


TABLE OF CONTENTS 

FOREWORD . ........................................................ III 

BOARD OF TRUSTEES······ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. V 

WEATHER AT UTA····································· ........... 1 

CEREAL IMPROVEMENT PROGRAM........................... 3 

Maize Genetic Improvement. . . . . .. . . . . . . . . . . . . . . .. . ................ . 3 
6 
9 

Maize Physiobreeding ................................................. . 

Rice Genetic Improvement ................. . 

Rice Management. . . . . . . . . . . . . . . . . . . . . . . . .. . ................ 13 

Sorghum, Millet and Wheat Program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 

GRAIN LEGUME IMPROVEMENT PROGRAM.·· ........... .... 25 

Cowpea Genetic Improvement. .. . ...... . .................... 25 

Cowpea Pathology ..................... . 28 
Cowpea Entomology ........... . . ........................... 29 
Cowpea Growth and Management ...................... . . . . . . . . . . . . . . . .. 32 

Soybean Genetic Improvement ......................... . 34 
Cooperative Programs ................................ . . .............. 38 

ROOT AND TUBER IMPROVEMENT PROGRAM· ......... .... 39 

Introduction and Research Highlights ......... . 39 
Cassava Genetic Improvement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 40 

Yam Genetic Improvement. . . . . . . . . . . . . . . . . . . . . . . . . ..... 43 

Sweet Potato Genetic Improvement. . . . . . . . . . ............... . ...... 44 

Cassava Biochemistry ........... . 44 
Yam Biochemistry .......... . . ............ 47 

Sweet Potato Biochemistry ................ . 

Entomology . . . . . . ............................................ . 

Pathology. . . . . . . . . . . . . . . . . . . . . ................... . 

47 
48 
49 



FARMING SYSTEMS PROGRAM.................. . . . . . . . . . . . . . .. 55 

Organization of Program .......... . 

Agro-Economic Studies of Farming Systems ................. . 

Benchmark Soils Studies· ................................ . 

Crop Production ........................................ . 

Pest Management .............. . 

Nitrogen Fixation· ..... . 

Soil Fertility and Management. 

56 
56 
57 
59 
66 
70 
77 

Crop Engineering . . . . . . . . . . . . ..... . . . . . . . . . . . . . . . . . .. 81 

Unit Farms· .. . . ....... 86 
l\'AFPP· ...... . 87 

VIROLOGY U~IT .................. "", ..... """., .... ".,...... 89 

GENETIC RESOURCES UNIT·····,"", .. ··,.,"', ... , .. ,",.,... 90 

TRAINING· ...... "'" ....... " ....... ,,, ............ , ......... , ..... 91 

LIBRARY AND DOCUMENTATION UNIT ... ,.", ....... ,'" ... 91 

COMML"NICA TIONS AND INFORMATION ... ,."." ... , .. "".. 92 

RESEARCH STATION OPERATION ..... ", ........ ,"" .... ,,'" 92 

PERSONNEL, , ' , ...... , , , , , ' ...... , , , ........ , , , , ... , .. , , ' , , , ...... " 93 

COLLABORATION AND TRAINING·······,"',···,··,·,",·····. 95 

CONFERENCE AND SEMINAR PAPERS.·"".,· .... ·,"',· .... , 97 

II 



FOREWORD 

~e International Institute of Tropical Agriculture has as its major task to carry out 
1.. research toward improving the quality and quantity of selected food crops of the 

humid and subhumid tropics. 

Because UTA is located in the transition zone between tropical rain forest and tropical 
savanna (at Ibadan, Nigeria) the Institute's researchers can bring their skills to bear on 
the pro blems of both zones. 

Research at IITA is centered around four major programs. Central to all the research 
effort is the Farming Systems Program which becomes the testing ground for improve
ments in materials and methods developed in the Grain Legume Improvement Program, 
the Cereal Improvement Program and the Root and Tuber Improvement Program. An 
equally important area is the Training Program which provides a wide range of oppor
tunities for the improvement of professional ability in research and development. Addi
tional research support components \vhich are essential to the productive output of the 
program are also an integral part of UTA. 

Through cooperative programs with other international agricultural research institutes, 
national programs and training activities, the improvements in materials and methods 
are made available to farmers in the tropical areas which UTA serves. 

This report has been edited for conciseness and clarity and details that some readers 
require may have been eliminated in the process. Additional information may be ob
tained by addressing a request to the appropriate program leader or scientist involved. 

W. K. Gamble 
Director Gentral 
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The highes t- yielding full sib rrZPB F.S. 138) yielded 583 1 
kg / ha which is 25 percent h ighe r than TZ PB check cuhi va r 
included in the sam e tri al. Mean of se lected 20 fam ilies was 
5 170 which is about II percen t higher than the }' icld of 
TZPB. The new se t of full sibs developed in 1977 wi ll be 
grown in 1978 for yield evaluation and fo r ini t iati ng the 
second cycle of seiL'Clion for efficien t plants. On ly those fam i
lies which give promising performance a re selected 10 initiate 
new cycle of selection agai n under low plant density. 

In addition to TZPS Composi te, F2 generation of Tropical X 
SA ge rmplasm developed in 1976 was also p lanted in 1977 

to select for e fficient plants under wide spacing. TZB and 
TZPB were used as the t ropica l ma terial a nd corn bell hy
brids as USA germplasm. 

Plants with the USA hybrid lype architecture possessing field 
tolerance to tropical rust and blight diseases were selected 
and subjccted to d ry mailer a na lys is 1O determ ine grain /stove r 
ratio. Selected fu ll sibs a nd half sibs wi ll be eva lua ted for 
yield in a replicated trial in 1978. 

Another app roach fo r achieving oc tter physiologica l efficiency 
in trop ical maize was to select for pro lific ( two ears / plant ) 
plant type. Preliminary studies show lha t frequency of plants 
with high efficiency and high yield occurs more often in the 
prolific fami lies. Plants with two good size ea rs with no or 
fe\\' unproducti ve extra ear initials or ear proliferation were 
selec ted rrom 1976 TZPB plan ti ngs. These 162 ears we re 
gTown under wide spacing (7.5 cm X 100 cm ) as hair-sib rami
lies and a sccond round or select ion ror t\\'o-cared p lants was 
done in 1977 first season. One hundred plan ts each or se
lected ears were planted as haIr-sib famil ies in 197i, second 
year under wide spacing. Selection for two-ear plants was 
done in the selected ram ilies. Selected plants were se lfed and 
se lred ears from p lants which had twO reason ably good ears 
wi ll be grown as ear- lO-row in 1978 to develop - 52 li nes 
and rull -sib ramil ies among prolific planlS. 

Developmen t of popu lations resistant to maize st reak virus. 
Since the sources of resistance iden tified in 1976 and con
firmed in 1977 were not vigorous and were agTonomica ll y 
unaccep ted , the major thrust du ring 1977 was to combine 
high-yield potential and resistance to streak. In addition to 
the twO sources or resistance, IB 32 and La Revolu tion , sev
eral o ther 5 1 and S2 lines rrom the base population TZY 
were identified which were segregating fo r a high level or 
resistance. 

All such lines or IB 32, IB 33 and IB 34 were planted in the 
screenhouse and were subjected to streak inocula t ion. Thc 
resistant plants were bulk-sibbed in the screenhouse. The sib 
seed was planted in two la rge blocks in the field as ye llow and 
white grain bulks. Further recom bination was accomplished 
by plant-to-plant se lecti ve sibbing utilizing agronomica lly 
superior plan ts. One-hundred-and-sixty .t\,,·Q ears in white and 
212 ears in yello"" bulk \"ere finall y selected and planted as 
ear-to-row using w ide spacing for ind ividual plant selcction 
in the selected families. All the 374 ears were also planted in 
the screen house to monitor the res istance to streak. Based on 
ramily reaction to streak in the screenhousc, full sibs among 
agronom ically superior p la nts were produced in both yellow 
and white populations in the field , a nd 189 ru1\ sibs in while 
and 292 rull sibs in ye llow population were finall y retai ned. 
All 48 1 ru ll sibs in white a nd yellow gTain popula tion were 
tested in a replicated yield lrial and also wcre planted in 
the screenhouse to tes t the yield potent ial and level of re
sistancc. There werc several full-sib ramilies which yielded 
more than 3000 kg / ha a nd were having a ra ting of 2.0 (re-
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Sever ;;]1 si ngle crosses of maize were prod uced by crossing 
some other int rod uced, in bred lines wh ich wcre found to 
be promising in the 1976 introduction nu rser y. 

sistant ) fo r strC<.'lk in the screcnhouse. Ten bes t ramili es in 
the white popula tion and 10 in t he ye llow popula t ion have 
been chain-<:rossed to dcvelop TZS R (w hite ) and TZSR (yel
low) composites . Enough seed of these composites is being 
produccd ro r multiloca ti ona l tes ting du ring 1978 second 
season . 

In addition. se lec tcd plants in agronomica lly superior fu ll -sib 
famil ies have been se lfed to producc 5. lines. A large n umber 
or mate rials sent rrom UTA to the nationa l maize progTam 
in Zaire a re bell er than thci r improved cult ivaI' which was 
plantcd every I;:) rows along wi th thcse materia ls. 

Conve rsion program. Seventeen high-yielding lropica l com
positcs includ ing itS, TZPB, 096EP6 and S 123 from Nigeria 
a nd 10 C IMMYT experimen tal cult ivars we re tcsted earlie r 
and found promising in Africa . UCA from Tan7.ania , C4 
fro m G hana, and Madagasca r cultivar rrom Zambia \\'ere 
se lccted for convcning these cuiti vars to streak resistance. 
The sl" cak res istant rull sibs exhibi ted epidemiological field 
res istance under natural inocula t ion and spread . 

In the scrcenhouse where inoculation is ensurcd , some F I rows 
sho\ .. 'ed uni rorm in tcrmediate reaction to st reak. where as 
many showed segregation fo r susceptibilit y. Thc agronomically 
superior plants in a ll F I ear-to-TOw were self-pollinated in 
the field . These S I lines will be grown ear-tO-row in the field 
and will be inoculated by releasi ng \,iru li re rous leanloppers 
and the selec ted p la nts in the se lected S. lines will be cTOssed 
to d evelop a new se t or rull sibs. 

Borer resi.stan ce. Two bulks, white and ye llow grained, made 
rrom the surviva l plants under high na tura l infes tation of 
StSlUnw calamtstis borer at Umudike were p lanted at Ibadan 
in 1976 and agronomically superior plants were sel rcd and 
utilized in developi ng full -sib famili es. 

Selected plants in ramilics showing a good level of rcsista nce 
in twO replications wcre eithe r sclfe<! or crossed to generate 
new se t or rull-sib ra milies and 75 full sibs in white and yel
low grain populations were finall y retained. These full-sib 
ramilies were p lanted in the replicated lria l fo r yield evalu
ation in the d ry season 1977 at Ibadan. The top .50 percem 



will be selected and the remnant seed will be planted at 
Umudike in 1978 for the next cycle of selection. 

International testing. Maize is widely grown in several 
ecosystems all over Africa with different stress situations 
limiting maize yields. An international program that aims 
to produce elite germplasm with wide adaptation cannot 
safely rely upon selection and testing in anyone location. 
International testing of full-sib families generated in two 
high-yielding base populations TZB and TZPB was initiated 
in 1977. Full-sib progenies were sent to Cameroon, Republic 
of Benin, Togo, Guinea Bissau, Upper Volta, Sao Tome, 
Sierra Leone and Liberia. 

These were also grown at Ikenne and Onne (high-rainfall 
areas), Mokwa and Ibadan (transitional and savanna areas), 
Zaria (Guinea savanna area) and Umudike in Nigeria. In 
addition, materials for specific objectives "· .. ·ere also sent to 
five countries. For example, streak resistant material was 
sent to Ghana and Tanzania, high lysine material to Liberia, 
and promising germpJasm to The Gambia and Burundi. 

Families selected by such an international testing network 
would be combined with an objective of developing a widely 
adapted Tropical 'White lntermediate Dent (TWID) compos
ite. A new set of families will be developed and sent again 
to various locations for the second cycle of selection. 

With the same objective, the 28 most promising composites, 
developed at IITA or identified through introduction nurseries 
and CIMMYT trials of 1976, were selected and tested in a 
yield trial at several locations. Table 3 gives the perfonnance 
of promising composites at two locations. Milho Maya, La 
Maquina 7422, Tlaltizapan 7322 and Poza Rica 7422 were 
found to be promising at both the locations. 

Based on these results and other observations at UTA, three 
composites designated as TZ 7801, TZ 7802 and TZ 7803 and 
two hybrids have been entered in the national zonal maize 
trial to be conducted at 16 locations in 1978 first season. The 

Table 3. Grain yield (kglha) of promising composites tested in 
1977. 

Pedigree Ikenne Samaru 

Milho Maya 3733 6021 
La Maquina 7422 3543 5945 
Tlaltizapan 7322 3486 5813 
Poza Rica 7422 3926 5715 
Poza Rica 7437 4439 4878 
TZPB 3810 4781 
Western Yellow 3162 4481 
S123 2209 5317 
LSD 5% 1219 438 

trial is being coordinated by the National Cereals Research 
Institute (NCRI), Ibadan. 

Population improvement. The recurrent selection program to 
increase the frequency of desirable genes was continued in 
1977 in the four base populations, namely TZB, TZPB, TY 
Yellow and TZ Opaque. 

TZB. Two-hundred-and-sixty-five S 1 lines developed in 1976 
were evaluated in replicated yield trial at Ibadan and Mokwa 
in Nigeria. Based on the data for yield, usable ears, ear height 
and tolerance to diseases and insects 4j lines were selected. 
Performance of the selected lines, as compared to base pop
ulation TZB is given in Table 4. Remnant seed of these lines 
was planted in the dry season of 1977 recombination. Re
combined ears will be planted in early season 1978 for selfing 
the selected plants to initiate the eighth cycle of selection in 
this composite. 

TZPB. During the first season 1977, 12j S, lines produced in 
1976 were tested in replicated trials at two locations, lbadan 
and Samaru. Twenty-eight lines were selected and remnant 
seed planted in isolation for recombination. The yield and 
other agronomic characters of some lines selected in 1977 
trial are given in Table 4. 

TZ Yellow. One-hundred-and-eighty-five S, lines of TZY 
were planted in a trial and 25 lines were finally selected. 
Remnant seed of these lines which was kept in seed store 
showed very poor germination. Open pollinated ears of selec
ted lines will therefore be used for initiating new cycle of 
selection in this composite. 

TZ Opaque. A modified S 1 line recurrent selection scheme 
was used to improve TZ02 composite. Recombined ears were 
planted ear-to-row in the first season 1977 to self the agron
omically superior plants. One-hundred-and-thirty S, ears 
were selected and these were evaluated in a replicated trial 
in the dry season of 1977. Severe lodging due to bad weather 
was experienced. Lines selected on the basis of yield and 
other agronomic characters will be used for next cycle of 
selection in 1978. 

CIMM\'T international testing. Three Elite Variety Trials 
(ELVT), namely ELVT 18, 19 and 20 received from 
CIMMYT, Mexico, were planted in the second season 1977. 
These trials could not be planted in the first season due to 
late release. All the data collected from these trials have been 
returned to CIMMYT for compilation. 

In a similar cooperative activity 160 F 1 ear~to-rows of prom
ising composites crossed to downy mildew resistant materials 
were grown at UTA in the dry season 1977, for the NCR I 
[bad an. These F 1 crosses were grown at I1TA for advancing 
to F 2 generation by selective sibbing. The F 2 seed produced 
will be returned to NCRI for further work in 1978 to produce 
populations resistant to downy mildew disease. 

Table 4. Performance of some of the selected S, lines of TZB & TZPB tested in 1977 for population improvement. 

TZB TZPB 
Yield Days to Ear Yield Days to Ear 

Pedigree kg/ha flower height Pedigree kg/ha Bower height 

30/2 4530 55 142 148/1 4875 61 108 
7111 4285 53 147 16111 4820 58 110 

150/2 426j 56 140 156/2 4585 61 105 
12711 426j 54 125 38/3 4585 56 105 
7911 4150 56 131 57/3 4440 58 103 

10011 4150 55 129 73/2 4430 60 105 
TZPB Bulk 5515 55 125 
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De"'elopment of inbred lines and hybrids. During the year 
260 S2 lines of TZB, 60 S2 lines of TZB and 61 lines from 
NCRI were grown in the top-cross nursery for crossing to 
TZPB tester. Researchers rejected 86 lines on the basis of 
field observation and 120 lines were finally retained. Top 
crosses of these lines will be tested in a trial at two or three 
locations in 1978 early season to select the top 10-20 lines 
based on their general combining ability. In the meantime, 
10 lines were selected on the basis of field observation and 
20 assorted single crosses were produced in the dry season 
of 1977 using the remnant seed of these lines. [n addition, 15 
single crosses were produced by crossing some other intro
duced, in bred lines which were found to be promising in the 
1976 introduction nursery. These single cross hybrids will be 
tested in a yield trial and compared with TZB and TZPB 
composites in 1978 early season. 

Maize physiobreeding 

During the first season of 1977. as part of the breeding pro
gram, 171 full-sib entries from within the Tropical :Maize 
Composite, TZB, were planted at wide spacing for further 
selection. During the grain fill period, 4] of these entries 
were selected on the basis of acceptable plant type with re
spect to height, plant canopy and size and number of ears. 
Within each fuil-sib, 10 individual plants were selected on 
the same basis. These 470 plants were harvested at about 
the time of black layer maturity. Grain weight per plant 
(G\V) and Harvest Index (HI) were calculated for each in
dividual plant, (grain at 12 percent moisture content, stover 
dried at 80 C to constant dry weight). The key points to 
emerge from the analysis were: 

1. GV·,r was positively and highly significantly correlated 
with total plant dry weight (PW), r = 0.8433. 

2. The regression HI on P\V gave a non-significant re
lationship, r = 0.0156. 

3. G\V was positively and highly significantly correlate<:l 
with HI, r = 0.j407. 

4. G\V was positively and highly significantly correlated 
with grain numbers per plant, (r = 0,670) and to a 
lesser extent with grain size, (r = 0.152). 

From these relationships some high-yielding plants with 
higher efficiency were identified. The high-yielding high effi
ciency group (HY-HE) were defined as those plants with 
grain weight greater than 300 g per plant and HI greater 
than 53 percent. Only 32 plants (7 percent of the population) 
were identified. Twenty-three of these plants were among the 
10 best yielding full sibs. The remaining nine were located 
in eight other full sibs. 

Data on ear height, plant height and leaf numbers above 
and below the ear showed no association of a particular plant 
type with the HY -HE group. However, one feature that was 
common to all but two of the plants was the presence of ma
ture second ears. 

Because of the association of HY-HE with prolificacy, a study 
similar to the one described above was made in a population 
bred speCifically for prolific plants, (TZPB, two-eared pop
ulation, third cycle of half-sib selection). Twenty-one entries 
were selected, \\lith 10 plants per selection. The same re
latlonships as those described earlier were found again. A 
HY -HE group of 17 plants (8 percent of the population) was 
selected on the same basis as before. Once again no particu
lar plant character with respect to height, leaf number and 
ear position or relative sizes of ears could be associated with 
HY-HE plants. 
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Since the incidence of HY -HE was of 10\'" frequency in these 
maize populations such plants could arise by chance because 
of more favorable growth conditions at random places in the 
wide-spaced planting, indicating that HY -HE may not be a 
heritable trait. 

Maize physiology 

Factors influencing yield of maize. Maize yield differences 
between temperate and tropical areas have been attributed 
in part to higher night respiration losses associated with the 
higher night temperatures of the humid tropical zone, To 
explore the advisability of germ plasm selection for low night 
respiration rates, overnight dry weight loss was measured in 
the field in a maize stand at intervals spanning the life of 
the crop. 

Mean ni~' Ie"". C 

:~~ 
II 14 17 20 23- 2E 

"''' 

" 
i 12 

• 

• 

'" 12 I~ 14 I~ 16 17 18 19 20 21 22 2~ 24 25 26 , .. 
Fig. 1. Dawn and dusk total plant dry weights of maize plants 
from 11 to 27 days after emergence. Each point is mean of 10 
replicates each of 10 plants. Each dawn dry weight is plotted 
directly under prelJl.·ous day's dusk dry weight. 

The results showed that maize in the humid tropical environ
ment is a conservative plant with respect to carbon con· 
sumption for respiration. Figure 1 shows the dusk-to-dawn dry 
weight decrease of the whole plant. Thus maize yield differ
ences between the temperate zone and the humid tropics 
cannot be attributed to high night respiration losses. Screen
ing for even more conservative carbon consumption is con
sidered to be unimportant. 

Influence of radiation on ear development and grain survi. 
val. One factor which reduces potential yield of tropical 
maize is the abortion of grains. This is observed in the field 
by the incidence of barren second ears on two-eared plants 
and by abortion of terminal grains on the cob of the first 
eaT. An understanding of factors leading to grain abortion 
and the way in which selection could be made against that 
character was required. Previous work had indicated that the 
environment of the ear with respect to radiation was of im
portance, and this was investigated. 

Two approaches were used to vary light receipt of the ear. 
Results of the artificial shading experiment showed no 
significant differences in gra~n numbers per plant irrespective 
of light receipt of the ear, but the significant increases in 
grain yield were found to be a result of thinning at time of 
silking. 

The main findings of the experiment are summarized in 
Table j. The key difference between the plant stand in the 



A strategy for achieving a better physiological efficiency in tropical maize, such as selecting for prolific plant type, is being
pursued.

Table 5. Yield and ear characteristics at maturity of maize plants groum at wide spacing (Tl), close spacing (T2) and at close
spacing thinned at silking (T3).

T

1
2
3

T

First ear

1
2
3

Spacing between
plants

1 m
50 cm
50 cm

Grain weight
per ear (g)

characteristics*

169.6 a
142.1 b
149. 1 b

thinned to 1m

No. of rows
per ear

14.1 a
14.4 a
14.6 a

% two-eared
plants

82
10
72

No. of grains
per row

40.0 a
37. 1 b
37.4 b

Grain
weight per plant*

274.1
145.6
180.2

Total no.
grains

per ear

562.3 a
533.9 b
546.9 b

200 grain
weight (g)

61.4 a
57.4 b
55.8 b

(g)

a
c
b

Second ear characteristics**

1
2
3

100.7
41.7
49.3

13.9
13.0
13.7

28.9
18.5
17.5

406.3
235.0
248.3

55.3
47.4
44.3

Values marked with same letters in a column are not significantly different at P = 0.05.

*Value of n for mean grain weight and first ear characteristics is 24.
**Values of n for second ear characteristics are 24 (T,), 2 (T2) and 15 (Y3).
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close planting (T2) and the thinned plants (T3) was in the 
incidence of second ears. Only 10 percent of the plants in 
T2 supported two ears whereas in T3, 72 percent of the stand 
had two mature ears per plant at final harvest. This was the 
source of yield improvement in T3. Table 5 shows that the 
characteristics of both first and second ears in T2 and T3 
are very similar in respect of grain numbers and grain size. 
As shown in Table 6, the percentage partitioning of dry 
weight in various plant parts was similar in all cast'S. As a 
result of thinning, there were significant increases in the 
weight of leaves below the first ear and in the lower stem. 

Table 6. Percent digtribution of dry weight in variOUg plant 
parts atfinal harved (c. time oj black lay'er formation) 
in three spacing treatments. 

Percent of dry weight in 
Core 

Leaf Stem Husk and Tassel Grain 
shank 

TI 8.3 21.0 13.1 11.8 0.9 44.3 

T2 9.2 23.5 11.0 10.8 1.1 43.9 

T3 8.1 23.5 10.8 12.3 0.9 44.1 

It was concluded that while radiation environment of the ear 
does not directly influence ear development, the environment 
of the leaf canopy immediate to the ear is very im port ant. 
I t apparently produced the additional assimilates that were 
used in grain development and probably provided some type 
of hormonal stimulus to ensure that grain survival rather than 
grain abortion occurred. 

The effect of leaf removal on wide- and dose-spaced plant
ings of maize was also examined. Leaf removal markedly 
altered the incidence of mature two-eared plants in both 
wide- and closer-spaced plantings (Table 7). Removal of 
middle leaves at time of silking had the most severe effect. 
but other treatments also reduced second ear incidence. This 
experiment did not produce any clearer understanding of the 
underlying causes of grain abortion and no information was 
gained on how the overall plant type of tropical maize should 
be modified to reduce grain abortion. 

Table 7. Percent frequency' of twoooeared plants in maize stands 
grown at 75 em and 50 cm between plantg, (Variery, 
Pioneer XI05A) with varioug leafremoval treaimentg,· 

Treatment 

No leaf removal 
Leaf removal at silking 
Lower leaf -
Middle leaf 
Upper leaf 

Leaf removal c.lO days after silking 
(dry silks) 

Middle leaf 
Upper leaf 

Spacing between plants 

750m 50cm 

50.4 41.2 

42.5 40.3 
26.0 9.2 
33.8 19.0 

37.8 31.0 
44.3 25.2 

""Leaf at first ear node called O. Nodes above, +, nodes below, 
Lower leaf was from -3, -4 and -5 nodes, middle leaf was from 
0, - J and -2 rwdes and upper leaf was frTJm + 2, + 3, + 4 nodes. 
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Maize streak virus (MSV) 
Host plant resistance evaluation. About 30,000 plants repre
senting maize germ plasm from many sources were evaluated 
in four large screenhouses. Plants were exposed to viruliferous 
leafhoppers from germination to flowering. A susceptible 
check (l."pper Volta or TZB) and a resistant check (IB 32) 
were planted every 10th and 11th row to monitor the level 
and timing of transmission and the virulence of the virus. 

Several maize populations from CIMMYT were evaluated 
for their reaction to maize streak virus. All the populations 
were highly susceptible, thus selection of tolerant plants was 
not possible. 

Several elite experimental cultivars from CIl\.1MYT which are 
high-yielding and well adapted in several African countries 
were evaluated with the idea of combining resistance and 
yield. None of the four cultivars tested had any tolerant 
plants and are at present in a conversion program to intro
duce resistance to :MSV. 

Various SI lines from Tropical Late \Vhite Dent selected 
under field conditions in Tanzania were evaluated using the 
screenhouse method and inoculation technique (48 hours with 
two vectors/plant). The entries tested were 8 1 lines whose 
field reaction to .MSV was designated as ;'slow spread." Re
gardless of the method used no tolerant plants were identified 
in any of the SI lines tested. 

De\'elopment of inbred lines. Several plant selections from 
TZ Yellow population and La Revolution have been selfed 
and tested for their reaction to MSV under screenhouse con
ditions. TZ Yellow S3 lines which have a uniform reaction 
to MSV have been produced; these will be re-exposed to 
deVelop S4 lines, and eventually selfal to establish inbred 
lines. Plant selections from La Revolution have been selfed 
to generate 8 2 lines, these lines will be selfed for two more 
generations to develop S4 lines. The reaction of several of 
these lines is presented in Table 8. 

Table 8. Reactions of S3 and Sf lines oj TZ Yellow and La 
Revolution under screenhouse coruiitiong, IITA, 1977. 

Total plan ts Severity rating 
Lines tested I 2 3 4-5 

TZ Yellow 
3-1 13 13 
3-3 14 14 
3-4 13 13 
3-6 14 14 
9-7 15 15 
9-8 14 14 
9-10 16 16 
9-11 16 16 
TZB 

(susceptible check) 14 14 

La Revolution 
2-3 II 8 3 

'2-4 14 8 6 
2-5 12 10 2 
TZB 

(susceptible check) 13 13 

Reaction of resistant selections made in Kenya and IITA. 
Selections of La Revolution, Mauritius Local 330, and Kenya 
Local 317 were tested using the screenhouse method. The 
reaction of La Revolution ranged from highly resistant to 
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moderately resistant, Mauritius Local 330 was moderately 
resistant, and Kenya Local 317 was highly susceptible. The 
IB 32, and the cross IB 32 X La Revolution (F I) from UTA 
were tested against the coast isolate of maize streak in Kenya; 
IB 32 showed little resistance. The IB 32 X La Revolution 
had 22 plants resistant to highly resistant and 12 plants sus
ceptible to moderately susceptible. 

Rice 
Genetic improvement 

In 1977, several cultivars were introduced from the Institut 
de Recherches Agronomique Tropicales et des Cultures 
Vivrieres (IRAT), \"rest Africa Rice Development Association 
(WARDA) and outside Africa, especially from the Interna
tional Rice Research Institute (IRRI) for screening and se
lection under various vVest Africa (primarily in Ghana, 
Liberia, Nigeria and Sierra Leone) ecological conditions. A 
modest hybridization program was continued especially for 
dryland cultivars. These crosses involved parents already 
screened from 1971-74 under African conditions and found to 
possess some desirable attributes, for example, blast resistance, 
iron toxicity resistance, diopsid fly resistance, pale yellow 
mottle virus resistance, etc. 

Multi~location screening and selection. Several F2 to F3 lines 
were screened and selections made under dryland, hydromor
phic, swamp and irrigated conditions. Continuous, disruptive 
and simultaneous selections are practiced within and among 
the programs in Liberia, J\igeria and Sierra Leone. 

In general selections were made against drought, iron tox
icity, iron deficiency, leaf scald, brown spot, leaf and neck 
blast, sheath blight, sheath blotch, sheath rot and other 
panicle diseases. Some of the physiological and agronomic 
characters being considered are good vigor, large panicles, big 
grain size, good grain quality, non-shattering clean grains, 
plant type and growth duration. From the three main sites 
the following lines and families were selected: 928F 9, 363F 4, 

143Fs, 64F 6. Several of these lines were higher-yielding than 
their checks; an example are some F4lines at UTA (Table 9). 

Table 9. Grain yields qf smne promising cultivars in comparison 
with os. 6 and IET.l444. 

Grain yield g/hiU 

Test Checks 
Pedigree Plant cultivars OS.6 IET.1444 

TOx 340-NIBI-Nl4-NIB T 54 43 32 
TOx 475-NIBI-N12-NIB' I 20 13 13 
TOx 490-N 17-NK7-"I1B SD 27 17 10 
TOx 500-N12-NKI-NIB' T 37 29 22 
TOx 502-N124-NK5-NIB T 28 19 21 
TOx 502-N133-NIBI-NIB' T 55 40 41 
TOx 502-N133-NK2-NIB T 57 40 41 
TOx 503-N15-NKI-NIB I 27 27 25 
TOx 504-N17-NK2-NIB I 27 14 19 
TOx 504-Nl14-"I14-NIB I 44 29 29 
TOx 504-Nl14-"IKB-NIB T 41 35 28 
TOx 507-NIB-NKl.NIB T 37 32 36 
TOx 515-N17-NKl·NIB SD 36 24 28 
TOx 515-N133-"IK3-NIB T 39 30 31 

*F3 families which wert a/so promising in Sierra Leone. 
T is Tall, J is Intermediate and SD is Semi-Dwarf. 
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Preliminary variety and advanced line trials. Several sets of 
trials were carried out under dryland, hydromorphic swamp 
and irrigated conditions. A summary of some of these follows. 

Dryland rice. Analytical screening with dense and wide 
spacing at two levels of fertility to obtain genotype interac
tions of their variables with drought and disease pressures 
showed merit in 1976 at Shonga, Nigeria and ~yankpala, 
Ghana. In 1977, 200 cultivars were evaluated at two fertility 
levels (0 and 40 kg/ha J\PK) and two spacings (rows 30 em 
and IS em apart) in comparison to LAC 23 at Suakoko. Cul
tivars Azucena, 63-83, E425, IR 3273-P 339-3, TOx Cl-47-1-
3-LS 1, Iguape Cateto, 180B/6/b, Line 13d X R75 no. 1293 
and Line 13d X Moroberekan nos. 1713 and 2117 showed 
positive response of above 20 percent to fertilization. When 
no fertilizer was applied, several locally bred lines performed 
better than LAC 23. 

At UTA in the dry season, with periodical drought, 35 cul
tivars \ .... ere tested at 30 X 30 and 15 X 15 spacing. The drought 
and disease stress were severe at 15 X 15 resulting in zero 
yield for ADNY 11, BG 90-2, BPI-76/9 X Dawn and C22. 
The cause was different: drought for ADNY 11, leaf blast for 
BG 90-2, neck blast for C22 and a combination of drought 
and blast for BPI 76/9 X Dawn. However, all these cultivars 
produced moderate yields at 30 X 30. Several other cultivars 
also showed differential performance. Colombia 1, for exam
ple, produced moderate yield at 15x 15 em, The results of 
such screening indicate that cultivars can be identified for 
different purposes such as peasant farming, large-scale farming 
and resistance to mild and severe stresses. 

Short-duration preliminary variety trial. In a preliminary 
variety trial both in Nyankpala, Ghana, Makassa, Sierra 
Leone, and Ibadan, Nigeria, cultivars were evaluated. The 
data on Tables 10, 11 and 12 show the best 10 in each loca
tion. These will be used as parents and for replicated yield 
trials in 1978. Two of the entries IB 101 and TOs 4120 were 
top yielders in two locations. TOs 4120 was free of any major 
deficiency at Makassa. TOs 4153-B-2 was top-yielding at both 
UTA and Nyankpala, Ghana. 

