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ABSTRACT

The cultural and pathogenic variability and the host-
pathogen relationships of isolates of two leaf spot

pathogens of cowpea, Cercospora canescens and

Pseudocercospora cruenta were investigated.

To study the physiological specialization of C(C.

canescens, which has been recorded on several legunes,

fourteen isolates from leaves of cowpea (Vigna unguiculata),

lima Dbean (Phaseolus lunatus), bambarra groundnut

(Voandzeia subterranea), mung bean (Vigna radiata) and

groundnut (Arachis hypodaea) were examined.

Colony morphology, growth, and sporulation of the
isolates on agar media varied considerably both within an
isolate and between isolates; and each characteristic was
influenced by the type of medium. The isolates produced
either a pink-purple or glaucous green pigment on potato
dextrose agar (PDA). Compatibility tests of the two groups
of isolates based on an intermingling of mycelia, did not

show a clear pattern of interrelationships.

Pathogenicity and cross-infection among the isolates of
C. canescens was tested by inoculating"both. detached and
intact leaves of selected leguminous and non-leguminous
plant species in the glasshouse. Inocula obtained from agar

culture was found to be less virulent, inducing chlorotic to



th

'green island’ lesions on most of the cowpea cultivars
tested. When inocula from infected leaves were used, lesion
development was obtained readily, and isolates were observed
to cross-infect other legume species as well as the non-

leguminous plant species okra (Hibiscus esculentus) and

sugar beet (Beta vulgaris). Similar pathogenicity tests

with an isolate of Cercospora beticola from sugar beet and
selected leguminous plants, showed that C. beticola infected
cowpea, producing lesions similar to those observed on sugar
beet in the field. The significance of the results are
discussed in relation to the suggestion by some authors that

a single Cercospora species occurs on several hosts.

The virulence of an isolate of Pseudocercospora cruenta
and the reaction of 20 selected cultivars of cowpea of
diverse origin was evaluated by inoculating detached and
intact 1éaves. A great deal of variation in the disease
reaction (lesion type, size and sporulation index) was
observed for the cultivars. The influence of plant genotype
and leaf age on symptom expression was studied on leaves of
three age categories and three cultivars varying in
susceptibility to infection with P. cruenta. Symptoms were
observed to develop readily on more mature foliage and the
size of the 1lesions formed were also large and of a
spreading type on leaves that were 8-12 weeks old for the
highly susceptible cultivar. To determine the nature of the
host-pathogen interactions in relation to

susceptibility/resistance, the behaviour of conidia of P.



cruenta was examined in leaf diffusates, in leaf extracts,
and on leaf surfaces of the three genotypes x 1leaf age
combinations. The results obtained indicated that leaf age
and plant genotype had little effect on the pre-penetration
growth of P. cruenta. It was concluded that no consistent
differences or trends were obtained in the present study
that could account for the differences in the symptom
expression observed. These results are discussed in
relation to reports in the literature of an inhibition of
conidial germination and germ tube growth attributable to
biochemical changes on young susceptible cowpea leaves and

on both young and mature resistant leaves.
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1. GENERAIL_ INTRODUCTION

Grain legume crops, characterised by their high protein
content, are an important food source of protein of high
biological value and of energy, minerals, vitamins and
roughage. In addition, they prévide nitrogen-rich residues
in the soils thus enhancing the productivity of other crops

grown in association with them.

In many'developing countries in the tropics, legumes
supply most of the plant proteins which are not only the
main, but also the cheapest-source of dietary proteins in
areas where meat is scarce and too expensive for a large

proportion of the population (Okigbo, 1978).

In the traditional farming systems of.the tropics such
as the rotational bush fallows of tropical Africa, the wet
rice farming systems of South-east Asia, and the compound or
homestead gardens ofvboth areas, legumes are found as minof
crops intercropped with the starchy major cereal of root and
tuber staples. Legumes are also relay cropped through
cereal crops such as sorghum in the semi-arid tropics and
they are able to mature with the late season residual
moisture after the sorghum has been harvested. Farmers in
South and South-east Asia, frequently plant legumes after
rice in rainfed lowland ric‘e fields. In semi-arid West
Africa, cowpea is traditionally intercropped with millet or
sorghum. As soon as the rains become well established in

early to late June, the cereal is planted; then in mid to



late July cowpeas are planted. If the planting of the

legumes coincides with heavy rains, then ‘Cercospora 1leaf

spots’ develop. These are caused by Cercospora canescens

and Pseudocercospora cruenta, and have been recorded on a

wide range of leguminous crops including cowpea, mung bean,
bambarra groundnut, winged bean, hyacinth bean and many
others (Mulder and Holliday, 1975). Foliar symptoms of

Cercospora leaf spots, typically develop late in the growth

of the crop and often after flowering as reported for cowpea
(Verma and Patel, 1969; Schneider and Sinclair, 1975; Fery

et al-, 1977; Vakili,1977) and mung bean (Mew et al., 1975).

