








was determined by the tetrazolium chloride 
embryo staining technique (Bebawi et al. 
1984). 

(log 10 ; 1.9) decl ined to less than a half of 
those at 10 em. In all locations, maximum 
extent of dispersal was 1280 cm (Iog ,o ; 
3.10) at a height of 30 cm. 

Results In Mokwa, the greatest number of seeds 
caught per sl ide at 1280 cm was 1.5 at 160 
DAP. At 640 cm (log lO ; 2.8), the greatest 
number of seeds caught per slide was 3.5 
at 160 DAP (Fig. 1). The largest seed 
catch, averaged over all slides, was at 145 

Dissemination by wind. In all locations, 
seed catches declined sharply w ith increas­
ing distance from the seed source. Seed 
catches at distances greater than 80 cm 
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Figure 1. Average number of Striga hermonthiea seeds caught on coated micro­
scope slides placed at 10, 20. 40, 80, 160,320, 640, 1280, and 2560 cm from mature 
S. hermonthiea plants. Data were collected from a mix-planted sorghum and maize 
field in Mokwa, Nigeria and a maize field in Abuja, Nigeria in the early dry season 
of 1991, and from a maize field in Hadagon, Republic of Benin in the early dry season 
of 1992. Data paints are averages of 10 samples taken at the indicated times after 
planting. 
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DAP. A few seeds were caught as early as 
116 DAP, but the bulk of seed dispersal 
appeared to be between 145 and 160 DAP. 

In Abuja, the greatest number of seeds 
caught per slide at 1280 cm was 1.3 at 160 
DAP (Fig. 1). At 640 cm, the greatest 
number caught per slide was 3.3 at 147 
DAP. The largest seed catch was also at 
147 DAP. Only small amounts of seeds 
were caught at any distance before 130 
DAP and after 160 DAP, and the period of 
maximum dispersal was between 138 and 
147 DAP. 

In Hadagon in 1992, the greatest num­
ber of seeds caught per slide at 1280 cm 
was 1.2 at 91 DAP (Fig. 1). At 640 cm, the 
greatest number caught per slide was 1.3 
at 84 DAP. The period of substantial seed 
catches was between 77 and 91 DAP. Out­
side this range. few seeds were caught at 
any distance. 

The period of maximum seed dispersal 
in all locations was from 25 November 
through 6 January, which is the middle of 
the annual harmattan season. 

The max imum vertical distance at 
which S. hermolllh ica seeds were caught 
was 2 m. A maximum of 10 seeds was 
caught at this height and only from traps in 
the 15 trees within infested fields. No seeds 
were caught on any of the 45 tree-hung 
traps outside the infested areas . 

Dissemination with crop seeds. Striga 
spp. seeds were found in aU grain samples. 
The amounts found in the different crop 
seed samples varied each year. The over· 
aU contamination of c rop seeds was 19.4% 
(42/216 samples) in 199 1. An average of 
16.6% samples (9/54) of cowpea, 33.3% 
( 18/54) of millei, 14.8% (8/54) of sor­
ghum, and 13.0% (7/54) of maize (Table 
1) were contaminated with Striga seeds. 
In 1991, the largest amounts of Striga 
seeds in a single sample were found in 
millet (over 300) and sorghum (over 200) 
from the Kana market (Table 1). Thegreat­
est frequency of contamination in 1991 
was also found in Kana in all af the crop 
seeds, except for cowpea. Contamination 
of maize seeds was found only in Kano 
and Kaduna, the latter being the principal 
maize-growing region of Nigeria. 

In 1992, seed samples of all crops from 
all sites contained Striga seeds. Relatively 
few market samples did not contain para­
site seeds. The overall Striga seed con­
tamination of crop seeds was 63.9% (1381 
216) of all the samples collected. An aver­
age of 61. 1 % samples (33/54) of cowpea, 
55 .5% (30/54) of millet, 62.9% (34/54) of 
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sorghum, and 75.9% (41/54) of maize were Dissemination by cattle. Few Striga spp. 
conlaminaled wilh Striga seeds (Table 1). seeds were found in dung samples from 
These numbers were much higher in 1992 areas oUlside infesled fields in Ihe 1991 
Ihan in 1991, particularly for cowpea and sludy (Table 2). Approximately twice the 
maize. Maximum and average numbers of number of Striga spp. seed coats as intact 
Striga seeds in the samples were also much seeds--{j38 vs 387-were found in the 
greale r for all crops (Table I), bUI particu- dung samples. Considering total number 
laTly so for cowpea and maize. 

Table 1. Presence of 5triga spp. seeds in samples1 of cowpea, maize, millet, and 
sorghum seeds collected from eight markets In each of six locations in Nigeria 
during 1991 and 1992 postharvest seasons. 

No. of samples Maximum no. of seeds Mean no. of seeds 

Location with seeds in any sample per sample2 

Crop 199 1 1992 199 1 1992 1991 1992 

Abuj' 
Cowpea I 8 12 227 2 88' 
Maize 0 8 0 148 0 84' 
Millct 3 7 2 88 42' 
Sorghum 0 7 0 11 6 0 48 

Bid. 
Cowpea I 6 4 89 1 36' 
Maize 0 8 0 222 0 108' 
Millet 4 I 1 1 0 0 
Sorghum 2 3 2 25 0 5 

Kaduna 
Cowpea 0 6 0 98 0 29 
Maize 3 8 9 162 I 54' 
MilicI 0 6 0 101 0 30 
Sorghum 0 7 0 71 0 31 

Kano 
Cowpea 0 6 0 200 0 45 ' 
Maize 4 6 14 250 2 56' 
Mi llet 8 5 321 74 109 19' 
Sorghum 5 7 230 388 64 86 

Mokwa 
Cowpea 4 5 36 90 II 30 
Maize 0 6 0 178 0 74' 
Millet 3 3 3 38 1 8 
Sorghum 8 3 345 0 92' 

Zaria 
Cowpea 3 2 30 IS 6 3 
Maize 0 5 0 36 0 10 
MilicI 0 8 0 202 0 80' 
Sorghum 0 3 0 2 0 1 

1. Samples were cleaned, market-quality seed. Sample sizes ranged from I to 3 kg, depending on quantity 

available from the seller. 
2. All ave rages have been rounded 10 nearesl integer. 

= Significant difference belween years (P5. .05). 

Table 2. Presence of 5triga spp. seeds in cattle dung samples collected within 
51riga harmonthiea- infested fields and from a 0.5 km radius outside infested fields 
during December 1991 and December 1992.1 

Mean no. of 
No. of No. of No. of intact seeds! 

samples intact seeds seed coats samplel field 

Sample sites 1991 1992 1991 1992 1991 1992 1991 1992 

Within infested fie lds 60 38 387 857 638 24 7 23 
With in 0.5 Ian radius 

of infested fie lds 60 50 5 730 10 35 0 15 

1. During 1991 , 30 samples of 10 droppings each were taken from each site in two fie lds. During 1992, 
indiv idual samples of 10 droppings were taken from each field in 45 randomly selected locations 
in northern Nigeria. 
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ingested, this results in 37.7% intact seeds 
after passage through the cow gut. The 
average numberofinlactStriga spp. seeds 
per sample from within infested fields was 
7 (range 0-98). As 30 samples were laken 
from each fi e ld , this wou ld yield a 
reinfestation of 210 intact seeds per 
preinfested field. Viability of intact seeds 
was 22.0%, leaving a reinfestation of 46 
viable seeds per infested field, or, overall, 
8.3% of the tOlal ingesled (22% viability 
of37.7% inlact seeds). Viability of freshly 
harvested seeds from the same fields aver­
aged 80.5 %. The average number of inlact 
Striga spp. seeds collecled from dung 
samples outside infesled fields was 0 (range 
0-2). 

Sampling from 45 locations (88 fields) 
in 1992 showed there were nearly equal 
numbers of intact Striga spp. seeds recov­
ered from dung within and outside in­
fested fields. The average number of seeds 
recovered was 23 seeds per infested field , 
and 15 per noninfested area. Viabilily was 
21.6%, leaving infestations of 5 and 3 
seeds per infested and noninfested areas, 
respectively. 

Discussion 

The results of these studies show thatStriga 
spp. seeds are not efficiently or widely 
dispersed by wind. Supporting evidence 
for this conclusion comes from the S. 
asiatica- infested areas of the United States. 
The parasite was accidentally introduced 
to maize-growing areas of North and South 
Carolina sometime in Ihe 1950s (Sand 
1990). Since that time, the parasite has not 
appeared in other maize-producing areas 
of the United States. This has been due to 
strict quarantine of infested areas (Eplee 
1981), bUI had wind been a primary dis­
persal agent, S. asiatica would have ap­
peared in other areas despite quarantine 
procedures. The frequency and force of 
hurricanes along the eastern coast of the 
United States since 1950 would surely 
have provided sufficient wind for dispersal 
of S. asiatica to areas far from those in 
quarantine. 

The relative unimportance of wind as a 
dispersal agent is particularly relevant 
when control options are being consid­
ered. Had this study shown widespread 
wind dispersal of Striga spp. seeds, Ihe 
option of localized eradication would not 
be feasible and control efforts would be 
best direcled to limiting host damage by 
host plant resistance or crop protection. 
As it is, localized eradication should be 
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possible by a combination of excl usion of 
new influxes of the parasite, crop rotations 
to reduce soil levels of parasite seeds, and 
methods to stop parasite reproduction. 

The prevalence of Siriga spp. seeds in 
market samples of crop seeds indicates the 
importance oflhis mechanism of dispersal 
when seeds are used as planting materials. 
Although differences in crop seed con­
tamination were observed both years, it is 
not clear whether these differences reflect 
increasing amounts of contamination or 
increased proficiency of sampling and seed 
isolation processes. However, the overall 
levels o f contamination indicate that Ihis 
mechanism may well account for most 
new establishments of these parasites. In 
this study, crop seeds were sampled be­
tween December and January, soon after 
crops had been harvested. Local seed pur­
chases for planting mate rials later i.n the 
year (May-July) might be expected tocon­
ta in even greater amounts of parasite seeds, 
as these small seeds settle near the bottom 
of crop seed containers, and the upper­
most contents of the containers would have 
been gradually sold or consumed since 
harvest the previous season. 

Because S. hermol1thica is obligately 
allogamous (Safa et al. 1984), at least two 
viable plants wou ld have to survive to 
cross and establish a new infestation fo­
cus. Many samples contained over 50 
seeds. However, with autogamous Slriga 
species such as S. gesllerioides and S. 
asialica (Musselman j 987), only one seed 
is sufficient to establish a new focus of 
infes tation. Contaminated imported seed 
stocks may have been the source of the 
initial S. asiatica infestation in the United 
States, which subsequently developed into 
a serious long-term agricultural problem. 

