ROK 3,63-813, 
TOS 2581, ARC10372b), IR27'3,t-F, 1-20-1, IR3839-1 were less 


affected than others. Some adapted upland lines were very 
severely affected: I11880-29, 115179-2, Dinalaga, Kinandang

.ARC7060Patng1),, A(C70617027102 1), IRATRA 9, 11.\ 10, andPatong, A\RCI( , 9 IRAVI 1, ti 

IRAT 13. 


Pathology 
Disease screening: Sierra Leone. A major change was made 

in this year's lisease screening trials by evaltiating nmaterials 

for total performance under disease pressures in tite precise 

agroecosystem of intended use. This procedure of direct field 

screening eliminated several disease resistant materials inferior 

inother respects. Concerted eflbrts were directed to identifying 
a few superior selections from a large number of introductions 

and collections. It is envisaged that this approach%
will greatly 

accelerate the identification of adapted useful cuitivars. 

International African Rice Blast Screening Evaluation. In 
June 1976 a total of 90 promising, blast resistant cultivars 
and advanced lines from Nigeria, Liberia and Sierra Leone
rice improvement programs were assembled, packeted and 
dispatched from Sierra Leone to Ghana, lvory Coast, Liberia, 
Nigeria and Cameroon. The 90 cultivars were to constitute 
the first set of test materials of the African Rice Blast Screen-
ing Evaluation Program (ARBSEP), which was launched by 
plant pathologists in the West African Region with the following objectives: (1) to identify cultivars and breeding lines 
with useful blast resistance in Africa, (2) to better characterize 
blast reaction of recommended and potentially useful breed-
ing lines through multilocation screening, and (3) to help 
insure the availability to and utilization of identified sources 
of resistance by national rice improvement programs. 

The first set of 90 cultivars was what remained of more than 
200 original nominees from the three countries after pre-
liminary screening in April 1976 at Rokupr, Sierra Leone in 
order to eliminate obviously susceptible ones (readings of six 
or higher in the IRTP scale). 
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The ecosystem approach will be adopted starting with the 
1977 ARBIISIE P. This approach involves grouping test cultivars 
and growing themt following recoinmlenided agronomic prac
tices in tihe apropriate agro-ecological condition. This ap
proacth is considered to be a more realistic characterization of 
field esistances in addition to enablinag expression of total 
:l(daptationt t the ectosystel pressures.
 
In Iiberia, 1,839 fines were screenel itt 
 a seed ling leaf' blast 
nursery, Consistintg of tileAfricani rice blast evaluation nursel-y,
promising lines frnct Suakoko screening, IRRI's IBN, and 
IURON. 'Ilie susceptible check 115 was severely blasted, and 
IR.116-1:31-- was consistentlv resistant. Many lines were [tot 
blasted, aniong then IR22, 218, 29, 32, 3.4,13(1 I-11, Julia 1,
IRAT i1,9, 10, 13, whereas others were, e.g., IR5, I1(8,Jaya, 
I1R30, 36, SE'3026i, CIC:V4. 

)isetase screening: Leaf scald. In Liberia, the leaf blast nurserv was alst used to screen for leaf scald resistance. Of the 
es no one wo free frttii scald t linewr te 

839 lias, not one was ree from scald. Eight lines were rated 
moderately resistant. The lines LAC 23, Ratna, BGI -I,5,C 1C ..4, IIT 323(6, SE "319G,and Sl 32213 were highly 
susceptible. 

Mati tf the lines adapted to lowland c showedaditiotts 
%uc h ers t t e a fa
esegh u i el and disease 

wheni these were evaeated it tle dlttd rainfed disease 
nursery. Sitilarly, several well adapted ulld cuItivars 
showed higher susceptibility to sheath blight, sheath rot and 
brown spot when scr-eied in lowland conditions. It appears 
that for realistic performance it would be more accurate to 
screen for disease resistance in the sane ecological condition 
for which one intends to use tle cuhivar.
 

Crop X Normal -Environment Interaction 
Rice in West Aftica is raised in many diverse ecosystems 
whose complexities are not well understood. Before stress 
areas are considered, tilemanagement required for rice cul 
ture in each ecosystem needs investigation. Under nortin. 
conditions, management of the major nutrients in depleted 
upland soils, maiagerent of high organic matter swamps,
timely planting in relation to rainfall, light and biological 
factors, the relationship between plant density, fertility and 
soil moisture, and the role of rice in cropping systems are
 
just 
a few of the many areas needing research in different
 
representative locations. A limited beginning has been made
 
on some of these points, mainly in our programs in Sierra
Leone and at IITA. The details of the more extensive infor[nation from the Sierra Leone project are available in a
 
separate report.
 

Upland rice. In Sierra Leone, large numbers of field experi
ments were condu'cted at Makassa near Rokupr and Kenema,
 
in the Eastern Province, to determine agronomic factors
 
affecting rice yield under dryland rainfed conditions. 
Time of application of nitrogen. Under freely drained, light

textured uplatd soils, loss of nitrogen throtgh leaching is a
seriousof \Vest problem inhigh-rainfall regions (2,000 to 3,000 tim)Africau, particularly rn Sterra Leone aind Liberia. in-ofWsAriaprtcllynSeraLnendibi.Ivestigations were undertaken to increase the efliciency of 
chemical nitrogenous fertilizers by split application, synchro
tizing with early tilleritg, late illering, panicle primordial 
initiation and boot-leaf stages of growth. Fertilizer was ap
plied in two, three, four and five splits, all at the rate of 
NW0 kg/ha over a uniform basal dressing of P40and K,(1 kg/Ia. 
Two split applications gave significantly lower yield than 
three, four and five splits, there being no significant difference 
among the latter three treatments, confirming 1975 data. 



__________ _______ 

----- ---- 

Source and placement of phosphatic fertilizers. Studies on 
the relationships between soil and fertilizer contacts with re-
spect to phosphatic tIrtilizers varying in water soluble and 
citrate soluble phosphorus were continued. Tlhree sources of 

phosphorus (single superphosphate, rock phosphate and basic 

slag) were applied to the soil so that fi,.e soil to fertilizer 
contact ratios (10, 30, 50, 70, 90) were maintained. 

Yield in kg/ha as influenced by soil: fertilizer con-Table 21. 
_Ptact ratios. 

Fertilizer 

SSP 
Rock phosphate 
Basic slag 

% Soil area receiving fertilizer 

10 30 50 70 9(1 


1919 2419 2614t 2718 2515 
19.111 1971 181(1 2163 2293 
2260 2159 2310 2763 2537 

The results (Table 21) clearly showed that water soluble 

single superphosphate should be placed with 50-70 solid con-
tact while the water-insoluble form of phosphatic fertilizers 

(basic slag and rock phosphate) needed 70-90 soil contact to 
give maximum elticiency of the phosphate fertilizer in acid 

soils in Sierra Leone. 

Potassium 	 is subject to
rimtne of application of potassium. 


leaching losses in freely drained, light textured upland soils 

under heavy rainfall. (ptimui times of application to il-

reaehearficenc f pti mfrtier applieinte f crease the elliciency of potassic fertilizer, applied in the form 
of itourate of potash were determined at Makassa and 

Keneia. Three split applications at early tillering to boot 
distinct advan-leaf stages both for KV) and KHO kg/ha had a 

tage over two split applications, there being no added ad-

vantage from further splitting. Times of application of potas-
situn showed the same response trend as time of application 
of nitrogen and, therefore, it is possible to recommend 
economic top dressing of both nitrogen and potassium at the 
same physiological stages of plant growth. 

Nutritional requirement of rice. The requirements of the 

three major nutrient elements alone and in combinations un-

der upland conditions were again determined at Makassa near 
Rokupr. Balanced application of NPK gave significantly 
higher yield over all other treatments (Table 22). 

The most interesting point is that the response to potassium 

over N and P combination was dramatically higher than the 

response to K alone or to all combinations without K. 

7able 22. 	 Grain yield of upland rice (LAC 23) as injluenced 
by N P K fertilizers. 

cr 
Grain yield 	 ncreasDose of 

over controlfertilizers (kg/ha) 

NoP1 K (Control) 367 
NSO 764 108 

90P) 	 697 
69621N__ tO 

10___ 1,084 	 195 

NSOKjo 1,140 	 211 

P.I0K.t0 811 121 
N sOP 0 K.41  1,44B 295 
LSD 5 = 232 
CV = 18.2 

Date of planting. An experiment was laid out near Rokupr, 
Sierra Leone, in a continuous function design of 5 to 50 ctn 

spacing between plants within a row, using three rice culti
vars of different maturity durations and sown at fortnightly 
intervals starting from tile first rain. The highest yields were 

obtained from end of May to mid-June plantings. Delay in 

planting up to inid-July resulted in 38 to 67 percent reduction 
in yield.
i'tcelr 

Factors limiiting yield. An experiment was initiated at 
Makassa uplands near Rokupr on the third crop of rice after 
bush clearance to determine the factors limiting rice produc

tion under typical rain forest conditions. Treatments included 

weeding three times dtring crop growth, adequate fertilization 
(N80 101KIll kg/ha), line sowing and chemical plant protec

tion. 

Treatments minus one factor were compared with tile com
plete treatment using two cultivars, ROK 3 and LAG 23 
(Table 23). 
Table 23. 	 Response ofupland rice (averagedfor ROK 3 and 

LAC 23) to various production factors at Makassa, 

wet season 1976. 
Reduction in yield 

Production factors Yield in kg/ha kg/ha % 

complete package 1624 - 

minus weeding 531 1093 67 

627 997 61minus fertilizer 
minus line sowing 931 693 43 

minus plant protection 1158 466 29 

7ble 2-1. Response (kg/ha) of upland rice cultivars to different levels of nitrogen, Makassa, wet season 1976. 

Control
yield of 

Cultivar (kg/ha) N-i 

ADNY 11 1528 433 

ADNY 2 1278 733 

ROK 3 1167 289 

ADNY 4 1095 366 

ADNY 3 1078 749 

ADNY 5 1067 -272 

LAC 23 1050 200 

IRAT 8 761 324 
IRAT 13 706 321 

ROK 2 528 117 

IRAT 10 417 211 

IRAT 9 378 378 

TOS 2583 244 306 
TOS 2581 233 323 

LSD (.77o)to compare cultivar means within level of N = 159. 

kg/ha response to: 

NiN0 

650 

911 

678 

966 

1028 

-34 

633 

439 
622 

428 

622 

389 

623 

434 


21 

N.M 

1411 28 


1272 57 

522 25 

777 33 


1361 69 

-289 -26 

583 19 

639 44 

1094 46 

644 22 

400 51 

994 100 

489 125 

495 139 


% increase over control 

N30 

43 

79 

58 

88 

95 

-3 

60 

58 
88 

81 

149 

103 

214 

186 


N12o 

92
 

100
 
44
 
71
 
126
 
-27
 
56
 
84 
155
 
122
 
96
 

263
 
200
 
213
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Tie complete package g.ave theI highest grain yi-.+'dof' The greatest diffe'rence between the yield of the two types1624 kg/Ia. Absence of' weeding, and fertilizer, resulted ill of seedlings resulted when the flertilizer was surface applied,the greatest reduction in y'el dIut even linc sowing (vs. stir- lavoring broadcastable seedlings. This method of fertilizerface broadcast ) and insecticide applicationtgave sigtnificantly application is the most common and convenient to the f'armhigher yields. ers. Thus, the use of broadcastable seedlings appears to be 
Nitrogen times euhivar inleraclion. Relative perloriance 
and dillni itial respons to four levels of nitrogen iiditr un-
orni dihssing of Pp, and Ki, wIer Xallird with 1-1uplnl 
cuhliv;,rs. Two ciltivars, ADNY I I and AI)NY 2. had higher 
yields than the reconinindcd cultivar R()K 3 both with i and 
withoit fertilizer applicnttion ('ableh 2-1). 

Cropping sys'l ns. Combihationis of' rice.withIinzize annd rice 
with cowpa wer. tested against th(lrespective illonocrops 
leenaituse uiplantid rice i Sierra I.Ci is oft i gross' ias a 
mixed crop. liffcrnt propo,tions of'rice (C 23 )were 
grown, cither with cowpea (VlT.\ 5) or with Imaize ('I7B-

C5) undhu unifor fertilization t the rate of'80:0:-40N::
fol)wing tfo years of Continuous rice mTalle 25). 

74hle 25. Yields qf'rice with mai:e and with cowpea as sole 
crops and notures, Sierra Leone, 1976. 

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

(;raini yield__kg/haGrain --yeldk~gl

Rice + coimpanion Rice + cowpea Rice + maize 

100 0 166 1 0 14t31 0 
75 25 97.1 11.1 1052 93 
5(0 50 633 150) 1014 1,16 
25 75 593 204 594 217 
0 100 0 373 363 

Yields of both cowpea and maize weie low, and better aclap-
ted cultivars to lie Sierra Leoie ecosystems airerequired. Rice 
aloie gave higher gross ecionmic returns than any proportion 
of tile mixttre, related to the por pcrloriintice of' the other 
crops. llowever, 5) riee:cowpea gave a gross return close to 
100 percent rice dile to the high price of cospeas. 

Interaction between Ipes of seedling and methods of fer
tilizer application. 'o eliminate tile tedious process of trans-
planting, Matstisushin in Japani has prolpsed tile use of' 

"broadcastable seedlings". As the us of broadcastable seed-

lings resuts in shallow or surface planting, methods of' fer-
tilizer application would need to be suitably modified. 

Two types of seedlings - normal seedlings grown in wet-bed 
nursery, and broadcastable seedlings sowt in seedliig trays -

were coiipared 
 at ITA under three mtethods of fertilizer 
application. The ordinary seedlings wcre transplanted at 4 to
6 cm. The fertilizer was incorporated with power tiller for 
(fel) incorporation, raked for shallow incorporation and 
applied initieliately after planting for surface application. 

In general, tile use offbroadcastablc seeclings resulted in
higher yield irrespective of the method of fertilizer applica-
tion (Table 26). 

advantageous not only to eliminate the tedious process of
 
transplanting, but also to better utilize the top-dressed N
 

. fertilizer. The econonics of the use of broadcastable seedlings
 
nder African conditions should be explored. 

Grovth analysis of two promising irrigated rice eultivars. 
.,\n experinment was designed to evaluate two promising irri
gated cultivars under irrigated transition Ibrest conditions 
inNigeria at four different levels of fertility and two spacings. 
The purpose was to determine the factoris which limit yield
at each lertilihy-spacing treatment. hei cuItivars used were 
FARO 15, an 15-type developed in Nigeria at Badeggi and

G 0-, nlIR9-t.pe developed in Sri Lanka. Spacings were-4X 12 and 2-X 2-cm,with fertiliier levels of 40N, 410:20:20,80:-l0:410, and 120:60:60, NPK. All fertilizers were applied 

at the time of* planting except for the extra nitrogen for the 
two higher N treatments, which was applied half at four

s'weeks after transplanting and half at panicle initiation. 

Samples were taken for growth analysis every two weeks,starting at panicle initiation. Data, including dry matter 
partitioning and light penetration are being analyzed. The 
relationship between spacing and fertilizer level is shown in 
Fig. I. At the wider spacing both cultivars vielded about the 
same and responded equally to increased fertilizer levels up
to 80:40:40. At the highest fertilizer level, however, BG 90-2 
significantly outyielded FARO 15, giving a yield of 7 t/ha.
At the close spacing, the two cultivars were equal only at 
tile lowest fertility level of N.11 alone, otherwise BG 90-2 
significantly outyielded FARO 15. The maxim yield of 
BG 90-2 was 8.1 t/la; that of FARO 15 was 7.4 t/ ha. The 
most likely reason for this lower level probably reflects a 
different canopy structure. 
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Fig. 1. Effect of cultural management on grain yield of two 
proising rice cultivars. 

Thble 26. Interaction of t'pe ofseedllings amd method offertilizer application on rice growth andyield. 

Deep Shallow Surface 
Fertilizer incorporation Broad- Broad- Broad-Seedling type** Normal cast Normal cast Normal cast 
Grain yield (t/ha) 6.1 6.8 6.3 7.1 5.8Panicles/hill 7.4 

8 9 7 8 7 8Straw %s'eight(g/hill) 24 24 21 22 21 21
Harvest index 0.47 0.49 0.51 0.52 0.49 0.53 
*Deep incorporation w-ithrotavalor and shallow incorporation by raking.
*Cultirar
BG SO-2 groun in wet seed bed for '"nornal"and in seedling trays for "broadcastable" seedlings. 
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GRAIN LEGUME
 
IMPROVEMENT PROGRAM
 

Cowpea 
Plant improvement. A strategy was developed to incorporate 
disease and insect resistance into several plant types and 
photoperiod reactions suitable for different ecological areas 
and cropping systems. 

Three new series of crosses were initiated to improve the 
disease and insect resistance and seed quality of proven high 
yielders and to increase seed size of VITA-4 and VITA-5. 

The breeding nursery was inoculated wiih the major patho-
gene and grown tinder osinimun insecticide protection to 
facilitate selection for disease and insect resistance. 

Preliminary and advanced yield trials were extended for the 
first time to off-site locations (Ethiopia, Tanzania, Puerto 
Rico and Nigeria). Minimum insecticide protection was given 
at ITA and, in addition, all entries were screened separately 
For disease and insect resistance. 

In trials, VITA lines maintained their high disease resistance 

levels, but showed considerable fluctuations in yield over 
environments. Some prelimiaary and advanced lines out-
yielded the VITA-lines and showed good disease resistance 
levels. 

In the population improvement, an insect resistant sub-
population was synthesized and advanced to the F-, genera
tion. A new cycle of recombination was initiated in the 
disease sub-population and the different sub-populations 
were synchronized to permit free interchange of desirable 
genes among them. A systen is being developed to integrate 
the disease resistance sub-population with the International 
Disease Nurseries. 

There was progress in the development of green-pod, vege-
table type cowpeas for the. humid tropics. Several climbing 
types have shown good yield and disease resistance and will 
be more widely tested in 1977. 

Two hundred and thirty-five germplasm and breeding lines 
were screened under maize for suitability for mixed crop 
conditions; several will be tested in replicated trials in 1977. 

Studies of linkage relationships and of the gen'tics of an-
thracnose and root knot nematode resistance were initiated, 

Plant protection. A special unit has been set up for multi-
plication, field inspection, roguing, treating and packeting 

of seed for international trials to ensure shipment of healthy
seed. 

A technique for a largc-sca:> inoculation of early-generatiun 
cowpea breeding material was developed in screening for 
virus resistance. Serological techniques arc now being used 
for idcntification of cowpea viruses. It was demonstrated that 

Southern bean mosaic and cowpca mottle viruses arc trans
nitted in cowpea by beetles. There was progress in the 
identification of multiple virus resistance in cowpeas. 

There was ais apparent shift in the importance of cowpea 
diseases at IITA, with increased importance of Phakopsora 
rust and Colletotrichum pod blotch. Field surveys showed the 
importance of bacterial blight and Septoria widely distributed 
in the African savanna, the importance of Ascoc/lta zonate 
leaf spot in East Africa, the importa.ice of web blight and 
Sclerotiurn blight in the high-rainfall areas of West Africa, the 
occurrence of a golden mosaic of cowpea in Nigeria and 
Tanzania and the importance of bacterial diseases of pulse 

crops in Ethiopia. 

Techniques were developed for screening breeding materials 
to certain important pests. This included rearing and screen
ing for resistance to Maanca testulalis, field techniques for 
screening for resistance to Taeniothripssiostedtiand Hemipteran 
bugs and preliminary work to screen some germplasm for 
resistance to Aphis craccivora. 

Several sources of resistance to insect pests were identified: 
cultivars TVu 1509 and TVu 7274 were found to be resistant 
to 7. sjostedti; TVu 7274 and VITA-4 showed resistance to 
the liemipteran, hcanhonyia was confirmed. Identified sources 
of resistance to various insect pests were used to synthesize 
an insect resistant population. One early, determinate line 
(TVx 2869-2-2) showed resistance to several pests (leafhopper
Empoasca dolichi; pod borer, A. testulalis and foliar thrips, 
Taeniothrips sjoftedti). Large-scale trials on farmers' fields with 
ultra-low volume spraying have shown that Nuvacron gives 
effective pest control. Synthetic pyrethroids were found to be 

effective at very low dosages (50g. a.i./ha). 

Growth and management. A study of nitrogen production 
and metabolism of field grown cowpea and soybean revealed 

that both utilize soil nitrate nitrogen as a primary nitrogen 
source in the vegetative period. Its importance declines as 
nodule nitrogen production becomes predominant in tie late 
preflowering period. Estimates of nitrogen fixation by root 
nodules using amino-N content of the stem exudate were 
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Soybeanea
 

Plant improvement. Eighty-one strains were developed from 

thei breI Ig p)( pt preliminary testingIulation and tile showed 
tiiat two lines l'(;xI6-2E and '(;x 26-341) gave yields of 
lll(oor th;all3 1 la. Tihe cross b)1eiween clGm 22-1-2205 and 
Tl(;x 131-3-26,14 was i ticularly good; 15 progenies of this 
(oss, now illl6 generationi, have given good yields, have 
gitool sled quality and are" resistalat to lndgiug and bacterial 
pustule.. 

Plan protection. Ilihe culti ars were scree nied li tile field for 
ie- g I iecs 

siscit'liiilitv 1ot attmagt by leaf chewing insects (Malhipena 
sp . and 7,1/nop/usii sp.). Citltivar 
liies siowedI tie least Idainage. 
nbs (ll ts('i)tios
b orll ilit t seede r . , 

Set'd quality. The riipid loss inl 
llati clll ill the tropics.lstrailit 


thcre is genletic variation that 

* x 13-3-26-11 anid six new 
Varietal difl ren ces w ere 

diinage by (i'd sp., i1pod 

soyi'beaii seed \iability is a 
Studies have shown that 

cal be exploited illseed 
ioliriaiic-e to weatheiriiig and to deterioration illstore at high 
aiiliit tepill)eratllilrs and humidity. Seed quality atilitydurill stora e. Por weed
 

control aincl careless threshing contributed to poor seed quality 
il hiarvest. (;ood germination and resistance tio weathering 
were associated with small, smooth seeds. Drying seed at 40 
ti) 5( C:helped to niitain viability in store; drying at 60 C 
or leav ing seed undried liarkedly redtced viability. 
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Lima Bean 

Piant imI rovement. New accessions have been added to tile 
gt,',,lritsn, Collecitton., mostly fhtlr Liberia (250) and 
Nigctia ( 120))..,A sovy was c tducted ii southeast Kdun
Sta t' Nig.sria and .smpses were coillected with Various 

sizt. andltti )rs f, seed. 

Segrrgating lites thiat wet tested (I.) incltded the crosses 
betweenr cltivatrd and wvild formis f, limia beans ((;.ntl)lorx 
cllaborativ e po)tect). 

A la:g ,ISetV Scstrcc trd agfist girldon IulSait first in 
tIhc- field tnt then i it gr rcenhouse.torty lines shorved good 
field resistaince and of these, 12 lines were identified as highly 
resistant. Two of the resistant lines (UIl 10iaId IlI A) were 
previously incled for yield trials. 

First crosses have becn mlade between resistant and susceptible 
inres. S orre 2 ilrres are(- tro% beinrg testedl ilr tire field. 

A sap-tr inismissible virts with filafientous particles has been 
partially charactrized and tentatively named limita bean 
green iottf virus. h'lrevinv limi b uniftor trials at II A 
averaged 2.8 t/ha for tile seven best entries, with 88 percent 
ti+ the hivstI ir.pusttlfe, tire best1 less tiai 100) dys. 'I' Pt 250B gave 
yield (3.2 t /h), 

Manv inters pecific crosses If' 11. Iltmttos with other selected 

wild species (P. rtensis and P. pols/taclyruo) were carried out 
rin Gerr; dprpx.Progen t 'rfio t se crosses wee lickcrosse 

it IITA a tirclet testedl. 'wI) resrlIts are pirt itdituy si g 

cant in this work. First, the percentige of successfil pollini-

lions (selling otr bhackcrtossing) is higher ill the F, 

generatiols. Secolnd. at IITA in the first seastil tile Fl I). 


Iltlfts X P. rile'ris and the parent P. ritensis shlwed no syrup-

tomis of' goldenr mosaic. 


Cowpea Improvement 
Breeding 

o tm Si inrs were ,iade at Ibadan ir 197(i: the d,'y 
season ()ecelber tor March) under irrigation, the first season 

tMarch to June), the first/late season Jne to September) 
and the setld scasotl (SeCJterbr to DcemO ber). Probic is 
were encountered with tIre second season crolp due to ill 

extension tf' tire- tnid-season dry spell 'rorn July to late 
September. Somrrre trials Wert rrt sownr and(otihers, sown drv 
(ill early Seplteirber) did not energe itil 20 September with 
tire Iirst effective rains. Nevertheless, tire rapid generation 
tt roverit ssibl) with cowpra at Ibadan remains a najor 
tool i ircreirsig thli rate of geirtic in lroeent. Fr the 
first time, prelimninary and advanced yield testings were ex

tended to other locations. 

Conventional varietal improvemcnt 
The numbers of poputtions and lines in the conventional 

varietal iniprtovement program arc summarized in Table 1. 
From tIre F, generation towards, populations and lines vere 
directly inoculatcd with sutspensions of tire major diseases: 
virus (CYMV, SI3MV), anthracnrose, bacterial blight, bacterial 

Certospora crenta and C. canescenns. A miniimum in
secticide regime wits applied and emphasis was placed oin 

selection for disease and insect resistance wh ile retarining dif

ferent plant habits and other characteristics. Segregating 
I p tions and lines were advanced by single plants while 

uniform rows werfr bulk harvested for yield testing. 

Recombination. Cross series 7 comprises 215 crosses between 
VITA lines and othrer elite material from the germplasm and 
breeding programs. Single plants were sown in the second 
season and seed of tIre uniformn rows is being mutiplied for 
preliminary trials in 1977. 

Farmers visit IITA to see cowpea performancefor themselves. 
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TFable 1. 	 Numbers ofpopulationsand lines in breeding nuiser), 
(1976). Generations shown in parentheses. 

s-on--- . Total
 
Cross irst / 

Series Dry Fi rst late Second -..-....-.... 	 ...-.. - --.- . ......-.. ............ . .. 


1 510(F, +-} 9 1(1" +) 
2 	 1-I29(F -i) 220(I"1)3 5(F, 1112(F:. -- 2+(1 
4 .t95(1" ) 	 -t 14t(1:)

5(1" - 7(F.) 
6 - I00( ,) 625(IF) 
7 215(X) 215(F ) 215( F,) 673(F: ) 
1 	 19(x) (i((x) (io((i)
9 .............. 	 - -- 3H(X . .
 

Total 1976 715 2-181 275 2-12.1 5895 

Total 1975 .100 5079 - .1639 10118 


Cross series 01 comprises a crossd le(t1l)lc serics initiated in the 

first season to dcvelop p ils eon hig yild
GO Pullltack-

-,iv a diseas a inse sis tance. Iuat 
invwig TVu 2331 nid VITA-5 as the disease and insect 

resistant paents were found to be uniformlyI infested bv 
CYMV, bacterial blight and pustule; they have I een d iscon-
tiniued but more than 600 single plants were SeiceI cCl anid 
are being multiplied for fuirther testing ii 1977. Cross Series 
9 inrivo! yes five parcnts adapted to di f'ercnt ecological zones 
(SVs 3, Ta nza nia; Vhlite Wonder 'Irailing, Ithiiopia; Kwara 
ex Kwoi, nortliern Nigeria; I 'Ift,Brown, Nigeria), ard IITA 
elite iles. Crosses were made in tire second season and tilt 
1. populations are being multiplied for advancing to F2 
generations in tilt first season 1977. 

Advaneed generat ion nursery. (rosses were iiade prior to 
1976 between parents combining disease and insect resistance, 
various morphological characteristics, photoperiod and tern-
perature insensitivity and seed quality. Approximately 300 
rows have 	been selected for preliminary trials in 1977. 

Population improvement 
In population iniprvement the main objectives were tle 
development of a syste m, tle synchr nization of tle popu 
lations to facilitate the screening and iiterchange of materialand the aissessmetit (ICtli( performtanice of lines emerging Croni 
the main populat ion. Progress mnade in 1976 is semarizefn 
tale 2. 

Disease resistance sub-population. The merged virus and 
disease resistant sub-populations were advanced from F, to 
G , generations. In (;:, 30 new disease resistant liles selected 
from the ICI)N were introduced by crossing on to vigorous 

male steriles and disease free fertile plants were selected for 
further screening and multiplication before entering the 
pathologist's disease nurseries in 1977. 

Isectnl resistancet sub-population. h'lb(insect resistance sub
ppuliation was resynthesized in the first season by crossing
25 lines resistant to leafChoppers, thrips, hem ipteran bugs,
Aaraca or CalltsohAchu. oil to mnale sterile plants in the back
up population and advanced to the F., generation. 

Protein quantity aid quality. The protein sul)-iopulation,
synthesized in 1975 by crossing 22 high-protein, high-S/N 
ratio lines oil to inaIh str'iles in tl back-up population, was 
advanced thz'ough F I, I and G; genrations. Seeds f' plants 
selected in F, ad re being analyzd for protein content. 

igh ihcld sb-populatiot. The high yield sub-population 

was screened for disease resistance in the F., and G:j gen
erations and is currently being merged with the back-up 
population. 
Ba 

Back- population. population was sown only
in the first season for synthesis ofCthe insect sub-population
ard for the selection of single plants for disease srecrning ill 

tilie second season. Lines combining good levels of disease 
resistance will be iiicirporated in the disease nurseries. 
Main p<pulafii1t. Yield tests of lines frot the main popu
lation were unsuccessful. II the first season at lbadan, emer
gerice was poor due to low quality seed. lit the second season, 
yields were reduced at Ibadan due to drought and at Onne 
(dle to heavy Insect damage. In the lbadan trial the seed 
yields of the lities ranged from ff2 to 895 kg/ha compared 
with 596 kg/ha from VITA-4, the highest-yielding control 
line. Lines combining good yields and disease resistance will 

be tested fCrther in 1977. 

Yield testing 
Lines from the breeding nursery are tested first in prelim
inary trials on the basis of which lines are selected for ad
vanced arid then uniform trials. The numbeis of tests carried 
out in each of these categories in 1976 are shown in Table 3. 
These represeit a cotsiderable increase over 1975. Formerly, 

p re pr ysen d a acd ra l s ere o ner o nly , 
preli1inary ard advanced trials were conducted only atIbadan but tifs year were extended to other locations. Lattice 
designs were introduced to control variability in soils and 
other factors and werethan randonized as muchias 36 percent more efficientcomplete blocks when analyzed in yields.
Minimum insecticide regimes were applied but resulted in 
increased variability due to spatial and temporal variations 
in insect infestations, the latter being partially confounded 
with varietal differences in time of flowering. Four standard 

7able 2. Number ofcrosses and generations inppulation improvement 1976. 

Sub-population 

Virus resistance 
Disease resistance 

Insect resistance 
Protein 
High yield 
Back-up 

Total Crosses 

No. 
of 

lines 

19 
19 
30 
25 
22 
83 

-

6D 

-

(Ft) 
-
-

(F1 ) 

6F 

S.P.S. 
3,831(F2) 

-
582(S) 

8,297(F,) 
29,980(F 2) 
22,995(G4 ) 

65,685 

6S 

SPS(G,) 

261(S) 
(F 1) 

764(G 3) 
8,000(G 3 )* 

200 lines 

9,025 

7D 

400 lines 

(F3 ) 
(F2 ) 

Screen 
(G 4) Merge 
(G5) 

Estiratrd 
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labhe 3. 	 °'Ipes (3/ and numbers of entries in yield tests. 
...
 

Type of Number ol' Season Total Tests 

trial replicates First Second 1976 1975 

lPrelimitnary 2 206 256" -2 
lreliminary 3-4 99 50* * 1-19 220 
Advanced*** (i 75 50** 350 215 

50 60Unitfo)rm -1 30 20** 
36; -Entomology 331 


10-17 -t)5
'Total 
------. 	 . 

at II lEthrqpai; AtIiagu-, RIo; 1n4 
7iarmiaIIItti ,1ha Id'ithwit ,l.i. 
Oie trial ot .ic'n it tIn i ,itdl.srava b' a.ctof e ttendrd 

*.1,,, .tlka .	 Ieo ll,ga, 

Ila spell.
 

**.lso [ at )e, nn finst arid stnod ea.i anld
ti Port llamiout n ;ou anorth-
iun Ngr,'cia in1in ,isan. 

VITA-I, V\ITA-4 and VITA-5 werecuhlivars -- Ife Brown, 
included in all trials. 

taken included days to 50 percent Ilowering days toRecords 
50 percent ripe pod, growth iabit, disease and insect grades, 

pod and seed yields. Threshing percentages were determined. 
\Vhere possible the trials were harvested at regular intervals 
to prov'ide quantitative neasures of earliness. Entries in all 

trials bot the two replicate preliminary trials in the firstsea-

son were screened. t'hotoperiod reactions are being deter

mined by the physiologist and protein content by the bio-
chemist. 


con-

ducted: two replicate trials with single-row plots for prelim-
inary assessment of the performances of large numbers of 

lines selected from the breeding nurseries in the dry and first 

seasons of 1976; and four replicate trials with standard four-

row plots including lines selected in 1975. 

Preliminary trials. Two types of preliminary trials were 

severe in both trials,In the first category, insect damage was 
firstcontributing to low and highly variable yields. In the 

season the seed yields of 186 lines selected from cross series 

,tin the dry-season breeding nursery were around 1,305 kg/ha 

4557 


Cowpea cv. TVu 4557 (nowo VITA 5) produces high yields. 

Table 1. Performances oj entries in 117A. prelininary' trial 1, 
firstseason, 1976 (7X 7 balanced lattice square, 4 

replicates). 
Seed 

yield Maximum disease levels 
kg/ha GH, V, A l BB 4 CCR, 

TVx 1193-10F 2001 E 3 1 2 1 

TVx 33-_ljh 1873 S I I I I 

TVx 186-1G 17,11 E 2 4 2 1 

TVx 7-4K 1676 E 2 2 2 5 
TVx 1193-9F 1615 E 1 1 3 1 
TV x 12-01E' 1592 E I I I I 

IHeBrown 1317 S 3 4 1 1 

VITA-I 
VIT1A-4 
VITA-5 

2 
490 
575 

S
S 
S 

2
1 
1 

1
1 
1 

1
1I 
2 

1 
1 

T a  5 2 

T'rial mean 152 
S.E. 147.1 
C.V. 31 

I. G1 = groith habit. E = Erect, I = laternitediate, S Spreading 
2 I' = 'ins 3. . = Arithractiose 4. Bl = Bacterial blght 
5. CC = C. cnicnta. Disease grades vima I-5 scale where I indicates no 

di.ea.sr sOrptonmoi.6.I - hastate-leaf 

Table 5. 	 Performances of entries in HTA Preliminary Trials 
- First and second seasons 1976 (each trial a 5X5 

balanced lattice square, 3 replicates). 

Seed yield kg/ha 

Season
 

First Second Mean GH 

TVx 289-4GOOl 1918 521 1220 S 

TVx 1836-157G 1548 743 1146 E 

TVx 234-2G 1343 924 1134 I 
1120 ETVx 13-19E 1598 641 

Ife Brown 1263 397 830 I 

VITA- 0 701 351 S 

VITA-4 1309 527 918 S 

VITA-5 1466 438 952 S 

Trial mean 1109 503 806 
S.E. 	 140.9 89.6 
C.V. 	 22.0 30.9
 

Trial 3
 

TVx 332-4G
0 ") 2414 491 1453 I
 

TVx 1999-LD 1603 643 1123 S 

TVx 1989-5D 1798 438 1118 I
 

TVx 1997-3D 1826 359 1093 
 S
 

Ife Brown 1892 255 1074 I
 

VITA-1 152 739 446 S 

VITA-4 1964 412 1188 S 
VITA-5 572 211 392 S 

Trial mean 1136 382 759 

S.E. 	 182.9 103.0
 

C.V. 	 27.9 46.7 

1.For key to abbreviations, see Table 4. 

each. accompanied by wide variations in other characters 

measured. Few lines approached the yield of the best control 
cultivar, VITA-4 which ranged from 1,017 to 1,799 kg/ha but 

43 of the highest yielders with acceptable disease levels were 

carried forward to the second-season trial together with 196 

lines selected from the breeding nursery and other trials in 
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tht first season. Seed vi 'Ids of lines were aga in highly vari 
e..((0-51t(1. kgt/ha, t(ine pri marily to insect datnage. In the 

seeond season VIIA-I was the hiighest-yielding ct rol uI-
lia r. Thirty-three lies clmining good yield and disease 
levels are being mu tiplied as p)issible tv ie s fI r advanced 
trials in 1977. 

lit tlie setonl ategorv of preliminary trials, i trial of, erect 
types was gr wn ointy ill the irst s as ll and two trials eoiii
pa i g slrii niig tpes ii l i t'lseasons. "l'lw data are su 
iari ed ill la l' s -1 and 5 where liles tombiii gii high yield 
withI disease levels equal toi ihise of' tie controls irle tinder-
filned. Ill tie et tial ('ilh, .1) siigrificait di fircices be-
tweel eitries wtie recorded Ior iiotst characteristics. Seed 
yields of ile colintol lines ranged fit ti 2 kgt/' ia l or V I1"A I, 

.which is Iig Ilyphotoseusitivv, toi 1,317 kg/ha I'c)r I lfBrown. 
Several lines i Brow Ivoutyielded I ntablt T1(x I193- 1OF 
.li(1 Ite hstlare-leafed T \ 'x 33-1, Ihli I,il er also exhibiting 
low disease levels, 
The preading types also gave h yiehls in sellthe first 

but these were reduced ill tile second eas(on tidle t) Ileavy 
pest dainlge (Tabhl 5). As in tie erect trial, several lines 

Corhined inproved seed yields rela ive to the hest controls 
liites with gotod disease levels lines with hastate-leaf shape 
yielded. 
Adaced trials. Sixty-tree advanced ites fronithe germ. 
Ada nent i al i reeI a n d lin f ro e e nt 
plas , ventional rdig and p ltion i iproventent 
s.1St',iiS wtre itCltuih.( ill tlee 5 X5' ItalanIed lattiCe square
trials grown in live etivirolitnelits. 

l'hv erfhiriilaitls i. ofe llilhwst-y hiiltl lities i Itour t ill 
ieiis.i arc slicm s(itlilii'ht tir ctitirols iii 

"itift 6. 
Marked initeractiois f'or seed yit Id occurred between lines aid 
envirnimieinits. Of tlie fitr cltiltroils I lieBcown was theill os 
Coisistlent, maintiiiig satisfactory yiel ,levelseveni at ()line
where many of' tie entries slowed drastic vield reductions. 
The yields of the phiotosensitive VITA-I line were poor in the 
first season. The yields of VI'I A-i, tie lost coisistent yielder 
at Gusai were reduccd at Otine, evidecntly because of' acid 
soil conditions. VITA-5 also yielded piorly at Otlile due to 

susceptibility to golden mosaic. 

Several TVx lines were siitilar tocor higher-yielding than the 
Tiable 6. Yields and other characteristicsof entries in advanced trials, 1976 (4 locations, each trial a 5 X 5 balanced square, 6 

replicates). 

lbadan 
(F) 

Trial No. I 
TVx 944-02E 1622 
TVx 7-3K 1730 
TVx 403-4E. 1495 
TVx 1836-90E 1671 
Ire ilrown 1279 
'IA-1 251 

VITA-4 1070 
VITA-5 1071 
Trial Mean 1183 
S.E. 68.7 
CV. 34.9 

Trial No. 2 
TVx 30-01D 1761 
TVx 1193-7D 1513 
TVx 596-3D 1138 
TVx 7-44 1150 

IfeBrown 1329 
VITA-I 64 
VITA-4 357 
VITA-5 779 

Trial Mean 756 
S.E. 108.3 
CV. 35.1 

'rrial No. 3 
TVx 3:57-3F 2138 
TVx 1843-IC 1261 
TVx 1192-04D 1401 
TVx 31-IG 1629 
Ife Brown 1350 
VITA-1 78 
VITA-4 1771 
VITA-5 800 
Trial 1030 
S.E. 134.7 
C.V. 32.0 

Seed yield kg/ha 

Ibadan Otine 

(S) (F) 

- 1,35 
- 1157 
- 830 
- 1154t 
- 918 
- 399 
- 258 
- 212 

- 706 
- 76.7 
- 26.7 

521 1241 
388 892 
855 312 
246 1024 

299 1050 
682 375 
119 418 
296 261 

348 574 
50.5 63.6 
35.6 27.1 

347 160 
707 653 
808 911 
610 768 
639 856 
860 311 
554 455 
526 120 

488 545 
61.0 68.1 
30.6 30.6 
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Gusau Mean GH 

1412 1.190 I 
1200 1:162 E 
14t68 1261 s 
914 126 E 

1352 1183 S 
1B21 824 S 
1603 977 S 
1328 870 S 
1094 

120.3 
26.3 

837 1090 E 
1362 1039 I 
1813 1030 I 
1334 1026 I 

1463 1035 I 
1688 702 S 
1909 701 S 
1249 646 S 

1422 
124.8 

21.5 

1777 1106 S 
1580 1050 1 
861 995 S 
901 977 E 

1149 999 1 
1454 676 S 
1863 1161 S 
1128 644 S 
1099 

98.9 
22.0 



controls. 'These tencd d to be lines yiecling ctlnsistently actoss 

environments but at Onne reduced seed yiids were reeorled 

for TVx 337-31F probably duie to acid soil colitions, and 

TVx 596-31) due to golden mosaic. Although all entries were 

susceptible to at least one of tht diseases on which notes 

were taken, soutrcts of' resi stallnc were idelitified atnd trOssillg 

programs are already iti progress to incorporate thesl' i tlit 

hi,her-yieli fig tultivars. 

Uniforn trials. Itt 1975, 32 sets of Trial I ()10 entries) and 
19 sets of' Trial II (2) cntri<cs) wit' distributt'd. (Sc' IITA 

Annutal Rt'poii 75.l The iicreascd lata now avaiilalh', 
from 12 trials iii tach cate-giry, indicate tile occurrence of 

marked interactions betweei cultivars and environmentts. 
VITA-4 and TVx 30-1( wtre the hight'st-yielclng entries 
Followed h'y VITA- 1. 

In i 1976 distribution increased to 211sets of' Trial 1, 51 sets of 

Trial 11antid 36 sets of a liew Trial Ill including 10 crect eli 
tries. At the time of' writing no data had heen recteived frtl 
off-site htations. Full accouts of all trials will be published 
elsewhere. 

Intereroplping. More than 20(0 cowpta lines with resistance 
to theiajor diseases and range of plait habits from gerli-

plasis and the breeding program were evaluated for suitability 
for intercropping. As seed and facilities were limited and since 

---.... . ..... ... .. ...-
the aini was to identil y gro :+sdi fferenccs iii rcsponse, only a- ------------------- .

crop of' mniaizesingle replication was sown under a unifort 

with no sole crop comparison. 

The cowpea lines were single rows 5 ill long arranged aIter-
nately with single rows of inaize 1-.5 fi apart. In tlet first 

season cowpca and miaize were sown in tls saine date. Il tile 
second season, lite cowpta was sown ait athiticsis of' tile maize 
which was harve'st'd and stalks rtemvted when the earliest 
cowpt-a lines wen- flowering- a procedure mort relevant to 
flartsing practics ill t savaina areas. Il both scasonts 
VITA-5 was sown iio every sixth row as a standard for con 

parison. 

Itnthl efirst season a w ide variation was icorded for all plant 

characrs.Stnall but signiticant positive correlations were 
recorded between plait Vigor (60 )AP) and tittle to tmaturity 

and yield. Grait yield was determined primarily by pod 
her, pod length, seeds per pod arid threshing percentage. 

light bittla signiicant, nega-1)isease aiid insect da age wt r 
live correlation was recorded between coreid bug damage 
and seed yield. 

l)urinsg the sCtt-itc staSolt, 5) lines firoitl tile irst-stasoti screcii

ing and f'rott tltt etntomologty unit were compared uidti r 

tiiixed and stldt-criip conditions ini a split plot design with 

two replications. The iitercrop comprised single iternate 
the same datc. Althoughrows of maize and cowpa sown on 

insect damage oi cowpea appeared less in the mixed than 

in the sole-crop, yield data were highly variable and the trial 

will be repeated it 1977. 

Vegetable cowpeas. Vegetable cowpeas for grcen pod use are 

an important component of compound Caroling systems itn the 

humid tropics. Iti the first season 123 lines were evaluated 

for disease resistance and pod characteristics including crude 

ibre content, and 12 were selected for a replicated trial in 

the second season. Two trellis systems, bamboo and maize 

were superimposed. Green pod yield, yield components and 
disease reactions were recorded and the data are summarized 
in Table 7. 

Green pod yields were depressed by more than 50 percent 

where maize was used as a live trellis. Factors involved in-

clude Co ipethio, iM" liglt aind nu1.itri'nts a,d increased ilt
cet, of discase and especially wti) blight under nilaiz'. 

Signilicant diI rcnes between tultivars were recorded for 

all characters. TVu 66.12 gave the highest yields under biith 

icIli s Nstetis with 12.42 and 6.25 tons of green pod per 

ictatr. No cticrlatio could be denmonstrated between green 

poll yitId and pod number probally (lile to the wide dii
fertinces b)etwict linies in pod length. Virus infectin reduced 

yields of lits such as TVU 1271) and T\u 7275. Six lines 
combining high yield and good disease resistance are being 
multiplied foir a itort extensiv' scrics of trials iu 1(,177. 

een between liitn 

vegetable types and climbig veg.etaleh, typces. F l)pulaitions 

will bt sown ill tih lirst season tf 1177 it IITA and ()Onne. 

Ctrosses htav initiated crect graits In i and 

(entice studies. Crosses were tnade be'twet'n lines carrying 
genes for ditikrcint simply inherited characteristics to study 

inkage relationships and to assemble groups of genes for in
vestigations of the inheritance of agronomintic characteristits. 
Prelimiinarv data indicatt that ihw hastatc Ial.+ holl Ical" 
and olle of the ini.lc sttility loci ar not linked[. 

I'blh' 7. 	 M1ean perfornance of 12 cultiars of climbing veq
etable COw.p'a fOr various agrononiic charaecteristics 
under ttco rc'llis sy'sti-is at 11.41 during second sea-
Soni (SPt.-,Vo.) 1976. 

G reen pod Green pod Pods 

yield length ptr 
tonm/ha (cm) plant 

. . ...
lB 	 , NI B M 

TV 66-12 12.12 6.25 50. 1 50.7 25.7 11.11 
"l'Vt 66.-i 12.02 3,.97 4t2.8 13.8 30.0 1I 1.7 

TVu 365-1 1 1.94. 2.99 .17.9 -15.7 29.7 9.7 
T\"' 2176 1 IA.7 3.25 25.9 2.1.2 63.0 2(0.3 

TVt1 1209 11.19 -1.35 26. 1 2-1.7 55.3 27.3 
- TV u 3398 1 1.00 3.53 29.2 25.3 -19.) 18.7 

F'\RV 13 9.85 ,1.201 36.3 33.1 36.7 18..7 
'l\T i 64-9'3 (i) -t.17 -I11.5 :,l(.o :15.'). 21.71(.7TVu 6 613 7.65 3.716 9. 3 .0 37.7 

'INo 362-1 .110 1.75 17.11 17.) -1-1.0 19.7 
I\u 7275 '3.83 1.79 -19.8 43.-I 17.0 7.0 

Ini- 127) 2.70 4 1.3 23.0TVu 3.65 42.6 40.3 

S.I'. G.uhivar 1.23 4.05 6.47 

SE. 'lrellis 1.07 4.09 6.6-1 
1. B = lhtim Irdis 2. i = Matz- trllis 

Entomology 

Host plant resistance in cowpea. I-lost plant resistancc studies 

during 197-1 and 1975 were concentratedl on linding resistance 

to leaflioppers, Enipoasca dolichi, a prellowering pest of cow

pea, and developing simple rearing techniques for major post

flowering psts, pod borers, C;'dia pivchora, and Manrca testulalis; 
and pod sucking bugs, Riptortus dentlies, ..Icatithonlria hrrida 

and Antioplocnenis curtipes. During 1976, techniques were de

veloped for screening a large germplasn of cowpea insic 

nush houses against the pod borers. Cowpea gerniplasis 

bund resistant in field screening, and several breeding lines, 

are flow Ixing screened iin the nsesh houses for resistance 

to leaflippers and pod borers. 

Resisane to pod sucking bug. 4canthoniyia horrida is tle of 
t c tthe conimon jptd sucking bugs found feediing oin cowpa pods 

in West Africa. Ifested pods shrivel and dry prematurely, 

thus reducing cowpea grain yield. Selected cowpea cultivars 

and segregating cowpea lines were screened in tie field. 
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117:1 scientists appraiseroupea trials it,7nia~ania. 

\'VITA- I and TVu 727-1 wcrt identitied as moikerat.ly resis- dicates the percentage damage to tiower buds by flower thripsLaut to pod (antiagt. Table It indiates comparative 1)ii'tutiag, in0field trials.dairage to pords by :1. hetrim'a ito fit-ld trials. 
p bable 9. Resistanrce to .flower thrips, Ale4alitohnps sotosedtt 

7hble 8. Resistance to pod sucking buA. -hwiuthi)m hor -a -damage to conpea flower buds in three field trials. 
damage to coupea pods in fourfield trials. (:utivar flIter btids Meant Resistance 

';Pod damage Resistance .. ... . . _ . . .
Cultivar Range Mean 
... itaage railiR(- .. . . . .... . . 

. .... ....... .. . .. .. r IStn TVu 1509 15-30 23.3rarin~g R 
.. .. ........-.... 28869-P2-2 20-50TVu 727-1 30-50 37.5 M R 31.7 MRVITA- 1 95-100 98.3 S'VIIA-4 35-60 52.8 Ni R V ITA-3 95-100 99.2 SVITA- 1 90- 100 97. I S \*ITA-4 50-15 62.9 LS\rITA-3 
 90- 100 9 7.5 S VITA-5 60-90 71.3 LSVITA-'5 6)-80 71.5 LS S. .+ 3.7 

.3 
 C.V.C.V. 10.3 
...... .... 7.2
. ........
 R = Rtant .MR? = Moderately rtitat. IS = Iet stceptible. S = AIR .Mderatel),r,titantI.S= Les t..,,ptlibleS = Stocrputtble .SUscrPlble 

Resistance to aphids. Aphis craccivora is a minor pest of cow-Resistance to flower thrips. Mrfal,,thmrtpt .joitedtt is a major pea in Africa but is ainimportant virus vector of grain
pest oftcowpca thruglhtout tropical :\frica. The thrips areshiny black atd are foitl easily in cowpea 

legunes including cowpea in Africa. It is a serious pest offlowers and do cowpea in India, the Philippines and a few other countriesserious damag to fiower Ituds. Severely infisted plants (donot in Asia. A greenhouse technique for rearing this pest and
producte any fhlowers. \ diversiitd selctiton of COwlpea g'tii- screening germplasm for resistance was developd. InitialIllasti arid segregat ing lines were screened illthe field for screening of some of the disease resistant lines indicated thatthrips resistanci. 'I'u 1.509 was identifieditas a resistant fille. TVu 108 P2 ant| TVu 410 are resistant to this pest. TheseTVx 2869-IP ,-2 (ER-I) escapedt thrips infestation due to early two lines were earlier identified in India as resistant to A.fto'erintg and was rated as motlerattely resistant. Table 9 itt- cracciwora. 
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Resistance to cowpea weevil: Cowpea weevil, Callosob4chus 

macu/atus, is a serious field-to-storage pest. The initial infesta-
tion occurs iln the field a ii after harvest Inmuilti plies in storage, 
World geriiphasi i of' cowpea consisting of' .4,578/culivars 
was screened for resistance to cowpea weevil in storage; so far 
one cultivar, TVu 2027, has been found resistant to weevil 
infestation in storage. Table 10 indicates the comparative Fl 
progeny emergence in the resistant and susceptible cowpea
cultivars frot one cowpea weevil. 

7Fble 10. 	 Resistance to coupea weetil, Callosobnuclhus macu/a-
tin.da,,age to cowpea in storage. 

Cultivar Weevils* Resistance rating 

Resistant 
Susceptible 

TVu 2027 	 8 
VITA- 1 .2 
VITA-3 42 Susceptible 
VITA-. 30 Susceptible 
VITA-5 34 Susceptible 

*F,progeny produced by a single female weevil. 

Combining resistance to different pests. In cooperation with 
the plant breeders, efforts were made to combine resistance 
to several insect pests by crossing insect resistant cowpea 

Along with 	 multiple insect resistance, selections
cultivars. 

plant types with early ma-were made for high-yielding erect 

turity and white seed with black eye. The selections, 'Vx 
2869-P,.-2, TVx 2869-P,,-I and TVx 2869 P,-3-2, have been 
tested both inside and outside IITA and were found resis-
tant to leathoppers, and with some resistance to Al. testutleis 
and M. siostedli in field trials. The low susceptibility to darn-
age is attributable mainly to early maturity and escape. 

ationo with tileInsecticide and varietal resistance.1, 3,opran aid theplat breeders and agronomist, VITA 1, 3, 4, and 5 arid the 

yield of three recently selected multiple insect resistant cow-
pea cultivars mentioneld above compared when given mini

40 and 50 DAPmum insecticide protection was applied at 
only. Four trials were conducted, one in the first season and 

two in thte second season at IITA and one on a farmer's field 
in the second 	 season at Odo-Ogun, a village 50 kin north of 
iITA. Results obtained are indicated in' Table 11.The three 
multiple insect resistant cowpea cultivars had a higher yield 
than the VITA's. 

Table /1. Performance of ITA 1,3,4,5 and three multiple 

insect resistant coutpea lines under minimum in-
40 and 50 DAP)secticide (0.5 	 AlgNuvacron at 

application. 

Cultivar 	 Trial Number* 

1 2 3 4 

TVx 2869-I ,-2 (ER. 1) 889 657 916 707 
TVx 2869-P,"-1 (ER-5) 1026 773 607 628 
TVx 2869-P,-3-2 (ER-7) 1083 966 870 978 
VITA I 37 317 584 900 
VITA 3 23 130 51 137 
VITA 4 355 484 82 

180 297 320 618VITA 5 

yield obtained by treatments of various insecticides onl Prima 

cowpea in a field trial. Insecticides were applied at 10 DAP 
and subsequently four more applications at 10-day intervals. 
The pest complex consisted mainly of leaflopper, and AL. 
teslulalis. Gammalin at 1000 gr a.i./ha per application and 
synthetic pyrethroid, Decis, which has low mammalian toxicity 
at a low dosage of 50 gr. a.i./ha per application had the best 
yields. 
Table 12. Yield of Prima cowpea under different insecticide 

applications,second season, I'4. 
% Pod 

Insecticide Dosage* damage Yield 
by kg/ha 

Maruca 

Ganitnalin 1000 23.3 844 
Decis 50 47.8 673 
Nuvacron 500 34.3 415 
Rogor
Thuricide 

500 
1000 

82.5 
85.3 

37 
23 

Control 85.3 13 
S.F.+ 7.2 20.4 
C.V. 35.0 73.0 

*Grams a.i./ha/applicationappliedfive times. 

Ultra-low-volume applications. ULV insecticide application 
appears to have some advantage over conventional high
volume spray (HV) in non-irrigated crops like cowpeas where 
water availability for spraying crops could be a problem. 
Therefore the comparative performances of ULV and HV 
insecticide applications ott cowpeas were evaluated. A field 

trial was conducted in the first season of 1976 on Prima. 
Thiodan was applied as ULV at 800 and 400 gr. a.i./ha perapplication at 10 DAP and subsequently four more applica

tions at 10-day intervals, s enotl four oreapia

yield over the control plot was obtained with the Thiodan 

ULV treatment at a higher dosage (Table 13). 

Table 13. 	 Effect of two dosages of Thiodan ULV application 
on Prima cowpea, first season. JITA. 

Insecticide 	 Dosage* Yield kg/ha 
Thiodan ULV 800 	 672 

Thiodan ULV 400 235 
40Control 
24.1S.E. + 
39.0C.V. 

*Gramsa.i.Iha/application, applied 5 times. 

Table 14. 	 Comparative efficacy of Nuvacron and Thiodan 

applied as HV and UL V on VITA-5, second sea
sort, Odo-Ogun 1976. 

%damage by 

Yield 
flower A. testulalis kg/ha 

Insecticide* Thrips on 
Hemiptera 

buds on pods on pods 

*1= Islseason 11A, 2 = 2nd seasor Od-o-Qgun, 3 = 2nd season Agronomy 
trial117A, 4 = 2nd seaion breeding triallI74. 


High volume insecticide applications. During 1976 emphasis 
was on identifying effective insecticides with low mammalian 

toxicity in order to find safer insecticides. Efforts were also 

made in identifying insecticides which are effective 	in con

trolling cowpea pests at lower dosages, so that the cost of 

insecticide may be reduced. Table 12 indicates cowpea grain 

Nuvacron ULV 4.5 14.0 34.0 846
 
Nuvacron HV 5.5 12.0 31.0 703
 

Thiodan ULV 28.8 11.0 39.0 304
 

Thiodan HV 33.8 6.0 39.0 200
 
74.5 15Control 93.8 35.0

S.E. + 4.6 1.9 7.3 24.4 

C.V. 28.6 39.5 27.6 37.8 

times."500grams a.i./ha. application, applied three 
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il/Tl scief infm'erslPlot at Odo Ogun near 0ri, ,Viieria. 
Tld /5. 	 Comparative prbrinmnce q/ '1:1 /,3, 1 and 5 

anl local checks unhr hss insed'icile (three to 
five applications) in.ibur djfferent countries. 

Yiels kg/ha
Cultivair 	 S. Nigeria N. Nigeria Ghina S. Ixoee Punjab, 

India 

VITA- I 1:08 21 1I 628 999 776
VIA.'3 1169 231 702 1075 876V ITr.\.l I575 1620 229 I1:1 -VITA. 159 1628 228 131 239 

*Loc al clieck 12,15 868 '193 
 0 532

Local check 	 6511 525 235 633. 3.1 
"11fBiou-n, Iarjinuwr. ..Irna.l, nerIllacA bean mid roupea 74 irprtivelL,

"'lima, Ama, Iocal rtd,I'wna1i,/ dq/ibL rspatuehttr. 

In tht.hsecond sitisti a sinlii ar trialconsisting of' Nivacro i 
and ThiIoda 	 (UI' and IIV) was ci nducld on t I i rner's 
livld at Odo-()gu,t.Insectici(h. was a)plied at 510 gr. a.i./ha 
per llicalion a't3i DIA:1 -P an(I susqletily two inlote ,pl)li 
cllOs i II)-Ia iservals oo VIIA-" Nuacnsapplied is

ULV aad IrV was superior to "hitda r.
tnd, Terewas tn signiheat eillecrticenbetween U LVand

\Vrca liis withini tile santle insecticide itndlicat i ng U LV 

palplicatills are is cllIctive as II V applications (Tabhle 11).Mullilhoatitl It,ting.Cowpea yields obtained under coordi, 

naited m inimium insecticide trials by ditlbrent entomologists
in their respective countries are indicated 15.in Table No 
insecticide was applied in the pre-flowering plant growth
stage or the crop and tileinsecticide applications (varyingfrom three to live) were conlined to the l)ost-lowering pests.
In general, pest resistant VITA yields were superior to local 
checks. 

Pathology 

The objective of the legume pathology sub-program con
tittued to be the control of diseases causing econonic crop
loss through thegenetic resistance. identification and utilizatin of durableuring 1976, major emphasis was givento virus diseases and the development of serological techniques
for their identilication and to the adoption of large-scale field 
i oculation techni-iqtles for early-generation screening of cow
pea breeding material. Work was initiated on tle e llcts or
 
, ercropping on cow pea diseases.
 
Disease distrilbonion and imlpora nce. A apparent shift in)
 
ilportance or cowpea diseases was noted at IITA during the 
Colltotrichum brown blotch ise rust, ristasorna, andhave increased in significance sothat control 	measures may have to be sought. Field surveys 

htave demonstrated lie importalice of bacterial blight,Septoriaaid cowpea aphid-borne mosaic in tie savaina zone, whil. 
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web blight and Sclerotium rot can be devastating in high-rain-
fall areas. .-scoch;ta zonate leaf spot is a major disease of 
cowpea in eastern Africa. A striking golden mosaic causes 
appreciable damage to susceptible cowpea cuhivars at I1TA's

those re
at Olitle; symptoms resemble 

high-rainall station 
ported from Tanzania. Cowpea mottle virus has been iden-

tified from Mokwa, lhaldan and Nsukka, suggesting it is 
widespread in Nigeria. 

The effect of time of virus infection on the nodulation and 

yield of cowpea was investigated in tile second season 1976 at 

IITA. The trial was of a split-plot design, with three viruses 

(cowpca yellow mosaic and southern bean mosaic viruses, 

tile main plots and four times of inocula-and a mixture) as 
lin C r ) its the Subpots. Thetion (including i Ih 

12 treatlments were replicatcd I,0f11ur ins. The results (Table 

16) show that early infection may reduce nodule weight, and 
that infection as late as 35 DAP can significantly reduce both 
top dry matter and seed yield. There were no differences 
between the virus treatments. Data analysis, following appro-
priate transforimnation, revealed relatively large variability in 
the results to which the non-uniformity of contamination of 
the uninoculated plots would have contributed, 

"able 16. of time ason, infection onEffect of virus cowpea 
1976 second season. 

Time of Inoc. 
(DAP) 

Top dr) matter 
(%reduction) 

Nodule wt. 
(%reduction) 

N2 fixation* 
(%'reduction) 

Seed yield 
(%reduction) 

15 
25 
35 
Uninoc. 

96 
95 
70 
0 

77 
-42 
22 

0 

86 
73 
-
0 

96 
91 
77 
0 

DatrofnAets, A1len & Aomna/l* r 
•Mticro,,oles C:11II/g td' nodules/hr 

Epidemiology 

Southern bean mosaic and cowpea mottle viruses were trans-
mitted by adults of laboratory reared Ootheca ,iutabilis follow-

ing 24-hour acquisition feeds; the beetles remained viruliferous 
at least five days with CMeV.for 13 days with SBMV and 

The beetle, Paralperodesquatemus, also transmitted CMeV. 
were used to check tile virus freedomSerological techniques 

of the field collected 1'. qtuiternius and to confirm successful 
first report of vectortransmission. This is believed to be the 

transmission of these viruses in Africa. 

Preliminary and advanced disease screening 

Preliminary Disease Nurseries (PDN). During the 1976 first 

100 lines, including multiple insect resistant selectionsseason, 

and entries from preliminary yield trials, planted in
were 

rows and evenly exposed to inoculation of 10unreplicated 
diseases by using susceptible spreader lines. Results from 
scoring at about 70 DAP are shown in Table 17. 

A second PDN was grown at IITA in the second season in 
which high levels of Phakopsoa and .-ristastoma developed. 
Few of the 205 entries showed resistance to these diseases, 

as might be expected if comparable disease pressures had 
lines possessed resistance tonot previously occurred. Two 

to both. Two multiplePhakopsora, 13 to .listastona and one 
lines were found to possess fair disease re-insect resistanti rsistan t iuseful 

Advanced Disease Nursery (ADN). Multiple disease resistant 
lines identified from data analyzed at the Taximetric Labora-
tory of the University of Colorado, and selections from the 
1975 PDN were planted in two replications during the first 
season at IITA. Results are shown in Table 17. 