Because Cercospora leaf spot diseases develop:  late, it

has often been assumed that they are relatively unimportant,
but recent studies on the epidemiology and potential crop
losses caused by these diseases have shown that as much as
40-60% loss may occur, adversely affecting various
components of yield (Schneider et al., 1976; Fery et al.,

1977). Cercospora leaf spots frequently cause premature

defoliation and this is important because yield losses in
various legumes are greatest when defoliation occurs early
in the pod-filling period (Enyi, 1975).  According to
Emechebe and Shoyinka (1985), crop losses caused by

Cercospora leaf spots of cowpea have received far more

attention than those caused by any other foliar disease of

this crop. Until recently the pathogens causing the leaf

spot diseases were regarded as species of Cercospora: C.

canescens and C. cruenta,. Cercospora cruenta is now known



as Pseudocercospora cruenta, having been transferred to the
genus Pseudocercospora by Deighton (1976). The two species
are quite distinct, C. canescens being very similar to C.
apii, with hyaline conidia whereas P. cruenta has olivaceous
conidia and a quite different type of conidiophore (Plate
4). On cowpea, studies by several workers have shown that

leaf spot caused by P. cruenta is more important than C.

canescens. However, C. canescens has been recorded as

causing leaf spots on many other food legumes. It has been

recorded as causing a severe leaf spot of bambarra groundnut

(Voandzeae subterranea) in Ghana (Teyegaga and Clerk, 1972),
and Zambia (Kannaiyan, 1988, personal‘coﬁmunication). C.
canescens has also been recorded as a pathogen of bambarra
(ground bean) in Malawi (Subrahmanyan, 1983). According to
Mew et al. (1975) C. canescens leaf spot is a major disease
of mung bean in most of South-east Asia, and Poehlman et al.

(1973) (cited by Thakur et al. (1980)) described the 1leaf

spot caused by C. canescens as a threat to mung bean
production in Indonesia,.Thailand and Colombia. The most
serious disease of mung bean identified at the Asian
Vegetable Research and Development Centre AVRDC, is C.
canescens leaf spot. During the rainy season from June to
September infection of susceptible varieties generally
causes complete defoliation which greatly reduces yields

(Mew et al., 1975).

Although C. canescens and P. cruenta have been recorded

as causing leaf spots on several tropical food legumes, no



studies have been made on the pathogenic variation within
either of the species so that the specificity of leaf spot
resistance remains unknown. Similarly, little is known of

the underlying mechanisms of Cercospora leaf spot resistance

(Allen, 1983). Past studies indicate that the relatively
late development of symptoms may relate to biochemical
changes in the host with age. On Cowpea, Schneider and
Sinclair (1975) found for C. canescens that conidial
germination and germ tube growth were each inhibited on the
surface of young, but not of o0ld leaves of a susceptible
cultivar Prima. Similar inhibition was caused by diffusates
from apical but not from basal 1leaves of a susceptible
cultivar and by diffusates from both apical and basal leaves
of a resistant cultivar. Ekpo and Esuruoso, (1977), also
found that extracts from leaves of old plants of Cowpea, (a

susceptible cultivar, "New Era") enhanced germination of P.
cruenta conidia whereas extracts from young plants'did not.

The above observations, indicate that susceptibility of

cowpea to Cercospora leaf spot diseases may in part depend on

a pre-penetration phenomenon, influenced by host plant

maturity (Allen, 1983).