Of significance is the source of the 
samples in these studies. All were market­
quality seeds that had been thoroughly 
winnowed and contained lillie, if any, vis­
ible field trash, such as leaves, husks, and 
panicle or pod fragments. Seeds saved by 
farmers for planting in the following sea­
son are not of this market quality, and they 
probably contain even greater amounts of 
Striga spp. seeds. The reason for this 
amount of contamination is probably the 
method of harvest of these crops. Stalks of 
cereal crops are cut at the base and laid in 
rows io the field to dry . After drying, the 
grains are threshed and stalks are used as 
building materials. In Siriga-infested fields, 
Siriga plants are frequently intermixed with 
the drying grain crop and parasite seeds 
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become intermixed wi th crop seeds upon 
threshing. Since cowpea is often inter­
cropped with cereals, harvest of cowpea 
incorporates not only the cowpea parasite 
(S. gesl/erioides) but a lso the cereal para­
site (s. hermolllhica) . 

The best solution to contamination of 
crop seeds with Lightweight Siriga spp. 
seeds is fie ld sanitation. Farmers need to 
be made aware of the ease with which 
their planting materials can become con­
taminated, and they must learn to avoid 
laying crops in the vicinity of these para­
sites. Plant quarantine services and seed 
industries a lso need to be aware of poten­
tial crop seed contamination with Slriga 
spp. Unaided sieving of crops seeds is 
inadequate to remove the lightweight 
Siriga spp. seeds, which do not pass readily 
through sieves without external pressure. 
Cleaning of contaminated seeds by wash­
ingor vacuum (D. K. Berner, unpublished) 
is feasible at the plant quarantine or seed 
industry level, but the current procedures 
involve too much time and labor to be 
viable on farmers' fields. 

Dung samples collected from outside 
S. Izermolltlzica-infested fields contained 
re latively few parasite seeds in e ither year 
of the study . After the 1991 study , it was 
felt that because passage of g reen matter 
through the cattle gut may take more than 
I or 2 days, our survey area may not have 
been wide enough to adequately sample 
material ingested in the field and depos­
ited farther away. However, the relatively 
high numbers ofSlriga spp. seeds found in 
dung samples within infested fie lds in 199 j 
seemed to indicate that greater amounts 
should have been found i.n the surround­
ing area if this was an important dispersal 
mechanism. The low percentages of in­
tact, viable seeds in dung samples from 
withi n infested fields in the 1991 study 
indicated that animal ingestion and depo­
sition may be only a short-distance and 
relatively minor dispersal mechanism. The 
results of the 1992 study confirmed tbis, 
as an average of only three viable seeds 
per non infested area was found . If these 
were S. hermolllhica seeds, the probabil­
ity of only three seeds establishing a new 
focus of parasite infestation is low. since 
this species is obligately allogamous. 

The importance of dispersal of seeds 
on animal hooves and fur, however, was 
not addressed in this study . Because ani­
mal herds roam widely across the savanna 
zone of Africa, this possible mechanism 
needs to be examined in more detail. There 

have been no reports of Siriga spp. seed 
dispersal by birds. 

A mechanism that may account for 
widespread parasite seed dispersal is the 
transportation (and often sale) of cowpea 
fodder from infested fields to areas defi­
cient in animal feed during the dry season. 
Depending on location, inspec tion o f the 
contents of any bundle of fodder could 
reveal the presence of seed bearing S. 
hermollihiea, S. aspera (Willd) Benth ., S. 
gesllerioides, and Alectra vogelii Benth., 
either individually or collectively, since 
all of these parasites can be found within a 
single fie ld. Control of this means of dis­
persal in Africa wi ll be very difficult dur­
ing times of critical need for animal feed . 
Spread of parasite seeds by fodder can be 
arrested only by the localized reduction of 
parasite populations [Tom fodder-produc­
ing arcas. 

The overall results of these studies in­
dicate that man, through agricultural pro­
duce and animal movement, is the primary 
factor in dispersal of Slriga spp. This spread 
can be controlled through farmer educa­
tion and better awareness among staff of 
plant quarantine services. Because annual 
influxes of Siriga spp. seed by wind do not 
appear to occur in farmers ' fields, local­
ized eradication could be made effective 
by preventi ng recontamination of fields 
by man and through appropriate control 
measures aimed at existing Striga spp. 
populations. 
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Independent inheritance of Striga and Alectra resistance 
in cowpea genotype 8301* 

I.O.K. Atokple, B.B. Singh, and A.M. Emechebe1 

Plant breeders and plant pathologist 

The production of cowpea, a major food legume in the semi-arid regions of sub­
Saharan Africa, is threatened by two parasitic weeds, Slriga and Aleclra. Yield 
losses can be as high as 80%. liT A scientists have been attempting to incorporate 
host plant resistance into improved cowpea genotypes, as well as studying 
cultural practices to contain the weeds. Genetic studies, such as the one reported 
here, help to better understand and build resistance in the cowpea plant. 

Introduction 

Cowpea is a major food legume in the 
semi-arid region of sub-Saharan Africa. 
Recently , two parasitic weeds, Slriga 
gesllerioides (Willd.) Vatke and Alectra 
vogelii (Benlh.), have become major threats 
to its cultivation in this region. Yield losses 
can exceed 80%. Host plant resistance is 
accepted as the most practical and eco­
nomical strategy to control these weeds 
(Aggarwal 1985). 

Several sources of resistance have been 
idenlified (liT A 1982; Riches 1987; Bailey 
and Terry 1990; Singh and Emechebe 
1990b), of which B301, a landrace from 
Botswana, has shown complete resistance 
10 bOlh weeds (Bailey and Terry 1990). 
Genelic sludies have revealed in B301 a 
single dominant gene for Striga resistance 
and duplicale dominant genes for Alcctra 
resistance (Singh and Emechebe 1990a,b; 

• Slightly adapted from an article of the same title originally published by the authors in Crop Sciellce 
33(4): 714-715 ( 1994). © Crop Science Society of America. Reproduced with perm ission. 

I . The present institutional affi liations of the authors are as follows: Atokple is sorghum breeder, the 
Savanna Agricultural Research Institute, Tamale, Ghana; Singh is cowpea breeder, UTA Kano 
StalioD, PMB 3112, Kano, Nigeria; Emechebe is a professor in plant pathology at the Institute of 
Agricu ltural Resear;:h, Ahmadu Bello University, Zaria, Nigeria. 
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Singh et al. 1993). This line has Ihus been 
used as a donor parenl (Singb and 
Emechebe 1991), and many improved, re­
sistant breeding lines are currently under­
going adaplability trials across Cenlral and 
West Africa. They are being used also as 
parents in a crossing program involving 
local cuitivars, to develop a range of im­
proved varieties differing in planl type, 
maturity, and seed characteristics to suit 
different cropping systems and regional 
preferences. 

The presenl study was undertaken to 
ascertain whether the genes controlling 
resistance to these parasites are indepen­
dent of each other. 
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Table 1. Segregation for Striga and Alectra resistance in the different cowpea populations. 

Resistant Resistant Resistant Susceptible 
to both 10 Afectra, to Slriga, to both 

Slriga and suscept ib le susceptible Slriga and Genet ic 
Population Gene ra tio n Afec:(/'CI to Slriga to Aleclra Aleclra ratio X' P-range 

B301 
IT84S-2246-4 
1T84S-2246-4 x B30 I 
B30 I x (B30 I IT84S-2245-4) 
B30 I x IT84S- 2246-4 
1T84S-2246-4 x (B301 x 1T84S-2246-4) 

Materials and Methods 

This study was conducted at the Kano 
Slation of the Inlernational Insti tute of 
Tropical Agriculture (IITA) in Nigeria, 
and at th e Institute for Agricultura l 
Research (IAR), Ahmadu Bello Un iver­
sity, Zaria, Nigeria. Mater ials were derived 
from the cowpea germplasm line B301 , 
resistant to both Slriga and Alec/ra, and a 
susceptible cultivar IT84S-2246-4, which 
is resistant to several diseases and insect 
pests and has high yield potential. Ad­
equate F h F2• and backcross seed from 
crosses involving these parents were de­
veloped in the screenhouse in 1989-1990 
and then screened for combined resistance 
to Slriga and A/eelra in 1991 by a pot 
culture technique. 

Plastic pots (13 em diam, 13 em deep) 
were used for screening. Each pot con­
tained I L (1:1 vol/vol) of unsterilized 
sieved sand: topsoil mixture, previously 
inoculated uniformly with about 800 seeds 
each of Slriga and A /eelra. Two cowpea 
seeds were planted per pot. Pots were kept 
on benches in the screen house and wa­
tered daily. Weeds other than Slriga and 
Alec/ra were removed. The experiment 
was terminated 10 weeks after planting 
0N AP) by submerging each pot in a 20 L 
bucket of water for about 5 min, and wash­
ing the soil off the plant roots. The roots of 
each plant were separated gently, and the 
number of Slriga and A/eelra attached to 
each plant were counted. Data on the num­
ber of resistant and susceptible plants were 
subjected to the chi-square test for good­
ness of fit to different genetic ratios. 

Results and Discussion 
Emergence of Slriga and A/eelra seed­
lings on susceptible plants began about 6 
W AP, and the differences between resis­
tant and susceptible plants had become 
clear by 8 WAP. The infected plants 
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-------------------Numbcr or plants--------------­

PI 68 0 
P2 0 U 
FI 17 0 
BCIF I 28 0 
F2 349 118 
BCIF) 10 8 

showed leafchlorosis, stunled growth, and 
partial defoliation, all of which were vis­
ible on some plants even before Ihe para­
sitic weeds emerged. However, we cl assi­
fied the plants as resistant or suscept ible 
only afte r washing the roots and observing 
attachment of the parasites. 

All plants of B301 , F" and backcross 
F t involving B30 I were free of infect ions 
from both Slriga and Aleelra (Table I), 
indicating that dominant genes govern their 
resistance. All plants of IT884S-2246-4 
were susceptible to both Slriga andAleelra. 

Table 2. Contingency table showing 
segregation for resistance to Striga and 
Alectra in F2 population of cowpea. 

Segregation Segrega tion for Slriga 
for Aleclra Resistant Susceptib le Tota l 

Resistant 
Susceptib le 

Total 

349 
15 

.364 

11 8 
8 

126 

467 
23 

490 

Xl for 3: I Strigll res istance segregation = 0. 13 
(P = O.75...j).95) 

Xl for 15: 1 Aleclra res istance segregat ion = 2.03 
(P= 0.1 ~.20) 

Xl fo r ratio for independence of Srriga andA leclra 
resistances = 0.76 (P =·O.75~.90) 

Table 3. Contingency table showing 
segregation for resistance to Striga and 
Alectra in F, backcross Involving the 
parent, IT84S-2246-4. 