Medium-duration preliminary variety trial Many cultivars 
were evaluated at Nyankpala, Ghana, Makassa, Sierra Leone 
and Ibadan, Nigeria. The best 10 at each location are shown 
in Tables 13, 14, 15. LS(24)-5-NI-4 was outstanding in two 
locations. The best will enter the regular yield trials in 1978. 

Screening of promising dryland lines_ Two groups with short 
and medium growth duration were planted in Ikenne, but 

TaMe 10. Best 10 short-duration drylandlhydromorphic culti
vars screened at IITA, 1977. 

Cultivar Kg/ha Growth duration 

TO, 4153·B-2 5300 115 
TO, 4031 4790 115 
TO, 4120 4240 107 
IR 1745-225-1-1-4 4160 115 
13a'1l03F3!591 /5 /3 3890 110 
TO, 2405 3720 105 
IB 101 3570 95 
M55 3570 110 
IB 94 3490 95 
IRAT 10 3430 100 
IB 98 3400 94 
IRAT Line No. 852 2460 88 
IRAT Line No. 689 2310 88 



only the short-duration cultivars could produce filled panicles. 
The medium-duration cultivars suffered severely from drought 

Table 11. Best 10 shart-duration dryland cultivars screened at 
Maknssa, Sierra Leone, 1977. 

Rank in Yield Growth Height 
yields Cultivars kg/ha duration (em) 

IRAT 8 2535 116 107 
2 No. 2057 2072 116 101 
3 IB 96 1948 103 88 
4 IRAT Line 1713 1892 103 105 
5 TOs 4120 1889 109 88 
6 (ADNY 202) 

11/133/611/2 (check) 1836 116 82 
7 IB 101 1662 103 85 
8 E 425 1523 liS 102 
9 IB 34 1451 liS 131 

10 TOx 364-B 1423 116 III 

Table 12. Best 10 short-duration cultivars in a preliminary' 
varie9' trial. Nyankpala, Ghana, 1977. 

Growth HT 
Cultivars Kg/ha duration in em 

TOs 4153·B·2 3334 123 113 
M55 3084 122 102 
IRAT 10 3084 100 110 
IB 34 3084 108 110 
13a2 /103 Fs /591/5/3 2917 118 103 
E 425 2834 109 106 
IB 96 2667 103 110 
lAC 25 2542 110 108 
Aus 8 2500 100 119 
IB 98 2434 110 103 

Table 13. Best 10 medium-duration, dry'land cu/tu}ars screened 
at IlTA, 1977. 

Variety Kg/ha Growth duration 

[RAT Line No. 2811 4920 120 
IRAT Line No. 1840 4840 129 
IRAT Line No. 1293 4320 123 
IRAT Line No. 2057 4240 125 
IRAT Line No. 1713 4190 125 
LS (24 )-5·NI-4 3450 131 
TOx CI·13·1·5·LS I 3350 120 
E 425 3180 117 
IB 65 2940 122 
Iguape Cateto 2910 120 

Table 14. Best 10 medium-duration dryland cultivars screened 
at .MaJeassa, Sierra Leone, 1977. 

Rank in Yield Growth Height 
yield Cultivars kg/ha duration (em) 

I Ngovie 2072 119 122 
2 TOxCI-I8-LS3 1943 132 100 
3 TOxCI-9·LS3 1879 119 112 
4 LS( I )·5 Bulked 1729 119 100 
5 ROK3 (check) 1645 153 128 
6 194/1/2 1524 125 88 
7 63·83 1372 119 95 
8 M1069/1/2 1347 125 114 
9 MI33/6/1/2 1339 125 92 

(ADNY 202) 
10 C46-15 (ADNY) 1334 126 
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and brown spot in August. ~o yields could therefore be re
corded from this latter group, except from the [RATLines, 
which matured earlier than expected. 

Several entries considered promising are shown in Table 16. 
Data are means over two replications. Six entries out yielded 
the check entry TOs 4688. 

Short· and medium-duration dry land cultivars. At Abakaliki 
in Nigeria 35 short-duration cultivars and 18 medium-dur
ation cultivars were evaluated. The six top-yielding cultivars 
in each maturity group are shown in Table 17 and 18. 

Table 15. Best 10 medium-duration dryland cultivars screened 
at Nyankpala, Ghana, 1977. 

Rank in Growth Height 
yields Cultivars Kg/ha duration (em) 

I lAC 1391 4333 132 131 
2 FARO x 56/30 4167 123 108 
3 Besewar 3500 117 125 
4 IRAT 13 3333 113 95 
5 TOx 95·LS 4 2833 137 liS 
6 LS (24).5.NI.4 2833 144 III 
7 LS (1).5.2 2667 120 118 
8 Perola 2667 118 98 
9 ROK 3 2667 120 III 

10 TOx 95·LS5 2501 136 126 

Table 16. Grain yield and days to maturity of promising mtnes 
at lkmne, Nigeria, 1977. 

Grain yield Days to 
Variety (kg/ha) maturity 

E425 4760 117 
IB 94 3530 97 
IB 96 3310 92 
180B/6/b 3160 93 
TOs 4120 3090 110 
IB 95 3050 92 
IRAT Line 2811 2980 liS 
TOs 4688 (check) 2940 110 

Table 17. Grain yield days to maturi!}', height in em l!f short-
duration dryland rice at NOR CAP, AbakalikiJ 

Nigeria, 1977. 

Grain yield Days to Height 
Cultivars (kg/ha) maturity (em) 

TOs 4688 2246 107 84 
TO, 4031 2092 107 97 
IB 97 1706 98 85 
IB 98 1692 98 79 
M4 1650 113 88 
TO, 2405 1648 107 94 

Table lB. Grain yield, maturi9' and height for medium-duration 
dryland rice at NORCAP, Abakaliki, Nigeria, 1977. 

Grain yield Days to Height 
Cultivars (k~/ha) maturity (em) 

Pemla 1858 112 108 
LS (1)·18.1 1537 112 94 
lAC 5544 1404 112 99 
LS (I )-26-1 1254 112 96 
OS 6 (check) 1146 112 93 
Lac 23 1125 120 103 
TD 58 1113 112 97 





The s,,'amps usually are poorly drained and suffer from iron 
toxicity and other soil nutrient imbalances. 

Initial evaluations. During 1977, in Liberia 806 cultivars 
derived from International Rice Observation Nursery, 
\NARDA lET and RERETA were evaluated in initial eval
uation trials under inland valley swamp or irrigated 
conditions at Suakoko in comparison to IRS and Suakoko 8. 
Thirty-one cultivars appeared promising in comparison to the 
checks. Most of the promising cultivars were intermediate 
in height and medium-maturing, and fe,,,· were even tall but 
did not lodge at N60 P40 K40 fertility level. These results 
indicated that in the agro-ecological conditions of Liberia, 
high yields are not necessarily correlated with semi-dwarf 
plant type. 

Evaluation in Nigeria. In the IBRD project area of Ofiavu, 
Imo State, various fields suffer from iron toxicity, blast and 
poor water control, resulting occasionally in drought stress 
for the standing crop. From a group of 18 selected cultivars 
known to have a wide adaptability, including the local check 
cultivar IR5, five cultivars could be identified as superior to 

IR5. They were Brengut, CI68-134, l\tlahsuri improved, 
Suakoko 8(2526) and Pelita Ill. From a second batch sown 
later in the year, cultivars 4445 from Colombia performed 
best. 

In another screening, 26 entries were evaluated in about 
50 cm of water. The eight most promising cultivars are shown 
in Table 24. These, plus others, will be entered into regular 
yield trial next season. 

Evaluations in Sierra Leone. Under the non-improved swamp 
with toxicity problems at Magbobontor site in Sierra Leone, 
30 cultivars were tested including two check cultivars, Gissi 
27 and ADNY 301. Results are presented in Table 25. 

Release of Suakoko 8. A cultivar 2526, identified earlier to 
be promising for cultivation in iron toxic swamps was re
leased as a variety which was designated as Suakoko 8 by the 
Ministry of Agriculture, Republic of Liberia. This cultivar 
was superior to IRS in iron toxic swamps. Under farmers' 
field co~ditions, this cultivar out yielded IR5 by 15 to 20 
percent in Bong, Nimba, Lofa and Grand Gedeh Counties 
but in Cape Mount County and Saclepea area of Nimba 
County, IR5 was found superior. 

There are indicators that farmers prefer Suakoko 8 with re
gard to its long slender grains, better cooking quality and 
palatability in comparison to IRS but under high-fertility 
conditions, it has shown lodging. 

Irrigated rice 

f' ational rice obsenration nursery in Liberia. During the 
dry season 1976-77, 84 rice cultivars identified as promising 
in the initial evaluation trials were evaluated at three fertility 
levels (No Po K o, N40 P 40 K 40, and Nso P 80 K 80) in compari
son to IR5. Most of the cultivars showed specific adaptation 
to the fertility level and 24 were selected for yield testing. 

During the 1977 wet season, 81 cultivars were evaluated under 
three fertility levels at Suakoko, Foya, Zleh Town and Cestos 
Project in comparison to IRS and Suakoko 8. Fertility levels 
used were the same as in the dry season except at Cestos 
Project where these were modified to No Po KG> N50 P 25 K30 
KlOO P 50 Koo. Most of the cultivars tested showed promise 
in comparison to IR5 and Suakoko 8 only at one of the 
locations and at one or two of the fertility levels. However, 
cultivar.; IR2071-588-4-5-5, IR2588-132-1, BR51-118-2, C 168-
134, 4445 c, Mabsuri, IR2055-473-2-1, IR4422-2B-3, and 
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B151-b-kn-19-3~1 were superior to the check cultivars at more 
than one location. These will be evaluated in the coordinated 
yield trial during 1978. 

Table 24. Promising "swampH cultivars screened under 50 em 
depth of water at /ITA. Nigeria, 1977. 

Days to 
Cultivars Kg/ha maturity 

Improved Mahsuri 4840 135 
C4-63G 4580 130 
1M 16 4330 140 
IR 480-5-9-3-3 4050 145 
Banjul Koyo 3810 140 
Brengut 3740 130 
Tuba 3710 140 
Suakoko 8 (2526) 3680 140 

Table 25. Performance of cultivars under non-improved swamp 
at MogboiontoTJ Sierra Leone, 1977. 

Growth Reaction Reaction 
Yield duration Height to iron to 

Cultivars kg/ha (days) (ern) toxicity lodging 

2526 (Suakoko 8) 6740 145 152 R S 
Bagbadin 5568 194 169 R M 
Bakutu 5363 200 182 Y! S 
BD 2 5304 145 167 S S 
Brengut 5298 145 133 Y! R 
CP4 5215 200 182 M S 
Papanel 5097 219 182 R S 
Pamatis 4942 219 188 M S 
ROK 5 4734 149 159 S S 
ADNY 5 4566 124 113 M R 
I\1ange 2 4251 131 99 M R 
C13H3 4241 131 165 M S 
ROK 4 4225 146 165 S S 
ROK 7 4198 134 158 M S 
Indian Panel 4064 227 187 R R 
Ngovie 3884 116 143 S M 
Huallaga 3702 124 103 S R 
Parmatis 3424 200 178 Y! S 
Sokpoent 3178 219 196 R R 
ADNY 302 2763 200 186 Y! S 
M-58 2519 124 156 S R 
A3-88 2494 134 177 S M 
A2-260 2267 131 155 S R 
Check cultivars: 

Gissi 27 5380 186 149 R R 
ADNY 301 5996 200 189 M S 

R = Resistant, A1 = Moderate, S = Susceptible 

Table 26. Promising cultivars screened under irrigation at [ITA 
in comparison with BG-90-2, 1977 May sowing. 

Cultivars 

BG '66-1 
IR 26 
IR 3454-102-3-2 
IR 937-55-3 
IR 4219-35-3-3 
IR 5 
IR lB33-208 
BG 90-2 (check) 
4454 Columbia 
TOs 103 

Grain yield (kg Iha) Days to maturity 

6760 125 
6110 125 
5140 130 
4400 115 
4120 135 
4070 140 
3940 125 
3920 125 
3920 130 
3560 115 



Table 27. Promising cultivan screened under irrigation at [ITA 
in comparison with BG 90-2~ 1977 July sowing. 

Grain yield Days to 
Cultivars (kg/ha) maturity 

BG 94-2 4590 120 
IR 2688-43-4-5 4590 130 
B 4591-BN-4-5-6-3 4580 130 
IR 2035-475-2-1 4490 135 
IR 2033-435-2-1 4490 135 
IR 2863-38-1 4460 135 
IR 2035-120-3 4440 125 
IR 2153-26-3-:>-2 4410 120 
BR 51-199-1 4240 125 
lET 2885 4230 130 
BG 90-2 (check) 4180 125 
IR 2055-473-2-1 4090 125 
A 12-167-3 4020 130 
IR 2053-275-6-3 4020 135 

Table 28. Grain yield and agronomic characters of rice culti-
van in yield tn'al at Mange, Sierra uone, January 
sowing 1977. 

Grain Diseases 
yield Duration Leaf Brown Leaf 

Cultivars (kg/ha) (days) blast spot scald 

PUSA 2-21 823 112 7 5 4 
IR 1754-F5B-5 859 122 3 4 3 
IRAT 9 996 128 3 5 2 
Columbia 2 1130 132 4 5 3 
]XK 34-278 1639 125 3 5 3 
CRS 95-]R 1123 1658 137 4 4 2 
BZ 17-29 2198 124 4 4 3 
]XS 52-102 2335 122 4 4 3 
CR 138-802-10 2380 126 4 4 3 
HG 60-49 2470 132 4 4 3 
SG 61-233 2536 124 3 5 3 
]K 34-178 2835 127 3 5 3 
0] 6840 3062 134 3 5 2 
HK 32-162 3187 126 3 4 3 
73-230 3326 126 3 4 3 

LSD (0. 05) ~ 486 
CultivaT 73*230 produced the highest grain yield. 

Table 29. Grain yield of rice cultivars under irrigated condi
tions at ,Mange, Sierra Leone, June 1977 sowing. 

Cultivar 

AONY 11 (check) 
CR 70 x PANKA] 280 (CR 1003) 
CR 44-117-1 
PX] 722 (CR 1007) 
CR 70 x PANKAJ 330 (CR 1(01) 
CR 44-119-1 
CR 44-118-1 
PANKA] 
CR 44-115-1 
JAG x NC 2 (CR 1013) 
PX] 713 (CR 1010) 
CRS 95-]R 952 
PX] 609 (CR 1006) 
Jagannath 
IR 66:>-23-3-1 FI (IR841-65 x C46-15) 
JAG x NC 118 (CR 1012) 

LSD (O.05)~458 
Cultivar = 9. 9% 

Grain yield kg/ha 

2552 
2559 
2875 
2964 
2977 
3062 
3123 
3162 
3205 
3294 
3355 
3379 
3498 
3570 
3690 
3700 
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Initial evaluation trial. At lIT A, two batches of cultivars 
were screened; one contained 103 sown in May and another 
202 cultivars sown in July. Ten were selected from the former 
and 14 from the latter (Tables 26 and 27) for further eval
uations in a replicated yield trial. 

Replicated yield trials. There were many replicated yield 
trials carried out in different places especially in Sierra Leone. 
An example is a yield trial in January sowing at Mange 
(Table 28). 

During June-November at the same site some other cultivars 
were entered in a replicated yield triaL Many cultivars were 
significantly higher-yielding than ADNY 11, the check (Table 
29). 

Outstanding lines. IR1416-131·5, identified in Liberia and 
ADNY 11 reselected in Sierra Leone, as high-yielding, blast 
resistant cultivars, can be recommended for cultivation for 
improved, non-iron-toxic swamps and irrigated conditions 
with good water control. ADNY 11 was reselected from 
Colombia lines. It remained immune to neck blast for sev
eral seasons and yielded well in both irrigated and hydro
morphic conditions in "Vest Africa. 

Management 
Effect of seed soaking on dryland rice. In an experiment at 
IITA pre-germinated rice remained viable for 30 or more 
days when stored at room temperature. The seed was soaked 
for 24 hours and then incubated for a further 24-hour period 
before drying. The dried, germinated rice was seeded in a 
prepared dryland seedbed at two~ay intervals, Some yield 
reduction was noted from the plots planted five days after 
germination, but then yields were quite stable from plots 
planted through the next 15 days. The major difference in 
plant physiology was in number of tillers, and this probably 
accounts for most of the yield difference, 

Seedlings from the germinated rice emerged in two or three 
days while seedlings from dry rice planted at the same time 
emerged in five to seven days. This could give an advantage 
to the germi'nated seedlings during seasons of little rainfall. 

Yield and plant characteristic data are given in Table 30. 

Table 30_ Effect qf sowing different days after pregermination 
on growth and yield oj rice. 

Days after Tiller Panicle Total grain 
germination number number weight 

3 36 36 111 
5 31 31 86 

15 30 30 90 
17 29 28 63 
31 29 27 72 

Effect of date of planting dryland cuJtivars in Liberia. The 
response of LAC 23 (white) to the spacing and fertility level 
as affected by the date of emergence was determined. LAC 
23 emerging on June 19-20 yielded higher and responded to 
fertilization and spacing whereas the LAC 23 emerging July 
10-12 yielded considerably less and responded neither to fer
tilization nor to closer spacing. 

Effect of spacing on dryland cultivars. This experiment was 
conducted at WaITi under high-rainfall, dryland conditions 
and depleted sandy soils. 







Table 38. Effects of dates and methods of planting on rice yields 
(kg/ha) in inland swampJ 1977. 

Methods of Date of nursery/direct seeding 
planting 21.5.77 14.6.77 Mean 

Broadcast 1504 2492 1998 
Broadcast + beushening 1431 2318 1875 
Line sowing 1284 2440 1862 
Transplanting 1882 2491 2187 
Mean 1525 2435 

LSD (.05) fa' cel/ means 265 
LSD (.05) Ja. mdhods 188 
LSD (.05) )0' dates oj planting ~ 249 
CV 18.3% 

Soil amendment for iron tOXiCIty. The experiment on soil 
amendments and fertilizer treatments in Inland valley swamp 
was repeated for the second year in succession at Magbolontor 
in the wet season, 1977, on the same location. 

It can be concluded that Gissi 27, the cultivar previously 
tested and found to be resistant to iron toxicity, could be 
recommended as a replacement for BD 2 in inland swamps. 
Transplanting of Gissi 27 produced a yield just as good as 
broadcasting. For good yields, nurseries should be sown by 
mid-June and transplanting done by the first week in July. 

Different methods of direct seeding were tested against trans
planting using the cultivar BD 2. The grain yield data and 
response of treatments over control are presented in Tables 
39, 40 and 4 L Beushening had varying effects on the two 
methods of direct sowing, but none of these differences was 
statistically significant. Line sowing was significantly superior 
to broadcasting (Table 40). 

The effect of the age of seedlings on the yield of the trans
planted crop is presented in Table 41. In conclusion, line 

Table 39. Relative )'ield performance (kg/ha) of different 
methods of sowing rice in inland swamp at A-tagbo
IqnturJ J 977. 

Mean Response % increase 
grain over over 

Treatment yield (kg Iha) control control 

Broadcast (Control) 1203 
Broadcast and 
beushening 1152 - 51 4.2 
Line sowing 1445 242 20.1 
Line sowing and 
beushening 1658 455 37.8 
Transplanting 
20 Dos at random 1401 198 16.5 
Transplanting 20 
Dos 20 em x 10 cm 2043 840 69.8 
Transplanting 
40 Dos at random 860 -343 28.5 
Transplanting 40 
Dos 20 cm x 10 cm 1407 204 17.0 

Mean 1396 193 16.0 

LSD (0.05) 523 
CV 25,5% 
DOS Df!Y old seedlings 
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Table 40. Effect of beushening on the yield (kg/ha) of rice in 
inland valley swamp at MagbolontorJ 1977. 

With vVithout Mean grain yield 
Treatment beushening beushening (kg/ha) 

Broadcast 1152 1203 1178 
Line sown 1658 1445 1552 

Mean 1405 1324 

LSD (.05) for marginal means 371 
CV 25.5% 

Table 41. Effict qf age of seedlings on the yield of transplanted 
rice in inland valley swampJ Magbolontor, 1977. 

Age of seedlings 

Treatment 20 40 Mean 

kg/ha 
Transplanted at random 1401 860 1131 
Transplanting at 20xlOcm 
spacing 2043 1407 1725 

Mean 1722 1134 

LSD (.05) for marginal means 371 
CV 25.5'1< 

sowing is better than broadcasting but transplanting is best. 
Transplanting twenty-day-old seedlings is better than trans
planting at 40 days. Rectangular planting (20 X 10 em) was 
distinctly superior to random planting. 

The grain yield data presented in Tables 42, 43 and 44 show 
that the yield increased with increasing fertilizer levels up to 
N8C> P4{J K 40 . The highest responses to fertilizer were obtained 
where straw was plowed or burne,d (Table 43). 

These data indicate that liming increases the pH and reduces 
the'toxic effect of iron and increases the yield significantly, 
In addition, the incorporation of straw by either burning or 

Table 42. Effect of soil amendments on rice (Vijaya) in inland 
swamp. Mean grain yield (kg/ha), Magbolontor, 
1977. 

Treatment \Vithout Lime With Lime Mean 

SR NQP,J(., 1283 1752 1518 
N80 1479 1912 1705 
N SOP 40 1684 2167 1926 
N gOP 40K4(] 1977 2267 2122 

Mean 1606 2025 1816 

SP NoPoKo 1797 2071 1934 
NgO 1931 2141 2036 
NgJ'" 2179 2391 2285 
N goP40K 40 2363 2743 2553 

Mean 2068 2337 2203 
SB NoPoKo 1635 1948 1792 

Nao 2017 2097 2057 
NaoPw 2210 2372 2291 
N 80P..,K" 2330 2885 2608 

Mean 2048 2326 2187 

LSD (0.05) fa' cell mean ~ 312 
CV 9% 
SR Straw removed, SP = Straw pLowed 
SB Straw burned. 



Table 43. Effect of straw and lime on rice (Vijaya) yield 
(kg/ha) in inland swamp, Magboltmtt1r, 1977. 

Treatment 

SR 
SP 
SB 

vVithout Lime 

1606 
2068 
2048 

LSD for cell means = 251 
LSD for lime means = 325 
CV 9.1% 

\-Vith Lime 

2025 
2337 
2326 

Mean 

1816 
2203 
2187 

Table 44. Effect of different fertilizer levels on rice yield (kg/ha) 
in inland swamp, J\lagbolontt1r, 1977. 

Fertilizer level 

Control 

N30 
Nso P "0 
Nso P 40 K 40 

Mean 

LSD (0.05) ~ 127 

Yield 

1748 
1933 
2167 
2428 

2069 

plowing would increase the yield significantly. Finally, yields 
are increased by the addition of fertilizer up to a level of 
NooP 4QK40. 

Drainage and application of basic slag. The experiment in
volving surface drainage of the soil and the application of 
different levels of phosphorus in the form of basic slag , ... as 
repeated in the inland valley swamp at !v:lagbolontor. Two 
adjacent fields of the swamp were used for laying out 1\'1.'0 

separate experiments. One was kept in the natural condition, 
completely water-logged. The other field was freely drained 
with channels dug around each of the treatments creating 
oxidized condition of the surface soil. The cultivar Mahsuri 
was used in this experiment. 

The grain yield data and treatment response are presented in 
Table 45. 

In conclusion, surface drainage resulted in 45 percent increase 
in yield. In poorly drained swamps, application of basic slag 
alone at 40kg P 20s increased the yield by nearly 100 percent. 
For well drained soils, balanced application of NPK at 
N 40P4()K40 increased yield by 72 percent. 

Fertilizer requirement for iron toxic swamp. Fertilizer treat· 
ments involving nitrogen (urea), phosphorus (single super· 
phosphate) and potassium (muriate of potash), applied at 
different levels singly and in combination were set in an ex· 
periment in the inland valley swamp at Magbolontor in the 
wet season of 1976. Treatments involving lime alone (4 t/ha), 
basic slag alone (P 4o/ha) and control were also included. The 
experiment was repeated on the same location in the wet 
season 1977. The grain yield data and treatment responses 
are presented in Tables 46 and 47. 

In iron toxic swamp, a high dose of phosphorus is necessary 
to counteract the effects of iron toxicity and to give good 
yields. The incorporation of low levels of nitrogen (N4()) and 
moderate level of potassium (K.w to Koo) respectively also 
increased the yield significantly. 

Yield maximization. An experiment was designed using the 
cultivar ADKY 11 with treatments involving drainage, fer· 
tilizer (NgOP40K40), and soil amendments of straw (4 t/ha) 
and lime (2 t /ha). Basic slag was used as the source of phos. 
phorus. The objective was to test the effects of individual 
components of an intermediate package of cultural practices 
on the grain yield of rice in inland swamp. Two adjacent 
fields of the swamp were used. The grain yield data and the 
relative contribution of each of the main cultural practices 
are presented in Tables 48 and 49. 

Among the various production factors influencing rice yields 
in the inland valley swamp, the contribution of surface drain· 
age is the highest, followed by soil amendments (straw burn· 
ing plus liming) and fertilizer in that order. 

Sources of phosphorus. The first international trial on sources 
of phosphorus in flooded rice was conducted during the wet 
season of 1977 in the inland swamp at Magbolontor, as a part 

Table 45. Effect of drainage and application rif basic slag on rice in inland valtey swamp, Magb%ntor, wet seasun, 1977. 

Treatment 

Control 
(NJ'oKol 
Basic slag 
(P 4{)) 

Basic slag 
(P80) 
Basic slag 
(P 4()) + 
Urea (N40) 

Basic slag 
(P 40) + "C rea 
(N 40) + MOP 
(K40) 

Mean 

LSD (0.05) 
CV 

459 
10.9% 

Yield 
III 

kg/ha 

1742 

1923 

2305 

2188 

3000 

2232 

Well drained 

Response 
over 

control 
(kg/ha) 

181 

563 

446 

1258 

490 

17 

% 
increase 

over 
control 

10.4 

32.3 

25.6 

72.2 

28.1 

Yield 
III 

kg!ha 

880 

1730 

1765 

1850 

1481 

154 

Water.logged 

Response 
over 

control 

830 

885 

970 

601 

661 

% 
increase 

over 
control 

96.6 

100.6 

110.2 

68.3 

75.1 





significant effect of plant spacing on grain yield of rice culti
van; included in this study. Nitrogen showed significant inter
action with plant spacing (Table 52). 

Table 52. Effect of nitrol:en and plant spacing on grain yield 
of rice (kglha) (averaged over 5 cultivars) under 
irrigated condition, Mange, wet season, 1977. 

Spacing 

::"'Jitrogen levels 30 em x lOcm 20 cm x 10 em 

o kg/b.a 1975 2330 
40 kg/b.a 3104 3012 
80 kg/h.a 3985 3650 

120 kg/b.a 4451 3915 

LSD (0.05) fOT nitrogen leveLs within the same spacing = 339 
CV 13.0.8% 

Yield under application of N at l20 kg/ha was not signifi
cantly different from that obtained \ .... ith N80. 

Table 53. Peiformance of rice cultivars averaged over nitrogen 
and spacing levels, under irrigated ctmditions at 
.I.Yange, wet season, 1977. 

Cultivar Grain yield kg /ha 

ADNY 2 
ADNY 11· 
Mange 2 
DJ 684D 
IR 2070-464-1-3 

LSD (0.0.5) ~ 2Ie 
ev ~ 13.0.8% 

3784 
3757 
3494 
3241 
2238 

Grain yield of rice varied significantly among cultivars (Table 
53), with ADNY 2 and ADNY 11 giving the highest grain 
yields. 

Cultural practices. An experiment was initiated in the wet 
season of 1977 to evaluate various methods of seeding rice 
under irrigated conditions at Mange, Sierra Leone. 

Table 54. Effect of seeding method on grain Joield of rice (ADNY 
11) under irrigated conditions, Mange, wet season, 
/977. 

Treatment 

Line sowing in dry seedbed 
Broadcasting in dry seedbed 
Broadcasting in dry seedbed + beushening 
Sprouted seeds line sown in puddled field 
Rectangular transplanting (20 em X 10 em) in 

tb.e puddle 
Random transplanting in puddled field 
Broadcastable seedling in puddled field 

LSD (0.0.5) 
ev 

662 
9.39% 

Mean yield 
kg/ha 

4647 
4837 
5553 
4746 

4230 
4538 
4629 

Results in Table 54 lndicate that highest yield (5553 kg/ha) 
was obtained by broadcasting the seeds in dry seedbed and 
beushening at 35 days after seeding. Yield from other treat
ments was not significantly different from each other. 
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Yield maximization. This experiment was initiated in the 
wet season of 1977 to identify the optimum combination of 
cultural practices (weeding, fertilizer application and methods 
of transplanting) for rice production under irrigated ecology. 
The results (Table 55) indicated that methods of trans
planting did not significantly affect grain production. 

Table 55. Effect of weeding andJertilizer application (averaged 
over transplanting methods) on grm·n vieid of rice 
(ADNY 11) under irrigated conditions; Mange, wet 
season, 1977. 

Fertilizer treatment 

Weeding No Po Ko 

K 0 weeding 2299 
Manual weeding 2380 
Chemical weeding 2620 

Mean (kg/ha) 2433 

LSD (0.05) JOT fertiliur tn,ds 
LSD (0.05) for weeding levels 
ev 

1'\40 P40 K 41) 

240. 
323 
13.0.8% 

3604 
3612 
4177 

3798 

Mean 

2952 
2996 
3399 

Under the non-fertilizer treatment the difference between 
chemical weeding and manual weeding was not significant. 
\"'ith moderate fertilization, however, chemical weeding was 
superior to hand weeding. 

The effect of sulfur. Chlorosis of rice on transitional soils 
(between hydromorphic and dry land) has been thought to 
be a result of nitrogen deficiency. Rice was planted in soil 
from a hydromorphic valley bottom and soil from dryland 
above the valley and subjected to the two moisture regimes 
of flooding and saturation. Vv·hen nitrogen was the limiting 
factor, yield reduction was constant through the two moi!i
ture regimes. When sulfur was the limiting factor, yields 
varied greatly between the moisture treatments. Yidd reduc
tion was greatest when the dryland soil was flooded and 
when the hydromorphic soil was saturated. Yidd reduction 
was slight when the valley soil was flooded or when the dry
land soil was saturated. This will be !itudied further in 1978. 

Availability of zinc. Incorporating straw into the soil at har
vest time had no influence on the availability of zinc through 
four seasons at Ibadan, Nigeria. No significant differences 
were found in rice plots treated with NPK alone, NPK + 
straw, KPK + zinc, and NPK + straw + zinc. 

Effect or spacing. Two spacing trials were carried out with 
two different irrigated cultivars at UTA. lET 1444 is less 
leafy and more erect than BG 90-2 which is quite leafy and 
produces more tiller:s. lET 1444 showed no significant dif
ference between the five spacings but in the case of BG-90-2, 
the differences were highly significant. Highest yields were 
obtained with the closed spacing of 20 x 20 cm followed by 
the spacing of 30 x 15 cm (Table 56). 

Iron toxicity. A total of 107 cultivars including those in the 
Kational Rice Observation Nursery as well as the national 
co-ordinated varietal trials were screened for tolerance to iron 
toxicity at Suakoko, Liberia. "Cnder severe iron toxic condi
tions, Gissi 27, Suakoko 8 and IR2902-50-1-4 were resistant. 
IR5 showed intermediate to susceptible reaction 11 weeks 
after transplanting but had tendency to recover from the 
setback during the reproductive stage. 

Observations made in \ ... /ARDA initial evaluation trial (in 
moderate iron toxicity conditions at Suakoko) identified 126 



Rice pathology staff checking a medium-duration dryland rice cultivar for pale yellow mottle virus. Only a few cultivars 
are resistant to it. 

Table 56. Mean yl~e{ds (kgl hal from different spacings. 

Treatment lET 1444 BG 90-2 

40 x5 cm 5100 4800 
30 x 10 cm 5290 5 11 0 
30x IS cm 5300 5600 
25 x 15 cm 5590 5450 
20x 20 cm 5320 5940 

Total average 5320 5380 
LSD 5% 763 kg 142 kg 
CV 9.31 % 17.1 1% 

cultivars as resistant. Prominent among these were lET 29 11 , 
KLG 6987-191-P, BR51-18-2, CICA 4, B 15 1 b-kn-19-3-I , 
No. 1281 , Sci Malaysia, FARO 8, ROK 8, ROK 5, ROK 
6, ROK 7, TOs 7102, AUS 8, RR2071-586-5-6-3 and BKN 
6987-128-4. Severa] cultivars showed susceptible reaction in 
the early growth stage but tended to recover from the stress. 
These included BG35-2, RP 291-7, IR1750B-7, BR 3- 12-B I5-
33, KLG 6987-146-3P, lET 2137, TOs 2300 and IR5. 