The aims of the research described in this thesis
were threefold;
(1) to examine the cultural variability among isolates of
C. canescens obtained from cowpea originating in three
different countries, and among isolates from mungbean,

bambarra groundnut, lima Dbean, and groundnut



originating from the Philippines, Zambia, Ghana and

Malawi respectively; and to study isolates of C. canescens

from the 4 hosts, in an attempt to determine if they

could be regarded as strains of the same species or if
they are different species;

(ii) to determine if the isolates from the different hosts
were pathogenically similar and to explore their host
range;

(iii)to determine the nature of host-parasite relationships,
by examining and characterizing histologically external
growth and penetration, internal colonization and sub-

sequent sporulation of the fungi in host plants.



2. REVIEW OF LITERATURE
2.1 Tropical food legumes

The Leguminosae, comprises three sub-families, the
Caesalpiniodeae, the Mimosoideae and the Papilionoideae; the
first two consist mainly of tropical trees and shrubs with
few economically important species. It is the members of
the Papilionoideae that are of much greater agricultural
importance. They are of value, firstly for their nitrogen-
rich plant material for consumption by man and his animals,
and secondly for the nitrogen-rich residue they leave in the
soil after fixation of atmospheric nitrogen, thus enhancing
the productivity of other crops grown in association with
them. The human food they supply, is of three kinds: edible
tubers; leaves, green pods and unripe seed (vegetable
legumes); and ripe‘dry seeds (grain legumes, pulses). The
Papilionoideae are classified in ten botanical tribes, three
of which together contain the major vegetable and grain
legumes. They are Fabae which includes the genera Vicia,

Pisum, Lens and Cicer; the Phaseolea, which includes

Phaseolus, Vigna, Glycine and Cajanus; and the Hedysarea |
which contains Arachis (Allen, 1983). Evans, (1979) 1lists
twenty principal food legume species grown in tropical
agriculture, at different elevations and rainfall zones, but
the legumes vary in their adaptation to the extent that with
the exception of India, no one tropical country is a major
producer of more than three of the species of legumes. The
most important food legumes grown in tropical Afro-Asia,

include:- Cowpea (Vigna unguiculata), bambarra groundnut




(Vigna subterranea = Voandzeia subterranea); Chickpea (Cicer

arietinum), mungbean or green gram (Vigna radiata =

Phaseolus aureus) pigeon pea (Cajanus cajan), Soybean

(Glycine max) winged bean or Goabean (Psophocarpus

tetragonolobus) African yambean (Sphenostylis stenocarpa),

groundnut (Arachis hypogae) and 1lima bean (Phaseolus

lunatus). According to Sellschop, (1962) the most important
leguminous crops in terms of production and consumption in
Africa are groundnut, cowpea, and bambarra groundnut in that

order. Cercospora leaf spot diseases caused by C. canescens

and P. cruenta are of economic importance on cowpea and

bambarra groundnut.

Cowpeas are predominantly a hutritionally importaﬁt
but minor component of subsistence agriculture in the semi-
arid and sub-humid‘tropics of Africa and to a lesser extent,
of India and Asia. The'crop is grown for its mature seeds
and/or its immature fruits and leaves (which are used as

vegetables). The haulms are also fed to livestock (Steele et
al., 1985). Cowpea in Africa is cultivated under diverse
soil and climatic conditions and is traditionally grown with
cereals. The bulk of production comés from small holdings in
the semi-arid zones of West Africa, particularly in Nigeria,
Burkina Faso and Senegal (Muleba and Ezumah, 1985). Cowpea
is grown in many parts of Asia as a monoculture in rotation
with cereals intercropped with maize, sorghum, pearl millet,
cotton, cassava, sugarcane and relayed in standing rice

(Pandey and Ngarm, 1985).



Bambarra groundnut is an indigenous African leguminous
crop and one of the most important pulses grown on the
continent. It is the only other important food legume in the
West African region apart from cowpea. Bambarra groundnuts
are grown for their edible seeds which are used as a
nutritious pulse and not as an oil-seed. The fresh seeds are
eaten in an unripe state and the dried seed is eaten after
soaking and boiling. Several cultivars are recognized in
Africa, differing in the shape of the leaves and the size,
hardness and the colour of the seeds; the greatest variation
is found in Togo and Zambia. Bambarra groundnut is adapted
to a wide range of soils, especially light or sandy 1loams,
and does well on very poor soils where most other crops fail.
The crop features pfominently in ﬁraditional farming systems
in Africa as an intercrop of cereals and root crops, although
it is planted as a sole crop in some areas. In a typical
bambarra groundnut type of legume culture, the pure crop is
usually planted at a very close spacing to form a dense mat,
compared to the more common intercrop culture as practiced

with cowpea and Lima bean (Stanton, 1968).