Segregation Segregation for Siriga 
for A/eclra Resistan t Susceptible Total 

Resis tant 

Susceptible 
Total 

10 

II 

8 
4 

12 

18 
5 

23 

X2 for I : I Strigll resistance segregation = 0.04 
(P = O.8()..4).90) 

X2 for 3: I Aleclrll resistance segregation = 0.23 
(P = O.5~. 70) . 

X2 for ratio for independence of Slrigll andAlectra 
resistances = 1.75 (P = 0. 10-0.20) 

U 
IJ 
0 
0 

15 

o 
39 
o 
o 
8 45:15:3:1 2.92 0.3~.50 

4 3:3:1:1 1.91 0.5~ .70 

When resistance to the two parasitic weeds 
was considered separalely, Ihe F2 plants 
segregated into 364 resislan l : 126 suscep­
tible for Slriga and 467 resistant : 23 sus­
ceptible for Alectra, g iving close fits to 
3:1 and 15: I ratios, respectively (Table 2). 

These results were consistent w ith the 
data from the backcross population in­
volving IT84S-2246-4, which segregated 
in a ratio of 11 resistant : 12 susceptible for 
Striga, and 18 resistant : 5 susceptible for 
A/eelra, as expected for monogenic (1 :1) 
and digenic (3: I) inheritance, respect ively 
(Table 3). The data confirmed previous 
results on the inheritance of resistance to 
Slriga and Aleclra (Singh and Emechebe 
1990a,b; Singh et al. (993). 

When the combined reactions to both 
Striga and Alec/ra were considered, the F2 
segregated into 349 plants resistant to both 
Slriga and A/eelra , 118 susceptible to 
Slriga and resistant toA/eelra, 15 suscep­
tible to A leclra and resistant to Striga, and 
8 susceptible to both Slriga and A/eelra 
(Table 1). These results fit closely to a 
45 :15:3: I ratio expected for trigenic inde­
pendent inheritance, involving one domi­
nant gene for one character and duplicate 
dominant genes for the other. 

The backcross involving IT84S-2246-
4 segregated into a ratio of 10 resistant to 
both Slriga and Aleelra : 8 susceptible to 
Striga and resistant to Alec/ra : 1 suscep­
tible to Aleelra and res istant to Slriga : 4 
susceptible to both Striga and Alectra 
(Table 1). This gave a close fi t to the 
expected 3:3:1: 1 ratio and confirmed the 
F2 segregation. The independent chi-square 
analysis of F2 and backcross data with 
contingency tables further confirmed in­
dependent inheritance of resistance to 
Striga and A/eclra (Tables 2 and 3). The 
F2 as well as backcross data had fewer 
plants susceptible toA/eelra lhan expected, 
but the differences were not significant. 
This may be due to occasional escapes. 
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Inoculation with an effective and per­
sistent Rhizobium strain has several ad­
vantages, and it is preferable to the re­

. peated application of N fertilizers . This is 
particularly true for alley farming systems 
where hedgerow trees are left in the field 
for a long period (more tban 10 years) 
without additional input of N fertilizer. 
Despite its importance, there is as yet little 
information concerning the fate of intro­
duced rhizobia in alley cropping fields. 

To become established in the field , 
introduced rhizobia must coexist with com­
petitors and predators and maintain them­
selves during periods of low nutrient avail­
ability (Alexander 1986). Fluctuating en­
vironmental conditions and management 
practices can also influence the survival of 
inoculants in the field. An understanding 
of the changes occurring in Rhizobium 
populations and the factors influencing 
such changes may lead to improved use of 
L. leucocephala inoculants, and to the se­
lection of adapted inoculant strains. 

The present study evaluated whether 
Rhizobium strains IRc 1045 and IRc 1050, 
introduced in 1982 asL. teucocephata seed 
inoculants, persisted when the field was 
left fallow for 10 years, and how much 
they then sustained L. teueoeephata growth 
and biomass production. 

Materials and Methods 
The experiment was conducted in a field 
at the International Institute of Tropical 
Agriculture (UTA), Ibadan (Sanginga et 
aL 1988). The soil, an Alfisol of the Iwo 
series, has the following physico­
chemical characteristics: 0.14% total N; 
9.2 mg kg_1 P (Bray 1); 0.92% organic C; 
pH of 6.0; CEC 4.6 Cmol kg-I; 9% clay; 
85% sand; and 6% silt. 

Single strains of Rhizobium IRc 1045 
(isolated from L. teueoeephata grown in 
Fashola soil) and IRc 1050 (isolated from 
L. leueoeephato grown in Ibadan) were 
used separately to inoculate L. 
teueoeephala in the 1982 inoculation trial 
(Sanginga et aL 1988). These were applied 
to the seed as peat-based inoculants, using 
Nitracoat adbesive (Nitragin Co.), and in­
oculated seeds were planted in moist soil. 
The noninoculated and fertilizer N treat­
ments had also been used in this trial. with 
150 kg N ha- 1 of urea applied once, at 
planting. Two years after planting, L. 
leucocepha/a was uprooted and assessed 
for its response to inoculation (Sanginga 
et aL 1988). The field was used for a 
soybean multiplication trial in 1985, and 
then left fallow for about 8 years. 
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In 1992, the field was cleared and 
non inoculated L. leucocephala, Senna 
siamea, and S. spectabilis were sown in 
the previous L. teueoeephata plots. 

The experiment was laid out as a split 
plot design, with 3 replicates. The main 
treatments were (1) previously non­
inoculated, (2) inoculated with Rhizobium 
lRc 1050 or 1045, and (3) non inoculated 
plus N fertilizer; the three woody legumes 
were the sublreatments: the N2-fixing L. 
leucoceplzala and two non-Nrfixing plants 
(S. siamea and S. speetabilis) , giving a 
total of 36 plots. Each plot measured 96 
m2 (8 x 12 m), with 3 rows spaced 2 m 
apart and a planting distance of 1 m within 
rows. One month after planting, 20 kg N 
ha-1, as ammonium sulfate labeled with 
10 atom % 15N excess, was applied onto 
isotope subplots (6 m2) containing the 4 
central trees, after the seedlings had been 
thinned. An adjacent fie ld, which had never 
been planted with L. teucocephata, was 
used as a control. 

Soil samples were collected three times 
in 1992: (1) at planting; (2) a few months 
after the onset of the rainy season ; and (3) 
during the dry season. about two months 
before the first rains. A soil auger of 3 cm 
diam was used to collect soil at depths of 
0--15, 15-30, and 30-60 cm. Ten cores 
were collected at random in each of the 
previous plots in the alleys and beneath 
trees ofL. leucocephala, S. siamea, and S. 
spectabilis. They were mixed into com­
posite samples and refrigerated. 

Rhizobia were enumerated-either 
immediately or within 1 month of collec­
tion--by the most probable number (MPN) 
method (Alexander 1965), using plastic 
pouches (Weaver and Frederick 1972). A 
10-fold dilution series, with five 
replications per dilution. was used, with L. 
teueocephata as the legume host. Plants 
received Jensen' s solution (Vincent 1970) 
as required. The pouches were incubated 
at 28°C under fluorescent lighting tubes, 
and nodulation was assessed 35-42 days 
after inoculation. 

Plants from the experimental plots were 
sampled twice a year, 6 months after plant­
ing (at the end of the rainy season) and 6 
months still later (at the end of the dry 
season). At each sampling, the above­
ground and below-ground plant materials 
were harvested. The above-ground plant 
parts were separated into leaves, stems, 
and branches, chopped into 10--20 cm 
pieces; and then oven-dried, weighed, 
ground, and analyzed for total N and atom 
% 15N (Fiedler and Proksch 1975). The 

isotope dilution method (Fried .and 
Middleboe 1977) was used to calculate N2 
fixation . 

Roots were carefully removed and ex­
amined fo r nodulation . Fresh nodules were 
counted, cleaned of soil particles, weighed. 
and then used for strain identification. From 
each treatment, 40 nodules were chosen at 
random and typed, using the ELISA tech­
nique for IRc 1050 (Clark and Adams 
1977), and the intrinsic antibiotic resis­
tance to 500 mg streptomycin rnJ-I for lRc 
1045 (Schwinghamerand Dudman 1973). 

Statistical analysis 
Analysis of variance was performed on 
the log-transformed numbers of rhizobia 
per gram of oven-dry (lOO°C, 24 h) soil. 
ANOVA was also performed on data of all 
plant parameters measured, using the SAS 
software (SAS Institute 1986). LSD (a t P 
= 0.05) was calculated to determine statis­
tical differences between treatments . 

Results 

Prior to sowing in 1982, rhizobia able to 
nodulate L. lellcocephala were less than 
300 cells per g of soi l. The rhizobia num­
bers increased at 24 weeks after planting 
(W AP) due to seed inoculation, and no 
substantial change occurred thereafter in 
the two inoculation treatments at 48 WAP, 
nor after years of fallow in 1992 (Table 1). 
In general, inoculated plots contained more 
rhizobia than the non inoculated plots in 
1982, but in 1992 rhizobial numbers were 
the same in both inoculated and 
non inoculated plots. Plots in the adjacent 
field and in the non inoculated plus N fer­
tilizer treatments contained the fewest 
rhizobia. 

Soil collected .beneath L. teucocephata 
plants had more rhizobia than that collec­
ted under S. siamea and S. spec~abilis. 

Mean rhizobia! counts were 26, 5.3. and 
4.6 x 103 for L. leucocephala, S. siamea, 
andS. spectabilis, respectively. These num­
bers were not affected by sampling depths. 

In 1982, only inoculated plants were 
nodulated, and all noduJes were produced 
by the inoculant strains lRc 1045 and IRc 
1050 (Table 2). Shoot dry weight and total 
N were statistically equal in inoculated 
and N fertilized plants, and they were 
higher here than in non inoculated and 
adjacent plots. In 1992, nodules were 
present in all treatments except in the 
adjacent field. Assays for the identity of 
nodule isolates (Table 2) showed that 
nearly all the nodules from the inoculated 
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Table 1. Log,. of the numbers of L. leucocephala rh izobia g- ' of soil in the field 
before planting and at 24 and 48 weeks after planting (WAP) L. leucocephala in 
1962 and after planting noninoculated L. leucocephala in 1992. 

Year of L. leucocephala establishment 

1982 1992 
Treatments 
in 1983 OWAP 24WAP 48WAP OWAP 24 WAP 48 WAP 

Noninoculated 2.3 3.2 3.0 4.3 4.0 4.5 
Inoculated + IRe 1045 2.3 5.5 5.4 5.1 5.0 4.9 
Inoculated + IRe 1050 2.3 4.8 4.9 5.2 4.9 4.7 
Noninoculated + 2.3 2.9 2.6 3.0 2.9 2.6 

N fertilizer 
Adjacent field 2.3 2.2 2.3 1.7 J.3 1.1 
LSD 5% within years NS 1.8 1.5 2.0 1.8 2.1 

between years J.3 1.1 

Table 2. Percent nodules formed by inoculant strains IRc 1045 or IRe 1050 on L 
leucocephala in 1962 and after 10 years of fal/ow. 