Table 17. Cowpea preliminary and advanced disease nurseries, 

1T1A, 1976first season. 

lines testedResistant *m 
1'0talPDN
0 

ADN
'] 

CCa CCr Anth Rust Cory 1BB BP Virus** 36 73 

Multiple insect resistant lines 
"'Vu entries 

2 
6 

0 
49 

TVx entries 30 24t 

"otes I or 2 11-7 wale) 
*CL;j (.f Lo/q caneitenm 

**CC Cropory cruenta 
*Ath ."lnthricnme 

**Cori, 
*B 
*/11 

: Gasy'erwfmutarget spot 
: Bacterial blhght

Bacteriel Pustule 

eningoiF breeding material. Considerable attention was 
paid to the large-scale production and application of patho
genie inocola to breeding material in the field. 
A greater emphasis was placed on screening against bacterial 
blight than in previous years. The adoption of the use of a 
high-pressure paint sprayer for field inoculation with a virus 

obviated the need for an abrasive (carborundum),'cocktail' 
was labor saving and permitted early roguing of susceptible 
plants. 

Screening for resistance to web blight. One hundred and 

fifty-four lines were screened in three batches in the labora

tory during March-April 1976. Pot grown four-week-old seed

lings of the test lines were spray inoculated with a mycelial 

homogenate of Rhizoctonia solani and incubated at 23 C with

in a polythene moisture chamber for 3-4 days. Results showed 
that although all lines were susceptible, there was some vari
ation in tile degree of susceptibility. Further field testing of 

promising lines will be conducted during 1977. 

Development of screening techniques against Pythium. Ob
servations made during the dry season 1975-76 at IITA sug

gest that there is probably genetic variation in response to 

Pythium wet stein rot but, owing to vagaries in the natural 
a successful screeningdistribution of the pathogen in soils, 

technique should rely on artificial inoculation. Earlier attempts 

at artificial inoculation were unsuccessful when various meth
susois of stem infection with both mycelium and zoospore 

pensions were used. A technique, involving tile addition of 
small leaf samples of various grass species to agar cultures 
of P. aphanidermattn, has facilitated the production of copious 

sporangia and zoospores which may constitute more appro
to the soilpriate inoculum. Future work will be directed 

application of zoospore suspensions under controlled condi

tions and to the examination of detached petiole techniques. 

International Cowpea Disease Nursery 
(ICDN) 
Th 

e ICDN program, now in its third year, was initiated in 
an attempt to identify broad-spectrum stable resistance to 

many different populations of pathogens (including some that 

do not occur at IITA) over various environments. In addition 

to providing information on varietal resistance and distribu
as a means of distributingtion of pathogens it also serves 

germplasm to national breeding programs. The 1976 
ICDN, with which the ICPMVN has now been combined, 
consisted of 166 entries and was sent to cooperators in Colom

bia, Ecuador, Brazil, El Salvador, Puerto Rico, Trinidad, 
USA, Nigeria, Ghana, Liberia, Zambia, Malawi, Tanzania, 
Uganda and Ethiopia. Though in need of cooperators in 
Asia, this represents a considerable expansion of the program. 
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Sonic cooperators will be examining specific diseases, either
because of specialist knowledge or suitable localities. Results 
are to be sumnarized elsewhere. 

The ICDN has been screened in the greenhouse at IITA to 
an Ovo isolate of southern bean mosaic virus (SBMV) oh-
tsined frii r. S. A. Shyinka in N igeri Resultsscited 	ini are pre-rb.18. lines designatedNighiy resis a spowedneither 	 local ior systeic syigntrs t, sice it at oept 
was iade to recover the virus, i niunity and tolerance can-
not be 	 differentiated. Resistant liiies produced necrotic local
lesions without tile developun ent of' systemic sym ptoill s, wiliIe
plants which showed mild system ic syniptons were considered
nioderately resistant. 

'able Ill. Resistance to southern bean mosaic virus (SBI',
117AI Greenhouse, 1976. 

Reaction Number of lilies 
T otal lies tested 80
Highly resistant* 3
Resistant 

27 
Moderatcly resistant 18
Susceptible 

32 

71''s~3/0, 1220 & 1271 


Results front virus inoculation either in the greenhouse or
tield have been obtained froni various cooperators; they indi 
cate that certain cowpea genotypes possess iiiohipl virus
resistance as shown in Table 19. Of the 12 shown, at least 
six of the lilies also possess resistance to the major fungal
and bacterial diseases at lbadan. To be noted here is til.comnbined resistance to CYMV, CMeV SBMVand (as
TVu's 	310 and 393, .193) which would he 

in 
of Npwcia v'alue inthe West African forest and sub-humid zone; and the resis-

tance of TVu's ,408-p, and '410 to both aphids and viruses
(probably CANMV as w'ell as CYMV) in the Tanzanian sa-
vanna. 

Mechanisnis and inheritance of resistance. Histological studies
(it the infection of cowpea lities susceptible and resistant to 

(,'lletotrichuwn lindemuthiaoun were continued in collaboration
with Wye College, University of London, as part of anit
ODM/ARC project. Several mechanisms appear to restrict 
f'ungal growth, including t'ailed penetration, penetration lead
iig to encapstlatiou of hyphae within "reaction iaiceial,
filure 	of tlie prilary vesicle it devchp (associated with thieappearance of a red.halo in tlie cell wall around the appressoriuni) aiicl cell death which 	 leads to tie cessation of
fugal deveoipien t, i an exaini tationof 'fiel 	 resistant' lines

Vu 76, 	 (i47, uI itA-3), wason rd Ihat cither tle fungus
was iiahle to produce secondar hyphae to caose lie dc
velop iten of lessions, instead tile host cells containing tile
priinary vesicle becalie necrotic so inhibiting ftiigal growth
(TVu 76, VITA-3) or that sonie infection produced well de"eloped primiary vesicles without causing necrosis and cell
death until after tile647). foriation of secondaryThe expression 	 hyphae (TVuof field resistance apparently depends
upon climatic factors, principally the alternation of' wet and 
dry periods, and upon the maturity of tissue. Essentially,
the iechainismi of field resistance apparently differs from hy
persensitive resistance and susceptibility in that whllen tle
priniary vesicle eventually does kill the first-pecetrated cell,the latter still has the capacity to produce a sufficientlyant ifungal environment to prevent the development of secondary fiyphae. In contrast, tile hypersensitive reaction is 

probably a very rapid response to infection by an incom
patible race of tile fungus w.hile in a susceptible reaction, the
ftingus 	 is compatible and thus tile initial growth 
mry vesic goes 'uidetected' by the host cell.
Intercropping and disease 

In a vegetable-cowpea intercropping trial planted
during the first season 1976, the incidence of 
transmitted cowpa yellow niosaic virus was markedly reduced
when cowpeas (FARV 13) were intercropped with maize
(TZPB) or when they were sprayed with Ganinialin insec
ticide. 

In collaboration with the entoniologist in the Farming Systens
Prograni, the incidence of disease was scored in a second

of the pri

at lbadan 
the beetle-

Table 19. Summary qf ICDN results: toward multiple virus resistance. 
CYMV SBMV CMeV Virus 

113 R/S 
238 R 
274 R 
310 R/S 

393 R/S 
408-2 R 
410 R 
470 R 
493 R 
1190 R/S 
1948 R/S 

2331 S 

Notes: 	 C'AIV 
SB A V 
OffeV 
Vius 

.'lphids 
C;AA1"' 
C,At' 
TMV-CP 
CSMV 
R 

Aphids CAMV CpMV TMV-CP CSMV CSMV CSMV CSMV
('Fanzania) (India) (India) (India) (Puerto- (Trin- (El Sal- (Brazil) 

R -	
Rico) idad) vador)

HS  - R - S R S SR - HS  -
R/S -	 - HSS  - RR R 	 - HS S R SHS  - R - HS - SR R HS  -
- R R -S -	 -R R - R R S S S SR - HS  - R - S S SR 	 SR HS -
R/S 	 - HS-HS
- R -MR R - MSR - R 

-R/S - R S R 	 S 
- R 

= 4 Nigerian isolates of Cowpea (yellow) mosaic virus (A lien) 
- 3 Nigerian isolates of Southerm bean mosaic virus (Ladipo & Allen)
-
/ Nigerian isolate of Cowpra mottle virus (Robertson)
- Field response; both CAM V and CYAIV occur at llonga, Tanzania (Patel) 

= If cracciora in India (Patel) and Nigeria (Singh)
= Chrnulu's spherical aphid-borne 'iraLt ii India (Patel)
= Uncharacteriedvirus presumed to be related to Nigerian CYAI , in India (Patel)
= Chloroticspot virus, related to Tobacco mosaic in India (Patel)= Cowpea (severe) mosaic virus in Ptuerto Rico (Vakili), Trinidad (Haque), Salvador (Diaz-Chavez)
- Resistant, S - susceptible, 11 = highv , Al = moderately, RIS  isolate specific resistance 

S S HR 

-

& Brazil (Yohe & Wheeler) 
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season cowpea-lilaze liteIcrop planting atIITA that iicluded higher activity than TGi 686. This was reflected in tile total 
twt single rows per plot ol'a disease susceptible cultivar (lVtu reduced nitroget (TIRN) content as "Giti 2110-3 contained 
76). Preliminary rcstlts ihdicatte that !Rhi:,,ctonaweb blight 290 ii TRN/plhtiits compared to 190 mg f(r 686. 
may he slightly reduced by iltercrping cowpea with maize. 
his contrasts with signi icant incae;ises in wDurb which nlih hoth cwpea and siybeaning tile early reproducti'e ph ase 

started depending uotm symbiotic N, fixatiin to satisfy theirhave been reported inc<)\vpeas supported by iiiaize. 
N requirements. Atmospheric N tixation is diflicult to nica-

Because light itltenisitycall he I lljljact l liiling growth sure under field conditions because the standard procedure 
of cowpeas iitercropped under cereals, attempts were made to (acetylene reduction) requires excavating tlie host-nodule 

assess the etdlct of' light iitelisitN o) cowp'a disease develop- sste'll intact. Alu alternative priocedure was developed in 
ielint. l.ight inteisit was vai'd both by Iaize spacing and wiich the quantity of N fixed was estiated by itermiinrg 
by artificial shade. Poiwdery iiildew itcidence increased sis- the atiount of amino-N present in the stem exudate. Results
 
niicantly wvith incrtasilig natural shade. Thus, preliminary froiiboth cowpea and soyleans demonstrated that the
 
results indicate that cowpea disease inidenee niay dithier le anio11nt of alit-N in he stein exudate was closely corre

inc 'easetd or lecreased illa cowia-i1aize intercrni, depending lated with tile actual rate of' TRN accumulation in tile plant
 

tipon thei lteraction of iiicirclialic, biotic aid host ellects (Fig. 3).
 
Oil the pathogen and, ii cellaill cases, its vector.
 

In cowpeas, the niaxinum rates of °rRN accumulation and 
Growth and management N. fixation were observed at fhowering and decreased rapidly 

Nitrogen uptake and fixation. In 1976, emphasis was shifted 
I'rotn bacteriological studies to the host part of'tile symbiosis: TVu 3629 TVu 4552 

tle plant. This approach wits adopted because the plant 
governs the s\steln by providing energy to maintain the svn- 1.6 

biosis, and in most cases, the plant isthe only segnent of the PODS 
systern that isreadily manipulatable. _ .2 

To gain a basic understandling of* the role of the plant, de- 0.8 PEDUNCLES PODS 

tailed studies were conducted inwhich forms of N utilization, 

SMTEM PEDrates of N accumulatiot and re-distribution were nonitored Z 

throughout growth iinboth cowpeas and soybean. 

0. LEAVES LEAVES 

distinct phases of N accumulation representing the pre-r_,___ ,_,_,_,_,_,_, 
N accumulation and metabolism. 'There appears to be three 

flowering, early pod f'ormtation and iapid lpod fill stages (Figs. 20 40 60 20 40 60 
1 anl 2). During the vegetative growth phase, tnuch of the 

DAYS AFTER EMERGENCE
total plant N is produced. InI'Vu 3629 (indeterminate, inter-

mecliate growth habit 4, of total accumiulation Fig,. 1. Total reduced N accumulation in various plant parts of-13 percent N 
occurred during iheipre-lhwering stage (before 35 days after two coupea cultivars. First season 1976. 
eriergencte). The deteriiniiate, erect cultivar 'UVu 4552 ac
cumulated imore than 51 percent of its total N during this 
stage of growth. Ilnsoybeaiis, ilie vegetative growth phiase 

wis sloswer and only 21-310 p'rceiltt off the total N was prl- 1.0 Gm 280-3 .Gm 686 

duced during tile pre-llowering phase. These experiments were 
0.8conducted in soils where 30 kg/hIa of N applied, and a dif- ' 

' PODS PODS
ferent situation iiay arise iii less fertile soils. In the early 

vegetative growth period iost of'the plants' nitrogen require- ', 0.6 
ments were supplied by nitrate absorption from tie soil. The z STEM 

relative aniotunt of' nitrate utilization was estinated by assay- f 0.4 STEM 

ing for nitrate reductase (N.R.) activity in leaf tissue. Tih 
specific activity of N.R. was att t maximuin at the early 0.2 S 
sampling dates and decreased drastically with plant age 
(Table 20). Although soybeans possess a specific N.R. activity 14 28 42 56 70 14 28 42 56 70 

twice that of cowpeas, the total N.R. activity insoybeans was DAYS AFTER EMERGENCE 

only 50 percent that of cowpeas because of smaller soybean 
plant size. There also appear to be large differences inN.R. Fig. 2 Total reduced N accumulation in various plant parts of 
activity between soybean cultivars as TGm 280-3 had a two soybean cultivars. 

'able 20. Nitrate reductase activityof cowpeas and soybeans at different stages ofplant development. 

Specific nitrate reductase activity 
days after emergence 

14 21 28 35 42 49
 

u moles NO11 g dry wt./hr 

TVu 4552 N.D.* 33.5 ±3.8 18.1 ±2.3 9.8± 1.5 6.9±0.9 5.8 ±1.4 
TVu 3629 N.D.* 27.7 ±2.4 18.5 ±3.4 7.6± 1.2 7.8±0.7 6.2 ±0.3 
TGm 280-3 89.5±8.7 58.3 ±5.1 38.8±7.2 26.5 ±0.9 6.6± 1.8 5.1 ±0.7 
TGm 686 63.9±8.6 37.1 ±4.0 22.2 ±4.9 18.7±4.1 4.9±2.2 3.2±0.7 

*N.D. - not dtermined. 
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Fig. 4. Rates of TRN accumulation (supply) and TRN demandFig. 3. Relationship between rates of TRN accumulation and by seeds in relation to leafsenescence. 
amino-Npresent in stem exudate of cowpea. 

during pod development. TVu 3629 was capable of producing The rates of TRN accumulation and the amino-N in theexudate greatly decreased during rapid pod development. The 
more than 40 percent of its TRN during the two weeks fromfloerigf rpidpot strt heras he ameperod Neu reat 	 evelomfil, 	 requirement dereasd ring rapidpdfor pod growth exceeded the supply fromThN2flowering to start of rapid pod fill, whereas the same period fixation between 5-6 weeks after emergence for VITA-5 andonly lasted one week for VITA-5 and resulted in 20 percent one week later for TVu 3629 (Fig. 4). In soybeans, the rate
of its TRN accumulation. TVu 3629 not only reached a of pod development was slower and the N demand did nothigher rate of fixation than VITA-5 but also maintained a o o eeomn a lwradteNdmnhigherat rateofr fiationg danion, busurpass 	 i o 
moderate rate for a 	 the supply until the eighth week. In bothlonger duration, 	 and soybean, the point at which the N demand by cowpeathe pods 
Sovbeans had a lower rate of amino-N production -	 maxi- exceeded the N supply coincided with leaf senescence, indimum rate of 90 ug amino-N/plant/hr - although they pro- eating that the N demand was being fulfilled by redistributionduce an equivalent amount of nodules compared to cowpeas. of N from other plant organs. Sources of seed N are shown inOn a per plant basis, the nodule efficiency of soybeans was Table 22. In cowpeas, about 40 percent of the TRN in theonly 20 percent that of cowpea (Table 21). The low nodule seeds was re-translocated from leaf tissue and 45 percent syn
efficiency of soybeans is probahly a result of the shading effect thesized during the pod-filling period. Soybean seeds receivedproduced at the c£osc spacings. In the two weeks following less of their total N from the leaves, especially TGm 686, butflowering, TGm 280-3 accumulated 50 percent of its TRN were capable of producing much nitrogen during pod fill.
and TGm 686 35 percent. However at maturity, 4t0 percent of the TRN accumulated 

by cowpea remained on the plant whereas in soybeans, only 
Table 21. 22 percent had not been translocated.Nodule efficiency of cowpea and soybean during pod 

development. 	 Even though the rate of TRN accumulation, quantity of 
amino-N in the exudate, and nitrate reductase activity wereNodule efficiency 	 all very low during the pod filling period, most if not all ofdays after emergence the TRN produced during this phase of growth was trans

35 42 49 56 located directly to the seed. 
ug amino-N/mg nodule Pod removal and N2 fixation. As observed earlier, pod forma-VITA-5 1.10±.07 0.73±.17 0.63±-28 0.53±t..13 tion has a detrimental effect on N 2 fixation. This phenomenon

TVu 3629 1.97 ±.51 1.00±.26 0.78±.24 0.70±.27 was further studied in two cowpea plant types. In VITA-5TGm 280-3 0.22±.04 0.18±.04 0.06±.01 0.09±.01 the pods comprise a large percentage of the total plantTGm 686 0.32 ±.08 0.32±.09 0.16±.03 0.10±.01 weight, and removal of flowers for two weeks after anthesis(delayed pod formation) allowed a continuation of N 2 fixation 

Table 22. Sources of seed N at maturity and relative amount re-distributed from other plant organs. 

Cowpea Soybean 

VITA-5 TVu 3629 TGm 280-3 TGm 686Sources mg/plant % mg/plant % mg/plant % mg/plant % 
TRN in plant 	 1320.7 1759.6 1057.3 1071.0TRN in seeds 841.9 63.7** 1001.6 56.9** 797.0 859.175.4** 80.2** 
Sources of seed N:

re-distributed from leaves 	 334.0 39.7* 390.0 38.7* 38.7*308.5 175.3 20.4*re-distributed from stem 72.8 8.6* 37.2 3.7* 39.6 5.0* 66.1 7.7*re-distributed from peduncles 36.4 4.3* 136.7 13.7* -  -Produced during pod fill 	 398.7 47.4* 437.7 43.9* 56.3* 


448.9 617.7 71.9*TRN remaining in non-seed tissue 478.8 36.3** 758.0 43.1** 260.3 24.6** 211.9 19.8** 
*Percent of TRN in plant 

* Percentof TRN in seeds 

36 

http:0.10�.01
http:0.16�.03
http:0.32�.09
http:0.09�.01
http:0.06�.01
http:0.18�.04
http:0.22�.04
http:0.70�.27
http:0.78�.24
http:1.00�.26
http:0.73�.17
http:1.10�.07


(Table 23). Pods were less of a drain on tileleafy cultivar, N, P,K, and S (ratio 10:1:3:0.5) increased the yield of the 
TVu 1977, and subsequently pod formation only decreased indeterminate cultivar by 241percent bud lid not alter seed 
N, fixation by 40 percent. yield in the dleterminate type. At the higher concentration 

of foliar spray somec leaf burning occurred, Using tit( same, 
Foliar application of nutrients. Apparently, lack ofan adequate nutrieat spray, cowpea responded only slightly tU three ap-
N supply during pod development forces tileplant to Y 	 t

plications during tilepod filling stage. (Table 2.1). As noted 
re-distribute N from other plant tissues. This in turn in.u ng beans, application of oia r nlitrien is delayed leaf 

ies leaf seniescence and resulIts in at lack of' metabolites senescence. In tilesecond season, the concentration of t he 
necessary for N, fixation and nutrient 0ptake. if N is thlie 
limiting nutrient during pod filling, then the application foljar spaN was reduced aid applied diring three Phbases of 

should increase yield and delay leaf
of foliar 	 N (urea) 
senescence. This hypothesis was studied by applying foliar Four applications from flowering to maturity neither increased 
nutrients to grain legumes that have distinct patterns of yield nor delayed senescence in either cowpea cultivar. 
pod development. %ltig beans have a very short pod filling (Table 25). However, applications commencing at early pod 
period and foireapplications ofa iutrient solution containing fill and continuing through maturity resulted in significant 

increases 	 in seed yield in both VITA-5 and VITA-4. 
Table 2i. 	 Effect of flouer removal on the amount of amino-N Applications during late pod fill were inefflective. Indeter

in the stem exudate ofcowpea. minate soybeans also responded to foliar nutrients but only
 

applied during the period of rapid pod fill.(Table 26).
Exudate N when 

Cultivar Treitient ug-N/plant/hr Generally, these results indicate that N is not the only 

TVu 4552 -Pods 	 52.6 limiting factor during pod development. Also tilegrain 

192.3 legumes studied are unable to support a high rate of N,-Pods 
114.8 fixation and rapid pod development siultaneously.TVu 1977 -Pods 

-Pods 	 190.1 Since cowpeas appear to be inefficient in redistributing N 
S.E. . 5.5 	 compared to soybeans, more emphasis will be directed toward 
C.V. 8.0 	 identifying plant types having the following characteristics: 

1. early nodulation, thereby decreasing their dependency
Table 24. 	 Effect of foliar application of ~ during 

Tae24.Eft app 1.9.7.6t. soil nitrate during the pre-flowering stageon foiar istion so don 

podfill on 	 cowpeayield, (First season, 1976). 2. high nodule efficiency with the capability of 

VITA-5 TVu 3629 maintaining alladequate N supply during pod fill and 
3. efficient re-translocation of N in the late pod fill period.Treatment kg/ha 	 kg/ha 

Control 1822 1569 Reading-IT'A Project. In cooperative studies carried out at 
Spray soln. I* 1860 1791 Reading University, certain experiments were conducted on 

nitrogen nutrition of cowpea cv.K 2809 grown in pots in a 
Spray solo. 2 1789 1509 greenhouse and inoculated with Rhizobium strain CB 756.S.E._67.5
 

C.V. 7.8 The results demonstrated that effectively nodulated plants 

**Sprtii. soln. I- 12.5 4g/ha N; /.3k,/';3./kg K: 0.8 k S grown without applied N were vegetatively equal to no01-

Spraly soln. 2=2 X ipriaSO/il.I. nodulated plants supplied daily with 60 ppm N throughout 
growth (88 days) tnd prdu.ed significantly greater seed 

Table 25. Effect offoliar nutrients applied at various stages of yields. Nodulation promoted branching and improved pod 
poddevelopmentoncoupeayield,(Secondseason, 1976). set and retention compared with plants relying on applied N. 

VITA-5 VITA-4 Average seed yields of effectively nodulated plants were 
Treatment kg/ha kg/ha 36 percent greater than those of non-nodulated plants when 
Treatment__kg/ha _kg/ha both received applied N at concentrations ranging from 
Control 588 240 60 to 240 ppm during one of three periods: emergence to 
Flo. -Mat.** 632 273 first flower; first flo~ser to mid pod fill or mid pod fill to 
Epf -Mat. 745 351 maturity. Nodulation improved yields by 45 percent when 
Mpf - Mat. 720 276 plants received a 'basal' level of 30 ppm N during growth. 

S.E. _46.5
 
C.V. 19.4 Maximum rates of assimilation of nutrient N and of
 

symbiotically fixed N occurred during early pod fill in
 
Table 26. Effect offoliar nutrients appliedat different stages of plants receiving 25 ppm N. Symbiotic fixation contributed
 

pod development on soybean yield, (Second season, significant amounts of nitrogen to seed production even 
1976). after mid pod fill. Some N taken up before flowering was 

to post flowering vegetative and reproductiveTGm 294-4-2371 TGm 686 translocated 
components. Although there was little net change in vege-

Treatment kg/ha kg/ha tative dry matter during pod maturation, there was a large 

1605 decrease in N content which contributed the bulk of N ac

2118 1600 cumulated in fruits. 
Control 	 1858 
Stage R-5* 


Stage R-7** 2047 	 1773 Inorganic N applied as a 'starter dose' (equivalent to 
S.E. 	 69.2 10 kg N ha-,) had no significant effect on seed yield of 
C.V. 	 15.7 nodldated plants but 40 percent of the starter taken up 

*R-5 - beans can befelt in uppermost pods. 	 during the first three weeks of vegetative growth was located 
*R-7 - leaves on bottom of plant areyellow. 	 in seeds at maturity. 
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Rhizobium strains isolated from soils at IITA were shown to 
be superior to CB 756 in providing N for seed in several 
cowpea genotyp~es. The significance of cultivar-strain inter-
actions and the potential of diffierent strains for tolerating
diurnal temperature extremes are being investigated. To 
quantify 	 further thi- carbon-nitrogen interrelationships of 
cowpeas, a system for measuring root respiration continuously 
throughout the entire growth period has been deVeloped and 
tested. Vegetative growth and reproductive development 
are almost identical for plants rooted in the respiration 
chamber and in conventional pots. 

Stress physiology 
Progress in screening cowpea cultivars for environmental 
sensitivity with respect to the onset of flowering and yielding 
potential 	has been accelerated with the establishment of an 
integrated field and glasshouse screening technique. Screening
for photoperiod sensitivity using low intensity incandescent 
lighting to extend the natural daylength in the field at IITA 
is followed by a second stage at Reading University, where 
glasshouses are used to determine the etfiectsof night tempera-
ture on time to first flower, and of day temperature on the 
rate of, h-alesenes'ene arid comiponents of sued yield. The 
integrat .d screeniig f Ihe Iirst if ciirs rsing thishamch
technique 	 was prh'ltedolc 	 in ie strllnlte of) 1l7. 

Screening for photopeiod sensitiv\ity continued in 1976 out-
doors. As before, about halfI of tliecowpea lines srencd 
showed ntovariat i iiln the date ol the firstfhwer due to)
natural versus a I3 '2,-hour flphotoperiod. ()fIthe 34 sybean 
liles, none was rated iniseisitiye, with lines of lncdhint'siari 
origin pariticularl sensitive. ()f 27 climbing liia bean liies, 
18 were insensilive, while noil. of, li(.ec swilngeclIWeani 
(I).sspiioarlns) orl threv ilyacit ( r) Hlo'sIi)teali lahl nidi 
Ilowered idli(' a long photoperiod within 60 days. Mexican 
Vart beaan (I'Pahihizum eimw I rcticher flowered nor produced 
tubers uiider a 13-Itn-him photoI)itriod. 

Work nildrought stress of cowpea alnd soyh)eart continued so 
as to develop a field screenig technique to detect varietal 
dilterelccs ill -'i :iteptilility iIo drought. Il a fiel expert-
ment planted in October, 1975 irrigation was withheld 
from one soybean and three cowpea cultivars for two weeks 
starting at flowering. Although the cowpeas showed increased 
leaf stomatal resistance during the stress period compared 
to the well watered controls, plant moisture tension measured 
during the early afternoon was only slightly increased, and 
showed no increase with duration of the drought period 
(Fig. 5). Soybean, on the other hand, showed increased 
plant moisture tension as drought was prolonged. Thus 
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Fig. 5. Plant moisturepotential (4) (measured by pressure bomb) 
ofcowpea and soybean during a two-week drought stress period, 
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Fig. 6.Canopy temperatures ofstressed and unstressed cowpea
and sqybean during a two-week d'oughtstress period. Tempera

lures were measured with infrared thermometer. 

plant moisture tension as measured by the pressure bomb 
canl give indication of soybean drought stress but isles 
useful with cowpea. Canopy temperatures of stressed plots 
of both cowpea and soybean as measured by a hand-held 
infrared thermometer during the stress period were 5 C 
higher during the middle of the day than non-stressed 
canopies, with no significant difference among cultivars 
or species (Fig. 6). Under drought stress, high stonmatal 
resistance preventel evaporative coo ling of the canopy causing 
an tincrease in leaf temperature. This appearscriterion for dififerentiating drought stressed from 

to be a useful 
non -stressed 

p)ts, but the ilistruoentation is at present too expensive to 
permit a1large-scale use of this technique. 

Seed yields of cowpea were not significantly reduced by the 
stress period (Table 27). Although pod numbers decreased 
slightly, a small increase in seed size compensated. In 
contrast, seed y'ields of soybean were reduced by 53 percent, 
primarily 	due ita -14 prcent reduction in pod numbers. 
It thus appears that work on drought stress at IITA should 
concentrate on the more susceptible soybean rather than 
cowpea. 

Table 27. 	 Seed yields and yield components of three cowpea 
and one soybean cultivar after a two-week drought 
stress during early podfill. 

Yields g/m 2 Pod no/m-' 100 seed weight (g.) 
Cultivar Control Stressed Control Stressed Control Stressed 
TVu 4552 75.6 69.6 88.9 75.3 11.28 12.83 
VITA 1 115.8 
 120.7 66.8 62.1 13.12 14.68 
VITA 5 115.3 
 99.8 133.6 108.3 9.51 10.39
 
TGm 280-3 142.2 66.7 550.1 309.6 17.30 15.41 

5.4
 
S.E. ± 

A poorly drained soil can frequently lead to waterlogged
conditions during an excessively wet growing season. To un
derstand better the response of grain legumes to soil flooding, 
an experiment was conducted in the dry season with the soil 
physicist, in which soil flooding was applied to one cultivar 
each of cowpea, soybean and maize growing in Apomu or

soil in buried 25 0-liter drums. Flooding treatmentsof five-day duration were applied at three weeks after plant

ing and at flowering. Measurements of stomatal resistance 
during the first flooding period indicated that only maize and 
cowpea experienced drought stress with flooding, but this 
was not measurable until the third day of waterlogging. Plant
dry weight and leaf area were adversely affected by the first
 

treatment inallthree crops.Seed yields showed mostdrastic decline for cowpea, with plants subjected to two flood

ing treatments yielding virtually nothing (Table 28). Soybean 
was less affected by waterlogging, although yields were also 

0 



significantly decreased. Maize recovered from tite etl'cts of 
the early flooding and appeared to be less sensitive to flooding 
at tasseling, so that yields were not significantly different 
betwceei tret ents. 

"l-,blh,28. 	 1heiff'et o ' one or two flooding reatments o/ Jitve 

days duration on seed yiels ofcoutpea, Soybean aind 
matze tgrouwn in buried 2.0-liter drunis filled uith 
.Iponu or Fgbeda soil. 

looditug "Sted yields, g/plant
Flooding 

r_ u_ + __ 	 . ... _ l " ...................__ ai___ 

0 29.0 32.8 103.2 
x 22.81 27.0 64. 0 

2x 5.4 16.6 91.2S. 5. 26.26 91.5 
S.1. :.363.2 17.5 

In cooperative work at Reading, a defoliation experiment with 

vegetative cOwpea plants, dependent largely on applied ni-
trogen for their total nitrogen requirement has shown that 

leaves which ;tr" from two to threi weeks old contrihute 

little ito further vegetrive (i% weight iscretiteist. Whient parts 

oif younit g tiw cl IiavIes tti i plant olyr\%weighlt in-

ciease 'asWhardly tt ais ci ii)ettsatirv. ixN tisinMi if, thes a ll't 
remainitg lamiitae iooik plci. I lowever, the remiioval of s.v-
cral young leaves (a reduction in total leaf area of 17 percent 
or above) was highly detrimental to subsequent plant growth, 
T hus, tihe outcoim e of defoliation depends not just on the 
absolute leaf area removed but also on the age of the leaves 
treated and whether or not loss of whole leaves or parts of 
leaves is involved. These results could be used as a basis for 
deriving rational 'scoring' criteria for estimating tire depre-
dation by pests in the field, 

To understand cowpea growth and yield when intercropped 
with taller crops such as maize which can severely shade tile 

cowpea, studies of tile effects of ssade per se were continued 

in 1976. Three levels of shade (50, 62 or 75 percent) applied, 

using metal frames covered with black polyethylene strips, 
were put ors two cowpea cultivars growing in field plots, from 
emergence to flowering of tile unshaded controls. Dry matter 
samples taken at the tme of shade removal showed progres-sively more reductions in dry' weighst, leaf areat iisdex and 
branch numbers with increased shading s both Tdx 1836 

inth icres sang 
and VITA-4 used ishade 

Similar results were obtained with TVx 1836 and VITA-5 in 
the second season. At least partial recovery was achieved by 
the shaded plants, particularly in the first season, when cool 
wet conditions permitted harvesting during a seven-week 
period. It tise second season, yield levels were lower and re-
covery after shading, as indicated by seed yields, less coin-
plete. Variability was high but the results indicate that cow-
pea can recover from heavy shading and produce adequate 
yields as long as tile reproductive period is long. Intercropped 
cowpea in the savanna zone of West Africa is frequently 
shaded by tall cereal crops during tise vegetative growth stage. 

Intercropping investigations 
Intereropping is the main feature of cropping systems in 

Africa. Insect susceptible legumes such as cowpea are often 

grown in mixtures with cereals and other crops to avoid risks 

and uncertainty in obtaining yields. To better determine the 

performance of cowpea when intercropped with maize, sor-

ghum or millet, several intercropping experiments were con-
ducted. Effects of plant types, maize density, planting date 

and insecticide application oil intercropped cowpea were ex
aiined in these experiments. 
Co paris on lie ci a tifiial shade and i aize shad. Six 
CWI)a ctlltiViliS 0t co trasting growth habit were inter

planted turder three maize densities (1. 16,00 (6f)× 1010 cn)
 

and 33,000 (30X 100 cm) plants/Ia. one week before the
 
inaize (TZPIB) started tasseling.
 
TIle maize proiduced a leaf area index of 2.45 and 1.51 with

in two weeks after tasseling for the 30X 100 and 60X 100
 
spacings respectively. 'Ish is corresponded to 67 andI 51 percent
 
light interception for the two densities.
 
Maize was harvested 10 days after the unshaded cowpeas
 
started flowering. The ability tf cowpea to regrow vegetatively
 

after shade was removed was, however, limited by tile ces
satini of' rains four days later, so that final seed yield of

ciiwpea was reduced 
 71 percent 	and 94 percent by intercrop

under less dense aind dense maize, respectively (Tableping varietal in co)wpv~a yield occurred,29). Sig~nificant dillferenct's 
_!). 
with tile erect cultivar Priluta and a traditional cultivar (TVu 

32:31) of low yield potential prodtcing least yield and VITA-1 

and VIT\A-I. the highest yields in the trial. The cultivar 

X intercropping interaction was sitgnificant at the 5 percent 
level. 

Table 29. 	 Seed yields of cowpea cultivars when intercropped 
under maize at three densities. Cowpea was planted 
six weeks after the maize in second season, 1976. 

-- -- -- ----------. . . .. . . . 

Intercropped with maize 
Cultivar _ Nonocrop 60 x 110 :30 X 100 

Yield, g/m 2 

TVx 1836- 19E 97.8 28.9 5.5 
VITA-1 130.0 33.1 8.4 

VITA-4 121.2 43.0 4.1 
TU 31.8 26.3 5.8 

TVu 3231 86.8 26.5 4.8 

TVu 76 70.9 16.5 3.9 

Average 
S.E. t 

99.8 
6.2 

29.0 
6.2 

5.A 
6.2 

Since the second shading experiment and the maize cowpea 
inte eo nsing experiment and the meintercropping experiment were planted at thle same time,time, 

using the same cowpea cultivars, a comparison of the effects 
of artificial versus maize shade is possible. Both types of 

delayed flowering of cowpea, particularly for VITA-4, 
in which a two-week delay resulted at the densest shade 
level. Plant morphology, as expressed by main stem length 
and interiode length was, however, significantly different 
under maize from under artificial shade. Whereas increasing 
artificial shade led to greater stem length, due to longer in
ternodes; stem length, node number and internode length 
were drastically reduced in VITA-5 under the densest maize 
shade level. Tise cause of this response requires further in
vestigation, but from preliminary evidence may be attributed 
to competition for nutrients or moisture between cowpea 
and maize. 

Planting date and maize plant type. Tise performance of
VITA-5 cowpea intercropped with eitser TZPB or Upper 
Volta Early (UVE) maize was evaluated by planting it either
simultaneously with maize or two monthss after the maize. 

The cowpea was planted between maize rows 1 m apart, with 

in-row spacing set at 15 and 30 cm for cowpea and maize, 

rspciy. 
respectively. 

Planting cowpea simultaneously with maize permitted vege
tative grewth of cowpea under unshaded conditions. There
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fore, cowpea dry weight at flowering was only reduced by 
25 and 12 percent by association with UVE and TZPB 
maize, respectively. Growth after flowering was more severely 
aflected, however, and grain yields were reduced 50 percent 
by UVE and 60 percent by TIZIPB ('l'able 30). U VE had less 
efifecton cowpea growth and grain yield than T'ZPB because 
it shaded tlte- cowpea less. Leaf area index measured two 
weeks alter tasseling was 0.9 for UVE and 2.3 for TZPB. 

Table 30. Seed rields of 1',77,1-5 coupea and two crultivars o!f 
maize under monorop or intercrop conditions when 
cowpea was planted at the same lime as maize or two 
months later. 

Cowpet Maize 

Maize 
Treatment lttiva r 

Cowpea + Maize 
pla ted sane ti ote 
Cowpea plant ed 
11weeks after inaize 

S.I _ 

UVE 

TZPB 

UV\" 
TZPI1l 


Mono- Inter- Mono ilter-
crop crop croplcrop1_) 

Seed yield (g/ m-) 
258 128.2 2(2.6 197.9 
260 80.3 6 654.51 
.t.1 26.At 222.8 229.9 
35 3.2 615.11 6-12.8 

7.8 7.8 

Maize spacing and nitrogen level. Maize density was varied 
front 10,000 to 3.40,000p la nts/ha and nitrogen level froit 0 
to 120 kg/ha to deteitnine tte effect of these two factors On 
intercropped cowpea VITA-5 planted between rows of maize. 
Maize and cowpea were planted simultaneously with cowpea 
-it20 by 10(1cut. Two spatial arrangements, 33 by 100 with 
I plant/hill and 100 by 100 with :3plants/hill, were also 
compared. The latter arrangement is widely practiced by 
subsistence farmers. 

Because tilesoil used was fertile, there was no signitficant
effect of' nitrogen ol intercropped cowpea and maize. Flow-
ever, decreasing maize density increased percent light trans
mission, leaf area index and seed yield of cowpeas, but 
reduced maize yield (Table :11). Changing tile spatial arrange-
iteit at 30,00(1 plants/ha did not have any effect oitpercent 

light transmission and intercrop)ed cowpea and maize yields. 
Il terins of Land Equivalent Ratio (I.',R), mitaize planted at 
50 by l(10o 100 by 100 cit with 3 plants/hill was more 
productive than maize planted at 33 by 100 or at 100 by
100 ct with I plant/hill. 

Spra *ing regime X cuklthar interaction. An experiment was 

condtucted at three loeations inNigeria, G(sau in the north, 
arid Shaki and ()do-()gun in the west, to dletermine tite pro-
ductivity of' cowpea under two cropping systems and two 

Table 31. LEffect qf maize spacing on performance of maize (TZPB) 

spraying regimes. In all locations intercropped cow pea pro
duced lower yields than sole cowpea under both spriyivng 
regimes (2 or 1 insecticide applications versus none) (Table 
32). Il the unsprayed plots the level of insect dainage (leaf
hoppers, thrips, Maa a .hIrtlilh and crcids) oil intercr pped 
cowpea was abhoot the sanle as in nionocrops iii any location. 
Table 32. Effect of intercropping and insect control on cowpea 
"aield in three locations within Nineria. 

Location and Moncropping Intercropping 
.
 

cropping system Sprayed Unsprayed Sprayed Unsprayed 
,Seedyield (kg/ha 

(IlS;oll*,with millet 775 16 121 :31 

with millet 
+ s,,rgflnn 775 16 .113 :32


()do ( )gn**, with
 
1naize + sirgluni :383 68 2711 9
 

Shaki***, with maize 935 .47-1 .12 1.15
 
........... - . -- . .
...........----- . . -.--- .
 

qf .otuPa cs/lto 4 (ln/4/llm tr . ,guln (rlpea w',,r planted I and 2 
all.roillet, ,114ant/n,* i t slet-ad . lali t datewas 21 M oar.

**.Jtran.f 8 €ou-,1'a 4 o1l1tcars. Ang~ul, and1 ,Afai--e and migthum planted 16; 
on / ISr/'Wislwr 

1.)O ird The copeaf 6 lIWn,'-' Wallh 17A-5. a sPlanted 2-3 
i',,rA a/At? InCIM ,nda.,tat;l,' 


Intercropping did riot reduce insect damage in.cowpea. In the 
sprayed plots the low yields of'intercropped cowpea vere mainly 
attributed to light competition particularly when planted two 
months after cereals at Gusau. InGusau, VITA-4 showed the 
least dry itatter and yield reduction under millet compared to 
tfte other three cultivars. In Odo-Ogun, TVu 2616P-01)D 
and VrI'A-.t were the best performers among tite eight 
cultivars tested. As in the previous experiments, intercropping
had higher total productivity than monocropping when tite 
yields of both cereals and cowpea are considered. 

Use of maize as a support for climbing cowpea. Vegetable 
climbing cowpea provides an important source of protein in 
humid areas where harvesting of dry seeds is difficult or 
unprofitable. Although trellising is necessary for high yield, 
trellising materials are frequently difficult to obtain. Maize 
was used as ar alternative support to determine the effect of 
planting method, insect control and cowpea cultivars on 
cowpea and maize yields. Maize artd cowpea were plantedsimuhtaiteously in botht seasons. 

In tite first season climbing cowpea FARV-13 planted 50 cm 
between rows of maize TZPB produced 700 to 800 kg/ha 
more green pods than planting in the same hills or alternate 

and cowpea (VITA-5) in an intercrop experiment planted in 
first season, 1976, with cowpea and maize planted at the same time. 

Maize spacing (cm) 

33 X 110, 1 plant/hill 
100 X 100, 3 plants/hill 
50 X 100, 1plant/hill 
100 X 100, I plant/hill 

Sole cOwfpca (20 X 100 cm) 
Sole maize (33 X 100 ctt) 

S.E. " 
C.V. 


*LER = Land equivalent ratio 
**LAfI Leaf area index 

% Light 
Maize trans- Cowpea Cowpea Maize 

Population, 
plants/ha 

inission 
at 6:1 DAP 

LAI** at 
60 DAP 

yield, 
kg/ha 

yield, 
kg/ha LER* 

30,000 34.5 2.19 407 4719 1.16 
30,060 36.9 2.07 432 5131 1.25 
20,000 47.2 2.54 556 4365 1.24 
10,000 65.8 3.18 700 2775 1.11 

- - 6.77 1098 -
30,000 35.0 - - 5974 -

0.18 74 366 
!1 24 16 
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Table 33. Effect ofplanting method and insecticide applicationon vegetable coutea FAR V-13 using maize TZPB as a support. Both 
cowpea and maize were planted 25 x 150 cm in first season, 1976. 

Cowpea pod yield 

Planting method 	 (ton/ha)* 

SPR** UNS** 

Cowpea + maize same hills 7.7(0 4.43 
Cowpca + maize alternate hills 8.83 4.7. 
Cowpea between rows of maize 9.54 4.37 
Cowpea/maize alone 30.05 8.87 

S.E. 	 1.35 1.43 
C.V. 	 8 44 

*Al,m 90"; ,,itureominit
 
SPR = /ming weekl' f n 21 D.1', 'AS No ii'eactride appliiation.
 

hills with maize but the yield differences were not significant 
(Table 33). When yields of both cowpea and maize are 
considered, however, the former method of planting was more 
productive (LER = 1.14) than the latter methods of planting 
(LER 1.02 to 1.05) provided the cowpea was sprayed and 
lroperly trained oil maize. Without insect control planting 
method had nusignificant effect on cowpc: and toaize yields. 

Green pod yield of FARV-13 growing on bamboo trellis with 
good insect control was 30 tons/ha with about 90 percent 
moisture. The yield of FARV- 13 o maize support was reduced 
by 71 percent because of competition for light and possibly 
also water and nutrients. The leaf area index of cowpea was 
reduced from 1.7 in a sole crop to about 1.0 in the inter
cropping. Cowpea also reduced maize yield by 21 percent as 
a result of the reduction of maize leaf area exposed to solar 
radiation. Contrary to previous findings (IITA Annual Report 
1973), maize lodging was not increased by the cowpea. Growing 
vegetable cowpea with maize in the first season had the 
advantage of additional yield of maize, lower costs in building 
trellises, and in the unsprayed plots, lower incidence of virus 
and Manica testulalis damage on pods. Without insect control 
the first-season cowpea yielded 40 percent of the sprayed plots;this was considerable conmpared to thle generally poor yields 
of sconderabco par 

Harvesting the young tender leaves weekly or biweekly from 
28 to 77 DAP reduced green pod yield of FARV-13 by 19 
percent. This was probably due to low leaf area index of the 
cowpea (less than 2.0) even when no leaves were removed, 

In the second season 12 vegetable cowpea cultivars were planted 
either with bamboo or maize trellis. Maize TZPB was planted 
25 X200 cm and the cowpeas at 25 X 100 cm. Two rows of 
cowpea were trained to one row of either maize or bamboo, 
Green pod and dry seed yields of cowpea under maize trellis 
were reduced by (i1and 66 percent respectively, mainly 
through the reduction in the number of pods/ie., and pod 
length. There was a significant linear relationship between 
yield on maize and yield on bamboo trellis for both green 
pod (r = 0.76*) and dry seed yield (r = 0.93**). These results 
indicate that screening climbing vegetable cowpeas for high 
yield potential can be more simply done on maize than on 
bamboo trellis. 

The conclusions from the above intercropping experiments 
show that: 

1. Shading frames cannot be used for evaluating the 
tolerance of cowpea to intercropping with cereals since 
the intereropped species compete for moisture, 
nutrients and light, 

2. 	Planting cowpea simultaneously with maize was more 
advantageous under Ibadan conditions than planting 

Maize yield (ton/ha) C(,wpea LAI 

SPR UNS SPR UNS 

4.618 4.61 0.99 1.02 
4.69 41.26 01.99 0.86 
5.01 4.61 :.M. 1.12 
6.14 5.60 1 .1 1.59 

0.29 0.39 3.22 0.21 
8 14 33 32 

at six to eight weeks after maize. 
3. 	Maize density and maize plant type had a pronounced 

effect on the growth of intercropped cowpea. 
4. 	Leafy semi-erect VITA-4 performed better than other 

cowpea cultivars under intercropping, indicating 
the importance of selection of cultivars adapted 
to intercropping.

5. 	Maize provides good support for climbing vegetable 
cowpea in the first season. Planting the cowpea between 
rows of maize appeared to be more efficient than other 
spatial arrangements.
 

Environment - Management interaction 

Planting date. Two day-length insensitive cowpea cultivars, 
VITA-5 and Ife Brown (TVu 3629), were planted at three
week intervals starting from 1April to 28 October to evaluate 
the effect of climatic factors on growth and yield of cowpea. 

Seedling establishment was good in all the plantings so that 
yield differences could be attributed mainly to climatic factors 
and diseases. The first t 7e in April gave the highestplantings 
yields at 2000 kg/ha (Fig. 7). As planting was delayed yieldprogressively decreased and levelled off at 500 kg/ha. The last 
planting on 28 October yielded only 160 kg/Ia, however.
Adequate moisture during crop growth particularly from 
flowering to harvest was essential for high yields provided 
plants were not attacked by diseases. Powdery mildew was 
a serious problem when planting was done during cloudy, 
cold dry weather from June to August. Seed yield was 
positively correlated to dry matter yield at flowering 
(r = 0.91"*), number of harvests per crop (r = 0.78**) and 
growth duration (r = 0.70**) indicating that any factors, 
climate or disease, which reduced these attributes reduced 
the yields of Ife Brown and VITA-5. 

Weed control level. Weeds are one of the major limiting 
factors in cowpea production but information is lacking on 
yield losses by weeds for different cowpea plant types. Four 
plant types of cowpea were planted at two-row spacings 
(50 and 100 cm) and subjected to three levels of weed infesta
tion (no weeding, 10-day, and 20-day weed free periods). 
No weeding resulted in no yields at all spacings and in all 
the four cultivars. The main weed species was Euphorbia 
heterophyla plus a few grasses. 

Weed weight and cowpea seed yield were significantly affected 
by spacing and duration of the weed free period (Table 34). 
Seni-erect, broad-leaved VITA-1 was the most competitive, 
and semi-prostrate VITA-5 the least competitive against 
weeds. The erect, leafy TVx 1836-19E and strap-leaf TVx 
33-IG were intermediate between the two cultivars in their 
response to weeding. Apparently, the height of the leaf 
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Tble 34. 	 Effect of spacing and weedfree period on weed weight 

at 64 DAP and seed yield offour cultivars ofcowpea 

plantedfirst season, 1976. 


Weed dry weight (kg/ha) Gowpea seed yield 
(kg/ha) 

Cultivar 10 DWP* 20 DWP** 10 DWP 20 DWP 

Spacing: 20 X 50 cm 

TVx 1836-19E 711 176 978 1216 
VITA-I 346 116 443 837 
VITA-5 1038 250 319 1357 
TVx 33-IG 612 270 1069 1356 

Spacing: 20 X 100 cm 

TVx 1836-19E 1057 4104 890 1231 
VITA-I 596 211 487 958 
VITA-5 1134 845 449 1307 
TVx 33-IG 1057 307 1163 2499 

S.E.± 447 117 
C.V. 21 	 25 


*/0 DwP -/0 days weedfree period
 

*20 DIwP = 20 das eedfree period 


canopy influenced the ability of cowpea to suppress weed 
growth, particularly at wide spacings, more strongly than 
leaf shape and size. 

Seed nitrogen content. Seeds from a cowpea management 
trial of six cultivars grown in four locations (IITA Annual 
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Report 1975) were analyzed for their nitrogen content. The 
results showed that seed nitrogen content was greatly aflicted 

by location and not by fertilization (Table 35). These results 
suggest that screening cowpea for high protein content should 
be done in tilesame environment so that location effects can 
be minimized. Among the cultivars planted, VITA-1, VITA
3 and TVu 2616-OlD consistently showed higher N content 

VITA-4, VITA-5 and Ife Brown. 

Table 35. 	 Effect qf location andfertilizationon nitrogen contentof coupea seed. Means of six cultivars planted in 

second season 1975. 

Location 

Fertilizer 	level Fashola Owerri Ikenne Ibadan Mean 

Seed nitrogen content, (%) 
None 3.77 3.76 4.16 4.47 ,1.04 
20 kg N-20 kg.,05/ha 3.94 3.90 '40 4.45 4.17 
Mean 3.86 3.83 41.28 4.46 

Pest management. The practical approach to pest problems 
in cowpca should be thle use of host plant resistance and 

number of insecticide applications. In the second 
season, insect resistant cultivars were compared with five 
standard cuhi vars under three insecticide regimes, (0,2) and 
4 applications of Nuvacron at 0.5 kg a.i/ha). Without insect 
control, second season cowpeas produced no seed yield. In
creasing the number of insecticide applications increased yield 
but the differences in yield between two and four applications 
were variable depending on the susceptibility of cowpea to 
pests (Fig. 8). The cultivar X insecticide regime interaction 
was highly significant. Without protection TVx 2869-P,-2 or 
ER-I (a cross between Prima and VITA-,I) showed the high
est number of flowers and pods per plant compared to theother cultivars. This may indicate the resistance of this culti

var to Taeniothrips, an important pest during flowering stage.ER-I is erect, determinate and showed high resistance to 
leafhoppers and Cercospora cruenta. With two to four insecti

cide applications it outyielded all the VITA* lines by at least 
40 percent. The high yield of ER- I was partly explained by 
the short rainy season (about 40 days) which favored erect, 
determinate cowpeas. VITA-4 performed poorly at all levels 
of spraying because it was heavily attacked by coreids after 
the last insecticide was applied at 60 DAP. TVx 2869-P,,-3-2 
(ER-7) also performed well but was heavily attacked by 

Cercospora leaf spot just before harvest. 

Leaf plucking for vegetable use. In East Africa young leaves 
of cowpea are often plucked and used as a vegetable. In the 
second season at IITA, leaves of two cultivars were removed 
to varying degrees to determine whether plucking leaves for 
vegetable use had any detrimental effect on seed yield. Re
sults showed that the traditional method of plucking young
tender leaves weekly for four weeks from 28 DAP had no 
effect on yields of both cultivars. Removing up to two-thirds 
of the leaves did not have any effect on yield of VITA-3 but 
reduced yield of determinate TVx 1836-19E by 49 percent. 
This confirms earlier findings that semi-erect cultivars can 
withstand heavier defoliation than erect determinate cultivars. 

an m rovement
 
Soybean improvement efforts during 1976 laid greater em
phasis on developing new recombinants and making early
generation selections between and within crosses to develop 

VITA * - Viqna lines identified at JITA. 
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Fig. 8. Effect of number of insecticide application on seed yield 

of second season cowpea. Two applications at 40 and 50 DAP 

andfour applications at 15, 30, 45 and 60 DAP. 

quality and viabilitystrains with higher yields, good seed 

and resistance to diseases, insects, shattering and lodging. 

Preliminary screening to identify cultivars with good seed 

quality and storability was continued. In addition, the elite 

materials arising from breeding efforts were tested at different 

stages for ultimate registration as potential cultivars or parent 

stocks for further improvement. 

IITA trial results 
the first season, unreplicated four-Observation plots. During 

row plots of 82 strains bulked last year were grown with 

standard cultivars. In the second season, strains were divided 

into early-, medium- and late-maturing groups based on first-

season results and were grown in three separate trials. Each 
astrial was replicated twice and had the standard cultivars 

checks. Yield levels of the strains ranged from 500 to 3,833 

kg/ha in the first season and from 944 to 3,111 kg/ha in the 

second season. Detailed results of the tests in second season 

are given in Table 36. Fourteen out of 81 strains tested out-

yielded standard cultivars. Two strains, TGx 16-2E and 

TGx 26-34D, yielded more than 	3,000 kg/ha. 

Other trials. Results from other 	trials in the first and second 
37 and 38. In the first sea-seasons are presented in Tables 

kg/ha were obtainedson, maximum yields of 3,044 and ',)08 

from TGm 249-3 and Bossier respectively. The large variation 

in yield level of Bossier in trials during first (1,779 kg to 

3,008 kg/ha) and second seasons (1,842 kg to 2,736 kg/ha) 

may reflect the response of a cultivar to soil variability. Three 

220-1-2205 and TGm 210-1-
cultivars, 	TGx 13-3-2644, TGm 

2363 mentioned as high yielders in the 1975 report established 
their superiority over Bossier. 

Shattering resistance. Shattering of seed after maturity was 
recorded in the second season, as weather became hot and 
dry. Most of the cultivars in the trials did not shatter badly. 
Cultivars such as Hampton, TGx 13-4, TGm 210-1-2363 and 
TGn 273-2 showed 25-50 percent seed shattering. Of the 81 

newly developed strains, 19 did not shatter at all even three 
weeks after maturity. Such cultivars would be suitable for 

large-scale production. Unfortunately, both the highest
yielding strains mentioned earlier shattered. Sixteen of the 

strains bulked during 1976 first season also showed resis
tance to shattering. 
International trials. During 1975, 15 sets of Uniform Soybean 

Trial No. I and nine sets of' No. 2 consisting of 10 and 15 
IITA entries were sent to locations in Africa, Asia and Latin 

of these trials were sent to locationsAmerica. Sixty percent 
in Africa. Results for eight Uniform I and 6 Uniform 2 trials 
have been received. In Trial 1,Jupiter gave the highest av
erage yield of 2,186 kg/ha followed by TGm 2-19-2-1-b. Bos

sier, however, ranked first or second at five to eight locations. 
In Trinidad and Ethiopia, local cultivars ranked first. In 

Uniform trial 2, TGx 13-3-2644 gave the highest average 
yield of 1,475 kg/ha and was followed by TGm 131-1-I-b 

Table 36. 	Performance of some of the newly developed soybean 
strains during second season of 1976. 

Yield 
kg/ha 

height 
(cm) 

Days to 
maturity 

Early maturity_ 
Standard check -

Hampton 1876 73 88 

High yielding lines: 

TGx 68-2C 2306 79 96 

TGx 31-ID 2046 73 86 

LSD .05 680 

Medium maturity 
Range 
Mean 

944-2375 
1718 

51-87 
70 

88-98 
91 

Standard check - 1899 54 92 
Bossier 

High yielding lines: 

TGx 32-4D 2375 57 91 

TGx 2-23E 2302 60 92 

TGx 27-6D 2076 80 92 

TGx 43-40 2034 80 96 

TGx 1 -39E 2023 80 92 

LSD .05 771 

Late maturity 
Range 1354-3111 59-112 87-97 

Mean 2206 86 93 

Standard check -
Jupiter 2477 87 94 

High yielding lines: 

TGx 16-2ET~x 26-34D 
TGx 26-34D 

31113026 
26 

9394 
94 

91
93
92 

TGx 57-12C 
TGx 46-3C 

2849 
2694 

88 
82 

92 
96 

TGx 26-23D 2688 85 88 

TGx 26-48D 2685 90 96 

LSD .05 679 

LSD .05 
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which ranked second at three hlcations. )etailed resuls of 

these trials are It) be preparel for a separate report. 


Durin g 1976, seed fOr 52 INSTS()Y/IITA trials Antd 19 Uni-
form trials of IITA cntries were sent out to Iocations in Africa 
(91 percent ), Asia 5 ptercent) , and Latin America 0i percent). 
ResutsIfl iilt litfirst if, these trials have just beenl received. 
Recoml)inafion and selection 

.\out 101) 'w rtcoidiain~uls werc ifcvelopl, involving par-
vnts with high yIcd, go Sed quality. stilorabiljtv and bac-
tilrial jititll s istiillti.. I land( rossilg, ll1OWed Iv a pNdiIl'e V 
sysln(( I hiunlin g s'rleg.itiIgIii;Itteria I, was ad )ted Iecaust 
iltuil OtiCiOrosing ()It liitae sterilh pilits was 11[Isiicccssf Il. 
Sinhgle plaint scht-ctheli s wie iiadc ill illc first scasuli I''olil F, 
IIphlti ns of 93 siitessfil lc osses I'loull O wtl 't ii'iS Vear. 
"T st'ls of each of tihe tiilaiing fpliilts were bulkedI fIOr 

further selectin in IIt secItl st'asOtn. Schlction ill ear';ly gen
eratlitlls I1F. and 1i revealed transtgrtssivc segregat ill Solhle 

of tile crosses. I'he cross bet weeni 'T(;Gi 220-2205 ad T 
1--n2-i-t w dtstliec a oiStindsi n s-edtlil i est f eue c y ni 

agrtea lv desirable recoinl)inants. 

Plant protection 

Insect pests. The colmtmo pests observed So farillat IITA areritoljia beetle, "ielawIthris, and .Va:ara 'ilidula. Alnost to 
work has been done to survey insect pests ol' soybean and the 
yied losses tih' (anse. Hi wever, dltriig the seca(soneasoil at 
prelininary issessmtet off leaf feeding by two h'pidopterouls
larvae of' Timhuphtoia Sp. aiid Ila1h/rpn s wis%i. inade ol 11 
lites in replicated trial ilots. The f'requeuicy dist rilition based 
oil ill aiv replicatiotn is presented ill TableO llthe highest score 
39. Seven lines with (i-I) petceit leaf dailiage icluded tile 

"4lie .37. Grainiild and other £ grononic, characteristies of selected cultivers /rmni fire trials during first season, 1976. 

PlanI 

Cuhkivg 
Yield 

I .... 
Ilants/ 

iiIl. 
Pods/ 
plant 

height 
(c it) 

I)ays to 
flower 

tuifoUtil trial 2. 
T(;m 219-f-1h 
'V(;In 210-1-2363 
T(x H-3-2611 
'IC;. 66-5100 
I ;m 2-19-5-511711 
"'(;it 255-2-t311 
Bossier 

277.t 
235 
22831 
226-t 
2232 
2132 
20 

29 
-t1 
31 
61 
43 
19 
52 

39 
37 
31 
19 
28 
31 
31) 

116.4 
63.7 
95.0 
98.3 
82.5 
79.0 
65.6 

31 
36 
32 
35 
33 
33 
38 

Neant 16 cultivars) 
I.S ) .1 5 

.dvailcted trial . 

1199 
739 

l6 
f-t 

27 
12 

77.1 
17.8 

37 
1.52 

Bossier 
T(i;n 2.12-2-2297 
TI;n 1971:-.4329 
T(;in 296-1 
.\niso, 4192 

3008 
2157 
2138 
2090 
2056 

32 
-14 
45 
233I 
3.1 

27 
37 
21 

33 

61.9 
66.1 
57.2 
49.3 

105.-4 

39 
37 
39 
32 
32 

lcatill (I) tltltivars) 
LSI) .05 

21106 
-161 

42 
12 

27 
I1 

78.8 
7.8 

35 
0.23 

Advanced trial 2. 
Amnsov 51112 
"''x 21-2 

-in 24.2-2326 
N1216 
(:ES t117 
Jupiter 

Mean (111cultivars) 
INSI) .15 

2184 
20241 
177-
1715 
1608 
955 

1553 
613 

3-1 
13 

22 
20 
'10 
35 

37 
16 

3 1 
20 
58 
50 
32 
29 

31 
18 

81.9 
87.0 
78.2 
55.6 
91.9 

101.3 
79.0 

7.9 

35 
3.4 
35 
43 
41 
41 

38 
0.9 

Preliminary trial 
Ti49-3 

TiGnl 225-3 
Bossier 
T .255-2-2.527 

1. 
304-1. 
2336 
2319 
211 

34 
30 
40 
35 

30 
39 
29 
-10 

74.7 
65.1 
63.1 
82.7 

30 
37 
36 
34 

Mean ( 10 cultivars) 
LISD .05 1 

21tb2 
891 

43 
12 

27 
12 

77.4 
10.7 

34 
1.15 

Preliminary trial 2. 
HIawkeye 41'76 

iGn195-3-T1,t38 
Kent 2070 
TGm 197-3-3-4321 
Bossier 

2.187 
2188 
19.10 
1806 
1779 

28 
52 
-t0 
35 
37 

59 
29 
32 
35 
21 

74.7 
48.0 
79.5 
59.3 
64.1 

31 
31 
35 
37 
37 

Mean (10 cultivars) 
LS) .05 

1705 
754 

44 
16 

28 
28 

72.9 
9.4 

36 
0.62 

Bacterial 
Days to 

ma tority 
)ustule 
score 

Lodging 
score 

107 I 2.5 
105 1 1.5 
110 1 1.5 
94 3 2.5 

103 I 2.0 
112 1 2.0 
111 1 1.5 
107 

5.18 

109 1 1.0 
100 1 2.5 
11 1 1.0 

107 3 1.0 
99 1 3.0 

102 
4.19 

94 2 1.5 
98 3 1.0 

112 4 1.5 
115 2 1.0 
115 4 2.0 
115 4 2.0 
109 

2.71 

96 1 1.0 
96 4 1.5 

105 1 1.0 
98 3 2.0 
87 
5.81 

100 1 1.0 
99 1 1.5 
98 1 1.5 
99 1 1.0 

106 1 1.0 
91 

7.92 
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cultivar, 'Vx 13-3-361- and six new strains ---'l'(;x 681-2C, 'Table 39. Frequency distribution of leqf damage score bpr tuy 
68-6C, I 1-3E. 11-1lE,i -31.t and .16-3C. insect species, ( 'richoplusm sp. and PIatlahpena sp.) 

Stcore Lea[" daiage ( ) Frequency 
Addhtional pol sltcking henipterans recordeL this year iii- -. 

eided .Vazara vu dila, It.rhtrrnuam sp., .IA Ima anangaa, Pie'odo"I 1-.5. 0 

sp., Cletla sp. and Cpt mwa sp. [hese' insects damaged young 2 10-1% 7 

pods, caused tlben to shrivil and prev.,ited developittieit of 3 11-25' -5 

seeds. Cultivars reactcd dil i, iint v to insect damage, and some . 2(i-50% .49 

early- anl latt-niaturing cultivais appearlng to eseape damage. 5 50% and above 43 

Table 3.. Grain.ild and other agronomic characters o' selected cultivars .from six trials during second season, 1976. 