The other important food legume on which Cercospora
leaf spots caused by C. Canescens and P. Cruenta are
economically important, is mung bean or green gram (Vigna

radiata = Phaseolus aureus). Mung bean is an vimportant

pulse crop in Asia, where the dried beans are boiled and
eaten whole or after splitting into half. The green pods are

eaten as a vegetable, the haulms are used as fodder and the



husk and split beans are useful in livestock feed. The crop
is also grown for hay, green manure and as a CoOVer cCrop.
Farmers in South and South-east Asia, frequently plant mung
bean in the rotation of rice with legumes in the lowland rice

fields.

2.2 The genus Cercospora and related genera

2.2.1 Origin and Taxonomy

The genus Cercospora was created by Fresenius in 1864

(cited by Chupp, 1953) based on the species found on celery,
(Apium graveolens), to include hyphomycetes with tail-like
multiseptate spores borne on fasciculate conidiophores.
Since then a number of related genera have been added, and

Cercospora has therefore grown to become one of the largest

of the genera of fungi (Fajola, 1978a). Ellis, (1971)
points out tﬁat it had been customary for plant pathologists
to describe as a new species any Cercospora found on a host
plant for the first time, most species being named after the
hosts on which they were found. Deighton and Leakey (1§64),

gave a description of the true Cercospora spp.

morphologically similar to Cercospora apii, and pointed out
that relatively few of these are distinct. Although a few
species of Cercospora are host 1limited, there is
considerable evidence to contradict the wvalidity of using a
host as a criterion fof their distinction (Johnson and
Valleau, 1949; Sobers, 1968). According to Deighton (1976)
the majority of the species which have been included in the

genus fall into two distinct taxonomic categories:- those in
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which the o0ld conidial scars on the conidiophores are
thickened to a greater or lesser degree though always showing
a distinct thickening even if this is only present as a rim;
and those in which the scars are unthickened being no thicker
anywhere than the wall of the conidiophore. There are
variations in the thickening of the scars in the»first
category which may allow some further taxonomic divisions.
The hilum on the conidium is thickened or unthickened in
correspondence with the scar on the conidiophore. Thickened

scars occur in the type species Cercospora apii and in the

many similar species: C. beticola, €. nicotianae, C.

canescens, C. kikuchii and €. ricinella. Sobers (1968)
Deighton (1967, 1973) and Fajola (1978a, 1978b) consider

those species of Cercospora having acicular, hyaline conidia

with a dark hilum scar as belonging to the ’true Cercospora’.
Further evidence suggesting ihterrelationships between the
species with hyaline acicular conidia, have been based on
growth' rate and other cultural chéradteristics, in
particular, the production in culture on PDA of a pink,
maroon to purple pigment. Lynch and Geoghegan (1977)

examined a total of 15 species of Cercospora for their

ability to produce the pigment in culture on PDA exposed to a
light intensity of 110 1lux at 25°C. Ten of the fifteen
species, all with hyaline acicular conidia, including, C.

beticola, C. apii, C. coffeicola, C. kikuchii and C. zebrina

produced varying amounts of the pigment which diffused into
the medium whereas the five other species with pale

olivaceous to straw coloured conidia, C. vaginae from
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sugarcane, C. elaedis from oil palm and C. pini-densiflorae
from pinus spp., C. concors from potato (Solanum tuberosum)

and C. ferruginea from Artemisia vulgaris, did not produce

the pigment.

Similar observations were made by Fajola (1978c) when
he examined twenty isolates of 17 species of Cercospora from
16 different hosts from Nigeria. Twelve of the isolates,
including, C. apii, C. canescens, C. kikuchii, C(C.

columnaris, C. nicotianae, C. citrullina and C. ricinella

produced the pigment which coloured the surrounding medium
red. The degree of production varied in the different
isolates, with C. ricinella producing the greatest amount

and C. nicotianae very little. Eight of the isolates from

seven different hosts including C. cruenta from cowpea, C.