Percent nodules formed 
IRe 1045 IRe 1050 

Inoculation 1982 1992 1982 1992 

Noninoculated 0 78 0 18 
Inoculated + IRe 1045 100 98 0 2 
Inoculated + IRe 1050 0 0 100 95 
Noninoculated + N fertilizer 0 75 0 15 
Adjacent field 0 0 0 0 

Table 3. Total N, proportion, and amount of Nz derived f rom atmospheric Nz by L. 
leucocephala grown in the field In 1962 and following 10 years offal/ow at 24 WAP 
after planting. 

Total N N2 fixed N2 fixed 
(mg planet) (%) (mg plant-I) 

Previous treatments 1982 

Noninoculated 17 
Inoculated + IRe 1045 44 
Inoc ulated + IRe 1050 39 
Noninoculated + N fertilizer 44 
Adjacent field 16 
LSD (5%) within years 6 

between years II 

plants were produced by the introduced 
rhizobia IRc 1045 (98%) and IRc 1050 
(95 %). For the noninoculated and N 
treatments, nodules were due mainly to 
IRc 1045 (76% as against only 16% for 
IRc 1050). About 8% of tbe rhizobia in 
nodules could not be identified, and they 
were classifjed as indigenous rhizobia. 

In further analysis, the proportion and 
amount of Nz fixed was estimated by the 
isotope dilution technique. with the 
noninoculated L. leucocephala serving as 
the nonfixing control in 1982, while S. 
siamea and S. spectabilis were used as 
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1992 1982 1992 1982 1992 

22 0 35 0 7 
39 45 43 20 17 
33 40 39 15 13 
37 0 16 0 6 
17 0 0 0 0 
3 4 6 5 4 

NS NS 

controls in 1992. Nodulated L . 
leueoeephala in 1982 and non inoculated 
plants in 1992 fixed about the same 
amounts of N2 (approximately 170 kg N 
ha- I ), equivalent to about 42% of the total 
N in the plants (Table 3). 

Discussion 

Competitive ability and persistence of 
rhizobia are among important criteria for 
the selection of strains to be used as 
inocu lants for legumes, especially in 
developing countries (Vincent 1970) . 

However, these attributes are among the 
least studied, especially when rhizobial 
strains are used as inoculants for perennial 
legumes (Danso et aJ. 1992). Information 
is easily found on the response of some 
Nr fixing trees, such as L. leueoeephala, 
to inocu.lation w ith specific strains of 
rhizobia (Halliday and Somasegaran 1983; 
Sanginga et aJ. 1988), but very litde 
information is available on the persistence 
or the competitive ability of these rhizobial 
strains in the fie ld. 

It is clear from the results presented 
here that Rhizobium strains IRc 1045 and 
IRc 1050, introduced withL.leueoeephala 
seeds, were able to colonize the soil. They 
were detectable ill the soil in high num­
bers, and able to effectively nodulate L. 
leueoeephala 10 years later. The high per­
centage of nodule occupancy by the intro­
duced rhizobial strains IRe 1050 and IRe 
1045 indicates that these strains survived 
well and outperformed the indigenous 
strains. 

In most reported cases for grain le­
gumes, inoculant rhizobia numbers de­
crease soon after introduction. For ex­
a mpl e, when th e persistence of 
Bradyrhizobillm japonieum in a field soil 
was monitored for 56 weeks fol/owing 
inoculation (Ellis et al.1984), significantly 
more of the inoculant strain than of tbe 
indjgenous rh izobia was detected within 
the first 7 weeks. Thereafter, the inoculant 
rhizobial population decreased to the back­
ground level. However, some Rhizobium 
strains, including those used in commer­
cial inoculants, have been successful ly es­
tablished in soils for at least 4 years, after 
whkh reinoculation may be necessary 
(Eaglesham 1989). 

Our study indicates that, in addition to 
high competitiveness and persistence, the 
introduced strains maintained the same 
N,-fixing capacities after 10 years of fal­
low. Thus we can assume that if adequate 
strains of rhizobia are introduced into a 
soil, the populations will survive. In this 
case, inoculation with reasonable popula­
tions of persistent rhizobial strains consti­
tutes an evident advantage over N fertili­
zation, which has to be applied frequently 
for consistent high yields. 

Survival of inoculants in the soil has 
been related to the rate of plant debris 
decomposition (Schrotb et aJ. 1979). Nu­
trient deposition and acquisition from de­
composing lilterfall, and prunings from L. 
leueoeephala might explain why rhizobia 
persist longer in alley farming systems 
than in annual grain legumes. 
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Management practices, such as cutting 
or pruning of hedgerows, also affect popu­
lations of rhizobia in the tree rhizosphere 
and its subsequent nodulation (Sanginga 
et al. 1990). It was shown that 2-3 weeks 
after cutting, nodules were decaying at the 
same time new ones were being formed. 
The new nodules sustained N2 fixation in 
the alley farming system, while the de­
composing nodules probably released large 
numbers of rhizobia into the rhizosphere. 

Plant species affect the number of 
rhizobia in the soil. Rhizobial population 
was greater in the soil collected under L. 
leucocephala than in the soil coUected 
under S. siamea and S. spectabilis. Marked 
increases have been observed in native 
and introduced rhizobia in the rhizosphere 
of various legumes (Bushby 1984). This 
phenomenon has been interpreted as be­
ing due to (a) selective growth stimulation 
of the symbiont by its specific host le­
gume; (b) a nonspecific rhizosphere ef­
fect, indicat ing that plant roots provide a 
more favorable environment than soil for 
rhizobia and other microorganisms; or (c) 
as a result of rhizobial release following 
nodule decays. 

Our data substantiate the selective 
stimulation of rhizobial growth in the root 
zone of L. leucocephala. The results pre­
sented here suggest that effectively 
nodulated plants provide an enriched en­
vironment and sustain high populations of 
root-nodule bacteria. Thus, after to years 
the effective strains still dominate the nod­
ule-forming rhizobial population. Further 
studies are needed to define the manage­
ment practices that will ensure high num­
bers of rhizobia in soils for effective nodu­
lation and N2 fixation of hedgerow trees in 
long-term aUey farming systems. 
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Identification of cowpea viruses and their strains in tropical 
Africa-an international pilot project* 

G. Thottappilly, R.1. Hamilton, C. Huguenot, H.W. Rossel, M.T. Furneaux, M.Y. Gumedzoe, 
S.A. Shoyinka, D.M. Naik, G. Konate, T. Atcham-Agneroh, H.C. Haciwa, F.O. Anno-Nyako, 
N. Saifodine, A. Wangai, P. Lamptey, A. Gubba, A.M. Mbwaga, J. Neya, and S.K. Offei1 

Viruses are only one among various causes of plant dIseases. They are uniquely 
difficult to detect, identify, and characterize. This makes control of viral diseases 
especially difficult. Since 1990, IITA scientists have carried out a collaborative 
project with scIentists in Canada and in African national programs, which has 
resulted In Improved capability within Africa to identIfy specIfIc viruses and their 
strains-a prerequisite for designing suitable control measures. This article 
summarizes the achievement of that project. 

Introduction 
Characterization and identification of 
viruses is a prerequisite for developing 
effective management of viral diseases 
(Hamilton el al. 1981). In Africa, a large 
number of economically important virus 
diseases is yel 10 be fully characlerized 
and their relat ionships to similar viruses 
occurring in other countries are still to be 
determined. Several plant viruses produce 
very similar symptoms but arc unrelated, 
and strains of the same v irus can produce 
very differenl symploms (Reddy 1990). 
Moreover, mixed infections of unrelated 
v iruses may occur. 

More Ihan 20 vi ruses are reported from 
various cowpea-growing areas worldwide 
(Thollappilly and Rossel 1985; Mali and 
Thotlappilly 1986); however, only 8 vi­
ruses arc reported from cowpea in tropical 
Africa (Ta iwo an d Shoyinka 1988; 
Thollappill y and Rossel 1992). It is more 
di fficult 10 idenlify viruses Ihan olher planl 
pathogens; elaborate and expensive equip­
menl is required (Bos 1976). Because of 
inadequale faci lities and lack of support, 

most national program scientists find it 
difficult to accurately identify viruses. 
Serology is by fa r the mosl re liable melhod 
currently ava ilable for virus identification 
in African faci lities. 

In addition to being important for vi rus 
identification, serological diagnostic tech­
niques are reliable and easy to perform in a 
varielY of laboralories. In order 10 make 
serological diagnoslic melhods available 
to national programs in Africa, the Inter­
nalional Inslitule of Tropical Agricullure 
(lITA), [badan, Nigeria, hosled a meeling 
in March 1988 wilh a few key scientists 
from these programs to initiate a collabo­
rative network. 

The group decided 10 seek financial 
supporl from Ihe Inlernalional Develop­
ment Research Cenlre (lORe), Ottawa, 
Canada, and complemenlary scientific sup­
port from the Vancouver Research Station 
(VRS) of Agricullure Canada. Fourleen 
scientists fro m national programs in east­
ern, western, and southern Africa were 
involved in Ihis pi lol project. 

Sl ightly adapted from an article of the same title originally published by the authors in FAO Piam 
Protection BulletiIl 41(2): 65-7 1 ( 1993). 

I. G. Tho ltappilly is with the Biotechnology Unit, Intemationallnstitute of Tropical Agriculture (IITA). 
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As Ihe resulls from Ihe LDRC-spon­
sored research were 10 be applied by Ihe 
nalional programs, Ihe melhodology was 
jointly developed and implemenled. The 
chosen strategy for virus identification and 
geographical distribution studies in this 
pilot project was to produce either virus­
specific or strain-specific monoclonal an­
libodies, and to optimize diagnoslic lesls 
usable under fie ld conditions. 

The firsl phase (three years) of the 
collaborative projeci was successful in the 
development and applicalion of serologi­
cal melhods for Ihe idenlification of sev­
eral cowpea viruses: cowpea aphid-borne 
mosaic virus (CAM V); blackeye cowpea 
mosaic virus (BICMV); cowpea mosaic 
virus (CpMV); cowpea moll Ie v irus 
(CMe V); and southern bean mosaic virus 
(SBMV). This phase was eXlended 10 olher 
national programs to cover all cowpea­
growing regions in Africa, and further ex­
lended 10 cover other food crops (cassava, 
maize, pepper) infecled by economically 
important viruses. 