Plant Days Days Bacterial 
Yield llants/ Pods/ height to to pustule Lodging 

Variety kg/ha Ill, plant (cm) flower maturity score Score 

Uniforn Trial I. 
Forrest 2861 32 - 48 31 92 1.5 -
Bossier 2736 30 - 62 37 92 1 -
TGm 220-1-2205 2347 35 - 57 .11 92 I -
Cobb 2316 I - 45 31 92 1.5 -
)avis 2215 17 - 38 37 92 1.5 -

TGi 29.1-4-2371 2263 27 - 72 41 92 1.5 -
TGin 210-1-2363 2228 34 - 55 37 92 1 -

Mean (16 varieties) 2101 23 - 68 37 94 

Uniforim Trial 2. 
TGx 13-3-264.1 2.1.17 44 20 76 36 95 1 1 
TGn 273-2-23-l0 2.i 19 43 33 72 35 91 1.5 1.5 
TGm 260-2-2-4293 2412 5-1 28 74 36 94 1 2 
TGm 220-1-2205 2260 46 23 59 40 99 1 1 
TGm 210-1-2317 2024 415 19 66 36 97 1 1 
Bossier 2021 41 20 71 34 98 1 1 
TGm 187-3-2 2013 52 27 78 42 97 1 3 
Mean (16 varieties) 1961 46 21 73 37 95 

LS) .05 377 

Advanced Trial 1. 
TGn 197--:3--4329 2091 55 24 64 38 98 1 2 
TGin 296-i 20,13 51 18 57 34 95 3 2 
Amsoy 4192 1921 41 21 95 36 93 1 2 
Bossier 1842 39 25 57 36 93 1 2 
Arnsoy 5007 1806 41 20 88 33 92 1.5 2.5 
Mean (10 varieties) 17 1:3 50 19 76 36 93 
LSD .05 421 

Advanced Trial 2. 
TGm 197-3-3-4333 2315 53 30 71 40 98 1 2 
M 216 2126 52 26 67 43 99 2 3 
CES 4(17 2087 48 34 78 42 97 4 1.5 
TGm 29-4-427- 1982 48 18 77 42 95 1 1 
Jupiter 1869 42 31 76 42 92 4 2 
Mean (10 varieties) 1858 50 25 71 38 94 
LSD .05 112 

Preliminary Trial 1. 
Bossier 2,120 50 21 66 35 93 1 2 
Jupiter 2267 46 39 77 44 95 4 2 
TGm 249-3 2157 56 23 66 32 90 1 1 
TGm 298-2-21 2071 58 22 85 34 92 3 2 
TGm 236-14-11 2058 58 22 87 38 93 3.5 1.5 
Mean (10 varieties) 1919 52 24 77 38 92 
LSD .05 513 
Preliminary Trial 2. 
TGm 273-2 2406 54 29 61 37 95 1 2 
Kent 2070 239'1 55 22 68 34 95 1 2 
Bossier 2394 44 22 58 35 97 1 2 
Hawkeye 4176 2315 50 28 72 34 96 1 1.5 
Mean (10 varieties) 2007 51 26 67 37 94 
LSD .05 537 
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Seed inil'estation by C'rdiasp. in the fiell was observed in Ioth 7ible 41. Percentageof clean and purple.stained seed harvested
first and second seasons, but damage was more serious during fron. four soybean cultivars af er inoculation with 
the first scason. Percent danmaged seel alinong 35 cutivars 'ercspomra /i uchii or applicatwio of benonrl fung ide
ranged frot 18 to 30.5. Five C~ltiV',s --'l'G 195-3-4338, in first season, 1976. _
T'n 2-12-1-4230, ') ui 210-2-2 3 26, Tim 203-f and [(x 

fif/-5100]-iho'eddlana~cd s.t-d+ 10( prcent. Control Inoculatetd Bnloitihss than Sprayed
Cllanr Purple Clean Pturple CleanFPurpleSced quality and viability Cuhtivar % ' " (T 

Sttticfjes wet'rt. cot'nti i' oftl cnitions har- fardee 15trate' on effect at I 61 69 1 3 2
 
vest' and durintg st raig. witlh Irt ictlar 'niphasis onivarittal Bossier 73 16 78 13 812 10
 
dif ei-,'tlce.s, lhnp. Pelican 92 2 93 I 94 0
 

T(;n 627 90 6 91 -1 91 2
Conditions 'tharvesi. 'l'llei-ct of wceds and lack of insect 
controll Ot soylcatt s,(c (Ility and yil ,vre.investigttfd The tcved to dry steds initially to reduce steed moisture was
intwo Cxperiments during tln' first and sectod stasons. Weeds evidentilrotl a studyvwith three cutivars. Plants with ripe
reduced leaf area index and yitod ill hlth steasos (Tale -10), pds w're dried for 2.1iours at .10,50 or 60 C or left tindried.
while decreasing both sced (fUality and g rlltinatiOl. Iil l After three nmnth%s ol storage, gertiination of nndricd seeds
first scasit. percetl gt of l)urpl-5t aincd sc('(d %,its gr"catiy of, Bossier had dclcinel drastically, preslhably lcatuse of,
increascd in theipcs(.l(-ncfo weeds, presitnalfly dun to le ill- their high initial tmisutre contetnt (Tale -12). Seeds dried at 
crease, in rt'lative huniditilly inl t il lr-Cvir'oll(tl t arOund -0 and 50 C iainliaind adcatte germinatio vhereas d'ing
tihe te second seasoll, deteriorationi due to lack of at 60 C lowered percent germination, particularlv in the cullpods. In 
weed control was Iess btcause of retuced weed gross'th and tivars with high initial seed moiture cotent. 
lower relative humidity at harvest. Insect dailage ('creasetd

leaf aet't by 6 percent and 20tpercent in the first and second 
 "ble '12. 'Ilhe effect of dr'ing temperature on percent gernmin
seasons, respectively, but caused no significant yield dttcline. ation of three soy-bean cultivars. 
Lack of insect control had slightly negative but notn-signif- D.ry.in.g I e..ip. C
 
leant effects ol seed quality and germinatiotn. 
 0 51 (it) Initial 

'Jble -10. 7he effect o/'*reed control on leaf area index, seed Cuti_,r . o:"irol I'er',tt_,'rit'tti,,,_.. ._sture,
 
.rield percentage smoth clean seed aid germination Bossier 17.0 84.-
 115.5 1.-I 29 
percentage . Ptoftw soy-bean cultivars (averaged) during hnp. lican 62.2 86.5 114.7 81.9 16 
both seasons, 1976. "'Gin 627 75.11 76.- 8 5.2 26.-f f9 

Stnooth, cdean (4'rintination S:,ed yic-ld, areaIxcal Tiencitdfseetl' +innsd'nasonhenetrni
seed, -- " kg /ha Tich'x 

........................-..-......-in.. ation and emergence through itself'ct on seed breakage. The 
First season traditional liethod of beating th pods in a bag was corn-

Weeding 18.3 111.1 3102 3.15 pared with hand threshing and using a combine. Only coin-
No weeding 5.1 73.A 13.17 1.22 bine threshing increased breakage and reduced germination 

S. .+ 33.3 3 121 0.12 and emergence (Table 43).
C.V/' ,17 12 7 15 Cable -13. 1he effect of threshing

Weeding 91.3 94.9 2260 .971 
method on seed breakage,percent germination and percent emergence of tuw

No weed ig 115.83 89.8 1719 2.97 so;bean cultivars (averaged) grown insecond season, 
SE. + 18 0.11 142 0..13 1976. 
C,. ( .1l. 3 15 2(6 

Threshing 
 76 %
 
To determine the efict of foliar sprays of benomyl fungicide method* Seed breakage Germination Emergence 
during the seed maturation period oilsoybean seed quality Hand threshing
and gerniinal)iity, an experiment with four culhivars was (control) 0 90.,t 91.4 
grown in tIle firstseason. Although the incidence of seed Beating pods
purpling was generally low, it was decreased by betitnlyl inside a bag 0.08 87.2 90.5 
ap)lication (Tabhle 41). The fungus most frequently isolated Using a combine 6.02 74.0 72.1
from the seeds was the Phoimopsis state of Diaporthrphaseolonua S.E. ± 0.09 4.7 2.2 
cv. syae, reported to be associated with deterioration of soy
bean seed quality. There was no evidence that benotnyl re- C.V. (%) 10 12 5 
dtced the contailination of seed by Diaporthe. Also, no sig- *Moistur content athanest - 8.9 to 10.4%. 
nificant differences were observed hetween cultivars in the 
percentage Diaporthe-bearingseed (incidence ranged from 20 Combined regression analysis of seed appearance, percent
to 90 percent). Other fungi isolated frtom seed included the germination and emergence at harvesting using data from 
Nigrospora state of Khnskia ovrrzae Phona sorghina and two a sowing and harvest date experiment with 25 cultivars (IITA
species of Fusariun. Cercospora kikAtchii was not isolated from Annual Report 1975) indicated that percent infected seed 
ainy seed lost although itis known to be associated with seed explains 75 percent of the variability in germination at liar
purpling. Colletotrichum trwicattun has also been obtained from vest time (Table 4.1.) Estimation of this character is, how
soybean seed lots in Nigeria, but this species was not oh- ever, too slow and laborious to be of use in a screening
tained in this study. No significant differences were estab- program. If percent infected seed is excluded from the
lishied between fungicide treatments and percent emergence analysis, percent smooth clean seed and seed size become the 
measured at harvest anti after storage durations of one to next most important factors, explaining 52 percent of the 
three months, variability. Percent germination can be predicted from the 
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lwrcent smtinh, cean seed (a) and I ()(-seed wvight (b) using 

the folltwinig e(uaton: 
65t) +-().(IOt -- 1.561). 

Results suggest that selectti a toig lines fitr hi4h perccit 
s1110011h, Cll Mu Siedt' SiZe S(olthl lcad ti lsee(l 	 siluill cuhi-

vars with 	better percent'e gertination prior to stotrage.i 

seed characteristics7',ble .1-I. Correlation rcot'ir-nts q/1" some 

with percent germinattion ad e'n.ergence in 2.i so.-

are based on three plantingsbean cultiars. Data 

tacih harvested on tim dates. 


.. 

Factor ' (erminatio nn 'tgutXice 
..... ... 

"ilfcthldead s eed 0.632 -(.639 

10 Stieedtith. cleai seed ().(i32 0.3.94 

1(0) si'e~l wr'ai t11.:2 +().4.t5
~g 

A( he't'led 	 -(Se.- --. 5t7 

Purple-steaiied see(l 0.107 01t.11.7
Wi-irinkh'd se'rd t). (0)2 I0. 17 

-0.1720.03(6
')iscoolted seed 

T[yper and duration ill" stral.Ic. Pre'limninary Investigatioins into 

oaneed atuutf t-v oeirl grini Itri) ivt iat vtrisIl -vpefc 	 cl
the ellect of sc't'(l alp1arailCe till gttinitbilityv after variosis 

stora4e periods indicated that there was onlyia sliglt decrease 
in etiergerice ft ifrp trleversus cleatn seeds tif 27 lines after 

6it dlas tf storage under amtbiiet contditits of high tenpera-

tolte and high relativi humiidity 28-30 C and 75 pIei-

R. I.). l\ 120I dlays atl' harvest, .encttgence of aliilostcCtlt 

all lines had decreased toc 10 and G percent lor -clean and 

hblemished scuds res pectively, showini g that seed api'pearance i 

is i potir indilicatir tf seel vialbilitv aflter adetst ulrage. 

Thiree lines: T;ii 2:36-5, T(;in (113 and "I'(;I 297-2-4-2-13 gave 

.11-.45 pttnt vtnergtnc after 120) diavs. 

The vl'ct of' htgth tf) storage and storage tellperature un 

ener4ence was deterined for tod-quality sceds if 69 lites 

harvested in )eceniler, 11975 and sttrcd in ipaper bags un der 

ainiicit (29 ( , and 7-'" I-.11.) Orcethi rticc)li ( 19 C aitd 70'Z-
Rt.1.) ce dlitiins. \V itil ilicreasing l etilh f' Storage se dling 
teergence dcclined aiit)rt rapidly fIir seeds stored und er 

amblieint coii oni(iisthan at 19 C (Fig. 9). Alter '2111 days of," 

storage inder anblicnt cundiio s o(nly fotar lilies gave itore 

than 50 percent toeIrgeince, riarntely I amipton, TGan 2.19-5-

1Gi ,1254, TGrn 297-2.249-2-4289 and 

100 

90 

80 

70 [.0 -
Stoedofda50 

.... 	 19C-2-0CLim40 

.. 

20 .J1IL.I._o _ 

10 

r. . 

-Storage Ie 
-- Storago tm, -

Fig. 9. Mean percent seed emnergence of 33 soy'bean cultivars 

under various perioms storage at 19 C and 28-30 C. 

"l(1 determiijnie whether tle abilitV to witlistand pIli)[hged 

storage unelhr anlliient conditions call be predicted by silh1)IC 

labioratory tests, it liltes of coitrastilig seed quality were 

grlwn i fior successive plaa'tings and harvesteil proii tly 
or ater two weeks delay. The seeds were tlen stored nler 

ll -llit conditicnls two llt standardt fr to) tetolltihs. A 

g~i-ilti cii test (0IndItlctCd lt harvest, alid germinatioli tests 

al'ter accelerated atging of tile seed I r three days at -10 C 

and 100 l'rcrnl R.l. did toit correlate well with iel 

Ii irellr!Wce ll'tt' r illilt iontltis of, sttrage (lablc -1:5). maller

Se'dd lins sliowed Ibtier ability to withstand trolnged 

storage lhan laiir-stc(Ied lins. As exptect-id, storagt for short 

orIOlong periods gave the itnost reliahle indication of strability. 

n two Separate niii-ilontl stirag tests, the saelC lilies 
germititated well (I = 0.6-t* *) (Tabhle .16). Mocre work is needed 
to dctterit sitiimhe tests toc lIedict seed storability. Til liles 

that Ioss'ss gtotI Seel quality and stitrability at'e being used 

in ille hcedittg plrograill to developInatetial ctllbininig good 

agrttlonilic characters aind ilit ability to withstand long storage
tuler adlverse (ci(titis. 

correlation o/f percent field emergenceaafter pro.Able .15. 	 'ile ih tenlliit id eh ae 

lltohnged storage wtith germianation atu accelerated 
aging at harvest, emergence after short storage 

duration and seed si:e for 50 so).)bean lines dfiring 
in seed qualit'. 

Int,' tr tx 

.-	 .. .... . . . ..-
Geni. Ace'. I:icti". 10) seed 

test at aginig ail attr weight, 

harvest harvest s. storage- (W 

ercent emeirgence 
aifter long stuirage 0.218 (1..(0 0.5 i -0.56 

'Table 41 	 l'ercentfieldeenaerqence,germination in standard and 

accelerated agiing tests and seed size of the five best 

and theJihe uvrst (in storability) sor-bean lines stored 

Jfr v'arious tihes under anbient conditions. 

Percunt gern. iceii gen. 1111 
N rcent gr 	in ce . gerin. 100 

Rank 	 i in. 2-. inr . agin lest Wr., 

TGIni 
737 I 62.5 841.8 -12.5 93.8 8.3 

685 2 56.6 91. I 60.0 95.2 9.6 

693 3 55.:1 86.3 4111.8l 90.0 8.6 

7:19 .1 '12.5 811.1 57.2 92.2 10.11 
623 5 4 1.2 88.4 21.2 9-.,I 1.9 

225-3 .46 5.0 8I1.6 *15.5 19.2 12.7 

236-6- I-b .7 .6 76.5 t.0 71.2 111.4 
25-4 -18 3.-A 62.2 10.5 6-1.5 1:.0 

197-3-3-4321 4-9 3.1 6-1.7 :7.0 66.5 16.5 

1.7 52.2 28.0 72.0 18.9667 50 

a bean breeding 
Scope of activities 

the three 	main growing seasons,The field plantings covered 
from Decemnber 1975 to njid-Novenber 1976. The unusually 

dry weather prevailing during the second season seriously 

the results of the experiments and delayed part of 
aftifctedthe planting of' the breeding nursery and the yield trials. 

Bush lima beans 

Single plant and bulk selections made at irrA have not yet 

succeeded in improving the disease resistance and plant struc

ture of determinate lima beans. Disease is controlled by low 
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Moisture conditions. To assess the yield potential of several 
cultivars in a more favorable environmoent, a yield trial was 
conducted iii the dry season 1975/ 1976 under irrigation. The 
results are shown in Table '17. The mean 
DAR. 

dry seed yield for 
allTo 


Table .17. Dry seed Yields and other aorononie attributes of 
bush lirna beans growen at !!f1, irrigated drr season 
1975. 


hdir l-ee......... 


BuoshBulk 412 
Purple bulk -42 
TPI 191-5 '12 
TP 1 19 1-. 38f 
T' I 176-8 38 
TP 1 170 -15 
TPI 191-8 .15 
Meatn (20 entries ) .l.6 

S.E.+ 1.0 
C.V.(,) 3.5 

....... ... .........
 
Threh','i. 'crv seeds

1.. .....-- i- ld- i 

8 - 711.6 
f5 69.2 2-1 I 

f1 69.9 225 
ff1 68.3 224 
80 66.7 223 
88 68.2 221 
82 72.3 220 
ff1.7 68.3 203 
2.8 1.0 26.9 
-1.11 2. 1If.7 

pods. a ,d 5," 5 sstress 
(a) i)FF: ap fist fowerng. b) DRP-dais to 0" irt rp 

Viny lima beans 

Gerniplsin collection and evaluation. The geruiplasili collec-
tion of' linia bean contains a residual heterozygosity whichoffers the breeder considerable opportunity for selection. Most 
se rega ing liiies have beelt evaluated only in tle second sea-
soni aind have shown considerable variation every year. Much
of this segregating nMaterial was planted iii the second seasoll
1975 (early .July) and harvested up to March 1976. 'hie var-
ation in 15 comiponents of yield, ircilding leaf and fruit 

'Itble -18. leans, variation and correlation of some agronomic 
attributesin the il;' litna bean nursery' (197/:6). 

Paraniters 

I)FF 
-
Pod N/lin 

Seed Nl/pod 
Seed size (g/100) 
Pod length 

Seed yield (g/n2) 

CV. Corr. 
M.eans SI). (%) . iti yieldPara tireMans - wh ysecond.D. 
54.6 5. I 9.4 -0.113 

188.5 83.0 44.1 +0.83 
2.9 0.4 12.0 +0.07 

410.9 8.5 20.8 -0.16 
8.7 1.1 12.8 -0.08 

15-1.7 66.5 413.0 

characters, flowering lime, disease reaction and seed charac
ters, was assessed for -93 lines. The results obtained for ,')fle
of' the attrihutes are indicated in Table .18. 

to long daylenge linesrepresentingassess response60 accessions 150 good-yieldingwere planted iinthe first season on 
ainarea previo sly sown with lima bears. Crrnsequently, disease 
stress was very high with a large population of' root-knot 

niiiatodes aid itrapid boild-up and spread of' golden irosaicarid Ce rcospora leaf' spot. DFF ranged front .t1to 83 with 
21 percent il"the inaterial flowering before -15 days. Sonieliires lowered at tile sanic tinie as a rle 

in the second season 1975,ptssibh indicator of' daylength insensitivity. l)uring selec

t ion, Cilphasis was given to liiies or pIanlts Which podded well 
in Spite of' disease. 
1'2(1 liies showing no neniarode galls on tle field, only four 

hal a noderate level of resistance iii tle greenhouse screenring 
by ire netiatologist. 

A geriplaism collection comprising 250 accessions was grown
in tire second season, unreplicated and interplanted with 
nmaize, for seed miraiitenarice. Rainfall ceased about one week 
after sowing and all plaitings were exposed to severe drought

forllowed by a very short rainy period. Flower and seedproduction was seriously afrected by heavy infestation of postflowering iusects, mainly Taeniothrilps and enabling selec
ion for drought tolerance arid good seed quality. Twelve 

accessions )erfornmed well averaging more than 

eirdia 

50 g/ris2 drycleas seed yield at wide spacing (50X 75 ci). 

I 18accessions caine frori Nigeria (switlreast of KadunaSta e), te re maiider fror esew i re, rai ny Liberia. 
S
 
Yiel trial. A prelininary viiny yield trial, consisting of 16
elite strains selected frori previous evauiation of' tIre germ
plasn., was conducted in both seasons at IITA and in the 
second season iinOnne under very hurnid conditions. Also, the10 best lilies froi tire two advanced ,illyyield trials con
(ctfeed iii 1975 were included iii uniforii trials, at IITA arid 

elsewhere, using a standard bamboo trellis 2rr high with
strings for plant supports. Mean yields were lower in theseason and reflect two major factors: drought stress 
at IITA and waterlogging in Onne. 
Preliminarvtrials. Tie results obtained from the first season 

at lbadan shown inTable .t9. Theare dry seed yield of 14
entries averaged 175 g/In in 110 days despite high incidence 
of golden niosaic, Cercospora leaf spot and root-knot nerma
tode. 

'Table 19. Yield arid other agronomic attributesfor the entries in the preliminary tin;' rield trial (1171, First season 1976). 

Disease Seed sizePedigree DFF") GM 1)) CLS ") g/100 
TPI 174 
 45 4 4.5 31.5
TP I '323A 42 3 5 38.6
C = TPI 60E 43 .4 5 36.7
TPI 178-26 418 3.5 5 32.0 
TP I 60D 47 4 4.5 38.4 
T'PI 183-20 42 2.5 6 33.7TIl 30.4C 42 3.2 5.5 39.8
TPI IlA 59 1.5 3 97.2 
Mean (15 ent) 47.5 3.3 4.6 42.5 

S.E. 1.1 0.9 0.4 1.1C.V. (%) 3.3 36.7 13.3 3.7 

(a) DF: da;-.s to 5tfl, firstfltoieing
Golden mosaic score(b) GAM.- made visually, on thebasisof I to 6 (/is best)

(c)GLS: Cercospora leqf spot score made iisually on thebasis of Ito 6 (/is best). 

Growth Seed yield Harvest 
duration (g/m 2 ) index(%) 

110 247 40 
110 223 43 
100 209 51 
110 207 44 
130 138 45 
110 177 45 
100 176 47 
140 158 
110 164 42.9 

22 2.5 
- 19.6 8.3 
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Two enhtivars, TilI 197-1 and 323A, out yielded TI'll 601' TPI W(1tEgiving the best seed yields, over 30)0 g//n2 ill115 
which was selected as standard il"ccoh parisoit Iieaise of, days. Picking was c'one weekly and the first two harvests 
previous good11l perfrlniac'. Neither shwt d resistance to the produtcel 68.2 percert of the linal yield within 93 days. 
two inlaji" diseases, golden ilosaic and C'uclsptlr fear Spot The vXtreile growiig conitions affected the yield in tle 
Till I I IA coilhirlned its high level of resiStalce to golden 
mosaic. seconc season, both .iatIITA and Oi e. At IITA, the two 

best cuitivars, TPI 25013 and TP1 2-17, averaged 51 g/ni 2 

secoi iai vields wirc g/1n 2 respectively. AIl lilt- d season, uinnsl v low iirv sed re- and 15 dry seeds \t c)nne,tileresults 
corded fol'r two and soil were better results inllthe prelihiiary trial.the trials, due to clhinate clnditins. than the The six 

At IIT.A, seed eli lelic le rt by cnltivats gave lilnell 109 g,/in2 yield. Theald seedling vigor weie ucecl best a iof dry seed 

low soil mfoisture. In additim, a high incidence of' gree'tn to t) entries were I'lI 17 (1.15g/lin- and "PI tiOl ,I(119 

mottling ocuired iillie early stagts if groiwth. The dry seed Table 52 tilie six entriesg /-'), coniipaires vield of'i the best 

yield for tle six Ibest entries averaged oniily 511.11 g/', with Inder tile three clifferent conditions. Tile foulr highest pei
2
[1 liA (77.8 g/in )aiid TPI 17.1 (72.0 q/in) as the best bliriiers intilt-irst season ('lll 250B, tilE, 2.17 ind 170-33) 

envirolnlnents.perfhort rs. 	 showed also the widest adaptation in ilie thllree 

In Oltnne, plantig was lone duringt litt' peak of tie rainy '1ldh' 52 Dry' seed. ield of the best-perfortniiiq entries ini tie
 
seaso tiol flat beds atnd stand was severt'ely reduced bv water- luitform trial (o'ndluled it 117'1 and Onne (F'irst
 
logging. Inllrder to assess acid soiltol eranice olr" lila beans, no and second seasonis, 1976).
 
liie was applied.
 

- 'I'DLocationThe six til) entries gave a ileai yield of' (ii. i2,T (61)5 	 Locat ion C ultivar 

(93.11 g/IIi") atnd TPIl 3tIC (75.2 g/tiii-) were tlile two best Entries h1'1'A-F I1ITA-S Onne-S neian 
Cultivats. Results oif illelive lest cuItivars in the two dilferent TP 1 250B 323 51 81 1111 
elivlrilinients are sutninarized in Table 50. The five top- TP I 60E 31 24 119 135 
perloirinirig lines were Ile best in tle firstenvirolilelit (first 'I'lP I 170-33 285 29 88 124 
seasoti at 11"1"A). TPI 2.47 288 45 24 118 

'TP1 183-li 237 3.t 104 111106best performing entries in the 'I 17Table 50. 	 Dr) seed yield of Ithe TP 117 231 81 14t5 106 
prelininar' trial cotducted at 1i7I and Onne (First 

51 93and second seasons, 1976). 	 Location 20- 25 
.. .....	 t 7 I11. . .... . ... . .. .. . .. . ... . ... S.1'. 26 	 19 

Location Cuitivar 

liall Breeding nursery. In 1976, 87 new outcrosses were obtainedEntries IITA-F IITA-S (iine-
by alternating bush lima beans between rows of \,itiy types, 

Seed yield (g/In 2 ) selected directly froii the gernplasn. Fromh sinilar expert-

TPI 174 2-17 72 23 11t nienlts conducted in tie dry aid first season 1976, using the 
C: = TP I 60E 209 55 69 II1 bush type as seed parent (recessive parent), the percent of 
'I'I 60i) 11111 20 93 100 viny outcrosses identified in the next generation aniounted 
TPI 323A 221 59 15 99 to 0.7 percent iii tiledry season and 2.3 percent in the first 
TPI 1711-26 217 :19 - 97 season, out or a population of 500 bush plants. 

Locat ion tileal Ilt4 39 379 Sixty-three crosses involving bush and viny types were made 
S..22.9 12.1 23.3, 1b in the greenhouse to reconbine genes for high seed yield, 

resistance to disease (mainly golden nosaic) and other 
Unifolrm trials. '[lie tilifrii trial wais phlited relatively late attributes, such as photoinsensitivity, seed size and narrow 
in the lirst season (27 April) and svriptonis of goldeni mosaic leaves. The F, material was multiplied in the greenhouse and 
did iot appear until podding. Yield and other alttribltes are 50 F, lines are now being grown in the field. 
preselnted in Tab le 51. All cultivars were susceptible to 
Ceflospora leaf spot, the niajor disease. There was good agree- Other intra-specific crosses were obtained through a cooper
nert betws'eeni 1975 and I976 results, with TPI 250B and ative project with the Faculty of Agriculture at Genbloux 

Table 51. Yield and other characters of the best entries in the Un form Viny Yield Trial (I17,1, first season 1976). 

Disease Seed size Growth Pod no Seed yield Harvest 
Pedigree [l ") GM h,) CLS ') g/100 duration (per m 2 ) (g/m 2 ) index (%) 

TP I 25011 39.5 1.5 3.8 40.0 115 355.9 323 44 
TPl 60E 13.0 2.0 3.3 46.2 115 319. 311 45 
'P 1 2417 38.0 2.0 3.5 35.0 115 349.2 288 42 
'I' 1 170-33 :38.0 1.5 3.8 541.3 100 254.' 285 '46 
'[P1 1117 "40.3 2.0 3.5 -47.5 125 214.9 246 39 
TP 1 183-6 40.5 1.8 3.5 39.8 115 241.2 237 37 
TP1 17 '42.3 1.8 4.8 44.0 115 253.8 231 43 

Mean 42.3 1.8 3.8 43.9 115 284.1 204 42 

S. ±1.+ 1.0 0.3 0.3 1.7 - 26.7 26.9 2.7 
C.V.('Z%) '1.9 34.4 17.1 7.6 18.8 26.4 12.8 

(a) DFF: ulays to 5%.first flowerinq 
(b) G.1: , olden mosaic accre oithe basis of / to 6 (I is best)lad, visial~r. 
(i) CLS: cerrospora leaf spot score, same as golden mosaic. 
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(Belgioun). These involve different combinations of'wild and 
cultivated foris of' widely different origin. 'Hit- wild parental 
forms are characterized by high phitosensitivitv, a small leaf 
size and very low 100-seed ss,'ight (averaging 1fg compared 
to the normal size, -1-5g). lighteen F, lines and 2ff new I. 
selectins 	were planted Just eflire tlie drought spell ill the 
setod season at IIlTA. All were susceptible to golden, nm saic 
and green 	 iiottlintg but several combinations, iade wvitlithe 
wild lypcs, showed good drought tolerance. 

Wide crossing (Gembloux collaboration) 
Interspecific hybridization. Interspecific crossing with 
lunatus has been realized in the Faculv of Agricuture at 
enbloux (Belgilt o) with two closelv'Junerelated species: P. 

polrhstacliius and two diflttirn-t ecotypes of 1'.rit,'ns. These 
hybrids are aimed at increasing variation by introgressing 
use'tl characters, such as drotght olerancec and disease re
sistance. To restore the fertility of' this material, several sell'-
pollinations and backcrosses were attempted with little 
success. 

Several combinations, at diflfercnt (F1, 1-stages, - BC., 
were introduced to IITA where self' and back crosses are being 
carried out. Two different hybrids: a polyploid, P. lunatus x P. 
polrstac/irusand Fl F, 1. latus X P. riensis wvere transplanted 
itt the field to test their reactions. l'he former showed suscep-
tibility to golden mosaic hut podded well. The latter (P. 
lunatus X P. rit'nsis) the wild were suscep-and (P. ritensis) 
tible to ,'rcsspora leaf spot and root-knot nematode but 
neither showed symptoms of golden mosaic, although they 
were surrounded hy'spreaders. 

Intraspecific hyhridizatin. These crosses involve mainly the 
wild forms of' lima beans and other cultivars, related to 
three different groups: type Potato, (round seeds) type Siera 
(small seeds) and type B.' lima (large seeds). Samples of 
seeds harvested from F, plants were sent to IITA. Hybridi-
zation of cultivars with at new accession (NI: 5.43) of wild 
P. lmatus has been achieved in Getnbloux. It should be noted 
that the wild form exhibits high methionine (1.12 percent) 

and protein contents (27.5) percent). 


Protection 

Lima bean golden mosaic (LBIGM). The efrect of planting 
tithe ott whiteflv activity and disease development was investi-
gated at IITA during 1976. Results (Table 53) generally 
contirm that LBGM develops more rapidly in earlier plant-
ings, though an April planted crop provided an exception. 
Preliminary results from t'apping of' whiteflies from May-
December suggest that the seasonal effect on disease is 
related to changes in tile vector population. Peak counts 
were obtained in May; very low counts were obtained during 
July and August; a similar pattern was obtained for white-
flies and cassava mosaic. Though the cassava whitetly trans-
mits LBGM and breeds on lima beans under controlled 
conditions, the exact identity and ecology of the vector under 
field conditions are yet to be established. The actiology of 
the disease is tinder investigation. 

During the 1976 first season 3,10 lines and single plant se-
lections were field screened at IITA for resistance to LBGM, 
using greenhouse inoculated spreaders (TPI 2B) planted two 
weeks previously. Thirty-two lines were identified as resistant 
(scores 1-2 on 1-6 scale), following assessments at 80, 100 
and 140 DA. These lines were subsequently retested under 
greenhouse conditions, again using TP1 2B as a spreader; 
six lines (TPI 10, 85, 109A, 1 A, and 133A) produced no 
symptoms and a further four lines (TP1 ILIA, 133C, 237 

and 2-12) mild symptoms. No attempt was made to distin
guish between immunity and toleraice by transmission fIron 
the syrnptouiless lines to the susceptible standard. Front 
another trial it was shown that the rate of disease develop
rnent is slower on a resistant line (TPI1 I IA) than on a 
susceptible one. 

Yjt// 53. I f/lantm q date on development f lim aban 
. f
 

golden mosaic (LBGM), Ii7IA 76F + S. 

1975 1976 
DOP Incidence I)OP Incidence 

A. 10 1 0A i91 
A If) l6 a 2 10
 

Mnay 8667 Jay I5 70
1313 July 

July 11 22 Aug. 30) 15
 

N 	 21 .1 

Aug. 	 12 13 

diseased 5)1O1
*'Percrnt plants/plot (it 
Lima green mottle virus. A virus with filamenitous particles 
(c. 800 nt) causes itsystemic green mosaic mottle and leaf 

distortion in lima beans at IITA. The virus is sap transmis
sible to lima bean, and to certain cultivars of' Phaseolus (u/
garis, cowpea, soybean, winged heat, African yarn bean and 
jack bean to Nicotiana benthaniana. P. tulgaris, TPv 114 was 
found to be a useful local lesion host. 
The virus which we propose calling lima green mottle virus 
(LGrMV) has a thermal inactivation point of 52 C, a dilution 
end point of 10_1 and longevity of three to four days. Its 
seed and vector transmission, and a search for sources of 
genetic resistance in lima are under investigation at IITA. 

Management
 

Pest management in lima bean. Insect pests can be a serious 
problem in lima bean particularly at flowering and podding 
stages. Leaf damage by leafhoppers and Ootheca inutabihs is 
negligible at IITA and other locations. The effect of spraying 
regimes on lima bean wvas evaluated in the second season 
using cowpea and soybean as comparison. Results showed that 
insect problems in lima bean are not as serious as in cowpea 
but more serious than in soybean (Table 54). Without insect 
control lima bean yielded 52 percent of the sprayed plots 

but cowpea produced no yield. Soybean yields were generally 
low due to early-season drought but were not affected by 
spraying regimes as expected. Three applications of insecticide 
Table 54. 	 Effect of sprayingregimes on cowpea, soybean and lima 

bean yields. Second season 1976. 

Seed % Seed Sceds % 
Crop yield dantaged by damaed by Good 

cultivar Insecticide (kg/ha) pod borers Heniptera seeds 
Ccwpea,
 

VITA 4 	 None 0 V 0 0 
1 901 b 16.3 21.6 62.7 
2 1302 a 9.9 11.9 79.3 

Soybean,
 
Bossier None 3S - 5.3 8.4 86.3 

3 464 3.6 5.0 90.4 
5 596 P. 4.1 5.4 90.6 

Lima bean, 
TPI 80 	 None 588 b 10.6 21.5 68.2 

3 1218 a 3.8 12.9 83.3 
5 1130 a 4.3 10.3 81.5 

I Three applications at 0, 14 and 28 days afierfirstflowers 
2 Five applications include above applications plus two pre-flowering applica

tions at 14 and 28 DAP. 
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Table 55. Effect of seed inoculationand nitrogen application on nodulation and nitrogen uptake of lima bean TPI 80. Greenhouse 
experiment. 

Nodule 
number/pit., 

Seed inoculation 3 6 
wks wks 

None 51 87 
None + 50 ppm N 9 125 
Lima bean inoculant 44 1-7 
Lima bean inoculant 24 110 

+ 50 ppm 	N 

S.E. + 	 12 31 
C.V. (%) ___ 32 2-

endosulfan at I kg/ha at floweringand podding stages produced 
the same yield as five sprays given before and after flowering 
confirming the previous observation on the importance of post-
flowering pests. The important pests of lima bean in the 
second season were 7aeniothrips sjostedti, Cydia ptychora and 
several coreids. 

Response to seed inoculation and nitrogen. An experiment 
was conducted to evaluate the response of lima bean TPI 80 
to seed inoculation with lima bean inoculant and added 
nitrogen on Apoinu soils series in the greenhouse since field 

experimentation was not possible due to drought from July 
to September. Results showed that lima bean nodulated well 
even without seed inoculation, suggesting that the native 
bacteria were able to infect the roots of lima bean (Table 55). 
The presence of added nitrogen reduced the number of nodules 

3WAP but not at six weeks. Nitrogen increasedper plant at 
top dry weight at three and six weeks after planting. However, 
at six weeks the nitrogen fertilized plants (with or without seed 
inoculation) were yellow and deficient in nitrogen. Plants 
receiving no nitrogen (with or without seed inoculation) were 
green and took up more nitrogen from the soil or the nodules 

than the fertilized plants. Therefore, nitrogen and seed inocu-
lation are 	not necessary for optimum growth of lima bean 
provided1P and K are iot limiting, although this should be 
confirmed 	in the field. 

Trellis design. In a trellis experiment, lima bean was inter-
cropped with cassava, yam and maize. Lima bean intercropped 
with yam iscommon in Nigeria. Sole crop of lima bean growth 

Nodule Top dry N uptake 
wt 
3 

(mug/pit.) 
6 

wt (g/pit.) 
3 6 

(mg/pt.) 
3 6 

wks wks wks wks wks wks 

33 399 1.8 4.8 35 114 
10 3.16 3.6 7.5 99 108 
84 410 2.0 4,8 45 141 
73 189 :.9 7.9 103 93 

17 -14 0.2 0.9 10 12 
8 12 6 - 14 9 7 

with or without bamboo trellises was used as a comparison. 
The results are shown in Table 56. The yields of lima bean 
under yam, cassava and maize were 61, 30 and 26 percent of 
the sole crop with bamboo trellises. On the other hand, lima 
bean reduced the yields of yam, cassava and maize by 20, 
51 and 41 	percent respectively. 

7ble 56. 	 Effect of methods of trellis on )ield of lima bean and 
companion crops. 

Yield of Yield of 

lima bean companion crop 

Method of trellises kg/ha %Max kg/ha %Reduc
(and spacing) 	 tion 

Bamboo + string (20X 100 cm) 1603 100 - -

Bamboo poles (100X 100 cm) 681 43 - -

With yam on bamboo poles 974 61 9360 20 
(100 X 100 cm) 

With cassava (100X 100 cm)* 480 30 3960 51 
With maize (100X 100 cm) 4112 26 1220 41 
Without support 280 17 - 

*Y'aniaul cassava planted on I April and harvested on /0 December 1976 
Maie and lima bean planted on IJune. 

Yam yields were variable because the setts were not uniform. 
Lima bean greatly increased the percentage of lodging in 

maize and cassava. The incidence of green mottle virus was 
high in lima bean intercropped with cassava, and later spread 
to the rest of the plots. 
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ROOT AND TUBER
 
IMPROVEMENT PROGRAM
 

The program aims at genetic improvement in cassava, yams, 
sweet potato and aroids in that descending order of priority, 
Major emphasis is laid on a multi-disciplinary approach to 
varietal improvement and evolution of a package of practices 
which results in a stable high yield and increased farm income. 
Concurrent with developing new production technology, the 
program forges links with various national institutions for a 
rapid transfer of technology among the peasant farmers of 
tropical Africa. 

Attention is paid to quality characteristics of the tuber crops 
to ensure wide consumer acceptance of the cultivars and 
harvest stability so as to minimize losses in storage. 

Varietal assessment and cultural practice improvement are 
dealt with, keeping in view the prevalent practice of inter-
cropping that is extensivcly practiced by the African farmers. 
Intwracting with the Farming Systems Program of the Insti-
tute, the relevance of the research strategy and proitability 
of the new )roduction technology are continuously reviewed. 

Location-specific biological production constraints are identi-
fled in close liaison with national programs. The inter
disciplinary research team at the IITA and in various 
cooperative prograns then pursue the research leading to 
alleviation of these problems, for example the development 
of insect and disease resistant and higli-yielding cultivars. 
Agronomists in the Institute then develop appropriate prac-
tices which maximize the farmer income with minimum cash 
inputs. The resultant package of production technology forms 
the spearhead for national production campaigns. 

Full advant,-ge is taken of the research base of Centro 

International de Agricultura Tropical (CIAT) for cassava 
and of the Asian Vegetable Research Development Center 
(AVRDC) for sweet potato. IITA continues to search for 
superior germplasm which can make contribution to thf. 
current and future breeding programs. 

move cassava clones develope0337ad by05As abeg se Mgt 
Nos. 30572, 30017, 30110, 30337 and 30555 are beginning to 
make an important contribution to cassava production in 
Nigeria. They retain horizontal resistance to cassava mosaic 
disease (CMD) and cassava bacterial blight (CBB) in many 
Africans countries and in India. 

Major studies in the improvement of white yam (Dioscorea 

rolundala) are made utilizing the seed propagation and multi
location screening for plant type, resistance to diseases and 
nematodes, and for improved tuber characteristics including 
storability. The improved plant type white yam offers possi
bility to dispense with staking. 

Improved sweet potato clones such as TIS Nos. 2498, 3277, 
2532, 1499, 3270and 3017 established their superiority over the 
local cultivars for earliness, high yield and resistance to sweet 
potato weevil (Cr/as puncticollis), the most promising clones 
being TIS Nos. 25441, 2534 and 3039. Storability was found to 
be noticeably better in the clones TIS Nos. 2532, 3019, 2544 
and 2534.
 

The program with the aroids (Xanthosoma and Colocasiaspp.) is 
relatively slow due to sparse flowering at Ibadan. Some hand 
pollinations were made in 10 out of 32 accessions which 
flowered. 

Cassava 
Breeding
 

Selected clones arc hybridized for intensification of field re
sistance to CMD and for breeding clones with low hydro
cyanide (HCN) content in the foliage. Additional germplasm 
introductions as seed were made from CIAT,Zaire and Brazil 
and 100,000 seedlings originating from 1,474 families were 
raised therefrom. This material was intensely screened for 
resistance to CMD, CBB, low HCN content of the leaf and 
other desirable characteristics. One of the sources, TMI 6027 

(1B 35), showed some level of resistance to CMD and CBB. 

Varietal testing is pursued in four stages - Preliminary, 
Intermediate, Advanced and Uniform Yield trials. Intensive 
screening for field tolerance to insects and diseases, and 
agronomic and quality characteristics resulted in narrowing 
down the number of test entries from over 3,000 in preliminary 
trials to about 50 clones in the uniform trial. For example,
the Preliminary Yield trials of 1976 comprised 3,608 clones, 
2,500 of which originated from IITA hybridization program. 
Two hundred and forty-two selections from the 1975 
Preliminary trials were advanced to Intermediate trial; 142 
selections from the Intermediate trial were promoted to the 
Advanced trial; and 41 selections from the Advanced trial 

were nominated to the Uniform trial of 1976. 
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.Se'v're utl'k of c(',.l.aJ, Inos, in di. i o' n t's.I /diuls (Ieft) aod a 	 re'sistan /tmU(ridiht)...
c'.Vsstn ba~ctrhni bhul. 

lhe Unil'orit trial comprising over 50 imprl.oved clones hlas b n 
tusticI at three Nigerian aoctions over iel last three 'ears. 
]lta from 1: of the Ist clontes (Tablte ) reflect the levcl 
o f in mpro vet ment fr yie ld (2-3 ti nl s), a ntd d iseaseI resistMa te 
(1 - 51t)p trc et ad : I w ide v ar iat iou t l r g,ai q lmi ity in 

CtIllparisott to tilte Nigetrian local chleck 604t.l 
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iiilth iltlit';it Otti 

IA ai. t Pr ograim Nationa l \l i ht t'cevabtltted riv tllVI 
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cltnes showed allaverael" 
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In 	I ',ma,, illaiv tloimi, ls of I A sttls wive sipplid for 
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I.stilikaikivai (l odaitrl v suiscel ,ible boto ll) and .513t)t
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ttlllititnts Ftr the disease Scret's of fhl twto distas s if) both 
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Table 1. Yield (t/h) ?f JITI cassaraclones compared with local cultiars over ,ears and locations. 

1974- 1975 	 1975-19761973-197-1 
- Grand average 

II'IA IITA Utnudike Mokwa Warri IITA Warri 

I, TMS 30017 75.6 37.8 30.5 
2. 	 TMS 300-10 .15.7 38.7 17.6 
3. 	 TMS 30054 4t3.7 69.3 5.0 
•4, 	 TMS 30110 94t.0 3-1.0 30.0 

5. 	 TMS 30157 33.3 311.7 16.9 
6. 	 TMIS 30158 ..) - 20.6 

7. TIMS 30211 32.9 41.3 31.7 

It. TvMS 30337 60.9 53.6 30.0 


9. 	 'MS 310395 37,1 -18.6 23.0 
10. 	 'TMS 30)555 418.7 58.3 --

II. 	 TMS 30572 66.6 54.1 13.7 

12. 	 TMS 307116 63.2 39.6 17.9 
1. 	 \'MS 301135 311.3 55.2 8.2 

Average 53.0 417.441 20.47 
604+1t 23.0 24t.2 4.0 
60506 13.3 
fi).1'7 

o o ,a'era~gepFor in parWnthe.v i Im/pcent of i d of the loal cultirar 60444. 

Fruits of cassata bearing the seeds usedfor planting, 

thereby confirming that the resistance to these two diseases 
is genetically correlated, 

14.0 	 22.0 31.1 19.8 33.0(248) 
- 21.3 42.8 9.6 29.3(220) 
- 18.0 21.3 21.8 29.9(224) 
- 28.3 42.1 6.6 39.2(29.1) 

281.3 20.0 35.1 :3.2 25.1(188) 
- 17.5 29.1 16.9 26.6(200) 

,t6.7 17.5 30.4 7.8 29.8(22-1) 
19.4 - 31.2 31.0 38.9(292) 
38.7 - 41.5 16.9 3..3(258) 

- 27.3 31.3 - 41.4(311) 
- - 35.2 42.,1(318) 

12.6 	 - 27.7 15.0 29.3(220) 
- - 34.4 8.7 29.0(218) 

26.62 21.49 33.86 15.73 32.17(242) 
15.6 1.0 12.1 	 13.32(100) 

29.9 	 21.60 
3.0 5.2 4.10 

Improvement for quality. The most promising clones are 
systematically assessed for suitability to make gari and other 
products. Although the gari grades of CMD and CB1B resistant 
clones, TMS 30395 and TMS 31211 were far below standard 
(Table 2) because of high fiber content, farmers' reaction 
following traditional gari making process is satisfactory. The 
gari grades of TMS 30017, 30110 and 3(572 were good. Most 
of the clones of the uniform trial were poor in poundability, 
and 	are therefore not as suitable for,/bufiu as for gari. 

The cultivars 60506 and TMS 30964 gave a high leaf protein 
content of about 35 percent by weight. 

Leaf HCN scores were made four times in an eight-month 
period using the sodium picrate test method on 260 low leaf 

ICN clones (Fig. 1). The increases observed in HCN may 
be due to plant age and environmental changes. The low leaf 
HCN clones, A/40421, A/40705 and 741598-229 showed low 
root HCN content, high yield potential, some degree of 
resistance to CMD and CBB, and good gari quality. The 
low leaf HCN plants were significantly shorter in plant 
height and smaller in stem diameter compared with those 
of high HCN plants within low leaf HCN families. For 
reasons not too clear, plants having low leaf HCN in 
composites A and B have increased by about 10 percent, 
(Fig. 2). 

Seed production for cooperative programs: A vast number of 
seeds from improved clones and half-sib families were col
lected and distributed in z. 'rica and some cassava producing 
countries in Asia. This mat-rial contains genes for resistance 
to CMD and CBB, for higher yield, better root charac
teristics and plant type. 

Multiplication and distribution of planting material: Rapid 
multiplication units were established at ITA, Umudike and 
Warri to produce planting material of the most promising 
clones for the farmers engaged in the Nigerian National 
Accelerated Food Production Project. Large-scale rapid 
multiplication of five of the most promising clones to 
institutions and farmers was undertaken, using both green 
and mature two-node stem cuttings. Large quantities of mature 
stems from TITA yield trials were distributed through the 
federal ministry of agriculture to selected farmers. 
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able 2. Yield, dry matter percent, resistance to diseases and quality o/ the 1171 eHanes tested over .trears and in .tdifferent 
locations inXVgeria. 

Fresh icMi I y wt )r 	 iin .caD a t l ich 	 gi fprotein 

(tilt) ( ) (t0l) (:\l) score. CBB score ( ) ar grade ( 
I. 'MS 30017 '33.0(2-18) 33.3( 126) I 1.0(3 I.1) 2.8(84) 2.2(58) 0 -1.2(120) 30.2. I'.MS 300.10 29.3(220) 32.7(1231) 9.6(274) 2.9(811) 2.1(55) 10 2.9(83)3. "I'S (0014 29.9(22-) 21..(92) 7.3(209) 2.8(85) 	

29.3 
1.9(51) 10 :1. 1(10) 27.9

IMS '3(1 39.2(29- )•. ' 110 	 26.5( 10(0) (10.1(297) 2.9(81) 2.0(52) 10 "1.3(123) 31.9 
. TMS 301 )7 25. I(18 ) 30.0( 113) 7.5(21-1) 2.3(70) 1.8(.17) 0 	 27.96. 'NIS 30156 26.6(200) 28.6(108) 7.6(217) 2.3(70) 1i9t5) 8 :.7( 106)7. TN.I.S 30211 29)224) 27.1(102) i.1(231) 1.9(58) 1.8(-17) 	

32.0 
20 1.8(5 1) :12.0i. TN I.130337 :18.9(292) 28.3( 107) I1.0(01 14) 2.7(132) 1.11(47) 15 3.0(66) 31.79. T IS 30'395 14 3(251) 26.5( 100) 9. l(260) 2.5(76) 2.0(53) 25 1.8(51 ) 29.210. TNMS :3)5"5 -1..(3 11) 32.8(112-1) 13.6389)1 2.7(812) 1.1()17) 25 3.2(91) 30.4I1. 'NIS 30572 -12.1(3I1) 30.6)( 115) 13.0((371 ) 2.2(67) 1.8(47) 20 .12(120) :0.112. 30786 -1'S29.3(00) 35.8( 135) I0.5(300) 2.7(82) 2.3(61) I10 2.11(80) 30.I1:. " S 3(8:5 29.0(2 1I) 30.2( 11-) 8.11(251) 2.8(85) 2.1(55) :35 - 30.5

60.114 1:3:3(10(o) 26.-5(100) :3.5(100)1011)0) 3. 0 3.8 00) 3.5

60506 2 .fi 301.3 
 6.5 :1.5 2.1 12 35.3
60I17 41 :1.2 3.5 1(0YARDSTICK 31.0 :0,) 10.01) 2.5 2.0 20 3.0 30.0 

l'Eignye.%inpatrntheli re/fr toprcentiio 6/-4. a /oiaI cs/tt-ar.

Yalrdstickanuh' /or an eitimitr opitnu attamabl'.
al the praocalo 

2." 	 reduce leaf' production by :311percent but increase root yield 
by an 'quivalent ratio. 

24 Limited leaf harvesting nay be advantageous fbr some cultivars8 2-3 o---oCOMPOSTE A such as 02864 where picking once bi-monthly increased the 
22 	 10 root yield by about I1percent over the control (Table 4).z Irhis 
zi 

observation nay have soeic physiological relationship 
to light interception and leaf duration, especially since 

2-0o 	 30286.1 produces mtch foliage during rainy seasons. 
1.9 	 o 
 It seems, therefore, that suflicient "pondt" could be produced 

s0- 0' - frotn fields cultivated for tubers. However, harvesting shouldS 0 N M3 74 .5 be regulatecl to at most once a mott and preferably
TIMEOF OBSERVATION YEAROF IMPROVEMENT bi-lnonthly. 

Fig. 1.Changes ol' he'qfIICV Fg. 2. Increase in percent ?f 'Table 4. Effect offrequenc;r qf leaf harvest on root yield and scores wititine ofobservation. lon, leaf lCN plants ofcon- revenue /ron two cassava cultivars. 
posites A & B with yrear
of improvement. Kangu 	 0286,1

Agronomy Frequency T/ha S/ha T/ha S/ha 
Leaf harvest and root yield. i)ata in 'Fable 3. show that in Irregular (very often) 41.9 172 15.4 540Zaire cassava leaf har"ested as '"ondu"(fresh vegetable) at Once/month 11.0 388 25.2 886regular tionthly intervals can give a revenue about eight Once/2 months 14.0 4'93 :35.8 1,295timcs that obtained fiom roots (S5,290 :S636.90). Control 11.5 511 30.2 1,061 

Since enormous losses are incurred at handling, a low
estimate based on 50 percent loss results in four times Weeding Frequency. Changes in species composition werethe revetnu from root's. Root yields are depressed after observed with frequency of weeding at M'Vuazi valley where more frequent leaf ha-vests, but total revenues are increased, grasses decreased with increased frequencies and broad-leaved
Compared with monthly harvests, leaf harvests bi-month ly weeds, particularly Sida rhombifolia and Mimosa. 
Table 3. Effect offrequency of leafharvest on yield and revenue from cassava. 

Root Root rev. Ratio-larvest 	 yield U.S. S/ha Leaf yield Revenue Leaf revenue/frequeney TI/ha (0.03 k/kg) T/ha + S/ha Root revenue 

Irregular
(Very often) 10.13 355.9 '1.86 3.12 1,441.1 4,.0Once/month 18.13 636.9 15.31 13.02 5,290.0 8.3Once/2 months 24.941 876.0 11.34 8.88 3,739.5 4.3 
Control 	 22.36 785.5 -

+ Bvled on estinates of 800 gfresh R, rainrleaffor /0 k durin season and 500 g for 10 k dunrng D, dry season. 
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Pathology 	 APL 

Cassa:va .Mosait Disease: CMII) syllpmi exlpression. Cuttings ____..____ 	 ,_____
of1th, lon ')W8we.w established ill i randohmfized collphetc- ,MAY ",,m__[Ilih 581 

Ilck (esign with four replicates in April, and soljected to .... .. 

Cuttilig ba k ti'eaillelts (d'toppin g the grovwing tips of v oung J U E  -

.I,, iy i'e,,iih, , 	 .-shll I i,,Jly, \n . jukJ' I. , , d Sepli,,-	 _Isi'no EM60444 
4' JULY 

Ibcr..\iinontic. 'd check tnc dh'til)li l. ) w'as iliclud ! itillo g 	 P . ISUNIKANKIYTAN 

thI il lt'inll". 
 5 OAUG 
"I'Ic Iiltl's(if, Sy'lliptolit lit(\','inlduteln('lit oil 'r()\wth [isit I(su.tl 

of ilic detoi)l)i and ile s,,Iillpitiliintensitv responses to SEPT 

trcatmnts follow a fairly sim ilar pattern and are suimarized
 
ill Figure 3. OCT.
 

- AUGUST 
- JULY 

JULY /AUKUST 

D--O CHECK 

10 20 30 40 50 60 70 80 90 100 
70 % 8 WEEKS AFTER PLANTINGCMI INCIODENCE 

< 	 Fi4". EF.fi'e on CM) development..t. of month o/'planting rate of.1 , 

0 

CMI) cultural control. Preliminary evidence indicates that 
30 the incidence and severity of CMI) may be appreciably 

2 	 reduced by careful selection of planting inaterial. One hundred 

to-' stein cuttings from field grown plants with extremely 
, ./ , 4 / L .severe mosaic disease (severity class 5 + gross reduction leaf 

RECORDING DATES (1976) 	 size) and 100 fron plaits with mild mosaic (severity class 2)
were grown in pots. The severity and rate of synpton 

developlent were inmonit)red in insect proof screenhouses 
40 for eight weeks. The results shlio' that by t he eighth week 

at least .12 lercent of plants established lioni severelv diseased 

S30 " 	 larenlt plants dehveloped severe iiisaic coipated to 9
I'rolli Ilildz 	 pecrcentt larUitiplants with imosaic. (Cantfulselec

0 	 tion if planting material fron plants showing miild iliOstiE( at 
harvest is therefore recoin nitiidd. 

o (Cassava Bacterial Blight: (eographical dist ribut lion. Incidence 
U of tie disease was reported iii tie Congo Republic and 

01 Cameroon. CAM oiccurs in hoth forest and savanna regions 
i9/115/7 12/,/ Z/. WS. . . .30/SVI5/57/t,1,/,4/1P0l,,S1025/l,II but was nore prea'leiit (I Cassava grown is a nionocrop 

RECORDING DATES (976) 	 in the latter area. 

!"i,.3. I''ect of dm-toppin, on C.1D deelopoitent. Pathogenic variation. The pathogenicity il' nine isolates was 
compared oii three cultivars, 53101, 6044.1 and Isunikankiyan. 

The results inlicate that under the prevailing environmeital The isolates ditftired in theirIbehavior on 60+14 and Isu ikar
factors iii 1976, detopping iii July and August, but not kivan, four leing highly virulent, three of moderate virulence 
Septeiher, offered a niechanism fur regulating the severity and two weaklv virulent. There was no evidence of localiza
of CMI) during screening for high level host plant resistance tion of strains of'tiffering virulence on a regional basis. 
or for the identiication of cultivars with the ability for 
rapid recovery. Biology. Several bacteriophages have been isolated from 

diseased plant imaterial. Thirty isolates of X. maroi/otts were 
CMI) )evelopment. Open pollinated seeds of three cassava lysed by five phages while several common white sapro
families (seed fron 604, Isunikankiyan and 5133011) were pfhytes which may be cofilused with '. inaniholis were not 
germinated in the greenhouse and transplanted at mont Ily attacked. The piages are beIing used for rapid identification 
intervals. The incidence of (Nil) and its rate (f development of .. anthois. 
for the first eight weeks of growth during the most active 
growth period foir iachimnth of planting tircatnllt is pre- Iipideiniology. Preliminary data indicate that six weeks after 
seinttin IFigure The rate miisaic ehe'vhfi was inoculation, at least twice as many plants were infectedd .I. of tilE't 
highest in A..prilings in I and in tie NIay sowings in cassava in grown severalsow fiffI in iioiiocroplped as that with 
Isunikankiyai and 581108. )iscase incictie(cc anl rate if di- other crops. 
velpilent (lri)e(d sharply in Julv sowiiis aid were lowest Resistance screening. Sten piictore, leaf infiltration, leaf 
il August sowings in all tIl taiilics. A parallel iivestigation sp.esintane clreen ethods frtheiri ere e 

On tI' l'vel iil l1tn1,aht iouiifestatioii on the test plants sopratiig and leaf nlippiig metods were teste for their
 
iflicati's sioi( relat ionship with disease incidence and de- coinparatie advantages in resist arice screening. Leaf
 
velineiii. This metlhod if det(riiining tie environiental clipping was ie iost soitable for routine screening under
 
and biiological flictors favoring eflicient iiosaie resistance positive disease pressire.
 
screellitng is recoinleillded for adop tion in other screeiing Cassava Anthracnose: Incidence and rate of development.
 
heat iolls. In an observation plot with 1,860 cassava plants (cv.
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Isunikankiyan), 377 (20.48 percent) showed one or more of' the 
characteristic symptoms of anthracnose infection. These 
include stringy superficial stern lesions, leaf blight, and 
wither-tip. 

The rate of development of this disease was monitored on the 
clone 583011 and the Percentage of plants with new anthrac-
nose symptoms for tile period July to December was 1.07, 
0.A, 5.03, 13.07, 6.63 and 2.23 respectively. The total per
centage incidence rose from I percent in July to 2-1 percent
in Deceiiher. T['he average nutiber of steit lesioins per plant 
ranged from a low 01f 0.83 ill Jul to 5.53 in October. The 
incidence and severity of cassava anthracnose are very low 
in the early season and tend only to increase in the latter 
part or teie season. AIt efficient ttcliiqle to produceepiphytotics of'allthractlose is vet to bet developed, 

Brown Leaf Spot: Foliar damage. [hel iungus (.'erco.or 
/tt,ii4'oj causes leaf spotting otl stscep t ihble cassava cuhivars. 
The magnitude of leaf loss Iule to this diseast. was investi-
gaited in which Istnikaitkiyai was sub,jected to thirce chemical 
control treatitents: I)ithane, l)ithanit + oil and untreated 
check. Lcaf spotting was observed itainly ott older leaves. A 
stti'yirv of the rniuber if pencen tages o leaves a!fiected oil 
tile itl ttaIcd plaiits is suIiiiIIIa rizeCd in Tahle 5. The data 
indicate that the prevailing conditions in lbadan areitunsuit-
able Iir resistance screening. 

able 5. Magnitude offibliar damage due to broun leaf spot, 
(IITA, 1976). 

Period Total No. Average No. Leaves/Plant 
Leaves/Plant Affected 

June 21 0.63 (3%) 
July 37 0.85 (2:3%) 
August 39 0.39 
September 39 0.39 (1%) 
October 93 1.40 (1 5%) 
November 208 14.56 (7'%) 

Artificial inoculation. Cercospora brown leaf spot disease was 
induced by artificial inoculation of 60-day-old Isunikankiyan 
plants with a suspension of C. henntingvit conidia front 
macerated cliscased leaves. Symptoms appeared 21 days after 
inoculation and a defoliation rate of 46 percent after 141days 
was recorded. The disease induced by artificial inoculation was 
more severe than in the field, resulting in leaf spotting, blight, 
yellowing arid premature defoliation. This indicates that tinder 
favorable environmental conditions this disease can cause leafand tuber yielci loss.In 

The conclitions tinder which this method cart be utilized 
to create brown spot epiphytotics for eflicient screening arc 
under investigation. 

Entomology 

During 1976, cassava was attacked mainly by Benisia tabaci 
and Zonocerus variegaits.Outside Nigeria green mite Mortonychld
lus tanajoa and mealybug Phenacoccac nanihoti Mat-Terr. were 
the major problems. 

Mealybug. The inealybug is the most severe pest problem 
on cassava in Zaire, Congo Brazzaville, Gabon and in the 
north of Angola. Together with CMD, CBB and anthracnose, 
it threatens the future of assava production. 

Initially, the mealybug attacks the terminal shoots of cassava. 
At a later stage, due to lack of food and space, the insect 
settles also on the expanded leaves as well. The damage is 

caused by sap sucking and possibly by introducing it the 
saliva an unidentified clienujcal whicl causes stunting of the 
shoots. 'he ecl on ic damage to cassava caIIsed by the 
inealybtg is diuc both to a definite loss of fresh leaves which 
ar eaten as "pd 'h"and tuber yiel loss, Ili extent of tlie
latter bein ias yett unknown. 'I,he latter see ins to depend
much both oin the age of the plant at tlie time of heavy 
ottck and the soil type. 

Little is known about tile biology. The tiealyhog is a typical
insect with a hemite tabolic developnient. "'he partheno
genetic, wingless fem ale lays several hundrecd eggs that make 
tile development potential great. 
'iCrc are two pricial ways in wtici the iilyhug is 
spread: by passivc transportped.y on insted planititg materialp sieta soto netd pa tn ae'a
aid as unsettled first instar nymphs (crawlers). The most 
important observation was that crawlers, aftrr having batched 
ftoit tile eggs, easily became airborne i tile mornings dle 
to increasing windspread ard positive photostatic behavior. 
TI lattcr inakes tei in ove to tlie upper Icaves and tips 
of' tihe plant. The windspread was established by sticky 
traps ;iid the first instars were caught 30 in away froit tile 
sourre plants and it a height of foir tniters. Airborne 
cralers seein to e mainly responsible for effective spread 
over shorter distance (several hundred meters). Only a few 
parasites atid one predator Spalgis lentlea Druce (1l.;cacnid, 
Lepiloptera) could be foinc oi tit- ticaI big. 

\it analysis of climatic data of the last 15 years available in
M'Vuazi indicates that teniperature, humidity and rainfall 
are tile principal factors controlling development of mealy
bug. The dry season is neticessary for building lip tihe icaly
bug population . Up to July tilt development is relatively 
slow, probably because of low temperature, low VPD and 
the residual moisture in the soil which favor plant growth. 
Increasing drought stress and temperature scent to favor 
population build up. The windspread is highest when, clue 
to very high population density, the most crawlers are 
produced. 
\Vhiteflies. The development of whitefly population in rela
tion to CMD incilence was studied. Three cassava cultivars 
W-144 (CMD susceptible), Isunikankiyan (moderately 
susceptible to CMI)), and 583011 (CMD resistant). Planting 
of uninfested open-pollinated cassava seedlings was done 
every nmnth. Adult whiteflies were caught with sticky 
yellow traps and counted weekly, while pupae were recorded
 
fortnightly.
 