Screening dryland rice in Sierra Leone. Twenty-three cu lti
vars out or 35 were identified to possess good overall 
adaptabi li ty including good resis tance to major diseases , 
particularl y blast. The se lected cul tivars are: M-258, AZ-261 , 

20 

Mecikan Largec, HL-58, 68 r/ b / 20/ b , LAC 5544, 13a.-Ig 
3/ 3/7 / 2, Cumba, D 4- 11 5, Gbondobai , A2-67 Gbengben, A2-
263, 194 / 112, Ngovie, Fossa, M 501212/ 2, Mutant de 217 / 1, 
DO KHAO/ EIO x 10, 13 IM50/ 4 / 2/ 2, 42 x 104/ 1080/ 4/ 3/ b, 
Mahadi kwee and M 1 069 / 112. 

Irrigated rice . Many culti vars that are resistant to blast 
during the wet season often become susceptib le in the d ry 
season in Sierra Leone. Therefore, rrom many blast screenings 
carried out in 1977 those showing good resistance during the 
dry season are or practical importance. Some of these arc 
250 lc, 24263, 2246, IR 269-26-3-3-3 (TOs 78) and IR1 72 1-
11-4-22-4. The earlier blast resistant se lections (ADNY 6, 
ADNY t I, ADNY 4) appear to still retain their high level of 
resista nce. 

Pale yellow mottle virus. Of the 124 short- and medium
duration dryland cultivars screened ror resistance , only six 
were neither resistant nor modera tel y resistant to the disease . 
The resistant cultivars are shown in Table 57. 

The relationship or the virus causing pale ye llow mott le in 
some countries in West Africa was determined by the agar 
serology lest. h was found that the Nigerian and Ivory Coast 
viruses are ident ica l or close ly related to a ll the Sierra Leone 
collections. 





duced cultivars (IR 2035-108-2, IR 1754-F5B-23, Juma 1 and 
OS6) was superior to LAC 23 or LAC 23 (white). IR 2035-
108-2, a semi-dwarf cultivar had been found to out yield LAC 
23 at Suakoko during 1976; it continued to show its yield 
superiority in the Suakoko trial but at other sites it yielded 
lower than LAC 23. The results indicate that this cultivar 
is not suited to on-farm conditions as such but it has been 
used in the breeding program in crosses with LAC 23. 

In a \VARDA co-ordinated varietal trial conducted at Suako
ko with 14 medium-duration cultivars, 4418 - an introduction 
from Colombia - out yielded LAC 23 {white). However, the 
plant type of this cultivar is not suited to peasant farm dry
land condition in Liberia. It can, however, be used as a 
parent in the breeding program. 

Although none of the short-duration cultivars (TOs 2583, 
TOs 2581, 63-83, >155, M18 and IRAT 13) was found su
perior at all locations, TOs 2581, TOs 2583 and IRAT 13 
were found to be higher-yielding than others at Suakoko, Zleh 
Town and Voinjama. However, IRAT 13, 63-83, ~55 and 
.M 18 were again observed to be highly susceptible to the 
sheath rot and sheath blotch diseases in Liberia, and their 
yield was reduced. Some of these lines have been crossed 
with LAC 23 to combine their high yield potential with 
disease resistance. 

Irrigated rice. In Liberia during 1977, medium-duration elite 
cultivars were evaluated on multilocation basis in replicated 
yield trials under upland and lowland conditions. The seven 
sites of Suakoko, Foya, Kolahun, Voinjama, Bong Mines, 
Zleh Town and Cestos Agriculture Project were selected be
cause of their importance in rice research and deVelopment 
activities. 

Varietal trials under lowland conditions. Among the medium
duration cultivars (130-150 days) evaluated, none of the 
cultivars was superior at all the locations; however, cultivars 
IR 2071-586-5-3, Brengut, IR 2055-473-2-1, Improved rvlahsuri, 
IR5 and Suakoko 8 were found promising enough to be 
tested in the on-farm trials (Table 59). Improved Mahsuri, 
Suakoko 8 and Brengut are semi-tall to tall, have moderate 
tillering and medium-long to long (26-28 cm) panicles, where
as the other cultivars have semi-dwarf to intermediate-height 
and medium to medium-long (24-26 cm) panicles. All of these 
cultivars showed resistance to moderately susceptible reaction 
to the major stress factors of neck blast, sheath rot, sheath 

blight, glume discoloration, leaf scald and iron toxicity. Ex
cept at Suakoko during dry season, none of the cultivars was 
significantly higher-yielding than IRS. 

In a \VARDA co-ordinated varietal trial, Improved Mahsuri 
was promising among medium-duration cultivars. 

Among the short-duration cultivars (less than 130 days) none 
of those tested showed consistently superior performance at 
all the locations. However, some ofthe short-duration culti
vars IR 2053-94-1-2, CR 12-178, IR 2053-407-2-1, IR 2035-
120-3 and CS 5 yielded higher than others. In general, yields 
of short-duration cultivars were lower than the yields of 
medium-duration cultivars during the wet season. It appears 
that under the prevailing agro-ecological conditions in Liberia, 
the medium-duration cultivars are better suited in the wet 
season and short-duration cultivars may be useful for the 
dry season where there is a possibility of water shortage dur
ing the latter part of the season. 

Trials in Nigeria. The transfer of technology in Nigeria is 
handled by the ='ligerian Federal Ministry of Agriculture and 
UTA cooperates. TOs 78 (IR 269-26-3-3-3) and TOs 42 (IR 
665-79-2) are among UTA's nomination in the on-the-farm 
trials in 1977. These two lines have entered multilocation 
phases in some states in the country for large-scale farming 
under irrigated conditions. TOs 103 (IR i90-35-S-3) has been 
multiplied for large-scale planting in a project in Anambra 
State. 

Trials in Sierra Leone. Under the All Sierra Leone Coordi
nated Agronomic Trials on farmers' fields, several experi
ments on rice were conducted in various ecologies to study 
the impact of new cultivars and production technology de
veloped at the Rice Research Station, Rokup\, on rice yields 
under the four ecosystems: uplands, inland swamps, mangrove 
swamps and bolilands in Sierra Leone. The program was 
mostly confined to inland swamps during 1977. The summary 
and conclusions from these trials are highlighted below. 

Under improved practices of cultivation which consisted of 
application of fertilizer (l"60P wKto kg/ha), line sowing and 
weeding, there was an improvement in rice yields as com
pared to traditional practice of cultivation, whether it was 
the farmers' cultivar or an im proved one. 

On uplands, ni tragen application between 20 and 100 kgN /ha 
gave a response of 20 to 15 kg per kg of K applied. Response 

Table 59. Performance oj some medium-duration rice cultivars evaluated under irngated conditions in national co-ordinated varietal 
trials, Liberia, 1977. 

Suakoko Yield (kg/ha) 
Dry Wet Zieh 

Cultivar season season Voiniama Kolahun Town Mean 

IR 2071-586-5-3 4811 4816 5110 5776 5940 5291 
IR 2071-588-1-6 4243 4570 5336 4776 4731 
IR 2071-105-7 4107 3634 5150 4000 3394 4057 
IR 2071-588-3 4089 4376 5464 4400 1122 3890 
IR 1416-131-5 3950 3350 5904 3900 3813 4183 
IR 2055-473-2-1 3765 6176 5252 4425 4904 
Brengut 3783 3690 4600 6000 6586 4932 
IR 2070-575-5 3557 4570 5670 4024 4029 4370 
Improved Mashuri 3896 5998 4682 4725 
Suakoko 8 4259 4936 5770 5040 3357 4672 
IRS check 3448 5086 5252 5824 4376 4837 

Mean 3992 4457 5463 4899 4172 4599 
LSD 1074 1294 1188 978 
CV (%) 20 22 15 14 
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For 1977·78, a field program of varietal and management 
minikits and production kits for the northern states was 
finalized. 

Training. Six in·service training courses were conducted at 
different locations in the northern states and were attended 
by about 200 participants. Six members of the extension staff 
successfully completed a sorghum/millet production course 
at [eRISAT, Hyderabad, India. 

The common practice of retaining excess water after irrigation 
was adopted in Kana. One of the treatments in Sokoto was 

~looPO (split), which gave a yield of 1680 kg/ha. 

The frequency and duration of harmattan during the grow
ing season was more favorable than in the previous year, 
hence the farmers had a good harvest even in cases of delayed 
planting. 

Table 62. Fertilizer minikit (yield kg/ha). 

No. of N5oP25 
State 

Kana 

Borno 

Sakata 

P means PlO,. 

Location 

. Hadejia 
Kazaure 
Dambatta 
Kadawa 

Daya 

3 sites 

kits split 

lO 1215 
3 951 
3 1260 
6 2287 
3 1454 
6 
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]n general, the trials in Borno and Sakata appeared better 
organized with better results. Shortage of water at critical 
stages of growth and poor management in general contributed 
to poor crops in Hadejia, Kazaure and Dambatta areas in 
Kano State. 

Cultivar 301 x Son-Pi appears promising compared to the 
traditional Siette cerros, and it has been planned to further 
test it in trials in 1978. Its bread making quality is being 
checked at Oshodi in Lagos and if acceptable, the cultivar 
may become popular. 

The response to fertilizer dose K 1001'50 (N in split application) 
does not seem to have improved over single basal application 
of the same dose at Kadawa, considering the high soil 
permeability and high frequency of irrigation, this appears 
to merit checking during the next season. 

The farmers apparently drained all the plots after irrigation, 
hence the poor drainage plot did not suffer as expected. 

N looP 50 NlooP50 
all at Nlooi'50 N15oP15 (farmers' 

sowing split split practice) 

1677 1815 1215 1846 
2lO0 1248 1186 1087 
1569 1581 1260 1433 
3468 3011 3104 2845 
1627 1600 1653 1320 
1950 1761 1389 





Table 1. Cowpea Preliminary Yield Trials, 1977. (Seed.)!ield kglha.) 

Ibadan (F) Onne (F) Ouagadougou 

Trial 1 

VITA-l B19 B71 1137 
VITA-4 1382 25B 1198 
VITA-5 746 17 1326 
He Brown B90 254 1079 

TVx IB39-02F 1535 1553 1230 
TVx 199-02F 1970 1026 1655 
TVx 1461-01F 2245 1064 1300 
TVx 224B-OIF 1560 1141 2035 
TV x 2283-02F 1340 1151 1805 

Trial Mean 1120 629 1246 
S.E. 219.0 155.B 2B4.2 
C.V. 27.7 32.3 32.3 
Trial 2 

VITA-l 6B5 524 920 
VITA-4 1368 231 1495 
VITA-5 760 32 1208 
Ife Brown 833 305 1262 

TVx 12-01F 376 515 735 
TVx 3122-06D 1370 554 1875 
TVx 2949-0lD 15BO 674 1500 
TV x 2907 -08D 1190 804 1500 
TVx 1905-01F 1500 708 1273 
TVx 2719-03D 1045 1047 1290 

Trial 1tlean 401 496 118B 
S.E. 219.8 13B.4 266.1 
C.V. 34.5 39.5 31.7 

Particular attention is drawn to the strap- or narrow-leaved 
lines (indicated by (s) in the table) which were among the 
highest yielders in both trials in which they were included, 
suggesting a real advantage over traditional broad-leaved 
types. In Trial 1 TVx 289-4G averaged 1400 kg seed/ha, 29 
percent higher than the controls. 

However, there were highly significant interactions between 
the lines and their environments. Much of the variation could 
be accounted for by the regression of individual cultivars on 
environment mean yields which indicated that VITA-I, for 
example, does not appear to respond to improved conditions 
while TVx 2713-2C and some other lines are relatively better 
than average in these situations. 

Population improvement. Population improvement methods 
involving genetic male sterility are being used to develop 
recurrent selection methods in a naturally self-pollinated 
crop. The system involves sub-populations selected for spe
cific characteristics such as disease and insect resistance, and 
seed protein, from which lines are incorporated in to back-up 
or main populations to upgrade agronomic characters before 
entering the routine breeding and testing program. The 
generalized system is illustrated in Figure 1. 

In 1977 the disease, insect and back-up populations underwent 
their fourth, second and fifth cycles respectively. The number 
of crosses achieved totalled more than 100,000. Single plants 
selected from the back-up population in 1976 were advanced 
to F ~ generation in non-replicated rows; single plants selected 
in 1974 were tested in yield trials in two seasons at Ibadan. 
One line, 4R-0267-01F, was the second highest yielder in 
the Advanced Yield Trials of erect lines and is being multi
plied for Uniform trials in 1978. 
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Gusau 

924 
762 
746 
709 

949 
1179 
1047 
1247 
749 

773 
238.6 

43.7 

857 
822 
673 
483 

385 
781 

1120 
884 
868 

1040 

745 
229.8 
43.7 

2nd 

Dry 

1st Yield tests 

/lid 

2nd 

other 
Specialists 

Funtua Mokwa 

346 411 
348 396 
438 273 
152 433 

725 705 
334 605 
670 250 
251 285 
566 325 

358 369 
162.7 140.9 
64.3 54.0 

579 622 
274 692 
606 680 
437 685 

479 26B 
1190 640 
660 760 
624 545 
541 735 
505 885 

641 572 
208.0 112.2 

63.B 27.7 

'" 

F = Fertiles 
S = Steriles 

Ibadan (S) 

62B 
672 
699 
714 

1190 
795 
940 
850 
880 

671 
141. 2 
29.B 

973 
490 
510 
675 

375 
980 
720 

1055 
945 
715 

684 
167.9 
34.7 

Fig. 1. Generalized jHJpulation improvement ~.stem. 

Mean 

734 
717 
606 
604 

1127 
1081 
1074 
1053 
974 

742 
767 
639 
669 

445 
1044 
1002 
943 
939 
932 

Disease 
Free 
Conditioos 

High 
Pollinator 
Activity 

Intercropping. Thirty lines were grown as a sole crop and 
in association with cereals at UTA (second seasons) and 
Funtua in northern Nigeria and Ouagadougou (Upper Volta). 

In the first season at Ibadan, sale crop cowpea was compared 
with cowpea and maize sown simultaneously. Owing to 



Table 2. Cowpea Advanced Yield Trials, 1977. (Seed~Jlield kg/ha.) 
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Trial 1 (Spreading) 

VITA-l 978 1044 1167 578 464 1972 960 1272 1201 1071 
VITA-4 1140 443 1830 657 270 1713 1113 1438 1776 1153 
VITA-5 1448 112 1379 745 325 1485 1195 1400 1149 1026 
Ife Brown 1698 990 1762 445 154 1562 1038 1536 1120 1145 

TVx 289-4G (S) 1915 1394 2549 715 776 1415 893 1701 1148 1415 129 
TVx 1948-01F 1985 1484 1631 712 269 1339 1245 1662 1455 1339 122 
TVx 1997-3D 1993 727 1635 559 375 1296 1543 1751 1459 1296 118 
TVx 33-1] (S) 1983 1281 ·1960 654 383 1256 931 1675 1192 1256 114 

Trial Mean 1498 901 1781 601 329 1401 940 1438 1321 
S.E. 155.1 76.4 272.7 104.1 89.4 126.0 109.1 89.5 84.7 
GV. 20.7 20.8 26_5 42.4 66.5 22.0 28.4 15.2 15.7 

Trial 2 (Semi erect) 

VITA-l 59 619 1428 1319 259 1473 991 1456 1324 994 
VITA-4 213 196 2083 1059 37·9 1213 1123 1746 1592 1067 
VITA-S 108 0 1637 1403 419 1212 1049 1441 1265 948 
Ife Brown 680 470 1738 830 194 908 759 1502 694 864 

TVx 1952-01E 30 700 1942 1396 376 1835 1036 1414 1429 1129 117 
TVx 332-4G (S) 482 213 2382 1154 420 1228 863 1642 1064 1050 108 
TVx 1850-01E (S) 982 895 1938 1124 443 1090 549 1358 644 1000 103 
TVx 944-02E 776 599 1318 869 468 710 1072 1524 1285 959 99 

Trial Mean 483 525 1501 862 256 960 860 1361 
S.E_ 74.2 76.7 161. 7 131.1 51.9 142.2 104_9 87.2 
GV. 37.6 35.8 17_7 37.3 49.7 36.3 29.9 15.7 

Trial 3 (Erect) 

VITA-l 236 604 1093 417 1548 616 1314 971 910 
VITA-4 360 309 1250 276 1092 901 1161 1433 868 
VITA-5 426 I 1410 439 1062 917 1352 693 860 
Ife Brown 866 578 1467 210 940 1152 1582 1041 976 

TVx 7-4K 1276 1377 2070 300 1047 901 1115 925 1103 122 
4R-0267-0IF 1575 1072 2007 454 925 710 1362 901 1080 119 
TVx 1576-01E 784 963 1600 319 1060 1088 1597 1219 1079 119 
TVx 1841-01E 1089 1153 1523 330 1093 953 1443 976 1042 115 

Trial Mean 846 694 1403 301 764 775 1300 832 
S.E. 104.7 79.5 138.8 54.9 143.9 82.7 108.8 108.2 
GV. 30.4 28.1 17.1 44.7 46.1 26.2 20.5 

insect damage the data were variable and although significant Table 3. Cowpea maize intercropping trial, [badan, 1977. 
differences in seed yields were recorded between cuItivars 

(Cowpea seed yield kg/hal there were no interactions between cultivars and cropping 
systems. Time of sowing 

In the second season at Ibadan cowpea was sown on two 
System cowpea 

dates; at the same time as maize and when maize reached Sole Vv"ith At 
anthesis. Significant differences in seed yield were recorded Accession Intercrop crop maize anthesis 
between cropping systems and cowpea cultivars and there 
were significant interactions between cultivars and sowing TVu 1460 1525 1206 1342 1388 
dates. The extremes of response to cropping systems are TVu l593 1087 1207 925 1368 
shown in Table 3. TVu l258 1044 1152 1143 1052 

Vegetable cowpea. Six green-pod vegetable~ climbing cowpeas 
TVu 1552 1041 1153 832 1362 

were tested in yield trials at Ibadan (second seasons), Onne 
TVu 420-IB 1029 1119 1111 1037 

(first season), Umudike and locations in the Gambia, Liberia TVu 6433 534 1049 688 896 

and Trinidad. 
TVu 3518 723 1690 1135 1278 
TVu 1630 531 1438 1055 913 

In Onne (Port Harcourt) five of the lines were affected by S.E. ± 131.5 
a whitefly-borne golden mosaic; only TVu 3654 exhibited 
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any tolerance to the disease. The data from the first season 
trial at Ibadan are summarized in Table 4. 

Table 4. Yields of vegetable gpe coupea. (Ibadan. first season, 
1977.) 

Yield 
green pods Taste 

t/ha ranking Sugars 

TVu 1209 27.73 5.0 4.8 
TVu 2176 25.81 3.0 4.4 
TVu 3398 24.17 2.3 4.8 
TVu 6493 23.77 2.6 4.3 
FARV 13 23.67 1.0 6.8 
TVu 3654 19.55 2.8 5.9 
S.E. 1.31 .39 

Green pod yields of nearly 30 tlha were obtained from TVu 
1209 with TVu 3654 producing the lowest yields. Taste tests 
indicated, however, that TVu 1209 \\/as least prererred while 
FARV-J3 was the most acceptable to consumers. The lines 
differed significantly in total sugar percentage and there 
were indications of a correlation between taste ranking and 
total sugars. Data from the other locations are yet to come. 

Disease and pest management
Pathology 

During 1977, emphasis continued to be placed on the iden
tification of multiple virus resistance in cowpea, and on early
generation screening of cowpea breeding material. 

Work was begun on the etiology and epidemiology of whitefly
borne virus diseases in legumes. Results from cooperative 
\ .... ork at CIAT have provided evidence that a golden mosaic 
in lima bean in Nigeria is closely related serologically to the 
bean golden mosaic virus \\-'hich has been purified and shown 
to possess doublet particles. A golden mosaic of cowpea in 
southeastern Nigeria has been shown to be transmitted by 
whiteflies; similar symptoms have been observed in cowpeas 
in Kenya, Tanzania and ~iger. Cowpea (yellow) mosaic virus 
was serologically identified from cowpeas in a farmer's field 
in Togo and southern bean mosaic virus was similarly found 
in the Guinea Savanna of Ghana. 

Recent cooperative work with the University of Ife has con~ 
centrated on the greenhouse screening of elite multiple disease 
resistant lines in the International Cowpea Disease Nursery 
(ICDN) for resistance to southern bean mosaic virus (SBMV), 
cowpea aphi~-bome mosaic virus (CAMV) and cowpea 
mottle virus (CMeV). Twelve lines combine resistance to 
cowpea (yellow) mosaic virus (identified previously) with 
SBMV and CAMV resistance, while five lines possess resis
tance to all four viruses. Field screening during 1977 first 
season at lIT A's high-rainfall station at Gnne, Port Harcourt, 
has identified numerous sources of resistance to the whitefly
borne golden mosaic which is epidemic at Gnne. Three lines 
have been found to possess resistance to all five viruses which, 
together, are amongst the most important in African cowpeas. 
These results are summarized in Table 5. 

The cooperative work in the University of He on resistance 
to SBMV is reported fully elsewhere, and a report of results 
from the ICDN for 1975-77 is being compiled. 
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Table 5. ,Yultiple virus resistance in cowpea. 

Resistance 1\0. of lines Source (TV u) 

CYMV 93 
CYMV+SBMV 26 
CYMV+CAMV 16 
CYMV+CMeV 17 
CYMV +SBMV +CAMV 12 
CYMV + SBMV + CAMV 

+CMeV 5 393. 493, 1888, 1948. 2755 
CYMV + SBMV + CAMV 

+CMeV+GM 3 393, 493, 2755 

CYMV 
SBMV 
CMeV 
CAMV 
GM 

Cowpea (Yellow) ,'Vosaic Virus 
Southern Bean Mosaic Virus 
Cowpea Mottle Virus 
Cowpea Aphid-barril j\1osaic Virus 
Golden .MosalC (a whit41y-bome disease) 

The ICDN, grown in 20 countries to date, is in its fourth 
year. It was established to identify broad-spectrum, stable 
resistance by exposing lines found to possess multiple disease 
resistance under Ibadan conditions to various environments 
and pathogen populations. Essential reports received so far 
are summarized here. 

Locations have been found which favor the development of 
natural epidemics of certain diseases not present at Ibadan; 
testing at these sites has permitted the identification of 
resistance which is additional to those already reported. Thus, 
trials in Malawi and Zambia have demonstrated the wide
spread susceptibility of the current ICDN lines to Ascochyta 
blight which is a locally devastating disease in parts of eastern 
Africa. Three entries appear to possess low susceptibility to 
Ascochyta. The identity of these lines, and of others found 
to be resistant to other locally important diseases including 
Fusarium wilt, root knot nematode and Synchytrium are shown 
in Table 6. The number of lines which mmbine some of 
these additional resistances with resistance to six major 
diseases is summarized in Table 7. Thus, lines ha .... e been 
identified possessing combined resistance to at least eight 
fungal and bacterial pathogens, some of them additionally 
being resistant to viruses. 

Table 6. Newl.J· identified sources of resistance to disease in 
cowpea. 

Disease Location 

Ascochyta* Zambia 
Fusan·um Wilt Nigeria 

Fusan·um Root Puerto Rico 
Rot 

Phakopsora Rust :r\igeria and 
Uganda 

Root Knot Nigeria 
Synchytrium Uganda 

*Low susceptihiilty. 

Source (TVu No.) 

4536. 4569, VITA·5 
1Og..2. 347, 984, 1000, 
1016-1 
202, 231·2, 243. 266-1, 
274,310,316,393,408·2, 
1563 
612, 1258·1, 1962, 
2455·2, 4540 
264·2. 401. 857, 1560 
43, 222, 612, 647, 984, 
1081, 1330. 2331, 2480, 
2897. 3433, 4535, 4537. 
4544, 4j45, 4546. 4569, 
6666, TVx 157·IE 

Differential reactions have been obtained with several major 
diseases including anthracnose, rust, powdery mildew and 
bacterial blight. Similar differential responses have been 





Table 9. Cowpea cultivars identified as resistant to insect pests in NigeriaJ IlTA, 1977. 

Cultivars 

Resistant 
to 

Jnseet pests plant part Resistant 

Leafboppers, 

Empoasca sp. Foliage TVu 37, TVu 59, TVu 123 
TVu 662, TVu 1509, VITA-3 

Aphids, 
Aphuls Foliage TVu 57, TVu 134, TVu 157 
~TaCCll)OTa TVu 191, TVu 200, TVu 266Pj, 

TVu 310, TVu 408P" TVu 410, 
TVu 801, TVu 2000, TVu 2657, 
TVu 2755, TVu 2845, TVu 2896, 
TVu 3273, TVu 3346, TVu 3433, 
TVx 337-3F, TVx 41B-1F 

Thrips 

Mega(urothrips Flower TVu 1509, TVu 2870 
sjosledti buds 

Pod borer, 
Maruca Stem TVu 946, VITA-5 
testu/alis 

Pod borer, 
Cydw 
p~')!chora Seed 

Pod sucking bug, 
Acanthomyia sp. 

Cowpea weevil, 

Callosobruchus Seed in TVu 2027 
maculatus storage 

Pod sucking bugs. The germ plasm collection was also screened 
in the field for resistance to a complex of pod sucking bugs. 
Eight cowpea cultivars showed resistance to damage (fable 
9). These cultivars along with a local check were subsequently 
tested for resistance in replicated field trials in which plants 
were protected up to 40 DAP by spraying N uvacron at 400 
g a.i./ha per application at 15, 30 and 40 DAP. Maize and 
tall pigeon pea plants were planted in the field for attracting 
A. curvipes and R. tkntipes for egg laying. The results confirmed 
that the eight cultivars identified in the initial screening were 
moderately resistant. 

Insecticides-high-volume application. Nine insecticides were 
compared for control of cowpea pests (Table 10). All were 
applied at 500 g a.i./ha except for the synthetic pyrethroids
Decis, Ambush and Sumicidin which were applied at the 
rate of 25.0, 50.0 and 100 g a.i.lha respectively. Insecticides 
were applied at 25, 35, and 45 DAP on Prima cowpeas. The 
number of leafhoppers, and the damage caused by flower 
thrips and pod borers were significantly lower in all the 

Table 10. 

InseClicidc 

Sumicidin 
Ambush 
Decis 
Nuvacron 
Actellis 
Versuchs 
Miral 
Baygon 
Viydate 
Control 

S,E, 
C,V, 
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Moderately Early maturity 
resistant escape mechanism 

VITA-I, VITA-4, 
VITA-5, ER-1, 

TVu 2740, TVu 3509 
VITA-1 

TVu 503, TVu 2870, TVu 946, 
TVu 3346, TVu 3903, TVu 6863, 
TVu 7133, TVu 7134, ER-1, 
TVu 7138, TVu 7274 ER-5, 

ER-7 

TVu 1509, ER-7 

TVu 2994, TVu 3709, TVu 946 
TVu 3799, TVu 4328, 
TVu 4579 

TVu 4049, TVu 4052, 
TVu 4546, TVu 4596, 
TVu 4601, TVu 4621, 
TVu 7274, VITA-4 

Efficiency of different insecticides applied as high-
volurru! spray against cowpea Justs. Second seasonJ 

1977, IITA. 

g, aj,/ha No. of 'I:} Damage by % Damage of 
pee leafhoppers thrips on pod borer Yield 

application per plant flower buds on pods kg/ha 

100 21. 7 15,0 4,7 577 
50 15,0 10,0 15.7 518 
25 16,0 8.7 25,0 412 

500 15,0 7,7 43,7 403 
500 14,3 8.7 38.3 374 
500 18. 3 10,0 56,3 298 
500 11.7 7.0 28.3 269 
500 21.7 15,0 42,0 139 
500 10,0 9.7 51,0 116 

66,6 32.7 100,0 0 
L3 1,0 1,6 15.8 

33,9 47,2 28.8 23,8 





Storage pests. From the entire germplasm and several hun
dred breeding lines screened for resistance to cowpea weevil, 
Callosobrnchus maculatus infestation in storage, one cowpea 
cultivar, TVu 2027 was identified as resistant. Insect in
fecundity and growth on TVu 2027 and other cowpea culti
vars are indicated in Table 14. The resistant cultivar TVu 
2027 had about 20 percent infestation while the other culti
vars had 66 to 91 percent infestation. Its loss in weight 
during storage was only one-fifth of that suffered by seed 
of other cultivars. Studies conducted at the University of 
Durham indicate that seed of TVu 2027 contains about 
three times as much trypsin inhibitor as seed of other culti
vars. Trypsin inhibitor is destroyed when the seed is cooked 
and therefore does not detract from the value of the seed 
as human fO'locl. 

Table 14. Resistance to cowpea weevil, Call()$obruchus macula-
tus storage. 1977, llTA. 

:Mean number % Loss in seed weight 
of eggs laid % Larval 45 days after 

Cultivar per female survival infestation 

TVu 2027 50.0 21 14 
VITA-l 44.8 72 54 
VITA-3 63.3 65 50 
VITA-4 48.3 76 62 
VITA-5 46.5 92 62 
Ife Brown 49.5 68 53 
Prima 56.8 76 61 
S.E. 4.9 3.9 0.45 

Table 15. Days to first flnwer ~f 29 cowpea liru:s sown on 
three dates at lIT A (70 0 N Latitude) and exposed 
to artificially extended photoperiod (13)> hTs.) on 
one of these dates Uanuary 1977). 

Dat~ so",n January April 30 Aug. 
Pholop!"riod 

Number 40 day~ after 
of lines SOWIn!!"' 12:16 13:30t 12:53 12:19 

V cry sensitive 10 45 >60 >100 61 ** 
Moderately sensitive 9 40 >60 >100* 49 
Sensitive 4 40 >60 39 45 
Slightly sensitive 3 46 50 44 49 
Insensitive 3 39 37 38 45 

tartificialiy extended photoperiod 
*natural dorlength increasing. Some plants flowered, and became 
vegetat/lle again. 

Uvegetative untii late October. 

Growth and management 
Phenology of cowpeas. Flowering of Nigerian cowpea had 
been demonstrated to be cultivars controlled by their response 
to photoperiod, local cultivars flowering at the end of the 
rains at their latitude of origin. Because in vVest Africa the 
rains begin later and finish earlier with distance north and 
inland from the coast local cultivars of cowpea exhibit dif
ferent degrees of photosensitivity depending on their origin. 

To examine the response more closely, 29 lines collected from 
latitudes 5°N to 15°N in Nigeria and Niger, were sown on 
six dates during the year at UTA (7°N latitude) and on 
two dates at three locations further north. From observations 
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on these lines and on five standard cultivars at IITA, five 
categories of photoperiod response can be distinguished 
(Table 15). The most sensitive Lines failed to flower when 
sown in April; when sown in August they did not flower 
until late October. Moderately sensitive lines began to flower 
when sown in April, but as the daylength increased they 
became vegetative again. Sensitive lines flowered and set fruit 
in natural day lengths ,"vhenever they were sown, but did not 
flower in the artificially extended photoperiod (13 1/2 hI'S.). A 
131f2-hr. photoperiod delayed flower development of slightly 
sensitive lines by 4-10 days but had no effect on flowering 
date of insensitive cultivars. 

Data from these studies at !ITA and at one other site have 
been used to estimate the date and hence the photoperiod 
at which induction of reproductive growth occurs. For this 
it was assumed from other observations that the interval 
from initiation to anthesis is 31 days. No correction for 
temperature has been made since night temperatures at the 
two sites differed by only 2°C. The calculation showed that 
very sensitive lines initiated flowers at a photoperiod of 12 
hrs. 31 mins., or shorter; moderately sensitive lines at photo
periods of 12 hrs. 50 mins., or less. 

Cultivars from northern latitudes were usually the least 
sensitive to photoperiod, but included a few very sensitive 
and moderately sensitive lines. These would yield well only 
in seasons of abnormally prolonged rain or if sown on soils 
with a large water storage capacity that would allow them 
to continue growth beyond the end of the rainy season. 

Yield physiology. To investigate whether light limits the 
yield of cowpea in the field at Ibadan, the broad-leaved 
erect cowpea cultivar TVx 1193-10F was grown in rows 1 m 
apart with white aluminum reflectors placed to direct radia
tion into the base of the canopy. Light from the reflectors 
amounted to 25 percent of incident radiation during the 
middle of the day, compared with 6 percent from bare soil. 
Although there was no significant effect on plant dry weight 
or leaf area, the reflectors produced a 10-percent yield in
crease when placed in the crop from flowering to maturity 
or from mid-podfill to maturity (Table 16). When the ex
periment was repeated with a narrow-leaved cultivar (TV x 
332-4G), the reflectors had no effect on yield. The difference 
between these two results suggests that the narrow-leaved 
plants allowed better distribution of light within the canopy 
and to the lower leaves. A further experiment will be con
ducted in 1978 to verify the results. 

Table 16. The effict of supplementary light on seeJ yield of an 
erect, broad·leaved cowpea (TVx 1193-10 F); IITA, 
first season, 1977. 