abelmoschi from okra, C. caribae and C. henningsii from

cassava which all have distinctly coloured conidia, did not
produce any pigment. These species have been transferred to

the related genera of Pseudocercospora, Cercosporidium and

Phaeoramularia by Deighton, (1976). Roy (1982) also

observed that ten Cercospora species from hosts other than

soybean produced an intense maroon to purple pigment in

culture and on inoculated soybean seeds, indistinguishable

from that produced by Cercospora kikuchii which causes
purple seed stain of soybean. He suggested that the ability
of the species to produce a purple pigment in culture is also
expressed in their ability to stain soybean seeds as

suggested by Jones (1959) and Kilpatrick and Johnson (1956).
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The species which produced hyaline acicular conidia with
truncate bases on necrotic leaf spots of surface sterilized

leaf discs on PDA, included, C. canescens, C. citrullina, C.

zebrina, C. malayensis and C. sorghi. These observations, as

suggested by Fajola (1978c) appear to confirm the trend in
Cercospora taxonomy, in which those species having hyaline
acicular conidia with dark hilum scar are considered to

belong to the true Cercospora (Deighton, 1967; Sobers, 1968;

Deighton, 1973; Fajola, 1978a, 1978b). In culture on PDA,

most of the species with coloured conidia have raised dark to

medium grey colonies (Pseudocercospora cruenta = C. cruenta

Cercospora arachidicola, Phaeisariopsis personata) that grow

to about half the size of C. apii colonies after about two
weeks (Sobers, 1968). Steinkamp et al. (1981) have however,
pointed out that the ability to produce Cercosporin, the pink

to purple pigment is scattered through the genus Cercospora

as well as through a complex of related genera, thus
qualifying earlier statements that cercosporin is limited to

the genus Cercospora (Lynch and Geoghehan, 1977), or is

invariably produced by all species properly placed in the
genus (Fajola, 1978a, 1978c). Venkataramani (1967) isolated

cercosporin from Cercosporidium personatum, (=Phaeisariopsis

personatum), and Melouk and Schuh (1987) also described, two

of four isolates of Cercospora arachidicola, obtained from

peanut grown in Oklahoma, USA, as "pink" because cercosporin
was detected in cultures of the isolates maintained on peanut
oatmeal agar. Petrie and Vanterpool, (1978) have also

reported that Pseudocercosporella capsellae, the cause of
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white and grey stem in members of the Cruciferae in Western
Canada, produces cercosporin in vitro. The 1literature is
however, not clear as to whether the production of
cercosporin relates in all instances +to a pink colouration
of the medium. Chandrasekaran and Rangaswami (1960) reported
that their isolate of C. cruenta produced a characteristic
pink soluble pigment in both complex and organic synthetic
media, and Rangaswami and Chandrasekaran (1962) also observed
that among four species of Cercospora recorded on

cucurbitaceous hosts in South India, C. madrasensis and C.

chidambarensis both with hyaline acicular conidia produced

varying quantities of a pink pigment in both synthetic and

complex agar media. However, C. citrullina isolated from

Mormodia charanti and C. c¢itrullina var. trichosanthei -

anguinae from Trichosanthes anguina also producing acicular
hyaline conidia, did not‘produce any solubie pigment in any
of the media tested. Balis and Payhe (1971) pointed out that
various isolates of C. beticola differed greatly in their
ability to produce cercosporin, and Assante et al. (1977)
observed an isolate of C. beticola that did not pfoduce
cercosporin. Latterel and Rossi, (1983) have noted that

Cercospora zea-maydis the cause of grey leaf spot of corn

(Zea maydis), produces relatively broad and large conidia

that are hyaline. The growth habit of the species ranges
from black densely sporulating cushion-like colonies to
white, cottony mycelial growth, one type often mutating from
the other. Intermediate types include grey moderately

sporulating colonies often with pink, red or purple pigment
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depending on the substrate due to the formation of
cercosporin crystals. It is therefore possible that non-
pigmented sectors could overgrow the pigmented, and often
sporulating colonies of most of the species. Lynch (1975)
and Lynch and Geoghegan (1977) obtained stable cercosporin
strains from C. beticola,'g. apii, C. malvicola, C. zebrina,
C. kikuchii and C. coffeicola but not from C. sesami, by
continuously sub-culturing the various strains under
illumination and selecting for Cercosporin production by sub-

culturing red pigmented sectors arising on PDA.