In Figure 5, wen te nubers cf trapped adult whitefliesFg r 5,w e th nu h softa p d al h hi fiswere plotted against CMD incidence, CMD incidence is highly 
related to vector density. However, the disease incidence of 
the April planting was high while tle vector density was 
low, but this effect was caused by different methods of 
recording. CMI) was recorded for each planting over asperiod
of two months, while whiteflies were counted weekly. 
Therefore the April planting was probably infested with 
CMD in May. 

Pupae counts oil the three different cultivars show that 
60414 carried one-third less pupae than 58308. This 
supports the assumption that 58308 is CMD resistant and 
not whitefly resistant. 

Biochemistry 
The main objective is the evaluation of quality in terms of 

physico-chemical, biochemical andproperties, nutritional 
values in accordance with the modes of root and tuber 
utilization in the tropics; and to pass on any helpful 
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Month of 
Planting 

I -Oct. 

Sept. 

Aug.60444 

lsunikakiyan 

58308 July 

June 

May 

April 
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CM D Incidence in % (8 WAP) Number of Whiteflies Trapped 

Fg. 5. Effect of monthl), planting and vector density on CD incidence. 

information on these matters to breeders for varietal 
40 60 4000 60improvement. 20 60 00 To 20 . 0 00% 

Roots and tubers are basically starchy staples that supply 
most of the energy requirements in human and animal 
nutrition in the tropics. However, the quality attributes of 
their starchy tissues go beyond the mere contents of starch 3,
 

and non-structural carbohydrates - sugars. Quality is deter- .1, 

mined by a complex interplay of many fiactors. 
21A scheme was developed to subject each genotype to inten-

sive examination at various product levels from the raw 
material until it reached the consumer. 3'
 

Four different trials were examined for quality:
I. Uniform Trial (UT - series), 50 clones 20 40 60 60 100 ,1_12 40 60 60o00 

REnUEY: %of Told 50 1tFKENCY: % fTotal: 502. Advanced Trial (AT- series), 50 clones 
3. Low cyanide selection (LCN - series), 13 clones 

of Fig. 7. Texture profile of4. Local gerimplasm (LG - series), II clones. Fig. 6. Texture profile 
boiled UT- Cassava series. AT- Cassava series. 

Texture Profile. The texture characteristics of a root and 
tuber determine its suitability for specific food preparation food types such as: gari, gaplek (products derived from sun

and utilization. The texture of each genotype of a "series" was dried chips, e.g. flour and products), pounded.fufu (foufou), 
noted; and where there was no uniformity in tissue texture, and for basic eating qualities as a vegetable. 
a textural profile was annotated. Figures 6 and 7 show the About 65 percent of clones from UT - and AT -seriestexture profile of UT - and ATI - series. The texture of most Aot6 ecn fcoe rmU n T-sre 
genotypes is of the "waxy" type. Texture analysis of local passed for gari and flour products. On the other hand, only 4 
germplasm collected for varietal improvement showed that percent and 8 percent of UT - series were acceptable for 
most of the cutivars were waxy. The profiles also show that pounded products and basic vegetable respectively; and for 
non-uniforeityintexture ex. TherAT  series only 6 percent and 34 percent of cultivars were 
non-uniformity intexture exists. 
 suitable for pounding and for good vegetable quality respec-
Food grades. Each clone was tested against major traditional. tively. The poor quality performance of both UT - and 

59 



" 


Good qualit; gari in a local market. 
AT -- series against pounded proctitis isattributableiUainly 
to the textire proftile. Vaxy texttural types ;iti unsuitable f'r 
pounding. Most of the clones scored poorly against fach0rs 
such as taste, flavor and niouth feel when they were rated 
itsvegetables (Figs. i and 9). 

80 80 

60 -60 

40 W 40 

20'8 
20o 

2 
2H 
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20 W 2 	 a 

40 	 -40 

60 	 '60 D 

80 0 80 

100- -o 

IVR'"food grade. ll"RThbod grade. 

series ratngenl fr'ot 	 IS percent to 31 lpertett. Clo~nes which 

showed starch content at the lower end of the range exhibited 
poor quality characteristics such its: fibrousness, shritkage of' 
dried tissues, disintegrated pith area ad not-enzynlic 
brownting. 

These characteristics suggest that starch might have under
gone partial' hydrolysis to produce sugars. Table 6 shows 
radial distribution of starch and glucose in cooked cassava 
roots. The last two cultivars showed high levels of glucose
in the roots. On the whole the pith areas showed a higher
glucose content than cortical and cambial sections. 

Functional properties: Hot and cold paste viscosities of flours. 
Specific functional properties of starch are important for 
specific food uses. In the case of flour products, hot and cold 
paste viscosities were used as finctional properties for quality
evaluation. Starch hydrolysis and the production of sugars
reduce the viscosity of the pasting system of starch. There 
were no significant differences in the amylose content of high 
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"-bl" 6. Radial distribution of carbohydrates in cooAe(I 
cassava roots. 

Clone 	 Part olroot Starc'h U;ucose
 

I'IS 1(2)127!) 	 Ciaobiufi 59.47 3.00 
C:ort 49.,)1 3.50cx 
*ith ara 13.11 1.00A .
 

'IIS
% 1(2)05111 (ailnbiutit 57.71 .-17 
Cor-tex 4! 49.00)

*Plit at 1. 9.40
 

TMS 4(2)0160 Cai bi utit 55.97 7.90.l 

Cort ex 52.0) 8.0() 
*Pith area 49.91 9.410 

TiE/E (iiel wi'l/a Iomr' 	 ,xylrtk. Oi di Ierg/hl hasos. 

anl low grade flours tstled; however, the lower grades of 
flour contained higher levels of sugars. 

Swelling power of gari. Swelling power was used as a quality
factor f r gait as an end iproduct, and as one of the factors 
I'or root suitability for gotr production. Figure 10 illustrates 
the swelling capacity of' gai front AT- cassava cultivars. 
Normally, a swelling capacity of 200 percent, or three times 
tie original volutie of dry gari, is the average value for most 
market samples. Figure 8 shows that sotne cultivars had 
deniotstrated very highgali "quality. 
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Fkg. 10. Histogram ofAt-series. 

HCN in cassava plant. The following investigations were 
made on the quantitative analysis of HCN in cassava leaves 
and roots: 

- HCN in roots of "low HCN" collection 
- DistributionHCN in rootsofofHCN"localin assava rootscollection-	 germplasm" 
- Dist ofo n n cassava root 
- Effect of cookimg on cassava leaf detoxcation 

HCN in roots of "los,, HCN" arid local cultivars. A study
of HCN distribution in cassava roots, as a guide for food 
preparation, was applied to ordinary clones (Table 6) and 
LCN-cassava series (Table 7). Levels of HCN in the peel,
cambial zone, and the decambiated root were estimated. Tables 



.3and 4 show that HCN is highest in tilepeel, followed by 7ble 9. Cassava leaf preparationfor fini use and removal 

the cambium and lowest in tle ecaibiated root. in tradi- qf ICI¥. 
tio1at food preparations, the cambial laver is often removed. Fw-, leavc lllacci watr Ckin Ic., leaves 

In most of the samples analyzed, the decanibiatd root mII(:N/I(g igl ICN in ,.trr mglICN ingIICN/IIlg 

showel Il(N content below 50 iog/kg, which is said lo be nr.r.h 1,t. 2,411.1I,I(g f. in 251,,1 /I(lg w.. m 
1.

a1harlmless level. 

Isunikankiyan 49.00 1.16 1.26 0.90 
Table 7. Distribution of llCN in roots q/ordinaryclones. "'MS41301 .18.60 0.68 1.01 0.68 

Root St'otion 'M S -l(2)0489 :l5.10 1.35 1.01 1.69 
... .... 6( 1 .0 8 0 .68............ .... . - . -14 30.2 . 0 .6 1 

i-t-

.. . .. ryt . Breeding
 
Clone Peel Camlbial reg ion Decabiated 

.. .. g/ 1lHCN/kg fesh w t. (;ermplaIsi collection and recombination. More than 100,000 

Isunikankiyan 1190.7 116.1 -15.9 secds from IlTA were added to tlhe breeding program and 

TN1S 4(2)0336 711.7 175.3 I .1.- were grown at live locations in Za'h'e. Out-crossed seeds 
TMS 412966 335.6 99.9 50.2 derived from IlTA anti INERA selections and seeds from 

TNiS .11637 283.5 78.3 4.12 hand crosses between preferred local cultivars and IITA 

TMS -10852 195. 63.1 36.1 resistant clones were produced. 
Table 8. Distributionf llCN in roots o'loIt esd Resistance to CMI), Cclon anthracne. Many of the 

.f..........low.......l..es. selected clones continued to show a high level of resistance
 

cassava disease cassava blight 

Peel.. .... . . . .... ....... ...... .... (C B B ) and anthracnose in Bas Za'ire and Bandundt, regions 
Parts of root to-..--5it Mosaic (CMD), bacterial 

neled locations. of clonesClone Peel r o under ditlk'rent ecological Out 10,520 

ng 1l ICN/IOg k\v established in Bas Za re region and-1,,404 inBanduldL region, 
-------------------------------------- . .I01 and 282 respectively showed mt,ltile field resistance 

AI140121 53.05 8.81 2.03 to CNIM, (3,B and an tlhacnose ('T'able II). 
:109-N-47 73.54 81.511 2.97 
3109-N-69 I 1.83 7.09 0.3-t Table 10. Selections on the basis o/ multiple field resistance 

13/4219 13.00 12.15 11.20 to CMD, CBB and anthracnose in Zaire. 

45 Test Number of Clones 

40 Region Sites Tested Selected 

35 Bas Zaire 

EVAPORATED M'Vuazi 1 5,130 202 
HCN Kwilu-Ngongo 3 2,5410 116 

WJ 

W Mbanza-Ngungu 2 1,360 26
 
W Kimpese 2 1 57
 

20 10,520 ,401 

z Bandundu 6 4,4_ '482 . 

Total 17 14,924 683 

pCOOKNGWATER Mealybug. The mealybug, Phenacoccus manihoti (Psrvudococcidai) , 

COOKEDLEAF continued to be a very important dry-season pest in Zaire, 
0 I 2 3 4 5 6 7 8 9 o 11 12 13 14 15 16 17 18 19 2021 22 232425 particularly in Bas Za'ire where the soil is poor, sandy and 

COOKING TIME min. intensely cropped. A simple artificial infestation method 
Fig. II. E/rct of cooking time ('open-kettle) on fICN detoxica- which involved attaching infested twigs near the apex of 
tion in cassava leaf. host clones proved effective. Infestation was established 

within 48 hours and developed rapidly within a week. 
HCN in cassava leaves. Cassava leaves are important its Observations were taken four times: during the rainy season 
green vegetables in many local parts of the tropics. Special (March), soon after the dry season commenced (June), late 
attention was, therefore, given to the study of HCN in the in tie dry season (October) and finally about a month 
leaves and leaf detoxication by simple cooking methods. after rains had commenced on December 30. (Table 11.) 
Figure II and Table 9 show mechanisms of cassava leaf There was hardly any infestation during the rainy season 
detoxicatioi by, blanching and cooking. Blanching of leaves (pre-artificial infestation period). Infestation severity in
for 10 minutes can effect HCN removal by evaporation creased by June when a greater proportion of clones rated 
to a low level of 0.2 lug/kg. Cooking of leaves for 15 to class 4; and was further escalated by October. The October 
20 minutes was found to reduce the level of HCN to 0.07 epidemic receded as the rainy season started in December 

mg/kg. It appeared that the level of HCN in the cooked (rainfall at M'Vuazi = 349 mm in December compared with 
leaves was not affected by the HCN content of fresh leaves. 86 in November). The effect of the cycle of severe infestation 
Though leaf detoxication is efrected to a great extent by and regrowth on yield needs to be evaluated, especially 

evaporation, a appreciable amount of'HCN isleached into since severe attacks are associated with the dry season, a lag
the cooking water. It is therefore advisable that cassava period in the growth of cassava. 
leaves be pre-cooked (open-kettle), the cooking water dis
carded, and the cooked leaves washed again belore they are Under M'Vuazi conditions, all clones harvested during 
used in foods. November were infested by mealybug and therefore screened. 
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iabh' II. 	 Seasonal variatio, in lnialybug severity in 1976 at 
Kinpese /Zal'e. 

Time. 	 . niig . . .iii.... . . . 
Class + Manli Jur' ( )ctober )Deceibr 

Clois 	 '; (,loum. '; loti " C h.n. K7 
I 639 69 (16 12 ) 0 0 0 

2 201 22 135 I8 0 1). 
80 173 111) 128 0 ) - 1.7 

I 0 01 b; 3 .t 0.G :i10 7.3 
5 I) ( U (1 701 99.-I t17'1 9.0 

Total 	 920 73 705 520 

R i ri,l/ 	 ll 19 7 . . anh 2 7 0. . J u. n - e .). ( fi a,, 6 7. '1), ,....5 1.t9 n,• 
+ C.1,i.V I = ni, 'Irfu, : (,,,; 5 dith 


tR,.',onvh it r'mh rtU,' clar 


Yield trials. Preliminary yield trials were onlucted under 
different environtmental conditins at NI'Vuazi, Vanlga,
Kiyaka, lui va, Kikwii, and Tonu. The resuIts showe(l that 
resh tuiber /iclds of all clones in poor sandy savanna areas 
were Iowe than 1.6 kg per plant aIthough mean annual 
rainfall was high (Kiyaka 1,100 --Tonu 1,701) tum). At 
N'Vciazi in the rich valleys with a high water table, some 
selections yielded higher than .t.0 kg per plant, but better. 
results were-obtained f'romil drained areas with deep top
soil. 

Preliminary yield trial data I'roin the dilerent test locations 
(Table 12) indicated thet prospects fIM-a miajor improvement 
itt ie year over the( local ciiitivars. 

Table 12 	 .Mean tuberous root yields ('-,/plant) o/' the top 5 
and 10 Percent clonrs from preliminarr ield trials 
at. . . fren. sites in Zarei. 

lb"at ol Il.. l''._i' istested lop 5'"; Top 10'.1_';_., check 
X'voazi /MK 213 4.53 3.611 1.86 

1%\'vazi/PV 1,105 6.67 .92 2.95 

'anga 525 I
.15 1.09 2.84l 
Kiyaka/Foi 113 4.27 .:123 2.1:3 

IoWa 139 .1..38 .59 2.29 

Kikwit 520 5.19 4.90 
 2.52 
"loisu 223 0.82 0.71 0.36 

Kivaka/pl. 1,017 .l 1 .3(0 0.29 


RelationshiIp f'Ituberotus root fresh yield with harvest index, 

Fresh yield of 2.13 cloines (if the p-reliminary yicld trial were 

phtued in relation to harvest index (Fig. 12). Tlle correlation 

coelicient between fr.sh 
yield anid harvest int dex was 0.57*. 

The linear regression of Fresh yield (Y) on harvest index (X)

Was obtained as Y = -1.-I-
X - 1.73. A selection of high-yield-

ing clones with a, high harvest index was attempted. 


Nigerian NAFPP Cassava Pr, gram 
Major activities during 1976 included extension training,
distribution of materials, itinikit trials, fertilizer trials, pro-
duction kits and demonstrations of improved technology, all 
at farmer level. Mulhiplicaton of planting material was 
expanded to meet the increased demand. 

Investigations on the construction and organization of all 
trials, demonstrations, and production kits were carried out 
at zonal substations. These also included commodity research 
and extension, massive training of all staff and transferring
of results to the field for testing by the farmers. Thus farmers 
acquired new knowledge three to four years sooner than 
through conventional methods. Project areas and progressive 
farmers were selected for this purpose and the formation of 
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Fkq. 12. Relationship of tuberous root fresh yield with harvest 
index. 

cooperatives to cater for marketing, storage and processing 
was intitiated. 
Varict/ 'fertilizer trials and demonstrations. Herbicide, 

in imumin tillage and fertilizer trials oilcassava, nitltiplica

tion and comparisonof improved ol' five cowpea cutivars, and screeningcassava clones were included 	 in pre-toinikit
trials. 	Fifty-nine maize cutivar minikit trials of cassava and 
cassava/cowpea were planted on 35 in plots (split into fer
tilized sub-plots). Eighteen IITA cassava clones were included 
in the 78 farier-level minikit trials. Il each cutivar ininikit 
trial, 60506 and one best local cultivar were compared with 

three of the new imroved clones. 
Results of ininikit trials. Cassava cultivar minikit trials with
and without firtilizers planted during 1975 were harvested 
and six of them were selected for further evaluation. The 
yield data from eight locations are summarized in Table 13. 
The mean yield of the fertilized cassava was double that of 
the unfertilized. The 1,147 farmer phIanted dentonst ration 
plots of cassava/maize interplanting were harvested. Plots 
of improved cutivars and practices out-yielded the tradi
tional plots by 3:1 for cassava and 6:1 for maize (Table 14) 

Table 13. 	 Cassava yield qf 'Sninikit" trials with and without 

fertilizers 	in heavi., utilized land. 
Location No. var. With Without 

fertilizers fertilizers Difference 
(t/I]) (t/h) (t/1)

Owerri 9 24.6 16.8 7.8 

Aba 6 21.2 12.2 9.0 
Orlu 7 19.7 10.6 6.1 
Okigwe 7 12.9 8.0 4.9 
Oaitsha 8 20.0 10.3 10.6 
Enugu 6 19.7 3.8 15.9 
Awka 5 19.8 9.8 10.0 
Abakaliki 9 15.1 8.2 6.9 
Mean 	 19.3 10.0 9.3 
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arid, overall, the gross proceeds from I h crops were four 
times higher (Table 1.5). 

able i-t. Cassavarie'difromdemonstration plots planted anl 

lanage'd bl'.fairmrs using improved and hoal prac-

Locat ion Inprovel practice T'raditjotal pnactice 

(t/h) (t/) 

Aba15.00 113 
Untahia 13.77 G.7 I
 

Orlu 13.03 3.33 
Okigwe 13.813 2.1to.3 
Owerri 15.42 1.20 
Abakaliki 17.50 5..40 

Awka 14.50 5.20 
Eltugo 18.20 2.80 
Nsukka 12.00 5.50 
Orlitsha 9.00 4.53 
Mean IHt.23 -1.81) 
Average ratio : I 

Appropriate listof' dermiinst ratiliris (il field days, provision 
of' production kits, good iarketing strategies and frerlueit 
)rograin proiioion all li'l p boost the cass ava prigraiii iii thle 

National Accelerated Foo 
d Production Prjct. 

'bible 1i. Re-arasforin cassavaltnaii demonstration trials. 

(rop Traditional iractices lilrploved praci cs 

Yitld (kglh) Price (S) Yicld kg/h) Price (S) 

. . . . . . . . . . . . . . . .. . 
Cassava -1,1100 319 2,4-4t2 9-1.1 
Maize 362 711 2,-I-I42 527 
Total 5,162 397 16,67 2 1,-171 
I riiproved/ 

Traditional 1.()1) 1.00 3.23 3.71 


lelmolnstratiiins. Ovecr 11)1 tielId days ssit Iiniriaverage atteti-

dance of alulut 21(0 Iarnners were organized. Fron MIarch to 
June, 2,2(:1 cassaVaiiai.e derioist rat ions were phiiic-cl2,20 'enntaiswr bcasaamaz lne 

farners. 

Production kits. Participating Carers vere organized to plant 
cassava/maize oti a production basis and la us inikill(] (cas-
sava cuttings, ruaize seed, fertilizers and pesticides) were 

A farmer is happy with his high-yielding cassava which ori-

ginated at iITA. 

offlred to those x-lonhgin to a cooperative. Tweityv-five co
o)perative groitps were selected and registered by 12 specially 
irained CooperativC Inspectors. A camripaignilhas beenl launlcled,
aidecd by mass nuedia, to encourage further registration of tile 
2-4I1 groups with i a mbCIIIbrslhip of about 5,000. Bank loans 
riceshave negotiated with the Nigerian Agriculural Bankbeer 

to hellpcooperative arnuers hiAnanbra and lIno states for 

the 1977 season. 

Yam Breeding 
White yain (Dioscorca rotunda). The goals of the white yarn 
breedinrig progral ii are: ( I) to develop ciltivars which are 
high-vyielding, resistant ton diseases and insect pests, long

storing, with good culinary tuialitV arid reqluire aitMiiiuiin 

of material and labor inputs; and (2) to generate improved 
populations with a high frequency of these desirable charac
teristics. To atchit e these goals a bireeding schie r has been 
initiated which includes brceditg nurseries fir selectioin of 
seedlings and iehld trials, yield testintg,plantings for hill anid 
grniplasii evailuation. Recoinbinat in to create iiliprovid 
base poplatiiioil-, for breeding was aceorniplislied through 
estallishliog ilation ci-ossing blocks aid conitrolled hand 
pollilaltiotis. 

g tle growing season for phant 
tVpe, vigorir, resistance to vatti virus and leaf spot diseases, and 
at harvest for resistance to lleitliOdes, for tuber riutber, 

tuher size, tuber shape, and tuber smoothness, and finally 
for storage. Brceding Iaiilies were evalated for quality 
cl aracte ristics. 

Two brceding piopultins were evaluated, one grown under 
traditional conditions olstaking, and the oither growii without 
stakinrg or the selection of culti vars adapted to low labor 

productioi and mechanical hlarvesting.
 
Breeding activities. Breeding nurseries and hill trials were
 
etbihdiltoM7t oaill oehglritdOl
 

estabIislid in t ss-ite locations (one high-raiifit I, ote 

derived savanna) as well as at IITA. A solnlnarv of tile 

these sites is presented 

i [able I6. Hill trials contained inidividuals selected fron 

1I hanilies of white ya The 197(i seedling nurseries coni
prised 30 faitiilies of white -ain including oitcrossed seed 
frori local cultivars and frn IITA breeding populations 
and seed f'roni controlled hand pollinations. Also included 
w-ere live fami liesof'D. dt#nelonn. Additional '36 open polli
nated flainiliesof ). rotundata and D. dunietorwnt have been 

pI)opulations and selection sequences at 

Tble IM.Plant populations at each stage of clotal selection 

and pmpulation improvement in whiteram (D. rutundata). 

1975-76 1976 1977 
Planted Selected Plaited Selected Plant 

Clhia select ion 
IITA 

Seedling nurseries 7,000 1,160 13,000 ca.2,000
 

Hill trial 700 190 ca.2,000 
Preliminary trial 190 

Mbiri/Bendel State 
Seedling nurserty 600 50 
Hill trial 260 25 50 
Preliminary trial 25 

Nlokwa/Niger State 

Seedling nursery 560 30 
Hill trial 200 25 30 
Preliminary trial 25 

topiilation improvement 

iTA - Intercrossing block 400 (190 clones) 
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collected fioti fotriners' fiells in five states of Nige ria. These 

introductions plus seed from selected parents iin the breeding 
p gr ail will provide scecd for n XItye.ri's s edliig li rseriis. 

Controlled hand pollinatilns. '[I,( tclji(ii of, latid polli-
nation was furthcr iimproveid with the introduttion1f sv'rail 
new types if bagging Itat irial and the ust- of'(" llficld forcep,s
for inlatsft'r of' pollen. "l'hese forceps were ill.(. ii its as tllec-
tive as tht, pin method previouslv used (23.3 p.rct-it fIruit 
set Ciupared to 6.8 percenlt). 

Cross puilliiuations heteten stheliiti(.d nireits evreII lnloit.' 

reCOicibitliations of desirt'd Chiralterisiilt.. Stlf' oi
1)11111iit llstis 
of, lilolloeciotls indiiduils ail si) polliiations vitliin iit'aU 

lies were atteiiptitd Ior iibreediiin (Taldi' 17). Sil) polliiittiis 
Wtir' i'lastnal dv successful, but Ih' ptli'tnt lrui set fromu 
sell-pollinations was very low iml mt siillici'itlv highe'r than 
the controls (t :niale flowsers bagged but no[ pollinated) to 
eonclde thilt selling in White yalli was achieved, 
T1'bh "17. ir ent fru it rsulto4 /rou artiialslnte si, 

and cross Imsinations in white.'.ain (1). yoltdttir/l). 
... ... . . .. .... . .... ... . .

Lctl folli Fruit 
lifl"o.Srt.st'tm(,s nI"t'u-rs lnlhro " S(.(hnlth H(ow vsto-ncv,;Folio 

Cross pllinations 22 252 5 15 6.0
 
Sib pollinatiOnus 
 't6 719 27 1)11 1.0 

Self- pollinatii)ns 5- :177 
 3 1() 2.G 

To'tal pollilittions 122 1,31 3- 133 9.9 

Uipolliniated controls 39 5.1.1 2 II 1.5 


------...-.---..
..- . .. --- ... . 
Character asslo('iations. Associatiiis between vine and tuiuer 
eha'actei'istics ss'(e studied ushit data frit 5311) plants of'w.vhite vain poolehd f'rtii five Ifun ilt's i the Il'1"Aa,staikedl lill
iritif. Resuhls re gi'en ive"'ali lls. 

Tuibert yield pei r hil had signifieaiit utegative correlatioins with
leaf spot score and virus score iud ia sI gniicanl t positiv e 
Cor''elation with i subiectivev igou i'riltilog. The signiicant 
positive assoc ia tiiiii betweln hill wseightiand sex t-xpressio
coli'iied past findings relatiig these two chairacteristies. Tht. 
av'rage yield per hill f'or f'enale Ilanits aiio ui(lioecios planis 
was the saite: 2.3 kg, conipared to 1.6 kg ftir iialit' plants 
aid I,3 kg f'or nciin-f loweri ig planis. The assoCia lion between 

'ible /11. C/carau'terassotritions in while mi'n (D. rotundcta) 
based oil . 30 plnrs pM)led froi ht,e. fmiil',s, staked, 

-------------------... .. ...... .. . ... .. . .
Character Corrn'li tioi 

(r) Associatioin 2 


-lill wt1.vs. leaf spiot store I0. 3**
IHill wt. vs. virtis sore -0.30**Hill wt. vs. viglsore, -0.3 ** 
I-ill Nt. vs. vigor-, 0.59* 
I-ill wt. vs. sex expressiin'. < 0.001 
Hill wt. vs. days to flowveritg 	 NSSten' colorli vs. thonintessi < 0.001 
Stern no. vs. tuber no. at harvest NS 

.iqfnt/ioit* S. /' ; rletel. 
2 Polkibchitlrs from indcrprndent lest l'Chi-tquare.

Su/ctie score remrruenhing no djs'tisfto all leaes shonci 
JtInfllttis. 

-. 	 Subjerlhc, store (1-') rtre-sentt.in, no diseare to all rates sholwing 
sriploni. 


.'. Stblecti'e score (/-5) re[,rri.nn 'ret' wrak tigorous. 

i 	 ,lfilr, fe, nionreconc ind non-flowenrio.
.\'icuilstro/dra.t (10 day intenals) lrvin erieoqrnc to/lowering. 

8. 	Suiibieti-, score (I-4) representg green, green purtl/t, prple green,
purple. 

9. Sblectire itore (1-3) representing frcw mair, rrrr man),, 
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hill weight :rd iinler of,"days irii Clergence to filowering 

was non-signiticalt. 
Unstaked hill Iral. M ore thit i 60(0) pa ts frt) five breeding 

l iilies were grown without staking and compared with the 
saint, .unilit-s that were staked. The average yield of the 
t1staked populationti was mnarkedly lower, 0.8 kg/plant 'oil
pared to 1.11 kg/plant staked, and the average leaf' spot score 
higher, 3..a compared to 2.1. Only 1-1.8 percent of' the un
staked )lants flowered toimpared to .11.9 percelnt of those 
staked. lHwever, it was possil)le to selct from tie uistakedpopulation 68 higg-yielding, leaf splot resistant plants for 
fnirthnr testi g. 

Quality evaluation. 'l'iubers froim six breeding families were 
evaluated hy a hioclceinist for those €characteristics which 
determine const,,mer acceptance and prcessing quality. The 
results wer'e used to select those fainilies which are to be 
contnlined il tielbreeding prograim. 
htrnational cooperation. T rue seed ol' white van was 

cistributed to cooper;itors in Nigeria, Republic of Benin,
Sierra L eone, C anerooin, U plper Volta, Ivcry Coast, Ghana,New Caletdonia, Sulan, Tanzania (Zanziibar), Philippines, 
Virgin Islands, Indies,i~dlr~z West India, Puerto ltico, Jamaica
 
Miad Bruazil.
 

Water yain gernplasn evaluation. Plants of 176 actessions
 
Of '.water aiiU (i)cnioscor'aalatl) frollt tile gt'rnipl.asiln collection
 
were grown in t replicated trial without staking, in pure stand
 
and with iaize. These were evaluateid for yield, conul'orina
tion, resistance to scorch , and flowering. Yields (avei'age of
 
pure and Ixed stands) ranged Fronti 2.2 t/ha to 29.2 t/Ia
 

ti ica of, 13.0) t/lia. Iligh-vieldig cloines with good

ultuf'oinitatioi were s lect'd for 'uthther testing. Tie hightest


yields of* marketable
statnds ttub'rs were obitined f'roin the pure
at ;i I X 2-in 
sp acin1. 

3 s1.5 tw etSc ch c- Ils noted io' ( s etifo e taon a'otnh a vsest , 1c f 
:1. ouiia 	 nor(1.5 - o scale of' I (r'epresei t i g isease) to i (all 

leaves sbosf'itg sotots) Nogto lifleten wIas foutnd i iec
severity of' stc)h oin)yaus gtowt i ur' stai d cottpared
 
to thosl ii terCrOpped with miaize.
 
One fentale flowering clone aid fotur in ale Itowerihg clines
 
were identified. ltitnd pollinations were iade, resiilting
 

it ote fruit but it) seed. However, several iew accessions
 
icf flowering w'iter yani lave biee collected.
 

Pathology 

New knowledge otl the following major pioblents of yans 
(Dioscorea spp.) - yam virus disease, yam atithracnitse (scorch)
and yani leaf spots - was generated during 1976. 
Yam virus disease: Disease survey. A yam virus disease 
survey was made in four states of Nigeria. At the 23 loca
tiois sampled, -t4 percett of infected Dioscorea rotundata plantswere showing the characteristic green vein-banding and 
42 percent the characteristic shoestring symptoms. The 
highest percentage of inlfected plants in farmers' fields (80
percent) was encounter-d in Ondo State. 
Host range studies. Attempts to transmit the D. rolundala 

virus by crude salp inoculaltion to five other Dioscorea spp.
(D. floribunda, D. elimetortn, D. conuposita, D. a/ala and D. 
spiculiflora) were usuccessful. 

Yin virus indicator. A sensitive indicator host (Nicotiana
bentham iana) has been identified for indexing the yam virus. 
In laboratory and greenhouse experiments 80 percent of-the ....... 

.	 benthaniana plants inoculated at the three-leaf stage with 

http:re[,rri.nn
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purified and crude sap virus preparations respectively, 
developed dilfused ttlinng, and Inild greenit Inosaic II clays 
after inoculation. 

Tis inlicatoir was used to determi ne tilevirus (tiseasI' stat s 
of 16 syminttonlcss stunted plants lD. islt((daitai from a i 
planting. The charactristic sylplonil development oil . 
henthamjana after inoculation with crude sap flronthese 
syiilptttlless plants indicated that at least eight (50 percent) 
wert irltis carriers. Incilatioi N.of sttlitalia with crude 
sap froim1 plants will! sulseltedD. alala virlis syiliptnilis did 

[otinduce the characteristic syiliptoils.
 

Risistance screening. Four thisand, te hiindrd and twelve 

1).lotiidalta plants frun 1.1famlliliis werv rated for their field 
reaction t the vain viruis disease. ()n a 0-3 severity rating 
scale where 0 = tid isease reactioi aid 3 = istsevere, 
lonetofitite -1,', 	 or I, only '212 plants was rated 0, plaits fron 
tie family Boki rated 2,and lit rest were rated '3. 

Cultural control of yant foliage diseases. Tubr yield hiss (lue 

to heal ilaf t I). l/ala atd 1).islitdala was 
investiga ted ii a bhick cxperinent 

scnrch ,ild Spots 
oamplteizdblollete with 

foitr levels of'light intereeption treatments (0,56, 681and 7.1 
percent ). Each treatme t was replica!ted three times. hle 
severity of thite two fnliar diseases during ithe growisv th cycle 
is sumintarized inFigure 13. 

D RoruN A SCORCHo D R0TULIU - S 
40 -	 - NO SHDE 

35 	 -' 75%LGll INEEPT iON 

25 

20
15 


05 
o_______ 

OALATACORCH 	 DALA- SPOTS 

0 

25 
20
 

"5 


0-

05 
.
 

RECORDNGDATES (1976) 

Fig. 13. Effict of shading onlyant filiar diseases. 

Shading significantly teduced the severity of leaf scorch and 

leaf spots, but there were no significant dillefrences in yield 

between the shaded and unshaded check plants (Table 19). It 
is strikig thatt tie tishaded . orii aa pltts (0)light 

interception) showing the highest incidence of both types of 

foliar diseases produced the highest yields. 

able 19. 	 Effect of shading on the ean .rils,(T/ha) of two 

Dioscorea sppt. 


Nean yields under .1shadiig treatments 
68' 74_ 


D. alata 25.80 26.83 17.60 15.13 
D. rottidata 22.10 17.57 11.37 10.53 

Yarn disease report. High intciclence of a . rolundala %s'itches' 

broon disease which was hitherto unimportant in Nigeria 

has been reported from Ino, Anaibra and Kwara States. 

The disease is characterized by proliferation of lateral shoots 
(witches' broom), pale yellow leaves, black vines and stunting. 
The casual agent has not been identified. 
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Yam entomology. 

In 1976 vam was attacked by a Chrysnelidae Criocer liida, 
I)ali illIITA. The poIpulation reached a daImaging level 
and had tn he coitrolled I)yGantalin 20. In eastern Nigeria 
and to a lesser extent at ITA,a gall midge was discovered 
daInagintg tile leaves of vati. The insect was identified as 
LIavifph'U spp. ((."cidolnidae). Tile female lays eggs in, the 

tissue of the leaves, and during egg and larvae development 
galls are fornied. Wc do not know yet whether econonmic 

atiiuige nLctis nr lieu. 

Quality evaluationl. Special attention was given to enzymic 

discoloration of' flesh tissues itst screening factor. Annota-

Iiotof texture of cooked tissues was also used to predict 
varietal suitability for specilic food preparation. The presence 
of bitter taste or aftertaste was evaluated as a negative factor, 

especiallv fortse as a vegetable. Pleasatnt lavnr scores posi
tivclv ill over'all quality evaluation. 

Quality prfrmance. Nine "breeding iiliiies" were evaluated 
Ilbr quality. About 150 genotypes were tested. Table 20 sum
iiarizes quality perfiorntane of' families of white yam, D. 
,shimndata. All iidivicluaIs n' four families (\V42, W I1,W7 and 
\V:3) were acceptable, and showed high percentages of high 
quality samples. Alnost all individuals of one family (W5) 
were unaccepital)le. They were highly bitter to taste and 
demonstrated very intensive enzymic browning and unpleasant 
flatvor.
 

Tbh,n 20. Quality of white r-ai(1). rotuindata). 

7o %
3
; Families 

F0Family unacceptable acceptable superior tested 

W43 13.3 86.7 27 15 
W53 14.3 85.7 36 14 

W42 0 100.0 40 10 
W I I 0 100.0 87 15 
W7 0 100.0 60 10
 

W10 1..3 85.7 4t3 14 
W'3 0 100.0 53 15 
W2 6.3 93.7 25 16
 
W5 86.7 13.3 0 15
 

Yam agronomy 

An experiment was conducted to assess the yields of cassava, 

white yarn, sweet potato and maize when intercropped. The 

crops were grown on alternate ridges, spaced Im apart. Plants 
were spaced within rows as follows: cassava and yams = 100 

cin, maize = 20 cm and sweet potatoes = 30 cm. The four 

crops were all planted at the same time. Results for yams, 
sweet potatoes and maize yields are presented in Tables 21, 
22, antI 23 respectively. 
Table 21 shows significantly higher yields of yam when it 

was grown itsa monocrop than when intercropped. This 
7hble 21. Yield of white yam, D. rolundata, under monocropping 

and intercropping. 

Planting system 	 Yield (t/hia) 

Yam /Yain.15,83 	 a
Yam /Cassava....................... 	 .. 7.49 b
 
Yam /Maize .................... .5.51 

Yat i e ..t.tt. 5.77 c 
Yam /Sweet potato .. . ... .. . ... . 5.77 c 

Means fllowed .0the same letter are insiqnficantly different from each other 
(5 percent level). 



labe 22. 	 Sert potato ;'iehl under monocropping and int'r-
cropfling systems. 

Planti.g system Yield (1/ha) 


Swet potato/Swet potato 1).52 
 . 
Sweet p.t at/an . . . ........... 
 I i.80 b 

Sw'et ipotato /i( lassava ... 
 ... . . I).8 0 

......
Ati,, iLD,,vd I,ih/, am," ilt ir ini/liilr dill;.in t i,, wi/, ,r
( I ./04). 

7iible 23. 	 F / o onocrop/nutg and intercrolI/in:g Oil yied 
(kernels + cobs) q"maize. 

Cropp~ing ...systemn kg/hia
.... ... .. . ... . .. .......... ... kg/..Yield 

Maize /Maize .7,77) 	 a 
Maize /Cassava.. 3,99 b)

Maize/Yi. 
 " , 120) I
Maiz.e Swi'et pitalti. .*l•. .. .. . t:19." h

potato Ih' / 3!r)5' I I, 

. ,entle'vel). 

itay Itc eXftti'ted becttise of ihe higher inumIer of va in platnts 
per ttlit area utider a inonocrpif)iig syste'mt. 

Also, inttercroppintg yaltlS wit25 eassaa gaVe sigiiicaily 
higihr yields than intemiritpting Iieit with titaiz, or sWet
 
potatoes. This is becaiuse imaize 
 aiid sweti pt latoes, btll 

shoit-durationtirps have more
a rapid griwilt titan cassava. 

Also, niaize wiouii shade Itlie VaiS whilel hlonthg creepinig
vites of pttaltis would culipt.te whith yallis Ii iitrieits. 


Cassava has a sl ier growth ;.as dii yat is, anti will - lint
 
Cttf)lexte with yamts blucatist' of" its sliirt hiaves and itilglTIS 

systeln. Yields iif svect potatio iiietr tilloiteroiitg were 

also stpcriiut to iitercropping (Table 22), although Ilovr 

tha i expectit'l. Tabhl 23 sho 's sigtiifiattly higier yie'ldfs 

of nmaize 	 w eiln it is grilni as ai lc c rtop thati whei intet-

Crop ped with yalts, C.issaVa Or sVeet poitaitioes, 


Cocoyam 

Breeding 
Floweri, g and arlilicial ptollination, A p)eritatit'tt plot eoln-
tainitig 211 accessions of Cnoloasia etiilenta andIfblltl accessions 
of' X iihrn in ii i'ti/li m as r estf blisltd ottsilt -i r oid e 

opti tti tu 	 c iti ots Fo rfl wering. 

Plants in eight of' tfe ('0licasia elones and two of the 'aiiiith-

l'bh' 2.l. 	 Percent seed set resultin, from artlicial self, sib, 
pollinations in ('olotiia and 

,anthosoma. 

and cross tocoyarn, $1 

No. Spadices 

with ' ovary ';-
Ovary with divv'll. s(. c 

pollinated develop. seed nleit set I 

Colocasia 
Self & sib pollinations 26 II 3 -2.3 11.5 
Cross pollinations 18 0 0 0.0 0.0 

Xanthosonia 
Self & sib pollinations 2 0 0 0.10 0.0 
Cross pollinations I 0I 100.0 0.0
Total 47 12 3 25.5 6A 

17e 02 250.5 0.0~ 
Unpollinated 10 0 0 0.0 O.) 

WMla:loes flowered. IFlowering of several Clones began as ea,-IN 
as 1o,01tt.otntIs after planting. 

Artificial polllinations were Itade 1-5 days before, il Ow sameit 
day as, and 1-4tdays after pollen shted, and with and witInut treatinent of pistils with Calium nhrate. Resuhs are 

gi'c in 	 I'aTh. 2.1. Nost of' the spadices which displayed
partial fivary developitcnit and all threc spadices which set 

ihr 

sted st. Tlhirteen see.ds FrIn tthree spadics 

sed tted promotel nor iliabhiled ovalry develnmet Or 

of (,' loh-,,sil c'veloped;Iowevcr, tl viability of tit-se seeds was poor. 

Sweet potato 

Bre ing 
Irials. h'lt 25 ti st prtm isintg clones from the titifurts 

trial wc'rc testd, without fIt-tilizers, at IITA, Wari, Mbiri 
and Mokwa itt hoth wet and (lt\' seasots at(f were harvested 
I'tl imioihs after planting. 'the results are given in Table 25. 

In wet seasoi trials it lIT.A, '1IS 327) and "''IS 3277 gave 
nri e thliati 45 t/la fresh yield atil TIS 2.198, 'IS 1.499, 
TIS II F." and TIS :1Q-17 gave about .l1 totili I dry

isoli trials, 'IfS 24198 gavc itt' highest frcsh 'iehi 'ith 37 
tilis, tbllwcd by' TIS 25-10, TIS 3030 and TIS 2330 with 
abolit I0 	 tins. \I Nlokw.t (derivcd1, TIS 	 savannita), TIS 1217,1.1137atn 'I'll) II produtcfd Iii' thtan 30 tolls. 

Tihe yi'I datl tugclhtr with thiier agroiititie characteristics 
are giveti it "l'aile 2i. TIS 2t911 gave ihte highest tresl yield 
with 26.2 t 'ha wiih is ahiiut 200)peret-it Iore thai 'lb 41,tl. t;itndard i'llivar ustd. 

:11)17 shotwef he highest overll vale fbi all iltnportait
 
a1 ic taits observed, 'llowed by TS 253
 
TIS 2534 and 'IfS 215:1.
 

-tritational nl promiising lones
cooperation. 'he uist were
 
stupplihd to th i 'xtension 
)rict at tle University of' badan
 
a ntildRi vets Stat.. b oih 
 in Nigeri a. I-farv 'st d it ers were 

sUpplied tio ite AItinial Scictc Depl)ipartmnt at ilte Universi 
oufIbadat 	 fr tIlir exf~'rillitlits oi atliial fe'eds. 

BeetMatv iilllr\tivd seeds wer suplied to Ivory Coast, Sierra
 
Liot, Keny'a, lnizatia, ('anizihar), Sudan, GIhana, Goitnea,

Stintialia, Solimioiin Islantls, Sri a.;nka, lagladesh, 
 Brazil,
 
(:osta Rita, IPilippincs, Thailand anrl Zai're.
 
T b I gavi' til , highest vihld am inttg their intr utiction s it
 
Liberia ind C ai erit io, wuiti fresh yield of ab o)iit56 tons/ha 

ill tlie Calntiroll. 

Quality. Tlle biicletmist screened clines of the uniforin and 
advanced yield trials f'r texture and general eating quality. 
The general eating qtality of'TIS 14199, TIS 24198, arnd '[IS 

3i:053 was 	 fltund to he ver, good. 

Resistance to weevil. TIS 31053, TIS 2541, TIS 25:14, TIS :3030, 
TIS 3290, I'IS 3217, and TIS 3017 showed very low tuber
 
latmage by weeviI.
 

The 3-10 best clones from cach of the clones improved in 1971, 
1972, 1973 and 197.1 were tested under similar field conditions 
itl four htcations and in two seasons for tuber damage by 
weev\il. Field resistance to we-evil was remarkably improved 
in 1973 an 1971 but restlts indicate that fitrther improve
ment for this character may be diflicult newunless resistant 
sources are identified, incotrporated into breeding populations,
and screened for resistance to weevil with improved methods 
of screening. 
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able 25. Fresh yield (i/ha) - 1976 Sweet 15otato uaf!/ri trials. 

IlTA Mokwa Mbiri an 

Wet season )ry season Dry season Wet season Dry season 

TIb -1 29.A 15. 3 15.1 5.6 2.4 13.6 
TIS 1115 .10.2 27.7 28.7 21.4 11,2 25.8 
TIS 1.187 33.6 29.3 30.1 17.7 9.5 24.0 
TIS 1499 -43.0 27.-A 25.11 19.9 6.8 24.6 
TIS 2:Y30 42.3 30.5 2-4.2 6.4 18.8 24.4 

IIS 2198 43.1 37.0 25.0 16.0 10.1 26.2 
TIS 25:32 38.6 24.0 27.3 15.0 18.6 2-.7 
TIS 2534 25.9 27.8 30.9 17.8 11.2 22.7 

'IS25411 28.3 36.2 29.5 10.4 14.1 23.7 
TIS 3017 31.5 21.1 2.5 21.1 13.2 24.5 
"l'IS 3030 36.1 30.9 21.0 8.41 15.0 22.3 
TIS 32-17 .t.6 29.9 :31.8 13.5 12.6 25.7 
'IIS 3270 47.6 2-4.6 22.5 10.8 17.7 24.6 
TIS 3277 -t6.3 23.9 28.4 12.6 13.0 24.8 
TIS 3290 39.7 27.0 27.4 10.0 14.1 23.6 

Mean 37.7 28.0 26.4 13.8 12.6 23.7 

hhle 26. Yield, dry matter percent, resistance to wveeviland virus, and storability ofJITA clones. 

Fresh yield l)ry atter 
(t/ha) (") 

TIS 2498 26.2(193) 36.8( 11) 
TI1S 11,15 25.8(190) :31.6(95) 
TIS 3247 25.7(189) 31.5(95) 
TIS 3277 21.8(182) 31.2(9-t) 
TIS 2532 2.1.7(1112) 32.4(98) 
TIS 1.199 24.6(181 ) 30.9(93) 
TIS 3270 24.6(181) 31.7(96) 
T!S 3017 24.5(221) 35.2(106) 
TIS 2330 2.14(179) 25.3(76) 
TIS 1-117 2-1.0(176) 36.3(110) 
TIS 25414 2:1.7(17.1) 31.2(94) 
TIS :3290 23.6(17-) 34.6(105) 
TIS 2534 22.7(167) 31.9(96) 
TIS 3030 22.3(16.4) 312(103) 
TIb ,4 13.6(100) 33.1(100) 

Figures inparenthesis irl'rtoprraent of Jib I. Yields are 4 months data. 

An 8 X diiallele cross was made to investigate resistance 
to weevil under field conditions. TIS 2525 showed the largest 
general combining ability for tuber damage, followed by two 
local cultivars Tlb 6 and "l'Ib 2525 also showed resis-5. 'IS 
tance to weevil in Liberia. The heritability of resistance to 
weevil was low with respect to tuber damage. High correla- 
tion between tuber damage and tuber depth (r = 0.83) was 
obtained, which was due to both additive and non-additive 
effects. High negative genetic correlation between tuber dam-
age and carotene content (r = 2.5:1) was obtained, which was 
also due to both additive and non-additive effects. 

Resistance to virus. TIS 2330,TIS 25:32, TIS 3017, TIS 253-1, 
and "IIS2153 showed field resistance to viruses. 

Storability. Storability was tested under ambient temperature 
conditions using clones from the preliminary, advanced and 
uniform yield trials. In the uniform trial, TIS 2153, "rIS2532, 
TIS 2534, TIS 2544 and TIS 3017 proved to have good 
storability. 

Pathology 


Mechanical transmission. Crude sap inoculum was prepared 
from virus infected sweet potato leaves by adding phosphate 
buffer solution at pH 7.6, activated charcoal, distilled water 

)ry yield Weevil Virus Storability 
(I/ha ) score score 

8.6(215) 1.0(59) 2.8(127) Medium 
7.0(175) 1.1(65) 3.1(141) Poor 
7.0(175) 0.8(47) 2.3(105) Poor 
6.8(170) 1.3(76) 2.6(118) Medium 
7.1(178) 1.0(59) 1.8(82) Good 
6.6(165) I.4(82) 3.2(145) Medium 
6.9(173) 1.0(59) 2.1(95) Medium 
7.5(1881) 0.9(53) 1.8(82) Good 
5.6(1-40) 1.2(71) 1.6(73) Poor 
7.7(193) 1.2(71) 2.6(118) Medium 
6.5(163) 0.5(29) 2.7(123) Good 
7.2(1130) 0.7(41) 2.7(123) Medium 
6.5(163) 0.7(41) 1.9(86) Good 
6.6(165) 0.7(41) 2.,1(109) Medium 
4.0(100) 1.7(100) 2.2(100) Medium 

and carlorundum (abrasive). Five plants each from eleven 
sweet potato (lpwnoea balatas) cultivars and 127 plants of the 
sweet potato virus indicator L setosa were inoculated using a 
Nitrogen gas cylinder at 15 psi pressure. Eight of the 
L setosa plants developed characteristic vein-clearing and 
chlorotic mottling 19-50 days after inoculation. None of the 
sweet potato plants developed any symptoms. This is the 
first report of mechanical transmission of the sweet potato 
virus in Nigeria. 
Entomology 

The major insect problem observed in sweet potatoes during 
1976 was the weevil Cylas puncticollis and to a lesser extent 
Cylrl brunneus. During October and November a Cerambycidae 
species Nupserha deusta Dalm (Lamiinae) was observed tunnelling 
in the sweet potato stems and this damage can easily be con
fused with that caused by Gylas. The vectors for the sweet 
potato virus complex, white flies and aphids, were not seen 
in the field.. 

Sweet potato weevil. Work in sweet potato entomology was 
concentrated on Cylas puncticollis. Priority was given to field 
and laboratory evaluation of sources of resistance in the 
germplasm. Because the weevil attacks the leaves, the stems 
and the tubers, methods were developed to evaluate each 
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TJable 27. List of 12 sweet potato clones which showed low or no weevil infestation during laboratory and field screening in 1976 
compared with Tib 4 (Susceptible) and Tis-2534 (Field resistant). 

Laboratory Screening Field Screening 

Weevils 'Y Weevils 
Eggs! 
tuber 

Hatched! 
tuber 

hatched/ 
tuber 

"Fis-1491 7 I 14.3 
Tis-2079 7 1 14.3 
Tis-2301 9 2 22.2 
Tis-2373 12 3 24.9 
Tis-2028 6 2 33.3 
S1-301-25 11 4 36.3 
Tis-3056 8 3 37.5 
Tis-3137 8 3 37.5 
Norin 20 8 3 37.5 
Tis-2099 8 5 62.5 
Tis-3283 8 4 50 
Tis-2108 10 6 60 
Tib-4 8 6 75 
Tis-253-1 9 5 55.5 

part of the plant separately. The method of tuber evalua-
tion was described in the IITA Annual Report, 1975. In 
the laboratory, the number of weevils emerged from the 
tubers was counted after five weeks and the tubers sliced 
to check for any that rem.'ned. In the field a tuber score 
ranging from 0-5 was used and in addition a count was made 
of attacked tubers. For stern damage screening, five cuttings
of each clone were put in glass phials filled with water and 
exposed to weevils for egg-laying for five days. Later they were 
planted in pots and after 14 days each cutting was sliced to see 
whether development of larvae had taken place. The test isstil in rogrssreplicated
still in progress. 

In a special screening cage the leaves of 45 clones were ex-
posed to about 600 weevils for 12 hours. From each clone 
seven leaf discs two centimeters in diameter with the petiole
still on were cut. The petiole was put in a small glass tube 
filled with water. No significant differences in the amount 
of leaf feeding among the clones could be detected. 

18" 

16- Tib4 

14- L Tis 2534 

12-

,-10-

818-

E 

6 -


o 4"-

2 
I

04 M" a ] 1 i 
15 30 45 60 C 

Days between planting and reridging 
Fig. 14. Wet season tuber depth trial (sweet potato). 

Weevil Weevil 
Weight/ damage damage % 

Egg/hour tuber score, score, Infested 
index Kg tuber stern tubers 

0.07 0.09 0 1 0 
0.05 0.15 0 2 0 
0.13 0.5 11 10 
0.09 0.13 1 1 15.25 
0.07 0.09 0 1 0 
0.06 0.1 I 2 12.9 
0.09 0.06 1 2 9.5 
0.1 0.14 0 1 0 
0.09 0.15 2 1 30 
0.13 0.06 0 I 0 
0.1 0.22 1 2 13.3 
0.1 0.12 2 2 25.2 
0.13 0.06 4 2 51.3 
0.13 0.16 2 1 24.5 

Cultural control measures were also carried out in 1976 during
the wet and dry seasons. The tuber depth trial in 1975 had 
shown the important role of tuber depth in avoiding weevil 
damage. Therefore it was assumed that an additional layer
of soil put on the ridge sometime after planting might pro
tect the developing tubers against weevil attack. 

he 1976 field tests established the optimal time between 
re-ridging and Two Tib-4 (susceptible)planting. oultivars 
and Tis-2534 (field resistant) were used. Re-ridging took 
a ce 15,23 4 ad r es w s r id n d 

place 15, 30, 45 and 60 DAP. The test wastimes. was done afterrandomizedmonths.andsix Harvest four 
The results of the wet season tests are shown in Figure 14. 

The columns indicate the percentage of tubers attacked. The 
differences indicate that re-ridging was effective in reducing 
the weevil damage. The best time for re-ridging was 60 days
for Tib-4 and 45 days for Tib-2434. In practice, 30 days 
would be the best because later, vein and foliage develop
ment make it rather difficult to put an additional layer of 
soil on the ridge. This could be done with the first or second 
weeding. The dry season test showed less encouraging results 
because of soil cracking which reduced the re-ridging effect. 

Biochemistry 
Raw material. Fresh tissue was evaluated for color intensity.
Four breeding clones examined showed varying degrees of 
fresh color such as white, creamy, yellow and orange.
Quantitative analysis for B-carotene will only be done on 
the most advanced trials; however, the color intensity of fresh 
tissues served as a guide for estimating B-carotene which isimportant as pro-vitamin A. Non-uniform blending of color 
was detected in some cultivars. Intense enzymic discoloration 
of tissues is a negative quality factor and was used in the 
screening exercise. 

Texture profile. Texture characteristics in sweet potato
examined appeared to be the most complex. Besides the mealy 
or soggy textures, other textural characteristics were promi
nent in part or wholly in many cultivars. Non-uniformity
in texture was observed in many clones. 
The mealy texture is preferred in West Africa, probably 

because of similarity to yam. 

Taste profile. Mouthfeel (texture) and flavor were major 
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factors I r consumer prelerencec. Sweetness, oil the other are: TIB 9)9, TIX 50!)1-1, TIN 5013-1), Il'l 1,199 and TIS 
hand, was a minor discrimnating index. Surveys revealed 31053. 
that less sweetness is prelerred, ill West Africa, when sweet T'ble 211. Quallt., (1'si.,'I potato clones. 
potato is consumed as a naor nical, while very sweet cut i - .. ..- .................... .. . . . .. ........ ..... 
vars are popular is a llillor ial or snack. Varitill r l (g.ro)loncs t'C(It-S 

illacce piable acceptable superior 
Quality perlormance. ()verall quality )erl'forrlance of "breed-
ing materials" is summarized il "l'alble 21. 'Th suall nmnber 

--... ..................................
TIX series 24 29.2 

... 
70.13 8 

of' very high quality .siFIX-series inay be (ue
ii)x'evii ICII a l ix 'sinlX-es ililayh ( 

ti over-maturity of tubers. The most recommendable ciItivars 

'TIB series 
TIS series 

6 
18] 

33.3 
38.9 

_1__-_.9 

66.7 
61. I 

1. 

33 
2 
22 
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FARMING SYSTEMS PROGRAM
 

determining appropriate crop combinations, sequencesFile food situation in tile developing tropical countries of the 1. 
world remains a serious issue because of rapidly increasing and management practices for attaining high yields 

cannot be supported by outmoded agricul- and minimizing the use of inputs (fertilizers, herbipopulations that 
cides and other agricultural chemicals) for importanttural systems. The objctive of the IITA Farming Systems 

Program is to develop crop production systems that enable cereal, root and tuber and grain legume crops of the 

good yields to be produced on asustained basis in the various humid tropics; 
most suitable techniquesecological zones of the lowland tropics. 2. 	 finding or generating the 

for forest and bush clearing, integrated land develop
inteosi rie productionthte exception of the s systems ment, land preparation, planting and weed controlWit 

Asia, yields of food crops in the lowland humid that will ensure good feeding and plant growth conof south-east 
tropics remained very low. The cropping systems in which ditions and erosion control at a minimal cost; 
they are produced involve intermittent cropping alternating 3. studying and understanding of the plant nutrient 
with varying periods of fallow which in some areas have status; changes, and availability in highly acid tropi

ve~ry short and inelective by population cal soils as a basis for establishing methods for enbeen rendered 
pressure. Continuous cultivation of tropical soils without suring optimal nutrient supply with appropriate 
fertilizers results in a very rapid loss of soil fertility. Leaving fertilizer formulations in combination with methods 
land under fallow for long periods not only ties down a that take full advantage of potential biological nitro
good farm land but also increases the labor cost of periodic gen fixation and enhanced phosphate nutrition by 
bush clearing. Clearing of new land, which remains the most micorrhiza; and 
widespread mnethod of increasing production in developing 4. designing appropriate tools and machinery and de
countries, exposes the highly weathered tropical soils of low veloping techniques for their economic use in crop 
inherent fertility to intense leaching, further loss of plant production and other farm operations rangig from 

forest clearing and land development to harvesting,nutrients and erosion. 

crops can only be attained on a postharvest handling and storage of crops in the 
Sustained yields of arable 

continuing basis with costly inputs of fertilizers and pesti- humid tropics.
 

cides, scientific land development and soil management.
 
Large-scale mechanization and food production projects in Soil chemistry
 
the humid tropics usually fail because of the inability of The assessment of chemical, mineralogical properties and
 
existing methods to ensure sustained yields of major staples nutrient status of major soils in the lowland tropics of Africa
 
on such farms. The Farming Systems Program seeks to de- continued for the third year. During 1976, research efforts
 
velop suitable mthods of land development and scientific were focused on soil phosphorus and potassium.
 
soil management to ensure that sustained crop yields are
 
obtained in the humid tropics. Above all, it should develop General description of four bench-mark soil groups. The 

appropriate and more efficient alternatives to outmoded food large number of African bench-mark soils studied may be 

production systems of small farmers who constitute 95 per- grouped into the following four groups: 
Oxisols are derived from intermediatecent of farmers of these regions. 1. 	 Ultisols and 

and acidic rocks. They are the major upland soils 

Prelimn in tie hai dicated that increased food pro- in the rain-forest zone of the lowland humid tropics. 
duction in the humid tropics is possible with intercropping These soils generally have a good physical condition, 

and multiple cropping, minimum tillage, mulches, low inputs but chemically they are very poor. Aluminum is the 

of fertilizers and pesticides; improve-, -h-yielding, pest and major exchangeable cation in the soil. Deficiencies 

disease resistant crop cultivars; i .o." hand tools, small of calcium and magnesium are expected if the present 
machines and appropriate techr,' v' hin the ability of "slash-and-burn" practices are to be replaced by 
small farmers to obtain and use more permanent farming systems. 

2. Alfisols and Inceptisols are derived from intermedi-
Priorities 	 ate and acidic rocks. They are highly base-saturated, 

upland soils with wide occurrence in the derivedIn the Program, interdisciplin: ;n give high priority to: 
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Savalin anilin thldrier paIrt ol"tile fore'tst Zonle. Th'y 
are soils sittated illtill)t.r-i-hlwt.riiildh slope. 
oria rolling tpogrtphy. These soils rll( chtOicall 
fairly' rich. But iiost Allisols fOrmtd ( I ascimtit 
CMi)Iflex art.physiridlyl vt.rl i as r'su of'theiry ll 

sandylop soil and high tcOllutllll'lill o ' quartzite 
g'tvels ill tw ill lit. ii hol'ijlxl. S til erosioll fllt+icrtzit. 
tle Inait:r limiiting fitn lot for01rte-scildt g.. f'ariliii 
Mulch tillag.e has beeti lrov.d t highly eflfetive 
Jpra'it oti .llisills ill tilt' dri'r 1)art of' till,forest 
Zonte where ttop rt'siduts ill-v Int llt'eo(l fi't I raniluial fiCd its in Owt(Sivllit Zon.. 

3. ly r m rI c il r.f) m li tit .; it,,h<t o f180 
. idrllniorJhic soils ill' f id l ill( vealley botitomi of' 
i 'ollting rillvh:. ei livedtopljo hil th d e a itaMidd 
irier ilr tf' flet ' lictlts tl(' arte classified itsAquolls 
(Molisols), .\qClst'nt, (litistls) Aquilpts (Ilcetptisols) 
anl Aqiuallfs (..\lisols). "'lls soils. though of limited 
distritlilho, are. fIertilt btc;tise of clIy ioinerial-
ogical contetit s r.flected lietht. high caitiol exchitge 
capacity (tE() adr high wat r lhdiiig capacity. 
liytltioioplfic soils ini tht hi.lh-rilinfil regii arT 
iiaiinly Aquults (Uhltisols) anid Aqutents which alt
stronglyIacidit (pll bltohw )aid less firtile.._ 

Itil toxicity ili fltodle rice frtlequelltly tiloccurs 

iewlyeleared vallevs, particulfarly whein interlow 
wtel" loiU Uipper shlopes and driiuage tCoiti olrt e0 
Iot0 ontrolld0 

•1. 1lltisols, Oxistls, ild Inct,pitisols derived from basic 
rocks arc itutniqute grottp of sos lhtil in tieis, bt
they are limited in tilelowland tropics of' western ai:r 
central Africa. lh.se art fint-texitirecd, p)or'os red 
stills mostly deried'tl Iroii basalis anrd volc;inic ash. 

l)t'spite ttr ittotorioutsly high lhl)sl)horus fixation,
 

are l on)t( 'e sttoIs ilithe
t ill it I I S pu', ti 
Irtl)its v'itl high llti'nitgiltett ilputt. 

lilt iliative (listribution foul soil grul)s illthe tow-ofltill-
land ropics of'.\frictIt'llows tiet<trdt.r f I II 11 •IV, 
whereas tItteir iet -ill p~owt''hetgttt'io iond ial Ifollows til- ltvtrste order.s satgricltral fulhThe dtItgl{!.of,' bast. sa~turatlion= andl I)ilrticlt.esisizer it.t utrn(list rilitioll 
il tll-cctyical tiplaid Soils front lie foesi Zote is shown 

in Fig. .
 
Fotassiunm statuos-cluantiity /int i rtelattionship." The 0/itenshy

Potasim shi qa ll litNd/itrent" rhelatonsip. 'I'lHly)/I
l is 

Iittioilihip) is atgOiiid Itsle ofMCthle I)Oassillin StipvI)i'l7 
power of' the soil becatise it metasores silnoultalietiislv the K 

status in the suil solution phase (intensity factor) and the K 

btlffling calpacity of' tile stil solid phase (capacity f'acto').

The intensity f'actor is expressed b ilte equilibrium activity 
ratio of K in tht solution phase with respect to Ca and Mg
(ARe). The capacity ftactor is expressed by the K buffering 
capacity (PBC) which is calculated front the slope of the Q/ I 
plots. Some representative results are given in Table I. The
coin imonest 'eairu e is that the surface layer has the highest
ARe but lowest P3C within each protile. The group I soils 
(Utisols and Oxisols derived from acidic parent rocks) are 
poor K suppliers as indicatel by their low ARe and P13C 
values (Table I.). This group of' soils occupies a large area 
in the high-rainf'all region of' the tropics. Heavy basal appli-
cation of K fertilizers should be avoided to prevent leaching 
losses. Onl the other hand, one would not expect itsevere 
leaching lossof K in the other soil groups because of the 
increasing PBC of ie subsoil horizons. The high ARe value 
in the surfiace horizons of the Alfisols derived from banded 
gneiss from the Ibadan area indicates that these soils contain 
at apprecia)le aniount of' weatherable K-bearing minerals 
in the surface horizons. 