Supplementary light 

None 
Flowering to mid podfill 
Mid podfill to maturity 
Flowering to maturity 
S.E. 
C.V. % 

Yield kg/ha 

1273 
1344 
1405 
1414 

33 
4.8 

Tolerance to acid soils. The role of legumes in cropping 
systems in the lowland tropics depends partly on legume 
tolerance to acid soils. Studies begun in 1975 to determine 
the reaction of different cowpea lines to isolated factors of 
the soil acidity complex were continued. 





ones becomes obvious , .... hen they are adopted together with 
improved management practices. This was well illustrated in a 
number of fanners' field trials conducted in western Nigeria. 
The local cultivar, when fertilized bu t not protected against 
insect damage, gave no yield at all, but the improved culti
vars (particularly ER-I) gave 500 kg/ha of seed. TVx 930-
OIB gave twice the yield of the local cultivars when protected 
against insects. By far the best yields were obtained when 
ER-l and TVx 930-01B were fertilized and protected - at 
this level of management they produced four times the yield 
of the local cultivar (Table 18). 

Table 18. Effict oj insecticide andJtrtilizer on yields qf cowpea 
on farmers' .fields at Slwki, Western Nigeria, 1977 
(33 far71UT trials). 

Management level * 
Cultivar IoPo loP, 11PO I1P 1 Mean 

ER-l 689 495 866 1200 813 
TVx 930-0lB 444 140 1001 1108 673 
VITA-5 313 169 557 838 468 
Local 126 0 433 252 203 

*10 = No insect control I,. = 3 applications of Gammalin 
Po = No jertillzer PI ~ 30 kg P,(J,lha 

Soybean improvement 

Breeding 

The principal objectives of soybean breeding are to combine 
the good seed storability and germinability, and capacity to 
fix nitrogen, in association with native rhizobia of Asiatic 
lines with the resistance to lodging and shattering and heavy 
yield potential of materials from the U.S.A. Disease and in
sect resistance are also being incorporated. 

Recombination and selection. The numbers of lines screened 
in the breeding nursery in 1977 are shown in Table 19. 

Table 19. 'The numbers l!.f Nnes in breeding nurseries 1977. 

Season 

Cross Series First Second 

1. 143(F ,) 45(F,l 
2. 73(F 7) I(F ,) 
3. 278(F 6) 54(F,) 
4. 1439(F ,) 591(F ,) 
5 45(F ,) 42(F3) 
6. 16(X's) 16(F, ) 

Cross series 1 to 4 comprise exclusively US/US combinations 
from which about 300 lines have been selected for possible 
inclusion in preliminary trials during 1978. Cross series 5 are 
US/US and US/Asiatic combinations. Bulk seed of each of 
the crosses is being subjected to accelerated aging and screen
ing for ability to fix nitrogen with native rhizobia at several 
sites in \"lest Africa where soybean was never grown before. 

Cross series 6 comprises a set of diallele combinations in
volving US and Asiatic lines differing in seed size and color 
to study the inheritance of seed storability in relation to the 
type (ambient ,,'. cold store) and duration (3, 6 or 9 months) 
of storage. 
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Yield trials. The numbers of lines tested in yield trials during 
first and second seaSons were the same in 1977 as shown in 
Table 20. 

Table 20. The numbers of lines included in .yield trials at lba
dan, 1977. 

Type of trial 

Observation nursery I . 

Preliminary . 
Advanced 
Intsoy/IITA Uniform2 • 

. 121 
42 
24 
26 

I Also sown at Mokwa, Om'/(, Kumasi, in luor} Coast and Yandev. 
2 A Iso sown at ltJ okwa lUId Onne. 

Observation nursery. At Ibadan, Onne, Mokwa and Kumasi 
(Ghana) the nurseries were simple lattice desilZ"ns with two 
replicates. At Yandev, Nigeria and Abidjan in Ivory Coast 78 
and 81 lines were sown in a single replication. The mean 
yields of the best lines in Ibadan, Abidjan and Yandev are 
shown in Table 21. 

Table 21. Yields of the best lines in the observation nursery, 
1977. 

Line Ibadan Yandev Ivory Coast Mean 

TGx 46-3C 1.643 2,083 1567 1,764 
TGx 26-33D 2,337 1,500 1217 1,685 
TGx 47-5C 2,268 1,083 1555 1,635 
TGx 12-4E 2,593 1,361 950 1,634 
TGx 68-8C 1,920 1,472 1375 1,589 
TGx 26-23E 1,785 1,667 1117 1,523 
TGx 11-13E 1,773 1,805 950 1,509 
TGx 12-6E 1,480 1,805 1208 1,498 

Mean 1280 995 858 

Although common checks were not included, several lines 
produced very satisfactory mean yields across the three loca
tions and will be tested further in 1978. 

Preliminary trials. Forty-two lines were . compared in three 
randomized block trials with three replications in the first 
and second seasons at Ibadan. The performances of the better 
lines compared with Bossier or Jupiter are summarized in 
Table 22. 

Despite reduced plant stand due to inherently poor seed 
storability, Bossier produced high yields in all trials. Never
theless, some lines were significantly higher-yielding com bined 
with satisfactory levels of resistance to bacterial blight and 
lodging. Notable were the perfonnances of TGx 11-3E (Trial 
3), the former producing a mean seed yield over 2 tJha. 

Advanced trials. Twenty-four advanced lines were compared 
in two randomized block trials with four replications in the 
first and second seasons at Ibadan. The performances of the 
best lines and controls are shown in Table 23. 

In Trial 1, Bossier was the highest yielder, despite reduced 
stand; and several lines were resistant to bacterial pustule. In 
Trial 2, several lines yielded significantly better than Jupiter 
and showed resistance to bacterial pustule. 

Uniform Trial. Twenty-six lines were compared in two ran
domized block trials with four replications at Ibadan in the 
first and second seasons. The yield performances of t he better
yielding lines are summarized in Table 24. 



Table 22. 11u performance of lines in preliminary trials at 1hadan, 1977. 

Seed yield kg /ha No. of Bacterial 
Line 1st season 2nd season .Mean plants pustule Lodging* 

Trial No. 

TGx 25·LD 1214 1285 1250 143 2.7 2.3 
TGx 25·50 1381 844 1113 94 3.0 2.3 
TGx 68·2C 901 1151 1026 120 2.0 2.3 
TGx 32·1lD 903 1065 984 118 1.3 2.7 
Bossier 1069 974 1022 68 1.7 1.3 

1-fean 961 949 955 102 2.7 2.3 
S.E. 200 142 0.33 0.26 
C.Y. 36.0 25.9 24.9 19.9 

Trial No.2 

TGx 11·3E 2324 1850 2087 102 2.0 1.7 
TGx 32·40 1950 1570 1760 125 1.7 1.7 
TGx 27·100 1666 1659 1663 151 1.3 1.7 
TGx 27·60 1727 1268 1498 111 1.3 1.3 
TGx 2·23E 1827 1088 1458 125 1.0 1.0 
TGx 68·3C 1558 1179 1369 107 2.0 1.0 
Bossier 1503 1548 1525 62 1.7 1.3 

Mean 1412 1487 1448 105 1.7 2.1 
S.E. 175 216 0.25 0.27 
C.Y. 21.4 25.2 29.9 23.5 

Trial No.3 

TGx 47·5C 1906 1759 1832 141 1.3 1.7 
TGx 12·4E 2275 1147 1711 151 1.0 2.3 
TGx 12·28E 1106 1551 1328 167 1.0 4.0 
TGx 11·14E 1188 1394 1291 101 1.0 3.0 
TGx 9·I4E 1054 1191 1122 105 1.0 2.7 
Jupiter 1031 1399 1215 110 3.0 2.3 

Mean 1152 1339 1246 109 1.38 2.71 
S.E. 302 168 0.13 0.32 
GV. 45.0 20.9 18.3 20.9 

·ScQred on a l-5.scale (I = absence of symptoms 5 = Severe dist(L5( i7l.cidrnce.) 

Table 23. Peifurmance of lines in advanad yield trials at lbadan, 1977. 

Seed yield kg Iha No. of Bacterial l 

Lines 1st season 2nd season Mean plants pustule Lodging 

Trial No. 

TGx 21·2 1182 2225 1704 100 3.0 2.0 
Amsoy 5002 1357 1932 1644 122 3.5 1.5 
TGm 225·3 1103 2202 1652 116 4.3 1.8 
Kent 2070 815 2417 1616 96 1.0 1.3 
Bossier 1293 2495 1894 79 1.8 1.0 

Mean 1068 1921 107 2.5 1.7 
S.E. 156 183 0.21 0.20 
C.Y. 29.2 19.0 17.2 24.5 

Trial No.2 

TGx 26-230 1120 2015 1568 147 2.0 3.5 
TGm 242-4-4241 877 2024 1451 118 1.8 1.3 
TGx 26-340 583 2030 1307 127 1.0 2.3 
TGx 46-3C 565 2042 1304 134 1.3 2.8 
TGx 57·12C 341 2207 1274 139 1.0 1.8 
Jupiter 244 1745 994 115 3.0 2.5 

Mean 478 1790 111 1.7 2.1 
S.E. 130 164 0.21 0.26 
C.Y. 54.4 18.3 25.6 24.2 

I Scored on 1-5 scale (J = a bsence of symptoms. 5 = severe disease incidence.) 
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Table 24. Seed yield (kglha) of lines in Unifarm Trials, lba
dan, first and secrmd seasons, 1977. 

Lines 

Trial No. 

TGm 210-1·2363 
TGm 220·1·2205 
TGm 255-2-4341 
TGm 249-5-5078 
TGx 16-2E 
TGm 249-4-b 
TGx 66-5100 
TGx 13-3-2644 
Bossier 
Jupiter 

Mean 
S.E. 
C.V. 
Trial No. 2 

TGrn 260-2-4293 
TGrn 249-3 
Amsoy 4192 
TGrn 210-1-2317 
TGrn 187-3-2 
Bossier 

~lean 

S.E. 
C.V. 

Season 

First Second 

2310 2265 
2324 1830 
1718 2038 
1619 2093 
1705 1989 
1802 1853 
1531 1809 
1293 1577 
1937 1990 
1189 1708 
1483 1735 
113.0 196.2 

20.2 18.1 

2352 2319 
2302 2035 
1781 2409 
1721 2055 
1335 2245 
1593 1890 
1698 2009 

19.9 17.2 

~lean 

2288 
2077 
1878 
1856 
1847 
1828 
1670 
1435 
1964 
1449 

1609 

2336 
2169 
2095 
1888 
1790 
1742 
1854 

In T,iai 1, TGrn 210-1-2363 and TGrn 220-1-2205, both from 
crosses involving Lee 68 and Hill x PI 454, have given con
sistently improved yields relative to Bossier. In Trial 2, sev
eral lines showed improved yield levels over Bossier. A 
significant positive correlation (r = 0.59, P< 0.05) was re
corded between grain yield and nodule number per plant 
after flowering. A similar relationship was recorded in the 
observation nursery at Abidjan. 

Yield component analysis. Studies of yield components in 
three agronomic or breeding trials indicate that yield is in
versely correlated with variation in seeds per pod at successive 
nodes. In two cases increased variation was associated with a 
decline in seed number per pod from nodes 6 and 7 upward. 
Seed number per pod was also shown to be less affected by 
plant density than other yield parameters and may therefore 
enable more effective selection for yield in segregating popu
lations. 

Biochemical studies. Studies conducted in collaboration with 
the Tropical Products Institute indicated that oil content is 
positively correlated with seed size but not with age of seed, 
although old seeds showed higher free fatty acid content. Poly
acrylamide gel electrophoresis gave no indication of changes 
in metabolism of protein components in storage. 

Soybean seed viability 

Deterioration of seed viability during storage is a problem in 
the lowland tropics where ambient temperature and humidity 
are high. Varietal differences in storabiIity exist, but a method 
is needed to identify them quickly. To develop such a meth
od, eight soybean cuItivars that differed in keeping quality 
were stored at ambient temperature (Ca, 27OC), 350C or 4CfC, 
and at a relative humidity of about 70 percent. Disused 
refrigerators into which heaters and thermostats had been in-
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rruusured fry fresh weight of the emerged seedlings) oj thref? so)-'. 
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stalled were used as storage cabinets. A pan of water in the 
bottom of each cabinet maintained the desired humidity. 

Samples of seed were removed at intervals and sown in trays 
of soil to determine changes in the viability of seed. High 
temperature hastened the decline in seed viability, and the 
decline was more rapid with seed of Bossier and TGrn 686 
than of TGm 737, which is consistent with earlier results 
(Figure 3). The viability of seed of cultivars having poor 
keeping quality fell sharply after three weeks at 40°C, after 
6 weeks at 35OC, and after 12 weeks at ambient temperature. 
Therefore, rapid aging of seed at high temperature and high 
humidity can be used to distinguish between lines of good 
and poor seed-keeping quality. 

Lima bean improvement-breeding 
The main objectives continue to be the incorporation of 
golden mottle mosaic and green mottle mosaic resistance 
into high-yielding viny and bush lima beans. 

Germplasm evaluation. In the first season the agronomic and 
disease resistance characteristics of 335 viny and 91 bush lines 
were evaluated in non-replicated rows at Ibadan and 4 i were 
also grown at Dnne. The best of the new Jines will be evalu
ated again in 1978. 
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Recombination and selection. The numbers of lines examined 
in breeding nurseries in 1977 are shown in Table 25. 

Table 25. Numbers of lima bean lims in nurseries, 1977. 

Cross 
series 

1 (v) 

1 (b) 
2 (v) 

2 (b) 
3 (v) 

4 (v) 

Dry 

21 (F 2) 

16 (F 2) 

17 (X's) 

Season 

First 

39 (F 2) 
231 (F,) 

4 (F,) 
34 (F 3) 

13 (F 2) 
58 (F 3) 

17 (F 1) 

*Some lines also l:rown at Onne and lkenne. 

Second 

47 (F ,) 
479 (F3)' 
69 (F ,) 

3 (F 3) 
6 (F 2) 

413 (F3)' 

72 (F,-F 6) 
112 (F3) 
63 (F 3)' 
13(F4) 
17 (F 2) 

17 (F2 ) 

Cross series 1 and 2 include artificial and natural crosses, re
spectively between viny (v) and bush (b) germplasm lines 
exhibiting good yield and agronomic characteristics or re
sistance to golden yellow mosaic. Cross series 3 are intra
specific crosses between wild and cultivated forms of P. iU1l1ltus 

and cross series 4 are more recent crosses specifically to incor
porate resistance to golden mottle mosaic or green mottle 
mosaic into high-yielding lines. 

In all the nurseries, plants showing symptoms of golden 
mosaic were removed and single plants were selected on the 
basis of freedom from Cercospora leaf spot and general ap
pearance. Flowering notes and seed types were also recorded. 
Some single plants will be screened further in non-replicated 
plots at Ibadan in 1978. 

Yield Trials. The numbers of entries in yield trials in 1977 
are shown in Table 26. 

Table 26. Numbers oj entries in lima bean yield trials, 1977. 

Type of 
trial 

Preliminary . 
Advanced 
·Cniform· 

*.4 Iso sown at Onne. 

Season 

First Second 

14' 
10' 

44 
14 
10 

Preliminary Trials. Eighteen F'I lines from cross series 1, and 
20 from series 2 were compared with TPI 60E and TPI IlIA 
in two randomized block trials at Ibadan in the second sea
son. The lines were still highly variable and single plants were 
selected on the basis of appearance and resistance to golden 
mosaic and Cercospora leaf spot for further evaluation in the 
breeding nursery in 1978. 

Advanced and Uniform Trials. Twenty-four previously tested 
germplasm accessions were compared in two randomized 
block trials with four replications, sown in the first season 
at [badan and Onne and in the second at [badan. At Onne, 
there was a very heavy infestation of whiteflies associated 
with a previously unrecorded severe leaf distortion and stunt
ing of growth which occurred in all lines except TP 1 lIlA 
and the trial was abandoned. The performances of some lines 
in the lbadan trial are summarized in Table 27. 

Seed yields and root knot scores were higher and days to 
flowering longer in the first than in the second season. In 
the Advanced trial, TP 1 174 yielded highest in both seasons 
to give a mean yield of 1600 kg of dry seed per hectare. In 
the Uniform trial, TPI 250B gave the highest yield for the 
second successive year. TPI lIlA in the Advanced trial 
maintained its high level of resistance to golden mosaic but 
had the lowes t seed yield. 

In contrast to previous years, TP 1 10 showed only a low level 
of resistance to golden mosaic. All other entries in the trials 
were highly susceptible. Significant differences were recorded 

Table 27. Performance qf lines in tiny lima bean Advanced and Uniform trials at lbadan. 1977. 

Line 

Advanced trial 

TP 1 174 
TP161A 
TPl 178-26 
TPI 60-E 
TPI 323A 
TPI lilA 

Mean 
S.E. 
C.Y. 
Uniform trial 

TPI 250B 
TP 1 183-6 
TPI 247 
TP 1 170-33 
TPI 10 

Mean 
S.E. 
C.Y. 

First 

1972 
1479 
1638 
1669 
1334 
848 

1381 
160 
23.3 

2101 
1936 
1705 
1488 
971 

1299 
288 

45.5 

Seed yield kg Iha 

Second 

1227 
1156 
962 
809 

1007 
653 
851 
130 
30.S 

837 
878 

1016 
810 
438 

767 
133 
34.7 

Mean 

1600 
1318 
1300 
1239 
1171 

751 

1116 

1469 
1407 
1361 
1149 
705 

1020 

DFF 

44.2 
47.2 
46_3 
43.2 
43.3 
48.5 

45.2 

45_7 
45.0 
42.7 
41.4 
40.8 

45.8 
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Cerco-
"Veight spora Root 

of Golden leaf knot 
100 seeds mosaic spot score 

326 3.7 3.2 1.3 
346 4.2 1.7 3.0 
315 3.8 3.5 1.7 
359 3.9 3.4 3.6 
340 3.4 4.4 1.4 
821 1.3 1.5 2.7 
396 3.5 3.2 3.1 

344 4.6 4.6 1.5 
355 4.3 S.4 1.0 
305 4.7 5.6 1.3 
425 S_2 5.7 1.9 
481 3.7 2.6 3.9 

380 5.1 4.9 2.7 



for Cercospora leaf spot and root knot, with several line:.; 
exhibiting relatively low scores for these conditions. An im
portant observation was the occurrence in both trials of sig
nificant negative correlations between seed yield and root 
knot score (r = -0.60, P >.05; r = 0.92, P > .01) suggesting 
that root knot nematode may be a major limiting factor to 
lima bean yields at Ibadan. The best lines from the trials 
will be tested further in 1978. 

Interspecific crosses. Studies of interspecific hybrids of 
Phase(Jlus lunatus with P. rilmsis and P. polystachyus continued 
in collaboration with the University of Gembloux in Belgium. 
Field plantings of early generations of both crosses were 
screened for diseases and pest incidence, yield and other 
agronomic characteristics and single plants have been se
lected for further observations in 1978. In addition, seed of 
intersown parental materials will be grown to check for 
natural hybrids. 

Cooperative Program 
In Tanzania, USAID and !ITA scientists have identified 
high-yielding and multiple disease resistant lines of cowpea 
(SVS-3, VITA-4, Ife Brown and TVx 96&-OID). Good prog-
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ress has been made in incorporating the disease resistance 
with high yielding capability. 

Studies conducted involving surveys and management trials 
in farmers' fields have indicated insect pests as major can· 
straints in cowpea production. Meantime, pest management 
studies are underway for the control of cowpea pests. 

In Kenya, an aggressive research and management program 
has been initiated with national scientists at the University 
of Nairobi and the ministry of agriculture. This program is 
supplemented by basic research on insect resistant lines from 
the International Center of Insect Physiology and Ecology 
(ICIPE) in Nairobi, Kenya. 

Cowpea cultivars identifIed as resistant to leatboppers 
(Empoasca sp.) and to stem damage by Maruca teslulafis at 
lIT A will be further evaluated for resistance to these two 
pests in Kenya. 

Breeding nurseries and on· farm trials were successfully com
pleted at several locations in "Cpper Volta as part of a special 
food legume project made possible through a grant from the 
International Development Research Center (IDRC). The 
best selections from these trials consistently out yielded the 
best check cultivars by about 40 percent. 



















In screening for root quality, the most recommendable is the 
root that shows the central primary xylem as the only prom~ 
inent woody vascular tissue. 

Texture profile and amylose content of cassava. Cassava is 
generally classified into sweet and bitter cultivars, based 
on the cyanide ron tent and the eating qualities. This basis 
of classification can be misleading especially when there 
appears to be an overlapping in cyanide content in sweet 
and bitter cultivars. 

Under optimal conditions, clearly defined textural charac
teristics do exist among certain categories or tissue types. 
Previous studies (1976) had established the major and minor 
textural characters in heax~treated cassava tissues. In generaL 
almost all cassava cultivars that are regarded as "sweet" show 
a "mealy" or floury texture. The "bitter" types are pre
dominantly of a "waxy" texture. 

Intermediate or "mixed" texture also exists. A mealy tissue 
which contains a higher moisture can give rise to a "soggy" 
or wet texture. A "gummy" texture is the intermediate of 
mealy and waxy textural types. The major textural types 
of mealy, waxy and mixed or heterogeneous were evaluated 
for dry matter, starch and amylose contents. 

Mealy cassava cultivars have an average amylose content 
of 21 percent. This level of amylose is similar to those of 
yams (D. rotundatn) and potato (Solanum luberosa). Isunikanki
yan, a popular mealy cassava cultivar has 21 percent amylose. 
The waxy types show amylose contents of about 15 per
cent. On the other hand, those clones which demonstrated 
heterogeneous textural characteristics have about 17 percent 
amylose. 

Gari as quality index. Gari is a grit derived from fresh cas
sava by grating, fermenting, de-watering and roasting. It is 
one of the principal forms in which cassava is utilized as 
human food in \'\1 est Africa. The cassava root has to undergo 
a series of processing operations to produce the pre-cooked 
grits, and several quality factors are affected or introduced by 
the gan process. One example is the partial removal of fiber 
during processing 

High vascular woodiness in a fresh cassava root not only 
affects the quality of the end product. but also affects the 
yield in processes where the excess fiber has to re removed 
Processing factors must be taken into consideration when 
relating gan quality to the ra' .... material. 

However, development of woodiness in the cassava is used 
as one of the screening indices. Table 5 shows how degrees 
of vascular woodiness can affect the quality of gari. Although 
sifting off fibrous material is done in the gari process, higher 
fiber levels persist in gari manufactured from very fibrous 
roots than from the least vascularly woody raw materials. 

Particle - water relationships. Some water-related quality 
factors of gaTl~ as a product, are: 

1. Ability to swell in water. 
2. Water holding capacity. 
3. Water vapor sorption characteristics. 

Studies show that particle size in gari is related to the swel
ling capacity and the water holding capacity of the product. 
These results provide a guideline for sample preparation in a 
quality control program. Water sorption by gan also varies in 
relation to particle size. This information is relevant to the 
problems of packaging and storage as environments with 
relative humidity above 75 percent can adversely affect gari 
quality. 
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Table 5. Fibrousness of cassava roots and effect on gari quality. 

Woodiness of roots 

Very fibrous 
Moderately fibrous 
Least fibrous 

Gari 

Crude fiber content 
% Range 

3.0-5.0 
2.0-3.0 
0.4-2.0 

Yam biochemistry 

Average 

3.5 
2.3 
1.2 

Breeding lines of 82 D. alata and 98 D. rotWldata were evalu
ated and screened for quality. Figure 5 illustrates the dis
tribution of total dry matter among clones of both D. a/ata 
and D. roturidata. Both species (D. alata and D. rotundata) shm .... 
dry matter 10-35 percent and above. The majority of D. 
aiata clones had dry matter in the 20-30 percent range; , .. ·hile 
the majority of the D. rolundata lines showed dry matter 
content between 25 and 35 percent. 
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Texture profile of yam. In tests on heat treated yam tissues, 
D. a/ata species show prominently the two textural charac
teristics of mealiness and sogginess which appear to be 
complementary. This explains why most cultivars are both 
soft and floury. Only 3 percent of D. alata had demonstrated 
full mealiness; while only 15 percent had shown complete 
sogginess. Waxy and gummy textures were not encoun tered 
in the D. alata series. 

Relatively, all D. roturulata lines showed higher degrees of 
mealiness. The undesirable textural characteristic; of waxi
ness, gumminess and jelliness were found in some D. rotundata 
clones. 

Enzymic browning and taste score. Phenolic activity, with 
respect to enzymic browning, was also applied to screening 
for quality in two major breeding families of D. rotundata 
(FL and MFS series). Most of the clones demonstrated 
minimal enzymic browning. Those which showed phenolic 
activity index beyond the value 13 were rejected. On the 
basis of taste score, 24 clones of D. rotundata (24.5 percent 
of total) could be rejected for astringent taste. In overall 
quality performance of the D. rotunda/a lines 91 percent of 
FL series and 94 percent of the MFS series were acceptable. 

Sweet potato biochemistry 
About 60 clones of the Advanced, Uniform and Intermediate 
trials were evaluated for quality. In Table 6 are those culti
vars which, on the basis of their superior qualities, are recom
mended highly for distributable accessions. 



Table 6. Recommended cultivars of sweet potato. 

I. TIS 1499 6. TIS 2544 
2. TIS 2498 7. TIS 2153 
3. TIS 1487 8. TIS 2154 
4. TIS 32 9. TIB 8 
5. TIB II 

10. TIB 9 
II. TIS 3053 
12. TIS 2534 
13. TIS 30t7 

Texture profile of sweet potato. There is more diversity in 
the texture of heat-treated sweet potatoes than in any other 
root crops under study. Texture profiles of the TIX and 
TIB series show that only 3 percent TIX and 17 percent of 
TIV clones showed a completely mealy texture. The TIB 
series were mealier than those of TIX. 

The negative textural characters of pithiness, graininess and 
lumpiness appeared to be more pronounced in the TIX 
clones than in those of TIB. 

Pigmentation and carotene content. A quantitative deter
mination of total carotene content in sweet potato was car
ried out on typical cultivars. \Vith the results as a guide, it 
is possible to estimate the carotene content of a done ac
cording to its exodermal and flesh color. 

Phenotypic categories and quality characteristics.. Repre
sentatives of five major phenotypic categories were evaluated 
for texture profile, sensory sweetness and total sugar content. 
"Most of those with a creamy flesh (e.g. TIS 3247) have a 
mealy-lumpy texture, and are mildly sweet with total sugar 
content of about 5 percent (Table 7). 

Entomology 
Cassava 

[n Nigeria, the main insect problems of cassava were varie
gated grasshopper (Z07locerus owiegatu.s) , whitefly (Bem!'sia 
taban) and red spidermites (Ohj:o~'chus gossipiij, while out
side the country green mite (Mo7lo7lychellus tanajoa) and mealy
bug (PhelUlcoccus maniholi) remained the main problems. 

Mealybug. The main emphasis of the mealybug program in 
Zaire is to identify sources for resistance in the IITA and 
local germplasm. At the same time a biological control pro
gram is under way and first releases \\lill be made in 1978. 

Green spidermite. The green spidermite has now reached 
the coast of Tanzania, Zanzibar and the east of Zaire. In 
Zanzibar, local and UTA germplasm collections were evalu
ated by local scientists for resistance. Several clones showed 
levels of resistance. 

Red spidermite. Spidermite infestation at Ibadan during 1977 
was very high due to high temperatures and early starting 
dry Season. This provided ideal field screening conditions. The 

Table 7. Sweet potato phenotypes and sugar content. 

Category 

Latin American seedling nursery \\las screened for sources 
of resistance, and about 10 individual plants were identified 
as less attacked. 

Whiteflies. Thejoint experiment with the pathologis.t to study 
the relationship of whitefly population development in rela
tion to CMD incidence was repeated on a smaller scale. 
Symptom development of CMD again followed whitefly pop
ulation density. Highest incidence of the disease' was observed 
during May-June planting as that was the peak of the white
fly population. 

Variegated grasshopper. Of the 1976/77 cassava planting, 
104 clones could be identified where no barkfeeding or even 
shootfeeding took place. These clones were replanted in two 
replications and at three different planting times: April, June 
and August. The three planting times were included to study 
defoliation by Zon.ourus on younger and older cassava. This 
should give an indication whether age and defoliation have 
any influence on yield. 

Sweet potato 

The major insect problem observed in sweet potatoes during 
1977 was the weevil Cylas puncticollis. During September -
October a ha\\lkmoth caterpillar made considerable leaf 
damage. 

Screening for resistance in the germ plasm over the past two 
years indicates that there are yet no major sources of tuber 
resistance. Minor differences could be found and the clones 
are now included in the breeding program. 

Apart from tuber screening, a leaf screening method has been 
developed for the field. The major idea of the method is to 
expose only a certain area of the leaf for feeding. The area 
fed is then measured by a leaf-area meter. 

The first results show that there are differences in the area 
consumed by the weevils on different clones. This indicates 
that leaves might be a good indicator also for measuring 
the level of tuber resistance. For stem screening, a field cage 
method is under testing. So far only one clone, TIS 1419, 
has shown a high degree of stem resistance. 

Cassava pests in Zaire include the cassava mealybug, Phen
acoccus manihoti, l\1at-Ferr., the cassava green mite, Monon),che
Ius tanajoa; these two being the major pests of economic 
importance. The black scale Saissetia miranda; white scales, 
Pinaspi.)" strachani and Aonidomytilis albus, and an unidentified 
subterranean scale which occurs occasionally in parts of Zaire 
have no significant damage to the crop. 

Crop damage and yield reduction. Infestation by P. manihoti 
usually occurs during the dry season (May - September). 
\Vith the onset of rains in October, pest populations drop 
considerably and plant regrowth commences. Changes in 
soil moisture and consequent changes in plant sap and avail-

Texture profile 

No. Cultivars Skin color Flesh color Mealy Soggy Pithy Grainy Lumpy 
Sensory 

sweetness 

Dry weight 
% basis 

to tal sugars 

I. TIB II Orange 
2. TIB 4 Orange 
3. TIS 2498 Purple 
4. TIS 1499 Light purple 
5. TIS 3247 White 

Deep orange 
Orange + 
White ++ 
White + 
Creamy + 

+++ 

+ 
++ 
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++ 

++ 

Very sweet 
Mildly sweet 
S\veet 
Sweet 
Mildly sweet 

14.55 ± 0.983 
7.05±0.849 
8.60±0.895 
8.40± o. 771 
5.80 ± 0.895 
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able soluble nutrients during the dry season, may have 
a positive effect on mealybug development. Field trials at 
M'vuazi show that tuber yield reduction due to mealybug 
infestation can be as high as 54 percent. Information col
lected from farmers' fields (Fig. 6) show that yield reduction 
could go as high as 75 percent at a damage severity score of 
5 for October planting. Comparative studies for later plant
ings are in progress. 

Population dynamics. Annual population fluctuation of P. 
manihoti was investigated using three sampling procedures: 
trapping of airborne crawlers, direct examination of 100 
randomly selected plants and direct monitoring of all plan ts 
of two plots at ~'vuazi and Kimpese. 

Crawler activity corresponds with dry conditions, low humid
ity, moderate temperatures and light radiance and an in
creased wind speed. Similarly increased pest infestation may 
be explained by changes in cell sap composition and concen
tration imposed by drought stress and their effect on pest 
population development. 

Control strategy. Research in 19i7 was geared toward de
veloping a sound integrated pest management program for 
the control of the pest. Several natural enemies of P. mamhoti 
\vere reported in Congo Brazzaville by D. rvlatile-Ferrero. [n 
Bas Zaire, several predators have been observed in association 
with the pest. 

Unfortunately, the predators are only attracted to the high 
densities of P. manihoti and seem not to be particularly 
adapted to it as control agents. It becomes imperative that 
exotic predators be introduced from South Africa with pri
ority being given to parasites, as they are totally lacking in 
Zaire. 

By screening over 1,000 families of cassava introduced as seeds 
from ClAT, UTA and PRONAM selections, where individual 
plants were artificially infested, it was shown that there is 
scope for the selection of resistant cultivars. 

The use of insecticides as foliar sprays is discouraged be
cause cassava leaves form a major part of the daily diet in 
Zaire. However as a component of an integrated pest man-
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agement program, it may serve to limit the spread of the pest 
by the use of clean planting materials. [n a preliminary trial, 
by dipping cuttings in dimethoate solution, infested planting 
materials were adequately protected for eight weeks. Other 
insecticides are being screened for their efficacy. 

In a preliminary mulching experiment with a grass base of 
lmperata cyfindrica, mulch plots were less attacked in percen
tage, number of plants and severity of attack. Other sug
gested cultural practices include early planting, mixed crop
ping with three legumes to serve as windbreaks against air
borne crawlers and laying down of vegetation twice during 
the dry season and turning under before first rains in Octo
ber. 

Cassava pathology 
CMD host plant resistance screening. Reaction of new im
proved cassava cultivars to the cassava mosaic agent varies 
considerably with locations. The following investigations 
were carried out to identify some environmental factors which 
modify cassava plant reactions to CMD to further improve 
the methodologies for host plant resistance screening.. 

5 

>-
1-4 
ii: w 
> w 
en 
o 
::!: 
u 

o--a 60444 + NITROGEN 
0--060444 - NITROGEN 
• • ISUNIKAKIYAN + NITROGEN 
• • ISUNIKAKIYAN - NITROGEN 

2 3 4 5 
MONTHS AFTER TREATMENT 

Fig. 7. Effect of soil nitrogen levels on G.YD symptoms expres
Sf-on in 2 cassava varieties. llTA, Ibadan, /977. 