Project strategy 
IDRC funded this pilol projeci from 1990 
10 1992. The plan involved: 

Establishment by UTA of a collection of 
cowpea viruses, fp llowed by prelimi­
nary characterization and production of 
polycIonal antisera for some of Ihem; 
SeleClion by liT A of scientisls from na­
lional programs in Africa 10 be involved 
in a collaborative projeci on Ihe delec­
tion of cowpea viruses; 
Propagalion and purif ical ion al VRS of 
cowpea virus isolates recognized as 
potyviruses, for comparison with refer­
ence isolates for identification purposes, 
and for preparation of specific antibodies 
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(pol yclonal antisera and monoclonal 
antibodies); 
Development at VRS of diagnostic tests 
using monoclonal antibodies for detec­
tion of BICMV and CAMV; 
Part icipation of selected national pro­
gram scientists in annual workshops at 
IITA on the app lication of monoclonal 
antibodies in plant virology, with spe­
cific sessions and laboratory practice on 
the use of standardized serological aiag­
nostic tests fo r detection of BICMV and 
CAM V, and roundtable discussions on 
modalities of surveying in selected coun­
tries, various appl ications o f diagnostic 
tests, and interpretation of results; 
Completion of surveys for cowpea vi­
ruses by national program scientists in 
their own countries, testing of coUected 
samples for the presence of BICMV or 
CA MV with the diagnostic kit provided 
(Fig. I), and establishment of the inci­
dence of infection and geographical dis­
tribution for each country; 
Collation of incoming data [rom the na­
tional programs, to provide a general 
overview of the incidence of these two 
viruses in the surveyed regions. and to 
prepare recommendations for cowpea 
breeding programs; 
Discussion among collaborators about 
possible improvements of the diagnos­
tic tests, before releasing them to the 
other African national programs; 
Application by the network collabora­
tors of a sim ilar strategy to deal with 
other virus diseases in major African 
food crops. 

Results 
Network development. A functional and 
dynamic network of scientists from IlTA, 

Table 1. DAS·ELISA 1: basic procedure. 

Slep Reagent 

Coaling Trapping mAb2 at suitable 
dilution in coating buffer 

Blocking t% BSA4 in PBS-T 
Antigen Plant sap at suitable dilulion 

in PBS-T 
AntibOdy Second antibody (mAb. Biot)5 

at suitable dilution in PBS-T 

Conjugate Conjugate (Str. AP)6 at suitable 
dilution in PBS-T 

Substrate Substrate (PNPP) 7 I mglml in 
subslrate buffer 

Field infected 
samples 

I 

Serology - 20"C sto rage Inoculation 
to cowpea 

I 
Agar get diffusion Propagation of 

test with antisera to isolates 
CpMV,CMeV. SBMV I 

-
I ELISA test with 

universal poty virus Inoculation to 
, 

monoct~~~ntibodY _ Nicotiana g/utinosa 

+ - CMV systemic 
SHMV local lesions 

ELISA test with -CAMV· and BICMV· Identification of CMMVsap-

specific monoclonal CMV. CMMV, - transmissible 

antibodies CGMV. SHMV to soybean 

-
NewCAMVor CGMV white fly-

BICMV serotypes transmissible only 
sent to the 

Vancouver Research , 

Station (VRS), I 
Agriculture Canada BICMV blackeye cowpea mosaic virus I ,- CAMV cowpea aphid·bome mosaic virus 

CGMV cowpea golden mosaic virus 
Identificalion and CMMV cowpea mild monle virus 

'-- production of CMV cucumber mosaic virus , 
new monoclonal CMeV cowpea monle virus 

J antibodies CpMV cowpea mosaic virus 
SBMV southern bean mosaic virus 
SHMV sunnhemp mosaic virus 

Figure 1. Strategy for cowpea virus identifi cation. 

VRS, and national programs in 19 coun­
tri es (Burkina Faso, Ca meroon, Cote 
d ' lvoire, Ethiopia, Ghana, Kenya, Mada­
gascar, Malawi, Mozambique, Niger, Ni­
geria, Rwanda, Senegal, Sierra Leone, 
Tanzania, Togo, Uganda, Zambia, and 
Zimbabwe) collaborated in the identifica­
tion and detection of cowpea viruses. Na­
tional program scientists part icipated in 
week- long workshops at IITA in April 

199 1, November 1992, and January 1994 
on Ihe use of monoclonal antibodies in 
plant virology. Participants gained hands­
on experience, and they took home with 
them virus-detection kits, to enable them 
to carry out tests in their locations. 

Incubation 

2 h at 37' C 

30 min at 37°C 
2 h at 37' C 

Overnight at 4°C 

2 h at 37' C 

t h at 37' C 

Rinse 

With PBS-T3 

None 
With PBS-T 

With PBS-T 

With PBS-T 

A large-scale study on cowpea viruses, 
especially BICMV and CAMV, wasevalu­
ated at liT A in November 1992. 

1. Double antibody sandwich, enzyme-linked immunosorbent assays. 

Deve lopment of diagnostic tools. 
Polyclonal antisera were raised at IITA 
against CpMV, CMeV, and SBMV for 
use in the agar gel diffusion test in the first 
screening of infected cowpea samples. The 
monoclonal antibody PTY (Agdia Inc. , 
Indiana, USA)2 for universal detection of 
potyviruses was used, wi th the supplier 's 
instructions to detect the prese nce of 
potyvirus in cowpea samples. Polyclonal 
antisera and monoclonal antibodies were 
raised at VRS against various isolates of 
viruses collected in Nigeria. The 
potyviruses in cowpea were identi fied as 
BICMV and CAMV, and further classi­
fied into serogroups (Huguenot ct al. 1993). 

2. Monoclonal antibody. 
3. Phosphate-buffered saline containing Tween 20 . . 
4. Bovine serum albumin. 
5. Monoclonal antibody conjugated with biotin . 
6. Streptavidin conjugated with alkaline phosphatase. 
7. Para nitrophenylphosphate. 
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GENERAL DIAGNOSIS 

Virus Detection of EUSA procedure 
serotype (mAbs - Ag - mAbs.Blot - Str.AP) 

BICMV A+B 
and 15E6+5H5 (1 OG5+5H5+6C1 O).Biot 
CAMV C+O+E+F+G 

-, r y Monoclonal 

~ *+ ~ antibody 

~ ~ .~ • CAMV 

'OG5~H5 };, 
0 BICMV 
'\- Monoclonal o •• antibody 

'f,SE6 -Y,~5 biotin 
~)I( Streptavidin 

phosphatase 
SEROTYPING alkaline 

Virus Detection of ELISA procedure 
serotype (mAbs - Ag - mAbs.Blot - Str.AP) 

BICMV A 16G5 10G5.Biot 
A+B 15E6 10G5.Biot 

CAMV C+O+E+F+G 5H5 5H5.Biot 
C 1F5 I F5.Biot 
O+E 5H5 709.Biot 
E 12F9 6CIO.Biol 

.., 
y Monoclonal 

~ antibody 

~ • Antigen 

)- Monoclonal • antibody 

y biotin 
~ Streptavidin 

phosphatase 
alkaline 

Figure 2. Serological detection of cowpea aphid-borne mosaic virus (CAMV) and 
blackeye cowpea mosaic virus (BICMV) by double antibody sandwich, enzyme­
linked immunesorbent assays (DAS-ELlSA). 

• Associated since 1993 

D Associated since 1992 

D Associated since 1991 

• Cowpea aphid-borne 
mosaic virus (CAMV) 

• Blackeye cowpea 
mosaic virus (BICMV) 

Figure 3. Associated countries In which cowpea fields are being surveyed for 
detection of BICMV and CAMV. 
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Double antibody sandwich, enzyme­
linked immunosorbent assays (DAS­
ELISA) (see Table I), using the VRS 
monoclonal antibodies, were designed to 
be ei lber v iru s-specific (CA MV or 
BICMV) or strain-specific (Fig. 2). The 
general diagnostic test was achieved by 
mixing several monoclonal antibodies for 
both coating the plate and detecting Ihe 
antigen. The serotype was determined by 
using a specific monoclonal antibody for 
coating, and either the same or a different 
specific an tibody, conjugated with biotin, 
for detecting the antigen (Huguenot et al. 
1993). 

Different diagnostic tests that do not 
require an incubator or ELISA reader were 
designed for use in any laboralory facility 
in Africa, and the different reagents were 
produced in sufficient quantities to supply 
all collaboralors. 

Large-scale survey by national program 
scientists. After surveying over one or 
two cowpea seasons and testing samples 
for Ihe presence of CAMV and BICMV, 
preliminary resuUs from eight countries 
indicated that the viruses occurred in each 
participating counlry (Fig. 3), suggesting 
a very important economic impact. More­
over, Ihe serological diagnostic lesl has 
proved 10 be efficient in detecting the vi­
ruses in seeds (single seed, portion of coty­
ledon, or embryo), and it can be used by 
national programs for seed transmission 
studies and for checking seed stocks. 

Discussion 

After completion of Ihe firsl phase of Ihe 
project, three major points were obvious. 
First, either CAMV or BICMV can cause 
a similar mosaic disease in many African 
countries. Until now, CAMV was reported 
as the only causal agenl of the mosaic 
disease on cowpea. Both BICMV and 
CAMV are potyviruses, but they are sero­
logically dislinct (Huguenot et al. 1993), 
distinguishable on differential hosts (Taiwo 
el al. 1982; Dijkslra er al. 1987; Huguenot 
et al. 1993), and different resistance genes 
are required to prevent infect ion 
(Providenti el al. 1983). Cowpea breeding 
programs, therefore, have to consider both 
viruses. 

Second, for several of the countries 
investigated, a low incidence of the viruses 
was found on landraces and a very high 
incidence on imported lines, suggesting 
that these seed-transmissible viruses were 
probably imported in selected cowpea 
lines. 
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Third, in the countries surveyed so far 
in Africa, both viruses have been found to 
comprise a number of strains with differ­
ent serological properties and to occur on 
crops other than cowpea (e.g., African yam 
bean in Nigeria, and bambara groundnut 
in Nigeria and Burkina Faso), thus stress­
ing the need to develop a reliable diagnos­
tic test. The present network of collabora­
tors has the potential to develop a general 
test of this sort. The large-scale survey 
operating in the 19 countries offers the 
greatest opportunity to ,identify new strains 
of CAMV and BICMV, and thus to im­
prove the efficacy of the present diagnos­
tic tests through preparation of new anti­
bodies againsl specific strains, 

In the second phase of this pilot project, 
which was extended for an additional 2 
years, 1.2 virologists from other African 
countries have joined the network. The 
success of the project will depend on the 
free exchange of materials, ideas, and ex­
periences. Collaborators will publish the 
results of their surveys and identification 
work independently. 

With more support from donors, this 
collaborative approach has the potential to 
accelerate the pace of identifying economi­
cally important viruses in Africa, and to 
facilitate epidemiological studies. 
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Thesis abstracts 
results of research by IITA trainees· 

Bruce-O liver, S .J . 1993. Evalua t ion 
of the ind igenous African 
Phytoseiid , Euseius fustis 
(Pr itchard and Baker) (Acari : 
Phy1oseiidae), as a potential bio­
logical control agent of the cassava 
green mite Mononychellus tanajoa 
(Bondar) (Acari: Tetranychidae), on 
cassava (Manihot esculenta Crantz.) 
in West Africa . PhD thesis, University 
of Ca lifornia at Berkeley, USA. 
Supervisors: M.A. Hoy and J.S . 
Yaninekt. 