Cloy Silt Sand Gravel Exch (Ca + Mg +K), % 
0I 

12 
25 25 
42 42
 

Iibdon 
92 92 

17 117 

: 180 
100 20 40 60 80 100% 0 20 40 60 80 100% 

-i- -
14 14 

34 
E 

Poleudul
 
75Benin r 


0 12512 

1801 
20 40 60 80 100% 0 20 40 60 80 100% 

15 15 
32 

Haplorthox 
Yangambi 

72 72 

120 1201 .. . . . , 

0 20 40 60 80 100% 0 20 40 60 80 100% 
lig. 1. Percentage of exchangeable base saturation and particle

size distribution of three representative upland profiles. 
7abh, 1. Equilibrium activity ratio (ARe) and potassium buf

fering capacity (PB) of some bench-mark soils. 

Soils Horizon Clay ARe PBC 
X 102 

% X 1_)_ _ 

Group I Soils 
Paleudult, Onne A1 1) 1.51 2.9 

B, 35 0.32 5.1 
Paleustuit, Nsukka At 26 1.01 3.6 

B, 29 0.37 5.3 
Group HSoils 

Palrustalf, lbadan 15A1 6.72 11.3B, t 5 .7 2 .3 
B1,t 54 I.43 20.3 

Paleustall, Ikenne Al 13 1.42 13.7 
B2it 45 0.03 17.4 

Group Ill Soils 
Tropaqualf, lbadan A, 10 1.90 13.8 

B, 18 0.36 27.3 
Group 111 Soils 

Tropohumult, Ikom At 42 0.48 31.6 
B.2 t 79 0.12 20.6 

Phosphorus status. For all the soils studied, we found that 
the external specific surface area of soil measured by the 
BE'1-N, method is the key factor controlling P fixation. The 
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Iiin alter "slasl-and-burn" oftarelati(ship isparticularly Ceuivhltithg when lite soils are that t field [*Ournuointlis 

separated inu tilt various 1trOlJ)S is dsCrlbCd ini a previous seven-year-old ti Cke t. lhe fCarner's choice is sihnply between 

the availability of coliiiiercial fertilizers and li iing materials,Section. The highst P fixing soils ar'e Ilotst derived tl ll 
and seven years of, waitling. It should be emphasized thatbasis parent rocks, aricularly froiii hasals and volcanic ash 
wheni plalt nutrielnts lu'e Supplied ini tie lormof' fertilizers,(labhle 2). This is l'uiise of the smuall pqariitIt' Siz' aind high 
these soils less than I t /ha of lime' to give

Siecific surfiace arai' (f ssgiiuixidts existing, ini these soills. ioritially require 

adequate Ca SuplY arid to correct soil acidity.
Tah.Correlation coefficients of P sorption capacity o~f 28 

selctd profih's with soil properties. 'Tabhle-. Eeha/nge'abh' Ca and p1l of limed ard burned plots 
........... at Onne (Oxic Pahidult). 

Soil Groups Cla Contentt ''tal lfrce Bl)T-Surlace :\rea.. 
Fee)) Soil dlpth Under 7-yr.- .I Montlis after -I Months af'ter 

(((17 17e old bsh slash & burn limiing (2 t /ha) 

!t I.81 (.79 0)98 Evch. Ca, inel/IOQ 

Ill 0.10 0. 10 (NS) 0.73 015 0.:35 2.36 2.19 
IV 0.33 (NS) 0..4- 0.1 15--3() 0.20 0.70 0. i1 

All Soils 0.73. 0.77 0.9)5 30-.45 0.15 0.60 0.-t1 

Soil PH (112.,)O ni ajor pribStud ti ll soil Orgai IP we it ta inud. 


lin is the lack of a reliable tuethod fbr i t- dlitermit l atio)n (o1' 10.3 .6
15 5.1 

organit ) ill soils. A citiical evaliitioI of lit"e various eXtra*C 30 "i.4 .+_.!51.*1. ..... .. .:-I.4 . ... .. . tholn and ignition litcthods indic~ates that thet shliph' tiltrasolnic- )+ - ... .. . .- .. .... . . 

alkali extraction proicedurie gives til iimo0st consistent restIlts Liming trials. Loing-ternm liiing trials were establishedI at 

for a wide raiige tf soils. IIHA high-rainfall substation at Onne, Nigeria. Tie main 

ol)j(lctives are to study tli( retention and lmovent't Ol aI
w earaent hi wlint'ered oils soils. higly byiaglv acid plied Ca, leachihg losses of ferttilizer nut rientsghTIw wt is afflectedWeat';lhere!d alnd Sitrongily h'ilchcd ;.itid Soils G(roup I Soils) ill li ng a d to e ab sh v 'cie. rp ig d 1al w s 

the high-raitifall rIgiot are tihe mlost itfertilt soils illi iiing, ant to esiahish eflcotirye cropping ad falIlow serics. 'xhgeale Al nornma II l))repri ses tin t 7) Ihtliences. Results f'rin soils smpled fiter li(- first sasoti of 
trpa Alize at O ne (Table 5) showed that t aking crop retmoval 

percent of tilt total exciangeable cat ions. Thus, nurientl it 
deficietncies aniid silf acidiity are tlie major iraiting f jrs after the cripairst of daize, when tie Soil tOxic aleuduht) 

fii food troll proutinii otl thiest Soils. Tradititial Cotiva- received nearly halr ' if m lt- 2,400 nii total annual rainfal. 

tion meliod iiivolv's "'slash and burn" of" 20-to-30-vear-old 

secondiayrlorest. This is still a colttllon practice ill tile Trable 5. F,.l-han.geable Ca (nie/lOOg soil) in unlimned and linted 

sparsely poputlated areas suchit as Gabot and ntortlern aid field plots at Onne after first season flaizze. 

cent ral Z aire . B u t with i lcreasin g p optu latioln p ressu re ill ............. . . . .... . . ..... ...... ............... -..... . . 

i as filow periodsal'ilS sit- sootI ilaSlei Nigeria. tihl hlave Iepth Li tile rate, t/ Ia 
been shorit'ed to betwit'li sin'evetnaid ten years in Rivers c (1.5 1 2 4
 

0... . . .. 
 . .
 
St i tt('. an l eC tt t eie ' s in I o , A n a n b ra an d C ro ss
11 

Itiver Stlates. (i tce tie forst -nutiin ctyTlt is broken, tliese .. Iaer 2 weeks 

strioiglyv leached sand soils art itly able ill sul)port crops 1)+15 (.57 I.37 1.70 2.5( 6.43 

sucli as tassava aid I;lins. (ro ips with higher lnutrient re- ..Ifkr ./ an)onths 

(uirCtnenits and whiCh are sCnsitive ti sojil acidly, suclt as 
yanis, legumes and lilaize are litnitetd to plots near firin 0-I5 (1.60 0.78 1.22 1.16 4.17 

colnpounds where r'ftise and ashes could be used as f'ertilizer 15-30 0..ti 0.61 1 1.5( 0.5-t 0.88 

and Iiing iaterials. The slow rate of Ca movement is further confirimed by the 

lysimeter studies in the greenhouse which showed that underChelmical compositions of' plant residue ashes (Table 3) show 
an effective crop cover, a relatively small portion of appliedthat potassiun is the major component. Ashes from naize 

from Ca (as CaCO) and K (as KCI) was Found in the leachate
stover contain much less Ca, Mg and K than aslles 

water applicd wasGuinea grass, Leticacna atid natural bush. under intensive leaching. The maximum 
equivalent to 1,700-mm rainfall during the two 10-week 

Table 3. Chemlical composition qfplant residue ashes. cropping periods (Table 6). 

% Tble 6. Losses of Ca and K beound 30-cm depth under intenAs*Chemical tlnpositin, 
sive leaching condition in the greenhouse.FLO Ca Mg K P N 

Maize Stover 10.1 0.11 0.6 6.5 1.2 4.7 Lime Percent of total added 
KGuinea Grass 10.8 1.9 1.7 19.5 2.2 1.6 t/ha Ca 

Leucaena 10.5 5.3 1.7 18.0 1.8 5.3 
18.3Natural Bush 10.5 6.3 1.2 18.0 2.0 1.6 0 

1 14.5 2.0 
*lloosdy partt excluted. Mlaie pt iwauistak)n at si/king, and Guinea grass 2 8.6 1.7
 
sanpie s tken at flItterink. 3 5.4 1.0
 

5 4.0 1.2To establish more prodtctive and permanent cropping systems 

in areas with high population density, chemical fertilizer and 

commercial limting materials may soon become indispensible. These data indicate that under effective crop cover and 

that the level efficient fertilizer use, leaching losses of Ca and K could beAn example is given in Table 4, which shows 
Ca of limed soil (2t/ha) is comparable with minimized in these low CEC and coarse-textured Ultisols.of exchangeable 
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OXICPALEUDULT (ONNE) 
SOIL PH IN WATER

EXCHANGEABLE AL SATURATION, %45 2716 2 0 42 32 IS 3 0 4.3 4.85.3 6.2 7.3 4.1 4.6 5.2 6.2 7.6100. 	 100 12 4.5.414 
,x ~~Z~7--i 12 12 2 *N PZ 

so~s 0/ 
6 

60 

1-606
 

S40 MAIZECv. TZB 40 COWPEA,2nd SEASONlet SEASON 	 - VITA IJ A-XxVITA4 

o20 20 

__-------_Zn 


4.5 5.0 5.5 6.0 6.5 4.5 5.0 5.5 6.0 6.5 
SOIL PH (H 2 ) AT PLANTING 

of gan0Fq. 2. Effect ofliming on grain iield ofmaize (1st season) and 
cowpea (2nd season) at I17A-high-rainfallsubstation at Onne,
Port Ilarcourt. Liming rates = 0, 0.5, 1,2. and 4 t/ha. 

Yields of maize and cowpea from the Onne field trial in 
1976 are given in Figure 2. Maize (cv. T1ZB) during the first 
season did not respond to liming when the exchangeable Al 
saturation of the soil is 45 percent or less. But cowpeas
(VITA-I and VITA-4) grown in secondthe season showed 
significant responses to the first two rates of liming (0.5 and 
I t/ha). VITA-I showed more tolerance to soil acidity than 
V1TA-4. Maximum yield of cowpea occurred when the cx-
changeable Al saturation is about 20 percent and the soil 
pH1is between 5.0 and 5.5. Maximum yield of maize is about 
1.5 t/ha. Maximum yields of cowpeas are 560 and 280 kg/ha 
for VITA-I and VITA-4, respectively, harvested during a 
10-day period. There was vigorous vegetative growth of 
cowpea in the limed plots, even though the grain yield was 
low. Both crops received recommended rates of fertilizer 
nutrients (N, P, K, Mg, S, Zn) and weekly spraying. 

The effect of liming on nodule formation and total N uptake 
was also investigated in collaboration with the Grain Legume
Improvement Program. Liming at a rate of 0.5 t/ha doubled 
the nodule formation and total N uptake per plant of both 

nodule counts
cultivars. There was no significant increase in 


at higher rates of liming (Table 7). 


Table 7. 	7he effect of liming on nodule formation and N uptake 
by7two cowpea cultivars. 

Lime 	 Soil pH* mg nodule plant mg nodule plantt/ha H,,O VITA-I VITA-4 VITA-I VITA-4 

0 4.5 78 35 415 370 
0.5 4.7 173 80 781 489 
1 5.0 168 119 773 416 
2 5.5 219 113 740 539 
4 6.6 175 153 861 679 

*Soil p11 was masured at plntin,/lime and four months afer liming. 
Effect of liming on nutrient interactions and balance. Nutrient 
imbalance and deficiencies are important problems when the 
highly weathered acid soils are used for continuous cultiva-
tion. The ashes from the traditional "slash-and-burn" prac-
tices provide more balanced, though insufficient, mineral 
nutrients to the crop that follows. Under continuous cultivation, however, the conventional NPK fertilizer applications 
and liming may induce secondary and micro-nutrient defi-
ciencies. Magnesium deficiency in maize is common in plots
at Onne substation where moderate rates of CaCO3 or Ca 
(OH) 2 lime ( to 2 t/ha) were applied. Zinc deficiency may
be induced by higher rates of liming and phosphate applica-

- P+Zn 
%, 

' PP 
>" 6 % 6 OXIC PALEUDULT 

USTOXICPALEUSTUIT ONNE Zn
4 NSUKKA 4 

CHECK 

2 2 
CHECK 

0.70 I 2 30 	 2 3 
O 

CALCIUMCARBONATE, PPM X 0 

Fiq. 3. Line-P-Zn interaction as shown b), maize dry matter 
jield in tum Ultisols (200ppmP and l0ppm A). 
tions as illustrated in Figure 3 from a pot experiment. Thus,
well-balanced nutrients must be applied in addition to lime. 
Phosphorus fixation is another limiting factor in these acid 
soils. Results from collaborative liming and phosphate trials 
at Amakama in southeastern Nigeria showed that relative 
maximum yield was obtained when 120 kg/ha of 3,,, was 
applied and the soil was limed to pH between 5.0 and 5.5. 
Grain yield of maize (cv. TZB) of the second season was low 
(max. 2.6 t/ha) due to severe stem borer damage in spite of 
regular spraying. 
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Fiel(d experiments oin lijie atid p tassilnii intteractitons wvrv l.angiiituir isoti t ,,rinsranted li i 1.201) to 7,500 ;./q soil. 

also estal)lished oin two ultisols i, sooitliet it Nigeria. Early Tile it-o il xide-rich soils (Ultisols and Alisols) dhrived Iroti 

sti.i ' lgrolVth showed tha t ll ( II'A iitplo 'ed cassa'd Iiasalls and al phliio its have i It hightst adsorptint (at

is ret1t0 gin,iitl while Ultisols dtri'etdCliihiv 3i0211 moI leSp )liSiv\ Io m nll alptity.k lpplic;i- thw s;ronigly acidic 'roil sedi

tio0n than tilt- Nigelri' t ltiv r 610.51)6. tllnltal y rocks adsorb tht least alilllllt. N l t than 50 percent 

c l i ltio . This l" tiicidslbed piaraq at is held very strongly by tilt- soil. 
Soil properties miller alow and C 

Ycilpr~llit-t uilchcnsist :our p inof*h uroitl ietlhletlts 

litil+l ia lrmwtItiltswascoiiiovd lot dti lit.il yar. soil Soil fertility
oltgalli( lnaItte' anld liill't'ra[ tilltItrict thatils + rV(I(lilt llitorl'cd 

field trialsio~i,dically. D)urtiit 11176. No) N cotent ill tilt surlct. Long-term 

diilIrclt i1(I Maximum trials. to
saills 111(Ier falh)w t ll)p it g tI't;l1HIIvIItIs W IrC yicld and cultural |xperiients deter

wettl . t. t weeky-tet tIllllil d kl\ IIjir Tht date sho It1th wekh the elects her
11 d seascitcd a l l 't i(i. l . tit t l c eh l S i lst; unde G ictcla iliz cr appllication an~d w ccdin t, w ere; continuled oil two of 

l l (atllt. 'I;le thtW t u t itehliniark sites -- A pot ti soil series (A lfic 
and rl hwitlg ,gri tuli l In ail5 t Iallio tush hl l 5 

ntr te peaks lots."lh IITA, and Alagha soil series (axicWre twoiti nc a h in tht- cntgl inuous i. r Ustipsuitllent ) at 
i tha ll t s at new added I 76 an 

l11 gt it i l ;talntati a higlwr Ilitl l evel il thte lst tarolni soil serics (Rhodustalf) at Isov' iin C tperation with 
Inyere tw oistilct litatc peakshighetrlllilvltlSll tei pitlenstall) Ikettite. A site\was in on 

tilte Soil Stcielcet department I l tilt- Uniiversity of Ifhe. The 
Adsorption ol" paraiquat Iy suils. "laaquatl is a promsting irst-seasoi, ttaize grain yields Ibr four years at Ihadan and 

herbicide f0 t l'lte lxril ltlnt and lirv-scailh I'artnittg ill the Iketitne sites ate shown itn Figure 5. At )oth locations, the 

trl)ics. It has been ow( Is a I)rvtt'lter lle herbicide iii liel t eflct of' the variu'h s treatmtettlts oil the 19!76 maize yields 

tf niiutli tillage and it0 soi dhstrtictioii ill itulthing shwed a1sitmilar trend as it did inl previous years. Yields 

trials. Tile a(sot)tion1 of piaraquat lbV selected soils was were generally lower oiltte Alagla soil than ott the Apomo 
studid.dThe ;laxiitll atdsorption Capacity calculated front soil dtte to poor weather conditions. ith no Fertilizer appli

1 'k 1i 

li I 

IA I 

i" K 

Trustees Dr. F.F. Hill (left) and Dr. A.II. Bunting (second from right) are briefed on soil fertility experiments in one of the 

greenhouses. 
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Fig. 5. First season maize grain jield on ..jlalba and .lponu
soils as aifected by fertilizer application and1 weeding (,. = +
fertilizer and we'ding:1 B = + fiertilizer ao weeding; C = no 
fertilizer no weeding: D = no fertilizer no weeding). 

cation and weeding, yields continued to decline in 1976 at 
both locatioIs. Due to heavy weed COnlpetition on the Apomu
soiland vith no fcrtilizer applicatico and weeding tie miaize 
crop gave zero yield in the fourth year of cropping. The 
maize crop ill tile fertilized aridtl nweeded treatihette ite 
.\ponllu 	 soil was daniaged by rodents. 
Lolg-term fertilizer trials. 'le first-season inaize grain yield 
frotm both ocations in the fifth cropping y'eal is shown in 
Table 5. On the Egheda soil, significant yield increases were 
Only observed with applications of .10 kg N/ia and 30 kg
P/ha. There were some residual ellects of the applied N aid 
P on the Egbeda soil. Otn the Apoiu soil, linear signiflieant
responses ul to 160 kg/ha and a signilicant response to -t0 kg
P/ha were observed. A N-rate of 150 kg N/ha was adequate
br ht iaiting IItaXitt)un01 yield oi tile Aponiu soil. Tltere were 
no significant resposes to K, S Mg, and Zn applicat io on 

both soils. Removal of the crop resid ueII fr live seasons had 
allinsignificant effect oi1tie ,naize yield (il the Egheda soil 
with adequate tcrtilization. However, (il the sandy Apoiiu
soil, there was a substantial yield redtction with aitnoal ie-
Ioral of1the Crop residue even with adequItate fertilizations. 

Table 5. First season grain yield of iA inaize "I71 in 1976 
grown on Egheda and .Ipornu soils as (ffiected by fer
tilizer applications ard crop residue treatmnents (5th 
cropping year). 

Soil Type/Treatments Egheda soil Apomu soil 

-kg/ha-
N()K.S. 	 2086 570
NjP.,K1S1 	 4262 1673 
N1 .,KtS1 	 8 39N,.,,K 1SI 
 6996 6057
N-PK 1S1 	 404537,t2

N,,I)(KIS, 6847 5322 
NPKSI 
 5189NP,.,KOS 1 	

6928 
56066866 

NPK.,S1 
 67:2 560 
NoPoKoS() Residue removed 2626 1151 
N.,P.,KS I Residue removed 6785 5212 
LSD .05 716 1275
 
'Fertilizer 	 rate: 1=60 Ag/N/ha; Vlha for,V N.,= 120 kg Egbeda soih 
IV,- 75 Aq Nlha; N,,= 150 k(:gNlha for Aplionisoil."P, - 30 A Plha;
P.= 60 kg P/ha: K, = 4(0Aq K/ha; K.,=80 kg K/ha: SO = 15 Ag S/ha. 

Effect of tillage and N rates. Investigations on the effect of 
conventional plowing and strip tillage (or minimum tillage)
and N rates on maize yield on an Egbeda soil, initiated in
1975, were continued in 1976. Despite the low yield due to 
drought effect at grain formation stage, similar to the 1975 

76 

A 5000

44000. 
W
 

0 

No Nis Noe Noa Nis N"0 Nit Nisa Niso I* 

N RATE, Kg/tio 
Fig. 6.Grain .ieh of maize on Egbeda soil as affected by N
rates and tillage 1iet/tmts (o. strip tillage: o - -.ocon
ventional tillage). 

results, 	 grain yield was consistently lower with minimum 
tillage over the entire N-range studied (Figure 6). On the 
average there was a 6 percent yield reduction with mininnurn 
tillage. 

Fertilizer sources trial
 
Investigations on the effect of various rock 
 P sources were 
conducted on a Pale ud ult at Onne near Port Harcourt. The 
yield of the maize of first season 1976 was low, partly due to 
MIg deficiency atid late planting. As shown in Table 6, there 
were no significant ellects of P application and P sources. 

' 
Table 6.	F/feet ?f P rates and sources oil first season grain

.Y*ield maize cultivar TZB on aa Ultisol at Onne. 
P-Rate Grain yield

P-Source (kg P/ha) (kg/ha)
C ontrol_ 0 _ _ _._ _ _ 

Contrtl 0 	 1,.01
Triple supper 40 1,581 

80 1,259 
100 1,824

Morocco rock 80 1,699Togo Rock 80 	 1,350
 

Study 	on sulfur 

The valley bottom land (hydromorphic soils) is becomingincreasingly important for rice production in West Africa. 
Greenhouse tests were conducted to determine the sulfur 
status of eleven representative hydromorphic soils collected 
from central and southern Nigeria. S content ranges front 46 
to 4187 ppm, while the amount of Ca (HP0 1), extractable Aranges from 41 to less than I ppm. The rice plants were grown tinder flooded and non-flooded conditions. Some of thedata on the dry matter yield response and S percentage in the
plhnt are shown in Table 7. Under flooded conditions, 55percent of the soils studies were S deficient, while under nonflooding, only 22 percent of the soils studied gave a significant 
response to S application.

Study on potassium
 

Field investigations with maize in southern Nigeria indicated 
lower K status of plants grown on soils derived from sedimen
tary rocks as compared to those grown on soils derived from 
basement complex rocks. To better characterize the K statusof the soils derived from both parent materials, laboratory
and greenhouse investigations were carried out. Five soils 
derived from basement complex rocks and six soils from sedi
mentary rocks were used in the study. Soils derived from base
ment complex rocks showed on the average higher K status 



----

'able 7. ffect of sulftr application and water managenent 
on drj, matter . ield and sulfiir percentaqg' of rice 
cultivar IR-20 grown on various Nigerian Ihydromor-/,hi,.
soils. 

Soil Origin Dry iattvI yield Stlhfo piiC'tii .qt 

Non-Non-
Flooded HIIoded Ilihochd lhoodld 

g/pi t 

Ngala No S -1.91 2.81 0.26G 0.29 
+ S .. 88 2.98 0.33 0.31 

Shonga( I) No S 5.72 3.116 0.19 0.3,1 
+ S 6.23 2.97 0.32 0.42 

Shonga(2) No S .57" 2.-15 0.12 0.20 
+ S 5.65 3.05 0.32 (1.32 

Laliagi No S 0.62* * .4 (9.* 1).070. 

+ S 2,.9( 2.63 0.35 0.20 

Dekina No S 1.75 0.13 

+ S -1.9ft 0.2-1 -
Ikenne( I) No S 1.11** 1.1-t** 0.08 0. 19 

+ S 5.31 2.-I 0.29 0. I 

lkeinc(2) No S 1.18* * 0.12 
+ S 1.53 - 0.2(1 -

Ib ad an ( I) N o S 2.3 7 ** 2.52 0.13 0.31 
+ S 4.73 2.6)0 0.26 (1.12 

Ibadan(2) No S 2.111 :1.56 0.26 0.29 

+ S 2.55 3.16 0.32 1.31 

*S'in firan 	 al5% l,-vel tI0'Ir-eltni/ 

'Tbh8.A 	 Extractable K-content of'soils derivedlfrorn basemient 
comphx and sedimnentarr rocks ind dry matter 'iehl 
reslomise 0/ mnai:e to Katipplicrition. 

Extractablh K (inc/Il)0 1) Drv niatter 

MarenI Actt.25 AI -,SO 1 iK y'iet 

Bseent I Nil05 0. N 1-1C 1,The 

Baseinent 

Complex 0.214+11.142 0,.156 +0.095 0)27.,9+6.3 

200 36.2+'3.3 


Sedimentary 0. 103 + 119 0.87 + 0.031 (0 2(0.2+5.7 

200 33.7 +:1.1 


and less response to K ap)plication (Table 8). The amonts 

of extractable K deterio ined by IN An-acetate, 1.25 N -, 
SO4+0.05 N HCI. and water were significantly correlated 
with maize dry weight with correlation coefficients if'0.778, 
0.721 and 0.718, respectively, 

Nitrogen responses in mixed cropping
in mixed 

Studies on thie N contribution of grain legumes ,obtained 
cropping and in rotation with cereals were initiated in 1975 
on an N deficient Apomu soil series. 

Results of the 1976 intercropping trial are given in Table 
9. Similar to the 1975 results, there was no apparent direct 
N contribution of' the cowpea crop to the maize. With no N 
application, there appeared to be competition for N between 
the cowpea and maize crops. Yield of the cowpea was gen-
erally low, inpart dfle to blight damage. There were distinct 
reductions in nodulation with intercropping and with in-
creasing N rates. 

The first 	year results of the rotation trial are given in Table 
10. There 	appeared to be some N contribution from the 

hibhe 9. 	 EF/'rt of mix ed cropping and .V-rates on grain .yield 
of"maize cultivar 7ZB and seed.ricld of coupea cul
tivar I/i' Broun and nodulation. ,,p, 	 - ,,. XlJ. i~a .lL :ii. -£l i:
 

Ii-,ilniri (kg~ , olg 'plinit (kg /ha) (kq /ha)t 
" 	 , - . --- , . _ 

Sole
 

cropping 0 773 2,.4 16 636
 
30 479 ,482 732
 

) .1-12 .4,5.49 697
 

120 522 1,879 647
 
Mean 554 -,082 678
 

Mixed
 
cropping (1 706 3,9481 81
 

30 683 4,930 86
 
60 673 5,234 85
 

121 188 5,678 67
 
Mean 638 4,9,18 80
 

Table 10. 	 Effi'ct of preceding grain hgume crop/s and N rates 

on mnai:e grain yield in 1976 grown on Apomnu soil 
series. 

N-Rates 
---

Maize. Majzv- \;iz- Maize
(kg N/ha) inmaiz,*co\w'peai* soybean* Pigeon pea* 
....... ... . .. .......... .. .. . . ... .. . .. . ... ......... 

-grain vield (kg/ha)-

0 1,920 3,882 3,542 3,170 
-15 -1,087 1.,7 1-1 4,29-1 4,539 

90 5,706 5,5315,942 5,3815 
135 5,67-I 5,1111 5,699 6,0011 

Average -t,6 5,1126 4,730 -,812 

Relative yield ' 1101) 11"t 107 109 

*rcondirait
,op.
 

preceding 	grain legue crop to the succeeding grain legume 

crop, particularly in the No. N treatment. 

Tolerance of tropical grain legumes 
rclative tolerance to high soil acidity of the tropical 

g;rain legu mes (cowpea, soybeanii, liina bean, pigeon pea, and 

winged bean) was assessed in the greenhouse using an Ultisol 
(p- 4.) lon the lITA high rainfall station at Onne, Port 

Harcourt. Eight lime rates rainging from 0 to 5.0 t/ha were 
used. :\ll species except winged bean were inoculated with 
the appropriate lhiobiiumn, aid all species were harvested at 

ininediate preflowering. 

Table 1. 	 Tolerance of five tropical grain legumes to high soil 
acidity. 

Percent ier, :it Mean Lime 
maximnum incr-ease in dry matter required

yield yield to 0.5 yield for 95% 
at t/ha line (g/plant)at of inaxi

mum yield 
Species Lo LIo.5 Lo L.5 t/ha 

Cowpca cv 
Ife Brown 52.0 89.7 72.4 1.,49 2.56 0.75 
Winged bean 
dv '[Pt 1 51.8 90.1 73.9 1.19 2.06 1.00 
Pigeon pea 
cv 3t)8103G 31.0 70.1 126.4 0.46 1.05 1.05 
Soybean cv 
Bossier 18.9 46.9 148.3 0.36 0.89 1.80 

Lima bean 
cv TPL 170-33 9.5 61.1 542.7 0.24 1.57 2.25 
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Cowpea ad winged bea,, showed so<,,e tolerance while both Soil m 
soybean ,'nd limta 	 bean were very sensitive to high soil 

acidilv (Table 11). The perciitagie yield increase at 0.5 i/ha,
tile lit il 5l." if niinliin yield, a p-rate required I' 	 perTCeilI 
peared to be usefl criteria for assessiig tolerance. Noidu1ation 
was observel to be Inore sensitive to high soil acidity Ihan 
growt If tle foist plant. AlVihou1i all silt'ics shiwed sb 
slantial growthi respoinses to as little as 0.25 t/ha liie, soy-
beali, li nla fbeauii ani Pli gt.'l pl(.a \t'le all very p(orl y l fh-
latecl at this rate of lime application. The observation of i 
dry lUmat ter yield response in ll e f I Iation sug-absece hodutl 
gests Ithat aniother factor apart front iitrogen lit ly be Iiniiting
growth more dircctly. h'llesytiptoins observed anti anaIyses 
oil plant tops Suggest this liiinitirg a toir was talciun de-
ficiency. I-lowt.\kCr, it would appear that alhuminu to icity, 
rathler than calciun deficietncy, %wtslitnitiig the growIth of 
cowpea and wiui;ed beai ini the iiiliined soil. 

The respo ise to litlne rates fronti 0 to 5.0 t/ita of' two cassava 
ctuhivars grown for three roillhs ii lhe acid Utisol froiss 
Oririe is shliown in Fig. 7. ''op lroduclti(on, tising tCie" yield 
of leaves as tle paratninler was little atfected by litile rates 
below 3.75 t /hi, while only cotiparativyely Smtall yield beiefits 
in early tuber production were achieved through the appli-
cation of litine. Higher rates (if litine severely restricted tuber 
dcevelopmnent. The success of cassava oil highly acid soils is 
related to its tolci'ance to high soil acidity; it call produce a 
crop under condition s ttfat are unfavorable to niaisy other 
crops including grain leguiies and iaize. 

0JUSKArISE APUW.U 
140 

120 	 -30 

TUBERS 

25 

6LEAVES LEAVES 21 

e 

20 -5T6•0 

0 I 	 4 0 i ; 305 4 5 
CoCO aplgd 0toV lhn/ho 

Fiq. 7. Tuber and leaf yields of cassava cultivars Ojunkaiye 
and Apuwuru as affected by lime application. 

All plants in this experiment were rated for CMD using the 
Allplatsexeriscrtts ftiwre ate fo CM usng hescoring system developed by the Root and Tuber Improve-

isent Program with the miodification that half-class units 
were included to give greater flexibility. A strong reduction 
in CMD rating was observed in cv. Apuwuru as the lime 
rate was increased fisom 1.0 to 2.5 t/ha. No relationship 
appeared to exist between tuber yield and CMD rating at 
lime rates from 0 to 2.5 t/h. Sorme plants with a CMD rating 
of about 2.0 to 2.2 produced tuber yields (three months old) 
equivalent to those produced by symptons-free plants. These 
observations point to the need to re-evaluate whether the 
major limitation ont yield of CMD-affected cassava plants 
is due to the disease or to thi, poor nutritional conditions 
under which cassava is traditionally grown. 

C[arbon- I.I decbonposition studies indicated that organic 
uialer decomposes very fast uinder humid tropical field con

l ditins. ,.i exainat ion of the daily pattern of' nitrogen 
txion i COW pta sltowed two ieriocls of lnaxhlouni activity 

- before noon andindurig the early venilg - altiough 
enirtonnien tal factors likelv to ifluence fixation Showed one 

idiulrnal peak. All crops examined at IITA except rice were 
foiild to be inycrrhizal; tie iost coinmmon endophvies Found 
wet eGigaspsa, (lo s aid .cati/.spora. 

Biological nitrogen fixation 
a 

lDiurnal variation in lilroge lixaii. Diurnal cIt atiges in 
Init rogeni fixation (estimated as CH.,2 reduction) over a 30-1lotir 
period were coispared with changes in soil, caiopy aind air
ttnl)eratures, global radiation aid vapor pressure deficit. 
TVu 37 (Pale Green) and VITA-I cowvpeas and Tlin 80 
(Bossier) and "'(hin 280-3 soybeanis were exainitd at early
floweriig (soybeanus) or pre-flowerintg (cO!lweas ) stage arid 
curi rig pod-fill. Althouglh tile environmtental factors showed 
one iaximnun and onie tsiiniiurn during a diurnal cycle tile 
C.,H, reduction rate in nodulated cowpea roots showed two 
peaks: one between 0(i00-121)0 lirs. and the other between 
1800-2-10) irs. and two niininsa: one between 120(0-160f hirs. 
and another between 24)0-061)1) hsrs. (Fig. i8). Vapor presstire 
deficit appeared lie most likely factor influlenciiig tfir' decline 
in nitrogen fixation between 1200-1611 firs., a pericl when 

photosynthesis was 	 expected to be iaximim. The rate in 
C.,,, reduction iii ciwp\lea was greater atI the Pire-Ifoweririg 
tal thislieearly pod -fill fe)cririd; tile rate ill soybcans wis silui
lar at both periods. The sigifiirit-e of these inrings in 
relation to carbohydrate inetabolisns, nitrogen fixation and 
thus protein content in these species is being investigated. 

150 TVu 37 0 VITA -I 

9 

1o 4
 

-

UVTA -1 
z5 	 50

u 3
~30.0612 18 24 06120612 1824 06 2 
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-


0 18 24 06 2 0612 8 24 06 
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F9. 8. Reduction changes in C H reduction in nodulated roots 
of cowpeas (li~u 37 and VJTA-I) arid so)'beans (TGrn 80 and
of -owpea afe plan VTia lineru'sted55-d 

M 280-3)harvested 55-56 days ajler plantin. Vertical line 
are standard errors of means of replicates. 
Effects of seed inoculation on Rhi-obitun survival and legume 
performance. As in the IITA Annual Report 1974, cowpea 
and soybean were sown in newly clesred Apomu and Egbeda 
series soils. In 1975 the fields were cropped to maize. In 1976, 
the surviving rhizobia were counted by the plant infection 
technique before conducting another seed inoculation experi
ment at the same locations. Each plot was sub-divided, and 
planted to inoculated seeds. The results are in Tables 12 and 
13. Cowpea rhizoba survived well in both soils. However, 
Rhizobiun japonicum. especially that in Nitrogerm inoculant, 
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Table 12. 	 7he effects of seed inoculation in 1974 and in 1976 on survival of rhizobia, nitrogenase actvity, .oield and nitrogen 
content of taos andgrain .relM of l'ale Green coupea and Bossier soybean grown in Almmu soil. 

hoOcllu* Fops, Grain, Leal Oil, urnol C.H4 Rlhizobia 
Legume 1974 1976 g/plant g/plant N % % /g.d.nod /hr /g.o.A. 

soil 

Pale Green 10 1,0 21 ± 4 1.7 3.. - 97 ± 37 32,000 
11 19 ± 6 1.8 3.,4 - 126±45 nd 

1 11) 22 ±4 1.7 3.3 - 198± 53 4,700 
I , 22 ±4 1.,4 3.3 - 197+ .11 nd 

Bossier i0 1, It ± I 9.0 3.2 24.6 80+_ 2 1I3,00() 
. 1. 1 11.8 2.9 24.2 86± 8 rd 

13 14 ± I 7.3 3.0 21.9 73 + 2nd 
L 1f 12 0 10.3 3.2 24.0 55 + 1 3,100 

I, 16±0 13.1 3.2 24. 58± 0 nd 
I: 	 141 12±4 11.0 3.2 24t.6 124+ 0 1,100 

. I_ 13 ± I 9.7 2.8 24.7 84± 3 nd 

*During the 'ear shoun, seeds were either uninoculated (1,)) or inoculated with Nitra,in towpea inculant (l,) or Nitragn soybean inocufant (1..) or Nitrogerin 
soybean inoalant (l:). 

Table 13. 	 7he elfects of seed inoculation in 197.1 and in 1976 on survival of rhi-obia, nitrogenase activityr, .;ield and nitrogen 
content of tops and grain .ield of l'ale Green cowpea and Bossier sorbean grown in Egbeda soil. 

lnoculumn* 'Fops, Grain, Leaf Oil umnol CH41 Rhizobia 
Legume 1974 1976 g/plant g/plant N, % % /g.d.nod./hr /g.o.d. 

soil 

1Pale Green if) f 39±5 3.3 3.2 - 82 ± 20 33,000 
11 41± 2 3.3 2.11 - 157 ±23 nd 

I 1( 37 ±4 3.3 2.9 - 1.44-± 24 26,000 
1 , 33± 5 2.9 2.9 - 152 33 nd 

Bossier 1) I0 11 ± 1 12.6 3.0 25.3 68 ± 2 2,700 
1. 1.- 2 9.11 2.9 25.1 53 ± 4 nd 
1., 14 5 1-4.3 3.1 25.2 58 ±10 nd 
1,I0 13 +0 1.1.9 3.0 25.0 56+ 6 28,000 
1. 16 ±0 16.6 3.0 25.2 53± 7 nd 

13 If) 12 ± 0 15.8 3.0 24.9 57 ± 12 13 
1:1 	 12 ± 14.1 .3.1 25.3 69 23 nd 

*During,the ear shown, seeds were tither uninoculated (I,,) or inoculated with Nitraqgin cofpea inoculant (11), Nitragin soyfbean inoculan (I.,) or Nfitrogerm 
soybean inoauant (~) 

Table 1.1. 	 Effects of soil moisture on the performance of six grain hgumnes. Nitrogenase activity at two weeks pre-flowering, flower

ing and two weeks post-flowering. 

Growth tnol. C, K, produced/g fr. nod./hr 
period Legumne SI 2 S3 S1 S5 S6 Mean 

Pre-flower 	 Soybean 3.50 5.19 9.17 11.5 13.2 27.2 11.62 
Cowpea 19.4 15.5 16.7 21.0 27.3 36.4 22.71 
Jack bea.n 3.62 4.62 3.40 14.5 4.24 15.4 7.63 
Lima bean 0.35 0.47 0.16 0.14 0.81 1.82 0.63 
Pigeon pea 2.67 0.91 1.07 11.5 7.33 9.77 5.54 
Winged bean 9.31 13.2 15.9 10.4 11.3 19.0 13.18 

Flowering 	 Soybean 14.9 12.8 10.5 18.7 22.8 19.0 16.45 
Cowpea 14.0 14.0 14.0 22.0 23.1 19.0 17.81 
Jack bean 4.83 4.09 5.92 7.23 13.3 17.6 8.82 
Lima bean 1.42 0.40 0.06 1.35 2.47 6.62 2.05 
Pigeon pea 2.22 1.47 3.88 6.98 7.09 13.2 5.81 
Winged bean 18.3 13.4 15.7 12.8 14.4 9.03 13.93 

Post-flower 	 Soybean 19.1 27.4 13.0 21.8 17.4 19.9 19.76 
Cowpea 7.58 4.91 3.30 4.15 9.85 8.54 6.38 
Jack bean 5.19 5.42 13.2 13.7 14.0 26.5 13.00 
Lima bean nd nd nd nd nd nd -
Pigeon pea 5.3 15.8 25.5 5.67 0.06 0.01 8.72 
Winged bean 23.5 12.9 8.97 15.0 15.9 12.7 13.16 
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fared piorly in l'gI)ccla soil. R. ia/uoicum hbad spiead to 
uninoculated plots, therefore numbers uf Rhizolia and nitro-
gelna.se activiIly of Ilie nodules foriied oin platns growiing ii 
tillint~ullatest soil were similar to tholse f'roii inioclated soil. 

()n (liy matter production, grai yield, haf liitrogiii, .il 
Sed.s nitrogen fixatt. tleconltentt of, sybean and se a ,there was 

betiit fro1 a second inoculationin 1976. Thus, the soybean
rlizohia itr<f)liced in 1!)7. sorvived iinadtiat(. iniiilhrsto iiia fun liitrof io197 survivc(In aii dt-quitic I.Tno 

lfeclt of* soil moisture on the perfortn.ance of six grain
legumes. Six grain legunies were examined hir their ability 
to withstatid a ratgv ofimoistfUr' ctnditiots in six strips of a 
hivdiroirl)hic valley. Ilist]Ificielt rainiall did not al w orrtile diversity il illmnisture regilnles that had l)een anticipated.
The eguniws \"erc' ciwvea, soybean jack wan, liit bean, 
pigeoln pea and winged bean. I)ata oni nodu.le spiration
and nitrogelnase ert, taken at two we'eks before flowering, 
at flowering and two weeks after flowering and oni grail
vielfi at maturity. Res)iration (ul.( c0lisf tiled/g nochules/hr)

' wiliged cali lioduiles was not allecwtd by chaning soil 
Ilffislire. (s'pe., atid jack heanl 1 les risilir<d tiiaxiuiiallv 
under drier conditions (strip 2) and theiother legumes at 
iliterieIiateiltfislure levels (strips 3 and .1). "able 14 indi
cates that except fOr winged heat, which againwas indif-
frent t0 chianges itn soil niiisture nit rfgeiase activity tfeided 
to be maximum in it- weller arvas (strips 5 and 6i). Proper
soil moisture appears critical for nfdule respiration aitd acety-
leie redctio i i the latter five ftiunIs. 

Goo>d seed yiels wereConditions: jack bean, btaincd undler ilhc Itl wingnsurdry; limai bean, winigd bean and 
fiifi ot: jcacba, inter';imoIwo intwiem eiate adto(if-%-

pigct'can , y mistrliiIialI se csspfa,litris Ii)r spimu 
beanls, dItv 1f) moiist . Soil ole condl~itions111(051 for1Opltimutpsilltisiiiirrherespira tion. CII reduction and grain yielh tuytror a gi ven legu t 
(to not occur inithe Saine strip except, perhiias, for soybean
anrd witlged Iean. 

Rhi¢/ohn,lains ti(population%+umbters of' cowpeain sonic ioposccuences. 15 coll-rhizobia present Tablein 1'2 soil types
rloin three tihe II toperoseqiences under sudin 1. soil 

p1.1. .lv.-6.2Soils(raii ge fMrIith .2-a.anc I ioposequeices which 

were tnder bush with wildl legumes, harbor large numbers 

of ciiwpea rhizobia. Soils of the Isoya toposeqltience were 

cropped sarioiusly cassava, wo othe sil
pah, and ecoam 

and thus h ave les' riizolia. 'wi 01ther siils, Al aga loamy

sand from an oil pant ilantation with Centroseia cover crop 

in Berlin (pH 4.6) and Onne sandyv loai (1 3.3) underbush each contained 1.1 X 10', rli.ibia/g soil. As expected
the legumne crop, not soil phI or position oti the toposequence, 

influenced] the numbers f rhiizoia. 


Table 1,5. Coupea Rhiobtn in soils of some loposequences. 

Position of soil series in toposequences*
Toposeqnence I II III IV 

Hundreds of rhizobia/g o.d. soil 

badan (11TA) 15.9 309 
 1,700 0.4 


Ikenne 186 988 43 
 1841 
Isoya .9 0.:1 0.4 0.3 
'For identityo/"fil series, se "Collaoatii research on major soils of e'st
in.rira."SoffthfrChfrald, Ynireil,,n+alirha, a1.awl physical anal,sis of eler'n top~osrquencesN a 

Screening of yam for nitrogen-fixing potential. A preliminary 
screen or certain yam fimilies grown from seed indicated that 
some hitd CH.2-reducing ability; however, there was signif-
leant plant-to-plant variation within a family. Subsequently, 

i slcenhloise study was iiade in wvhich rotedI haves fiom 
single plants selecttd from laiiilies vtere examinedi or C.1-1, 
reductilo after abou three inths of, transplanting oftile 
riooted leaves to soil. Because of likely diurnal ltucluations in 
nhrogeti fixation, assays at each sampling conductedwere 
at112117,0)()) llijt,15)0 had Dijs or,(a a/11a and faiilies \V43,B303hirs. andand irs. potentaily high rates of nitrogeni
lixation but 1). olfindaa. \W22, 1126, M(0 and wild van 

wvre tiegative. 1). alata was the (most active, producing 737 
ianoo o!. C.,I-lI /plant within 18 hours. Investigations on the
lpossiblI role of rhizospheie or pll ylh~sl)here microorganisms
in nitirog i nutritioit f ya1 toutinue. 

Mycorrhiza and phosphorus nutrition 

Propaigation of ilocultun. Because the vesicular-arbuscular 
(VA) iiycorrhiza cannolt e ulituired in defitied media, suit
able soil series aid host plaiit were idelntified for tile main
enance and nultiplication of inoCiuluni. Cowpea, soybean, 
tia ize, Iiato., I)fsmodln sp., A.\'oprl. oinpieups.sfiS an (Yan wd 
. /layrlon inoculated with (fG/,ho-s/fhlsJiuatisand grownl invere 
Araroi, .\lagba, .\tl, Aponiu, Eged a and Onie series 
soils. After 12 weeks, cowpea in A.,otinu and Alagha soils 
initiated tile most rapid growth and sporulatioll. 

Ecology of VA-mycorrhiza in Nigerian soils. Table 16 de
scribes the main sporulat ing types. G(oaspora was Ifond in 
cultivated sandy soils of low fertility, Glooms in cultivated 
soils generally and .. caulospsr in two instances in cultivated,
heavy-textured soils. Tl,ere was much diversity between soils 
ii the (conaposition the range of sporesit and nulbers of hoingi,being 0-50/100fll. ifsoiil atid aboe. Spore numbers were 
highest in thc t-op 5 ci of soil. Front an examinatiol of 10 

soils.mples, endoph ytes in bush are maitinly non-sporulating 

yies, bht this teeds forther study.

Infections of field crops 
1by indigenous mvcorrhiza. Mycor
rhizal infections of less than 20 percent (i.e., the proportion 
of fine roots being mycorrhizal) arc not likely to benefit crops.A general survey was therefore conducted to determine the 
level of iifection of 12 crops. Rice was the only non

i vcorrhizal crop; yam and cassavait from mycorrhizal are likely to derive beneassociations, although benefit to the 

other crops is equally likely. A field experiment to test how 
rapidly cowpea, maize, soybean, yam and cassava becameciycorrhizal
the in Apomu and Egbeda series soils showed thatlegumes atind cereal became mycorrhizal within two weeks 
of planting. This rapid rate of root colonization plus the high
infection (75-80 percent) indicates that iycorrhiza have an 
efect, but the direct evidence on crop nutrition remains tobe demonstrated. Cassava and yam were infected more slowly; 
cassava infection was (35 percent after 50 days and 80 percent
after 90 days, whereas D. a/ala and D. rolundata infections 

w%'ere 15-40 percent after 50 days and 40-45 percent after 90 
days. 

Response of crops ,to mycorrhizal inoculation and phosphorus application. The response of agricultural crops toVA-mycorrhizal inoculation and the role of mycorrhiza in
phosphorus nutrition of crop plants were investigated under 
pot and field conditions. Beneficial responses to inoculation 
under pot conditions were common. 

However, only in one instance (TablW 17) did field inoculation 
of cowpea, soybean and maize with a Rothamsted culture of 

GIomts fasiculaus give any semblance of a positive response.
The method of field inoculation, the poor growth of G. 
fasicuatus under tropical conditions and the more effective 
indigenous endophytes contributed to the failure to observe 
a beneficial effect of inoculation. A mixed population of 
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"lble16. Coanton ,rcorrhi:al slore 	tlpes in Ni'gerian soils. 

\Vadil 

lype Size range, thick-
No. GeUs ' Co.or ness, u1111111 Shape 	 Coutents* 

I. 	 Gigaspora 3.16-392 ghlobose - ellipsoidal hyalinle 5 Reticulate, becoming 

or irregular vacuolate with age 

2. Gigaspora 277 	 globose hyaline -very fight 5-10 vacuolate with age 

3. 	 Gigaspora 2115--30-I globose - su-globose ycllow 5 reticulate 
or irregular 

4. Gigaspora 19-.168 	 globose - suh-globose hyalint. --- v. light 15 white opaque becoming 
brown 	 vacuolate with age 

reticulate b :niing5. 	 Gigaspora 521 globose outer wall: light - 11-15 

dark reddish brown vacuolate with age 
inner wall: goldeu 

yellow
 

6. 	 Acaulospora 128 globose (resting spiore hyaline -- v. light 
arid mother spore) brown 5-10 ret iculate 

7. Glonitus 210 glohose light brow n 15 vactiolate 
- Other Glomus Many diflerent (;lnus spp. of bewildering variety were found (both sporocarpic and not) in nearly all 

Sil. cultivated soils. Compared to above types, however, difrerences between them are slight and further 

study will be required to characterize tIhen. 

-	 Sclerocystis Ii some soil, structiUles resermibling f'ruit bodies of Sclero'stis spp. were frequent. Whether they are 

as inoculation tests were unsuccessful. The occurrence of these was 
spp. nycorrhizal fungi remains in doubt 


noted but no counts were iade.
 

(1968).
'For desrriptions of thrteims rretadate and tacuolate seeAose & llotven 

idigenous endlphytes inl soil sievi rgs 250-50)) um,)gave' better Soil physics 
dry matter yields of vain ard cassava illonsterile Egheda 

arid Alagba series soils than inoculation with G. filsicu/atu.i. Physics of soil erosion 
confirming their supeorority over G. fisiculatu.s. Average ill
fection values were 050 and 111percert for control, G. fisicula- Yield reduction due to erosion. Increasing soil erosion resulted 

tdi and the indigenous endophves, respectively. in aniexponential decrease in tileyield of maize arid cowpeas
(E'7q. I) 

(I)
Table 17. Response q cowpea to (;h,miusi /fiitculatu.sinoculation 	 Y = ae.. .................... 

and rock phosplhale /firtili:ation in 	 (i ..lagba soil where I"is tileyield (t/ha), E is cumulative soil loss in t/lia, 
series underJield conditions at Ikenne. and a arid b are constants. For maize, the niumerical value 

........ ........ . ..-... of a was about 7 and that of' b was 0.003. For cowpeas a was 
Days after trarisplanting 0.5 and b was 0.004. The removal of surface soil and deterio-

II0 40 I( - ration 	iii soil structure as a result of erosion cannot be com-
Treatment -L1 

I.eto..t .	 fertilizer input........... pensated for by additional
Total dry-\ g /1)Inf1ection ' wt. 	 1+_.S.E. 

9.8t 0.8 91.5± 8.7 Influence of different mulch 	 rates on soil structure. FieldControl (Nil) 60 60 
Rock P 70 60 13.2± 1.5 90.1 ± 12.4 experiments conducted with different mulch rates on changes 

after land clearing indicated theInoculated (M) 8:5 70 2(.7± 3.0 117.0 ± 10.7 in soil physical properties 


RP + Ni 75 65 20.1±-1.8 118.5 ± 12.6 following effects:
 

1. Worm activity increased linearly with increasing 

Effects of mulches on legumne nodule functioning. In the mulch rates. 
IITA Annual Report 1975, the results of one year of mulehing 2. Saturated hydraulic conductivity (k,) atid infiltration 

on legume nodule functioning were given. There were no rate increased with high mulch rate and decreased 

significant differencus inspecific activity, but in total activity. on unmulched plot (Fig. 9). 
After the second year of mulch treatments similar effects 

activities varied Comparison of various detachability indices. The suitabilityhave again been observed. Mean specific 
for cowpea they were in the range ,4.0-10.6 of various detachability indices were evaluated for eightsomewhat more; 

soils. Results indicate that perhaps 	 a combinationand for soybean 10.3-30.:, wol. C..1i/g fresh nodule/h. Total tropical 
and gravel but of wet sieving and rain drop impact techniques can predict

soybean activity was reduced by tileplastics 
the field behavior as regards splashability under rain impact.

increased over the unrnulched treatment irnall other cases. 

Cassava sterns and sawdust mulches elicited the greatest Comparison of soil properties under mulch and no-tillage 

acetylene reduction rates in cowpea whereas the plastic with soil conditioning. Field runoff plots on about 10 percent 

mulches brought about the lowest rates. slope have indicated no soil loss under mulch or with no

till. Unmulched plots treated with PAM, Bitumen, Uresol, 
Thie rates of C2 H2 reduction were greater in 1976 than in soil penetrant and asphalt maintained good crop growth. 

1975 but not significantly based on two years' results. 'he Runoff and erosion losses were observed only under PAM. 
conclusion is that the plastic and gravel mulches are likely 
to reduce total nitrogen fixed by soybean, as compared to Laboratory experiments. Measurement of infiltration 

unniulched soybean. rate, contact angle, and difrusivity D (0) showed significant 
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Plant-water relationship 
.!!6515 Y=5.29+.999 - Water use efficiency of iaize was signifiLently higher under 
S 37 76 2.47X r =.9985 no-till, as coml)ared with plowed plots. Out of maize, cow

4 r = .7644 Iea and soybean, cowpea was more susceptible to transient 
55 got10 flooding than maize or soybean. Total consumptive water 

Y=5.07+.42 K use, transpiration rate after submergence, leaf color, nutrient
45 ;5 r= .9445 content, and plant height were adversely afl; cted (See grain 

4 section).4physiologyIE3 4C 3 6 9 12 L'ight new drainage lysiieters were installed, and studies were 

Y .50.032 .500 initiated on tileinfluence of mulching treatments on potential
160 z . r - .9897 11 and actual ET of sweet potatoes and other tropical crops..375 When the inluence of soil type and moisture regime on rice 
120 was investigated under field and green house conditions, thereU _j .250 wCr,I =60.7519.10xx itf significant clilireiccs ill diurnal fluctuations in leaf water 

Z0 Y.6I9 . potential ias inlluenced by soil drought stress (Fig. 10).r.90t61 .125 
Z 
 TOS 782 5 Z24 -- TOS 848 

..0 . . - TEMPERATURE 
3 6 9 12 

x-- much rate inT/Ha.for all ,0Y=53.25 +.57 x total 

S = .9842* 2Y= meanK sat.cm/Hr C
 

3 Y= mean nfil-rate cm/Hr 0 16
 
5-574 Y'= mean nir pores I


0 Yz men available water cm
 
55 5 Y= mean index of instability 6 12
 

Y' IY= %meon poro-,ity 2 / 

By Do Boodt. 8 34253 ' ""8 

50 3 6 9 12 3 6 9 12 4j4 30 0828 
MULCH RATE T/Ha No T/Ha 26 E 

0 24li. 9. J Ircts (!f tarious uirh'h rates aorson' soil pia;'sical 8 10 12 14 16 18 20
 
eharaeristirs. 
 TIME (hour) 

(lillences arrnoigst Soil', rovarcd with various soil conditioners. Flg. /0. l/tlience ufsoil moisture reginre on leaf water poteatiai
 
Unrr credsoil froir iilchcdI )ots exhibited as good as, or '?frice.
 
better, %,;ater trxtnstlniss oll c liractcrist ics thiln IIttreated soil
 
front unniul'hed plots. No-tillage and mulching
 
Crusting and aggregate labilily. : ili mulching and aggryc- It was found that plowed, unmulclied plots contained more
 
gate size had significant ell't'ts o0 titil it) incipient ruorill. carbon dioxide and less oxygen in the soil when compared
 

crust strerigth and the 

tnlit to 50 ptrl'ct'lt tiliergrice ml liothI irlize aind coiwpeas. 197(0, had better response to N and P than plowed plots

Soil erolibilitv and crusting with sirrtrlalt'd rainll,(Fig. II ).
 

percent ruiioll soil loss, trust uoiitlithia'iic, with no-till plots. Also, no-till plots, maintained since 

ment is row available for both licld roldlaboratory investi- No-till atnd plowing treatienits did not significantly illucnce
 
gatirns on crusting arid soil crlodibility ts affected by growth of' maize, cOwpea or pigeon pea on an acidic Uhtisol.
 
siltolated rainfill if' various iotcnsitics and ltr soil trcatmnts
 
including nulchin g and Vi ui rUst\pWS oh ( 'iilition tIus. " is l
 
is i llahirativc experiient with tileUniversity if (;lii.
 

Root growth and development 

Elfects or soil type arnd fertilizer use. Both soil type and
 
fertilizer lst- had a significant influetice on tihe maximum
 
depth, total root iiumber, ani root elongation rate of maize.
 

Maximum rooting potential of maize intercropped with cow- -
peas. There were lio antagonistic effects of intercropping otl 
the root systems of these crops. Roots per.ctratcd to a depth 
of 2.5 in within 12 weeks. 

Influence of cultural practices. There was a significant adverse 
effect of increased soil temperature under ridges and under 
clear polythene mulch on root development and rate of root 
elongation. Straw mulching increased root development of 
various rice cultivars even under hydromorphic soils, while 
no-till plots on acidic ultisol at Onne had deeper root systems 
than with conventional plowing. Maizeyields were higher on this no-tillfield than on plowed land. 
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NO-TILLAGE 	 differcnt stages of growth, using an infrared gas analyzer, indi
aois hrfoetemcolmt o az aoisi


tFIRST SEASON)I 

1975 cate moderate to fairly high concentration of C02 within these
Ist 

55 cnpe.Therefore thc microclimnate of maize canopieus is 

potentially conducive to high photosynthetic rates and is 
4favorable for intercrops. But the benefit would be realized only 

Sunder favorable light conditions - for instance, through 
proper arrangement of plants to reduce shading (Table 18). 

PLOWED SS.N.,6 

5 	 2 
Ligih profile in maize canopies. In an experiment carried out 

4 2 	
2-

- - . at three different sites global radiation was measured with 

-' line pyranometers at three different heights in maize (above 
/" .lcanopy, at mid-plant height, and at ground level), planted 

, 0 b io at two spacings (10)× 20 cm, 100X .10 cm), and at six fertility 

I,"../ ' : ,~O ' levels, (0, 30, 60, 90, 120 and 150 kg-N/ha). The resuls show: 

-,_o~,,,,- results show: 
A,4 

I. Plant density eflect: only 10-20 percent decrease in 

NO-TILL letSEASON PLOWEDlotSEASON 	 light received at comparable levels within the canopy by 
doubling the planting density from 25,000 to 50,000 

30 plants/ha at nitrogen rates of 30 kg/ha or more; the 
25 dilkrence is generally small at 0 kg/Ia; (Fig. 12). 

30 

25 2. Fertility effect: at the lower plant density (25,000 pl/ha) 
' .he 22 amount of light reaching the respective levels 
t remains relativel the same at the various nitrogen 

i.s 	 rates. At the higher plant density, however, there 

appears to be an initial decrese (about 10 or less)
to 


Io0 
with increase in nitrogen rates fron 0 to 60 kg/la, 

0 but frther increase up to 120 kg/ha shows littleor no
 
05 	 '0 further change. 

RPD 9,1J0O # o 	- M2 - -7 6 (9 thWA P I T A 

W0 
. 

0 yY- 12240WTNOOOS4 "0PO85 078,00091 N + COO063 P r ,0.02 

iund,'r 40 	 -Fig. II. Irtili:cr response oJ mai,' no-tillage and plo-
ing. 	 I 

The limiting fhctor il crp production is perhalps water and 20 

nutrient availability. II ie secoiid st;asoi, due to a drought 0 30 60 90 120 150 

If 5\VAP, io-t ill inaize vieldedt sigiiilicaiitlv and economical' " NITROGEN RATES (Ko/Ho) 

anre tha hwcit . Ihvct Ilats showed ret ard 	 growt ITG RATES tse i 
anod gatve lie im prlssi iIf (Iclcd i1laing. 	 ,.,0 b 27-7- 76 (13th WAPI, IITA 

crop response. Mechaniical clearinnwith 
no lertilizer yielded ho\wtr ths an slasli-aid -rtiIwithout fertilizer. Z 

60 

No-till treatilents narriowed tie dilfcre nc in the grain yield 

obtained front ni cliaiically cleared plos and that frout" " -i ---------- - ----- 0- ...... 

mnalaklv clieired pl iis. Pieh aps sii and water conserva tions, 

Clearing mti ;n(oda 


-

with no-till, is an important factor indecidingas ,,htaiicd 
on the suitable met hod of'land clearing. 20, 

0 30 60 90 120 150 

NITROGEN RATES (Kg/atAgroclim atology 
Fig. 12. (a) & (b) Light profile in maize (TZPB) canopy it 

Microclimate in maize canopies different stand densities and fertility (Nitrogen) levels. 

Carbon dioxide concentration in air within maize canopies. (0--At mid height or cob level,o-o-oat ground level; 

Analyses ofair samples collected at different heights in maize at A = 100 X 20 cm spacing; B A 100 X 40 cm spacing). 

Table 18. CO, concentration in maize canopies 1976. 

Calibration 

growth CO 2 concentration (ppm) at standard (ppm) 
Time of day 3.Om 1.50cm 60cm Actual Specified + 

Date and stage of 

9/3/76: Maturity 1I30(LST) 418 342 - 298 	 302 
1430(LST) 500 + 364 	 

-1700(LST) 407 370 

13/5/76: Tasselling 0800(LST) 530 485 590 320 302 

1200(LST) - 370 448 320 302 

495 450 500 326 30214/5/76: Tasselling 0800(LST) 
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The apparently flat response of light penetration into the crop results agree 	with those from the sequential planting experi
at medium-to-high rates of fertilizer is noteworthy, because ments reported on below. 
for intercropping it 	would allow cvopping at good levels of 
fertility without increased shading of an intercrop, such as 
cowpea. These results were confirmed by measurements taken (n100 
in a second experiment evaluating the performance of maize W 
and cowpea 	and maize intercrop at different nitrogen rates, ,,"1/..... - ...... C(70 DAP)(Tables 19a and 19b). 	 -"- (65 DAPN o.... 	 -

WIiable 19a. 	 Light profile in Maize (M) at different fertilit), .J 
levels. (1st Season 1976) 2 60 -

U. 

Percentage of Light Penetration in: X
 
Mo Mdo Miw M 12o1- 40
 

Top of canopy 
Mid-plant height 

100 
.15 

100 
-t5 

100 
37 

100 
35 

Ground level 32 34 33 29 
*Sbsiriptsrefir to rates of sitogenapplied to plots. 

Table 19b. 	 Light profile inmaize - cowpea (A1 + C) intercrop 
at di~fferent levels. 


Percentage of Light Penetration in:* 
Height (M + C) (M + C)34) (M +C)1 4)(M + C)12 0 

Top of Maize 	 100 100 100 100
Mid-plant height 58 	 4040 	 49 

(maize)
Ground level 	 (26) 30 28 27 


*The Incriase molight penetration at 150 kg-Nlha is associated with the 
poorer or negative elponse of the crops at that rate. 

Crop response to simulated light climates 
Studies on the effects of changes in light climate, simulated 
according to 	observed seasonal changes within this region,
continued in 1976. The results, summarized in Table 20, 
basically follow previous trends. Observations on plant develop-
ment showed a delay in flowering with a decrease in isola-
tion, in Maize (TZBc-, Fig. 13) and in cowpea (VITA-I, Fig. 
11). About 15 to 20 percent reduction in insolation generally

depressed yields by 15-25 percent. This depression in yield
increased to between 30 and .15 percent as global radiation 
decreased by 30-35 percent. VITA-I cowpea was an exception,
being more sensitive to poor light regimes than the other 
crops. VITA-5 had earlier shown a similar tendency. These 

7"able 20. Crop yields at three different levels of insolation, Rg. 

Actual Mean 
Yield (kg/ha) 

at 100% 100% 
Season Crops* Rg Rg 
Dry, 1975/76 Maize (1) 4270 100 
Dry Cowpea 1160 100 

1st,1976 Maize (1), 
DI 4030 100 

Maize (1), 
D2 8230 100 

Maize (2),
DI 4710 100 

Maize (2), 
D2 8120 100 

1st,1976 	 Soybean

(Bossier) 1690 100 


2nd, 1976 	 Soybean
 
(Bossier) 2400 100 


Maize (I) -TZPB, Aaize (2) - 77 Bc4, DI = Planting at 80X30 cm 

r)
 
Z 20 -X (60DAP) 

, ."
 