Effect of high soil nitrogen. To test the effect of high soil 
nitrogen on CMD expression and plant vigor, cultivars 60444 
and Isunikankiyan (highly and moderately susceptible re
spectively) were used as indicators. The results summarized 
in Figures 7 and 8 show that for 60444, high soil nitrogen 
induced a high CMD severity and vigor response over a three
month period for the former, and throughout the whole five
month period for the latter, compared to the reaction of the 
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Brown leaf spot disease (Cercospora henningsii) host plant 
resistance screening. Twenty-eight improved cassava culti
vars were artificially inoculated 90 days after establishment 
with a suspension of 50,000 spores Iml of Cercospora hen.ningsii 
to test the applicability of this method for host plant resis
tance screening to brown leaf spot disease. Twenty-six of 
the cultivars tested scored a higher severity rating than the 
uninoculated controls. The highest severity ratings were re
corded for seven of the improved cultivars included among 
which was cultivar 30395 (highly rated for field resistance 
to CMD and CBB). 

Cassava Bacterial Blight. eBB was newly recorded from 
Rwanda, Kenya and Tanzania. In East Africa, it was ob
served on local farms and experiment stations around Lake 
Victoria. It was not observed on the East African coast. 

Seed transmission. A previously unreported potential for seed 
transmission was demonstrated by the recovery of X. maniholis 
from seed which had been stored at 5°C and 6 percent rela
tive humidity for 15 months. In addition, eBB was observed 
in two-month-old seedlings in a situation where infection 
from outside sources was unlikely. These findings indicate 
that given the appropriate environmental conditions, seed 
transmission of the disease can occur. Treatment of seed in 
hot water at 60°C for 20 minutes eliminated the pathogen 
without appreciably reducing germination. 

Ecology. eBB survived the dry season at Ibadan in dry 
angular leaf spots, green stems and dead branches on infected 
plants and in plant debris on the soil surface. The numbers 
present in the debris decreased sharply with increasing mois
ture and temperature. Evidence that it survived in soil was 
all negative. 

During the 1976 growing season and in January, during the 
dry season, an epiphytic population was found on leaf 
surfaces. In June 1977 the pathogen was detected on the 
surface of apparently healthy leaves, before new angular leaf 
spots were formed, suggesting that a low population of the 
pathogen survived the dry season as an epiphyte. The mag
nitude of the epiphytic population fluctuated during the 
season depending on the prevailing weather conditions, es
pecially rainfall. 

Resistant screening. Forty-seven experimental cultivars were 
compared with five others of known field reaction after inocu
lation in the greenhouse. The five standards ranked in the 
same order as they behave in the field. Stem and leaf in
filtration methods of inoculation were compared, with the 
former giving more consistent results. However, further studies 
are necessary to see if resistance screening in the greenhouse 
is feasible, since field performance depends on more complex 
epidemiological factors than can be measured in the green
house. 

Effects of soil fertility on disease de\'eiopment. The addition 
of 200 ppm NPK to \Varri soil (sandy, acidic) and Egbeda 
subsoil (clayey, alkaline) reduced the severity of eBB symp
toms in plants subsequently grown in the soil and inoculated 
with Xanthomonas maniholis. Although disease symptoms de
veloped earlier in plants supplied with fertilizer, the unferti
lized plants became more severely affected after five weeks 
and showed a higher mortality rate. This suggests that there 
is a correlation between plant vigor and resistance to bac
terial blight. 

A severe disease-like condition considered a potential threat 
to cassava production_ This is the first report of the incidence 
of a disease-like oondition on cas.sava, the agent of which 
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has not been identified, but for which the effect of intercrop
ping on its development and almost total recovery during 
the growing season has been documented. 

Characteristics. The condition clearly bears striking resem
blance to cassava mosaic disease, but other characteristics 
hitherto unassociated with CMD suggest the involvement of 
other agent(s). 

In Figure Il the incidence of this unknown condition was. 
highest on cassava as a monocrop for the first four months 
after it was first observed. It is also evident that there was 
a sharp increase in incidence on cassava intercropped with 
maize and cowpeas when these crops had matured and were 
harvested. The data also show that two months after the 
maize and cowpea were harvested, the incidence on cassava 
which was intercropped with these two crops was higher than 
on that which was monocropped. 
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Fig. 11. Effect of intercropping on the incidence and recovery! 
of a severe unidentifod disease-like condition on cassava. lITA, 
lbadan, 1977. 

Yams - Dioscorea alata 

Control of lh'oscorea aiala diseases by cultural practices. 
The effect of three staking systems and the canopy orientation 
resulting from these systems on the incidence and severity of 
foliar and tuber diseases of D. alata was investigated. 
The three staking treatments were as follows: 

1. Each plant attached to a 3-m stake and each vine 
trained only on individual stakes. 

2. Each plant attached to a 1.5-m stake and all vines 
exceeding the height of the stakes were trained on cross 
wires to form a dense low canopy above the soil. 

3. None of the plants was staked, and vines were allowed 
to cover soil randomly. 

There were only very small differences in incidence and se
verity of leaf spot and anthracnose or scorch at 60 and 120 
DAP, and at harvest for the three staking treatments. At 
harvest, leaf spot severity averaged just below 3 (on an in
creasing severity scale of 1-5) and scorch severity averaged 
just above 3. 



There was a marked difference, however, at harvest in the 
percentage of tubers among the different treatments that had 
penetrated the soil surface, with the highest percent of ex
posed tubers in the 3-m staking treatment. The highest per
centage of rotted tubers also occurred in the 3-m staking, and 
is likely associated with the high percentage of exposed tubers. 

Ground cover by yam foliage was best in the zero staking 
treatment and least in the 3-m staking. There was an atten
dant high degree of erosion control because of the ground 
cover in the zero staking which also drastically reduced tuber 
exposure and possibly tuber rot. 

The yield obtained from the 3-m staking was significantly 
higher than those of the other treatments. However, with the 
reduction in cost of planting if zero staking is practiced, 
coupled with the reduction in soil erosion and tuber rot, 
and the absence of any significant effect on disease severity, 
the potential yields obtainable from unstaked D, alala 
recommends the practice as a viable one. 

Development of a model for assessing yield reduction due to 
defoliation by Dioscorea a/ata diseases. Defoliation of D. a/ala 
due to diseases was simulated by mechanically detaching 
leaves when plants were 40, 60, 120 and 180 days old. The 
four levels of defoliation were 0 percent, 40 percent, 60 per
cent and 100 percent of the total number of leaves at the 
time of defoliation. Percentage natural refoliation when plants 
were 40, 60 and 120 days old re·spectively, and actual leaf 
area reduction per plant due to defoliation of 120- and 180-
day-old plant respectively were assessed. 

The data, summarized in Table 8, show that there was a 
highly significant interaction between age of pLant at de
foliation and level of defoliation. Figure 12 shm,,·s the dif
ferences in yield reduction when defoliation occurred at the 
various stages of growth. 

Figure 13 shows that for 51 percent and 66 percent actual 
defoliation there was a 20 percent and 30 percent differential 
respectively in the actual yield loss recorded when compared 
to the predicted loss from the model. 

The results indicate therefore that field rating for de
foliating diseases of D. alata may be more accurately carried 
out 40 DAP for early or vegetatively borne diseases, or at 
120 DAP for late developing diseases, the model can be 
utilized for prediction of yield reductions with minor adjust
ments for differential values between actual and predicted 
yield reductions. 

Sweet potato ViruS disease (SPVD) 

Resistance screening. Fifty-seven sweet potato lines from the 
breeding pl"Ogram were screened for resistance to the sweet 
potato virus by the tuber graft transmission method. Vines 
from symptom-free seedlings were grafted on to viruliferous 
tubers of the high susceptible cultivar TIS 1499. Each of the 
57 grafted test lines was replfcated four times. Vines of 
Ipomoea setosa (a sensitive indicator for SPVD) were randomly 
grafted to representative batches of the virus source (1499) 
tubers to confirm their viruliferousness. The characteristic 
SPVD symptom developed on the indicator plants within 14 
days of grafting. 

Resistance to SPVD was categorized on the basis of rate of 
symptom development and severity of disease expression. 
Five lines were categorized as highly resistant to SPVD. Eight 
lines were moderately resistant while the remaining 44 lines 
were highly susceptible. 
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Table 8. £,lfect o/mechanical d~foliation onyield (kg/plant) l?f 
D. atata, 

o 
B 

40 4.81 
60 3.51 

120 4.06 
180 4.28 

Defoliation percentages (A) 
40 60 100 

3.90 4.14 1.50 
3.93 3.28 2.25 
3.95 3.69 L43 
4.29 3.50 3.99 

Mean 

3.59 
3.24 
3.28 
4.02 

Mean 4.16 4.02 3.65 2.29 

LSD .05 (AB) 0.36 B = Age 0/ plants in dqys at defoliation. 
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Fig. 12. Percent yield reduction due to defoliation of Dioscorea 
atata. IITA, lbadan, 1977. 
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THE FARMING SYSTEMS PROGRAM 

The Farming Systems Program (FSP) has the task of de
veloping methods of crop management and land use suited 
to the humid and subhumid tropics which will enable more 
efficient and sustained production of fooderops to be tech
nically and economically feasible in these zones. While rec
ognizing the interact ions between annual food crops, perennial 
crops and livestock, the Farming Systems Program focuses on 
the food crop components of tropical farming systems. The 
Program places particular emphasis on incorporating in its 
crop production and land management research the improved 
cultivars emerging from IITA's crop improvement programs, 
and from international and national agricultural institutions. 

The farming systems in the lowland humid and subhumid 
tropics are diverse, so research priorities of the Program are 
focused on dominant agricultural typologies within major 
agro-ecological zone5. As the Program aims to develop meth· 
ods of food crop production which will make the most 
efficient use of the farmer's natural resources (land, weather, 
adapted crops), the major agricultural regions are charac
terized for research purposes on this basis. 

A broad diversion of the humid and subhumid tropics of 
Africa and Latin America in terms of land types, cropping 

-----------------~--

Geographic! 
ecological 

region 

Soil 
characteristics 

Moisture regime 

Principal 
components 
of 
cropping 
systems 

Major 
constraints 
to 
production 

Humid tropics 
(1,500 mm rainfall) 

Low base status" 

Hydromorphic Pluvial 

tree crops 
rice plantain 

yam/cocoyam 
yams nee 

vegetable-
legumes 

water manage- +++ 
ment Al toxicity 

weeds nutrient ratios 
fertility weeds 

management pests/diseases 
AI,Fe) 

pests/diseases 

Q. Oxisols, Ultisols and associated Entisols, Inceptisols. 

systems and dominant bio-technical Limitations is shown in 
Figure 1; a further subdivision, not shown, is based on pop
ulation densities. The distribution of the major soil types 
within the tropics (Table 1) shows that the highly ' .... eathered 
low- and high-base status soils occupy the majority of the 
region within which IITA operates. The IITA station at 
Ibadan (3°54'E, 7°29'N) is representative of the region with 
high-base status soils, and the Gnne sub-station (l°Ol'E, 
4°43'N), the low-base status soils of the tropics. 

The vast majority of food crops produced in the tropics -
other than for intensive rice production on hydromorphic 
soils - are grown in various mixtures by subsistence farmers 
relying on shifting cultivation and bush fallow systems to 
replenish soil fertility. While such systems are stable when 
land is not a Limiting factor, they tend to break down when 
the number of people the land must support becomes such 
that fallow periods are substantially reduced. Therefore, 
greater population and economic pressures are resulting in 
more intensified systems of land use, and with an absence 
of new technology and declining soil fertility there is falling 
productivity of resources committed to food crop production. 

Derived from basic 
rocksb 

perennials and 
annuals 

depending on 
climate 

fertility 
management (P) 
weeds 
soil physical 

management 
pests & diseases 

Subhumid tropics 
(1,000 to 1,500 mm rainfall) 

High-base statusC 

Hydromorphic Pluvial 

nee maize 
off season cassava 
crops yams 
(plantain) seed legumes 

sale and 
intercrop 

water soil physical 
management management 

weeds moisture 
fertility regimes 

management weeds 
pests,l diseases nutrient 

deficiencies 
pests / diseases 

b. Soils derived from basic rocks important loealty but of limited distribution in tropical Africa. 
e. Alji.wJs Qnd associated inaptisols. 

Fig. I. Each of the primary sail/climatic zones in tropical Africa has dijferent dominant cropping ~Jlstems and problems involved 
in increasing crop production, 
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Table I. Pertentage distribution of soils in the rainy tropics.'

Rainy Seairmal Total
(9.5 to 12V (4.5 to 9.3)-'

Soils T. ',',

1. Highly weathered, low base
status (Oxisols, Ultisols) 70

2. Highly weathered, high base
status (mainly Alfisols) 8

3. Sandy and shallow soils
(Psamments, lithic taxa) 12

4. Dark colored, high base status
(Vertisols, Molisols) 2

5. Moderately weathered
(mainly Inceptisols) 1

6. Hydromorphic (Allevial soils)
(Aquepts, Aquents, etc.) 12

\37

4

10

1. After Moorman, unpublished.
2. Number of months with average rainfall higher than WO mm.

Objectives
On this basis, the objectives of the Farming Systems Program
are to:

1. Develop systems of crop production which wilt enable
good yields on a sustained basis with acceptable input
levels;

2. Develop methods of land management which wil l en-
able intensified systems of food crop production to
replace shifting cultivation where environmentally
feasible;

3. Disseminate food crop technologies to national agencies
for adaptation to specific areas;

4. Provide training in farming systems research and its
application for researchers and extension workers as-
sociated with tropical food crop production.

Criteria regarded as important in the design of technology
appropriate for farmers of the tropics require that it will:

1. Generate substantial, sustained, stable, and acceptable
levels of incomes for farm families by increasing the
productivity of labor, land and other agricultural in-
puts.

2. Make optimal use of renewable natural resources while
protecting the farmer's non-renewable resources (par-
ticularly soil).

3. Be within the financial and managerial capacity of
target farmer groups.

4. From a national viewpoint, be acceptable and feasible
in terms of input requirements and distributional con-
sequences.

Organization of program
In 1977 the Farming Systems Program was reviewed as part
of the Technical Advisory Committee's Quinquennial Review
Mission of IITA and the "Stripe1' Review Mission by TAG
of farming systems programs in the international institutes.
As part of this review the structure of IITA Farming Systems
Program was examined. It was resolved to retain the struc-
ture on which the Program has been focusing its activities.

The purpose of Regional Analysu is to develop and analyze
inventories of resource use, and the bio-technical, physical
and socio-economic environments of farming systems of the
humid and sub-humid tropics. These analyses, which are

highly interdisciplinary in nature, assist in the identification
of l imit ing factors to production and resource potential and
so assist in the definition of the Program's problem oriented
research.

The focus in Crop Production is to develop cropping practices
which are productive, biologically stable, and economically
viable, and also identify systems of crop management adapted
to the conditions and needs of farmers in the humid and
subhumid tropics.

Land Management has the task of developing and testing
methods of land development and soil management which
will economically overcome the constraints to intensified
use of fragile tropical soils.

The purpose of Energy Management is to adapt and develop
implements and methods which are complementary to the
technology developed elsewhere in the Institute, which can
help relieve the energy (largely labor) constraints to crop
production and processing, and reduce post-harvest storage
losses.

Finally, Technology Evaluation provides the point of integration
and synthesis of Farming Systems research. The purpose of
this project area is to develop, evaluate and adapt appropriate
systems of crop management and land use for different
ecologies, drawing on the findings of Farming Systems and
the Institute's crop improvement programs.

Regional analysis
Regional analysis is involved in three major project areas:

1. Studies of Farming Systems.
2. Benchmark Soils Project.
3. Agro-climatological Analysis.

Agro-economic studies of farming systems

Three intensive interdisciplinary studies of indigenous farming
systems were in progress in 1977. The three sites (in Nigeria)
are as characterized in Table 2. Analysis of the first study
(the majority of field work being undertaken in 1976) is
nearing completion, while data collection in the latter two
investigations will finish at the end of the 1977-78 dry season.

Table 2. Intensive agro-economic studies currently in progress
at IITA.

Location
(area)

Land
type

Farming
system

Field work
From To

Ilora/Oyo Alifisol/Savanna Maize based Feb. 76 April 77
Lokoja Alifisol /Savanna Yam/Guinea Feb. 77 April 78

corn
Onitsha Alifisol/High Yam/oil palm Feb. 77 April 78

rainfall

Rice production systems in north-west Cameroon. Five sys-
tems of rice production were studied among a sample of 118
farms in northwestern Cameroon. In this region, rice is
grown under both pluvial and irrigated conditions, under
improved and unimproved cultivars and systems of manage-
ment. The area is high altitude — 1,500 to 2,000 metres.

A constant product price for paddy and average factor prices
were used for all inputs including hired labor. The major
findings resulting from this study are:

1. While four of the five rice production systems had
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several countries of West Africa and tropical America. Special 
attention was given to two aspectS of basic soil research that 
bear important implications to the management and agri
cultural land classification of soils in the tropics. 

Physico-chemical properties of soH oxides. The surface and 
charge properties of Fe and Al oxides and hydrous oxides 
and their interactions with silicate clay minerals play an 
important role in influencing the physical and chemical 
properties of highly weathered soils. The heavy-textured 
Ultisols and Oxisols with stable structure and low bulk den
sity, generally contain large amounts of very fine, clay-size 
Fe oxides having an average diameter around 0.1 micron. 
These oxides have large specific area (200 m 2 /g of Fez03), 
higher point of zero charge (PZC), and high surface reactivity 
with respect to soluble phosphate and silica. Soils dominating 
in "high specific surface oxides" are mostly derived from 
basic parent rocks such as basalts and amphibolites. 

Alfisols, Ultisols and Oxisols having poorer physical condi
tions, such as low permeability, unstable structure, high bulk 
density, are generally dominating in kaolinitic clays. A pre
dominant portion of Fe oxides presen t in these soils normal
ly have very low specific surface area as a result of strong 
associations with layer silicate minerals. In most cases, they 
form massive surface coatings around the clay particles. 
Such Fe oxide-layer silicate interactions result in a net reduc
tion of specific surface area of the soil particles. Soils with 
"low specific surface oxides" generally have low PZC (below 
pH-4 and low pH-dependant CEe and AEC. 

As shown in Table 3, the contrasting differences in the "de
rived" specific surface area of Fe oxid~s (SFe) clearly separate 

12 ", 
10 

E 8 
a. 

, 

the soils into two groups which, to some extent, relate to 
parent materials and clay mineralogy and the chemical en
vironments when the formation of Fe oxides took place. 

Silica solubility. Silica solubility is among the most sensitive 
soil properties reflecting the stage of soil weathering, clay min
eralogy, as well as the reactivity of the oxidic surfaces in 
tropical soils. Data presented in Figure 2 depict these re
lationships. 

Table 3. Specific surface area of selected soils from Africa and 
South America before and after dith1'onite (DeB) treat-
ment and calculated surface area of soil Fe oxides. 

Specific 
surface area # 

Clay 
Soil Parent rock % So SR SFe 

Paleudult, B2l t Diabase 65 59 33 263 
Paleudult, B2lt Basalt 70 73 55 257 
Paleudult, B21 t Amphibolite 65 47 30 169 
Paleudult, B2l t Acidic 

gneiss 54 30 28 58 
Haplorthox, B2 Coastal 

sediments 64 34 30 63 
Acrustox, B21 Acidic 

gneiss 55 30 26 66 

# So = m21g a/untreated soil, SR = m2/g ~r dlthiom·te treated soil, 
SFe =m2/g of Fe203. 
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Fig. 2. Silica solubility as related to base saturation and clay mineralogy of selected Alji.sols~ Ultisols and hydromorphic soils in tm 
humid tropics. 

58 





Table 5. Effect of croPfJin,1J pattern on weed weight at crop han.est. 1 

D.W. of weeds (kg/ha) 
Yam/ 
Maize/ 

Treatment Sole Yam Yam/Maize Cassava Mean 

1. Weeding at 3+5 \NAP 4,688 1,100 1,823 2,537 
2. Weeding at 3+8 \lVAP 1,163 1,455 1,437 1,352 
3. Weeding at 3 + 12 \YAP. 2,057 1,228 1,163 1,483 
4. Weeding at 5--r-12 \YAP· 2,662 1,515 1,738 1,972 
5. Weeding at 3 + j + 12 \-\tAP 1,150 1,908 1,643 1,567 
6. !\.1.elon + vVeeding at 3 WAP 1.810 1,823 1,925 1,853 
7. !\.1.elon fb sweet potato· 983 347 395 575 
8. !\''1elon + Herbicide 2 1,412 1,385 1,362 1,386 
9. Sweet potato + vVeeding 3 WAP. 1,162 975 435 1,237 

10. Primextra 2.5 kg/ha PE. 1,225 1,272 1,215 1,237 
11. Weedy check· 4,745 2,265 1,585 2,865 

l\tlean. 2,096 1,388 1,338 
LSD 0.05 792 

Jilted weight at yam hamesi. 
2. Diuron + alachlor at 1. ° + I. 8 kg / ha PE. 

Table 6. Effut of u.1eed control method and cropping pattern on tuber yield in white yam. 

Treatment 

1. Weeding at 3+5 WAP 
2. Weeding at 3+8 WAP 
3. Weeding at 3+ 12 \'\TAP. 
4. Weeding at 5+ 12 \'\TAP. 
5 Weeding at 3 + 5 + 12 \I\tAP 
6. 1tlelon + \Veeding at 3 \'\TAP 
7. Melon fb sweet potato· 
8. Melon + Herbicide· 
9. Sweet potato + \'Veeding 3 WAP. 

10. Primextra 
11. VVeed free check· 
12. \'\Teedy check 

Mean. 
LSD 0.05 

*Yam population 10,000 ptantsJha. 

The effect of weed control methods and cropping pattern on 
maize yield is shown in Table 6. In each of the cropping 
patterns, maize population was three-quarters that in the 
sole cropped maize (40,000 plantsfha). Maize yield was 
depressed in the maizefyam mixture but not in the 
maize/cassava and maize/yam cassava mixtures. Unlike in 
the longer-season yam, all cover crop treatments effectively 
covered the ground throughout the period of maize growth. 
The sweet potato treatment significantly reduced maize yield. 
Similar yield depression was noted in yam when sweet potato 
was planted at the same time as yam but not when the 
sweet potato followed melon. As in yam, Primextra stood 
out as a superior weed control tool for both sale cropped 
and mixed cropped maize. 

Nematode dynamics in intercropping. The intercropping 
experiment was sampled for nematodes at preburn, postburn, 
and at crop maturity at the end of the first and second grow
ing seasons. Nineteen kinds of plant-parasitic nematodes 
were found on the plots during the four sampling periods. 
The root-knot nematode juveniles (Meloidogyn.e spp.) were 
the most abundant of the plant-parasitic nematodes. The root 

Tuber F.W. t /ha 
·Maize/ 
Yam/ 

Sole Yam* Maize/Yam Cassava Mean 

60 

21.0 16.3 17.0 18.1 
20.3 15.0 17.4 17.5 
26.0 17.8 18. 7 20.8 
21.7 17.9 18.1 19.2 
26.3 18.0 17.1 20.5 
18.9 18.4 13.7 17.0 
23.4 16.7 17.4 19.2 
22.2 18.8 17.9 19.7 
18.9 13.8 16.5 16.4 
24.4 17.4 15.7 19.2 
28.6 17.7 20.9 22,4 
22.5 17.0 17.3 

22.5 17.0 17.3 
3.5 

lesion nematodes (Pratylen.chus spp.), spiral nematodes 
(Helicotylen.chus spp.) and pin nematodes (Paralyimchus spp.) 
occurred at low-population densities. The other 15 kinds of 
plant-parasitic nematodes were also recorded to enable their 
population trends under the conditions of the experiment to 
be monitored and effects on plant-parasitic nematode popu
lations evaluated (Table 7). 

After nine years of bush fallow, the mean of 352 plant para
sitic nematodes per liter of soil was belm ... · levels expected to 
cause damage to the following crop. A significant decline in 
the numbers of all kinds of nematodes occurred after burning. 
At planting (29 April), 40 days after bush burning, the 
numbers of plant-parasitic nematodes had doubled compared 
to the pre burn situation. The increase in plant-parasitic 
nematodes suggests a heat stimulation in the hatch rate of 
eggs of plant-parasitic nematodes. The numbers of predacious 
and saprozoic nematodes had returned to their approximate 
preburn population levels at planting time. The root-knot 
nematodes and the spiral nematodes followed the general 
population trend at planting. The numbers of root-knot nem
atode juveniles ended the crop growing season at about 









damage was caused by thrips and the treatment in which 
no protection \ .... as given during this period had a significantly 
higher (p. 0,05) damage rating than those in which Carbo
furan was applied, This was associated with increased popu
lations of Srricothrips occipitalis. 

Numbers of }vlegalurothritH were low and unaffected by the 
treatment at this stage though after flowering they increased 
markedly in unsprayed plots to 23.6± 6.0 per plant compared 
to 1.2±0.5 in those sprayed with Nuvacron and Gammalin. 
A similar situation was apparent in flowers. At 65 DAP 
those from the preflo\ .... ering treatment contained 63.8± 10.4 
thrips per flower compared to sprayed treatmen ts with 
0.6± 0.2. Observations were made on r.,.,laruca populations 
from the same sampling \ .... hich took place at peak flowering. 
Significantly more larvae were recovered from flowers on 
plants which had been sprayed than those which had re
ceived only Carbofuran at planting. A higher flower produc
tion, resulting in increased attractiveness of the crop for 
oviposition, may provide an explanation for this phenom
enon. The flower density at 65 DAP was significantly higher 
in the pre- and post-flowering protection treatment than in 
either of the others which were similar at this stage and both 
had about the same flower production over the flowering 
period. However, the pattern of production was different, 
with plants receiving post-flowering protection showing peak 
flowering at 62 DAP while those which received only pre
flowering protection did so at 72 DAP. 

Carbofuran had relatively little effect on most Homoptera 
though populations were significantly reduced at 50 and 
64 DAP in plots treated with Gammalin and ::'J"uvacron, 
there being no significant difference between post-flowering 
and total protection treatments. An exception to this general
ization was provided by Cicadulina (Table 16). ]n this case 
Carbofuran appears to suppress early population development 
and even at 64 DAP numbers remain lower than in plots 
sprayed only with Gammalin and Nuvacron, which seem to 
have no significant effect. This information is of interest be
cause Cicadu lina is a vetor of maize streak virus. The maize 
was untreated and because population development was af
fected by Carbofuran, cowpea therefore, apparently serves an 
alternative food source for the insect; this observation may 
have important implications for maize/cowpea intercropping. 

Table 16. Populations of Cicaduizna mbila and C. lriangula on 
intercropped cowpea under three insecticide regimes. 
Mean no. per 100 plants. 

Pre-flowering Post-flowering Pre- and post-flowering 

DAP protection protection protection 

26 2.2 ± 1.1 a 3.3± 1.9 a 3.3±1.9 a 
50 24.4 ± 4.8 a 51.1 ±10.6 b 16.7 ±6.9 a 
64 26.6±10.7 a 63.3 ± 13.9 b 14.4±4.0 a 

P 0.05 

Sole crop based studies 

Yam production - staking. Staking to support the vines of 
yam is one of the most expensive and time consuming prac
tices in the management of the crop and is often suggested 
as a reason for the decline in yam production. ""hen fallow 
periods are reduced to two or three years, natural regen
eration seldom prod uces the types of shru b or tree growth 
capable of providing desirable stakes. Leucaena lrucocephala 
(a tree-type legume) is a species which produces stakes and 
may be either cut or used in situ. It is suitable for supporting 
yam in 9 to 12 months in climates similar to that of IITA. 
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An 18-month-old plantation of Leucaena (150 em x 50 cm) 
was used to evaluate six methods (Table 17) of using its 
stem as support for yam vines. Method F gave highest yields; 
however, its superiority co B was due to the higher plant 
population. Method B was significantly better than A, C, D, 
or E. This superiority was ascribed to taller vine height and 
better leaf area distribution. The similarity in yield of A, D 
and E suggests that the conventional method of staking yam 
can be substituted by placing smaller untrimmed branches 
on the soil surface. In situ support with live trees was as 
,good as conventional staking when the trees were kept pruned 
(E) but unpruned live trees (C) significantly reduced yield by 
competing for light, nutrients and moisture. Shading ap
peared the most significant cause of the low yield of C but 
no direct relationship between light penetration and yield 
was established. 

\\' eed control in yams. The growth habit of yam (Dioscorea 
spp.) and its inability to completely shade the ground makes 
it very susceptible to weed competition, L'ncontrolled weed 
growth caused above 65 percent reduction in yield of white 
yam (D. rotundata L. cv. Nwaipoko) in experiments conducted 
at lITA in 1977. 

Table 17. Effect of method l!! supporting yam vine on light 
penetrations, vine height andy,·eld. 

Light Vine 
Method of support penetration height Yield 

% em tonlha 

A Conventional staking 98 214 20.7 
B Killed in situ stems of Leucaena 87 346 30.5 
C Live unpruned in situ 

stems of Leucaena 30 363 2.8 
D Horizontally placed untrimmed 

branches of Lrucaentl 9~ 19.5 
E Live pruned stems of Leucarna 96 216 20.6 
F Same as B with doubled 

yam popu lation 78 425 39.7 

Handweeding three times or a pre-emergence application of 
a mixture of fluometuron plus metolachlor at 2.0 + 2.0 kg 
a,i./ha gave similar yields to weed-free plots. 

Diuron which is used in some parts of the tropics as a stan
dard herbicide for weed control in yam was inferior to 
fluometuron and metolachlor mixture in both total weed 
control and yam tuber yield. A weed competition study de
signed to identify the critical time of weed removal and 
frequency of hoe weeding in white yam showed that when 
weeds were not removed during the first three months of 
growth, they resulted in about 30 percent reduction in yield 
when compared to the weed-free control. When yam plots 
were not weeded for the first four months yield loss was 
identical to those that were not weeded at all (Table 18), 
Similarly, keeping yam weed free for the first four months 
was identical to the weed-free treatments. At least four weed
ings at one monthly interval during the first four months 
of yam establishment were found to be necessary to mini
mize yield loss due to weeds. 

Yam seedling susceptibility and damage by root-knot nema
tode. [n a cooperative project with the ]nstitute's Root and 
Tuber ]mprovement Program, true yam seed from four 
breeding families (Dioscorea dumttorum (''''512), D. pr(J(hensilis 
('v\l513) and two of D. rotundata (W501, W511) were evaluated 





Table 21. Plantain intercropping: input-output balance US ($Iha) 

Treatments 
----

2 3 4 

a. Outputs 

Plantain @ $93/t $3770 $3780 $4060 $2125 
Coco)'am @ $93/t liS 
Maize @ $200/t 588 670 
Cassava @ $40/t 105 410 
Vegetable propagating 

materials 100 160 170 120 
Total cash revenue $3870 $4655 $4923 $3325 

b. Inputs 

Labor @ $4/day $765 $1065 $1540 $1390 
Seeds, sucker, etc .. 100 160 180 130 
Tools 65 40 65 6.1 
Fertilizer and pesticides. 440 340 510 340 
Su pporting stake 

@ $0.15 each 150 150 150 80 
Irrigation 670 670 670 670 
Total cash costs· $2190 $2325 $3115 $2675 

Gross margin $1680 $2330 $1808 $ 750 

Table 22. Main features of three promising accessions and the popular cuitilJar. 

Ogoni 
Features 76-13 

Pseudostem color red 
Pseudostem size large 
Months to harvest 13 
Number of fruits 61-72 
Bunch ' .... eight /kg 22 

weeds. The other intercrops were not good weed suppressors 
and weeding accounted for the dominant labor use, 

Aggregate production of food crops was generally higher with 
intercropping than with pure cropping, and plantain/cocoyam 
and plantain/maize/cassava at close spacing intercropping 
had higher cash return than the pure stand plantain (Table 
21). Reducing the plantain density resulted in reduction of 
income as increased yield from the lower-priced maize and 
cassava did not compensate for the reduction in plantain 
yields. Thus, where cash income is the goal, the feasible 
plantain intercrops are cocoyam and maize/cassava with high 
plantain density. 

Collection and selection 

During the year the number of plantain accessions reached 
149. Thirty-three cultivars were identified, 19 were hom type 
and 14 French type plantain. Data from horn type cultivars 
indicate that at least three new accessions may have higher 
potential than the popular Agbagba (Table 22). 

Pest management, sole cropping 
Studies in weed management 

Maize. A formulated mixture of atrazine plus metolachlor 
(Primextra) identified in previous years' studies as an effec
tive preemergence herbicide for weed control in maize at 
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Cultivar and accession =# 
Ishiokpo Orishele Agbagba 
76-11 75-56 (local check 'I 

red red green 
medium medium medium 
11 11 11 

49-59 50-59 30-45 
19 22 16 

2.5 kg a.i./ha continued to give good weed control and maize 
yield (Table 23). 'Weeds not controlled by this mixture were 
Commelina ben,ghalensis L. and Talinum lnangulare \Vitld. from 
old root stock. A formulated mixture of atrazine plus alachlor 
at a comparable rate was as good as the standard herbicide 
in the first-season maize trial. Penoxalin at 2.0 kg/ha was 
the only herbicide that controlled Rotiboellia exaltala, a serious 
weed in tropical crops. 