Experiments were conducted 10 establish 
which foods most favor the development 
of Ellseills jllslis (Pritchard and Baker) 
(Acari: Phytoseiidae) a predator of the 
cassava green mile , MOJ/ollychellus 
{(II/ajoa (Bondar) (Acari: Tetranychidae). 
The results were in descending order (1) 
maize + castor bean pollen and maize pol­
len + M. lallajoa; (2) maize pollen alone, 
castor bean pollen alone, and castor bean 
pollen + M. umajoa; (3) M. lanajoa and 
OligOllyclllls gossypii (Zacher) as prey; 
and (4) cassava pollen, cassava exudate, 
and cassava mealybug honeydew. Rear­
ing E. lustis for multiple generat ions on 
castor bean pollen did not adversely affect 
its life history attributes. 

Estimates of intrinsic rales of increase 
at 18, 20, 25, 30, and 32°C were higher on 
a diet of maize poUen (0.059 to 0.202) 
than on M. tallajoa (0.006 to 0.157). E. 
Jus/is was sensitive to low relative humid­
ity, with no egg hatching at 43%. 

Two generations of females reared 
from egg to adult and held under potential 
diapause-inducing conditions showed no 
indication tbat they were in diapause. 
Empirical observations of low densities of 
E. juslis during the dry season are thus 
unlikely to be caused by diapause. 

Repeated sampling of cassava for 13 
months showed no correlation in phenol­
ogy between E. juslis and populations of 
M. la/lajoa and O. gossypii. The abun­
dance of E. juslis during the wet season 
when M. tanajoa is absent was related to 
the availability of pollen from plants such 
as maize, which is usually intercropped 
with cassava, and which depends on tbe 

• A full list of topics on which IITA trainees 
complete their graduate thesis research each 
year is carried in the /ITA Anllual Report. 

t UTA supervisor 
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rainfall pattern. The phenology of E.jllslis, 
0. gossypii. and M. {((I/(/joa was strongly, 
but differently, influenced by the alterna­
tion of wet and dry seasons. 

Laboratory studies showed that E. jllslis 
consistently fed, developed, and repro­
duced better on maize and castor bean 
pollens than on M. /al/(/joa . This ability to 
feed on various foods makes E. Justis a 
"general ist" predator. Based on the phe­
nology studies, the potential of E. jllslis to 
control M. tallajoa is considered limited 
because these two mite populations are 
abundant on cassava at different times of 
the year. 

Njock, T.E. 1994. Epidemiology and 
d isease recovery phenomenon of 
Afri can cassava mosaic virus in re­
s is tant and susceptible cassava 
clones. PhD thesis, University of 
Ibadan, Nigeria. Supervisors: G.!. Atiri 
and G. Thottappillyt. 

Laboratory and field experiments were 
conducted to invest igate three factors re­
lated to the occurrence and spread of Afri­
can cassava mosaic disease (ACMV): (1) 
virus distribution within cassava stems; 
(2) disease recovery; and (3) general epi­
demiology, including studies of vector 
(whitefly) populat ions. Resistant (TMS 
3000 I) , mode rate ly resistant (TMS 
4(2)1425), and susceptible (60506) cas­
sava clones were used. 

In field evaluation, as expected, dis­
ease incidence and severity were signifi­
cantly highest in clone 60506, and lowest 
in TMS 30001. Whitefly population was 
significantly higher on TMS 4(2)1425 than 
on either 60506 or TMS 30001. Vector 
transmission of the virus was significantly 
high in 60506, and low in TMS 30001. 

Within clones. there were significant 
differences in disease incidence and se­
verity on plants from cuttings of different 
stem sections of clone 60506. Among 
clones, however. disease incidence and 
severity were significantly high on plants 
from cuttings from the base section of 
stems of clone 60506. The top, middle, 
and base sections of the stems of TMS 
4(2)1425 and TMS 30001 were not 
significantly different from each other in 
disease incidence and severity. Most nodes 
were diseased in the base section of clone 
60506, and least in the top section ofTMS 

3000l. For each clone, the frequency was 
significantly higher in the base than in 
the top section. The enzyme-linked 
immunosorbent assay (ELISA) was used 
to detect ACMV among different nodes of 
the three clones. 

Disease incidence, severity , and white­
fly population were not significantly dif­
ferent between two sites at liT A, but they 
were significantly different among the 
planting times of June, August, October, 
and December. Significantly higher dis­
ease incidence, severity, and whitefly 
population occurred on cassava inter­
cropped with groundnut than on cassava 
intercroppcd with maize.ln multilocational 
trials, disease incidence and severi ty were 
highest on cassava planted in the transi­
tion savanna/forest zone (Ibadan), followed 
by that in the mangrove/humid forest zone 
(Onne), but least in the Sudan savanna 
zone (Kana). 

Components of ACMV resistance in 
cassava to be considered for better control 
should include restricted upward move­
ment of ACMV, especially in resistant 
cassava clones, the tendency for basal lo­
calization. and incomplete systemic inva­
sion of the plant system. 

Ntonifor, N. N. 1993. The potent ial 
of host shifts of some insec t pes ts 
from cowpea (Vigna unguIculata (L) 
Walp) to soybean (Glycine max (Ll 
Merrill) . P h D thesis, University of 
Ibadan, Nigeria. Supervisors: F.K. 
Ewete and l.E.N. Jackait. 

With the expansion of soybean as a crop in 
tropical Africa, the possibility of some 
known cowpea pes ts, C lavigralla 
tomelllosicollis (Stal), Riptorllls de/ltipes 
(Fabricius), and Maruca lesllllalis (Geyer), 
shifting to soybean was investigated. Two 
pests of soybean, Nezara viridula 
(Linnaeus) and Spodoplera littoralis 
(Boisduval), were also included in the 
study. 

Soybean pods were used as a food to 
rear the various pod sucking bugs. 
Nymphal C. lomelllosicollis did not sur­
vive on soybean beyond 8 days, and adults 
beyond 12 days. 

The nymphal duration of R. delllipes 
was 20.7 days on cowpea (VITA 3) and 
21.3 days on soybean (TGX 536-D2D), 
despite a significantly higher relative food 
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consumption ra te (RCR) during the 4th 
and 5th instars on soybean than on cow­
pea. The efficiency of conversion of in­
gested food (ECI) and that of digested 
food (ECD) were remarkably lower on 
soybean than on cowpea. The 2nd and 3rd 
instars preferred feeding on cowpea pods, 
while the 4th and 5th instars and adults 
showed no clear preference. Adults pre­
ferred soybean over cowpea for egg lay­
ing, but a substant ially hig her number of 
eggs were la id on the mesh walls of the 
cages. 

N. viridllill had a nymphal period of 
24.4 days on cowpea and 25.4 days on 
soybean. Nutritional indices o f the 4th and 
5th instars (with the exception of the ECD 
and ECI) were similar on both crops. Re­
gardless of the initial host plant and the 
duration o f preconditioning, N. viridula 
always preferred cowpea pods in all dual 
choice lests. Soybean leaves were, how­
ever, preferred for oviposition. 

Third to 5th instars o f M. leslllialis 
were unable to bore into soybean pods to 
consume the seeds. They fed on flowers, 
young tender shoots, and leaves. Tota l 
developmental period was 16. 1 days on 2-
5 day old cowpea, and 15.7 days on soy­
bean leaves o f the same age. The RCR o f 
4th and 5 1h inslar larvae on cowpea leaves 
was significantly higher than that on soy­
bean, w hile the approximate digestibility 
(AD), ECD, and ECI were higher on soy­
bean. Larvae preferred soybean leaves in 
all dual cho ice tests, rega rd less o f previ­
ous exposure on cowpea leaves; however, 
adults preferred cowpea in all oviposition 
preference tests. 

S. lilloralis had a mean larval duration 
of 18.2 days on cowpea leaves and 19.4 
days on soybean leaves. Higher re lative 
growth rates (RGRs), RCRs, ECDs. and 
Eels were obtained from larvae fed on 
cowpea leaves, while higher A Ds were 
obtained from larvae fed w ith soybean 
leaves during the 4th and 5th instars. The 
4th and 5th instars of S. lillorlliis were a lso 
less discriminatory in the ir feeding prefer­
ences. 

In screen house host select ion studies 
conducted with M. lestlilalis adults ob­
ta ined from la rvae reared on soybean 
leaves, cowpea pods, or artific ia l diet, only 
cowpea plants were utilized for oviposi­
tion by these adults and subsequently by 
the larvae as trophic niches. R. delltipes 
adults obtained from nymphs reared sepa­
rately on cowpea and soybean pods showed 
that adult distribution on different cow­
pea : soybean ratios was a function of the 
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proportion of cowpea in that treatment 
only when podding occurred earlier in this 
crop; but wben podding was synchronized 
in both c rops, there was no obvious prefer­
ence. 

Field infestat ion of cowpea by M. 
leslulalis was uniform. Tempora l occur­
rence and spatial distribution of fl owers 
on the field apparently played a role in 
larval distribution. There was no field in­
festation of soybean by M. {eslllialis. 

Field population assessment of pod 
sucking bugs du ring the two cropping sea­
sons of 1991 at lbadan in different treat­
ments wi th varying proportions of cowpea 
to soybean showed Clavigralla spp. to be 
the dominant bug species on cowpea dur­
ing both seasons. R. delltipes was domi­
nant on soybean during the first season, 
while N. viridula was dominant during the 
second season. 

The distribution and abundance of cow­
pea plants with pods were c rucial in the 
dynamics of C. IOl11elllosicollis and C. 
shot/obi (which prefe rred cowpea), while 
N. viridulllJ R. delllipes, Acroslerllum 
ac..:llla, Aspavia armigera , Mirperus jaculus 
and, to a lesse r extent, A noplocllemis 
curvipcs d id not show a defin ite prefer­
ence for either crop. Highest bug count on 
cowpea was observed during the stage of 
fully formed green cowpea pods, while 
that on soybean was at the R3 stage o f pod 
development and at podfill (R6). 

T he results suggest that a number of 
the pests encountered could become im­
portant pests on soybean, g iven the right 
cond itions. 

Simwambana, M.S.C. 1993. Environ­
mental factors modifying the growth 
and flowering behavior of four cas­
sava cultivars in Nigeria. PhD the­
sis, University of the West Indies, 51. 
Augustine, Trinidad. Supervisors: T.v. 
Ferguson and 1.J. Ekanayaket. 