. x
 
0 0,'I t
70 80 90 100 
PERCENT GLOBAL RADIATION INCIDENT ON CROP 

Fig. 13. Effect of reduced insolation on flowering in maize,"17BC4. (Dr , season 	 1975/76). 
-

0(D

Z DAPIz 
_ 809 (SODAP) 

C 6 
9 60 

6 40 

1 
0" i 
 I 

70 so 90 100
 
PERCENT GLOBAL RADIATION INCIDENT ON CROP (%1 

Fig. 14. EJict of reduced insolation on .flowering in coupea 
(VITA-1 dr,season 1975/76). 

Senuenti 
al planting experiment 

As before, the objectives of this experiment were to determine 
the relationship between environmental (agroclimatic) vari
ables and crop yields, hence the potential of producing given 

Relative Mean Relative Mean 
yield/plot (%) yield/plant (%) 

85% 70% 100% 85% 70% 
Rg Rg Rg Rg Rg 
988 74 100 92 69 
54 20 100 54 21 

83 59 100 83 60 

68 48 100 77 58
 

76 - 100 79 

72 -	 100 94 

86 69 	 100 71 55
 

88 65 
 76 62
 
spacing, D2 Planting at 80X 15 spacing. 

84 



.
 . . .. 


Studies continue on the effect of insolation on cowpcas. 

trol)S in given areas during given periods. The weatler A parallel experiment on cowpea was started during the year 
pleculiarities durin g tile provided 1.1,uiOiut rage ioi the in Collaboration withIihe grain leiume agronomist. The meanyea r 
data beisg accumulated a opporlunity to test the sta- global radiation incident on the respcctive plantings duringan ll 
bility of,iiht evolving model, the pre-flowering period ranged from -12 1.4 cal-cm2 day-, (100%) 
The analyses oif tileprevious three years' data confirmed ilhe to 251.1 cal-cm,2 day-, (6011.). During the respective growing 
workinghylpohesis forimlated earlier, that moistureconlitions periods it ranged from :392.3 cal-cm, day'-i (100"{) to 282.1 
in ile secontid six weeks of growth anid global racliatio during cal-cm, day-i (72',(). The ncan of the two hihest yields 
iet(crrresl totiditg aitecedent period are twoi major Factnts within the normal second seasm was only 23 percent of the 

determiniing the trend in yield, (lITA Annual Report 1973). corresponding average obtained within ihe first season. Details 
The results of the analyses are beiig stummarized and will be oi tileresuIts of this experiment are presented within the grain 
presented in a subsecluent report. legtme agronoiiy report. 
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Lodging experiment 

With tie intcreasing possibility of uo-tillage as an alternative 
to COnIver1tional iethods of land preparation, at least in sone 
IIA research areas, a "till" and "no till" treatment was 
superinmposed on tilt- previous treatments in this experiment to 
deternine its efict on incidence of* lodging iu naize. 

Because o1'the lack of severe storms, and therelore of the 
usual strorg winds diring the season, lodging was generally 
low to Inoderate, averaging i to It percent of tire plant 
population; tlie diflerence in incidence be tweenri the tilled 
alil ulit illedplots was lhighlily si gniicaiit in a"or i" tlie 
latter (Table 21). 

Prelininary analyses (I"itrepeated study in which lodging 
was sinullated by iphysical displaterilentio tile ilants frorn tile 
vertical position ait a specific tilrr( durintg tlie season Conirted 
earlier findings that lodging illi1-1I VAP is rmost dctriniental 
to yield. As rite tire of'peak occurrenice oil severe storms both 
inthe first and second seasirs appears well defined (May and 
October generallV it is pIossible to select planting dates to 
avoid aIixilimiumiidaisage. ither fact(iOrs perriitting. 

lible 21. 	 hircidtnc' lging in rnai:' planited withi two-row 
TableIidencei1. 0fhti in(1 mile plnte, wittperorientation on tilled and untilhed plots. 


M li = of fiXIgedpi)fts (I /ploth* 

__ientalion of r,,. Tillhd il,,t, ,hisL',tilh.d )riitati ,i_.an 

V - . 25.'3 35.9N -	 -I.5. 25. 1 . 
.........
.... 
 ... . .
 . .. .... .. .
 

Tillage Iicall .16.1 . 26i.7. 
*/-''ttieniati,' ,m Oq t,, Weflsnrn ." t , =am , , 8 Oh; 
;,,til ,,e'an: = ,,/ Itll,.'r inati almn" I) /0 ;. IAl.. = ,Fi 

ie,n orrntalin: IS!),; = I/.ell, IR.I) = 2072, 


Agronom y systems 

Late maize/cassava /melon intercropping 


This is itlaie-seasOll epetition at Ikiin of' tlhe 197.1 early-

season interin i g exiterirn'rt t'irdtlete ati bad an. lkcrsne 

was chs n I r ih e late-season cxperinrent because of its 

higher rainfall environ ent. Whie tie bad an experiment 

involved planting of inchln ii) days earlier than rraize in 

April and iiassavit oildiflerent dates at 
 weekly intervals ill 
Ikenne, ite first plantninl was dinie tin 21 June 1975. The 
maize lata hiav' bcc'r reprt'seritted in the IITA Annual Report
1975. The 	late-season rieli'crop at lkc'tiiic germinated fairly 
well but itsitresult if prolotiged drought in August, it did
 
riotset nanv fruits and Iruits sit ihiled to mature. 


Plant population, hdging. plat height, 
fresh and drN"weights 

of rotrs tended tt decrease with lateness of planting but i 
varied somewhat inr relatilni to crops iii tie mixture. The 
drought in August and ilie September rains adversely and 
lavorably alfccted cuttings planted during these periods 
respectively. hlifigilv significant differences were observed in 
plant population, anc in fresh and dry weights of roots. From 
the nsaize/relon/cassava intercropping experiments of 197-1 
and 1975, the results indicated that relay planting tre cassava 
should not be delayed beyond -4to 6 \VAP. 

Yam/maizc/melon/cowpeas intercropping 
The main objective of this experiment was to study the 
performance of yalns, maize, melon and two plant types of 
cowpeas in mixtures and patterns some of which resemble 
traditional practices. In 1976, growth analysis data were 
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collected. 	The treatments were located in the same plots 
used in 1975. 

Melon: Signilicant diiticrences in plant population, clays to 
f'ruit maturitv, fresh weight of fruits and seed yield were 
observcd in nelhon. The highest plait Poplation was o)
served in Iehn iitercropped 'ith inaize at two plants per 
stand plus yaln and climbing cowpea (Sitaopole). There wererelat ively higher plalt populations where melon was grown 
in alterriate rows. Number olldays to niaturitv increased 
signiificantly with number of crops in the niixture. Fruit 
weight was heaviest ill sole cro1p meloi as in 1975 (Table 22).
It was lowest where melon was intercropped withInaize, yam
aind cowpea. Fruit weight fended to decrease with increasing 

number of crops in tie tnixture biut varied also with tile 
particu lar croiips in tie mixture an d pattern of' plaitinsg. Seed 
weight fIollowed tht- Sane trend. 
Maize: Du,ring 1976 signi ficant difflerences were observed in 
lodging, stover yields and grain yields, butl not ilrplant
population as in 1975. Although no overall significant dif
firences were iobhserved in pli i popiul ation, tire tenderncy was 
for plant poptlIation to bl low tre trend: iaize at on e plant 

per stand utllaiZe at two per stanid > maize at four plarts 
stand ('able 2'3). Mean plant poptulation irs sole crop

maize slightly exceeded that in which Iaize was growi with 
(uile crop but was slightly less than where maize was grown
with threeili( yield was observedcrops. The highest stover where 
r5numize ill two plants per stand was intercropped with melo

dilIfer Ilie lower yields
served ilrstle maize at one or two plants per stand anid m aize 
w hich did roil significantly Fron 	 ob

at two pllarts per stand intercroiped with erect cowpeas. 
\Vhile the lowest stover yield in 1975 was obtained whten 
rmaize anid yarns were intercropped at four maize plants per 
stanld alternlating every two rows with either imelon or 
clinbinsvehgetath, cowpea (Sitaopole , in 1976i tie lowest 
stover ,ield observed maize two perwas w.hen at plIartsstand was intercropped with Nam, rielon art( Sitalpole. 

Yam.Ni 	 signiicart differences were otbservec in plant popu
ilatioii arid tuber tirbei iii 1976 as in 1975 butl iii both years 
signilicaint dlifferences were observed in tuber yields (Table 24). 
Although tuber yields oltsole yat plots were only slightly 
lower in 1976 than in 1975, those of yarns intercropped with 
rsaize at two plants per stand irrespective of spatial planting
patteri were higher itr 1976 than for corresponding treatments 
in 1975. liigeneral, intercropping resuted in significantly 
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Table 22. Observations on fruit.yield and seed., ield (t/ha) in melon grown alone or in various crop mixtures in 1975/76. 

Treatments 

1 Melon alone .............................. 

2 Melon + maize 2/stand ........................ 

3 Melon + maize .4/stand....................... 

4 Melon +erect cowpea staggered ................. 

5 Melon +erect cowpea alt. row .................. 

6 Melon +sitaopole same rows .................... 

7 Melon +sitaopole alt. rows ................. 

8 Melon + maize 2/stand + yam .............. 

9 Melon + maize .4/stand erect
 

+cowpea 2 rows alternate ..................... 


Summarv qf Crop AIssociations 

I Melon alone .............................. 

2 Melon +maize .............................. 

3 Melon +erect cowpea ......................... 

4 Melon +climbing cowpea ..................... 

5 Melon + yam in mixture with
 

maize cowpea ............................. 


Cropping Patterns 

a Melon alone .............................. 

b Melon same row with cowpea ............... 

c Melon in alt. row with cowpea .................. 


Crop conibinOtions 

i Maize alone .............................. 

ii Melon + I crop ............................. 

iii Melon +3 crops ...... ...................... 


Mlaw in the intfe cohinin opposite the iane leter(s) are not significantl 

reduced yam tuber yields but the extent of reduction varied 
with individual associated crops, number of crops and years. 
rhe reduction was greatest when yam was grown with melon, 

cowpeas and maize. Intercropping of yai with erect cowpea 
reduced yam yield less thian intercropping it with either 
maize or climbing cowpta. 

Growth analysis. Certain interrelationships and differences 
in levelopnent characteristics were observed in yam and 
other crops. The tuber development of yam was significantly 
affected by intercropping and number of associated crops 
(Fig. 15). Growth rate was reduced under intercropping and 
this was more serious with Sitaopole climbing cowpea than 

by melon or maize. Earlier senescence and untimely maturity 

occurred earlier i, intercropped yanis than in the sole crop. 
The rate of tuber bulking or development, leaf area (LA), 
leaf area index (LAI) and relative growth rate (RGR) were 
in varying degree reduced under intercropping. Tops of 
intercropped yam turned yellow and died earlier than in 
sole crop yam. The LA, LAI, and RGR were lowest when 
yam was intercropped with Sitaopole climbing cowpea. Inter-
cropping, with respect to the different crops in the mixture, 
affected LA, LAI, NAR, RGR and NAR of the various cropsin the mixture. 

Fig. 16 shows the leaf area development curves of the various
 

crops in the mixtures. This shows that melon, which is often 
planted first, reached its maximum leaf area development 
earliest and the leaves senesced first. 

Leaf area development was slower in maize but did not reach 
the same peak at the same time in yam which was the slow-

Fig. 17. Dry _yterl in kglhalday of different cropsgrown 

alone or as intet crops. 

Weight of fruit 
t/ha 

1975 1976 

Weight of 
seed t/ha 

1975 1976 

..... 
..... 

23.56a 
7.91bcd 
2.1Gcd 
3.08bcd 
1.80a 

10.49b 
9.66bc 
3.5 1bed 

41.76a 
14.56bc 
16.06bc 
16.,40bc 
20.04b 
19.76b 
17.04bc 
7.05c 

1.16a 
0.20b 
0.03b 
0.05b 
0.05b 
0.25b 
0.55b 
0.06b 

1.07a 
0.22b 
0.37b 
0.34b 
0.35b 
0.40b 
0.34b 
0.08b 

2.92cd 9.20bc 0.08b 0.09b 

23.56a 
5.03bcd 
2.44cd 

1008bc 

41.76a 
15.31bc 
16.22b 
18,.40h 

1.16a 
0.12b 
0.50b 
0.40b 

1.07a 
0.30b 
0.35b 
0.37b 

3. l4bcd 3. l2bc 0,68b 0.09b 

..... 
23.56a 

5.44bcd 
.4.79bcd 

41.76a 
14.77bc 
15.42bc 

1.16a 
0.12b 
0.22b 

1.07a 
0.29b 
0.26b 

23.56a 
5.85bcd 
3.22d 

4*1.76a 
17.31bc 
8.12c 

1.16a 
0. 19b 
0.08b 

1.07a 
0.34b 
0.08b 

dilferent flom each other at .5o level. 
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7"able 23. Yhe effects of intercropping, mnaize population per stand, crop combinations on stoVer, cob and grain ;'iel per hectare. 

Treatments 

I Maize alone I plant/stand ..................... 
2 Maize alone 2 plants/stand .................... 
3 Maize 2/stand staggered 

+ Yam. ................................ 

4t Maize 2/stand same row
 

with Yar. ............................... 

5 Maize 2/stand +Mlcm. ...................... 

6 Maize -4/stand+ Melon ...................... 

7 Maize 2/stand +Sitaopole .................... 

8 Maize 2/stand + Er. Cowpea ................ 

9 Maize .1 stand + E'r. Cowpea ................ 


10 Maize .4stand +Sitaopole ................... 

It Maize 2/stand + Yam + Melon
 

+Sitaopole ............................. 

12 Maize .t/stand +Yani +
 

Melon in 2 alternating
 
rows with Er. Cowpea ...................... 


Crop a.sotfations 
a Maize alone ............................... 

) Maize + Yam .............................. 


c Maize + Melon .............................. 

d Maize + Sitaopole .......................... 

e Maize + Erect Cowpea .................... 

f Maize + Yam + Melon
 

+Sitaopole ............................. 
g Maize + Yani + Melon + 

Erect Cowpea.............................. 

AItize /opalat ion/stand 
a Maize I plant/stand ......................... 

1) Maize 2 plants/stand ........................ 

c Maize 4tplants/stand ........................ 


a Maize alone ........ 


Stover 
yield 

kg/ha 

368abc 
4708ab 

5175a 

3793cde 
4065bcde 
3218def 
3643cde 

... 3083af 
... 2333fg 
.. 3353de 

3043ef 

19 58g 

538ab 
4,84abc 
364 cde 
3498de 

.... 2708ef 

3045ef 

1958g 

4368bc 
3930bcd 
2715efg 

.......................... .... 
 4538ab
b Maize + I crop ....... ......................... ..... 3294def 

Maize +3 crops-......................... .. 2 '50fg 

Aeans opposite the iante letter 

Grain Stover Grain 
yield yield yield 
kg/ha kg/ha kg/ha 

2925a 
2958a 

7745a 
76 58a 

5825a 
5118abc 

2868a 5720cd 3555d 

2063bc 
2150bc 

6 2 85bc 
7815a 

3128d 
1983abc 

2550ab 6283bc 4306bcd 
2068bc 6728abc 3300d 
1168c 7560ab 5178ab 
1500c 5885cd 4265bcd 
1988bc 5818cd 3490d 

1900bc 4774c 3630d 

15 50c 5014cd 3878cd 

2941a 7701a 5471a 
2465ab 6603bc 3 491a 
2358ab 7049abc 4644abcd 
2027bc 
1584c 

6273bc 
6 723abc 

3395d 
4721abc 

1900bc 4774d 3630d 

1550c 5014cd 3878cd 

2925a 7 745a 5825a 
22,t0abc 66.t8abc 4170bcd 
1896bc 5750cd 3985cd 

2 941a 7 701a 547 Ia 
21.7b 
1725c 

6512ab 
4894d 

4063cd 
3754cd 

are not .oqinaicatlyd/ferent inrt each other by Duncan tudtple Range Test at 5%. 

est. l.eaf area development in Ife Brown synchronized with 
that of Silaopole. All these affect the degree of competition
and the compatibility of various crops in traditional cropping
systems. Dry matter accumulation curves follow the same 
trend as those of leaf area clevelopmnent with melot aCcumUI-
lating dry matter most rapidly belore senescence, and other 
crops in the mixture reached different peaks, with maize, Ie 
Brown and Sitaopole cowpeas reaching diflerent peaks at
almost the same time, while the yam took the longest time 
to reach its maximum dry matter accumulation peak. Although
maize accumulated tihe highest dry matter per un it area per
day followed by erect cowpea, yaLi, melon and then Sitanpole,
the rate and amount accumulated varied with the crop imix-
ture and pattern of planting (Fig. 17). The overall effects of 
these are jointly expressed in the final yield. This study
indicates sonic of the rationale behind various times, mix-
tures and patterns of planting in traditional croppim, systems, 
and also explains why when fhrmers plant many. *.p, .,rultaneously, the spacings are unusually wide to rr,..i cc),e-
tition among intercrops. 

Calorie equivalents and gross returns. The tuL; i ,alorie 

equivalents and gross returns of the different crop mixtures 
are presented in Table 25. In both years, highest calorie 
equivalents were observed in maize alone followed closely
by mixtures containing yam and/or maize. The highest gross
returns were observed in yam followed closely by mixture 
containing yam and maize and yam, taize, cowpea and 
melon. 

Residue management experiment 

Two crops per year (early and late) of maize, cowpea and
soybeans and one crop of cassava were grown on 22 different 
kinds of mulch in 1975 and 1976. Results of the early-season 
crops of 1975 were presented in the 1975 annual report.
Results of the 1975/76 cassava crop and the 1975 late and 
1976 early maize, cowpea and soybean are discussed. 

Cassava 1975. There were significant differences among
treatment means in plant height, number of main stems 
per plant, fresh and dry weight of roots, fresh and dry weightof stems, fresh weight of leaves at harvest, number of tiers 
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of branching and number of roots per plant (Table 26). in plant populations and dry weight of leaves at harvest. 
There were no significant differences among treatment means 

Table 241. Observations on plant population and fresh weight of tubers observed in yams grown alone and in different crop naixtures 
at IITA in 1975 and 1976. 

Plant Fresh yield
 
Treatments population weight of
 

No./ha tubers (t/ha)
 
1975 1976 1975 1976
 

Yam alone .................................... 9375a 9750a 23,088a 21,086a
 
Yam +maize 2/stand staggered ........................... 6938b 9875a 10,008c 12,983bcd
 
Yam + maize 2/stand same row ....................... 7063b 9750a 13,383b 1.t,594abc
 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Yam + erect cowpeas* 6438b 9813a I0,925bc 17,738ab 
Yam +climbing cowpeas ........................... 6813b 9750a I1,900bc I1,269cd
 
Yam = maize 2/stand + melon 

+climbing cowpcas ............................. 6938b 9375a 11,375bc 8,225d 
Yam + maize .4/stand+ melon 

2 rows alt. with erect cowpeas ......................... 6250b 9563a 14,245b 9,2,14cd 

Stumman' - Crop associations 

Yam alone .................................... 9375a 9750a 23,088 21,036a
 
Yam + maize ......................................... 7001b 9813a 11,695bc 13,788bed
 
Yam + erect cowpeas ................................... 6438b 9813a 10,925bc 17,738ab
 
Yam +climbing cowpeas ........................... 6813b 9750a I1,900bc 11,269cd
 
Yarn + maize +mclon + cowpeas ....................... 6594b 9469a 12,810b 8,734d
 

Crop combinations 

Yam alone .................................... 9375a 9750a 23,088a 21,036a
 
Yam + I crop ................................... 6813b 9797a 11,554bc 14,144abc
 
Yam + 3 crops .................................. 6594b 9469a 12,810b 8,734d
 

Means in the sane column opposite the same letter(s) are not significantly dijferent from each other at 5% level.
 
*V1I.3 in 1975 and Ife Brown in 1976
 

Table 25. Calorie equivalents and gross returns obtainedfrom.),am/maize/melon/cowpeas intercropping experiment in 1975/76. 
Calorie values Gross returns
 
I X 104/ha/day N/ha
 

Treatments 1975 197G 1975 1976
 

Yam alone ........................................... 6.717 6.123 3001 2734
 

M aize alone ................................... 10.440 20.800 644 1282
 
M elon alone ................................... 8.600 8.600 814 747
 

Erect cowpeas alone .............................. 6.736 1.857 658 116
 

Climbing cowpeas alone ............................ 2.273 1.664 223 162
 

M aize alone 2/stand .............................. 10.560 18.270 651 1126
 
Yam + maize 2/stand staggered .......................... 13.154 16.469 1941 2470
 
Yam + maize 2/stand same row ............................ 11.253 16.486 2193 2651
 
Maize 2/stand + melon .................................. 9.123 19.433 610 1252
 
Maize 4/stand + melon ............................ 9.429 18.127 593 1208
 
Yam + erect cowpeas ................................. 8.762 6.374 1966 2681
 
Yam + climbing cowpeas ............................... 4.727 4.006 1670 1536
 

Maize 2/stand + climbing cowpeas ........................ 7.853 12.135 501 761
 
Maize 2/stand + erect cowpeas ........................... 8.595 18.830 625 1170
 
Maize 4/stand + erect cowpeas ........................... 9.433 15.500 728 962
 
Maize 4/stand + climbing cowpeas ........................ 7.827 12.851 509 806
 
Melon + erect cowpeas staggered ...................... 8.471 4.479 1141 413
 
Melon + erect cowpeas alt. rows .......................... 7.436 3.864 725 358
 
Melon + climbing cowpeas same row ....................... 3.453 4.312 331 412
 
Melon + climbing cowpeas alt. rows ....................... 5.293 3.311 505 316
 
Yam + maize 2/stand + melon +
 

climbing cowpeas .............................. 10.843 16.212 1988 1950
 
Yam + maize 4/stand + erect
 

cowpeas in 2 alt. rows with melon ....................... 11.921 17.701 2410 2157
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Table 26. Observations on cassava grown in different mulches in 1975/76. 

Plant height Roots Fresh wt. Dry wt. 

Treatments 
at harvest 

(cm) 
No/stand of roots 

t/ha 
of roots 

t/ha 
Bare - no mulch ..... ..................... 
Maize stover .............................. 
Maize cobs (chipped) ..... ................... 
Oil palm leaves ........................... 

254 .60g 
330.63bcdef 
330.27cdef 
310.20ef 

4.9ghi 
5.6efghi 
5. lghi 
, 8hi 

16.38def 
16.36def 
17.82edef 
17.08def 

10.82ef 
10.80ef 
I1.76def 
I1.28ef 

Rice straw ............................... 
Rice husks .............................. 

316.03 
352.27abcd 

5.0ghi 
7.3ab 

17.93cdef 
28.32a 

11.03def 
18.69a 

Pennisetuni straw ...... ....................... 
Elephant grass .............................. 
Panicuni straw ............................... 
Andropogon straw .......................... 

314.60def 
303.27f 
3 09.87ef 
330.77bcdef 

4.6i 
5.Oghi 
5. Ighi 
5.4fghi 

14.15ef 
16.57def 
15.50f 
18.47cdef 

9.34f 
10.93ef 
10.23f 
12.14def 

Typha straw ..... ......................... 319.37cdef 4.8i 16.72def 11.04ef 
Cassava stems (chipped) ..................... 
Pigeon pea tops ............................. 

335.37bcdef 
353.47abc 

5.8defgh 
6.4cd 

20.90cd 
22.92bc 

13.80cde 
15.13bcd 

Pigeon pea stems (chipped) .... ............... 333.27bcdef 6.3cdef 19.92cde 13.15de 
Cnwpea lima p'pea husks ................. .... 356.70ab 7.Obc 26.40ab 17.43abc 
Soybean tops .............................. 3,18.37abde 6.3cdc 22.90bc 15.12bcd 
Euipatorium. ................................. 
Mixed twigs (chipped) ................... 
Sawdust ................................. 
Black plastic ............................... 

..... 
338.33bcdef 
325.03bcdef 
343.87abcdef 
374.97a 

5. lghi 
5.9defg 
5.3fghi 
8.Oa 

18.83cdef 
18.50cdef 
20.45cdc 
30.51 a 

12.43def 
12.21def 
13.49de 
20.14a 

Translucent plastic .......................... 337.53bcdef 7.0bc 27.68ab 18.27ab 
Fine gravel .... ...................... 343.70abcdef 6.6bcd 22.85bc 15.08bcd 
Mteani oppwmile the samne letter(s) are not significantly dil]erent at the 5% level. 

Table 27. Maize grain yields t/ha) as affected by different mulch treatments in 1975/76. 

Treatments Early 
1975 

Late Early 
1976 

Mean 
I 
2 

Bare  no mulch ................................. 
Maize stover .................................... 

4.Oa 
4.Oa 

2.5bcde 
2.9abcd 

3.Oc 
3.3cd 

3.1 
3.4 

3 Maize cobs (chipped) ..... ........................ 3.7a 2.8abcd 3.3cd 3.3 
4 
5 

Oil palm leaves .................................. 
Rice straw...................................... 

4.3a 
4.8a 

2.7abcd 
2.5bode 

3.2cd 
3.5bcd 

3.4 
3.6 

6 Rice husks ..................................... 5.Oa 3.0abc 3.7abc 3.9 
7 
8 

Pennisrtum straw .................................. 
Elephant grass ................................... 

4.2a 
4.9a 

2.8abcd 
1.7e 

3.3cd 
3.3cd 

3.4 
3.3 

9 
10 

Panicwn straw .................................... 
Andropogon straw .................................. 

4.3a 
4.6a 

2.Sabcd 
2.5bcde 

3.6bcd 
3.5bcd 

3.6 
3.5 

11 Typha straw .................................... 4.5a 2.1de 3.lcd 3.2 
12 Cassava stems ................................... 3.9a 3.3a 3.8abc 3.7 
13 Pigeon pea tops .................................. 4. a 2.9abcd 3.7abc 3.8 
14 Pigeon pea stems ................................ 4.la 3.Oabc 3.5bcd 3.5 
15 Legume husks ................................... 4.5a 2.8abcd 4.4a 3.9 
16 Soybean tops (chipped) ............................ 5.0a 3.0abc 4.2ab 4.1 
17 Eupatoriwn tops ................................... 4.5a 2.5bcde 3.6abc 3.5 
18 Mixed twigs (chipped) .............................. 3.9a 2.7abcd 3.4bcd 3.3 
19 Sawdust ...................................... 3.8a 3. lab 3.7abc 3.5 
20 Black plastic .................................... 4.8a 2.7abcd 3.Ocd 3.5 
21 Translucent plastic ................................ 4.6a 2.4cde 2.7d 3.2 
22 Fine gravel .................... ........... 4.7a 2.9abcd 3. led 3.6 

Mulch Groups 

I Bare ........................................... 4.Oa 2.5bcde 3.Oc 3.2 
2 Legumes ........................................ 4.7a 2.9abcd 4.2ab 3.9 
3 Non-Legumes .............................. 4.2a 2.9abcd 3.6abc 3.6 
4 Gravel .................................. 4.7a 2.9abcd 3.lcd 3.6 
5 Polythene ................................ 4.7a 2.6bcd 2.9c 3.4 
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Plant height was highest in tile black polythene mulch 	 bean tops, cassava stem. and elephant grass mulches. This 
(374.97 cm) followed by legume husks (356.7 cm), but lowest indicated that in some of the treatments a high number of 
on the bare plots (254.6 cm). Fresh and dry weights of roots germinations and survivals contributed to the early maturity. 
were highest in the black polythene mulch amounting to It may also be due to temperature and other environmental 
30.5 and 20.1 t/lha respectively, lollowed by rice husks and conditions induced by tile mulches. 
translucent polythene mulches. The lowest fresh weight root li the early maize, significant differences among treatments 
yields of less than 15 t/ha occurred in Pennisetnin pohn ettaihe aa 
straw mulched plots followed by Panicren maxitnuim straw mulch. were observed in plant population, tasseling, anthesis and 

silking tines, dry weight of stover and grain yield ('Fable 27)
All woody, legumne residue and husk mtulches gave fresh btnti ln egtadldig lrysaolganyed

Values other e'arly-seaso grain yields 
observations were usually highest in the black polythene i 7er lower tha thseaofe 
mulch and lowest in bare and straw mulches. The plants hot higher than in the dry season. 
on black polythene grew faster, matured earlier and appeared Cowpea. lii tie 1975 late-season cowpea, significant dilferences 
greener at tle early periods of' growth than in all the other were observed in plant population hut not in flowering time, 
nulchts except legume husks. and grain yield of Ife Brown cowpea grown on the dilferent 

weight root yields of 19 t /ha or more. of 	 hutnot in plant height and lodging. 

Maize 1975/1976. In 1975 late maize crop, significant dif-	 mulches (Table 213). The early Ife Brown crop of 1976 re

ferences in nitum "erof nii sintg stands 2 VAP, lodging, tas-	 suIted in significant differences aniong mnulch means in time 

to flower and grain yield of Ife Brown. No significan diselling, tinres of antliesis and silking, stover and grain yields 

were observed aniong iulh treatments (Table 27). The ferences were observed in plant popul atiou at harvest and 
ofhighest stover yields occui.rred ini the soybIeain tops and mixed 	 pod yield. Apparently (lie cowpea yielded higher in some 

twigs fol hiwed 1 Ic', i Iius ks, ine gravel anid rice husks, the monocotylidonou s organic residue imaterial than in most 
i of tie dicotyledonous residues. Iii general grain yields of soy-

I lighiest grain lds were recrer in chriped eassava steins beai and cowpea were higher in the early season of 1976
 
ac sawdiist fhoselli by soayean tdps, rice srk, arid piegsi than during tire same season in 1975 when tihe experiment
 
pea tops. Tassellirg, arthesis and silkirg occurred earliest started.
 
in tile black polythene, soybean tops, elephant grass straw,
 
translucent polythene and pigeon pea tops but was latest ini Soybean. No significant diffierences were observed among treat
rice straw, 'nlirne.tio,,i psli.ichiotstraw, bare ani Pmneinctui nent means iii plant population, days to flower and grain
 
maxinimn straw. (;erminiation friilures and supplies were highest yield of' the Bossier soybean, due to wide difference in yields
 
in the 'eininoiurn politmrrin straw, fine gravel, rice straw and resulting Iron poor establishment iii some iulches and tihe
 
Paniciun straw but much Iower inr tile black )olythene, soy- associated variation. Grain yields were highest in tie miaize
 

Table 28. Coupea and sorbean yields (f/ha) as affected b;, daf'erent mulch treatments in 197.5-76. 

Cowpea Soybean 

Treat inents Late 
1975 

Early 
1976 

Late 
1975 

Early 
1976 

I 
2 

Bare -- no iiulch ................................... 
Maize stmover . . . . ........................ 

0.67a 
0.99a 

0.59a 
1.1l 

0.-Ha 
0.88a 

0.58de 
l..t9abc 

3 
•4 
5 

Maize cobs (chipped) ...... 
Oil pali leaves ............................ 
Rice straw . ..... ..... 

' 

..... 

'.............. 

.......... 
. 

1.03a 
.03a 

0.98a 

1.07a 
1.20a 
1.02a 

0.64ta 
0.65a 
0.74a 

l.35abcd 
0.91bode 
1.50abc 

6 Rice husks ........ ............................... 0.82a I. la 0.48a 0.79de 
7 
8 
9 

10 
1I 
12 

Pennj ettmr straw.................................... 
Elephant grass ....... ............................... 
/ nu straw....................................... 
Andropogon straw...... . ............................ 
Typha straw . ....... .............................. 
Cassava stems ........ .............................. 

. 1.01a 
92a 

1.08a 
0.69a 
0.95a 
1.23a 

1.22a 
0.94a 
2.09b 
0.98a 
0.97a 
0.77a 

O.1la 
0.58a 
0.87a 
0.412a 
0.72 
0.59a 

1.35abcd 
1.29bcd 
1.53ab 
1. l9bcde 
1.08bcde 
1.38abcd 

13 
i4 
15 
16 
17 
18 
19 

Pigeon pea tops ............................... 
Pigeon pa stems ................................. 
Legume husks ...... .............................. 
Soybean tops (chipped) ............................... 
Eupatoritn tops ....... .............................. 
Mixed twigs (chipped) ............................... 
Sawdust ......... ................................. 

. 0.99a 
1.08a 
1.05a 
1.Oa 

0.90a 
0.98a 
0.95a 

1.08a 
0.97a 
1.Ola 
0.97a 
l.Ola 
1.02a 
0.93a 

0.66a 
0.63a 
0.82a 
0.62a 
0.69a 
0.78a 
0.73a 

0.90ode 
1.29bcd 
1.50iabc 
1.051x-de 
1.221x'de 
1.2lbicde 
1.91a 

20 
21 
22 

Black plastic ... 
Translucent plastic 
Fine gravel .... 

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

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

..... 

... 
.. ..... 

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

'' 

. 
0.85a 
0.9,4a 
0.79a 

0.9-'t 
0.96a 
0.98a 

0.60a 
0.49a 
0.70a 

1.0ibcde 
1.l3bcde 
1.00bcde 

Mulch groups 

I Bare ......... ..................................... 0.67a 0.59a 0.43a 0.58de 
2 
3 
4 
5 

Legumes ......... .................................. 
Non-legunes ....... ................................ 
Gravel ......... ................................... 
Polythene ..................... '.. ... . 

1.08a 
0.99a 
0.79a 
.90a 

1.02a 
1.02a 
0.98a 
0.95a 

0.73a 
0.67a 
0.70a 
0.55a 

1.24bcde 
1.37abcd 
1.00bcde 
1.llbcde 

Means opposite the an,i letter(s) are not significantly dif/erent at the 5% level. 
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Table 29. Effects of intercroppingand croppingpatterns on tM3 plant population,pod and grainyields ofspreading cowpea (VITA-5) 
intercropped with cassava. 

Treatments 

I. Cassava on same row as cowpeas ........................ 

2. 	Cassava on one side of ridge 

cowpeas on the other................................ 
3. 	Cassava in alternate rows as 

cowpeas ........................................... 

4. 	 Cassava planted one month later 
on same row as cowpeas or ridge .......................... 

5. 	Cassava planted on(e month later on 
same row iscowpeas on flat ...................... 

6. 	 Cassava planted one month later on 
same row as cowpeas on flat. ........................ 

7. 	Cassava planted two months later on
 
same row as cowpeas on flat
............................ 


8. 	 Cassava alternate with cowpea ipw

pigeon peas on 1.Sm ridges.............................. 


Means opposite the same letter(s) are not stgnificantlJy different at the 5% level. 

stover, panicum straw, legume husks and Pennisetum 	 poly-
stachion straw as compared to rice husks, maize cobs and black 
polythene in the early crop. 

The early 	 1976 soybean crop exhibited significant differences 
in plant population and grain yield (Table 28). In general, 
all yields of the late crops were lower than in the early crops
and response to woody, legume residue, and graminaceous 
straw and related mulches differed markedly. 

Cassava/Cowpea/Pigcon pea intercropping, (Ikenne 1976).
'This experiment involved study of VITA-5 cowpea per-
foriance 	when grown in combination with cassava on the 
flat and ridges, on the same and alternating rows with cassava 
which is planted at the same time, one or two months after 
cowpea planting. Significant differences were observed in 
plant population and dry grain yields of the cowpea com-
ponent (Table 29). Plant population was significantly higher
where cowpea was planted. 

ppin
Diversified crop ng

Vegetables 


Tomato disease screening. In continuation of our efforts to 
identify tomato lines with resistance or tolerance to the 
virus diseases prevalent in West Africa, 2,927 new lines were 
field screened. The disease incidence was high, and more 
than 95 percent of the lines showed moderate to severe symp-
tom expression. Screening work on them continues, 

Tomat, reliminary yield trial. Some of the new cultivars 
developeu for the humid tropics have been sent out for testing 
in 	 other locations in West Africa. Six new selections were 
tested against two checks during the first rainy season. Three 
of the new lines relatively free from the virus-like disease 
yielded higher than the highest check but only wasone 
significantly higher (Table 30). 

Population density of Egusi melon. Although Eugsi melon 
(Citrullus sp.) grown eaten throughout Westis and Africa 
very little is known about the crop. Reported yields are 

Plant population 
Per hectare 


38125.00 be 

37812.50 c 

20468.75 d 

38359.38 abc 

40078.13 a 

39218.75 abe 

39609.38 ab 

11328.13 e 

Dry weight 
unshelled Dry grain 

cowpea pods yield 
kg/ha kg/ha 

1578.13 b 981.25 ab 

1493.75 b 771.88 bed 

1618.75 b 550.00 cd 

2250.00 a 1065.63 ab 

2343.75 a 962.50 ab 

2462.50 a 1296.88 a 

2375.00 a 921.88 be 

1071.88 b 400.00 d 

Table 30. 	 Performance of six new lines against two standard 
cultivars. 

Lines and 	cultivars Yield kg/ha 

H9-5-6 -4-(7) :32,867
 
H6-5-2-(7) 
 2.1,167
H33-7-(7) 23,850
 
Ife I* 
 22,594 
H3-34-5-(7) 22,400HI 1-1-(6) 22,067
Marzanino* 20,334
H2-2-(6) 19,789
 
LSD 0.05 
 6.367 

usually low, but the full potential of the crop may not be
determined until the fruit fly (Daucus sp.) which destroys the 
immature fruit is effectively controlled. By using a mixture 
of Dypterex and Staley's protein bait which give fair control 
of the fly, the seed yield was determined at various popula
tion densities. There were no significant differences in seed 
yield between population densities but it appeared that theoptimum population was somewhere between 2,000 and 3,000 
plants/ha. Interplant competition mainly in the form of inter
nal shading appeared to be the limiting factor at high pop
ulation densities. Wide spacings with two plants per hill 
appeared to be more advantageous. The yields of over 600 
kg/ha arc more than five times the yields usually obtained 
by farmers. 

Corchorus olitorius. A germplasm comprising 18 cultivars 
and two wild relatives (C. tridens and C.aestuans) was assessed 
for plant height, number of days to flowering, leaf size, fruit 
length, leaf appearance, pigmentation of stem and fruit dur
ing the early cropping season. On the basis of this assessment 
two promising types, "Oniyaya" and "Amugbadu" have been 
selected for further improvement. 

Two diseases - anthracnose associated with Corynespora
Cassiicola and Colletrichum corchori - affected some of the cul
tivars especially those with succulent leaves. 
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Okra mosaic virus (ON!V). Search continule for resistance 
to ON!V with screening of newly introduced lines along with 
segregating generat uollsof StIll crosses between toleranit 

anti susceptible individuals. \If plaits were sisceptibh1xcclpt 

a shlort-(lay liles, Tile 31(, whicl showed toleraicc to tile 
disease. When crosses were inade to this line, tilieF" plaits 
produccd fruits that were mostly seedless. pollen viability or 
I, s ranged frion 5 to 15 perceit . 'IThe pollen grains were of 

varying sizes and shapes. le viabhl otes were lart r thin either parn. Thc seeds collected froti lie l pnsarlir 

are to be adlvaiicedl for selection.SesnH 

Eflfct if ipoputlation diisity nil okra peri.rnaine. Ilte two 

highost-yiclding cultivars itl the IITA collectioi (Tae 38 
31.1 	 -- exotic) were establishedor Nigerian origin atd] 'ac 

at diifercnt plait poptulation densities --- 33,000 and 267,000/ha 
(Table 31). Thcrc was no signiicant dif'ireice ill tie fresh 

fruit yield of "ac 31- uider the two highest densities but 

il 

both were signilicantly higetr than tilt ntxt Iglihs Ig )opula-

tutu detisitv. Ilsevit\ , withIi tlie tint'r" stoit Tatc 3 theret, tct 
nii signihicailt tfcrlenilces iii fresh fiiuit yieldl ct\hit'e tiltli' 
fiour higtest densitie's showing that in-reasing platit plopula-
tionldensity above (i7,000/hia does not result iii yield inicrease. 
Popliulation dviisitics of 13,01)00 antid 67,000/ha could he 
recon mcnded for 'lac 31I and '38 resp ctivly, 

Ttble 31. Performiarivi of okra under di//trent plantpopulation 

densities. 

Plants pir 
0ultivar h1ccliu'e 

Tat. 31 33,,000) 
7,(100 

13,1100 
2i7,t)00 

Tiae :1 	 :1:,000 
4-1,00) 

7,)00 
89,000 
l:1:1,t)00 

27,000 

pr Fruijus Mean iuit 
yiulhl (ito) plant (4j plalit weit (g) 

. ... .-.. 

lush 	Itrit Yitl per j 

9.9 297.1 22.2 13.3 
10.5 2187.5 1.1.2 12.11 

1) 1217 1L.12.11 l.. 

I 1i.t 119.) I)).)0 1( 

1(.8 (63.0 6. 7 9.) 

6.1 199.3 1. 19.9 
ti.) 155.2 11.2 111.9 

9.2 1311. 1 7.5 111.-4 
9.2 11. 5.7 18.3 

10.0 75.A -1.7 15 () 

9.6 36.0 2.)) 12.9 
------------------------------------...... 


Plantain 

Throughout th e West, ('c:xt'ta l and East Africa, plantain antd 
other cookintg hananas ar very important friotds. ptossibly 
the cheapest source of' carbohydrates iii lie hlnumid tropics, 
these: plaitIs at-c sit basic to Itie irtniii systems of iniy 
native groups that it isalmst iinlpossilc to Cluaitify ilie 
productivity or evaIuate ili potent ial of' Sich systeiis wvithout 
a thorough knotuwledge of tilie plantain component.role of itl.t 
A special project was initiiatel to study cropping systems 
in which plantain is a miajor componlt. 

Taxonomy. A sudy of th 0 entries collected it Nigeria' 


in 1971 revealed only five plantain artd live banana cultivars. 
However, screenting of the comontilest plantain cultivar 
(Agbagba) inlicatel differences in yield, fruit pulp, color and 
number of neutral flowers. One early-maturing "French 
plantain" cultivar is Ixing comparetl with several lines of 
Agbagba. 

Surveys. Three miajor surveys for banana and plantain culti-

vars were made during 1976. Fifty-six new entries were intro-

ducd at IITA, bringing the total to 139. 

Plantain cultivars in West Africa. Prelininary data indicate 
that the most common plantain type found along the western 
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coast or Africa (Sierra Leone to Nigeria) is til "Horn" 
lantaiu. Iii the castern part of tie (uinean Zone, the 

"lanreich attin'' types art. dominanitt. 

EO'ct of water ,able oil plaitai i rronice. Ill an tn

draiited phltat cstablislcd aloig a ttliosctluewc, lunii 
weight and ntumber of fruits per bunch were not siguilicantly 
alfectcd by gruunttdwater level. Neverthelcss, the reduction of 
hot It was observed whctere the wsat er t ahle did I not fall belowv 

waso iccuirtedwhire i liwatet tabearlferlwhere the Ica 
aw where fill- mean 

iontly water table level did exceed .10 illnot cii tile wet 
Lck

seisit. Height to tile replacing sucker was significaitly 
lower where the water table reached 10 cmii il (lie wet season. 

Intercropping 
Cassava with vegetables. Intercroppin trials have indicated 
that cassava mnight be successfully intercropped witi tomato, 

okra and French bean if oilie of the vegetables was irrigated 
trough Ihe dry seasin. lii tiosc trials plaiting was carried 
iott ill tielry season and irrigation ised oil tile tontato/cas

sa.iva section. But the yield of" tomato planted dtiring the 

dry season \swas usually low because at that period tile 
iitideice of he 'iris-like disease afIecitig toato is ustally 
high. Because this disease was nut ubserved during the second 
rainiy season it was decided Ito initiate tilt sequence withI a 

tonlito/cassava comtbiniation at that il)e.
 

The virus-like disease was unot observed in tile tonatt and
 

yield was higlicr thait observeld previously in tly-scason crops.
 
hlii okra crop that swas planted during tle diry season failed 

because of poot gertiinatiotl a..i high incidence or yellow 
nlosaic and stu tingT virus diseases. The tite stqlellCtc foi 
tilla pltnting of' file various crops tiiiati-cassava-ikra-l'rerch 

bean, anil tilt spatial arrangetent of the pure stand and tihe 

intercrop comnbimations used were: 

1. 	Pure Stand tontato spaced 100 X 60 ciiifollowed by 
oikra spaced 100 X 30 cn, followed by French bean 

spaced 100 x 30 cm. 

2. 	 Pure stand tonal i spaced 150 X 50 cm followed by 

okra ancl French Ibeau ii tile saite seqtlenc ul with 
similar spacing as in combination (I) above. 

3. 	 Cassava spaced )300cii betwcen rows and 100 cm 
alonig the ros, interplanted with two rows of toltiato 

spaced 1(10 X 60 ctii. The toulato was followed by 
okra and French bean as ii ( I) above. 

.. 	 Cassava spaced 2000 cii between rows and 100 cm 
alongtileriw interplantcd with toilato spaced 100 X 
60 cii. Tomato was folliwed by okra and French 
bean as outlined abhove. 

5. 	 Tomato spaced 150 X 
cassava spaced 150I X 50 
picking of toimato. 

6. 	 Pure stand cassava spaced 
7. 	 Pure stand cassava spaced 
B. 	 Pure stand cassava spaced 

50 ciiiwas followed with 
cn, planted after the first 

100 X 50 cm.
 
100 X 100 cii.
 
150 X 50 cm.
 

In all cascs except T8 cassava was planted three weeks after 
tomato. The performance of the crops and combinations are 
shown in Table 32. The yields of cassava in combinations 
# 3, #-1 and :;5 are low' because wind damage was high 

in the plots. 	Nitrogen fertilizer applied to the other crops 
apparently caused excessive canopy development in these 

cassava, making them vulnerable to wind caniage. Although 

the yield of cassava was significantly reduced in the combina

tions, the returns of the combinations were generally high. 
Vegetable/cassava combinations may be regarded as cash/ 
staple food combinations which could increase the farmer's 
income without eliminating the staple. 



Table 32. Yield (t/ha) of tomato, French bean, and Cassava 
in various intercropping combinations. 

Combinations omarto French bean Cassava Total 

133l.9a 6.7a  410.6
2 29.6a 7 .0a 	 36.6
3 32.2a 	


7 .la 9.-ta 48.7 

4 35.7a 6.7a 14.7b 57.1 
5 3 4.4a - 11.8b 46.2 
6  - 25.9c 25.9 
7 ~ 28 .2c 28.28 26.Oc 26.0 

Means./lblaiied b), the same letter in the olumn arr tiwt si icantr'dificrent. 

Cassava willh cowpea. In mixed cropping situations where 
cassava is planted before or simultanerously with cowpea, the
yield of the cowpea is usually reduced. To overcome this,
two combinations in which the cassava was planted four weeks 
after the cowpea were tested. 

In corbination I) (Table 33), both cowpea and cassava were
planted on the same ridge while in combination I-'one ridge
with cowpea alone was left between two ridges of cowpea and 
cassava. The results (Table 33) show that the yield of cowpea
was lower in tile cols binatioln, than in tile pure stand, but
tire (liltlrenrces were not significant. Early growth of cassava
expressed as plhat height at three months after planting wassignificantly Suppressed by cowpea (Table 34). Although tire
yield of, cassava in tire combinations was lower than in tile 
pure stands the differences Were not significant. Although cas-sava in pure stand yielded highest per hectare, the land
equivalent ratios (fLER) show that 	 the crop combinations 
were more efficicnt. Tie cassava did not alleit the quality
of tire cowpea seeds, 

Table 33. Yield of cowpea and cassava in pure stand and 
intercropping(1/ha). 

Treatment Cowpea Cassav'a Total LER 
A. 	 Cassava purc stand - 22..t0l 22.-t0(A. 	X 100 ers) 
B. 	 (Cassava pure staind 11.51) 18.50 


. Co0a pure Stan( .
 2.95 

(100 X 20 cm) 
D. 	 Cowpea (100 X 20 cn) 


Cassava (100 X 100 crt) 
 2.76 18.00 20.76 1.7-1
E. 	 Cowpea (iOOX20 cnr) 

Cassava (200X50 cn) 2.61 17.60] 20.21 1.83 
.1faietable cote-pea seed: C = 8Z5, D = 95.ff,. = 91.4%'; 

7able 3-. Effect of cowpea.on early growth of cassava planted 
four weeks after cowpea. 

Treatmrsent lHeight of cassava _ 	 _at 3 months (cm) 
A. 	 Pure stand cassava (1OX 100 sc) 172 
B. 	 Pure stand cassava (200 X 50 cs) 170C. 	 Pure stand cowpea 
D. 	 Cassava (100X 100 cm)+cowpea 



(100X30 ,m) 87

Cassava (200 X 50) +cowpea (100X 30 cm) 87
E. 

LSD 0.05 12 

Live stakes. In continuation of the experiment on live plant
support for yam, a second crop of yam was planted between
the Leucaena leucocephala plants that served as support. The 
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Horizontal Leucaena branches used as stakes properly support 
yam growth (foreground). Yams supported by upright stakes 
are shown in the background.
yam performed poorly, apparently because of nematodes. 
Measures to suppress the 	 nematode population must beincorporated into the system if tile of plantssame set are 
to support more than one crop of yam. It was also observed 
that shading retarded sprouting and caused etiolated and
weak vines. 

Horizontally placed branches as support for yam. Untrimmedbranches of Leuraena leucocephala horizontally placed were 
found to provide suitable support for vines of water yam(Dioscorea alata). There was no significant difference betweenyields under horizontal branches and conventional upright
stakes (Table 35). re cuting airid putting in place of the 

The vines covering tile horizontal branches effectively shaded 
out weeds and weeding was unnecessary after the branches 
were put in place. Rapid growing strains of Leucaena leuco
cephala that ratoon well have been found to be good sources 
of the type of branches required. 
Table 35. 7he effect of horizontal branches and upright stake 

supports on yield of Water yam (Dioscorea alata L.).
Type of support Tuber/hill Tubers/hill Yield 

Horizontal branches 
# 

1.61 
kg.

1.53 
t/ha
25.5 

Upright stakes 1.4,4 1.55 25.9 

Mulch in-situ. The high cost of using mulch could be dras
tically reduced if harvesting, transporting and spreading of
the mulch could be eliminated. These factors could be re
moved by finding a suitable cover crop that would leave
sufficient organic residue after it has been killed by a herbi
cide. Pueraria phaseoloides, a legume, has been observed to bethe 	potential crop. This legume grown for 30 months and
killed with the herbicide Paraquat, left a uniform mulch of
14.5 t/ha dry weight of organic residue through which tomato 
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was planted by distur)ing teit' mulch ant thlie soil only at 

the location [or tie plant. i)espite the organic residue -when 

a complete inorganic fertilizter was addecd, the ieltd of toiato 
was significantlv increased ('l'abh. 36). A single side dressing 

of*.itiogeut dic not, hovver, signilicantly increase yieldi over 

tile no-fertilizer control. 'Ilti lch cm't.r persisted throughout 

the duration o lw' toiiato anti uditrcd wttding unnecessary. 

In addition, it prot(cted tilt- itIs froo ground rot anid 
producedl higl.-quality narketable fruits. 

lable 36. 	 7he i, ct qf firtilier application onylids o 'o,,tato 

grown under nul.h fion in-sit i residue q/'i 
phasoloids, killed l'aro quat. 

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

Treatment Average fruit wt. t /hIta Marketable 

N 
Nof,'iz,-

side d rtssiIng ilv 
. 

58.0 
20.0 
2.670 

97 
95 

N.P.K. prelulant and
N.sided repi g0-12.7))siingleit d 63.0 ,t2.570 96GhN side dressing 

Feala u'civht 	 , 'mt/h/ 2.5.1 t/ha. DoI ieight of md/h= 1.4.5 t/ha. 

Because it has beeni showln that tie leg iime call be established 

by1minii ni tillage without later cult ivatioi or weeding, 
tle system appears suitable for highly erodible soils that 
should be nialitained under a protective cover of crop or 
plant residue. 

Crop protection
A ,. 

Entomology 

Mixed cropping studies. One idea of tie fainig systems 
prograii Involves several crop cimbinatiots and planting 
patterns which ,nay possess characteristics with beneficial or 

adverse implications Fbr insect pest mtaitageiteit. It is iutpor-
tant that these be identilied with It view to linimizing 

potential pest problems and developing appropriate integrated 
control procedures. Studies begui in 1976 have been chiefly 

conce rnted with tlie developmnt of meti odology anid explora-

tion of a simple systelii of iittercrop Jt-d itsaizt and cowpea. 

Leaf feeding insects. Table 37 shows the dist ribut ion of leaf 

fi'eding insects betweei treatmntts assessed by direct conts 
type 10of occurrence over four rows per plot for each crop 

times. Insects such as lpmlachna si.niis, Aonatocemns acel/ils. 

Luperode lineata ani 1.aria ,illosa which were present in low 

nltlnrs atr, intcled in die total cate.'gory. 
Table 37. 	 Incidence of leaf fi'eding pests over the ,rowin' 

insects Or groups tend to be associated with either niaize 

or cowpea and the presence of other plant types in a mixture 
dotes nt make it iare liable to at tack. I lowever, only Oothca 
,,ttabi/i. occurs at a very Iow density it titt sole inaize and 

significantly (p 0.001) larger numbers are round nIt naize in 

the initricrop where tile cereal presumably provides a sob

sidiary lood source and a favored resting site. Signiticant 

ditage to Iltaize doe, not occur, however, and the plenohitc

nct does not increase population density on tht cowpea. 

Sap feeding insects. )irect counts are suitable for larger 

Iioioptera such as the Cer,:opids Pop//tho. (CI ta/us and I.oc~is 

etr/ianiela associated with niaize andtil t IHeteroptera Ano

plo c lais caw ipe., . icanth ntis hoi da, .. canth ,i a tmni'en to 1 lis, 

AIirpois 1piciun.lRiptortic dcnttpcs. ..lcpaiia aitt't.cia, Ne.:ara 
tin idaa and others, primaily alssociated with cowpea. lI/ophilas 
stows a p rtlerence for ,naizt at the wider spacing (p 0.025) 

t-e tilt s in tile1 t [lot ilItercrop, wvheli numn ers ai 
Spaced maize, wx~sstl:tttur~l(a deinsity effect.nec' I iuto suiggestinig vegetation )"lltnt) 

lThe iiiertno p situiiat ioni incireases tOlwoctctirenlce of, Feterot 
tera oinmaize (1p0.001), all elect particularly inarked for 
:n1 	 i.%and tile two species of .. canthonmia. l-or A. tomcn-IMp /ianimcm 
tosicellis there are indicatiois (0. 1 p 0.05) of a reduction in 
numbers oil cowpea in a in ixed stand but i consi deratiot 
of tile whole plot situation reveals a redist ribution bet ween 
the two crops railther thi ita deelase ill intistat ion. Coreid 
heteroptcrans both rest and Iced otiniaize alid tilt-y freqteltly 

serve as an uvipositioi site. Under the conditions of this trial 

ito serious 	 efIlcts were evident as a resut of this behavior 
t. utgliough sonitc 	 itercrop situiation coulcli circulstantices tlit 

geterate large populatiins wiIth sevt.r eflicts oit copea yield. 

Lstiiates for Ep'a dalichi froi I)-Vac sampling suggested 

lower nuibers fron tilt mixed plots (0. 1 p 10.05) with a 

inean of 8.1 insects/l)lant from eight sampling tinies dring 

the growing season ini mixed cowpea compared to 10.3 for 
sole crop 	 at hoth spacings. Serictuthips accipitalis populations 

were also 	 reduced (P) 0.01) as were those of Callosobnichos 
mactdatlus (1p0.01) in mixed plots, ai effect likely to be asso

elated with reduced pod productiou inI this treatment. 

Cowpea Ihower satplitg. Cowpta lm ere re moved aid 

dissected to remove thrips. R esults are ili Table :il. 

. f 

Cropping s .tetn 
s n

Maize/cowpea Sole cowpea Sole cowpea t 
Aduhs 10.9g±i.'nt 25.,+_2.9b 23.1 ±_4.3b 

season. Mean/100 plants. 

Maize CowpeaInsect 
Mixed Sole

s Soleit Mixed Soles Sole D 

9.3Ootheca 2.9 0.4 0.5 10.3 14.0 

niulabilis 
8.7 8.5Chrysolagria 12.3 16.5 14.2 8.2 

5.6 	 4.9Barinbia 13.9 12.5 20.0 4.8 

hurnirais 
Orthoptera 3.6 5.2 5.3 21.0 19.0 11.3 

Total leaf 
feeders 34.6 36.9 41.6 46.9 48.0 35.8 

Ssinle spaced; Ddoiible spaced 

on 

than on maize (p 0.05), though overall their infestation level 

was not affected by spacing or intercropping. Particular 

Significantly these insects were recorded more cowpea 

Nymphs 16.1 ± 1.8a 29.3 ± 3.8b 19.3 ±0.5ab 

Total 27.0 -- 3.2a 5.4.7 ±6.Ob 42.5 ±.4.61) 

'numbers JbIlotred bl thei same lett-r are rot sim[i'icantty dilmerent (1 0.05). 

A significant ieduction (p. 0.001) in flower infestation in the 

mixed cropping situation is apparent with a tendency toward 

lower numbers in tlte double spaced cowpca than in the 
single spaced crop. This suggests that increased spacing may 

present some barrier to dispersal within the crop, which is 
further reinforced by tile presence of the cereal. Caution must 
be exercised in attributing such effects to mixed cropping, 

however, since the physiology of the cowpea is profoundly 

influenced by its situation within the maize canopy and 

flowering is both delayed and reduced. Lower flower density 
within the stand could also act as a barrier to effective dis
persal and colonization. Larvae of the lepidopterous pod 

borer Manca testulalis were also recovered from the flowers. 

No differences were observed between treatments, with a 

mean of 15.7 percent of flowers infested. Larvae of Euchysops 
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allltantlt weVre filind in 9 lt~irctntofI flhwers fIrminimixed 
l)IhtS. This sptecirs wvalscniir 'ly aibsi.ntfri~i( )1oplots. 

Aerial hiras..siu.\ txprrirt'ri t was.,t-iiil i:tcd oil the c'lct 
(If "rlpplinu s+vstctis Hit ','r-ial vis~ioii rising ivitcr trapsplaced ait and 2-i height(0.-
 (l- h oi ite thir, 
such thu thic 2-io flap sw re list itiifti(fi
,n()a't. aniocpyit iops iti, ()n
udl thic ().,-ii traps iblhv' thic io()- lo'.'slts aitr 	

whist nI)cfllt is aitce btOhlc the( strfaece.
shio\sn Ihirictl leaves r'spond sigllificflltlv(((1)001 ) with reducedii (ihl'(il)ositoilt ill ilt cai, stlai's but icsso later () 0.1 

lIi(b,'39. el iumibl'r of insects auh/tli i t'in traps)x in p 0.(5), whilst Ilh' c li-ctt'r 	 ntn ll"flcltIaves ((0.0I1 octcu rs atlhrr,'day's ± .. 

ys 

Parasitic 

Tl' lll)pt' 

tiltlincr slag'. This iras he du(' to inviliverent of' sinilar 
... .. oioganlisnis ii til(,arlie.r sta cs of hilla 

I tsi.ll tiri i,ii itcMojic NSNSoltesiagest
(til) l) Sol,'.c., )t.;c 	 w 
i 	 2.11 3 0,i 2.3a 

1)5 ± 51;.a 
2.0) 0..-ab 


]{yl )illpttra 00.5 1(0.Oi .a 
Diplt-a 
 2.0 15.1_. l.2a3. 2ar, 

(.5 3(.3+ 1.2 a 

Tiita l i1 2 0 
 .se1s all.0 :.3 

(...5I.... .. 
+
.-,a i//,,l /, .,-l /4'I,n, lfi/nt/i 

rnzmtiali. 

I .2) ± .21 ll 18.2 ± . 
2.7 ± .51) (1.1 .I-
5jt1. l.0;l 7.()1.3b 

2.3 	 41)b 17.0+-3.0a 
.()__ 3:ags( l2ei -,I11 + 

(.7 +0O.) 20.0 ±(.c 
--.0) .(l.I7 + .i. 

27 liIr 
'1,/ll-mnt(/,. H C.'wn/a 

Results s low that ih' prt-set'ii'c i I idilcsh' rea) aerial 
invasioni i1,owpip b\ ilscts with Ii iiioint1)trs of thrills 

over ill iterci-olo ed ciiwp(a significantly ]owv(Irthin in 
51lcp'itlots. Bcil se, ttis dillir(nce pteisists at 	2-itt, (fie eliket
itay be ofbcl'ft'one reduc(ted at tatt iI thei 1 nt ixed 
crop rat her thiat the itaiz'cact iig as a hihysical bharir to 
iliVasioti. lihese iata Stil)ort rite tisitlits ofli' iIwi SaitiitpgiIl
bit 1holst bc( stewed with the si(. ci(scrvitiolrs particulartIsite I)-VC d;lta giV' \altIS sitnilfic;ntl, lwvwr fin '/ai'- 
l/oips ini doItile spaced iiispva () 0.05) tliik illsingle spaced
aind inixitd. Thlr, is evidentce that itisci-ts ir', itractled into 
tie it ix(,dt'rop iy ill(.pr'esenice of oiuwit a siie coisistetly
tit~lir' lire ir'i.d inii iiiiai,.t'.h (i'r~illy, tliistl insa ects 
et'cilr
lt0).51 inl
the sole eowpea through parasitic Hvmten-

tiptera arc allex eption with significintly iotec (1) 0.)5) (iver 

colpei 
in the mixed plot. This lla- ie t btifiticial eflect of,iritercroppinieliwlici titixeg bilt tiledata art' n)t supiporti'd h\' l)-Vac
slplir g, whee'no dilk'rtcts were dteectrd. 

Pesticide residue studies. 'T ii iii i u ) jectivt.s of' this plrotect
hiave ie(r i to rst)lish whether il rgaiitchlorin ie( pesticide

I)DT Coutld, With SoS tiiivd
ruse for pest ciontro)l ol cowpea,
prodice Ing- io'ri deterioratiott of' soiI prodtctivity thirough
efIicts oil rlie soilppulatiiition aid to iinvyestiiglt patterns of, 
ltsttii)iti(ont lod degraldatiin of tie pesticide itt i 	 tropicalcriol) 'cos5\'stetii. 

l)ecomposition studles. The imiajor utnidertaking of lhe project
in 1976 has been a comprehenisive experiient carried out 
(hiring tie second groiwiig season oin decomoposition of cowpea 
stern aid leaf' t aterial, incorporating elemients of' previous
studies wiict h;ve shown signtificint effects of' DDT in
reducing deomnpositio n rates. niterials presentedPlaint w\'ere 
iii nylon niesh bags with vary'ing iesh sizes to limit access 
to partictilir coimptnents of' tlie soil populatiott, eitier oiltile 
soil surfhice Or buried. Standard leif discs and sten sections 
were used either utntreated pretreatedor with appropriate
ariounts of DDT to simulate the spraying ef(lfct. Bags were 
placed at random sites inplots of the three treatments ard 
saipled two tines to deerinine percentage weight remtaining. 

Buried residues consistently decompose more rapidly than 
those on the surface, and for Iboth leaf and stem decoinpo-

sition is slower (p 0.0.)-) it, soil coutilll ))T. Te' el'ct is 
nutIte pronouiced p (1).01) when rattiils are exposcdthAn surl'ac, particulacly where bags i 	 oini r r cotai
i l~y.tdspraying dilln titexperitlent. Eliecotof lsubstratetdc 
trtnmtimentwht 1)1)1' is 'variallch.. -ot buried stemiis it 	 is si.riificaiit Mtf'r siix vtks, prcsiilM)v ailcthlu th liter staties 

(Ii'(iv i laterand tie 
t ofIfstv d( ) p)iti( . 