An unexpectedly prolonged dry spell after application of 
preemergence herbicides in maize often results in poor su bse
quent weed control. It is thus appropriate to identify suitable 
postemergence herbicides for use in maize for situations 
where the preemergence herbicide has failed. Herbicides 
evaluated for postemergence weed control in both first and 
second season trials gave fair to poor weed control (Table 
23). The most prevalent weeds in the weedy plots were 
Rottboellia exaltata, Brachiaria lata, Talinum triangulare, Euphorbia 
heteroph))IIa, and Commelina benghalensis. 

Rice. Herbicides that gave promising weed control under 
poor water management conditions in 1976 direct-seeded 
lowland rice trials were again evaluated in 1977. Several 
herbicides including thiobencarb and propanil (3.6 kg/ha) 
and monilate (3 kg/ha) were less effective in controlling 
weeds when water control was poor. Yields in plots treated 
with these herbicides were significantly lower than weed-free 
plots and were not included in results reported in Table 24. 
"Veed was controlled best in p]ots treated preernergence 





Table 25. Effect of herbicides on weed control and crop ,yield in cQu;pea rev. VITA-5) second season, 19i7. 
-'-------

Treatment Rate 

1. Metolachlor . 3.0 
2 Metolachlor + metribuzin 1.5 - 0.25 
3. Pendimethalin 2.0 
4. Pendimethalin + metribuzin. 2.0+0.25 
5. CDEC 8.0 
6. DCPA 10.0 
7. Fluorodifen 3.0 
8. Hoe weeding 
9. 'Veed free 

10 ''\feedy 
LSD 0.05 
CV 

Weed rating at 27 and 60 do.)'s after treatment 

the population was increased to 80 plants/mz cowpea yield 
reduction of 68 percent and 75 percent respectively were 
noted in the semi.prostrate and erect cowpea cultivars. Only 
the wild poinsettia seedlings that established within 20 days 
of planting cowpea significantly reduced cowpea yield rela
tive to weed-free plots. This implies that effective control 
measures will require keeping cowpea free of wild poinsettia 
within the first 30 days of establishment to minimize com
petition with the crop. 

The tolerance of cowpea cultivars to selected herbicides was 
also evaluated in 19i7. The cowpea cultivars tested were 
more tolerant of metolachlor and pendimethalin than of 
alachlor. VITA-5 was more susceptible to alachlor than other 
cultivars tested. Pendimethalin at 2.5 kg a.i. /ha caused stand 
reduction in VITA-4. 

Soybean. Fluorodifen at 3.5 kg/ha or metolachlor at 2.5 
kg/ha applied preemergence gave good weed control and high 
grain yield in soybean. Preemergence herbicide 'mixtures 
which also combined excellent weed control with good crop 
yield were metolachlor plus metribuzin, metolachlor plus 
metobromuron and metolachlor plus chlorbromuron. These 
mixtures were superior in crop yield and weed control to 
mixtures involving alachlor or pendimethalin. The latter 
herbicide was toxic to soybean. 

Cassava. A weed control study was carried out in cassava 
in a field fallowed for one year prior to the study. \Veeds 
when not controlled caused a yield reduction of 64 percent 
relative to cassava plots that were kept weed free until har
vest. Two or three properly timed weedings were as effective 
in controlling weeds as when the cassava was kept weed 
free throughout the growing season. Preemergence applica
tions of fluometuron at 2.0 and 3.0 kg/ha, diuron at 2.0 
kglha and a formulated mixture of atrazine and metolachlor 
at 2.5 kg/ha gave cassava yields that were similar to the 
weed-free treatments. 

Cover and conservation crops 
Fallow legumes. Besides nutrient regeneration and rebuilding 
of soil physical properties, fallow legumes are useful in pro
viding conditions favorable to certain crops and cropping 
systems. These fallow species can compete favorably with 
undesirable fallow species - for example, against Imperata 
cylindrica, a noxious weed in the derived savanna zones of 
West and Central Africa 
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''\feed control 
Broad leaves Grasses 

Time 1st 2nd 1st 2nd Grain yield 

PE 83 73 93 89 683 
PE 83 76 87 74 709 
PE 66 80 92 63 619 
PE 81 68 83 7J 660 

34 17 19 19 455 
26 8 87 88 685 
78 51 91 90 619 

14+280AE 98 94 95 96 844 
Weekly 100 100 100 100 883 

0 0 0 0 336 
169 
'20.4% 

Four legumes, Styiosanthes guianensis, Pueraria phoseoioides, Cen
trosema pubescens and Psoplwcarpus palustris, are being evaluated 
as fallow species in areas where I. cylindrtca is a dominant 
weed. At the end of the first year, legumes planted through 
established Imperata were rated in a descending order of es
tablishment: Styiosanthes, Pueraria, Psophocarpus and last, Cen
trosema. Absence of appropriate strains of rhizobium bacteria 
appeared to be responsible for poor establishment of the lat
ter two legumes. Suppressing Imperata with paraquat was not 
necessary for good establishment of S. guianensis and P. phaseo
[oides. 

Fallow shrubs and trees. In addition to Leucaena leucocephala, 
certain species are being evaluated for use in specialized 
fallow e.g., providing in-situ support for climbing crops. Those 
being evaluated in replicated plots include Acioa bateri, 
Glyricidia sepium, Tephrosia sp. and Cajanus cajan. 

Mulches as modifiers to populations of plant. parasitic nema
todes. A long-term trial is being conducted at lIT A to 
evaluate the effect of selected plant residues on soil micro
flora and micro-fauna as sources of plant nutrient and the 
yields of maize, cassava, cowpea and soybean. 

After the third year of the trial the spread of plant·parasitic 
nematodes above and below the mean of the unmulched 
control plots was within the range of the previous two years. 
Changes in nematode populations under the various mulch 
treatments were mixed. Soil populations of plant-parasitic 
nematodes were generally consistent under soybean tops, rice 
stra\\o", maize cobs, cassava stems and pigeon pea stems in 
relation to the control plots (Table 26). In plots mulched 
with mixed twigs, Pennisetum straw, pigeon pea tops, rice 
husks, oil palm leaves, black plastic and fine gravel, the pre
viously observed decline in nematode numbers continued. 
Sawdust, typha straw, Panicum straw, elephant grass straw, 
Andropogon straw, bean husks, maize stover, Eupatorium 
tops and clear plastic mulches showed a mixed response in 
nematode numbers. 

The mean numbers of aU plant-parasitic nematodes were 
greater than the previous two years and higher than the 
preplant mean. Maize had the highest numbers of nematodes 
followed by soybean, cowpea and cassava in that order. The 
numbers of nonplant-parasitic nematodes remained under 
the preplant mean for all crops. Populations under soybean, 
maize and cowpea were similar to the first year of crops while 
population under cassava declined to one-third. The root 
lesion nematodes (Pratylenchus uJjaensis, P. bracJryurns) con-





Table 2.9. Sweet potato _yields at different levels of insolation) Rg. 

Actual Relative mean Relative mean 
yield/plant (hill) at: yield at yield/plot ('Yo) at: 

100% Rg 
Season Variety elba 100% Rg 

1st, 1917 TIS 1499 25.000 100 
1st. 1977 TIS 2534 14.000 IDa 
2nd, 1977 TIS 1499 21. 200 100 
2nd, 1977 TIS 2534 18.960 IDa 

Crop response to simulated light climate. Studies on the 
implication of the seasonal and areal changes in global radi
ation on crop production were continued using two cultivars 
of sweet potato, TIS 1499 and TIS 2543. As was the case 
with the cereal (maize) and grain legumes (cowpea, soybean) 
reported earlier, moderate reduction in insolation decreased 
yields in both cultivars. Unlike the other crops however, the 
yield reduction, particularly in the case of TIS 1499 appears 
to level off su bstan tially (for the 23 percent and 34 percent 
light reduction studied) as evident from the relative yield per 
hill (Table 29). This suggests a fair degree of tolerance for 
low light within certain limits; it should lend the crop well 
to production in mixture, i.e., as an intercrop, as well during 
seasons with relatively poor isolation. TIS 2534 proved far 
more sensitive to reduced incident light. 

Crop water requirement. ~1aximum water requirements \vere 
determined for two cultivars of cowpea (TVu 3629 and 
VITA-s) using the drainage lysimeter set-up previously de
scribed (UTA Annual Report, 1975). 

Total water consumption I by TVu 3629 during the dry sea
son 1976/77 amounted to 321 mm with a mean daily require
ment of 4.28 mm over the season. These compare with values 
of 276 mm and 3.58 mm respectively for the cultivar TVu 
6204 (UTA Annual Report, 1976) during the corresponding 
season of 1975/76. The extremes in weekly mean values, 2.95-
5.69 mm/day, are also higher than in the previous case. This 
appears to be mainly due to the higher evaporative demand 
during the latter season. The mean daily water use DP VITA-
5, grown during the second season of 1977 ranged from 2.87 
to 4.79 mm, averaging 3.78 mm/day over the season. As 
noted in previous studies, consumption by the same crop on 
the Iwo soil lysimeter was slightly higher (+9 percent) be
cause of the better growth of the crop. The ratio of evapo
transpiration to pan water evaporation ranged from 0.i2 to 
1.11 and from 0.79 to 1. 22 on the Alagba and the Iwo soils 
respectively. 

The preceding results together with those previously reported 
indicate a mean water requirement of 3.5-4.5 mm/day for 
the area. 

Land management 

Early research in land management at ITTA was focused on 
nutritional and physical aspects of soil management, using 
as a starting point the land after clearing. However, methods 
of forest or bush clearing and subsequent land development 
will have a major impact on the subsequent productivity and 
problems of managing the soil. The Farming Systems Program 
has initiated a research program to investigate methods of 
land clearing and soil management as a continuum which 
will ensure that the productivity of tropical soils is not 

I. Values in ali cases from Alagba soil lysimeter unless othawise 
indicated. 

77% Rg 66% Rg 100% Rg 7rlo Rg 66% Rg 

81 64 100 82 72 
54 35 100 50 33 
43 41 100 58 55 
57 29 100 66 37 
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depleted during clearing and thereafter. Following extensive 
work in project design, a watershed under secondary forest 
is being developed at IITA to enable the integrated evalu~ 
ation of the impact of alternative methods of land clearing 
and subsequent soil management on crop production, hydro-
logical, chemical, physical and biotic properties of the soil. It 
is proposed that this site will be the first of a network to 

evaluate methods of land development as influenced by the 
preclearing vegetation, soil types and climates of the humid 
and su bhumid tropics. 

Nutrition: Biological nitrogen fixation 

Diurnal changes in nodule efficiency and carbohydrate con
tent in cowpeas. Previous studies have shown a decline in 
nodule efficiency in cowpeas between 1200- 1600 hrs. and 
reference was made to the relationship between changes in 
carbohydrate metabolism and nitrogen fixation. Two field 
experiments were conducted to examine the relationship. 
Cowpea cultivars TVu 3629 and TVx 715 were inoculated 
with Rhizobium sp. so\ ... n in a completely randomized block, 
with five replications. At flowering and pod fill, data were 
taken daily at 0900, 1200, 1500 and 1600 for three consec
utive days. 

In general, total activity (C 2H 4 produced/pl.lhr), total re
ducible carbohydrate per plant and amino acids per plant 
were low in the morning, increased between 1200-1500 and 
then decreased. Figure 3 shows changes in specific activity, 
the concentration of amino acids in bleeding sap and the 
amount of total reducible carbohydrates. The increases in 
nitrogen content of sap lagged by about three hours behind 
carbohydrate content. Specific activity was not related to 
amino acid content until 1500 hours when both increased. 
The fall in the quantity of amino acids in bleeding sap as 
a result of the decreased rate of nodule fixation, is in part a 
consequence of the low amounts of carbohydrates available 
for fixation. 

Soybean cropping history on the survival and function of 
Rhizobium. When inoculated legume seed is planted it is 
desirable to knO\\l how many inoculations are necessary to 
establish adequate num bers of efficient rhizobia and to re
move the need for subsequent inoculations. Soils were col
lected from various locations in Nigeria (Table 30) and 
estimates of nodulation and rhizobial numbers made. In 15 
soils from Mokwa, Samaru, Yandev, Onne and lIT A, rhizobia 
infecting soybean cultivar TGrn 294 were absent or few 
(0-12/g soil) in soil not previously cropped to soybean. In 
soils with one or more inoculations there were many rhizobia 
(up to 3,600) - more than adequate to give effective nodula
tion. Nodulation, nodule efficiency and total nitrogen followed 
a similar pattern. A similar study was made of soils from 
locations with a known history from the IITA site. 

Nodulation, nodule efficiency and total nitrogen fixed again 
were significantly higher in soils with one or more inocu-
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Fig. 3. Dail),' variation in nodule efficiency (A) and in concen
trations of aminQ acids (B) and reducible carbohydrates in the 
bleeding sap of two cowpea cultivars at jlnwering. 

lations within the past four years. The differences in effi
ciencies in Egbeda soils suggest selection and adaptation of 
different strains since it is known that the inoculant which 
was used contained different strains. 

Collection and typing or indigenous rhizobia strains. In im
proving the nitrogen contribution from legume rhizobia to 
crops and soil fertility in the lowland humid tropics, nod
ules were collected from 16 legumes from various locations in 
Kigeria. Rhizobia insolated from nodules of several of these 
hosts were added to the lIT A collection of cultures of 
Rhizobium after they were typed and authenticated. 

Authenticated strains of rhizobia already in the culture 
collection were utilized in laboratory and screenhouse studies 
to identify highly superior legume - Rhizobium combinations. 
The isolates were screened in Leonard jars for their ability 
to infect and form effective nodules on four hosts: cowpea, 
lima bean, soybean and Cerilrosema The results from this 
preliminary screen are shown in Table 31. f\tfost of the 60 
strains tested (65 percent) were effective on cowpea. The low 
percentage of isolates effectively nodulating soybean was a 
reflection of the few R . .Joponicum used in the test. Out of 
the seven R. japonirum strains included in the test, two were 
highly effective. 

Cross-infectivity among members of the cowpea group is 
little studied and consequently little is understood precisely 
why, for example, rhizobia isolated from certain members 

Table 31. Summa~)! qf results of the preliminar.y plant testing 
of Rhizobium spp. 

Legume host 

Cowpea (VITA. 3) 
Cmtrosema 
Lima bean (TPI 30) 
Soybean (TGm 80) 

Effective 

65.0 
11. 7 
6.7 
5.0 

Not effective 

3.3 

8.3 

Table 30. Description l!f soils used in experiments on soybean cropping history, with ~ycorrhiza and with paraquat. 

Clay pH C 
Source of soil Series Classification Texture % CaCI 2 % CIN 

Savanna zone soils 

Mok\ .... a Oxic paleudult Loamy sand 9 5.3 0.62 13 
Samaru Funtua Haplustalf Loam 16 4.9 0.40 i 
Yandev Psamment Sand 5 4.7 0.48 16 
Abomey-Davougon Ustalf Sand 4 5.4 0.73 W 
Dassa-Zoume Ustalf Loamy sand 5 6.0 0.86 17 

Sub-humid forest zone soils 

Ibadan Adio Aeric tropaquent Sandy loam 10 4.7 1.42 7 
Apomu Psammeutic 

ustorthent Loamy sand 8 5.8 0.73 13 
Egbeda Oxic paleustalf Sandy clay 

loam 25 5.4 1.50 II 
Ikenne Kolo Cdic rhodustalf Sandy clay 

loam 21 5.5 2.61 3 
Alagba Oxic paleustalf Sandy loam 13 6.3 1.21 8 

lsoya Okpannam Lstipsamment Loamy sand 6 4.2 0.94 19 
Agonkanme Paleustalf Sandy loam 10 6.0 1.35 13 
Sehoue Lstert Clay 45 6.2 2.98 15 
Zinvie Aquent Sandy clay 

loam 35 4.0 12.32 30 

Humid forest zone soil 

Onne Oxic paleudult Sandy loam 18 3.7 1.35 22 
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of the cowpea cross-inoculation group do not nodulate other 
members of the group. 

As part of the initial phase of 'a broader study, an experi
ment was initiated to examine cross-infectivity and the 
identity of rhizobia, using seven RhizobIUm strains and five 
legume hosts. The results (Table 32) indicated that not all 
the cO\\lpea isolates nodulated other members of the cowpea 
cross-inoculation group. Moreover, an isolate from one cow
pea cultivar (strain 89) failed to nodulate the cowpea under 
test. 

Table 32. Scrt'enhous~ trials on cross-inoculation using seven 
Rhizobium spp. and .five hosts. Egbeda soil (Aifisolj 
was sterilized and plants were harveshd after 4-5 
weeks. 

Relative effectiveness on** 
Rhi-zobillJn Pigeon \'\Tinged Lima 

strain* Cowpea pea bean bean Centrosema 

16 + ++ 
22 -+ ++ 
28 + ++ 
59 ++-
69 ++ ++ 
89 
90 ++ +++ 

*AU aTe cn.Lpea 1501ate5 except 16, /rom bamba"a grrJundnul. 
**Effectiveness (nodulation., dry malter pwducliol1) rating: 

- .vot effective 
+ Sli{[htfy elfectivt 

+ + ,\1oderatei)' effective 
+ + + Highlv effective 

Mycorrhiza and phosphorus nutrition 

Previous work (IITA Annual Report, 1976) suggested that 
field inoculation with Vesticular-arbuscular mycorrhizae did 
not increase grain yield of plants. Follow-up experiments 
were conducted in 1977. 

Phosphate fertilization and m}'corrhizal inoculation of cas
sava. The effects of inoculating cassava with Glomus mosseae 
on the availability of rock phosphates in an Egbeda soil 
series were investigated in a screenhouse experiment. [nocu
lation failed to increase root infection in nonsterile soil be
cause the soil contained abundant spores of Giomu5 and 
Gi~aspoTa spp. Phosphorus uptake and concentration in plants 
were increased by inoculation of sterile and nonsterile soils. 
Plants supplied with Morocco rock absorbed more P than 
those supplied Togo rock. Dry matter production follo\ved 
a similar trend. The benefit of inoculating cassava with C. 
mosseae was limited to the sterile soil, reflecting the abun
dance of efficient indigenous mycorrhiza in soiL 

Endogone spore type on cowpea yield. The yields of TVx 
1836-44G when inoculated with four mycorrhizal ~pore types 
were compared in a pot experiment (Table 33). C. masseae 
was found to be superior to the other spore types. 

Methods of field inoculation. Efficient methods for large
scale field inoculation of mycorrhyzal spores are not known. 
]n two field experiments two ways of inoculating VITA-4 
and TVx-44G were compared: seeds were either pre
infested and the seedlings transplanted, or inoculum was 
placed directly below seeds at planting time. The method of 
inoculation had little or no effect on the parameters 
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Table 33. Inoculation ~f cowpea (V(gna unf?uiculata TV, 1836-
44G) with four mvcorrhizal fungi u.nder pot condi-
tions. 

~o. of No. of Seed 100 Increase 
Fungal pods/ seeds/ weight seed in seed 

inoculum plant pod g/plant wt. (g) wt. ('io) 

Cninoculated 8.0 6.5 7.6 14.6 
Glomus lasirolatu5 12,7 7.0 12.9 14.5 70 
C. macrocarpus 10.3 8.3 12.4 13.9 63 
G. mOS5ear 127 8.3 14.4 l.i5 90 
Acaulo5fJora Leaves 11.7 7.6 12.9 14.5 70 

Table 34. Effects of method of se~d inoculation with Glomus 
mQS5eae on .field f!f nodules, nitrogen and grain in 
cowpea (Vigna unguiculata) under field conditions. 
Nodule yield and total nitrogen at 48 da.J's after sow
ing/transplanting. 

:."lodule Total Grain Increase 
Method of Inocu- dry Wl. N yield in yield 
plantin~ lation'" (mg/plant) (mg/plant) (kg/hal (%) 

Seeds sown 33,2 ± 2.9 1989 712± 59 

+ 81.7 ± 7.S 2699 106S ± 115 49.S 
Seedlings trans-

planted 49.1± 2.6 1948 81O± 100 

+ 118.2± [0.9 2595 lO15± 88 25.4 
---------

*Seeds wer(' inoculated ( +) or not (-) at time of sowing in soan
house or field 

examined (Table 34). Inoculation was the more efficient; it 
increased all parameters examined, including grain yield. 
Direct placement of inoculum with seed will be adopted in 
all future work as it is less laborious and less time-consuming 
than pre-infecting and transplanting. 

Field sterilization and mycorrhizal inoculation on cowpea 
and maize yield. The effects of indigenous mycorrhiza and 
an introduced strain, G. masseae, on phosphate nutrition and 
yield of cowpea and maize were examined. Root infection, 
P uptake and dry matter production in both crops were 
increased by inoculation, whether the soil was sterilized or 
not. Maize grain yield was increased more in non-sterile than 
sterile soil by inoculation. These results show that under low 
soil fertility, inoculation of highly effective strains will in
crease crop yield although indigenous strains already influ
ence such yield. On-going research is designed to establish 
the relationship between soil fertility and the role of mycor
rhiza on crop yields. 

Effects of paraquat 

The effects of different rates (0, 0.25, 2.5 and 250 ug/g a.i.) 
of Paraquat on soil respiration, nitrification and dehydro" 
genase activity were examined in the laboratory using 13 
soils and in the field on Apomu soil series. 

Respiration of incubated soils treated with cowpea residue 
and paraquat was significantly lowered by treatment with 
paraquat. The clay content of the soils was significantly cor
related with respiration. At the highest rate, paraquat sig
nificantly depressed oxidation of added ammonium, especially, 
in Abomey and Kola soils. Increasing clay content or CEe 
of soils decreased the inhibitory effect of paraquat, reflecting 
paraquat inactivation by the soil. Dehydrogenase activity 
was little affected by paraquat, but this was probably due to 
loss of enzymatic activity during handling and storage. 



The Apomu field soil treated with 0, 0.50 and 50 kg/ha a.i. 
paraquat, was sampled for incubations initially and after one 
and seven days. Respired CO2 was unaffected by paraquat, 
but dehydrogenase activity was significantly depressed (Table 
3j). Though paraquat reduced nitrification and dehydro
genase activity its use is acceptable because a high rate of 
these two processes is undesirable. 

Table 35. Effect of fold application lif paraquat to Apomu soil 
on dehydrogenase activity 1'n soiL sampled initialb-' and 
ane and seven days later. 

Paraquat 
.Microliters H evolved I g oven-dry soil 

rate 
(kg/ha) Initially Day 1 Day 7 Mean 

0.0 27.34 31.33 26.68 28.45 
0.50 19.48** 23.11** 20.70** 21.10** 

50 26.27 21."27** 22.24** 23.26** 
Mean 24.36 25.24 23.21 24.27 

**DiJferentfrom the "no paraquat" treatment al P = a.oJ. 

Soil acidity and nutrient imbalances 
Long-term liming experiment. Field experiments were es
tablished at the Institute's substation at Onne to investigate 
the requirement and residual effects of lime in a Paleudult 
(pH 4.3) under high-rainfall conditions (2600 mm). Maize, 
cowpea and cassava were used as testing crops. Downward 
movement of applied Ca and reoccurrence of exchangeable 
AI were monitored periodically. In the maize-cowpea rotation 
trial, grain and stover yield in maize of the second year are 
given in Table 36. 

Table 36. Response of maiu (Cv. TZPB) to lime in a VI at 
Onne during the secondJ·ear. 

Ini t ial lime Stover Root 
rate Soil pH (H 2O) Grain (dry matter) depth 
t/ha at planting t/ha t/ha em 

0 4.3 1.92a *' 1.6ia 12.7a 
'h 4.6 3.57b 2.69a 14.0ab 
1 4.7 2.68ab 2.35ab 16.3ab 
2 4.9 3.47b 3.25b 18.0b 
4 5.3 3.40 3.09b 2I.3b 

#Duncan's multzple range test, figures followed b)' diffirenl letters 
are slgnificantLy diffirent at 590 level. 

Initial rates of lime above 0.5 t /ha did not increase maize 
grain yield although higher lime rates slightly increased 
stover yield and root growth. Surface soil pH of the 0.5 t/ha 
plot measured at planting time during the second year 
was 4.6. The same maize cultivar yielded 70 percent more 
(6 tlha) on an Alfisol without liming at lIT A (rainfall 
1400 mm). The large differences in growth and yield between 
the two locations are apparently due to factors other than 
soil nutrient supply because macro, secondary and micro 
nutrients were maintained at adequate levels throughout the 
growing season. Varietal adaptability and low radiation in 
the high-rainfall region may be important growth limiting 
factors. 

Data in Figure 4 show considerable loss of Ca from the sur
face soil two years after liming, indicating substantial down
ward movement and leaching of Ca in this coarse-textured 
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Ultisol. Judging from the field data accumulated to date, it 
seems that a sum of exchangeable Ca and Mg of approxi
mately one meg per 100 g of soil which, corresponding to 
about 40 percent of exchangeable Al saturation and pH 4.7 
(in water), would provide adequate conditions for the TZB 
maize to correct Al toxicity and supply Ca and Mg to the 
plant in this. coarse-textured, kaolinitic Ultisol. 

Lime-phosphorus-zinc interactions. An extensive factorial 
greenhouse experiment to investigate the lime-P-Zn inter
actions was concluded during the year. Two Ultis-ols repre
senting different mineralogy and degree of weathering were 
used. A Paleustult (Nkpologu series) was collected from the 
savanna, and the Paleudult (Onne series) was collected from 
a high-rainfall region. 

Strong, high]y significant nutrient interactions were observed, 
indicating that nutrient imbalance is an important growth
limiting factor in the Kaolinitic Ultisols. ""'hen P was opti
mal, relatively ~mall lime rates produced maximum dry 
matter yield of three-week-old maize and were sufficient to 
reduce exchangeable Al to less than 30 percent and soil 
solution Al to less than 2 ppm. 

Growth responses to liming also depend upon the levels of 
native and applied P in the soil. In the low P status 
Nkpologu soil (Bray P:, 5 ppm), there was no response to 
lime without P, while liming doubled dry matter yield of 
maize on the Onne soil (Bray Ph 90 ppm) without addi
tional P application. The most pronounced effect of balanced 
lime and P supply was on root development. 



Liming soil to neutrality depressed dry matter yields on both 
soils only when no zinc was supplied. Overliming did not 
effect P availability as indicated by P uptake by plant when 
other nutrient elements were maintained at adequate levels. 

The response to Zn was most striking in the older and well
weathered Kkpologu soil (PaleustultJ from the savanna 
region. \Vhen no Zn was applied, dry matter yields were 
depressed significantly by high lime rates, which corresponded 
to a soil solution Zn level of 35 ppb (parts per billion) or 
lower (Fig. 5). 

Calcium deficiency appears to be a major growth-limiting 
factor in both soils, although experimental data do not per
mit a definitive discrimination between the effects of lime 
as a soil acidity ameliorant and as a source of Ca for the 
plant. 

Total nutrient accumulation in plants is controlled by fac
tors both within the plant and in the soil. Under well bal
anced conditions of lime (or Ca), zinc and other nutrients, 
maize dry matter yield correlates significantly with P concen
trations in plant tissue, depicting a critical concentration of 
about 0.18 percent for the three-week-old maize. However, 
under conditions where Ca or Mg or Zn is growth-limiting, 
this relationship is not obeyed. 

Soil analysis (Table 37) indicated that the increased surface 
charge due to liming was balanced by increased exchangeable 
Ca. But high concentrations of Ca were also found in the 
soil solution of the limed soils which would be subject to 

leaching loss under field conditions. Soils incubated with 
soluble salts, such as KC 1, YlgS04 and NH4N03 used in the 
pot experiments, resulted in a 100fold increase in solution AI 
and a big drop in soil pH in both soils; while the amount 
of exchangeable AJ and the percentage exchange Al sat
uration was slightly reduced. Such phenomena indicate the 
limitations of using exchangeable Al alone as a criterion for 
predicting Al toxicity without referring to the concentra
tion of Al in the soil solution phase. 

Increased lime rates did not affect the distribution of ex
changeable K and soil solution K, whereas the soluble and 
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Fig. 5. Effect of soil solution zinc on dry matter yield of maize 
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exchangeable Mg v,,,·ere somewhat reduced when soils were 
limed to neutrality. Concentrations of ~fn and Zn in soil 
solution however, were reduced drastically with increasing 
rates of lime. 

Table 37. Effects of lime on soil solution (saturatiun extract) and exchangeable Ca and A.I in two Ulti$ols in the presence of fer
tilizer salts. * * 

Lime rate Soil pH Solution Al Solution Ca 
g/kg (H2O) ~~ppm ~ 

Paleudult, Onne (13-40 cm) 
Check '* 4.3 2.7 

0 3.7 17.0 60 
0.25 3.9 7.8 224 
0.5 4.2 3.3 276 

I 4.B 0.5 432 
2 5.B 0 685 
4 7.2 0 1000 

Paleustult, Nkpologu (15-40 cm) 
Check # 4.7 0.6 

0 3.9 10.0 77 
0.25 4.1 3.8 140 
0.5 4.2 2.3 268 

I 4.8 0.3 412 
2 5.8 0 733 
3 6.7 0 921 

uKCL, MgS04 and NH4N03 were added at rates (K-~\fg-N) of 150, 80 Qnd 150 mglkg, 
#No fertilizer salts, no lime added in check treatment. 
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Exch. Al 

l.79 
1.46 
1.15 
0.82 
0.21 
0.01 
0 

1.88 
1.44 
1.13 
0.86 
0.25 
0.01 
0 

respectilJ~ly. 

Exch. Ca 
.. meg/lOOg .. 

0.21 
0.30 
0.43 
0.67 
1.05 
1.9B 
4.02 

0.21 
0.40 
0.66 
0.74 
1.18 
2.03 
3.08 

ECEC 

3.00 
3.35 
3.11 
2.90 
2.56 
3.17 
5.05 

2.94 
3.44 
3.35 
3.03 
2.73 
3.20 
4.15 



Leaching losses of nutrients under high-rainfall conditioD'). 
Lysimeter studies \\fere initiated during 1977 to evaluate 
leaching of nutrients in selected Ultisols. Selectivity coeffi· 
cients (Kc) of K-Al and Ca-AI systems at actual exchange
able Al saturation in a Paleudult profile (pH 4.3) are given 
in Table 38. 

Table 38. Selectil,ity coefficients (InKc) of K-Al and Ca-Al in 
the Onne profile (Paleudult) at actual Ai saturation 
of each horizon. Temperature 25°C and 0.01 total 
normality. 

Profile depth In Kc (AI/K) In Kc (AI/Ca) 

0.20 -3.2 2.9 
20-40 -1.2 3.2 
40-60 -1.1 2.j 
60-80 ~0.7 j.t 
80-100 -1.6 3.9 

The negative Kc values in the K-AI system indicate that the 
soil exchange complex has stronger affinity for K. \"'hile in 
the AI-Ca system, the positive Kc values indicate the pref
erence of Al to Ca. The same horizon which has the maxi
mum affinity for Al ion in the K-AI system also depicts the 
maximum affinity for Al in the Ca-AI system. Mineralogical 
data of the soil shm .... more amorphous materials in this par
ticular horizon of the profile. 

Attempts are being made to use the ion-exchange data to 
predict the effect of Al saturation on potential K and Ca 
leaching. At given soil physical conditions (e.g., porosity, 
hydraulic conductivity and diffusion factor), it may be possi
ble to determine optimum levels of Al saturation (or rates of 
lime) at which leaching could be minimized. 

Fertility management of Alfisols and Entisols 

Long-term fertilizer trials. Two experiments were initiated 
in 1972 at the IITA site in [badan on Egbeda (Oxic
Paleustal~1 and Apomu (Alfie Ustipsamment) soil series, to 
study the long-term fertility management problems of 
Alfisols and Entisols. A maize-sweet potato annual cropping 
cycle was used from 1972 till 1975. Starting from 1976 
the second-season potato erop was replaced by cowpea to 
evaluate its N- contribution to the system. 

Nand P responses on both soils were observed during the 
first three years of cropping after land clearing. Despite six 
years of intensive cropping, no response to K application is 
seen on the Egbeda soil (Table 39) indicating the high pro
ductivity of this soil. 

However, responses to K application on the Apomu soil were 
observed since 1976 on the maize grain yield. Yield increases 
due to K application were also observed on the cowpea crop 
in 1977. The response on the Apomu soil was expected, con
sidering the low K status of the surface soil even with annual 
K application. 

The inclusion of cowpeas in the cropping cycle, already 
showed some beneficial effect on the maize even after only 
one cowpea crop. There were marked increases in the 1977 
grain yield on both soils in the control treatment and also 
in the no N treatment on the Apomu soil. 

On the Egbeda soil annual removal of the maize crop residue 
from the plots since 1972 had no effect on maize yield. On 
the less productive Apomu soil, on the contrary, removal of 
crop residue tends to decrease maize yield. 
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Table 39. First season grain Jield of lITA maize TZB and 
secorul season grain J';eld of cowpea in 1977 as af
fected by fertilizer applications and crop residue 
treatment. 