Field experiments were conducted at liT A, 
Ibadan, in Oyo state and Ubiaja in Edo 
state to assess the effects of time of plant­
ing, soil type, and climatic factors o n the 
growth and flower ing behavior of fou r 
cassava cultivars, TME1, TME2, TMS 
30555, and TMS 9 1934. Three planting 
periods were assessed: March, May, and 
July. 

In all experiments, the period o f peak 
fl owering occurred between August and 
October of each year, du ring conditions of 
high rainfa ll , high relative humidity, high 
available moisture, moderate temperature, 
and high solar radiatio n. Cassava planted 

in March produced more flowers during 
the first season while cassava planted in 
July had more flowers in the following 
season. Moisture deficits at IITA seemed 
to inhibit flowering of cult ivars TMEI and 
TME2, compared with Ubiaja. Shading of 
cassava (4()"'{)O% light) delayed the first 
flowering and reduced the number of flow­
ers per plan t. High relative humidity (59-
90%) promoted lower branching height and 
induced cullivar TMS 91934 to flower. 

No single environmental factor pro­
moted flowering in these four cassava cul­
tivars. Effects of temperature, relative hu­
midity, soil moisture, and daylength on 
flowering in cassava should be evaluated 
under simulated environmental conditions. 
Soil samples from liT A, Ibadan and Ubiaja 
should be studied for their mo isture con­
tent , moisture retention characterist ics, 
hydraulic conductivity, and effects on the 
flowering o f cassava. 

Adejuyigbe, C.O. 1994. Soil micro­
arthropods and litter decomposition 
under different cropping systems 
and fallOW management in the hu­
mid tropics. M5c thesis, University of 
Iba dan , Nigeria. Supervisors: G.O. 
Adeoye and G. Tiant . 

The study attempted to quantify the effect 
of bush fa llow and cropping systems (tra­
ditional , Puerllria plwseoloidcs relay crop­
ping, and Leltcaclla iellcoceplzala alley 
cropping) on soil microarthropods and their 
roles in litter decomposition in the humid 
tropics. 

Po pulation dynamics s howed a n 
increase generally in September at the sec­
ond rainfall peak. The soil microarlhropod 
population was lower under crops than 
under secondary forest. Leucaclla alley 
cropping had the highest mean population 
over the study period among the cropped 
plots; however, the cropping systems stud­
ied seemed to have no significant influ­
ence on soil microarth ropod populations. 
After I year of fallow, the soil micro­
arth ropod population was restored to the 
same level as in the secondary forest. 

Compared to the secondary fo rest , 
cropping decreased the rate of leaf decom­
pos it ion. A ll ey cropping showed the 
highest deco mposition rate within the 
cropped plots. Fallowing improved litter 
decomposition. Decomposition rates, in 
decreasing order, were bush fallow (3rd 
year) > secondary forest (15 years) > bush 
fallow (2nd year) > bush fallow (1 year) > 
Lcltcaella alley cropping> Pucraria relay 
cropp ing > trad itional cropping. The 
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decomposition rate constant, however, did 
not respond to fallow length after l year of 
fallow. The presence of soil micro­
arthropods increased decomposition rates, 
particularly in traditional cropping. 

The results suggest that improved crop­
ping systems, such as alley cropping and 
fa llow management (one year bush fal­
low), cou ld restore soil microarthropod 
activities and thus improve litter decom­
position. 

Chikere, A.C. 1994. P reserva t ion of 
soy milk with extracts f rom 
Aframomum danielli and Allium 
sativum. MSc thesis, University of 
Ibadan , Nigeria. Supervisors: O.C. 
Aworh and S .M. Oshot. 

Aframomllm dllilielli and Allium sativum 
(garlic) were screened in vitro for their 
ability to inhibit the growth of seven spoil­
age microorganisms isolated from soy milk. 
Aframomwn dalliel/i successfully inhib­
ited Escherichia coli and Aspergillus Iliger 
at 1 % concentration, and Bacillus spp., 
Aspergillus flavus, and Pellieillill spp. at 
10% concentration . Allium slltivum inhib­
ited Aspergillus flavLls and Pellicillill spp. 
at 0.1%, and Staphylococcus epidermis 
Ba cillus spp., Laclobacillus spp., 
Escherichia coli, and Aspergillus flavlls 
at 1 % concentration. 

The antimicrobial activity of 
Aframomw1I danielli was significantly re­
duced when it was applied directly to 
soymilk at 1 %, 1.5%, and 2% concentra­
tions. Changes in acceptability, pH, titrat­
able acidity, and microbial load were mea­
sured during a 3-day storage period in 
ambient and refrigerated conditions. All 
treated samples were rated inferior to a 
reference sample with no additives during 
the first 2 days of storage in all five at­
tributes measured. Spoilage set in after 2 
days storage under ambient conditions. 
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Ezeji, T .C . 1994 . P roduction and 
preservation of tofu with 
Aframomum danielli. MSc thesis, 
Univers ity of Ibadan, Nigeria. Super­
v isors: O.C. Aworh and S.M. Oshot . 

Tofu was produced using as coagulants 
extracts from the leaves of sodom apple 
(Ca/olropis procera) with lime juice and 
calcium sulfate. The sensory quality of the 
tofu was tested by a lO-member panel for 
color, flavor, firmness, mouthfeel, and 
general acceptability. Yield, fat , and pro­
tein recoveries in the tofu were evaluated. 
The effects of different percentage levels 
of Aframol1lul1l daniel/i on shelf life and 
sensory characteristics were investigated. 

Tofu treated with no spice and 0.5 % 
spice had a shorter shelf life than that 
treated with either 1.0% or 1.5% of A. 
liallielli, but the latter percentages resulted 
in lower scores for sensory qualities. Tofu 
treated with 0.8% ofA. lial/ielli performed 
intermediately in all investigations. 

The shelf life of tofu under three dif­
ferent storage systems was examined. 
Packaged tofu had a shelf life of 2 days, 
tofu stored in tap water lasted 3 days, and 
salted tofu stored in 0.8% brine lasted 7 
days. 

Manga, G.A. 1994 . Sprouting a n d 
establishment of cassava MSc the­
sis, University of Ibadan, Nige ria. Su­
pervisors : C .A. Fatok un and R . 
Asiedut . 

During 1993, two studies were conducted 
at lJTA, Ibadan to investigate (a) geno­
typic variability in sprouting and estab­
lishment capabilities of 17 cassava geno­
types under three soil moisture regimes 
(no watering, 117 ml/week per plant, and 
117 ml/day per plant) in the glasshouse 
and on nursery beds; and (b) emergence 
and establishment of progenies from 

interspecific crosses between cultivated 
cassava (Manihot esculellta) and some of 
its wild relatives. up to 8 weeks after 
planting. 

Low to moderate (10-40%) variabi lity 
was observed for sprouting, growth char­
acteristics, and establishment of the l7 
cassava genotypes. Moisture deficit af­
fected sprouting, growth, and establish­
ment in both glasshouse and nursery beds. 
Sprouting and establishment traits had a 
low genetic coefficient of variability (less 
than 30%), and they were greatly influ­
enced by environment. 

High heritability estimates were found 
for weight, volume. number of nodes per 
25 cm cutting length , and shoot height 7 
days after planting. Number of nodes per 
25 cm length accounted for the greatest 
variability observed in sprouting and 
establishment of the different genotypes. 
TMS 71173 had high percentages of 
sprouting and establishment in both glass­
house and nursery beds. TMS 58308 had 
the lowest values for these traits. 

Progenies from interspecific crosses 
emerged faster than the wild parents, but 
more slowly than the cultivated cassava. 
Hybrids from M. g/aziovii performed best 
in emergence and establishment. Perfor­
mance of reciprocal crosses between M. 
Irislis and TMS 42025 suggested the pres­
ence of cytoplasmic influences on the prog­
enies. Previous results on the difficu lty of 
estabJjshing wild ManillOt species outside 
their natural environment were confirmed. 

To clarify the relationship between 
sprouting and yield, evaluation of differ­
ent genotypes from planting to harvest is 
suggested. Using TMS 71173 as a parent 
for interspecific crosses would help in un­
derstanding the basis of sprouting and es­
tablishment characteristics, and in provid­
ing additional information about the mode 
of inheritance of these traits. 
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Awards 

A third King Baudouin Award for IITA: promise of more 
fruits to follow 

UTA's work in developing plantain 
hybrids resistant to the fungal disease, 
black siga toka (and on some aspects of 
MuSIl genetics), won for it the 1994 
King Baudouin Award. The award, 
given once every two years by the 
Technical Advisory Committee (rAC) 
of the Consu ltative Group on lnterna­
tional Agricultural Resea rch (CG IAR), 
is intended to recognize excellence in 
research among the centers of the 
CGIAR, as well as to rewa rd resea rch 
that has the Illost potential impact. 

Isma il Serageldin, Chai rman of the 
CGIAR, who presented the award to 
lIT A Director Gen eral Lukas Brader at 
a ceremony in Washington, DC, on 24 
October 1994, said: "millions of small 
African farmers and their families, for 
w hom planta ins are a nutritiolls and 
tasty basic food, will benefit from 
llTA's scientific advances. This is tru.ly 
a milestone contribution toward 
stemming the long-term decline of per 
capi ta food production in sub-Saharan 
Africa." 

Black sigatoka, a leaf spot disease 
caused by the fungus Mycospllnere/la 
jijiellsis Morelet, is generaUy considered 
to be Lhe most serious constraint to 
plantain and banana production in sub­
Saharan Africa. First identified in Fij i, 
the disease was accidentally introduced 
into southern Africa in the 19705 and 
spread rapidly, first in Centra l and 
West Africa, and later in East Africa. 
Since the fu ngal spores are dispersed 
by wind and water, disease spread 
cannot be slowed by plant quarantine 
measures alone. Once estabHshed, the 
pathogen causes severe leaf necrosis, 
reducing yields by 3(}-50% and 
seriously affecting smaUholder farmers. 
AU traditional plantain cultivars are 
susceptible to black siga toka, as are at 
least some of the most widely grown 
banana cultivars in East Africa. 

As black siga toka beca me a serious 
problem across the African continent in 
the ] 98os, several African governments 
encouraged [ITA to launch an urgent 
research campaign to control the 
disease. llTA scientists were impelJed 
by the need to save plantains for the 
minions of smallholders who depend 
on them for subsistence and livelihood. 
In 1987, Musa genetic improvement 
was injtiated a t the Insti tute, aimed 
mainly a t the incorporation of durable 
host plant resis tance to black sigatoka. 

liT A Research No. 10 March 1995 

Lukas Brader, IITA Director General (right), receives the King Baudouin Award 
for 1994 from /smail Serage/din, Chainnan, CGIAR. 