I tcrcstii dia werc ibtained using (iflc rent Ittsi sizcs tocilse till littcr w ithen 	 tintr csiuh to exclude all but nmicroflh ra, 
mc diii In esillto +dh)lw access only to smaller fiuminl elements, 

.aind toarse' it esh For Iiaxtilitili acicess. Significant tllicts Were 
dctec.ted fIur both tinttrials, iaf id stem, in bo)th positions 

nerlii cs 1)la issue it ics1 de±3o.n
po)Htl lItost rapidly, shoiwing theimpoirtance of' free accesso-7 fatitia. For sten mtaterial the significalnt differenceb tw e VIitL(i-S(' 	 wasaid nitcili i ii it (p 0 .0 1 ) it Ih r ee wee ks 

buiried arnd six wv'eks for sirfi- c bags, wliist for buried 
Ir il tilecutoir ilint was betwe'ii inle (ntl ii umilihu tirewith 

I'cii inl til eslit'hdiiapp(caring itlire slowly (p 0.0101). 

siirflrc. leaf ritalrial followed Ih' stile plltern isstell. These 
[(stilts sitio\' 1erniIrlatiiite iinpl)tit;i i) in(ICeotloposilion 
of buried laf itvi'tirial arid itiacroflina iii Iturid steil and 
.ltt'e rc-sidtVs. 
Poptlation s(Ilie.. of'lopii onitiotns total ilicroarthropods 
tiititied Itobe sikgnificititly reduced in soil contairiig 1) 1', 
('l'able .t10). 

'ihble -10. .Il a'n numbersil'soil 
.Vosl/tl., X 1000. 

.. .
 .	 .
 .. 


TIailenti
 
l)r'pth Untreated 
0-50 inn 

?ric'oarliropwis SE. llJu), 976. 

.. 
 .
 . .
 .
 

Contaminated 
1.-9__2.3."5a 20.65±±).60b 
 1.91 +2.58b 

50-100 unit l:.12±9.40a I}.29 ± l.74a 10.39± 2 7 
9a. 

1iiive Iiii htteit doutdr.t'tiib/Diiid/It ttu.' /tt-' dtt *-nii~m, (05titut dl7]truticat/ r (il.Tt.
As in previous ears the significant effect (p 0.001) was con
fined to the 0-50-nin horizoni though ntitbers ill the un
treated pilots werte atlsohigher a t lie lower depth. Mites were 
til Faunal conponenti Itost a lf'ected(p (.01). Predatory
\-esostigniata remained lower (1p 0.025) in treated soils but 
witlout tileincreased portul ations of' Collenihola observed 
iii 1975. 
Quadrat samples showed a very marked treatment effect on 
total active fluna, principall)y ants, spiders, Coleoptera and 
millipedes. Samples wlere taken three weeks after the final 
spray of the first grossing season, and allgroups were re
duced itl rullbers in the treated plots (p 0.001). Ea rth
worm populations were assessed ds in previous years by esti
mates of numbers and dr) weight of casts in 0.25i quadrats 
over a three (lay period and by subsequent liandsorting of
soil in pits below these cluadrits. Casting activity inr untreated 
plots was 81.1/hi,. per day incontrast to ,4.1 and 1.9 casts/m, 
per day in treated arid contaminated plots, though earth
worm numbers and biornass were the same inall treatments. 
This suggests either a behavioral effect of' the pesticide or 
selective activity against casting species which could have 
serious consequences on soil turnover.
 
Crop Studies. In the second season of 1976 the eighth con
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secutive crop of cowpea was grown on tile experimental plots. spp. density at 3,803 and 3,581 nematodes per liter soil 

Seed yield for the entire period is shown in Table 41. respectively for both years. Cassava, soybean, maize and 
cowpea maintained plant parasitic nematode densities above 

Table .41. Seed rieldfron cowpea var. Prima SE. kq/ha, preplant levels of 808 percent for t'ratrlnchus spp., 162 per-

Season 
Treatment 
Untrcated Con taui i nated Treated 

cent for Ilelicoylenchus spp. and 183 percent 
nita juveniles recovered from the soil. 

Aeloidognte iF/rg-

7"J3/I 29.0 t 6 7.9a 758.5 ± 23.7b* -101.2 63..4ab There were four instances of Ir'otvlnchu.s sp. buildup on soy

73/2 116.3± 6.6a 164. 1 23.4a 628.8± 17.9b* bean. 

74/1 
7-1/2 

108.6±60.0a 
80.5 ± 28.8a 

4111.6 
94.7 ± 

3.8b 
21.9a 

539.2 ± 46.8b* 
375.2± 20.5b* 

Cassava investigations. In a test to determine the variability 
in susceptibility or resistance of cassava seedlings to Aleio

75/1 290.8 +6.la 1i .0 21.9a 386.3+5 1. la* daqrne incognita. parasitism, 190 ll-day-old seedlings were 
75/2 
76/I 

.t2.0I-± 16. 7a 
550.6 ±95.6a 

16.7±+- 1.61 
620.8 ± 110.11a* 

280.5-+-22.1c* 
613.0+ 98.7a* 

inculated with 2,000 egg's pc. pot and grown for 155 days. 
Forty-six plants died ar.d of' the remainder all cassava seed

76i/2 -16.8 I5.3a 17.01± 2.6a 198.2+.17.7b* lings proved to be highly susceptible with a mean root-knot 

Altanr olhl,'ed In- the wi ett, at"r not sicnullomtfir di'lrrnt (p u b ) index of' -1.64 (5.00= iaxi muni galling). 

*denotes ,p spral,'d 1t117 DTIn a replicated greenhouse trial Al. incognita, cassava seedling 

Yields in 1976 first season were relatively high for the cu 1 - height, tuber weight and root weight were reduced up to 

tivar and continued the trend shown in 1975 for improved 52, 87 and 44 percent respectively after 155 days of growth 

perlhrmance of the untreated plots relative to treated and 
contaminated plots. Second season yds fron all plots were 

(Table 44). The lower 
height and root weight 

inoculation rates increased seedling 
over the controls. Tuber weight was 

low. Analysis of the data shows a significantly higher rate reduced at all levels of inocului. 
of dccline reatnent ' tinic interaction p 0.001) in plots with 

soil containing )1)T when all treatments are considered. 

Where comparison is limited to untreated and contaminated 
Table 44. Cassava seedling attack by the root-knot nematode, 

Meloidogyne incognita, in a 155 day greenhouse trial. 

plots in tile second growing season of' each year, %fhere both 
treatmeilts an. unsil)ayed, til effect is still significant (p 0.05)tra mns, nI l 

and the inclusion of the 1976 cata inakes the direct treat-

I 
Inoculumeggs/Ip la nt 
ecm 

Plant height% Root 
g 

tuber'7 Root 
g 

Root-knot 
index** 

ment effect significant (1p 0.05) for the first time with less 0 785 100 19.6 100 2.3 100 1.00 

yield produced frot unsprayed crops in contaminated soil 500 80.1 102 15.3 711 29.10 119 3.94 
than f'roin unsprayed crops in uncontaminated soil. 1,000 861 I 110 12.6 65 31.9 131 1.58 

2,000,*** 657 841 8.6 44 31.0 128 .t.6. 

Nematology ,1,000.*** 181 61 5.11 30 22.4 92 -4.56 

Mulching experiment. Mulch materials held their relative 

1975-1976 positions when ranked according to plant para-

sitic nematode population densities. Elephant grass straw 

8,000*** 
16,000"*** 
32,000**** 

-491 
393 
331 

63 
50 
42 

3.4 
2.5 
4.6 

17 
13 
23 

13.7 
14.7 
113.3 

56 
60 
75 

-4.64 
4.55 
4.28 

and mixed chopped twigs were two exceptions with each 
taking the other's position more or less as shovni in the IlTA 

Annual Report, 1975. 

*hfeans of 10 replicates o/one plant each in a /2 cin pot. 
**Root-knot nera/odes index: I =no gallig, 5=maxinunm galling. 

*'f'uy plants dead. ** **Four plants (lead. 

Mean numbers of nemnatodes were reduced ir' relation to the Nematodes under live mulch. Plant parasitic nematode popu

number of nematodes recovered in 1975. Plant parasitic lations were sampled in live mulch plots after 23 months. 

nenmatodes (Prahylnchus se/iaensi, P. ;rachrars, Ilelicotlrhnchl/s 
seudarobulu, II. cavenessi, Afloid/grne incognita) were 50 per-

Aggregate population 
than preplant means. 

means under all mulches were less 
Root-knot nematode juvenile popula

cent fewer (Table 42) and nonparasitic nematodes 66 percent 

fewer (Table 4t3). Maize maintained the mean Pra/ylenchus 
tions, Aleloidogyne incognita, were significantly reduced under 
all treatments except one. Root-lesion nematode (Pratylenchus 

Table 42. Sumnary of all plant parasitic nematodes on all cropsfrom mulch treatment trial. 

Time of Mean Change in 

sample Cassava Soybean Maize Cowpea all crops Control percent* 

Preplant 429"* 3.39 257 470 374 313 100 

1975 2,612 2,223 6,808 1,165 3,202 3,484 856 

1976 574 1,234 4,107 658 1,643 1,682 439 

•Preplant= l0(fYc 
•"*Numbers of nematodes per titer of soil based on 466 samples of 3 observations each. Subsample size was 200 cm soil.
 

Table 43. Summar, qf nonplant parasitic nematodes associated with all crops and treatments in a mulch management trial.
 

Change in 

sample Cassava Soybean Maize Cowpea all crops Control percent* 

Preplant 30,407** 24,777 20,949 27,454 25,897 24,175 100 

1975 11,044 16,700 12,150 11,906 12,950 11,204 50 
1976 2,829 6,728 3,941 3,974 4,368 4,512 17 

Fime of Mean 

•Prepant - /00,o 
"Numbers of nematodes per liter of soil based on 66 samples of3 observations each. Subsample size was 200 cm, soil 
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se/aensis, P. brachurus) populations were reduced by all treat-
ments. The spiral nematode (Helicot,lenchus pseudorobuLstus, 
I1. carenessi) populations were significantly reduced by four 
treatments, maintained by two treatments and increased by 
three treatments. The data are summarized in Fable 45. 

Table 15. 	 Mean number of plant parasitic nematodes under 
selected live mulch treatments 23 months after their 
establishment. 

Mulch treatment 	 Nematodes/liter of soil* 

Number of Helico Praty Meloid 

StYlosanthes grcilis 
Centrosema pubescens 
Puerariaphaseoloides 
Paspalum notatunt 
Mlucuna utilis 
Brachiaria ru1zuziensis 
C(ynodon nlem/iiensis 'IBA-8' 
Control (weed cover) 
Psophocarpus palustris 
Mean 

Preplant mean***** 


parasites* ***... 

5 1 4 0 
98 97 0.7 0 

122 39 82 1 
140 136 4 0.3 
153 135 14 4 
322 318 4 0.3 
390 365 24 1 
407 352 54 1 
415 0 54 361 
228 160 27 41 
698 168 477 53 

*Means based on three replications of 30 samples each. Sample size 
was 200 cmf soil. 

* *leli(otylenchus spp. 

* *Pratyltnchusspp. 


****Afeloid()jne incognitajuveniles, 

****AMearo based on /70 s,!,ples.
 

Crop rotation investigations. Cultivars selected as rotation 
crops were grown for six months for plant parasitic nematode 
control following Celosia argentea, a leaf vegetable. In general,
plant parasitic nematode population levels were reduced by 
all rotation crops except Crotolariajuncea. The root-knot nema-

tode juvenile soil population levels were significantly reduced 
by 15 rotation crops. The root-lesion nematodes, at a small 
preplant 	 population level, significantly increased only on 
Crtolaria juncca. The spiral nematode population levels were 
significantly reduced by eight rotation crops and to a lesser 

degree by the other rotation crops. The data are summarized 
in Table 46. 

Weed Science 
Cereals 
Maize. Two trials were carried out to evaluate and identify
suitable herbicides for weed control in maize (cv. TZB (S)C5) 
and to assess the effectiveness of some herbicides and their 
combinations in no-tillage maize production. Two weedings,
the first of which should be carried out within two weeks of 
planting were found necessary to prevent yield reduction 
associated with weed competition (Table 47). Several herbi
cides among which is EPTC + R (6.0 kg/ha) gave good
weed control in maize without crop injury. [R-25788 (N,N
Diallyl-2, 2-dichloroacetamide).] A commercially available 
mixture of atrazine plus metolachlor at 2.5 kg/ha gave excel
lent broad-spectrum weed control when applied preemergence. 
Postemergence application of this mixture was injurious to
the crop. Atrazine plus alachlor was effective at 1.5+3.0 
kg/ha. There was poor control of annual grasses at lower 
rates. (All herbicide rates are in kg. a.i./ha). 
Glyphosate at 1.3 kg/ha was a better broad-spectrum preplant
applied herbicide for no-tillage weed control than paraquat 
used at the same rate (Table 48). Paspalum orbiculare Forst, 
Panicun maximun Jacq, Tahmnum triangulare Jacq.) Wild and 
Commelina spp. were among the weeds that were either par
tially controlled by paraquat at 1.0 kg/ha or fully re-

Table .t. Plant parasitic nematode soil populations after cropping and qfter six-month's growth of selected rotation crops. 

Nematodes per liter of soil 

***Based on four replications of six observations each. Sample size 200 cm, soil. 

Rotation crop 
Meloidogyne 

incognita* 
Helicotylenchus 
pseudorobustus 

Pratylenchus 
sefaensis 

All parasites 

Prep 6 mo** Prep 6 mo Prep 6 mo Prep 6 mo 
Arachis hypogaea 
Centrsema pubescens 

21*** 
51*** 

0 
0 

243 
332 

28 
127 

0 
2 

0 
0 

264 
385 

28 
127 

Q)Ynodon nlemfuensis 'IB-8' 
Desmodium tritolium 
Digitariadecumbeas 
Indigqfera sublatades 
Puerariaphaseolaides 
Leucaena leucocephala 
SOylosanthes gracilis 
Clean weeded 
Crotalariajunea 
Paspalum notatum 
Amaranthus sp. 
Tagetes patula 
Vigna unguicolata VITA-I 
Arachis prostrata 
Psophocarpuspalustris 
Celosia argentea 
Celosia argentea 

533*** 
220*** 
658**** 
82**** 

180*** 
549**** 
686**** 
538**** 
498**** 
359**** 
440**** 
413**** 
96*** 
310*** 
345*** 
263*** 
593**** 

0 
0 
0 
0 
0 
0.07 
0.4 
0.5 
0.5 
0.6 
3 
4 

10 
132 
199 
198 
442 

229 
410 
344 
323 
239 
340 
287 
331 
259 
247 
289 
420 
242 
425 
263 
375 
358 

188 
120 
88 

125 
24 

118 
36 

173 
199 
164 
76 
130 
42 
26 
12 

215 
312 

11 
5 

11 
50 

110 
20 

2 
2 
4 
0 
4 
4 
9 
10 
0 

60 
2 

11 
1 
5 

60 
27 

8 
5 
1 

412 
3 
5 
7 

32 
6 

38 
34 
2 

773 
635 

1,013 
455 
520 
909 
976 
871 
761 
606 
733 
937 
347 
736 
608 
698 
953 

199 
121 
93 

185 
51 

126 
41 

174 
611 
168 
84 

141 
84 

164 
249 
447 
756 

Mean 359 52 306 116 16 35 688 203 
*Juvenesonly. 

*Pre -peplant samples for rotation crops, 6 mo - six months growth of rotation crop. 

****Based on nine replications of six observations each. Sample size 200 cm, soil. 
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covered in about four weeks after treatment. Glyphosate were evaluated for weed control and for their effects on crop 
killed all weeds when applied sequentially with atrazine plus yield in direct seeded lowland rice (cv. TOS 42) under poor 
metolachlor (2.5 kg/ha) or as a tank mixed preplant treatment. water management conditions characteristic of the condi-
Although glyphosate does not mix well with atrazine plus tions in which lowland rice is grown locally. The best weed 
metolachlor, there was no loss of preemergence activity as control was obtained in plots in which bifenox was applied 
a result of tank mixing these herbicides. preemergence at 2.0 kg/ha (Table 49). Other herbicide treat-

Rice. Several herbicides applied singly and in combination ments that gave superior weed control are postemergence 

Table 4Z Weed control in maize (ITA, first season, 1976). 

Weed control2 	 Grain 
Rate 	 G BL yield
 

Treatment 	 (kg/ha) Timing' 1st 2nd 1st 2nd (kg/ha) 

1. Atrazine 	 2.5 PE 90 59 90 87 5383 
2. Primextra 3 2.0 PE 91 49 99 78 5813 
3. Primextra 2.5 PE 97 71 100 83 5348 
4. Primextra fb paraquat 1.5+0.5 PE fb Post 87 95 99 94 5612 
5. Atrazine + alachlor 1.0+ 1.5 PE 93 54 98 93 4116 
6. Atrazine + alachlor 1.5+3.0 PE 98 74 100 87 5191 
7. Gramuron' 2.8 Post 100 95 100 97 5040 
8. 	 EPTC + R 6.0 PPI 98 78 98 83 5414 
9. 	 Butylate + R 4.0 PPI 96 68 98 73 5222 

10. 	 Butylate + R 6.0 PPI 98 84 100 77 5066 
11. 	 Terbutryn 3.0 PPI 90 49 99 78 5193 
12. 	 Hoe weeding - 7+28 DAE 100 89 100 89 6393 
13. 	Hoe weeding 7+35 DAE 100 86 100 87 6217
 
14. 	 Hoe weeding - 14+35 DAE 100 92 100 87 5184 
15. 	 Weed free check - - 100 100 100 100 6240 

16. Weedy check - - 0 0 0 0 3884
 

LSD 0.05 - 0 0 0 0 543
 

IPRE = Preemergence PPI = Preplant incorporation, DAE = Days after emergence DAP = Days after planting, Jb -followed by 
2 Weed rating scale: 0= No control, /00 = Excellent uced control. Plots rated at 21 and 53 DAP, G = Grasses. BL = Broadleaves. 
3Trade name for frrula tion containing atrazine + metolachlor. 
4Trade name forformulation containingparaquat + dinron. 

Table 48. Herbicide evaluation in no-tillage maize (1ITA, first season 1976). 

Control rating2 
Weeds Grain 

G BL yield 
Treatment (kg/ha) Timingi Sod 1st 2nd 1st 2nd (kg/ha) 

1. 	Glyphosate + 
Primextral 0.72+2.5 PP 70 86 35 89 59 3238 

2. " 	 1.3+2.5 PP 98 86 47 90 35 3833 
3. 	Glyphosate + 

atrazine + alachlor 1.5 PP 89 83 55 99 80 3225 
4. 	 Glyphosate + 

Primextra 2.0+2.5 PP 96 91 55 100 74 3622 
5. 	Glyphosate fb 

Primextra 2.0 fb 2.5 PP fb PE 100 98 73 100 76 3131 
6. 	 Glyphosate lb
 

atrazine +
 
alachlor 1.3 fb 1.0+ 1.5 PP lb PE 93 96 52 100 77 3570 

7. 	 Paraquat + atrazine 
+ alachlor 1.0+ 1.0+ 1.0 PP 45 78 33 95 85 3074 

8. 	 Paraquat +
 
Primextra 1.0+2.5 PP 
 50 77 38 93 59 3507
 

9. 	 Paraquat fb 
atrazine + 
alachlor 1.0 fb 1.0+ 1.5 PP lb PE 60 96 55 96 70 3243 

10. 	 Paraquat fb
 
Primextra 1.0 lb 2.5 PP fb PE 50 97 60 99 77 3501
 

11. 	 Paraquat +
 
- 100 100 100 100 3914
Hand weeding 1.0 Weekly 

tPP - Preplant,for other abbreviations and rating scale see previous table. 
2Sod kill rated at 28 days after treatment weed rating at 28 & 60 DAP. 
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applications of fluorodifen plus propanil ( 1.5 + 2.0 kg/ha) and 
bentazon at 2.0 kg,/ha. Highest crop yield was obtained with 
posteinergence application of luorodifen plus propanil. De-

layed application of a formulated mixture of propanil plus 
thiobencarb reduced weed control by this formulation. For-
mulated mixture of' propanil plus silvex and granular 2,44-
were very eltetive against sedges. Yield was significantly 

reduce(] when only one manual wceding wats carried out
under the poor water lan ageimnent conditions of this study. 
Prevalent weeds in the weedy check were Ileteranthera spp,
Sphenochloa zelanca Gaertn, .lltemanthra sessiis (L.) R. Br. 
ex Roth, Pentodon pentandus (Schuni & Thonn.) Vatke, Lep-
tochloa caerflescens Steud, l~creus spp, C;'perts di/]irmiis L and 
Finibrvstlis spp. 

Herbicide evaluation in hydronorphic rice was carried out 

at IITA using TOS 2583 rice cultivar. Herbicides that gave 
good weed control under lowland conditions performed poorlyinhydromorphic rice. An early post-emergence application offluorodifen plus propanil (2.0+ 2.0 kg/ha) however gave accep-


table weed control (Table 50). Paddy yield from weed-free 
plots was superior to yields from herbicide treated and hand 
weeded plots. Yield retductions caused by weeds in weedy
plots and in plots that were weeded twice were 92 percent 

Table 49. Weed control in direct-seeded rice (cv. TOS 12) 1976. 

Rate Time 
Treatment (kg/ha) 

I. 	 Fluorodifen +
 
propanil 1.5+2.0 
 14 DAP 

2. 	 Bifenox 2.0 PE 
3. 	 Bentazon 2.0 14 DAP 
4. 	 Propanil +
 

thiobencarb 2.2+2.0 
 7 DAP 
5. 	 Propanil +
 

thiobencarb 2.2+2.0 
 21DAP 
6. 	 Propanil +
 

silvex 2.9+0.9 14 DAP 

7. 	 2,4t-D (granular) 0.75 28 DAP 
8. 	 Thiobencarb 3.0 14 DAP 
9. 	 Hand weeding - 21 DAP 

10. 	 Hand weeding - 14+42 DAP 
11. 	 Weed free check - Weekly 

LSD 0.05 

and 50 percent respectively, relative to the weed.4'ee plots. 
in order to reduce wed competition in hydromorphic rice, 

to icre 
to Cmete w i th cos inhreit alty 

weeds. Row width was uniformly altered 
using Nelder's systematic design in a drilled hydronmorphic
rice trial. Weed control treatments included no weeding, weedint 	once, weeding twice and weed-free. Row width varied
 

from 6 cm near the center of the circle to 60 cm at thecircumference. 

At crop maturity, weeds and crops were harvested from each 
of 60 acres of concentric circles. At a row spacing of 2- cm or 
less, yield reduction associated with each of the weeding 
frequencies was less than 20 percent of the weed free check. 
Yield reductions due to weed competition increased in all 
weeding treatments with increase in row spacing (Fig. 18). 

below 30 cm (Fig. 19). Better weed control in hydromorphicrice should be possible at closer row spacing than the 30 cm 

used in hydromorphic rice herbicide evaluation.
 

Grain legume 

Susceptibility of cowpea to early weed competition and its 

Dry wt weeds Crop' Paddy 
kg/ha injury yield 

BL G S kg/ha 

3.9 0 100.7 0 5918 
0.7 7.4 39.6 23 5089 
1.1 0 	 851.6 	 5061 

2.8 0 	 086.0 	 4877 

0 0 126.3 0 4104 

14.7 0 33.3 3 4781
 
21.1 0 21.1 0 4724 

293.7 0 	 042.5 	 2863
 
115.1 2.1 126.7 0 4389 

8.1 0 7.7 0 4764 
138.9 0 413.3 0 2373 

543 

/Injurr rating at 3 W..It1.0 = no iniusy.100 = complete kill; Mean of 3 replications. 

Table 50. Weed Control in hydromorphic rice (IITA 1975). 

Treatment 
Rate 

(kg/ha) Timingi 

Weed control rating 
G 

1st 2nd 1st 
BL 

2nd 

Paddy 
yield 

(kg/ha) 

I. Fluorodifen + 
propanil 

2. Bifenox fb 
propanil 

3. Rilof Hit 
4. Propanil + silvex 

5. Benthiocarb + 
propanil 

6. Bifenox 
7. Hand weeding 
8. Weed free check 
9. Weedy check 

LSD 0.05 

2.0+2.0 

2.0 fb 2.0 
2.0 

2.9+0.9 

2.0+ 2.2 
2.0 

-
-

-

14 DAP 

PE lb 14 DAP 
14 DAP 
14 DAP 

14 DAP 
PE 

14+42 DAP 
-

79 

84 
72 
62 

83 
57 

53 
100 

0 

58 

67 
48 
33 

62 
39 

60 
100 

0 

80 

91 
74 
70 

76 
63 

71 
100 

0 

52 

72 
26 
42 

46 
45 

57 
100 

0 

1725 

1462 
1124 
733 

676 
649 

1171 
2360 
197 
596 

IFor key to abbreviations and weed rating scale see previous Table. 
"2Plots rated at 39 and 90 DIP. 
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ROW WIDTHCM
herbicides constitute a major constraint in developing satis-

factory weed control practices for this crop. During the Fig. 19. Effect of row width on weed growth. 
early rains, a semi-erect cowpea cultivar (VITA-5) was planted 
and spraycd weekly with Gammalin 20EC insecticide 
(3 ml product in one litre of water). Metolachlor at 2 or 3 Euphorbia heteroplylla L is a serious weed in cowpea and none 

kg/ha applied preemergence to both the crop and weeds of the herbicides tested controlled it effectively. Alachlor 

gave good control of annual weeds. Grain yield in treated at 2.0 kg/ha is tolerated by cowpea, but injury has been 

plots was as good as in the weed free check (Table 51). observed where applications are made on wet soils. 

\VELA) (CON'iIMLI IN 

Methods of controlling weeds in cropping patterns receive increased attention from scientists. 
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Root and tuber duced tuber yield relative to the weed free check. All the herbi-
Yam. S, veral methods of weed cntrol were evaluated in 

cides with the exception of diuron (4.0 kg/ha) failed to control 	weeds for the first three months after planting the yam.
whitenotyam (Dioscorea rottindataL. vat Nwaipoko). weedswere controlled 	 WVhenthey caused above 50 percent reduction 	 Cassava. There was good weed control in cassava without 

ill ya yield (Table 52). At least three hoe weedings were noticeable crop injury in preemergence treatments involvingobserved to be necessary in order to minimize yield reduction fluometuron (2-3 kg/ha), fortiulated mixture of atrazinecaused by weeds. All the herbicides tested significantly re- plus metolachlor (2.5 kg/ha), and diuron (2.0 kg/ha). These 
treatments gave cassava yields that were comparable to 

Table 51. Wteed control in coupea (l'1.I,first season 1976). yields from the weed-free treatment (Table 53). 

DM.Grain Agricultural economics 
Rate weeds yield


Treatent (kg/ha) Tining* (kg'ha) (kg/ha) Cropping systems
 
1. Alachlor 2.0 PE 258 8-12 Analysis of long-term fertility trials. Trials conducted on2. 	 Butralin .4.0 PE .4632 574 Egbeda and Apomu soil series by the soil fertility scientist
3. Chlorbromuron + during 1972-75 were analyzed to assess whether artificial fermetolachlor 1.5+ 1.5 PE -4-9 510 tilizers 	 could economically substitute for the bush-fallow
4. 	 Metolachlor 2.0 PE 166 986 phase in shifting cultivation. 
5. 	 Metolachlor6. Oryzaliin 3.03.0 PEPE 12 977 on2516 4i92 Data maize yields, applied nitrogen and phosphorus, pan
7. 	 Paraluat 0.25 14 DAE 1181 718 evaporation, rainfall and a soil test for phosphorus8. Hoe weeding . 14 DAE 855 	 were sub

55t8 mitted to a series of regression analyses (Table 54). Points9. Weed free check  - 0 942
It). 	

to emerge during model development were:Weedy cheek - 3310 216 1. 	 The Bray No. I extractable P values did not provide 
a useful contribution to the explanation of yieldFor Ae' to a t 'ahonhi ioa table,'bb see pro variability; 

Table 52. Weed control in 'amn (D. rotundata) 	117A, 1976. 

Rate Weed Control[ F.W. F.W. 
kg a.i./ Broadleaves Grasses TuberTreatment ha Time 1st 2nd 3rd 1st 2nd 3rd t/ha 

1. Simazine 5.0 	 PE 95 89 46 98 74 58 13.3bcd 3 

2. Primextrat 	 3.0 PE 96 4082 97 85 64 14.2bcd
3. 	 Diuron 3.0 PE 93 76 33 95 84 59 15.4bcd
4. 	 Diuron 4.0 PE 97 99 75 95 86 74 14.6bcd5. Ametryn 3.0 PE 	 74 9193 14 73 40 9.2d
7. Gesatem 	 3.0 PE 89 47 21 90 74 56 13.Obcd
7. Simazine + metolachlor 1.5+2.0 PE 95 80 18 98 87 68 15.9bc8. Gramuronl 2.8 PE 	 9797 78 78 63 13 15.1bcd 
9. 	 Hoe weeding - 14+42+84
 

DAP 72 84
81 71 78 86 18.6ab10. 	 Hoe weeding - 21+56 DAP 64 93 54 62 93 61 14.8bcd
1I. 	 Weed free check  - 100 100 100 100 100 100 22.4a
12. 	 Weedy check  0 0 0 0 0 0 10.3cd 

STIrade names. 
I eeds rate 5, 65 and 91 DIP
 

'Ateans/lhnu.-d b9 ' the same letter are not signifieant~y d/fferent at the 5% level using Diuncan'smultiple range test.
 

Table 53. Weed control in cassava (cv Isunikank)an) JITA, 1976. 

Weed control F.W. 
Rate Broadleaves 	 Grasses rootsTreatment kg/ha Time 1st 2nd 3rd 1st 2nd 	 3rd (t/ha) 

1. Fluometuron 2.0 PE 	 99 6884 98 81 73 12.42. 	 Fluometuron 3.0 PE 100 79 67 99 83 77 10.3
3. 	 Primextrat 2.5 PE 100 80 56 97 70 56 10.4
41. Gramuront 2.8 21 DAP 100 87 82 100 78 59 10.35. 	 Diuron 2.0 PE 96 64 70 95 59 	 34 11.36. Terbutryn 3.0 PE 	 100 80 63 98 68 45 8.77. Hoe weeding - 21+56 DAP 87 92 8388 94 93 14.6
8. 	 Hoe weeding - 14+42+70 DAP 75 83 89 75 73 	 83 12.0
9. 	 Weed free check - Weekly 100 100 100 100 100 100 12.8

10. 	 Weedy check  0 0 0 0 	 00 	 4.6
LSD 0.05 

3.9 
t7rade names
 
Plots rated at 39, 67 and 90 DA.
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2. 	 Average daily pan evaporation readinegs during the Tile estimated response functions were used to calculate profit 
years so maximizing N and P 	 levels for subsidized and unsubsidizedfirst 	 6 WAP did not vary greatly between 

and 	*average' rainfall conditionsit could not be treated as a var'iable; 	 fertilizer prices and for low 
the 	 "gbeda site showed linear returns3. 	 Both soil series exhibited declining crop productivity (Table 55). Because 

over time irrespective of fertilizer treatments; to nitrogen application, it was more profitable to apply either 
nitrogen, or tie minimum rate for the trials, 	depending on4. 	 Fertilizer responses were not intrinsically related to 


tilenumber of years that had passed since the bush- relative prices.
 
fallow period. That is given the same weather, optimal
 
N and P applications would be the same in each of Table 55 shows that:
 

1. 	 In terms of maize yields, the Apomu soils series was
the four years. 

Table 54. Maize ;'ield -fertilizer response functions for Egbeda and Apoinu soils series. 

Range Egbeda 	 ApomuIndependent 	 Mean 
t value bi t valuevariables value Min Max bi 

- - 1901 6.10 957.9 3.01
Constant 
N2 (kg/ha) 60.00 0 120 -9.084 -2.93 15.63 3.02 

0 14400 not included 	 -0.05885 -1.63N 	 5538 
2.74 15.52 	 1.50P, (kg/Ia) 	 30.00 0 60 27.93 

p 	 1385 0 3600 -0.5685 -4.23 -0.2533 1.76 

1800 0 7200 -0.1884 3.67 not included N.P. 
0.9 6.8 1132 8.97 1134 8.25

Rain* (nun/day) 	 4.475 
25.01 0.81 46.24 -79.36 -5.22 -70.34 -4.18Rain2 

2.147 3.75
N. Rain 	 268.5 0 816 1.604 2.98 

4.12 3.416 2.98P. 	Rain 134.3 0 408 4.435 
1 4 -599.3 -7.30 -1123 -13.20Year 	 2.5 

0.770.78R2 
1.89 	 1.93Durbin Watson statistic 

762.8 	 802.4Residual root mean square 
208 	 208N 

Rain * is the aveage rain per day in the second six-week period after planting. 

Table 55. Optimal fertilizer applications. 

Unsubsidized fertilizer prices Subsidized (75%) fertilizer prices 

AdditionalAdditionalBase 
yield net net 

(no fert.) N 1) Yield** revenue N P Yield** revenue 

(t/ha) (S/ha) (kg/ha) (kg/ha) (t/ha) (S/ha)
(t/ha) (kg/ha) (kg/ha) 

A. 	 Egbeda soils series 
Low 	rainfall (3 mm/day) 

64 0 34 4.7 990 25 4.74.0 
5.2 -66 120" 53 5.3 126120" 45() 	 ( ) 

Average rainfall (6 mm/day)** 
45 1795.2 0 37 6.5 130 0 	 6.5 

7.9 127 120* 60* 7.9 330120 57 

B. Apomu soils series 
Low rainfall (3 mm/day) 

81 26 4.5 125 120* 45 5.1 3052.6 
(161) 

Average rainfall (6 mm/day)*** 
7.8 3.05 120* 60* 7.9 5064.1 	 120 46 

(216) (65)
(136) 


*Limited to trial maxima (actual 'optima' in bracket.)
 
"First crop after bush-fallow. Yields in subsequentyears decline by 0.6 t/h/yrfor Egbeda and 1.1 t/ha/yrfor Apomu.
 

**Average of /0years' data, 1965-74, University of Ibadan, 2nd six-week period after planting for crops planted mid-April.
 

USSO. 15/kg maie
Prices assumed: 


$1.50/kg P applied (S0.375 subsidized)
 
SI. 50/1kg N applied ($0. 375 subsidized)
 

Opportunity interest rate 25% 

i.e. unsubsidized price ratio N,P 12.5
 

Maize I
 

subsidized price ratio N,P - 3.125
 

Maize 1
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more responsive to fertilizer applications than the 
Egbeda series. 

2. 	 In future trials on these soils, higher levels of N, in 
particular, and P should 	be included as treatments.3. 	 It was economic to apply P at least 25 kg/ha irrespec-
tive of soil type, amount of rain or whether fertilizer 
prices were subsidized or not. 

4. 	 Nitrogen application was economic on the Apomu
series generally. 

5. 	 Nitrogen application was not economic for the Egbeda
series unless N prices were subsidized. 

6. 	 Despite the underlying yield decline, maize yields canreach economically viable levels after four years ofcul t iv atio n , providing fert i l izers a r e u sed.T 

Economic 	 analysis of maize tillage systems. A preliminary
economic 	 analysis w'as made of the minimum versus tradi-
tional tillage experiment conducted at IITA. Field data on
construction and maintenance of soil conservation works, 
crop operations and maize yields were analyzed for first- andsecond-crop seasons, 1975. Experimental blocks were about 
five hectares each in area; however, to simplify presentation
of results, budgets were based on 25-hectare farms owning
and operating the appropriate machinery. Economics of size 
were not investigated. Initial assumptions were: 

1. 	For the traditional tillage system, 20 percent of land 
(7 percent slope) was occupied by soil conservation 
terraces and was therefore not available for crop pro-
duction. 

2. Soil erosion was controlled under both systems.
3. Long-run maize yields per cultivated hectare were the 

same, and constant, for both systems - 4.5 t/ha for 
first-season maize and 3.5 	 t/ha for second-seasonmaize. 

4. 	 Fertilizer requirements were the same for both systemswitFertilizer riens 
wiede saefrnth sments'with fertilizer prices subsidized 75 percent. 

Table 56 compares annual net revenues for the two systems
for plans based on 	 both the initial set of assumptions andmodifications of the initial assumptions. 

Table 56. 	Annual net revenues for traditionalversus minimum 
tillage systems. 

Net revenue per year* 

Plan 
 Traditional Minimum 

tillage tillage 

(S/ha) (S/ha)
(1) Initial assumptions 510 720 
(2) Fertilizer unsubsidized 380 550 
(3) All land cultivated 720 720

(4) 50% additional fertilizer to 


minimum tillage system 510 700
 
(5) Plan (4) + 85% land cultivated 

under traditional tillage system 560 700 

*Gross revenue less fixed costs (of machineg and soil conservation works) 
variable costs, f r tiwo maize crops per year on 25 hetare farms. 

For all plans, net revenue for minimum tillage was equal to 
or greater than for traditional tillage. For plan (3) net reve-
nu es w ere the sa me fo r bo th sy stems in dica tin g tha t th eadded costs due to mechanical weed control under traditional 
tillage were about equal to the added costs due to chemicaltillaewe rontrouteql
m tladded cdensity,weed control under minimum tillage. 
To further relax the initial assumptions, particularly those
relating to yield levels, parametric revenue equations were 
developed for each system: 

104 

NRT = 156Y.P-137P-0.56P (I-S) R-334 and 
NRsi = 156Y-0.56 (I-S) R-470 
where
 

Y = 	 total yield (t/cultivated ha) from 1st and 2nd 
season crops
 

P = proportion of land cultivated 
R = fertilizer application rate (kg/ha of 15-15-15)
S = proportion of fertilizer price subsidized 
NR = net revenue (USS/ha/year)
 
T = traditional tillage
 
M = minimum tillage


Te 	 euationsh 	e u a i n were used to construct Figure 20-correw re sd t o c sr ct Fg e 2 0 
 or sponding to plan (5) in Table 56, but 	showing continuousrelationships between yield levels and net revenues, for sub
sidi-,ed and unsubsidized fertilizer prices.
The break-even yield levels for the two systems, as shown
by the x-axis intercepts in Figure 20, are not greatly different. 

Also, these yield levels may not be easily exceeded on con
mercial farms given currently available management andtechnology. Forces tending to encourage the development of
large-scale 	mechanized maize production systems employing
minimum tillage rather than traditional tillage techniques
would include: 

1. 	Continuation of fertilizer subsidies. 
2. 	 Mr'intenance of lower rates of runoff and soil loss for 

minimum tillage compared with traditional tillage.
3. 	 Achievement of higher long-term yield levels for mini

mum tillage compared with traditional tillage.
4. 	 Demonstration that minimum tillage systems do not

require additional fertilizer, for given yield levels,
compared with traditional tillage systems. 

Future prospects for either system will 	be affected by movein maize 	and labormachinery, chemicals and fuel.prices relative to prices for 
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mum versus traditional tillage systems. 
On farm maize production, high rainfall. Sixty-nine farmers
from three villages in southeastern Nigeria collaborated with 
from sol c s n
th 	re e m ize iIITA and 	grew pro v ed wio n sole crop maize using improved production 
practices during 1976. The three villages differ in populationnumber of years of fallow and as a result, in 	 soilfertility (Table 57). As mentioned in the IITA Annual Re
port 1975, model yields declined from 3 to 3.5 t/ha in the
low-density village to below I t/ha on the most depleted
soils of the high-density village. 
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Table 57. 	 Soil analysis of maize plots in the three surve, vii-

lages, 1975. 

Years of cultivation 
Years of fallow 
p1H 

Organic Carbon % 
Base Saturation % 
P (Bray P1) ppm 

High 
1-2 
1-2 
4.8 
2.77 

50.38 
9.60 

Exchangeable Kme/100 g 0.12 

Effective CEC me /I100 g 2.86 


To quantify tile factors influencing 

tive importance of these factors, a 

mated using soil parameter and management factors as the 

independent variables (Table 58). (The partial requirement 
coefficients indicate the sensitivity of maize yields to changes 
in the levels of each explanatory variable and quantify the 
percentage change in yield due to one-percent change in the 
level of that variable). 

Given the technology which included 100:50:50 NPK the 
model demonstrates the importance of these fact(ors in achiev-
ing high maize yields in the area: 

1. 	Increasing the organic carbon level, 
2. 	 Increasing the base saturation of soils, 
3. 	 The management practices of planting early, thinning 

the crop early, weeding the crop twice and maintain-

ing stand density. 

The largest single cost component of the recommended prac-
tice was fertilizer (63 percent of cash costs; $30/ha) which 
is heavily subsidized by the Government. 

The percentages of farmers who would be financially worse 

off by using the technology than by following tht-ir tradi-

tional practices for various levels of fertilizer subsidy are shown 

in Trable 59. If the farmers had to pay for all the cash inputs, 
the technology might, be too risky and not sufficiently superior 
to present practices - particularly on the least fertile soils 
(even at subsidized fleitilizer prices) to be generally attractive 
to the typical small farmer in the region. 

In summary, unless the allied problems of low-base satura-
tion and low pH can be overcome economically, it appears 

Table 58. Factors significantly influencing maize yields on farmers' fields. 

Variable 

X0 
X, 
X2 

X3 


X4
X5 
X6 
X7
X8 Base saturation % 
X,. pH 

R-2(adjusted for degrees of) 
F ratio n,-8, n 2 =56 
Durbin Watson Statistic 
syx(tons/ha) 

Constant 
Planting date** 
Days to first weeding, DAP 
Days to thinning, DAP 

Dummy for second weeding 
Density at harvest ('00) 
Organic carbon % 
Phosphorus ppm 

Village/population density 

Medium Low 

1-2 1-2 
3-4 5-6 
5.1 5.2 
3.15 2.74 

74.40 71.28 
22.12 29.75 

0.11 0.13 
3.91 .10 

- - -

maize yields and the rela-

regression model was esti-

Table 59. 	 Percentage of farmers who were worse off b using 

the 'Improved" technolog)' than had the)' followed 
traditional practices.traditionalpractices. 

by not specializing in like maize which are more 

Population 

Village density n 

Level of fertilizer subsidy 

"Current" 50% Nil 
% 

Okwe Low 
Umuokile Medium 
Owerri Ebeiri High 

21 
24 
23 

19 
17 
74 

43 
38 
83 

52 
67 
91 

that many farmers in the region are likely to be better off 
crops 

vulnerable to these soil conditionsthan other crops like cassava. 

Maize production in the derived savanna 

To provide a farm-based test of the weather and fertilizer 
models, data were collected from 69 farmers growing maize 
in the derived savanna zone of Oyo State. Average yields of 
shelled maize recorded were 1.86 and 1.59 t/ha in the first 
and second seasons of 1976 respectively. 

Factors influencing yields. Table 60 identifies several factors 
influencing on-farm maize yields in 1976. (Soil fertility 
indicators were not inc~uded in the analysis). The best model 

is consistent with the time-of-planting and long-term fertility 

trials. Average number of hours of sunlight was used as a 

proxy for evaporation/radiation as usable records for these 

factors were not available. Average input levels i'.;ed to grow 

the maize crops in the first and second season, are listed in 
Table 61. Except for weeding, labor and other inputs used to 
grow the crops were not significantly different in the two sea
sons up to harvest. Labor used for harvest was significantly 
correlated with yield (r = .056), as were labor or tractor days 

used to haul the cobs to the farmer's store. Most farmers 

used tractor hire services (government and private) and em

and hired labor for manual operations.ployed contract 

The retvrns to land and management from producing maize 
appears attractive, partly due to the high price of maize 
in Nigeria (when compared to world prices) and the subsi
dized price of fertilizer to farmers. At world prices for these 
commodities (including freight) the returns to land and 

management for the first- and second-season maize would 

have been 	$45 and $35/ha respectively. 

Mean Regr. 
Value Min Max Coeff. t value 

0.9636X10- 5 7.83 

25 
23 

5 
7 

48 
65 

-0.0135 
0.3469 

0.45 
3.25 

17 7 53 -0.4368 2.12 

- 1 2 0.4450 2.80 

184 106 346 0.7152 4.23 

2.90 
20.73 
66.00 

2.00 
1.36 

18.08 

3.71 
49.95 
98.44 

1.2353 
0.1761 
0.8300 

2.88 
2.58 
7.44 

5.07 4.2 6.1 not included 

0.729 
23.513 

1.894 
0.375 

*Y - bo Xi biwhere Y is estimated yield in tons/ha. 
**Number of days afler March 15, 1975 crop was sown. 
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__________________ 

Table 60. 	 Factors influencing mai:e yields, Oro area, 1976, 

Variable 
Constant, t/ha 

Av. sunlight, hrs/day, Ist 6 weeks 
Av. rainfall, nn = day, 2nd 6 weeks 

Fertilizer, kg N/ha 
No. weedings 
No. years of crop since last fallow 
" (adjusted for degrees of freedom) 

Durbin Watson 
Residual root mean square 

Mean 
Value 

5.08 
4.64 

59.07 

Reqr. t 
Coe if. Value 
.9074 2.69 
.1014 2.93 
.0469 1.56 
.0056 1.33 

2 

15 

1-

Ha'orveting 
Fertilizing 

EM stoking 
E- Shing /planing 

/. ar 

1.65 
4.49 

.2577 
-. 1059 
.39 

2.27 
4.52 

M 

= 

Burnin 

Clearin 

2.14 
.4528 UMUOKILE IMI OWERRI -EBEIRI till 

Table 61. Average inputs 
area, 1976. 

Average yield kd/hall 
Seed kg/ta 

Fertilizer kgN/ha 


Tractor dais/ha

land preparation-

haulingi 

Labor man days/lha 4 

planting 

weeding 
harvest 
hauling
shell/bag5 

Total labor 
Baskets/hoes (est.)Bags 
Cash costs S/ha 

a otso' Sr h n/t 

Other expenses 
Interest on annual capital 
Repairs and depreciation (est.) 

used for 	 maize production, ;o % 

25 25 

First Season Second
 
No. S No. S 
 20 

1.67 -167.60 1.43 .t00.-40 I 15 
21 8.10 21 11.40
 
59 19.10 59 19.W 10 ' 


1.08 	 40.00 1.(18 .10Q 
.90 21. M .75 18.18 

2.64 8.49 2.6.) 8.49 
17.62 56.38 10.39 33.25 
10.80 34.57 9.10 29.38 

1.80 5.76 1.50 4.80
13.33 16.00 11.73 1.08 

46.19 121.20 35.36 90.(X) 
19 10.00115.78 16 

235.38 
232.22 

5.88 
10.00 

Returns to land and management S/ha 216.34
1. Assumed farn-gate price fot maize in large lots, S280 per ton; 

between harest and sale. 
. Two cultivations at S20 per hectare each. Typically took 5 days to plow 

one hectare (including travel, breaks etc.). 
3. S6 per load, averaging .75 tons of cobs/load.
4. labor charged at S3. 20 per man day
5. Average S.80 per 90 kg bag (2 women thresh 2 to 4 bags a day bybeating 

cobs in sacks). 

Root crop/oil palm farming systems 
An intensive farm level survey, whose field work was com-
pleted in 1975, was conducted in southeastern Nigeria to 
quantify changes in farming systems, resource use and produc-
tion; the productivity of land and labor; and soil properties
and plant climaxes in response to increasing intensity of use 
of agricultural land and to assess possibilities for increasing
the profitability of farming tinder such circumstances. 

Labor allocation. Labor allocation for the three survey villabes 
over the farming year is shown in Figure 21. The main cvIti-
vation period is the first four months of the year (wet season). 
The latter half of the year was a relatively slack period with 
respect to field work; weeding and harvesting are the major
operations. The distribution of the use of hired labor follows 
the same general pattern as total labor with the major use 
of hired labor being for clearing and weeding - 30 percent
each and planting 22 percent. 

10. We12.88 

198.46 
198.46 

4.96 
10.00 

186.98 

(0 

5 

Jon Mor May Jul Sep Nov Jan Mar May -SJul No,
Fig. 21. Seasonal distribution offield work in three villages in 
eastern Nigeria, 1974/75. 

Factors influencing farm production. The two most important 
resource factors found to influence farm income within vi!
lages were farm size and the size of the family labor forcee 
(Table 62). The marginal productivity of extra land wasfound to he higher the ,re:atcr the prapulatiui, picssuc, while 
the marginal productivity of additional labor was higher in 
areas where there was no land shortage or where population 
pressure was low. Of the fertility indicators measured, only
levels of organic carbon and soil test phosphate were foundto be significantly related to crop productivity. 

Table 62. 	 Relationships between farm family income, farm size
and man equivalents available for farm work, three 
survey villages, eastern Nigeria, 1974/1975. 
sur_____illages,_easternNigeria,_1974/197__. 

Regr.
Man/Land Ratio Const. coeff. r n 

a) Farm family income and farm size.
Okwe Low 323.81"** 89.58** .700* 24
 
Umuokile Medium 159.85* 552.62** .63** 25Owerri-Ebeiri High 33.57 832.87** .78** 25 
b) Farm family income and farm labor force. 

Okwe Low 176.37 67.37** .53*0 24 
Unuokile Medium 161.00 60.85* .47* 25 
Owerri Ebeiri High 87.07 54.51* .44* 25 

Farm production and sales. The farm family consumes much 

of what it produces. As the pressure on land use increases, 
the proportion of the food crops produced that are also sold 
diminishes, and the sale of products derived from tree crops 
becomes the principal source of cash income (Table 63). 
General conclusions from study. The results of the survey
demonstrate the impact of increasing population pressure on 
farm organization, management and productivity. The 
increasing pressure on land had the following consequences 
in the farming systems studied: 
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Table 63. Average values of total farm production and sales, 
E.C.S. 1974-75. 

Village/population density High Medium Low 

Total farm production 	 S 39! 514 768 
of which food crops '3 48 45 56 

tree crops % 40 43 35 
livestock 7 12 21 9 

Cash income (sales) $* 122 277 491 
53 64Sales as %of production 	 % 31 

% 10 21 47of which food crops 
7177 49tree crops % 
78 49
livetcslivestock %% 1313 8 4 

.46 .79 .66 
MPC home produced crops 

1. Fallow periods were reduccd, resulting in lower soil 
fertility, and as a result diminishing land and labor 
productivity, 

2. Internal farm differentiation gained in importance. 
Farmers were found to intensify their compound 
farming, which involved the import of mulch from outer 
fields and fallows, and the use of household refuse, 

3. The density of trees and arable crops increased, as did 
the number and range of crops grown in mixtures, 

4. 	Livestock and tree crops increase in importance as a 
proportion of total farm production and cash income. 

An important result derived from the survey was the some-
what neglected appreciation of the value and role of various 
shrubs and tree species in the farming systems. Several indi-
genous species provided food during food deficit periods of 
the year, inputs for farming and for the household, in addi
tion to being a major source of income. But while the farmers 
recognized the importance of tree crops as a source of cash 
income, their priorities result in labor being allocated first 
to food crops and second to the cash (tree) crops during 
periods of labor scarcity. 

Two points emerge from the study of food crop/tree crop 
associations in the forest zone. First, it seems that research 
aimed at developing food crop technology for these zones 
should be carried out in a more realistic environment than 
in an open field, i.e., within a food crop/tree crop complex. 
Second, if the output of tree crops (e.g. oil palm, cocoa) is 
to be increased by small farmers (which is an objective of 

many governments) then it will probably be necessary to 
increase labor productivity during periods of labor scarcity 
on food crops first. 

National Accelerated Food Production Project 

The Nationa! Accelerated Food Production Project (NAFPP) 
was launched to develop a "master plan" that would make 
Nigeria self-sufficient in the production of maize, rice, millet, 
sorghum, wheat and cassava. 

The key components and accelerating features of the NAFPP 

system are research, extension and an agro-service center 
system. 

Research. Research is brought together for greater emphasis 
and specialized treatment for each of the NAFPP crops 
through three national crop centers: 

l. 	Wheat, sorghum and millet - Institute of Agricultural 
Research, Samaru 

2. 	 Maize and rice -National Cereals Research Institute, 
Ibadan 

3. 	Cassava - National Root/crops Research Institute, 
Umudike. 

Tie site-specific concept is employed with problem identifica
tion in the field and quick feedback to the crop centers for 
timely solutions. Rese:,rch is designed to develop high
yielding cultivars responsive to management in two to three 
years instead of the normal seven to nine years, using research 
tools such as mini kits, production kits and risk transfer 
of cultivar selection to farmers. 

Extension, The primary mission of the extension component 

of the NAFPP sstcm is to bring research information to the 
as rapidly and as completely asmass of small-scale farmers 

of problems encountered in the fieldpossible. Feedback 
are referred to State subject 	 matter specialists, and to theresearch workers for sohoticon. 

Agro-Service Center System. The agro-service center .ystemn 
implies an integrated institutionalized delivery system for 
making agricultural inputs available to farmers when needed 
and provides a market for their produce. It makes all 
inputs required for agricultural production and a market 
conveniently available to farmers in one location. 

Required inputs are agricultural technology, credit, chemicals, 
seeds and equipment hire. The responsibility for dissemina
tion of inputs and providing information on product-use rests 
with the agro-service center management. Agro-service centers 
with primary and limited processing and storage have connec
tions with national marketing systems. The method of owner

ship may be cooperative, private, government, or quasi
government arrangements. 
Each Center will have a profit and losg responsibility. When 
the NAFPP is fully implemented, it is planned that farmers 

in 	 ajor agriutra ducngarea le w 

Engineering 

A major constraint to increased land and labor productivity 
is the peak demand for labor at various stages in the crop 
cycle, when the time available for a particular operation is 
limited either by the environment or by the characteristics 
of the crop. For many crops a bottleneck occurs at the field 

preparation and planting stages when it is vital to make 
the best use of the period of available rainfall for crop growth 
rather than in preparation for planting, thus enabling the 
growing of more crops within a limited time. 

Field preparation, planting (seeding) and weed control should 

be considered together, as one invariably affects the potential 
of the other. Efficient manual methods of weed control re
quire planting with constant inter-row tillage. The design 
of a planter needs to take into account both the pre-planting 
practice and the weed control system. Flexibility in design 
is essential to provide for various tropical crops and the 

physical environment and socioeconomic conditions under 
which crops are grown. Simplicity in design is essential. In
variably, a compromise in design is required among simplicity,
cost and multiple crop use. 

Figure 22 illustrates typical soil-slope zones of the humid 
tropics and the range of crops generally suited to each by 
virtue of its erodibility and soil moisture capacity. The de

velopment of energy reducing systems for crop production 
and the appropriate tool technology require (a) a range of 
crops be grown within each of these zones (b) cultural prac
tices most appropriate'to a sustained agriculture, (c) a water
regime is likely to be available, and (d) methods of weed 
control which may be applied appropriately. 
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SOIL-SLOPE CPPER/STESP MIDDLFSLOPES TOE SLOPES BOTITIh SLOPESfilsZONES SLOPES 

Idisc, 

CROP RANGE Perennials Cereals 
 Creals. Cereala
 
e.g. oil- Halze, Rice 
 Rice, aiz R1ce--lood-Irrigated
Palm. Cacao (upland) S-- Roots; Yano VYegetabes;
Coconut, 
 ghor, illIet Coco-ya (raised bed)

Rubber, Kola rrafn-L-g mes; Cassava
 
Fruit-trees, SoYa, Cosopea 
 vegetable,;

Timber and 
 Hung. PIgeon Peppers,
 
kIndling pea. 
 Tomato.
Roots: Cassava 


Sw-Potato.
 
Vegetables:
 
Melon. obra.
 

PRE-PLANTING Contour-
 'Zero'-or- Ridges; 
 Tilled and levelled

OPERATIONS 
 platforms minimum-(strlp) Raised-
 (bonded); Herbicides 


Cover-crops tillage (and/cr beds. 
 Ridgea/ralsedbeds 


herblclie) 

IRRIGATION Rain gIin; Rain; 
 Rain; Flood;
 
Sprinkler Sprinkler; Furrs.
 

Trickle 


PLANTING/ Manual 
 Seed: 'Jab' or 'Propelled' Planter; average

SEEDING 
 spacing! 	Rice - 25 x 25 (150.000/ha.) 

Legumes - 25 a 50 (IO0,00/ha.) 
Maize - 25 x 75 50,000/ba.) 

Roots: 	Manual - 100 x 100 
Hechanised- 150 x 65 

CONTROL 
 Herblclde Rerbicide: Pre-planting............ Contact 
Pre-ee rgent )
Po t-e ergent) ......... Selective 
Inter-ro ........ I...... Co tact 


Manual Inter-rw .............. Mechanical
 

Fig. 22. Illustration of t'pical soil-slope in the humidzones 

tropics and the range of crops generally suited, with the 
corresponding tilage-planting-weeding practices appropriateto each. 

In general, there are three levels of human energy associated 

with various farm operations: high (digging, ridging etc.),
medium (transplanting, weeding etc.) and low ("jab" plant-

ing, "propelled" planting). The objectives in 
 the designing

of the tools being developed at lITA, therefore, are to reduce 

the energy and drudgery involved, increase productivity andachieve several functions per improved operation. 

Hand held planters (seeders) for mulched/tilled soils. The 

conventional American 'jab' planter deserves further recognition. A new design of this tool 
 for use by African small 

farmers was developed. The new operational techniques

developed involves walking backwards (along a laid line)

and simultaneously jabbing one 
 'hill' while compacting the
preceding one, thus achieving a constant in-row spacing
(25 cm). Consistent seeding rates of 20 to :30'hills' per min-
ute with uniform spacing have been achieved during local 
tests. As with the hand-fed 'jab'planter, initial training and 
practice are necessary to achieve a high rate of work with aminimized tendency to clog or malfunction. Seed plates are
provided each for 	 maize, cowpea, soybean, rice, sorghum,
millet 	and also for fertilizer. So far, pelleted/granular fer-
tilizers perform better than ground or powdered fertilizers,
In terms of the present development, drawings and opera-
tional instructions are being compiled into a manual, 
a. Two-wheeled-tractor-propelled design. The two-row 'No-
Till' planter at IITA for 	 operation with the two-wheeled
(5-7 h.p.) tractor was found to suffer under heavy trash 
conditions like other big tractors. Development and testing
will continue with the hope of achieving trouble free opera-

108 

tion under adverse conditions occasionally encountered in 
tropical fields. 

Development during 1976 included simplification of thetransmission to the 	seed-feed mechanism an 	 conversion to 
rather 	than shoe-type, furrow openers. 
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Fig. 	23. Drawing illustrating instructions for constructing a 
hand-fed jab planter. Plansfor the auto-feedjab planter can beobtainedfrom JITA. 

b. Hand propelled design. Trials with various hand propelled
(pushed) planters have shown a rate of operation about two 
to three times greater than for the 'jab'planter. The hand 
propelled planter, however, can only be used in well tilled
soils, and is therefore unsuited to 'zero-tillage'. During 1976 
a feasible tool for strip-tillage has been developt-d and tested. 
A simple design of hand propelled planter is therefore being
developed. 

CDA Agrochemical applicator (Herbicide). The CDA (Con
trolled Droplet Application) or ULV (Ultra Low Volume)
system of herbicide application warrants further research. At 
present one advantage of the CDA system is requirement
of only 10 to 15 litres of water per hectare as against 500 
litres using the conventional knapsack sprayer. 

Inconsistencies in results from use of the CDA tecl-.nique of
herbicide application in the field have been investigated: 
a. 	 Uneven coverage across the swath width which is ap

parent at very low rates of application.
b. 	 Tendency for strips to be left unsprayed despite careful 



preparatory marking of the intended spray swath. A simpler motor suitable for local manufacture is being de
c. 	 Tile electric motor used to spin the disc not being sufli- signed so the CDA sprayer would be as easy to operate as 

ciently rugged, resulting in inconsistent speed during a torch. 
operation and freqjunt electrical faults. Project on the design of a simple maize sheller. A popular 

Test rigs have been built to gain a better understanding of traditional U.S. design for a hand cranked maize sheller 

the pattern of droplets and the corresponding swath coverage (costing S-10) was studied for possible simplification in design. 

at various angles of tlihe axis of the spinning disc. 'hese A simple hand sheller costing about SI.00 to fabricate has 

results have led to tle deve lopnt aId testiig o1' units with been developed. A leaflet containing drawings for fabrication 

twin spinners for broader swaths of up to 2n, per "run". ol tIe "Tube-sheller" and simple instructions for use is in 
Preliminary trials demonstrate that with twin spinners a more preparation. 
even coverarge and a 50 perceiit inrcrease ini the ground speed
over the earlier C1)Aitetrod of application is possible. So 	 Preliminary field trials with the planting systems and comple

mentarv tools developed. Certain weretrials conducted to 
far tie twin spinner with 16 ct swath width appears to t e op Ceprttril w ere couteds o 
proivide tlie best coverage. eVa I cate thle sceIof impifrovemeicnt wichiiI mighit reasonably 

be expected if a farier were to adopt the simplified systems
Th e widespread adoption of lie Cl),, sprayer is at present 	 and tools developed here so far. 
Tieiespre adeiations of tle Cdeiat sprall DCar 
deterred by thre iitaiois of tle dlicate sall DC rtor. Manua methods for preparing land foir upland rice produc-

Table 64. Maize and cowpea: Labor requirementsfor conven- tion are both laborious and time consuming. This is true 

tional andan innovative system of cropestablishmunt. even when assisted by 'contract' or hired tractor tillage for 
the primary operation; so is seeding. However, weeding is 

Operation Man-Hours per hectare the most time consuming as the high moisture levels of the 

''nnovative" "Conventional" rice field invariably result 	 in a profusion of weeds. While 

with i at two-wheel tractor pi ,vides an adequate seedA. 	 Field Preparation tillage 

bed for broadcast sowing, chcrical weed control is necessary 
a. 	 Mechanicallygrowth slashing 15high of as an 	 alternative to manual weeding. 

Inperata 	 Tihe "innovative system" under test using the CDA sprayer 

b. 	 CDA spraying of and "Jab" planter suggests a signilicant reduction in drudgery 

rigrowth with contact and labor requirements. A relatively small cash investment 

herbicide in this system would enable small farmers to cope with a 

c. Slash, burn and till 	 larger land area than the conventional methods permit. 

rranuall. 	 180 As a means of reducing still further the 60 mail hours per 

B. Seeding 	 hectare required for jab planting all alternative of strip-tillage 

a. 	 Jab planting cstig and propelled-seeding is potentially feasible and research in 

IITA auto-jab-planter. this area will be conducted in 1977. The main constraint 

Alternate rows maize of the approach is the high number of lills per hectare 

and co,v-pea 75eri X (150,000).
25cm 	 20b. 	 Manual planting of The potential of the 'CDA spray plant' system for establishing
maize sinig a fachete 20 a crop on land heavily infested with spear grass (Imperata

clindrica) is illustrated in Table 64. The low manual effort 
C. Weeding 	 and simple equipment used in the trial are noteworthy. The 

a. 	 CDA application of trial will continue.
 
prc-en,"rgent selective
 
,erbicide 3
 

b. Manual weeding, twice 280 	 FAO/DANIDA African Rural 
D. 	 Fertilizer Application Storage Centrea. 	 Using a hand propelled 

band applicator along 
The year 1976 was the final year of the first phase of the rows of crop (30 kg 

N/ha)-(twice) 30 project. Therefore, the main aim for the year was rounding 

off experimental work and documenting the material collected
b. 	 Banding fertilizer by 

40 during the first three years. In addition, the planning of an
hand along rows 

.	 Pextension of the project was initiated, culminating in 
E. Plant Protection 	 DANIDA approving a second phase for the period 1977 to 

a. 	 CDA application of 19713, to be entitled the "Post Harvest Engineering Centre 
insecticide, twice 5(West Africa)." 

b. 	 No insecticide applied Nil 
Drying and storage of maize in the humid 

Total man-hours spent/ha to 	 tropics
establish the crop 76 520 

The eft-ctiveness of the crib for safety drying first-season cob 
Comparison of yields maize, over a three-to-four-month period (August-December) 
(actual at Fashola) (1) (1) (2) to 15 percent moisture content or below, was conclusively 

with NAFPP average (2) 2400 kg/ha 1255 kg/Ia demonstrated, notably through the availability of some 120 

Note: 	 In systein (I) omission of the pre-emrergent herbicide reduced yields tons of cob maize from IITA experiments, necessitating the 

byhatl? use of 225 cu m crib. 
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The use of the crib by sonic farmers has been recorded in 
Ghana, the Republic of Benin and the south-east of Nigeria. 
Acceptance of the system is largely linked to situations whte 
an effort in general extension in agriculture is bring under-
taken and where crib drying forms part of a package in 
maize p)rduction. 