Soil 
type 

treatment Egbeda soil Apomu soil 

Maize Cowpea* Maize Cowpea"'* 

.kg/ha 
No Po Ko So 2899 585 1895 745 
NoP2 K 1 S 1 4364 884 2942 l195 
N 1 P 2 K 1 S 1 4916 969 4890 847 
N2 P 2 Kl SI 4907 918 5768 1161 
N 2 PoK1 S 1 3055 542 3648 884 
N2 P1 K1 SI 5217 848 5193 i95 
N2 P 2 Ko S1 4924 1020 4860 788 
N2 P 2 K2 S1 4512 951 5606 1107 
N 2 P 2 K 1 So 4551 815 j315 968 
No Po Ko So*** 2747 535 1837 793 
N2 P2 K1 S;"** 5296 979 5386 1169 
LSD .05 1222 205 1256 230 

*VITA-4,: '" *VITA-/; ***Maize crop residue removed 
Fertilizer rate: N, =80 kg Nlha; .Nj = 160 kg Niha for £.gbeda 
soil; N j =JOOkg Nlha; N2 =200 kg iV/nafor Apomu soli; PI =30 
k.? P/ha; P 2 =60 kg Plha; K,=40 kg Kiha; K 2 =80 k/" K/ha; 
S, =15 kg Siho.. 

"Ko significant responses to Sand micronutrients were observed 
on either soil during the six years of intensi .... e cropping. 

]\" contribution from grain legume. The N contribution from 
grain legumes gro".·n in rotation with maize has been investi
gated on an Iregun -soil. (Oxic Haplustalf) at the [ITA site 
in Ibadan since 1975. Four rotation patterns: maize-maize; 
maize-cowpea, maize-pigeon pea and maize-soybean were 
tested. ~1aize was grown as the first season crop, except for 
the maize-maize rotation where maize was also grown in the 
second season. The grain legumes were all grown in the sec
ond season following maize. Four N rates respectively 0,45. 
90, and 135 Kg N /ha were applied only to the first-season 
maize crop. 

In this trial maize grain yield in the no N treatment showed 
significant increases after one crop of the grain legumes. The 
effect of two years rotation , .... ith the grain legumes on maiz~ 
yield is marked at the 0 and 45 kg N /ha as evaluated from 
the maize grain yield (Fig. 6). No distinct differences were 
obsented in the effects of the three legume species. It thus 
appears that inclusion of cowpea, pigeon pea and soybeans 
in crop rotations has a significan t effect and can reduce the 
need for applied nitrogen. 

Cassava response to phosphorus. A field trial was conducted 
on Egbeda soil series (Oxic Paleustalf) at the IITA site in 
Ibadan to determine the external and internal P requirement 
of cassava cultivar Isunikankiyan. The cassava was harvested 
15 months after planting. Tuber yield responded significantly 
to P application. Tuber yields are correlated with P concen
tration at low levels in the soil, but not so at higher P values. 
Thus, to obtain 95% of the maximum yield, the required P 
concentration in the soil solution established at planting is 
estimated to be about 0.04 ug P /ml. This value corresponds 
to a Bray no. 1 extractable P concentration of about 8 ppm P. 

The degree of mycorrhizal infection of the cassava roots was 
also determined. During early growth the percent root infec
tion declined wi th increasing P concentration in the soil so-



1975 1977 

-
r- .- .-7000 

.- - rl-.-
6000 l- I--

.q: 
::t: .-
..... r- r-f-

I- .- r-
l2 5000 

r-
r .-

I-
"""r-

r-

I-

c 
-l 
W 
>= 4000 
z .-

.- z r-z z 
.- "' 0 '" I- z z Z,! 0> !2 

ZZ z ZZ 

~ 
Z Z 

~ Z Z Z Z ZZ zz Z zz z 
",0 '" z ",0 '" ~ 

0 ill Z '" 0 '" Z '" 0'" Z "'0 ~ '" "'0 ~ ... a. !!! 0 ..... !!! '" - 0 ... '" !2 0 ... "'!!! 0 ...", 0 "'''' Z 

~ 

« 
It: 
(!) 3000 
w 
N « ::. 

2000 
MAIZE
MAIZE 

MAIZE
COWPEA 

MAIZE
SOYBEAN 

MAIZE
P.PEA 

MAIZE
MAIZE 

MAIZE
COWPEA 

MAIZE
SOYBEAN 

MAIZE
P.PEA 

Fig. 6. Effect of crop rotation and nitrogen rates on maize grain yield on lregun soil. 

60 

50 

" ;; 40 
0 
~ 
0 

~ 30 

'" ~ g 20 

" 
10 

0 

SAMPLING DATE • AFTER PLANTING 

~ 2 Months 

o----e " 
Months 

.01 .0' .10 .50 

ADJUSTED P- CONCENTRATION IN SOIL SOLUTION AT PLANTING, ppm 

Fig. 7. Effect of adjusted P concentrations in soil solution at 
planting on % myctwrhizai root infection. 

lutian (Fig. 7). There is an increase in percent root infection 
with age. At 13 months after planting the effect of initial P 
concentration on the percent root infection is less pronounced, 

which may be related to the decrease in P concentration with 
time. 

It appears that the low P response of the cassava crop in the 
field and also ability to do well in soils with low P status, 
may in part be attributed to the high degree of mycorrhizal 
root infection, which enable the plant to forage more P, par
ticularly at low soil P levels. 

P concentrations in the blades and petioles of the uppermost 
fully mature leaves determined at 3 and 13 months after 
planting increased with increasing P rates. At 3 MAP, the 
critical P concentrations in blades and petioles are estimated 
at respectively 0.50 and 0.38 percent P. Increased Prates 
also significantly increased N content of the leaf blades. 

Effect of soil heating on soil properties and plant growth. 
Burning of plant residue as a method of land preparation is 
widely practiced under traditional farming systems in tropical 
Africa. However, ver)' little information is available on the 
direct effect of soil heating during burning on properties of 
tropical soils and also on plant growth. Surface soil tempera
tures and duration of heating observed under field conditions 
vary widely depending mainly on the nature and quantity 
of plant residue burned. Laboratory investigations were con
ducted to simulate the effect of burning. The effect of heating 
of Egbeda (Oxic Paleustalf) surface soil for six-hour periods 
at various temperatures is shown in Table 40. Heating the 

Table 40. Effect of heating on some chemical properties of Egbeda surface soil. 

Heating NH 40AC Extractable DTPA-Extr. 
temperature pH- Organic K Ga Mg Bray Fe Zn 

(oG) H 2O G (%) ... ppm .. P-I ___ .ppm 

Control 6.1 1.75 90 690 224 7_2 27.3 2.9 
70 6.2 1.75 90 690 239 8.4 

100 6.1 1.70 90 705 240 9.6 35.9 4.1 
200 6.2 1.48 90 603 195 39.6 54.5 4.5 
500 6.9 0.10 20 465 60 18.3 39.7 0.9 
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soil at 200 C decreased the Organic C content and the ex
tractable P, K, Ca, l\1g, Fe and Zn were also decreased. Soil 
healing appeared to have a significant effect on crop growth. 
Heating the soil at IO\\' temperatures, which has little effect 
on the chemical soil properties, significantly improved the 
grO\\'th of rice (Table 41), while heating at 20QoC and 500ae 
had an adverse effect on dry matter yield and growth of rice. 

Table 41. Effect tif heating treatment of Egbeda soil and fer
b:iizer apph·cation on plant height and dry matter 
yield of rice cuitit'ar IR-20. 

Heating 
temperature Plant height (em) Dry matter weight (mg/pot) 

COC) 0 NPK 0 NPK 
Control 29.B 31.4 974 14B2 

70 32.5 31.B lO65 1445 
lOa 34.4 32.9 1197 1470 
200 29.5 28.3 lOBO ll69 
500 9.9 13.4 53 lO7 
LSD .05 2.4 133 

Fertility management of Ultisols 

Effect of liming and nitrogen application on cowpeas. In 
previous studies to identify the tolerance of various grain 
legume species and cultivars to soil acidity using an Ultisol 
from Onne (Typic Paleudult), it was observed that cowpea 
shows higher degree of tolerance to factors associated with 
soil acidity than soybean, lima bean or pigeon pea. However, 
some of the cowpea cultivar.s grown in unlimed Onne soil 
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showed poor early growth and chlorosis. Greenhouse studies 
were therefore conducted to determine the causal factors. Ni
trogen and Ca deficiencies associated with poor nodulation 
and N. fixation appear to be limiting factors for good cow
pea growth on the Onne soil. Application of mineral N in 
the absence of liming increased Ca content of pLant tops and 
partially corrected Ca deficiency in cowpea TVu 1977-0D. 
Without limi ng and at low lime rate, N application in
creased plant dry weight (Figure 8). Application of mineral 
N had little or no effect on plant dry weight at higher lime 
rates. Nodulation was improved with application of low and 
moderate lime rates (250-1000 kg CaC03 /ha). which also 
corrected N deficiency. High lime rates (5000 kg CaCO]"!ha) 
suppressed nodulation, plant dry matter yield and the Mg, 
Zn and Mn concentrations of plant tops. Application of low 
lime rates and small amount of Slarter mineral N appears to 
be important for growing cowpeas on the Onne soil. 

Effect of crop residue management 

Field trials were established at Onne to provide a better un
derstanding of the importance of the local practice of burning 
the plant residues during land preparation particularly on 
the acid soils. In this trial, burning and retaining the plant 
residue as mulch after land clearing and fertilizer combina
tions are compared. Preliminary data from this trial showed 
that burning plant residue from 6 to 7 years of fallow (pre· 
dominantly Anthonata) added about 560 kg ash/ha. This 
amount of ash increased the pH.H 20 of the 0-7-5 cm surface 
soil from 4.29 to 5.03. Addition of the ash also increased the 
amounts of extractable P, cations and micronutrients and also 
significantly decreased the amount of extractable Al. The 
trial is still in progress. 

Soil management - Physics of soil erosion 

Climatic erosivity. Experiments were continued on the char
acterization of climatic erosivity. Previous observations on 
drop size measurements have indicated the following relation
ship between median drop diameter (D50) in mm, and peak 
rainfall intensity (1, mm/hr., sustain over a 7.5 minute 
period): 

D50 =2.59 l
u40 (r = 0.97) 

The limitation of this equation lies in the fact that only the 
maximum intensity was taken into consideration, which may 
account for the large exponent. Sand splash, measured by 
Ellison's splash cup, was correlated with various erosivity 
indices (Table 42). Whereas the amount of sand splashed 
was related exponentially to indices AIm and E1 30 , it was 
linearly related to Dj[) and KE>1. 

Table 42. Comparison of erosivi~)I indices with sand splash (A) 
us';ng EllisonJs splash cup (number qf rainfall evens 
24). 

Erosivity 
index 

D,)o (mm) 
Aim (cm2 /hr.) 
El30 (foot-ton/acre) 
KE> 1 (foot-ton/acre) 

Regression equation 

A ~ -0.-0+0.91 Dso 
A ~ -0.67 (AIm) 0.39 
A ~ -O.IB (EllO) 0.32 
A ~ 0.77-t-0.00l4(E) 

Correlation 
coefficient (r) 

0.99 
0.94 
0.95 
0.89 

The measurements of drop size distribution by "Distromet" 
has shown D~o ranging between 2.5 and 3 mm for the ma
jority of rains received between August and October 1977. 
Seventy percent of the rains fell with a drop size ranging 
from 2.25 to 5.50 mm. This particular storm was highly 



erosive with an energy load of 69 Joules/mm of rain. Research 
will continue to characterize climatic erosivity of tropical 
rains in relating sand splash with energy load, drop size dis
tribution, intensity and wind velocity, for different agro
ecological regions of the tropics. 

Slope length and degree effect. Experiments were conducted 
in field runoff plots of 1, 5, 10, and 15 percent slopes to in
vestigate the effect of 5, 10, 15, 20, and 25-m slope length 
on runoff and erosion for bare fallow plowed soil surface. 
Runoff and soil loss per unit area is exponentially related 
to slope length as shown in Table 43. For gentle slopes of 1 
and 5 percent, erosion is proportional to the reciprocal of 
slope length. However, for steeper slopes the erosion increases 
as a square root of slope length. The validity of these results 
will be further assessed. 

Effect of cumulative soil loss on maize yield. J\..iaize grain 
yield, grown on land eroded to various degrees and with 
recommended levels of chemical fertilizers, declined ex
ponentially with successive increase in soil erosion: 

Yield = 30.5 E .o.s 

where yield and erosion are both expressed in tlha. This 
type of cause-effect relationship has limitations that may be 
due to the crop, cultivar, and the soil conditions of the ex
periment. More basic research, relating crop productivity 
to degradation of soil physical and chemical characteristics 
(infiltration, porosity, organic matter, CEe, etc.) is needed 
to develop empirical models to assess the quantitative effects 
of soil degradation on crop yield. 

Crusting and seedling emergence. The effect of matric po
tential, aggregate size, and soil temperature on germination 
of maize, cowpea, soybean and rice was investigated in the 
laboratory. Both soil moisture potential and aggregate size 
had a significant effect on seed germination. Whereas rice 
germination at zero suction was between 50 and 100 percent, 
it was 0.30 percent for cowpea, 0 to 40 percent for soybean 
and only 0 to 7 percent for maize. 

There was no germination of any of the crops at 15 bar suc
tion. At 10 bar suction, germination ranged from 40 to 60 
percent for cowpeas, 20 to 30 percent for soybean, 13 to 30 
percenl for maize, and merely 7 to 13 percent for rice (Table 
44). 

Effect of soil conditioners and mulching on runoff and soil 
loss. The comparative effects of soil conditioners (PA.M, 
Bitumen, Soil Penetrant) on runoff and erosion were evalu
ated on field runoff plots and compared with that of control, 
mulch, and no-tillage system (Table 45). The treatments 
mulch, no-tillage, PAM, and bitumen provided good erosion 
control for the gentle rains received during the 1977 second 
season. Soil penetrant was not effective in controlling erosion. 
Soil chemical properties and crop performance were also 
compared. Straw mulch was the most effective conditioner 
for growing crops on this fragile tropical Alfisol. 

Effect of mulch rate on runoff and soil loss. Runoff and ero
sion decrease exponentially with increase in surface cover 
provided by straw mulch (Table 46). ]ncrease in the infil
tration with high mulch rate was attributed to high mean-

Table 43. Effect of slope length (m) and degree on soil eTQsiun E (tlha). 

Slope 
Soil loss on different slope lengths (m) 

% 5 10 15 20 Regression equation 

1 0.4 0.05 0.7 0.07 
5 10.4 6.7 5.4 2.4 E ~ 58.22m- 1 r ~ -.93 

10 i.4 14.6 16.4 11.3 E 4.72m 0.4 r ~ 0.67 
15 9.1 17.2 19.2 17.8 E ~ 4.22m 0.5 r ~ 0.90 

Table 44. Effect oj aggregate size and soil moisture potential (bars) un seed germination (%). 

Aggregate Moisture potential (bars) 
size 

(mm) 0 0.005 0.01 0.03 0.05 0.1 0.3 1.0 3.0 5.0 10.0 15.0 

Maize 

2 0 67 80 93 100 93 100 100 100 73 27 a 
2-10 7 93 93 100 lao 93 lao 93 100 73 27 a 

10-50 7 93 87 lOa 100 100 93 100 100 67 33 a 
Rice 

2 50 73 87 97 97 100 100 100 lao 87 7 0 
2-10 77 90 100 100 90 100 93 100 97 70 13 a 

10-50 97 90 100 100 100 97 93 lao 100 77 7 0 
Cowpea 

2 0 27 53 100 100 100 lao 100 100 93 47 0 
2-10 27 47 67 100 93 100 100 100 100 93 60 0 
10-50 20 67 60 100 100 93 93 100 100 93 40 0 

Soybean 

2 0 20 40 93 SO 100 100 100 93 100 33 0 
2-10 7 67 80 100 87 100 100 93 87 93 33 0 

10-50 40 53 47 93 100 100 100 100 100 80 20 a 
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Table 49. Nutrient level in worm casts from no-tillage and plowed plots receiving no fertilizer. 

Tillage 
system 

CEC Organic Total Calcium Magnesium 
pH meg/lOOg carbon 7c nitrogen 7c meg/lOOg meg/lOOg 

a b a b a 
No-tillage 
Plowed 

5.9 6.2 17.32 10.64 1.58 
6.8 7.1 13.41 4.79 1.43 

a Cast b = SOli 

No-tillage experiments with paddy rice. The influence offour 
levels of Nand P combinations, with direct sO\ving and trans
planting, on rice yield was compared for no-tillage and pud
dling systems of seedbed preparation. In the first year of this 
experiment, no significant differences III nce yield were ob
served between tillage treatments. 

Earthworm activity and soil characteristics. Crop yields on 
no-tillage and mulch treatments are generally high, whereas 
runoff and erosion are low compared with plowed treatments. 
Good soil structure and high infiltration rate in the no-tillage 
plots are partly attributed to earthworm activity. The chemi
cal characteristics of worm casts are more favorable for plant 
nutrients than the soil from which casts are derived. The 
organic carbon, nitrogen, and phosphorus can be two to three 
times more in casts than the soil (Table 49). This is a natural 
recycling mechanism, and can have an im port ant effect on 
fertility management of tropical soils. 

Energy Management 

Crop Engineering 
The primary objective of the agricultural engineering com
ponent of the FSP is to develop and adapt tools and machines 
which will complement improved methods of crop production 
and land management being developed elsewhere in the in
stitute. The focus of crop engineering in 1977 was on de
veloping equipment suitable for zero and minimum-tillage 
farming practices adapted to the low-resource farmer's situ
ation. 

CDA application of pesticides 

The logistical difficulties of transporting 400 to 500 1 lha of 
liquid for the conventional (knapsack) application of insecti
cides and herbicides suggest that the use of controlled droplet 
applicators (CDA), which take 5-15 1/ha would be a realistic, 
low-energy alternative. The ":Micron" CDA system has been 
evaluated against conventional applicators and shows an 
enormous saving in labor requirements for crop production 
(Table 50). 

A problem encountered with the CDA involved patches within 
adequate and uneven spray coverage. The cause was due to 
blockage of the venting system, especially noticeable when 
using "flowables" which formed a cake inside the vent tube. 
This was relieved by increasing the diameter of the vent pipe, 
and has now been incorporated in production models of the 
applicator. Other faults emerging during field use are faulty 
or severed connections in the electrical system, the poor de
pendability of the motor spinning the disc, and inadequate 
sealing of the motor against ingress of chemicals and water. 
Many of the defects have now been resolved in cooperation 
with the manufacturer. The motors of CDAs are powered 
by a set of flashlight batteries, the herbicide sprayers con
suming about 1.5 watts and the insecticide sprayer, 5-6 watts. 
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b a b a b a b 
1.00 0.20 1.19 14.85 9.15 1.28 0.61 
0.48 0.18 0.07 10.40 3.68 1.55 0.39 

Table 50. Comparison of man-power requirements, using no-till * 
vasus conventianai crap establishment systems, for 
maize and cowpea on savannah (lmperata) grass 
covered land. 

Man-hour /ha 
Operation no-till conventional 

A. Field preparation: 

a. Slash, burn and till manually 180 
b. CDA spraying with contact 

herbicide 4 

B. Seeding' 

a. Manual planting into tilled soil 20 
with machete (low plant 
population) 

b. Auto-jab planting 
(maize-cowpea 75 x 25) 35 

C. \'\Teed control: 

a. Manual weeding twice 280 
b. CDA spraying with 

pre-emergent herbicide 4 

D. Fertilizer application: 

a. Banding by hand along rows 25 
b. Using hand propelled band 

applicator 6 

E. Plant protection: 

a. Knapsack spraying of insecticide, 
twice (on cowpea) 2 10 

Total man-hour spent to establish 
the crops each on 1 ha. 51 515 

Comparison of yields 2400 1255 

*No-JzU tools used were CDA sprUc}ers (herbicide and insecticide) and 
IITA automatic 'Jab" planter. 

As the cost of photo-voltaic cells (now about $18 per \ .... att) is 
expected to drop within some years, the potential for oper
ation of the CDA's using solar power was investigated. A 
photo-voltaic panel containing 33 semi-circular silicon cells 
was assembled onto a light shoulder-supported frame to pro
vide over 6 watts at 1 watt to 14 volts; Ni-Cad cells were 
used in the application to absorb surplus electrical energy 
for use during dull periods and to act as a voltage stabilizer. 
Subsequently the Ni-Cad cells were replaced with regular 
flashlight cells maintained at peak voltage by the panel. Des
pite the low humid tropical solar intensity of aoout 350 
g.cal/cm 2Jday, continuous (6 hrs/day) daily use was possible 
without change of batteries. The potential for solar energizing 
of such low-powered agricultural equipment wiB improve 
with the anticipated industry improvement in conversion 
efficiency (10-15 percent) and reduction in cost. The expected 
figure of $0.50 per watt is less than the cost for thermally 
generated electrical power sources. 





tillage required for broadcast seed to be in contact with the 
soiL although not inserted into it. Herbicide application 
techniques are relied on for subsequent weed control. 
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System 3, direct seedling into the soil, was not satisfactory 
given the laborious task of planting up to 160,000 hills/ha. 
System 2 may be considered a "minimum.tillage" system as 
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REAR CUTAWAY VIEW 

Fig. 10. Schematic drawing showing internal parts of the IITA fertilizer barul applicator. 

Table 51. Rice establishment on hydrOTlWrphic midland (phreatic) soils. Alachine and man~hour requirements of alternative ~stem.s. 

System 1 (machine and manual, only) 

Plowing (hand·tractors) . 
Comb harrowing (hand-tractors) 
Seeding (2 row push seeder, rows 25cm apart). 
\Veeding (inter-row push.pull type) 
Insecticide spraying (CDA, twice) 

Totals: . 

System 2 (machine plus Ag. Chern.) 

Rotary tilling (hand· tractor) . 
Fertilizer application (broadcast) . 
Seeding (broadcast). 
Comb harrowing -lightly (hand·tractor). 
Herbicide spraying (CDA, twice). 

Totals 

System 3 (hand plus Ag. Chern.) 

Herbicide spraying (CDA) 
Seeding (Auto-Jab-Plant, 2s,m x 250m . 160,000 hills/ha) 
Herbicide spraying (CDA) 

Totals: . 

Conventional - for comparison 

Field preparation (using contract tractor for initial tillage) 
Seedling (hand dibbling in rows 25cm apart) 
Manual weeding by hand and hoe (twice). 

Totals: . 

Naus: 1. (Ag. Chern.) herbicide used was propanil + 245 TP. 
2. In system 3, stand was poor due to inadequate drainage. 
3. "Conventional" data from N.A.F.P.P. surv~).'s. 
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Machine 
ha/hr. 

16 
8 

24 

13 

4 

17 

4 

4 

Man 
ha/hr. 

32 
16 
42 
76 

167 

28 
3 

3 
8 
8 

48 

4 
140 

4 
148 

120 
300 
500 

920 
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Fig_ 11. Sclumatic drawing of the ''African Chiif" Power Tiller's features which will enable its manufacture and maintenance in 
Africa with minimum fabricating facilities. 

it involves the least tillage required for broadcast seed to 
be in contact with the soil, although not inserted into it. 
Herbicide application techniques are relied on for subsequent 
weed control. 

Development of the "African Chief," 5-hp 
tractor 

A compact 5~hp tractor based on the proven and popular 
(in Asia) ;'Landmaster Lion" tractor. but incorporating fea
tures which will enable its manufacture and maintenance in 
Africa with minimal fabricating facilities, has been designed 
and constructed at IITA. All bearings are bushes, to elim
inate the cost and complexity of roller or ball bearings. The 
internal transmission gears have been replaced by sprockets 
and chains (Fig. 11). A non-press-found and non-welded 
fabrication transmission case is a major contribution toward 
simplicity in manufacture_ vVith a 5-hp engine the "Chief" 
achieves the operating performance of the 7-hp "Lion," 
due to more economical selection of transmission reduc
tions. Through most of 1977 the "Chief' as continued in 
steady and consistent field test and evaluation, with no re
pairs apart from a change in design of the forward-reverse 
clutch levers to avoid chance of misuse. 
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The tractor was developed specifically for the "intennediate
level" and to have the following capabilities: 

1. As a sitting, (4-wheel) tractor for: 
(a) Transporting farmer and produce with O.4-ton capa

bility. 
(b) Propelling a two-row, mounted, "no-till" planter ap

propriate to a 20-ha farm. 
(c) Carrying a 6-m swath herbicide/insecticide CDA spray 

rig appropriate to a 20~ha farm. 
(d) Powering a 50-em front mounted rotary brush cutter. 

2. As a pedestrian (2-wheel) tractor for operation in the diffi
cult soil conditions of a rice farm up to 5-ha and for: 

(a) Plowing. 
(b) Rotary tilling up to 150 mm wide. 
(c) Puddling. 

Development work on the system, which has been specifically 
directed toward the small power needs of the intermediate 
farmer in the humid tropics, will be completed in 1978 for 
the basic range, and extension of the project commenced. 

Non-ferrous casting techniques 

A furnace and appropriate boxes for casting up to 14-cm 
diameter and O_5-kg weight have been developed. This 





Maize yields in 1977 on the zero tillage plots continued to be 
superior to yields obtained from the conventionally tilled 
lands. The low second season yields of the portion of the 
conventionally tilled plots were due to massive invasion of 
stem borers where carbofuran was not applied to the area 
at planting. "Cnobserved blockages in the pesticide applicator 
tubes of the planter occurred when planting on wet, tilled 
soil. This problem further demonstrated the ease of managing 
equipment on zero as opposed to conventionally tilled plots. 

Table 53. ldaize yields on an AlfisolJ IITA site, 1977. 
~~-

Tillage practice/ Yield (tons/ha) 
field First season Second season 

Zero tillage 
DllD2 3.44 1.87 
D14 2.70 1.43 

Conventional tillage 
D3 to D13 2.23 1.80 
D3 to DlO* KA .59 

*Contours with no carbq{uran apphed, second season. 

The zero tillage technique has proven superior to conventional 
tillage on economic grounds for a wide range of crop and 
input prices. The cost advantages of zero tillage include: 

1. Elimination of the costs of soil conservation structures 
and their maintenance. 

2. No loss of land from production due to soil conserva-
tion strucrures. 

3. Speedier operations. 
4. Saving on tractor fuel. 
5. Minimized soil erosion. 
6. lmprovement in levels of organic matter and soil struc

ture. 
7. Reduced soil damage and compaction. 
S. lncreased water retention and reduced runoff. 

A negative aspect of zero tillage is its dependence on herbi
cides for weed control. However, with labor costs generally 
increasing more rapidly than the cost of agro-chemicals, the 
availability as opposed to cost of herbicides is the critical 
constraint. 

The zero-tillage technique is now being evaluated at five sites 
outside [ITA to determine its performance over a range of 
soil types and climates. 

Technology evaluation through "unit" farms 

Five "unit" farms were developed to provide a focus for inte· 
grating and evaluating the potential and constraints of crop 
production methods and land management developed by the 
Institute. This on-station evaluation of research within a 
whole-farm framework is designed to serve as a filter or bridge 
between research plot experimentation and on-farm evaluation 
of the most promising technology. As the availability of in
puts (credit, implements, improved cultivars, agro-chemicals) 
and land base per unit of labor force vary within tropical 
Africa, the five unit farms were designed to represent differ
ent resource combinations and as a result, different levels of 
appropriate technology and farm management (Table 54). 

The crop combinations, planting sequences and placement of 
crops on various aspects of the landscape were chosen to make 
the most effective use of the farmer manager's resource base 
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- his land, labor and capital. From earlier toposequence 
based studies of crops in relation to soil type and moisture 
regimes, cropping patterns based on cassava, maize and cow· 
pea were established on the upland (pluvial) soils; yams, 
plantain and cocoyam on the lower (ftuxial) slopes; and rice 
and off-season vegetables on the hydromorphic (phreatic) 
valley bottoms. 

Table 54. ,\1anagement levels of five unit farms established at 
IlTA in 1977.' 

Ml M2 M3 M4 M5 

Varieties V 0 V, V , V 1 V 1 
Crop Systems Co Co Co C, C1 
Land Management Lo Lo Ll L2 L z 
Fertilizer Fo Po F, F, Fz 
\Veed Control W 0 \'\10 W , W 2 W , 
Mechanization Mo Mo M, M2 M3 
Paddy Development 1, I, I, I, 12 
Ha./unit of labor .3 .3 .3 .6 1.2 

*The subscripts IT! increasing order, represent higher, improved levels 
f!l tuhnolog)'. For example for ''varieties,'' Vo are local tines while 
WI and W 2 are alternative levels of chemical weed control. 

As 1977 was the first year of the unit farms operation, a con
siderable amount of energy was devoted to site development 
(particularly the paddies) and the farms were not stabilized. 
Nonetheless, the follO\ .... ing points were verified: 

1. The integrated management of hydromorphic valley 
bottoms and associated uplands in this environment 
is attractive. The diversification over crops and land
scape increases the efficiency of labor use and provides 
a more stable ftO\\>' of output over the farming year. 

2. Improved cultivars of maize (TZB, TZPB) were prof
itable under local and improved management levels in 
the first season and performed well as a sole crop and 
when intercropped with cassava. 

3. 110 to 120-day maize as a second·season crop in the 
derived savanna remains a risky proposition; the de
velopment of a shorter·season cultivar (e.g., TZE) for 
this zone is appropriate. 

4. The improved cassava cultivar 30211 grown is clearly 
superior (in yield and disease resistance) when compared 
to the local material. 

j. Yams and plantain are profitable on the lower slopes 
and integrate well within the overall management of the 
farm units. 

6. Important components of the management of hydro
morphic valley bottoms are water and weed control. 

7. \Vith the CDA herbicide applicator for weed control 
and a mini.mum tillage planter, a farmer has the po
tential to handle several times the previous area cropped 
with a higher level of output, compared to currently 
used systems of hoe cultivation. 

S. Under the crop management system mentioned in (7), 
harvesting and post· harvest handling and processing 
of crops may well become effective constraints on farm 
production. 

The evaluation of research results in an integrated, though 
simulated, farm environment by a multi-disciplinary team of 
UTA scientists has identified some limitations in components 
of proposed technologies. These findings have contributed to 
the focus of collective research within the Institute to the 
modification of proposed management practices to reduce 
these constraints. 



Implementation of NAFPP plan 

June 30,1977 concluded Phase I - the pilot operations and 
planning stage of the ~igerian National Accelerated Food 
Production Project (NAFPP). The plan was published under 
the title A New Dimrnsion for Nigerian Agriculture and presented 
to the Federal Ministry of Agriculture and Rural Develop
ment who accepted and agreed to implementing the plan 
and issued guidelines for its implementation. 

During Phase 1, the research and extension components were 
tested in five plot states. These components will continue as 
the basic plans of action. :\1odifications and improvements 
are being incorporated to include fewer and better mini-kit 
trials, better selection of participating farmers, more fertilizer 
and herbicide trials, more demonstration plots, organization 
of farmer groups, and personnel development through in ten· 
sive training courses. Whereas the research and extension 
components have been field tested in the pilot operations, the 
third component, the Agro.Service system wa~ not field tested 
before implementation. Flexibility exists for the guidelines 
that were established by the government for the implementa· 
tion of the Agro-Service system to be redefined and modified 
with accumulated experience in their operation. 

Essential ingredients for operational success as identified in 
the NAFPP Plan and endorsed at a planning workshop for 
the Agro-Service Centers were a uniform plan of action, an 
autonomous organization with accountability and strong 
management emanating from a manpower development pro
gram. The implementation committees set up for developing 
the Agro-Service Centers in each state are interpreting the 
guidelines to meet local government requirements. 

Diffusion and adoption of cassava technology, One of the 
major thrusts of IITA's involvement in the NAFPP has been 
the introduction of a cassava production package in south
eastern Nigeria. Although cassava is the dominant food crop 
in the region, the practice recommended was to intercrop 
with maize (TZPB). This has proved to be more profitable 
than sale crop cassava, is in line with farmers' customary 
practices and also reduces the spread of bacterial blight 
disease in cassava. 
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The yield of improved cassava intercropped with maize (over 
14 t/ha) was three times that of the local cultivars, while 
maize yields (2 t/ha) were at least doubled. After allO\ving 
for the increased cost of the new technology (principally labor 
for ridging and agro-chemicals), profits were doubled, com
pared to local cultivars and practices. This technology is 
clearly profitable, and justifies the considerable effort that 
went into its extension. 

Demonstration plots \vere used to encourage adoption of the 
new methods of cassava production. Among the groups ex
amined, the best included those , ... ·hose members were most 
closely related. The performance of the group was also re
lated to the capability of the extension officer; the major 
constraint to adoption of the new technology was unavail
ability of inputs. The adoption of components of the package 
by farmers not in the groups was dependent more on the 
success of neighboring groups and a farmer's personal contact 
with group members than on the demonstration plots. 