UTA scientists expected that it 
would take at least 10 years to develop 
improved plantain germplasm resistant 
to black sigatoka, given the complexity 
of the task and given the fact tha t 
plantain was generally considered a 
difficult crop to improve genetically. 
But within 5 yea rs from the beginning 
of their concerted efforts, by using a 
combination of conventional and novel 
approaches, including interspeciJic 
hybridization, ploidy manipulations, in 
v itro culture, and field testing and 
selection, they were able to develop 
plantain germplasm resis tant to black 
sigatoka. 

In 1993, they registered 14 such 
improved hybrids and placed them in 
the public domain through publication 
in Hort Science [28(9): 957-959]. Twenty­
six national programs in 11 countries of 
sub-Saharan Africa and tropical 
America are already evaJuating these 
tines for release to farmers. 

The value of annual plantain 
production in Africa, currently 
estimated at US$ 2.8 billion, could 
potentially increase to US$ 9 billion if 
prices stay cons tant and all of the 
crops' current a rea is p lanted wi th 
improved hybrids. Postharvest assess­
ments have indicated a high potential 
for adoption of the improved hybrids. 

In the process of developing 
resistance to black siga toka, liT A 
scientists have gained new insights into 
the Musa genome, as well as in 
plantain agronomy, which ca n now 
provide the basis for new strategies to 
address other constraints in the 
production of plantain and banana. 

Studies to explore newer techniques 
in crop improvement, such as those 
involving plant biotechnology, as well 
as to further consolidate genetic 
stability, a re in progress with advanced 
labora tories in Belgium, UK, and USA . 

lIT A had already won the King 
Baudouin Award twice in the past: in 
1986 for its work in developing and 
incorporating resistance to the maize 
streak virus, and in 1990 jointly with 
CIA T (Centro Internacional de 
Agricultura Tropical, with headquar­
ters in Cali, Colombia) for the im­
mensely successfuJ campaign for the 
biological control of the cassava 
mealybug. 

AU three of OT A's awards have 
thus been for work that exemplifies an 
ecologically sound pest management 
stra tegy. Such work ntinimizes the 
need for pesticide interventions and 
promises greater sustainabiJjty in food 
crop production in an area of the world 
that requires it urgently. 
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Training 
IITA training continues to strengthen national programs 
across Africa 

J ITA 'sgroup trn ;uiugefforts over tlte post four yenrs have steadUy moved away from 
a rlom i llfllltorieutatiolt tow ard hendqltnrters (as expla ined ill Ollr past issues). Those 
moves have aimed at s trellg theu;ug the illstih,tiollnl cnpnbilihj of ItntionnJ systems 
ill sub-Sa/wYnn Africa to couduct tlte resenrch aud tmilli"g required for ngriculhtml 
deve{opme"t. Tlletj have also attempted to spread tmilling opporhmities to many 
countries of sub-Sa/torall Africa. 

Training courses (Apr-Dec 1995): proposed schedule 

Dales Course Venue 
--- ----

International courses 

22 May to 9 Jun 

3-28 Jul 
3-5 Sep 

1&-27 Oct 

23 Oct to 10 Nov 

Sustainable food production systems: 
integration of crops and livestock" 
Breeding of root crops 
Technology development, testing, and 
dissemination: working with nongovern­
menta l organiza tions (NGOs) 
Lmplementing classica l biological contro l 
of cassava green mite (CGMY 
Characteriza tion and conservation of yam 
biodiversity 

Ibadan, Nigeria 
Ibadan, Nigeria 

fbadan, Nigeria 

Cotonou, Benin 

Ibadan, Nigeria 

Regional and national courses 

10-29 Apr Application of mycoinsectidde for control 
of grasshoppers and locusts Niamey, Niger 

1-5 May Workshop for trainers and training 
coordinators (with CRUDAN) Jos, Nigeria (E) 

1- ]2 May Alternatives to slash and burn: agricultural 
policy and sustainability issues· Yaounde, Cameroon 

22 May to]6 Jun Crop management research on 
root crops Bouake, Cote d 'I voire (F) 

19-30 Jun Biologica l control techniques" 
(with ESCaPP) Cotonoll, Benin 

19 Jun t014Jul Crop management research on 
banana Kampala, Uga nda (E) 

11-22 Sep Agricultural research management for 
senior scientists (with ICRlSAT-SC, 
WARDA,ISNAR) Niamey, Niger (F) 

11-22 Sep Extension / training materials preparation 
and communication skills· 
(wi th ESCaPP) Kumasi, Ghana (E) 

11 Sep to 6 Oct Crop managemen t research on 
cowpea and soybean Kamboinse, Burkina Faso (F) 

11 Sep to 6 Oct Postharvest research on selected food 
crops: banana, cassava Kampala, Uganda 

30 Oct to 17 Nov Lntegrated development of cassava 
(with FAO / EMBRAPA) Venue to be determined (P) 

&-10 Nov Cassava plant protection field plot 
techniques' (wi th ESCaPP) Umudike, Nigeria 

6 Nov to 1 Dec Crop management resea rch on 
planta in Buea, Cameroon (F) 

20 Nov to 15 Dec Crop management reseal'ch on 
root crops 

.. Partidpation limited to project-related personnel. 

Kumasi, Ghana (E) 

All courses are bilingual (English + French) unJess othervvise indicated: E = English; 
F = French; P = Portuguese. 
ESCaPP = Ecologica lly sustainable cassava plant protection in Africa; NGOs = nongov­
ernmental organizations; CRUDAN = Christian Rura l Development Associa tion of 
Nigeria; ICRISAT-SC = ICRlSAT Sahelian Center, Niamey, Niger.; WARDA = West 
African Rice Development Association; ISNAR = International Service for Na tional 
Agricultural Resea rch; FAO = Food and Agriculture Organiza tion of the United Nations; 
EMBRAPA = Empresa Brasileira de Pesquisa Agropecuci ria (Brazilian Agricultural 
Research Enterprise). 
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The schedule in progress for 1995 
reinforces that trend toward augment­
ing regional capability (see box on 
courses pla nned for Apr-Dec 1995). 
While UTA in tends to make these 
courses as widely available as possible, 
some courses are restricted to project­
rela ted personnel. 

Courses a Lready completed in the 
first two months of 1995 include a 2-
week workshop on "The use of 
geographica l information systems 
(G IS)" held at !badan, Nigeria, 1&-27 
Jan. The second such course i.n as 
many years, it focused on the same ]4 
countries each year to build up 
institu tional capability in GIS tech­
niques. 

As we go to press, two 2-week 
workshops on " Ecological plant 
protection in cassava" (in English at 
Ekona, Cameroon and in French at 
Cotonou, Beni n Republic, both to be 
held 27 Feb to 10 Mar) are planned, as 
is a 4-week course on "Crop manage­
ment research on cowpea and soy­
bean," to be held in English 13 Mar to 7 
Apr at Lusaka, Zambia. 

The two cassava p lant protection 
courses are part of a special project on 
eco)ogi c.~ ly sustainable cassava plant 
protection (ESCaPP), based at [ITA in 
Cotonou, and they a im to trai n 
projected-related s taff from Benin, 
Cameroon, Ghana, and Nigeria. 

Yet another direction in whicll 
[ITA's training has made considerable 
progress is in courses organized jointly 
with resea rch networks in the region 
(see box on page 23). 

FAO training workshop 
Also being planned currently w ith 
FAO is an international workshop at 
[IT A headquarters, Ibadan, during 27-
31 Mar on "Major food crops produc­
tion." The workshop is a fo llow-up of 
two previous training courses con­
ducted by the FAO in Bangkok during 
1992 and 1994, which included partici­
pants from both Asia and Africa. It 
will identify constraints and problems 
in the production of major food crops 
in sub-Saharan Africa, and explore 
possible solu tions to them, including 
technolOgies used in southeast Asia. 
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People 
Two of lIT A's three major research 
divisions came under new directors in 
September 1994. Doyle C. Baker 
became Director of the Resource and , 
Crop Management Division. He had 
been an economist with the USA ID/ 
liT A project at the National Cereals 
Research a nd Extension (NCRE) 
project, Cameroon since 1988. Peter 
Neuenschwander, en tomologist with 
Irr A's Biological Contro l Program 
s ince 1983, assumed charge as Director 
of the Plant Health Management 
Division. 

Jan Diels joined UTA's Resource and 
Crop Management Division in Ja nuary 
1995 as a postdoctoral feUow. Dr Oiels 
received his MSc in agricultural 
engineering (1986) and PhD in biolOgi­
cal sciences (1994), both from the 
Catholic University of Leuven, Bel­
gium. He is based at Ibadan, Nigeria 
and will work on modeling of soil 
organic matter. 

Jacqueline d ' Arros Hughes joined 
lIT A's Plant Health Management 
Division in Decembe,r 1994 as a 
virologist. Dr Hughes obtained her 
PhD from the University of Reading. 
VI< in 1987. More recently (1990-1993), 
she was a technical cooperation officer 
(fo r the control of cocoa swoUen shoot 
virus, funded by the Overseas Devel­
opment Administra tion, UK) with the 
Cocoa Research lnstitute in Ghan a. 
Dr Hughes is based in Ibadan. 

Ch.ristopher J. Lomer joined ITT A's 
Plant Health Management Division in 
January 1995 as an entomopathoiogist. 
He received his PhD in 
entomopathoiogy from the Imperial 
Coliege, London in 1986. Most recently 
(1991-1994), he was with the Interna­
tionallnstitute of Biological Control 
(UBC) as the leader of a coUaborative 
research project on biologicaJ contro l of 
locusts based in Cotonou. Dr Lamer 
continues to be based in Cotonou. 

Institute of Biology 
honors lilA scientist 

George Thottappilly, Head, Biotech­
nology Research Unit in IITA's Crop 
lmprovement Division, was elected 
a FeUow of the Ins titute of Bio logy, 
with headquarters in London, in Sep­
tember 1994. This honor indica tes 
that his knowledge and achieve­
ments are held in high esteem by 
professional peers. 
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Kaku Sagary Nokoe joined [IT A in 
October ] 994 as biometrician. Dr 
Nokoe obtained his PhD (resources 
inventory / biometrics) in ] 976 from the 
University of British Columbia, 
Canada. Most recently, he was head of 
the Computer and Biometrics Unit at 
the Lnternational Livestock Centre for 
Africa (ILCA), Addis Ababa, Ethiopia. 
Dr Nokoe is based in the Resource and 
Crop Management Division at Jbadan. 

louise Haly Ouraga-Djoussou joined 
IITA's Crop Lmprovement Division at 
Jbadan in November 1994 as a visiting 
scientist, to work on aspects of cassava 
utiliza tion. Dr Ouraga-Djoussou 
obtained her PhD in agricultural 
economics (1990) frOin Purdue Univer­
s ity, Indiana, USA. From 1991 on, she 
has been an assistant professor at the 
University of Abidjan in Cote d ' ivoire, 
where she also led two research 
projects, one on women in the cassava 
economy and the other on integrated 
development. 
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