Tihesenitcontrol of insects infariets,crib storedpaismaize ppcarsthetotn-pre-cnajor worry to tly due"'.o 

avali ability of insecticides and partly due to tie unimpressive 

performance of mainy conmmonly available insecticides. Some
encouraging possibilities have, nevertheless, been revealed 
through eylxriments conducted in 1975/76 and again in 
1976/77. 

Insect control in ciibs 
The relative effectiveness of tile light stable pyrethroid 
Permethrin (NRDC 1-43) and Pirimiphos methyl was revealed 
in the 1975/76 experiments as is shown below in Table 65. 

Table 65. Grain danmaqe by insects 197.5/76. 

'7Dan,aged grains caused by insects 

Treatment Aug. Sept. Oct. Nov. Dec. Jan. Feb. 

Control 
lhyPirin1phos 
emethyl (15 
peein 
15ppm 

ppmn) 
1 

4 

2 
2 
2 

6 

5 

7 

12 

1 
55 
55 

19 

13 

5.5 
55 

211 39 

15 19 

5.55.52 
. 5 

26 

5 

The Permethrin applied at 5 ppm, 10 ppm and 15 ppm 

proved to contain damage below 10 percent up until the end 
of March, April and May respectively. The relative insensi-
tivity of maize cobs to superficial wetting whilst in cribs was 
previously established by the project, suggesting scope for 
tileuse (if liquid insecticides, and thus possibilities for better 
insecticidal coverage of cobs. 

For the 1976/77 trials the main emphasis was placed on 
evaluating liquid insecticides, the only exception being 
"Pernin Gaurd" a diatornaceous dust (basically silicon 
dioxide) applied at a rate of 3.5 kg/ton. 

The monthly live insects/200 gin of grain observed in eachare in 'f' ithof t e sth o eatwm nts ble 6, o g e h er th eof the treatments are shown in Table 66, together with tihe 
percentage daraaged grain observed at the end of December. 

Table 66. Insect control in cribs, 1976/7Z 

Live insets/200 gn. grain.% damage 
end Dec. 

Treatment Sept. Oct. Nov. Dec. 1976 

A Control-nil 5 10 80 48 23.6 
B Decis W.P. 5 ppm 2 7 24 31 14.3 
C Perma Gaurd 

3.5 kg/tonne 0 6 18 27 11.3 
D Actellic-15 ppm 

initially only 
 0 10 14 22 15.5 

E Actellic-nif initially, 

then outside sprayed 
monthly 0 16 6 6 7.4 

F Permethtin 5 ppm 0 1 3 8 5.6 

The Permethrin (NRDC 143) at 5 ppm E.C. is clearlyas an 
the best p-rformer (see 'F' in Table), confirming thc 1975/76 
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findings. Two series of experimenms were conducted using
Actellic 50 E.C. (Piriniphos-methyl).In one case the insecti
cide was sprayed at 15 ppm a.c. on to successive layers of 
cobs at the time of initial loading to the cribs (see 'D' in 
Table). In the other case no Actellic was applied initially, but 
after 30 days, tile cribs were sprayed monthly on the outside 

has a 2 percent solutionwith a a.i. of Actellic. This insecticidefumigant effect and its efi'ctiveness applied in this way 

is shown in the Table. 

The Perina Gaurd performed reasonably well, although the presence of considerable quantities of dust at the time of 
shelling necessitates its removal. 

Decis, a further synthesis of the light stable pyrethroids, per
formed somewhat indifferently, and may well need to be 
applied at a higher dosage rate. 

In the case of the Control, tie insect population exploded 
after October. In earl, lDecember therefore, the outside of 
these cribs were sprayed with a 2 percent a.i.Actellic solution,
 

resulting in a 3/8 reduction in insect activity by the end of
December, but which naturally had no effect on insect
 

damage sustained earlier on. 

The Actellic applied initially only performed as the 1 per
cent dust did in the previous year, with damaged grainreaching the 15 percent level by the end of December. 

Although Permethrin seems to offer the greastest hope for the 
future, it is not yet being produced commercially. Mean
while, Actellic sprayed monthly to the outside of cribs in a 

percent solution would seem to be well worth using in the 
control of sitophilus and tribholin. 

In Ghana, a reasonably successful technique proved to be 
fumigation of cobs prior to loading to tilecribs and then to 
admix the material with 2 percent Malathion at the rate of 
120 g/200kg dehusked cobs. Damaged grain reached the level 
of about 15 percent after five months. However,the technique 
is cumbersome and presents many practical problems.. 

Maize shelling 
The outputs achievable through the use of various small and 
intermediate-level techniques for the shelling of maize were 
determined and are presented in fable 67. 

Table 6 7. Grain output achievable through various techniques. 

Persons 
Output requiredto

Output per day carry out 
Group Method Kg/hr Kg/day operation. 

1 Pure hand shelling 7-12 50 I 
2 Beating cobs in sacks :30-40 200-500 1 or 2 
3 Tubes with internal ribs. 

-Cast aluminum (6 ribs) 20-29 150 1
-Mild steel (4 ribs) 20-29 150 1
 
-PVC split (4 ribs) 20-30 150 1
 
-Hardwood (4 projections) 15-20 - 1
 

4 Rotating disc-single 
intake 30-50 200 1 or 2 

5 Rotating disc-twin intake
 
-hand operated 180-190 1000 2
 
-pedal operated 190-203 1000 2
 
-engine driven 270-300 2500 2
 

An analysis of the cost/ton and labour requirements for the 
alternative shelling methods, in relation to various annual 
tonnages to be shelled suggests the following: 



i. 	 'The cost/ton using the power or hand operated twin 
intake sheller would be less than that using labor with 
the internally ribbed tlItcs, if some I10-11 tlns or 

More were to, bc shelled per i lli. 

2. 	 The po%%er operated sIeller would becim ni ore 
ir pidal version if at leastecoiiinlical that its htand 


20 toils would be shelled per anliui. 


3. 	 The cost of the labor intetnsive syteni with internallv 

is likely to be $1S .ls or G5 percenlribbed tube) 
iillthe value of' maize selling at S20)l)/tiii. T'I1 cost of 
imathin," Shctllr'd Inaiizc il ;))llial level 0ft"cm IIOll nt 

(3() 	 or more tolllinuni) is likely to be sonic S/toi, 

or, 	2.5 lirteilt of tl v . lut of' lle maize. 

T[ie beating of' iis iii sacks is pipular hecause of its rea-
tively high l output, lat is solinewhat liiitecd by tile lieavy 
weair ailtl tetar uf sacks t sotie 10 "beatintgs" beiig the cx-
petted "lil'' of'it sack). 

for 	ilire efficient and ecitoinicalThe're is clearlv 	scope 
i p 	 atiol by individualint's 	aniid techiiqies filrstelling illc 

fartmers with a )ridutlition of' ill) ti sine It to 15 tons of 
nitaIz er ;itiilit. The iai;chlies and hand appliances evalh-
ated thus far detciiid oiii h)iandliiig of individual coibs, and it 

is unlikely that any drainatic imtiprovemenits in the ratl of 
shelling 'lir these techniques is likely to result friit further 
design rilfiinemitnts, because tile landling of individual cobs 

is all inhierclit lilitillg fIactor, 

Major Soils of West Africa 
Iron toxicity in rice 

'leit dyitnics ifIlit toxicity in rice fields, outside of recent 

inarine alluvial plains, were investigated. It was lound that 

iron toxicity is, in nearly all cases, related to a source if 

fc+ present at a higher le'el in the landscape than the 

afected rice livIds. Ferrous iron and eventuallyinatgane n 

so!ution also is transported to, tie root zone by interflhiw. The 

process is schemiatically represented in Figure 24. 

Ferrous iroin is produced in a htarnful concentration by weath-
cring primary minerals undter coinditions of waterlogging il 
areas with crystalline rock. but it inay also be related to plinithite 
formtatiouns inI sediientary parent tatcrials. Conditiois for 
intcrlow irn toxiciy are most favorable ii sniall hydroitorphic 
valleys in areas where diitinant soils are Ultiso ls. 

Iron toxicity of this type can be alleviated byl inlterception 

of tte iinterilhw watt'r. by intproiving tile overall draiiage of 

tile affectecd areas ,ind tlie cultiral inasures, mainly by intro-

ducing a systcemt ,of alternate flooding and drying tf the land 

during the growing seasoit. Prcsent studies of !,%ttitorphic 

soils at lI'TA, subject to interhlow iron toxicity are providing 

additional data oil optiimized water itanaigentent aid land 

use of such soils. 

Riceland, ffected> 
by iron toxicity 

Source of Fe2+ 

Fig. 24. Schematic representation of interflow iron toxicity in 
rice lands. 

Studies 	on hydromorphic iandtypes 
0 

il of, t 'o fiitagifCIItleels of ri cultivation. 
iTA , rice wa:v gro wnOil newly clearecd valley (ottorn land at 

inl hydromorphic soils at two levels of soil aind water ian

ag:ccint: 

1. 	 According to the pred oninant ftri crs' systeln ill nost 

of' West Africa, i.e. without irrigation oit non-levelled, 
OS6; 25 kg N/ ha 

was applied at I WAP. 
t- With sligitly in irivcd iatla gtiteut, o1 hundecd and 

partially levelled paddy liulds, applvi g intermittent 

non-bunded land. 	l'le cultivar was 

irrigation by siuiple diversion froim an existing siiall 
strean. Tie cultivar was IR20; 200 kg/ha of I": 13:15 
was applied, with a subseqtlu 11)kg N/ia is a tlop 
dressing, ti W\A'. Yields obtailicd for the, two systilis 
were rtspectively 760 ad 2,370 kg 'la lof uihulled 
rice. The dillirence rclec ts partly the higher ylield 

partly tle effect of the inapotential of' IR2) and 

ageinl li t type.
 

Aln analysis of tilt, labor input is giveln in' Table 6l, 
tie land Ireparatiil labor in tile intensified systeli 
includes the largely noi-rciirrent bind cOlstl'ttiiln 

and levelling. Time for bird scaring was itot included. 

Table 68. 	 Firstyear labor require'ment fbr rice grolwing under 

two aianagement levels on nei'Ir cleared land. 

ILator Land Planting Weeding 
..... hi,.I 	 p; 

22 26Non-ilprovcd 1,90 0 31 
Imnprovedl 6,200) 541 13 1 

Residual labor rtequireicents arc for sucI activitics av, water 

ilanagen ict t, fertilizer application, harvesting and threshing. 

Bird scaring, which is critical in Africa, cannot be expressed 

in labor per hectare; 'or one crop, approxitately 600 tirs of 

bird scaring are rcquired. Based for unhulled rice, net re

turns were US S). IOC/hr. for the low and US S0.09C/hr. for 
lthe intermediate nanagement level. It should be noted iow

ever, that net returns for the improved system will increase 
in subsequent Nears due to diminished labor requirement for 
land prcparatiin and for weeding under proper water man
agetnitt. Hence, the improved soil and water management of 
hydrniorphic soils is essental 'or sustained rice cultivation 
witI increased productivity. 

Elffect of high groundwater otn the pcrformance of maize. 

Maize, grown on land with high groundwater, rapidly 

diminished in growth and productivity. From data gathered 

ont the study of ntaize performance otl a toposequence, the 

negative eflct of high groundwater during the first six weeks 

after planting could be determined. Cultivars used are the 

current improved IITA lines. Results are represented in Fig
ure 25. 

It can be inferred that the negative effect of yield of high 

groundwater is both determined by the actual depth of the 
groundwater and by tile duration of waterlogging throughout 
or at sltallow depth in the profile. Maize planted at the be
ginning of the rainy season (Fig. 28b) reacted less to high 
groundwater than that planted during the minor dry period 
before the second rainy season. In the latter case, soils were 

more humid throughout, leading to a poorer plant develop
mient at groundwater depth, comparable to those of the first 

season. Implications are that on moderate hydromorphic 
soils early maize can be included in the cropping pattern, 

while maize is not suitable for such conditions in the period 
of higher rainfall. 
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Fig. 25. Relation betwe-eny;ield of maize and the effect of variousroundwater vtel
(G ek clsesetuisfhg houtorheirtion 
durations of damaging high groundwater during the first six 
weeks after planting. 

Girotindwater classes. Studies onl the hydromnorphic portion 

ofg toposequence at gTA revealed that determination of the 
highest and lowest groundwater levels during the growingsouwh.
 
cycle of crops is a good measure for the suitability of such 
land for these crops. Based on several years of experimen
tation, groundwater classes valid for the general agro-
ecological area of IITA were determined; these are schematic-
ally represented in Figure 26. Class I is closest to dry land 
conditions, and groundwater has no or little influence during 
the growth cycle of the crop. Class 11 is submerged during 
the whole growth cycle, while other classes are intermediate. 
These classes can be used to characterize conditions for when 
any given crop is to be grown; classes vary through the year 
according to climatic and related hydrologic conditions in the 
hydromorphic land. 

In Table 69, a summary is given of the suitability of the I1 
classes of maize, rice and cassava grown during various sea-
sons at an intermediate level of surface drainage and fertility 
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26. Groundwater classes in function ofaverge hahest and 
groundwater - and surface watei levels during the growth 

cycle ofannualifood crops. 

management. For maize, the early season starts in March 
after the first rains. For the first, second and dry seasons, 
planting of maize and rice is done respectively in April, 

and December. For mnaize, only the first 8 WAP 
are usCd for deterning crop performance of groundwater
class; for rice and cassava the whole growth period used.was 
Six performance classes are distinguished in this study, which 
have been simplified in Table 69 to three groups, i.e. 
A: no or little crop damage from high groundwater and/or 

drought. 
B: moderate to severe damage. 

C:mriacopefranoralu. 

69. rbleSuitability of 1 classes of maize, rice, and cassava 

Gr. V. Rice Maize Cassava 

Class *First Second Early First Second Dry Yearly 
I B C C A B C A 

2 B C C A B C A 
3 B C C A B B A 
4 B C C B B B A 
5 A B B A B A B 
6 A A B B B B B 
7 A A B B C B C 
8 A A B B B B B 
9 A A B B C B C 

10 A A B C C C C 
II A A C C C C C 
*Season 
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GERMPLASM COLLECTION
 

During the Unit's plant collecting expeditions a total of 828 
germplasm samples were added to the Institute's collections. 

In Ghana, the National Crops Research Institute assisted the 
team in collecting 248 food legume accessions (Table 1), 116 
of roots and tubers (Table 2) and 82 of rice. The rice collected 
included Oryza sativa, Onza glaberrima and (Oyza Iongista-

minata). 

From the northern parts of Nigeria, 212 food legumes, 160 
rice and 10 root and tuber samples were added to our col-
lections. 

Seed production and distribution 

The Germplasm Collection Unit has taken responsibility for 
the Institute's seed storage, seed production and distribution. 
Planned developments in these activities are not complete, but 
some progress has been made. 

Seed production. The Kaduna State Ministry of Agriculture 

in northern Nigeria gave IITA 25 ha of irrigable land for 
seed multiplication by IITA. The land is suitable for wet
and dry-season cropping, and it has an assured supply of 
irrigation water. The objective in taking IITA seed multipli-
cation to the northern Guinea Savanna zone is to obtain 
quality seed from disease-free crops which mature in a dry 
environment. In the 1976/77 dry season about 10 ha. of 
legumes were multiplied at IITA for Grain Legume Improve-

ment Program. 

Seed distribution. Food legume seeds were distributed in 
response to 226 requests from 54 countries. The numbers 
of requests for each food legume species were: Cowpea-95, 
Soybean-17, Pigeon pea- 28 , Lima bean-14, Winged bean-53 
and Others-19. 

Table 1. Legume samples collected in Ghana during 1976. 
Tab__e__._Le_____samples__ollected___n___naduring_197_. 

Legumes: 	 No. collected 
Vitgna unguiculata (cultivated) ........... ..... 111 

Vigna spp. (wild) ....................... 	 32* 

Phaseolus lunatus ........ ................... 56 


Phaseolus adenanthus (wild) ............. .... 1 

Phaseolus spp. (wild) ..................... 	 2 

Voandzeia subterranea...... ................. 1* 

Cajanus cajan ....... ..................... 	 4** 


Sphenostylis stenocarpa ...................... 9 


Sphenostylis holosericea (wild) ............ ..... 2 

Muctna pruriens var. utilis ................... 4 

Alucuna spp. (wild) ...................... 2 

Centrosema spp. (naturalized) ........... ..... 14 

Calopogonum mucunoides (naturalized) ...... 3 

Canavalia spp. (cultivated) ............. ..... 6 

Canavalia rosta (?) (wild) .............. 1 


Wild ga species include V. unguiculata, V. reticulata, V racemosa.pubieera and V.paludsa. 

*,Cropiof Voandzeia in the Sudan Savanna and of Cajanus eveywhere were 

encountered oflen, but without mature seed. Arrangemets have been made 

with the CRI to gather additional samples of these and some other legume 

speciesfor ITA in 1977. 

Table 2. Roots and Tubers collected in Ghana during 1976. 

True seed: 	 No. collected 

Manihot esculenta ........................ 33
 
Alanihot glaziovii ....................... 2
 
Dioscorea rotundata (ca),enensis?) .......... ..... 50
 
Dioscorea alata........................... 
 2 

Dioscorea dumentorum. ....................... 2 
Dioscorea spp. . .......................... 8 

Aerial tubers (bulbils): 
Dioscorea alata
 
Dioscorea alata ..................... ..... 7*
 
Dioscorea bulb/era......................... 4
 
Dioscorea spp. (cultivated) ................. 6
 
Dioscorea spp. (wild, probably togoensis)....... 2
 

*These aerial tubers of D. alata are of special interest. They were gathered 
from, male and female flowering plants in the collection maintained by the 
CRI at Kuadaso (Kumasi). 

i h 
Exporatin in Ghana 

Full details of exploration in Ghana will be published in a 
special IITA report (so will the details of all other exploration 
missions in future, using standard format). Very briefly, some 
interesting points arising from Ghana are: 

I. 	 We had expected to gather many more than 452 

samples. There are at least two reasons why we did 
not. In our attempt to cover all ecological zones and 
to gather a wide range of species our itinerary was 
arranged so that we spent at most four nights in any 
one base. Much travel restricted the time available 
for collection; it was difficult to dry, sort, package and 
document seed collected; and much time was spent 

either in "barren" parts of the Guinea Savanna zone, 
or in the Forest zone where many of the food crops in 

our mandate are rare. In trying to cover a large area 
in limited time we often found crops of interest 
bearing no fruit, or immature fruits. Severe drought 
during August and September, followed by flooding 

in October/November, especially in the north, re
suted in poor crops and so restricted our collecting 
activity. 

2. 	 Compared with cowpeas in Nigeria those in Ghana 

have little diversity. Spreading, photosensitive types 

of few kinds are interplanted with pearl millet in the 
north (surprisingly rarely with sorghum). Only a non
photosensitive type with red seed was found in the 
moist forest and rain forest regions. It is most com
monly sown in April/May for harvest July/August. 
An interesting cowpea interplanted with Guinea yams 
is widespread around latitude 70-80 N. It climbs to 
5 m or more on trees and by late November bore no 
reproductive horgans. Its phenology deserves attention.Wild V. ugiuaai bnataddvrei 

unguiculata is abundant and diverse in the 
northern moist semi-deciduous forest, but not else

where. 
3. 	 Lima beans are common in the moist deciduous forest 
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zone. None that we saw showed golden mosaic virus 
symptoms. 

4. 	 Miscellaneous "minor" food legumes were encountered 
unexpectedly rarely, 

5. 	The diversity of dry upland and swamp rice in the 
Sudan savanna deserves more attention than we had 
time to give. 

6. 	 All the cocoyanss we found were ,aantlhosoma. They 
are everywhere in the south where farmers say the 
cocoyanIs Ilower one year after planting in April /Ma. 
There were no reports of seed. 

7. 	 A high frequenCy of defoliated cassava (without 
Zonocerus) occurred where crops had suffered serious 
drought, perhaps aggravated by pathogens. 

8. 	 In general, apparently sterile plants of' D. rotundala 
were rare. A large proportion of females bore fruit. 
In some areas we found onlr fruiting females and 
wondered where the pollen had come from. 

Nigerian collection 

In the Sokoto State of Nigeria, the deep-water and floating 
types of Onrva 4labr'rrinta are grown in the valley of river 
Sokoto which is a tributary of River Niger and flows through 
the northwestern part. In recent years, lesser rainfall, damage 
due to plant-hoppers and introduction of sativa cultivars is 
fast changing the varietal picture of tire area. In coming years 
embankment of the rivers and the development of dams and 
irrigation 	 schemes will further alter the varietal spectrum 

of the area. The collection of local cultivars of rice from this 
area was therefore considered an important and deserving
priority. Collection of cowpea, Bambarra groundnut, cocoyam 
and yam was also undertaken during this trip with little 
additional cost. 

Altogether 262 samples of germplasm were collected from the 
whole area. Their area-wise and species-wise distribution is 
provided in the Table 3. In so far as rice is concerned, the 
farmers do not rogue their fields and often a number of cul
tivars grow in the same field. The two species, Ov-za glaberrinia 
and 0. salia are not differentiated by the farmers. The varie
tal diversity seems to be poor when compared with an area 
of equal size in southeast Asia. 
The farmers prefer cowpea to Banbarra groundlt for palata
bility and cultivate the former more often. Only two cultivars 
of cocovam seem to be prevalent in the area. 

Table 3. 	 Area-wise and crop-wise distribution of gerinplasm 
collection from Sokoto State in 1976. 

Yelwa B. Kebbi Argungu Sokoto Zuru Total 
Rice 49 45 27 27 12 160 
C:owpea 13 13 5 8 6 45 
Bambarra 23 7 6 2 9 47 
Cocovarn 6 2 1 - - 9 
Yamn I - - -

Total 92 67 39 37 27 262 

114 



-- 

TRAINING PROGRAM
 

The Training Program has administrative and organiza-
tional responsibilities for the following Institute activities: 

1. Research training 
2. Training courses 
3. 	Postdoctoral fellowships 
4. 	Training associated with cooperative programs 
5. 	 Seminars. 

The three categories of research training are: degree-related,
non degree-related and vacation student research scholar-
non
ship. 

To the end of 1976, IITA had received 33 Research Scholars 
(M.S. candidates) and 23 Research Fellows (Ph.D. candi-
dates) from 22 universities and schools of agriculture of 
Africa, Australia, Europe and North America. 

Potential candidates are identified by scientists, cooperative 
program personnel, governments, experiment stations, univer-
sity deans and professors and through letters of inquiry from 
those who are interested in conducting their degree-related 
research at IITA. 

Non degree-related research and 
employees of departments of 
research institutes, international 

training are arranged for 
agriculture, universities, 

organizations and private 
.. , 

'at 

" 
• 

-. 

I 

A participant in the research training program examines rice 
for disease symptoms. 

agencies. To the end of 1976, 47 participants (Research Train

ing Associates) had been received from 16 countries of Africa,
 
Asia and North America.
 
Under the vacation student research scholarship program,
 
scholarships are awarded to penultimate year students in 
faculties and university level schools of agriculture through

the long vacation. 
Potential awardees are nominated by the deans and directors
out West and Central Africa during 

of the schools invited to participate. Those who are selected 
are assigned research projects in their field of interest. To 

the end of 1976, the Institute had awarded 94 vacation 
student research scholarships. 
Organized training courses offered during 1976 included 
the following: 

1. Course for WARDA rice field technicians 
2. 	 Cassava production technology and extension 
3. 	 Maize production technology and extension 
4. 	 Soil and water conservation and management research 
5. 	 Course for research workers assigned to grain legume 

production in the tropics 
6. 	 Crop production and seed multiplication technology 

and extension. 
The total number served by these courses was 149 people 
representing 29 countries of Africa, Asia and South America. 
In addition, representatives of the NAFPP conducted a course 

IITA for 28 Nigerian rice field assistants which empha

sized rice minikits and production kits. 

Postdoctoral fellowships are offered to selected, qualified 
applicants who have newly acquired Ph.D. degrees. Through 
this program the Institute helps to increase and strengthen 
the body of trained agricultural scientists working on problems 
of food crop production in the tropics. Young scientists 
work with experienced research scientists on relevant problems 
of crop production. Postdoctoral fellows, in return, help the 
Institute achieve its research goals by designing and carrying 
out research studies on priority problems. 

To the end of 1976, the Institute has awarded 26 postdoctoral 

fellowships. In addition, there have been two Rockefeller 
Foundation Fellows, one IDRC Fellow and four Belgian 
AGCD/FAO Associate Experts assigned to IITA. 

Training associated with cooperative programs. Included in 
IITA's cooperative agreements with national programs are 
clauses outlining the Institute's responsibility to provide 
or arrange for training related to the intent of the program. 
The Training Program assists in this area by determining 
where the required training may be obtained and by arrang
ing for this training. To date, training for those associated 
with cooperative programs has been arranged at IITA, IRRI, 
ICRISAT, CIMMYT, Oklahoma State University, Kansas 
State University, the University of Wisconsin, and the Na
tional College of Agricultural Engineering at Silsoe, Bedford, 
England. 
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PERSONNEL
 

Administration 
W.K. Gamble, Ph.D., director general 
M.A. Akintomide, B.S., director for adninistration 
D.L.C. Pritchard, assistant director and treasurer 

C.E. Barringer, B.A., planning and budget officer 

D.C. 	 Goodman, Jr., M.B.A., assistant to the director general 
(Special Projects) 

R. Jacob, assistant to the director general 
A.R. Rinde, assistant to the director general 

K.A. Aderogba, principal administrative officer 
S.J. Udoh, accountant 
C.A. Enahoro, assistant to the director for administration 
J.E. Brinkworth, manager, data processing 
D.J. Sewell, dormitory and food service manager 
R.O. Shoyinka, B.S., personnel manager 
0. Adebiyi, personnel officer 
C.I. Onah, B.A., conference coordinatorand head, visitors' services* 

J.D. Abidogun, B.S., supplies & purchasing officer 
E.A. Onifade, security superintendent 
J.T. Okediran, purchasing superintendent 
M.G. Etuk, administrativeassistant, Ikeja 
D.A. Kasumu, assistant accountant 
CA.0. Nylander, nursing sister 
S.B. Okiti, assistant accountant 
Oye Olatawura, housing superintendent 

Research 
D.J. Greenland, Ph.D., director of research* 
J.C. Flinn, Ph.D., acting director of research 

Genetic Resources Unit 
W.M. Steele, Ph.D., coordinator 
S.D. Sharma, Ph.D., plant explorer 
PostdoctoralFellow 
R.B. Eastwood, Ph.D., plant explorer 

Farming Systems Program 
B.N. Okigbo, Ph.D., assistant director and agronomist 

Soil and Environment Management 

T.L. Lawson, Ph.D., agroclimatologist 
F.R. Moormann, Ph.D., pedologist 
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B.T. Kang, Ph.D., soilfrrtility specialist 
A.S.R. Juo, Ph.D., soil chemist 

R. Lal, Ph.D., soil physicist 
A.A. Ayanaba, Ph.D., soil microbiologist 

Cropping Sysiems 

G.F. Wilson, Ph.D., agronomist (vegetable and conservation) 
1.0. Akobundu, Ph.D., weed scientist 
T.J. Perfect, M.S., entomologist 
A.G. Cook, B.S., insect physiologist 

R. Yeadon, B.S., pesticide analyst 
R.F. Chapman, Ph.D., entomologist* 
B.R. Critchley, Ph.D., entomologist 
F.E. Caveness, Ph.D., nematologist 

Agricultural Engineering 

P.R. Wijewardene, M.S. agriculturalengineer 

E.U. Nwa, Ph.D., agriculturalengineer (soil and water)* 
W.H. Boshoff, Ph.D., agricultural engineer- FAQ, (post harvest) 

J.M. Beck, B.S., storage engineer FA O* 

Agricultural Economics 
J.C. Flinn, Ph.D., griculturaleconomist (production) 

L.B. Williams, M.S., planning economist, NAFPPE, Nigeria
F.E. Winch, Ph.D., agriculturaleconomist 
C. Kivunja, M.S., research associate 

Visiting Scientists 

D.K. Acquaye, Ph.D., soil chemist 

R.G. Dumsday, Ph.D., agriculturaleconomist* 
D.G. Edwards, Ph.D., plant nutritionist* 
F.E. Sanders, Ph.D., microbiologist* 
D. DeVleeshauwer, Ir., associate expert, FAO, soil physics 
J.M. Hoyoux, Ir., associate expert, FAO, agriculturaleconomics 

Research Associates and Assistants 

M.O. Adeniran, B.S., research assistant, vegetable crops 
0. Falayi, M.S., research associate, soil physics 
A.I. Fagbamiye, B.S., research assistant,agronomy systems 

A.C. Okeke, B.S., research assistant,soil & water engineering 
S.N. Anekwe, B.S., research assistant,agriculturalengineering 
S.E. Ekweronu, B.S., research: assistant,agroclimatology 

E.O. Okafor, B.S., research asistant, soil microbiology 
0.0. Ibitayo, B.S., research assistant, agronomy 



S.D. Akindotun, B,S., research assistant, soil physics. 

Grain Legume Improvement Program 
P.R. Goldsworthy, Ph.D., assistant director and plysiologist
F.E. Brockman, Ph.D., agronomist, Tanzania Program 
R.A. Luse, Ph.D., biochemist* 
D. Nangju, Ph.D., agronomist 
P.N. Patel, Ph.D., breeder /pathologist, Tanzania Program
S.R. Singh, Ph.D., entomologist 
J.B. Smithson, Ph.D., plant breeder 
H.C. Wien, Ph.D., physiologist
P.C. Duflield, Ph.D., coordinator, Tanzania Program 

Visiting Scientists 
E.J. Littleton, Ph.D., physiologist 
G. Nsowah, Ph.D., physiologist 

Post-Doctoral Fellows & Associate Experts 
V.D. Aggarwal, Ph.D., cowpea breeding
D.J. Allen, Ph.D., pathology 
J.P. Baudoin, Ir., Associate Expert FAO, lima bean breeding
K.V. NwanZc, Ph.D., entomology 
E.L. 
Z. Russom, Ph.D., soybean breeding
E.E. Watt, Ph.D., cowpea breeding 
T.P. Singh, Ph.D., soybean breeding 
W. Horst, Ph.D., plant nutritionP.E. Okwuraiwe, Ph.D., biochemnistry* 

REse a A 
 ite s nD.,Asschemistants 

Research Associates and Assistants 

J.R. Knight, visiting research associate, physiology* 
F.M. Falade, research assistant, biochemistry 
S.O. Oluwaleye, research assistant, agronomy
M.A. Akinpelu, B.S., research assistant, breeding*

Cereal Improvement Program 


I.W. Buddenhagen, Ph.D. assistant director and pathologist 
P.J. Soto, Ph.D., entomologist 

KJ. Treharne, Ph.D., phiysiologist

J.C. Ballaux, Ph.D. Agronomist 
M.N. Harrison, B. Sc. maize breeder 
V.L. Asnani, Ph.D., maize breeder** 

LG Rothney, M.S., maize co-ordinator NAFPP,Nigeria 

A.O. Abifarin, Ph.D. rice breeder 
S.S. Virmani, Ph.D., rice breeder, Liberian Program 
J. ter Vrugt, B.S. rice agronomist 
I.C. Mahapatra, Ph.D., rice agronomist, Sierra Leone Program
S.A. Raymundo, Ph.D., pathologist, Sierra Leone Program
A. Perez, Ph.D., rice specialist, NAFPP, Nigeria
S.J. 	Pandey, Ph.D., sorghum/millet co-ordinatorNAFPP, 


Nigeria

R.B. Thakare, Ph.D., sorghum/millet specialist, NAFPP, 


Nigeria 

RJ. Redden, Ph.D., wheat specialist, NAFPP,Nigeria 

Visiting Scientist 

F.M. Quin, Ph.D., maize physiologist 

Post-Doctoral Fellows 

R.A. Coker, entomologyK.A. Alluri, Ph.D.,Ph.D., agronomylphysiology 
Z. Siddiqi, Ph.D., entomology 

Root and Tuber Improvement Program
S.K. Hahn, Ph.D., assistantdirector and breeder 
W.N.O. Ezeilo, B.S., coordinator,cassava center, NAFPP, Nigeria
H.C. Ezumah, Ph.D., cassava breeder, PRONAM, Zai're
P.H. Haynes, M.S., project leader and agronomist, PRONAM, 

Zaire 
G. Heys, B.S., agronomist 

K. Leuschner, Ph.D., pathologist, PRONAM, Zaire
 
Sidki Sadik, Ph.D., physiologist
 
E.R. Terry, Ph.D., pathologistJ.E. Wilson, Ph.D., yam breeder
 
Visiting Scientist
 

O.U. Okereke, AL.S., physiologist*
 
Post-Doctoral Fellows
 
G.S. Ayernor, Ph.D., biochemistr, and food technology 
W. Clauss-n, Ph.D., ph•siology 
W. Cause, Ph.D., agronomy
 
Re arAgbo ia., a vnomy
Research Associates and Assistants 
A.K. Howland, B.S., research associate, breeding 
R. Aroki, research assistant, breeding* 
S.F. Oderinde, B.S., research assistant, physiology* 
J.O. Kalabare, research assistant, breeding
 
Training
 
W.H. Reeves, Ph.D., assistant director and head of training
D.W. Sirinayake, production training qffTicer (anglophone)
L. Babadoudou, Ing. Tech., production training officer (francophone)
G. Cambier, Li., translator/interpreter 

Research and Training Support Units 
Communications and Information 

R.A. Woodis, M.S., head 
J.O. Oyckan, B.S., communications officer editorial 
C. Achode, Ph.D., translator
 
Visiting Scientists
 
E. Borei-Doku, ALS. 
E. ard , M.S. 
W.B. Ward, M.S. 
Farm ManagementD.C. Couper, B., farm manager 
S.L. Claasen, M.S., assistant farm manager
E. Bamidele,farm superintendent 
E. a d supentn ent
 
Library and Documentation Center
 
S.M. Lawani, A.S., head 
G.O. Ibekwe, B.A., principal librarian 
E.N.O. Adimorah, B.S., documentalist 
E.F. Nwajei, B.A., acquisitions librarian
 
Lynette Yip-Young, documentalist, IDRC
 
B.O. Adenaike, B.S., bibliographer, IDRC
 
Biometrics/Statistics
 
B. Gilliver, M.S., biometrician 
M.J. Garber, Ph.D., biometrician* 
M.A. Jaiyeola, computer programmer 

Analytical Services 
B.O. Nana, B.S., research assistant 
0. Fapojuwo, B.S., research assistant
 

Physical Plant Services
 
J.G.H. Craig, assistant director 
A.C. Butler, buildings and site services ifficer 
Donald Cockburn, refrigeration services officerJ.M. Ferguson, fabrication services officer 
C.W. Robertson, electricalservices officer 

N. Georgallis, scientific and electronic services officer0.0. Fawole, automotive services officer 
H.C. Kinnersly, heavy equipment services officer 
S.O. Odetayo, electronics superintendent 

*Left ITA during 1976
 
**Part year only, part year 
 maize specialist National Accelerated Food 

Production Project (NAFPP), Nigeria. 
'"National Accelerated Food Production Project. 
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COLLABORATION AND TRAINING
 

Farming Systems ProgramFarmS ngstem Pro ramA. 

Collaborators 
Dr. .Er. E. De Langhe, University of Ghent, Belgium 

Mr. R.M. Swoor, Universityof London 

Dr. R.F. Chapman, Centre .1r Oieiseas Pest Research, London 

Prof. A. Cottenie, State University oflGhent, Belgium 

Dr. F.O. Uzu, National Cereal Research Institute, lbadan 

Prof. A.J. Herbillon, University of Louvain-le-Neuve, Belgium 

Prof. M.H. Miller, University of Guelph, Canada 

Dr. E.J. Udo, University of Ibadan 

Dr. G. Brown, Rothiamsted Experiment Station, England 

Dr. J. Hughes, Rothamsted Experiment Station, England 

Dr. H. Grimme, Buneho Agricultural Research Station, 

West Germany 

Prof. T. Ajibola Taylor, Institute of Agricultural Research 
& Training, Ibadan 

Prof. H. Caswell, Ahmadu Bello University, Zaria 
Mr. L.Z. Reeves, Central Agricultural Station, Suakoko, Liberia 
Mr. J.K. Famulo, Central Agricultural Station, Suakoko, Liberia 
Prof. M.N. Makumbi, University of Zaire 
Dr. D.S. Jenkinson, Rothamsted Experiment Station, England 
Dr. B. Mosse, Rothamsted Experiment Station, England 
Dr. J.N. Sasser, North Carolina State University, Raleigh, N.C. 

Dr. Ir. J.J. Smith, Institute of Agricultural Research, Samara, 
Zaria 

Mr. C.A. Igeleke, Nigerian Meteorological Service, Lagos
Dr. I.C. Mahapatra, ITILIUNDP Sierra Leone ProjectDr. O.A. Osiname, IAIR&T, Aoor Plantation, Ibadan 

Research Fellows and Research Scholars 
W.J. Veldkamp, Ir., research fellow, pedology 

researchfellow, agriculturalE. Bachmann, Dip. Ing. Agri., 

economics 
D.K. Friesen, M.Sc., researchfellow, soil chemistry 

L.E.A. 	Diehl, Dip. Ing. Agr., researchfellow, agricultural 

economics 
S.O. 	Afolami, B.S., research scholar, nematology 

G.A. 	Agbahungba, D.A.G., research scholar, soil micro-

biology 
J. 	Lagemann, Dip. Ing. Agr., researchfellow, agricultural 

economics* 
K. Alli, M.S., researchfellow, agriculturaleconomics* 

D. Cummings, B.S., research scholar, soil physics* 

E.L. Dinking, AlS., researchfellow, soil microbiology 
P.O. Aina, M.S., research fellow, soil physics* 
M. Adomou, D.A.G., refearchfellow, soil physics* 
H.J. 	 Pfeiffer, research scholar, soil chemistry 

A.H. Azontonde, D.A.G., research scholar, soil physics 

Research Training Associates and 

Vacation Research Scholars 
R. Malafa, Cameroon, research training associate, soil physics 
S. 	Adelcke, Nigeria, vacation student research scholar, 

agric. engineering 
T.A. 	Aduragba, Nigeria, vacation student research scholar,agric. 

engineering (storage) 
A. 	Adejumo, Nigeria, vacation student research scholar, 

agric. engineering (mech.) 

Olufayo, Nigeria, vacationi student research scholar, agric. 

engineering (storage) 
J.B. 	Fatoyinbo, Nigeria, vacation student research scholar, agric. 

engineering (mech.) 
S. 	Lawson, England, vacation student research scholar, agric. 

engineering (nech.) 

M. Ogunjimi, Nigeria, vacation student research scholar, soil 

Physics 

Etina Ndoita, Zaire, research trainingassociate, soil chemistry 

J. 	Nwachukwu, Nigeria, vacation student research scholar, soil 

physics 

E.Y. Koroma, Sierra Leone, research training associate, 

agric. engineering (mech.) 

Cameroon, research trainingassociate, intercroppingR.B. Njwc, 
G. Ugwuczc, Nigeria, vacation student research scholar, soil 

p!ysics 
A.O. 	Giwa, Nigeria, vacation student research scholar, soil
 

microbiology
 
I.L. 	Turay, Sierra Leone, research training associate, agric.
 

engineering (mech.)
 
A. 	 Karp, England, vacation student research scholar, entomology 
A.B. 	Contch, Guinea, research training associate, soil chemistry 
R. 	Butler, Cameroon, research training associate, agric. engineering 

(storage) 
T. 	 Bouare, Mali, research trainingassociate, vegetable production 

GrainGeume ImprovementProgram 

Collaborators 

D. 	 Boulter, Department of Botany, Uniiversity of Durham,
 

England
 

E. Evans, Department of Botany, University of Durham, England 

A. 	 Eaglesham, Soil Microbiology department, Rothamsted
 

Experiment Station
 
J. 	 Elston, Nottingham/Reading/IITA Photosynthesis Project 

J.L. Monteith, Nottingham/ Reading/HITA Photosynthesis Project 

R.J. 	Summerfield, Plant Environment Laboratory, Reading 

University 
F. Minchin, Plant Environment Laboratory, Reading University 

H.F. 	van Emden, Department of Horticulture and Agriculture, 

Reading University 

K.A. 	Skipp, Plant Growth Substances and Systematic Fungicides 
Unit, Wye College, University of London 

H. 	Marschner, Institute of Crop Science, Technical University 
of Berlin 

R. 	Marechal, Faculte des Sciences Agronomiques de l'Etat, 

Gembloux, Belgium 
C. 	le Marchand, Faculte des Sciences Agronomiques de l'Etat, 

Gembloux, Belgium 

Research Fellows and Research Scholars 

J. 	Detongnon, D.A.G., research scholar, cowpea breeding 

B.M. Khaemba, M.Sc., researchfellow, entomology 
W.M. Lush, M.Sc., researchfellow, physiology* 

Moffi 	Ta'ama, Ing. Agr. d'Execution, research scholar,
 

entomology
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R.S. Ochieng, M.Se., research fellow, entomology 
V.K. Raman, MI.Sc., research fellow, entomology*
A.J.M. vander Rcijdcn, research scholar cowpea breeding
P.C. Swain, B.S., research scholar, physiology/intercropping 
J.A. Oyefeso, M.S., researchfellow, biochemistry*
Research Training Associates and Vacation 
Student Research Scholars 
0. Agarah, Nigeria, research training associate, biochenist, 

Ekpe Onedo, Nigeria, research training associate, biochemistry

F.E. 	Anno-Nyako, Ghana, vacation student research scholar, 


virology 

M.P. 	Akyeampong, Ghana, vacation student research scholar, 


agronomy 

J.J. Afuakwa, Ghana, va.ation student research scholar, physiology 
J. 	 Okonkwo, Nigeria, vacation student research scholar, breeding 
T. 	Chester, U.S.A. research training associate, entomology 

Cereal Improvement Program 
Collaborators 
W.D. 	Guthrie, Entomology Department, Iowa State University, 

mines,Iowa 
V. Gracen, Cornell University, Ithaca, N.V 
E.F.I. 	Baker, Institute of Agricultural Research, Samar, 


Kaduna State

J. 	Brcwbaker, lorticultureDepartment, University of Hawaii 
M. Akposoe, Crops Research Institute, Kumasi, Ghana 
D. 	Sperling, USAID/CIAIM YT Tanzania Project, Ilonga, 


Tanzania 

D. Adedzwa, Institute of Agricultural Research, Samar, 


Kaduna State 

R.K. Raghunathan, Institute of Agricultural Research, Samaru,

Kaduna State 
N. 	Khayltash, Ministry of Agriculture and Natural Resources, 


Plateau State 

J. 	Ayuk-Takem, Batnenda Research Station, Cameroon 
K.A. 	Ayotade, National Cereals Research Institute Badeggi, 


Niger State 

1.Amagon, Gangnum Farm Centre, Shendan, Plateau State
S. Matsushima, Adarice Production CompanqLimited, Adani, 


Anambra State 

A.N. Aryeetey, Agricultural Research Station, University of Ghana,Kpon, GanaD.J.R. 

Kpong, Ghana 
B. Lysehik, German-Ghanaian Agricultural Development Project, 


Tamale, Ghana

A.G. Carson, Agricultural Research Institute, Nyankpala, Ghana 
J. Olufowote, NCRI, Ibaan 
G. 	Heys and Chief P.U. Ohunyon, Shell-BP, Warri, BendelState 
Awoniyi and Ahubakar, Kwara Agricultural Development 

Corporation, Shonga
P. 	Abraham, Ministry of Agriculture & Natural Resources,


Kwara State 

A.U. 	Salami, Ministry of Agriculture & Natural Resources, Bendel 

State 
A.J. 	 Chacko, Ministry of Agriculture & Natural Resources, Rivers 

State
J. Deeming, Entomology Department, Institute of Agricultural 

Research, Samaru 
J-M. Bidaux, IRA T, Bouake, Ivory Coast 

Research Fellows and Research Scholars

I.N. Timti, M.S., research fellow, maize pathology
H. Rudat, Ing. Agri. Trop., research fellow, maize agronomy*
S.R. Voudouhe, D.A.G., research scholar, rice breeding/physiology 

N. 	Djegui, D.A.G., research scholar, rice agronomy* 
D. 	 Kossou, D..I.G. research scholar, maize agronomy,*
Research Training Associates & Vacation
S entar eserch s oas 
Student Research Scholars
 
I.Camara, Senegal, research training associate, soil chemistry 
M. 	Goita, Mali, research training associate, rice breedingA.l. Toure, Mali, research training associate, rice agronomy 
P. Dolo, Mali, research training associate, rice production
T.A. Mtuy, Tanzania, research training associate, maize breeding
It. Tuni, Tanzania, research training associate, ,naize breeding 
R.T. Awuah, Ghana, vacation student research scholar, maize 

pathology 
G.O. Ohayi,Nigeria, vacation student research scholar, physiology
S.A. 	Adepoju, Nigeria, vacation student research scholar, rice
 

breeding
 

Root and Tuber
 
Improvement Program
 
Collaborators 
D. Boulter, Department of Botanyr, University of Durham, England
J.F. Bradbury, Commonwealth Mycological Institute, London 
O.F. 	Esuruoso, Department ofAgricultural Biology, Universit of 

Ibadan 
, 

A.C. 	Hayward, Departmeni of Microbiology, Univeesity of
 
Queensland, Australia
 

T.P. Hernandez, Department of Horticulture, Louisiana State 
University, Baton Rouge, Louisiana 

Tunde Ikotun, Department of Agricultural Biology, University of 
Ibadan
 

Nizar Mohammed, Department of Scientific and Industrial
 
Research, Plant Disease Division, Auckland,New Zealand
 

J. 	 Meyer, Laboratoire de Phytopathologie, Universit; Catholique
 
de Louva in, Belgium
 

J.F. Peterson, Mcdonald College, McGill University, Montreal,
 
Canada
 

Research Fellows and Research Scholars
 
R es ch F lS d research hol ars
GV. Persley, M.S., IDRC research fellow, pathology 
V. 	 Lawin, B.S., research scholar, breeding
M.O. Akoroda, B.S.,Perreaux, research scholar, breedingresearch scholar, pathology 
M.T. Dahnia, M.S., research fellow, physiologyR. Soenarjo, research scholar, breeding* 

Research Training Associates and Vacation 
Student Research Scholars
 

N. 	Kilumba, Zaire, research training associate, cassava production
M. Msabaha, Tanzania, research training associate, cassava 

breeding
 
T. 	 Azike, Nigeria, vacation student research scholar, virology
K. Maliki, Nigeria, vacation student research scholar, biochemistry 
J.B.K. Kasirivu, Uganda, research training associate, breeding
J.F. Fumbug, Cameroon, research training associate, cassava 

breeding 

Research Training Associates and VacationStudent Research Scholars 

K.D. Kpegio, Benit vacation student research scholar, physiology/pathology 
S.Kamara, Sierra Leone, research training associate, production

Library and Documentation Center 
H. Matip, Cameroon, research training associate, library science 
A.B. Sesay, Sierra Leone, research training associate, library science 
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CONFERENCE AND SEMINAR PAPERS
 
Papers presented by ITA staff members at conferences, seminars, and 

workshops during 1976: 

AGRONOMY 
Buddenhagen, i.W. & K.J. Trcharne. The rice program of HITA -a five-year overview, 1976-1980.Presented at the International 

Rice Conference. IRRI, April 1976. 
Buddenhagen, I.W. Ecosystems, pathos;,stems and rice improvement. Presented at the Second Varietal Improvement Seminar, 

WARDA, Monrovia, Liberia. 

Haynes, P.H., H.C. Ezumah and R.P. Pacumbaba. PRONAM Review Paper (.Mimeg). Presented at the First PRONAM 
Review, Kinshasa, Zaire, November, 1976. 

Mahapatra, I.C. Enhancing rice yields through inprovedfertilizer efficiency. Presented at the International Rice Conference, IRRI, 
April 1976. 

Mahapatra, I.C. & B.A.K. Kamara. Cropping systems in uplands. Presented at the Sixth Annual Conference of the Agricultural 
Society of Sierra Leone. 

Mahapatra, I.C., A.T. Perez and I.W. Buddenhagen. Progress and problems in attempting changes in rice varieties and rice technology 

at the farm level in two countries of lVest Africa. Presented at the Second Varietal Improvement Seminar, WARDA, 
Monrovia. 

Mahapatra, I.C. & S.G. Kamara. Enhancingfertilizer use efficiency through improved culturalpractices. Presented at the FAO/NORAD 

Fertilizer Conference, Njala, Sierra Leone, September 1976. 

Mahapatra, I.C. & J.M. Kallon. E.ficient use offertilizers.for rice in various agroecologicalsituations in Sierra Leone. Presented at the 
FAO/NORAD Fertilizer Conference, Njala, Sierra Leone, September 1976. 

Nangju, D. Cultural methods of insect control in grain legumes. Presented at the International Symposium on Pests of Grain 
Legumes, IITA, November 1976. 

BREEDING 
Ezumah, H.C. Breeding activities of PRONAM (Mimeo). Presented at the First PRONAM Review, Kinshasa, Zaire, November 

1976. 
Hahn, 	S.K. Progress of cassava breeding at IITA. Presented at the Fourth International Tropical Root Crops Symposium, CIAT, 

Colombia, August 1-8, 1976. 
Hahn, S.K. and A.K. Howland. Breeding for resistance to cassava bacterial blight. Presented at the African Cassava Bacterial 

Blight Workshop. IrFA, Ibadan, November 1-4, 1976. 
Ladeinde, T.A.O., E.E. Watt and A.A. Onajole. The inheritance of male sterili fom three sources of cowpea (Vigna unguiculata L. , 

lValp). Presented at the Fourth Annual Conference of the Genetics Society of Nigeria. 

Vimani, S.S. and F. Sumo. Highlightsof rice varietal improvement program in Liberia. Presented at the Second Varietal Improvement 
Seminar, WARDA, Monrovia, Liberia. 

Vimani, S.S. Breeding rice for tolerance to iron toxicity. Presented at the Second Varietal Improvement Seminar, WARDA, 
Monrovia, Liberia. 

COMMUNICATIONS AND INFORMATION 
Woodis, R.A. Spreading the word about CBB: Who needs to know what? Presented at the Cassava Bacterial Blight Workshop, IITA, 

Ibadan, November 1-4, 1976. 

Oyekan, J.O. We Need Better Publications.Presented at the Annual General Meeting of the Nigerian Association for Agricultural 
Information, Enugu, November 3-5, 1976. 
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CROP PROTECTION 
Ochieng, R.S. The bionormics of"Oothrca mutabilis, a major pest of cowpea in Africa. Presented at the International Symposium 

on Pests of Grain Legumes, IITA, November 1976. 
Perfect, T.J. and NI.J. Swift. The e/]icts of 1)1)7 on biological processes in tropical soils. Presented at the International Soil 

Zoology Colloquiuni, Uppsala, Sweden, June 1976. 
Singh, S.R. Host plant restance: Research and development in resistance and economic usrlidness of released crops in Africa. Presented 

at the 15th International Congrcss of lEntomology, Washington. 
Singh, 	S.R. Behavior o/ cou,pea pod bore?, .fanica te.tunlalis. Presented at the 15th International Congress of Entomology, Wash

ington. 
Singh, S.R. lasest pestsand T.A. Taylor. of' grain legwnes in Nigeria. Presented at the International Symposium on Pests of 

Grain Legumes, I IIA, November 1976. 
Singh, 	S.R. and T.A. Taylor. 'he potential /o)r development of integrated pest mnaigement systerns in cowpeas. Presented at the 	Inter

national Symposium on Pests of' Grain Legumes, IITA, November 1976.
 
Singh, S.R. Resistance to insect pests of grain lgumnes. 
 Prescnted at the International Symposium on Pests of Grain Legumes,

IITA, November, 1976. 
Soto, 	 P.E. and Z. Siddiqli. Screeming fi, re.sistance to African rice insect pests. Presented theat Second Varietal Improvement 

Seminar, WARDA, Monrovia, iberia. 

LIBRARY AND DOCUMENTATION 
Lawani, S.M. Indexing and indexes. Special lecture presented to the Lagos Division of the Nigerian Library Association, Novem

ber 12, 1976. 
Lawani, S.M. Modern technologr and librarr services. Presented to the Annual Conference of the Nigerian Library Association, 

Port Harcourt, December 19-22, 1976. 
Lawani, S.M. and N1.O. Odubanjo. lildiographical control and documentation of research and development of plantain (Musa paradisiaca).

Presented at the Plantain Workshop, IITA, January 27-29, 1976.
 
Lawani, S.M. The professional literature used hr American and French agronomists.Journal of Agronomic Education. In Press.
 
Lawani, S.M. Citation anah'sis and the quality of scientific productivity. Bioscience, 27(1): 26-31. January 1977. 
Lawani, S.M. and J. De Chantal. Report of the Aeeting of West African Agricultural Librarians and Documentalists/Compte-Rendue

de Ia Runion des Bibliothecaires et Docurnentalistesde lPAfrique Occidentale spiciaisis en agriculture. Ibadan, IITA/IDRC. (1976).
(In French and English). 

Lawani, S.M. and M.O. Odubanjo. A bibliography of yams and the genus Dioscorea. Ibadan, 19 2IITA, 	1976, vi, p. 

NEMATOLOGY 
Caveness, F.E. he root-knot nematodes, Meloidogyne spp. in Nigeria. Presented at the International Meloidogyne Project Conference, 

IITA, lbadan. 
Caveness, F.E. Limited nematode control with slash-and-burn farming. Presented at the 13th International Nematology Symposium, 

Dublin, Ireland. 

PATHOLOGY 
Akibo-Betts, D.T. and A. Raymundo. Insect pests of rice in Sierra Leone. Presented at the Sixth Annual Conference of the Agri

cultural Society of Sierra Leone. 
Allen, 	D.J. Induced resistance to bean rust and its possible epidemiological significance in mixed cropping. Presented at the Symposium 

on Intercropping in Semi-arid Areas, Morogoro, Tanzania, May 1976. 
Ezeilo, W.N.O. Control of cassava bacterial blght - the N,-'qerian experience. Presented at the First African Cassava Bacterial Blight

Workshop, IITA, Ibadan, November 1-4, 1976. 
Ezumah, H.C. and K. Sabasigari. Cassava blight control: The Zairean experience. Presented at the First African Cassava Bacterial 

Blight Workshop, IITA, Ibadan. November 1-4, 1976. 
Lozano, J.C. and E.R. Terry. Cassava diseases and their control. Presented at the Fourth International Symposium on Tropical

Root Crops, CIAT, Cali, Colombia, August 1-8, 1976. 
Raymundo, S.A., I.W. Buddcnhagcn, S.N. Fomba and D.T. Akibo-Betts. Recent advances in knowledge of rice viruses ant resistance

to a beetle-transmitted mottle of rice in West Africa. Presented at the Second Varietal Improvement Seminar, WARDA, 
Monrovia, Liberia. 

Raymundo, S.A., I.C. Mahapatra and R.A.D. Jones. Effect offertilizers on diseases and disease development on rice and 7tier crops.
Presented at the FAO/NORAD Fertilizer Conference, Njala, Sierra Leone. 

Terry E.R. Factors affecting ihe incidence of cassava bacterial blight in Africa. Presented at the Fourth International Symposium on 
Tropical Root Crops, CIAT, Cali, Colombia, August 1-8, 1976. 

Terry 	 E.R. Incidence, symptomatology and transmission of a Dioscorea spp. virus in Nigeria. Presented at the Fourth International 
Symposium on Tropical Root Crops, CIAT, Cali, Colombia, August 1-8, 1976. 
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Trerry, E.R. The diagnosis of cavsava bacterial blight disease. Presented at the First African Cassava Bacterial Blight Workshop, 

IITA, Ibadan, November 1-4, 1976. 

PHYSIOLOGY
 
Wien, 	 Hi.C. and T. T'avo. The e[fect of defiliation and remotal of reproductive structures on growth and yield of tropical grain legumes. 

Pieserited at the International Symposium on Pests and Grain Legumes, IITA, November 1976. 
Wien, 	II.C. and 1). Nangju. Thre cowpea as an intercrop under cereals. Presented at the Symposium on Intcrcropping for Scmi-arid 

Areas, NhMorogo)rI, ''anzania, May 1976. 
Wien, 	 H.C. and E.E. A\ckal. (;enetical and em'ironnental e[ects ol'pod-filling time in cowpea (Vigna uniguiculata L. lValp.) Presented 

at the 	American Society of Agronomy Meetings, Houston, Texas, December, 1976. 

WEED SCIENCE 
Akobundu, I.O. 1intnextra - .1 n-w fire-emergence herbicide for weed control in tropical crops. Presented at the Sixth Annual Conference 

of the Nigerian Society of Plant Protection. 

CROPPING SYSTEMS 
l)evos, P. Proposed standadprocedurefibr photographing plantain fir classification purposes. Presented at the Plantain Workshop, IITA, 

January 27-29, 1976. 

Okigbo, B.N. Role of lqimev in onallholdings of the humid tropics of Africa. Presented at the NIFTAL Seminar, University of 
Hawaii, August 23-27, 1976. 

Okigbo, B.N. The role ofgrain legumnes in the subhuinid, seni-arid areas ]/ tropical Africa. Presented at the SOMIPLAH Symposium, 
University of Malaya, August 19-21, 1976. 

Okigbo, B.N. Role of coter crops in soil and water consenation. Presented at the Soil and Water Conservation Workshop, IITA, 
May 3-29, 1976. 

Okigbo, B.N. Food production and mtrition, 1976. Presented at the Interface of Nutrition and Agriculture UNN/UI/IITA 
\Workshop, December 14-16, 1976. 

Okigbo, B.N. Multidisciplinar)y research inagriculture, 1976. Presented at the Symposium on Food Production in Nigeria, Univer
sity of Nigeria, Nsukka, September 1976. 

Okigbo, B.N. Plant technolog) in todaysv world and problems of continued widespread adoption in LDCS, 1976. Presented at the World 
Food Conference, Aines, Iowa, June 27-July 1, 1976. 

Okigho, B.N. Cropping schemes and rotations br rice. Presented at the WARDA Rice Traii'ing Course, July 1976. 

Wilson, G.F. and M.0. Adeniran. Studies on the intercropping of cassava wih vegetabkr Presented at the Symposium on Inter
cropping in Semi-Arid Areas, Morogoro, Tanzania, May 1976. 

ECONOMICS 
Flinn, J.C. and J.M.nHoyoux. Le bananier plantain en Afrique estimation de son importance, rentabiliti de sa recherche, suggestions 

iconomiques. Presented at the AGCD/I1TA Plantain Collaborators Workshop, IITA, January 27-29, 1976. 
Flinn, J.C. and J. Lagemann. Experiences in growing maize itsing "improved technology" in southeastern Nigeria. Presented at IITA 

Friday Seminar, June 11, 1976. 

Flinn, J.C. Agricultural economics at the International Intitute of Tropical Agriculture. Presented at the International Centers' 
Economists' Meeting, Washington, D.C. June 21-23, 1976. 

Flinn, J.C. and others. A maize production testing and technology transfer program .for Ghana. Report submitted to the Canadian 
International I)evelopment Agency, September 1976. 

Winch, F.E. The fanning .ystems progran at the International Institute of Tropical Agriculture. Presented at the Farming Systems 
Conference, Institut dEconomie Rurale, Bamako, Mali, November 15-20, 1976. 

ENGINEERING 
Wijewardene, R. Development ofa soil-type windmill with peristaltic pump fbr field drainage. Presented at the ESCAP Conference, 

Bangkok, Thailand, March 1976. 
Wijewardene, R. Appropriate technolog), in tropical farming sstems. Presented at the HABITAT Forum, Vancouver, Canada, 

June 1976. 
Wijewardene, R. Appropriate technolog), in energy eonserving farming systems for the humid tropics. Presented at Reading University, 

Reading, England, September 1976. 

NAFPP 
Ezeilo, W.N.O. The cassava program of the Nigerian Accelerated Food Production Program. Presented at tile Symposium on Approaches 

for Accelerated Food Production, University of Nigeria, Nsukka, September 1976. 

Perez, A.T., V.L. Asnani, L.G. Rothney, J.F.O. Jegede, A.T. Fasasi, A.C. Anyanwu, 1.0. Fatoba. An integrated approach to 
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accelerating production of rice and maize in. the rainforrest zone of Vigeria Presented at the Symposium on Approaches for 
Accelerating Food Production, University of Nigeria, Nsukka, September 1976. 

SOIL AND ENVIRONMENT 
Lawson, T.L. Meteorologr and measurement fmeteorolo gtcal parameters. Presented at the National Accelerated Maize Training Course, 

Moor Plantation, Ibadan, May 24, 1976. 
L.awson, T.L.On the climate of Iest lfiica.Presented at the International Meloidogyne Project Conference, IITA, June 7-11, 1976. 

SOIL CHEMISTRY 
Uzo, F.O. and A.S.R.Juo. Response of mnaie to phosphate and liming in three Ultisols from southern Nigeria. Presented at the 68th 

Annual Meeting, American Society of Agronomy, Houston, Texas, December 1976, 

SOIL MICROBIOLOGY 
Ayanaba, A. Rhizobium in tradit,,nal and modem agriculture of the humid tropics. Presented at the Third International Conference on 

Culture Collections, Bornbay, India, March 15-16, 1976. 
Islam, R.A. Ayanaba and F.E. Sanders. Response of cowpea (lVmgna unguiculata) to V.'-mycorhizal inoculation and rock phosphate

fertilization infie unsterile ,Vigerian 'oilv.Presented at the Fifth Annual Conference of the Nigerian Society of Microbiology, 
University of lbadan, December 8-10, 1976. 

Odeyemi, 0. The biochemincai mechanism ol'rhizobia resistance to pesticides. Presented at the Fifth Annual Coilference u:fthe Nigerian
Society lbr Microbiology, University of Ibadan, December 8-10, 1976. 

Aina, 	P.O., it. Lal and G.S. Taylor. Soil and crop management in relation to soil erosion in the ramiforest region of ;Vest Nigeria. Presented 
at the Soil Erosion Conference, Purdue University, Lafayette. Indiana, May 25-26, 1976. 

Aina, P.O., R. Lal and G.S. Taylor. Susceptibilities of some Nigerian soilv to water erosion. Presented at the 68th Annual Meeting 
of the American Society of Agronomy, Houston, Texas, December 1976. 

Lal, R. .Approach towards tillage research in the humnid tropics. Presented at the Seventh ISTRO Conference, Uppsala, Sweden, 
June 15-18, 1976. 

Lal, R. Influence of residue mulches and tillage methods on soil structure and i!filtration rate. Presented at the International Soil 
Science Society. Comm. Adelaide, Australia, August 2-28, 1976. 

Lal, R. and I).J. Greenland. E/Ict of initial moisture potential of a tertisol on inltration and heat of wetting. Presented at the Inter
national Soil Science Society. Comn. I. Adelaide, Australia, August 2-28, 1976. 

Lal, It. Is soil erosion a serious obstacle towards arable frming in tropical Africa? Presented at the Water Resources Conference,
Economic Commission for Africa, Addis Ababa, Ethiopia, September 18-20, 1976. 

Fox, R.L. and B.T. Kang. Some major fertility problems of tropical soilf. Presented at the Seminar, University of Hawaii, August 
23-27, 1976. 
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