In all 12 locations, farmers within and outside the target 
groups considered that high yields and early maturity " .. ·ere 
the most important attributes of the improved cassava. How
ever, mass adoption of the total package (cultivars, spacing. 
ridging, fertilizer, plant protection) appears unlikely at present 
because inputs are not always available, and the costs (par
ticularly labor costs for ridging) and complexity of the pack
age is high compared with current practices. 

Outside the supervised group plots, the new cultivars of 
cassava \vere usually planted according to traditional prac
tices. Almost all farmers who grew the improved cassava had 
experienced difficulty in obtaining inputs and planting ma
terial. This is one of the problems that Agro-Service Centers 
hope to solve. 

It is too early to specify the effects on farmer income of the 
program. Where maize marketing had been successful, farm
ers were aware that their income had increased; but the extra 
was largely used to repay the loans for the maize/cassava 
package. 

The NAFPP cannot also dispose of the extra malze at prices 
attractive to the farmers. Gari is the most profitable form in 
which to sell cassava, but farmers feel that the capacity to 
process cassava in the villages is a factor that limits potential 
sales. 



VIROLOGY UNIT 

A new disease, discovered in maize at lIT A was proved to be 
caused by maize dwarf mosaic virus. The virus is mechani
cally transmissible, belongs to the Poty-virus group of aphid 
transmitted viruses and is closely related to or identical with 
sugarcane mosaic virus and sorghum red stripe virus. Only a 
few plants out of populations of most cultivars, developed or 
used in the maize breeding program at UTA, were found to 
develop characteristic symptoms after artificial inoculation. 
This partly explains the low infection incidence observed in 
the field. 

Maize streak virus was proved to be efficiently transmitted by 
Cicaduii7!i1 triangu1a. not earlier reported as a vector of this 
virus. Streak disease symptoms commonly observed in rice 
at UTA, but, to our knowledge, not earlier reported for rice, 
proved to be caused by a virus which was found to belong 
to the streak virus complex of maize and several grass weed 
species. Investigations into the etiology of other virus-like 
diseases of maize and rice are in progress. 

A useful extension of the Dwscorea rotunaala-virus indexing 
method was found in a local lesion assay on Chenopodium 
amarantico{or (or C. quinoa); inoculated from Nicoliana bentha
miana, earlier identified as a sensitive alternate host for this 
virus. It is necessary that yam seedling is included as a con
trol, since N. benthamiana is a host for many different viruses, 
inducing similar symptoms. 

The sweet potato virus might have a reservoir in a wild sweet 
potato-like plant, found in the Port Harcourt area of eastern 
Nigeria. It showed the same type of symptoms and also con
tained fimamentous virus particles, similar to the aphid
transmitted component of the sweet potato virus disease. 
However, aphid transmission to the s,,,·eet potato virus test 
plants, Ipomoea setosa, could not be achieved. 

Cassava mosaic disease (CMD) could not be transmitted to 
Nicotiana glutinosa and N. bmthamiana in whitefly transmission 
experiments. A cassava collection from a farmer's field near 
Iseyin (OyoState), Nigeria, found to be remarkably free from 
CMD symptoms, persistently developed only minor disease 
symptoms on cuttings further propagated at IITA. 

A virus isolated from bambara ground nut (Voandzeia subttr
ranea) in the Zaria region (northern Nigeria), was thought to 
be a manifestation of cowpea mottle virus, once described as 
an apparently distinct virus of cowpea and bambara ground
nut in southern Nigeria (Robertson, 1967). 

Unfortunately neither an original antiserum nor a stored 
isolate of the once tentatively identified cowpea mottle virus 
was available. 

An antiserum prepared for our bambara groundnut isolate 
later revealed the occurrence of a serologically identical virus 
in cowpea at Mokwa in central ='Jigeria which is additional 
evidence for the cowpea mottle virus earlier described to be 
involved. 

Its persistent occurrence in southern Nigeria was subsequently 
confirmed at the Institute of Agricultural Research and Train
ing, Moor Plantation, Ibadan, when using this same antiserum 
to the bambara groundnut isolate. 

Extensive characterization work at Boyce Thompson Institute 
in New York also revealed that most likely a distinct virus of 
cowpea and bambara groundnut is involved. 
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An aphid transmissible (~yzus persicae) filamentous virus 
{Poty-virus group) from cowpea at lIT A ,vas found to be 
serologically related to cowpea aphid-borne mosaic virus in 
East Africa. Of 30 promising, multiple virus resistant cowpea 
introductions tested with this virus, only three remained 
symptomless, the multiple virus resistant introduction TVu 
410 being among these. 

A randomly collected locally grown cowpea selection from 
Kano State (northern Nigeria) proved to be highly resistant 
too, which is good evidence for a high level of natural re
sistance to this virus in the main cowpea growing area, where 
virus disease incidence was found to be very low. Aphid in· 
festation of the young crop, however, is a common feature. 

A very severe and conspicuous golden mosaic disease of cow
pea at IITA's high-rainfall substation at Onne near Port 
Harcourt, however, predominantly occurring in vegetable 
cowpea types (V. unguiculata var. sesquipedalis) was proved to 
be whitefly transmitted. Sap transmission, like that recently 
found for similar golden mosaic of PhaseollLS vulgaris in Cen
tral and South America could not be achieved, however. 

Resistance screening conditions for this virus in the field are 
essentially adequate since generally the whole infection occurs 
at early stages of growth. Soybean, besides showing symptoms 
due to infection with a sap and aphid-transmissible filamen
tous virus soybean mosaic virus, widely found wherever soy
bean is grown in the world was found to show symptoms of a 
disease which was found to be graft-transmissible only. Strong 
indications were obtained that the whitefly transmitted lima 
bean golden mosaic virus is involved in this case. 

Electron microscopic and host range studies at lIT A revealed 
that in lima bean, often a latent virus occurs in addition to 
lima bean golden mosaic virus (whitefly transmitted) and 
lima bean green mottle virus (aphid-transmitted, Poty-virus). 
The identity and ecology of this virus and viruses of the same 
type, electro microscopically, isolated from cowpea and so),
bean, is presently being investigated. Mosaic, ring spot and 
sometimes vein necrosis symptoms often leading to die-back 
of plants were commonly observed in wing bean (Psophocarpw 
letragonQlobus). Host range and electron microscopic investi
gations with two isolates, one representing mosaic and the 
second vein necrosis symptoms, revealed that in both cases 
probably the same virus, poty-virus, is involved. 

Of several introductions tested generally only a low number 
of plants out of each population proved to be susceptible to 
each of the two isolates. 

Vein necrosis and mosaic symptoms could both be induced 
with the necrosis and the mosaic isolate, indicating that host 
plant genetics playa predominant role in the type of symp
tom expression by this virus, whereas its epidemiology is ap
parently governed by the same genetic heterogeneity. 

A comparison of the symptoms in a series of test plant/species 
evoked by viruses isolated from severely virus diseased African 
yam bean (Sphenos~ylis stenocarpa) and jack bean (Canavalia 
ensiform is) and electron microscopic studies revealed that the 
viruses are probably closely related or identical, and belong 
to the Poty-virus group. Also, symptoms induced in lima 
bean were reminiscent of lima bean green mottle virus. To 
prove their identity and relationship, purification and serology 
are anticipated. 



GENETIC RESOURCES UNIT 

Exploration. The first priority of the Genetic Resources Unit 
(CRU) is to collect the germplasm of African rice, food le
gumes, root crops and aroids from sub-Saharan Africa. During 
1977 the unit was involved in nine germplasm collection 
missions within West Africa, and received seeds from impor
tant collections already held at the International Rice Re
search Institute and the University of Ghana. From all these 
sources 2,736 new accessions were gathered (Table 1), and by 
the end of the year the unit held a total stock of 17,945 items 
of germplasm (Table 2). This total excludes the year's 1,417 
collections from outside Nigeria which had not been released 
from Nigerian post-entry quarantine screening by the end of 
the year. 

Grants of money to assist germplasm collection for lITA were 
made to collaborators in Ghana, Sierra Leone, Liberia and 
:"Jiger. Germplasm from these collaborators will begin to reach 
the lnstitute during 1978. A grant was also made to [RAT 
to support their exploration for rice in Africa during 1977. 

Evaluation, maintenance, documentation. During the year 
6,585 food legumes, 594 rice accessions, 2,032 cassava clones 
and 615 yam clones (Dioscorea spp.) were grown for main
tenance or evaluation. Arrangements were made with the 
crop improvement programs of UTA to share the work of 
germplasm evaluation. The GRlJ will observe and record 
stable (mostly qualitative) characters at UTA whereas spe
cialists in the crop programs will evaluate new germplasm 
for less stable characters of agronomic importance in more 
than one environment. 

For every accession at least 20 "passport" descriptors defining 
provenance are recorded at the time of collection. Progress 
was made to define minimum sets of descriptors for the sub
sequent evaluation of collections. Data from these two sources 
have been accumulated, but no use was. made of the com
puter to store genetic resources data or to publish catalog 
pending the installation of a ne" .... machine and a suitable 
program for it. 

Seed production, storage and distribution. The GRU man
aged aU the Institute's seed stores and completed their re
organization in 1977. An order was placed for a -20°C long
term store big enough to contain about 25,000 seed samples 
of 0.5 kg each (store volume 88 m:». This facility will be used. 
primarily to preserve base collections of cow peas and . .<\frican 
rice, but about 20 m 3 will be available to other genetic re
source centers to duplicate their collections. The unit multi
plied legume breeders' seed on 6 ha and helped to pack and 
distribute it for off-site uniform trials. In addition, legume 
germ plasm was distributed to 66 countries in response to 215 
requests and within Nigeria in response to 384 requests. 
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Table 1. Germplasm yields from 1977 collections. 

Food Roots and 
Source legumes Rice aroids 

S.E. Nigeria 110 
N. Nigeria (Prof. Oka) 16 126 
Benue River Valley, 

Nigeria 221 282 41 
N. Nigeria (CIAT) 23 
Mali 247 12 3 
Upper Volta 19 
Ivory Coast 185 17 12 
Ltberia 47 243 83 
Sierra Leone 89 327 133 
From IRRI (OT)'2a 

gLaberrima) 428 
From University of Ghana 71 
Totals: 918 1,436 382 

Table 2. I1TA's Germplasm stocks - December, 1977. 
lected in Nigeria.) 

Rice: 
0yza glaberrima 874 
0. sativa 923 
Other Oryza species 86 

Total: 
Legumes: 

V(gna unguiculata 6,250 
V. Tadiala 103 
V. mungo 10 
V·hld V(gna spp. 70 
Phaseolus lunatus 911 
Voandzela subterranea 168 
G(ycine max 148 
Cojanus cajan 5,531 
Sphenostylis stenocarpa 57 
Psophocarpus tetragonolobus 15 
Lablah purpureus 19 
Other legumes 123 

Total: 

Roots: 
Alanihot escutmta 2,032 
Dioscorea rotundata 291 
D. ca)enenSlS 37 
D. alala 226 
D. dumetorum 33 
D. bulb/rem 13 
D. esculenta 4 
Wild Dioscorea spp. 30 

Total: 

Grand Total: 

*JruLudes only material at IITA 3! December. 

Total 

110 
142 

544 
24 

262 
19 

214 
373 
549 

428 
71 

2,736 

'(Col-

1,883 

13,405 

2,657 

17,945 



TRAINING 
The Training Program continued to pursue its goals of as
sisting in the transfer of knowledge generated by the research 
programs of the Institute and in responding to requests for 
training in research, production, laboratory, library and ad
ministrative skills. 

Research tramIng. During 1977, UTA scientists supervised 
thesis research for 13 doctoral candidates (Research Fellows), 
28 M.Sc.-level candidates and 40 employees of departments 
and ministries of agriculture, international organizations and 
private and public agencies for whom non degree-related re
search training was requested. ]n addition, the Institute re
ceived 24 vacation student research scholars from R\vanda, 
Togo, Ghana, Benin, Sierra Leone and Nigeria. By the end 
of the year, !ITA had extended its collaborative arrangements 
with universities to include 42 universities in 20 countries on 
four continents. Twelve of these universities are in Africa. 

Group courses. The schedule included the following courses: 

Language Participants 

-Crop Production and Seed 
rvlultiplication Technology 

and Extension. (1 Dec. 
1976-25 March 1977.) French 22 

-Soil and \Vater 
Conservation and 
Management Research. 
(14 March-I April.) English 27 

-Rice Production Training 
for Research Workers and 
Extension Supervisors in 
Tropical Africa. 
(28 March-15 July.) Eng./French 33 

-Root & Tuber Crop 
Production Training for 
Research Workers and 
Extension Supervisors in 
the Tropics. 
(9 May-8 July.) Eng.lFrench 23 

Language Participants 

-Grain Legume Production 
Training for Research 
"'lorkers in the Tropics. 
(22 August-18 Kovember.) Eng.lFrench 28 

-Training Course on 
Rhizobium Isolation and 
Utilization. (10-28 
October.) English 15 

Totals for 1977 and cumulative from 19i1 through 1977 were: 

1977 Cumulative 

Research Fellows 13 32 

Research Scholars 28 47 
Vacation Student Research Scholars 24 121 

Research Training Associates (non 
degree.related trainin g) 40 86 

Group Course Participants 148 409 

Total 695 

Postdoctoral fellowships. The postdoctoral fellowship program 
!iCeks applicants with newly acquired degrees of the level of 
the Doctor of Philosophy in a broad range of agricultural 
disciplines. In 1977, 23 fellows conducted research in such 
disciplines as agricultural economics, agronomy, biochemistry, 
entomology, phytopathology, physiology, plant breeding, soil 
microbiology, soil physics, soil chemistry, and virology. The 
fellows participated actively in the research activity of the 
Institute and contributed significantly to it. At the same time, 
they gained experience in research oriented to solving prob
lems of small farmers of the humid and subhumid tropics. 

LIBRARY AND DOCUMENTATION CENTER 

About 2,000 volumes of books and 1,500 volumes of periodi
cals were added to the collection during 1977. As of 
December 1977, the collection of the Library and Documen
tation Center consisted of 12,000 books, 16,500 volumes of 
periodicals, 2,500 pamphlets and some microfiches, microfilms 
and slide sets. 

Mealybugs are pests of many tropical and subtropical crops. 
To assist research on mealybug initiated by IITA staff and 
collaborators, the library staff compiled, during 1977, abstracts 
of literature on the pest, and distributed copies to scientists 
and institutions throughou t the world known to have research 
projects on mealybugs. 

Research and development on plantains at IITA have in
creased during the last two years. To support this work at 
UTA and elsewhere, the Ii brary staff compiled a world bilr 
liography on plantains and other cooking bananas during 
1977. This bibliography was published as a special issue of 
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Paradisiaca, newsletter of the International Association for 
Research on Plantain and other Cooking Bananas. 

The first draft of the bibliography on farming systems in 
Africa was completed and distributed to staff of the IITA 
Farming Systems in 1977. A revised version is being prepared 
and will be published in 1978 by G. K. Hall, Inc., a commer
cial publisher in Boston, Massachusetts, USA. 

The International Grain Legume Information Center pub. 
lished three issues of the Tropical Grain Legume Bulletin in 1977. 
The Center completed work on abstracts of cowpea literature 
published during 1950-1973. Printed copies will be available 
for distribution in 1978. The Center continued work on the 
literature of winged beans (Psophocarpus tetragonolobus) and of 
bambara groundnuts (Voand.zeia subterranea). 

During 1977 the Library provided opportunities for practical 
experience to 14 training participants. 



COMMUNICATIONS AND INFORMATION 

During 1977, the Communications and Information office 
provided all editorial, print, photographic, translation, and 
graphic art supports for UTA research, training, administra
tion, and special projects. 

The synchronized tape/slide presentation on UTA was put 
into effective use and efforts made to update this periodi
cally. More presentations were made for certain individual 
research programs for use during training sessions or with 
special visitors. 

A special publication in both English and French, marking 
the 10th Anniversary of the institute, was produced by the 
department. More than 5000 copies have been distributed 
worldwide. 

A new type com posing machine and a "total copying sys
tem" were purchased to help solve the delay problems in the 
printing unit. 

RESEARCH STATION OPERATIONS 

In addition to providing routine field support for scientific 
staff, Research Station Operation had a year of consolidation 
in 197i following many years of research land expansion. 

Hydromorphic valleys have been developed into productive 
areas mainly for rice research, and access roads, drainage 
systems and soil conservation installations have all been im
proved. A full quota of tractors and drivers has r~ulted in 
improved timeliness of farm operations and increased scope 
for informal staff training. 
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Active involvement in the more practical aspects of the zero
tillage research program has continued. 

Research expansion continued at the high-rainfall substation 
at Onne and progress has been made on the construction of 
the main station building which includes offices, laboratory, 
stores and workshop. 



PERSONNEL 

ADMINISTRATION 
""'.K Gamble, Ph.D., director general 
M.A. Akintomide, B.S., director for administration 
D.C.L. 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, assistam to the dirrctor general 
A.R. Rincle, assistant to tIll director J:eneral* 
K.A. Aderogba, primipal administrative officer 
S.J. Udoh, accountant 
F.O. Ogunyemi, accountant 
C.A. Enahoro, assistant to the director JOT administration 
J.E. Brinkworth, mannger data processin,'5 
D.J. Sewell, dormitory and food semice manager 
R.O. Shoyinka, B.S., personnet manager 
O. Adebiyi, personnel offiar 
J.D. Abidogun, B.S.. supplies (5 purchaszng officer 
E.A. Onifade, seCUTl9' superintendent 
J.T. Okediran, purchasin.g superin.tendent 
M.G. Etuk, administrative assistant, Ikeja 
D.A. Kasumu, assistant accountant 
C.A.O. r-;ylander, rlUrsing sister* 
S.B. Okiti, assistant accountant 
Dye Olatawura, Iwusing superintendent 
E.O. OmoJe, conference coordinator 

RESEARCH 
J.e. Flinn, Ph.D., acting director oj research 
S.V.S. Shastry, director ~f research 

GENETIC RESOCRCES UNIT 
\V.M. Steele, Ph.D., coordinator 
S.D. Sharma, Ph.D., plant explorer 
A. Perez, Ph.D" plant explorer 

POSTDOCTORAL FELLOW 
R.B. Eastwood, PhD., plant explorer * 

FARMING SYSTEMS PROGRAM 
1.0. Akobundu, Ph.D., weed scientist 
A. Ayanaba, PhD., microbiologist 
F.E. Ca"'eness, PhD., nematologist 
A. Cook, B.s., insect ecologist 
B.R. Critchley, Ph.D., entomologist 
D. Devleeschauwer, Jr.,. soil scientist - physics (FA 0 associate 

expert) 
P. Devos, Jr., agronomist, pLantain (FAG associate expert) 
J.C. Flinn, Ph.D., assistant director and agricultural ((orwmist 
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J.M. Hoyoux, Ir., agricultural economist (FAO assocwte expert) 
A.S.R. Juo, Ph.D., soiL scientist - chimistry 
B.T. Kang, PhD., soil scientist - Jertility 
R. Lal, Ph.D., soil scientist - physics 
T.L. Lawson, PhD., agroclimatologist 
F.R. Moorman, PhD." pedologist 
r-;.C, Navasero, agricultural engineer, assistant 
C.L. Padolina, agricultural engineer, assistant 
S.J. Pandey,Jarm input technology advisor 
J. Perfect, 1~1.S., lnsect ecoiogist (COPR visiting scientist) 
P.R. Wijewardene, At.S., agn'cuitural engiruer 
L.B. Williams, M.S., agricultural economist, NAFPP 
G.F. Wilson, Ph.D., agronomist 
F.E. ""inch, Ph.D., agricultural economist 
R. Yeadon, B.S., pesticide ana~)Jst 

VISITING SCIENTISTS 
G. Burnbury, agnculturaL enginur 
A.J. Herbillon, soil chemist 
P.J. Le Mare, soil chemist 

POSTDOCTORAL FELLOWS 
J. Braide, PhD., agronomy, plantain 
E.S. Bromfield, Ph.D., soil microbioLogy 
R. Maurya~ Ph.D., soil physics 
C. Okali, PhD., rural sociologist 
J.L. Pleysier, PhD., soil chemist 
M. Rodriguez, PhD., soil physics 

CEREAL IMPROVEMENT PROGRAM 
A.O. Abifarin, Ph.D., rice breeder 
V.L. Asnani, PhD., maize breeder 
M.N. Harrison, B.Sc., maize breeder 
P.E.J. Soto, PhD., entomologist 
J. ter Vrugt, B.Sc., a,gronomist 
F.M. Quin, Ph.D., physiologist 
I.W. Buddenhagen, Ph.D., pathologist 
S.S. Virmani, Ph.D., n·ce breeder, Liberia 
I.C. Mahapatra, Ph.D" rice agronomist, Sierra Leone 
S.A. Ra)·mundo, Ph.D., rice pathologist, Sierra Leone 
S.J. Pandey, Ph.D., sorghum/millet coordinator, NAFPP 
R.B. Thakare, Ph.D., sorghum/millet specialist, NAFPP 

POSTDOCTORAL FELWWS 
Z. Si.ddiqi, Ph.D., entomologist 
M.D. Thomas, Ph.D., pathologist, maize 
Y. Tanaka, PhD., pathologist, rice 
K. Alluri, PhD., physiologist/agronomist 
H.C. Bittenbender, Ph.D., physiologist 
R.A. Coker, Ph.D., entomologisl* 



GRAIN LEGUME IMPROVEMENT 
PROGRAM 
P.R. Goldsworthy, Ph.D., assistant director 
D.]. Allen, Ph.D., plant pathologist 
D. Nangju, Ph.D" agronomist 
E. Pulver, Ph.D., micmbio{ogist 
R.J. Redden, Ph.D., plant breeder 
S.R. Singh, Ph.D., entomologist 
J.B. Smithson, Ph.D., plant breeder 
E.E. Watt, Ph.D., plant breeder 
H.C. \Vien, Ph.D., crop ph)'Sioiogist 
P.C. Duffield, Ph.D., coordinator - Tanzama 
F.E. Brockman, Ph.D., agronomist - Tanzania 
P.N. Patel, Ph.D., breeder /palhologist - Tanzania 
V.D. Aggarwal, Ph.D., plant breeder, Upper Voila 

VISITING SCIENTIST 
G. N sowah, Ph.D., pk}siology 

POSTDOCTORAL FELLOWS 
J.P. Baudoin, Jr., associate expert FAD 
P. Matteson, Ph.D., entomologist 
B. ~dimande, PhD., plant pathologISt 
H.J. Vetten, PhD., plant patfwlogist 
W.J. Horst, Ph.D., piant nutritionist 
T.P. Singh, Ph.D., plant breeder 
Z. Russom, Ph.D" plant breeder 

ROOT AND TUBER IMPROVEMENT 
PROGRA:\1 
S.K. Hahn, PhD., assistant director and breeder 
G.S. Ayernor, Ph.D., biochemisttfood technologist 
\V.~.O. Ezeilo. B.S.! coordinator, cassava center, NAFPP, Nigeria 
H.C. Ezumah, PhD., breeder, Program Natio1Ud Manioc 

(PRONAM), Za,,, 
P.H. Haynes, M.S., project leada and agronomist, Program 

Nati01Ul1 Manioc (PRONAM), Zaire 
G. Heys. B.s., production agronomzst 
K. Leuschner, Ph.D., entomologist 
K.V. Nwanze, Ph.D., entomologist, Program National Alamoc 

(PRONA.i\1), Zaire 
R.P. Pacumbaba, Ph.D., pathologist, Program National Manioc 

(PRONAM), Zaire 
Sidki Sadik, Ph.D" physiologist/tissue culture 
E.R. Terry, Ph,D., pathologist 
J.E. \Vilson, Ph.D., breeder 
G.J. Persley, pathologist (Research Fellow) 
A.K. Howland, research associate - brading 
J.O. Kalabare, research assistant - breeding 
M.O. Akoroda, research assislant - breeding 

POSTDOCTORAL FELLOWS 
A.P.O. Dede. PhD., pathologist 
'V. Claussen, Ph.D., physioLogist 
R.B. Kagbo, Ph.D." agronomist 
E.N. Maduagwu, Ph.D., bwchemist 
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TRAINING 
'V.H. Reeves, Ph.D., assistant director and head of traininlJ 
D.\\'. Sirinayake, production training officer (angiophone) 
L. Babadoudou, Ing. Tech., production training o.lficer (francophont) 
G. Cambier, Lie" translator/interpreter 

RESEARCH AND TRAINING 
SUPPORT UNITS 

COMMUNICATIONS AND 
INFORMATION 
R.A. Woodis, .M.S, head* 
J.O. Oyekan, B.S., communications officer, editorial 
C. Achode, Ph.D., translator 
J. Loudon, .M.S, editfJT 

VISITING SCIENTISTS 
E. Bortei-Doku, ,It[,S 

\V.B. Ward, .lvi.S'" 

FARM MA:-.;AGEMENT 
D.C. Couper, B,S, farm manager 
S.L. Claassen, M.S., assistantJann manager 
E. Bamidele, Jarm supen'ntendent 

LIBRARY AND DOCUMENTATION 
CENTER 
S.M. Lawani, )'J.S., head 
G.O. Ibekwe, B.S., principal librarian 
E.N.O. Adimorah, B.S.J documentalist 
E.F. Nwajei, B.A., acquisitions librarian 
Lynette Yip-Young, documentalist, IDRC* 
B.a. Adenaike, B.S., bibliographer, IDRC 

BIOMETRICS/STATISTICS 
B. Gilliver, .M.S, biometrician 
lVI.A. Jaiyeola, computer programmer 

ANALYTICAL SERVICES 
B.D. Nana, B.s., research assistant 
O. Fapojuwo. B,S., research assistant 

PHYSICAL PLANT SERVICES 
J.G.H. Craig, asSIstant director 
A.C. Butler, buildings aOO side services officer 
Donald Cockburn, refrigeration servius officer 
J.M. Ferguson,fabrtcation services officer 
C.W. Robertson, electrical services f!ilicer 
N. Georgallis, scientific and electronic services officer 
0.0. Fawole, automotwt services officer 
H.C. Kinnersly, heav), equIpment sewices oJJicer 
S.O. Odetayo, eltc/rom'cs superintendent '" 

... Left during the year. 



COLLABORATION AND TRAINING 

FARMING SYSTEMS PROGRAM 

COLLABORATORS 
Dr. J.N. Sasser, Plant Path.Qlogy Department, North CaroltTUl Stale 

University, Raleigh, North Carolina. International Meloldogyne 
ProJect. 

EMBRAPAfMANAUS, and EMBRAPA/BELAl' 
University of Afonugoro, Tanzania 

Dr. E. De Langhe, Kathoiieke Unwfrsitut LCUlJcn, Leuven, BeLgium 
:Mr. L. Ahialegbedji, /o,{eteorolo.~ical Sefvice, Lome, Togo 
Mr. A.K.E. Ussher, A-Ieteorological Service, Accra, Ghana 

RESEARCH FELLOWS AND SCHOLARS 
D. Friesan, s()i! chemistry 
E. Bachman, a,gric. economics 
L. Diehl, ague. economics 
B. Mambani, soil p~)!sics 
G.E. Okoro, soil ferttLi~v 
H. Pfeifer, soii chemi.5lry 
G.A. Agbahungba, soil murobi%g)' 
A.H. Azontonde, soil physics 
H.M. Spiro, agTic. economics 
G.B. Douagbeu, wad scimce 
!'aku·Mbumba, agronomy, plantain 
D. Akangbe, agric. economics 
P. Fotzo, agric. economics 
B. Fawcett, agric. ecooomics 
E. Scarlett, agric. economics 
C. Dixon, soil chemist 
T. Bouare. al:ronomy, plantam 
S. Osei-Yeboah, soil ph;ysics 
I.S. Barrie, soil physics 
P. Mondialis, soil physics 
N .0. Aisueni, soii microbiology 
J.M. Crawray, pedology 
J.N. Sellahewa, soil pkysICS 
R.M.K. \Vickremasin, soil p~)lsics 
lVl. Armon, soil PhySICS 
K.M. Setsoafia, soil jertiliry 
C. Mongkolsawat. soil physics 
1'\. Sachak, agTlc. economICs 
Betty 1. Okoh, soii microbioLogy 
N .0. Ezekwesili. nematology 
A. Kaba, agric. engineering 
S.T. Gbanya, agric. engineering 
J. Alegre, soil physics 
A.I. Khatib, soil physics 
S.B. Adesanmi, agric. engineering 
A. Famogbiele, agn·c. engineering 
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CEREALS IMPROVEMENT 
PROGRAM 

COLLABORATORS 
Dr. S. Fagade and J. Olufowote, NCRi, Ibadan, Nigeria 
Dr. B. Lyschik, German·Ghanian A/trieultural Development Project. 

Tamale, Ghana 
Dr. A.G. Carson, Crops Research Tnstitute, Tamale, Ghana 
Dr. A.N. Aryeetey, Universi~y of Ghana, Kpong, Ghana 
Mr. N. Ayama, NORCAP, Ahakalikl~ Anambra State, Nigeria 
Mr. ~. Arega, Adarice Production Company Ltd., Adam, Anambra 

State, N(~eria 
I\-tr. Limburg, Organization de,~ Voluntaires, Nuriandais, Save, 

Republic of Benin 
lVtr. C.H. Riedel, Project Action Rumle, Se Republic of Benin 
1\tlr. Schalbroeck, Institute de Science Agronomic de Burnndi, 

(ISABU) Bu"md; 
lVtr. Van Gils Lambert, Division ~f Agrtc. Extension, ENSA, 

Univ. '-!l Yaounde, Cameroon. 
Dr. J.M. Menyonga, Institute Jor Perennial Crops, Cameroon 
Mr. E. Limburg, Action Rurale, B.P. 5, Save, Republic of Benin 
Dr. M.K. Akposoe, Crops Research institute, Council jor Scientific 

and Indus/rial Research, P.O. Box 3785, Kumasi, Ghana. 
lVtr. Carlos Schwarz de Silva, Dept. de experimenta cause 

Producao lk Arroz (DEPA) c.P. 71, Bissau, Rep. Guinea Bissau 
lVtr. E.J.R. Hazelden, Kenya Seed Co. Ltd., P. O. Box 553, 

Kilale, Kenya E. Ajrica. 
1\ttr. W.R. Dingle, U.ND.P., P.o. Box 274, .Monrovia, Liberta 
lVtr. Pouelas Knapp, Baptist Demonstration Farm, P.O. Box 200, 

Kyela, Tanzania 
:Mr. J. Marquette, IRA T ,Mission au Togo, B.P. /163, Lome

Togo 
l\fr. J. Fraeyhoven, FAD Project Centre du experimentation du 

Riz et de Cultures Irrigues, Farakoba, Bobo Dioulasso, Upper 
Voita 

Dr. D.W. Sperling, National Maize Res. Program, llor/ga, A.R.I., 
Private l'.1ait Bag Kilosa, Tanzania 

Dr. Q, Haque, Coordinator, Food Legumes and Cereals Pro,gram, 
CARD!, Unil,.,tTsity oj Wert Indies, St. Augustiru, Trmidad-West 
Indies 

Dr. S. Parasram, Commodity-Leader-lvfazze, CARD!, UniverSity 
Campus, St. Augustine, Trinidad, West Indies 

Dr. Thomas G. Hart, CIkfMYTILubumbashi, c/o Food and 
Agricultural Officer, USAID American Embassy, Kinshasa, Zaire 

Mr. R.Q. Craufurd, Dept. oj Agriculture, Research Branch, A/ount 
lvfakulu Res. Station, PO. Box 7, Ch,iianga, Rep. oj Zambia 

Dr. Carlos de Leon, Maize Pathologist, CIA1A4YT, Londres-40J 

kfexico 6 D.F. 



Dr. R.L. Paliwal, Associate Director, Jvlalu Program, CJ.i\L\1YT, 
Londres-40, "Mexico 6, D.F. 

Dr. James L. Brewbaker, Centro Inter. Agric., Tropt'caL Apartado 
Aereo 6713, Cali Colombia, S.A. (Colombw) 

Chief P.U. Ohunyon, SheJ/-BP, Warri, BendeL Slate. Nigen"a 
Ministry C!l Agriculture and Natural Resources, Bendel State, lVigena 
Ministry oj Agriculture and Natural Resources, Rivers State, Nigeria 
M. Arraudeau, IRA T, Bouake, Ivory Coast 
Mr. K.A. Ayotade, NCRI, Badeggi, N(!ter State 

RESEARCH FELLOWS AND RESEARCH 
SCHOLARS 
I.N. Timti, research felLow, maize pathology 
A.M. Alghali, research fellow, entomology 
S.R. Vodouhe, research scholar, flet breeding/physiology 
C.A. Dixon, research training associate, soil chemistry (FSP / RI"ce 

Phy;i'{'gy) (eIP). 
S.~. Fomba, research scholar. rice pathology 
Z.L. Kanyeka, rice breedin,£:. 

GRAIN LEGUME IMPROVEMENT 
PROGRAM 
COLLABORATORS 
D. Boulter, Department of Botany, University oj Durham, England 
M. Evans, Department of Botany, Universit}· of Durham, EngLand 
R.J. Summerfield, Plant Emmonment Laboratory, Reading 
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