2.2.2 Cercospora species recorded on tropical food Legumes

Chupp, (1953) listed ten species of Cercospora as

pathogens of food legumes in the genera Dolichos, Glycine,

Phaseolus and Vigna. These included: C. columnaris (=

Isariopsis grisedla), C. cruenta, C. dolichi, C.
flagellifera, C. canescens, C. kikuchii, C. glycines, C.

vanderysti, C. caracella and C. sojina.

Ellis (1971) 1listed 16 species of Cercospora as

occurring in the family Leguminosae in general. Of these C.
zonata, C. canescens, C. radiata, C. kikuchii, C. loti, and
C. zebrina were species that formed hyaline conidia. The
species with straw-coloured, pale brown or olivaceous brown
conidia included:- C. arachidicola on Arachis spp., and C.
cruenta mainly on Vigna spp. Allen (1983), includes about 20

species of Cercospora-like species which he considers are

reliably described. C. arachidicola, Phaeisariopsis
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personata, C. canescens, C. kikuchii, Phaeisariopsis

griseola, Pseudocercospora cruenta, Cercospora sojina and

other related species in the newly created genera of

Cercoseptoria, Mycovellosiella and Stenella. C. arachidicola
and Phaeisariopsis personata, which cause the serious
diseases of groundnut, early and late leaf spot respectively
are the most intensively studied. Others of major economic
importance are P. driseola which causes angular leaf spot of

bean; and C. kikuchii the cause of purple seed stain of

Soyabean. These fungi are all widespread, wherever their
respective hosts are grown. Pseudocercospora cruenta causes
a leaf spot of cowpea and other legumes. C. canescens is

considered as a comparatively weak pathogen with a wide host

range, occurring often in mixed infections with Corynespora

cassiicola, a much more weaker pathogen (Wei, 1950; Vakili,

1977).

2.2.3 Symptoms and disease cycles of leaf spot diseases

caused by Pseudocercospora cruenta and Cercospora
canescens.

Pseudocercospora cruenta induces angular shaped leaf
spots which are delimited by the venation of the 1leaf.
Although the disease is most frequently seen on the leaves,
it may also occur on the stems. On the leaves, the lesions

begin as chlorosis on the adaxial leaf surface which becomes
dotted with necrotic spots, that in turn enlarge until the
whole area is necrotic and brown (Plate 1A,B). 1In size, the

diseased areas may vary from a few millimetres to a
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centimetre in diameter, and the outline may be rather regular
to very irregular. Chandrasekasan and Rangaswami (1960)
reported diffuse chlorotic haloes around leaf spots on cowpea
caused by P. cruenta in India. However, Amin et al. (1976)
did not observe haloes around the irregular leaf spots, and
suggested that the haloes around lesions may depend on the
cultivar as well as on nutritional and environmental factors.
Vakili (1977) concluded that the shape of the lesions
depended on the leaf morphology of a cultivar and climatic
conditions. When conidia are being formed, the lesions are
usually irregular in outline and reddish brown in colour when
viewed from the adaxial leaf surface of the leaflet (Plate
1C). On the abaxial leaf surface, the lesions are irregular
in outline and reddish brown in colour at first, but when the
pathogen is sporulating abundantly they’are dark to black due
to the presence of numerous conidiophores and conidia (Plate
1D). The conidiophores arise in a fascicle from stromata and
are usually simple but sometimes branched. They aré mid-pale
olivaceous brown with small scars. The conidia are also
olivaceous to Dbrown, normally conclorous with the
conidiophores (Mulder and Holliday, 1975). Latham (1934)
described the disease cycle of P. cruenta on cowpea, and
indicated that in the field the fungus grows intercellularly
for some time before the mycelium becomes intracellular when
the 1leaf spots become necrotic. After the pathogen has
become established in the leaf, a single hypha branches and
re-branches to form a loosely interwoven intercellular

stroma. The stromata, usually develop in the sub-stomatal
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PLATE 1

Symptoms of Pseudocercospora cruenta leaf spot

of cowpea.

A.

B.

c.

D.

Chlorosis on adaxial leaf surface.
Necrotic spots developinq in the
chlorotic lesions.

Coalescence of necrotic lesions.
Dark sporulating areas of the
lesions on the abaxial leaf surface,

in Petri dish moist chamber.



Platel
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cavities but sometimes at other places. From the stromata
arise the loosely fasciculate conidiophores. On old leaves
small, black fruit bodies which resemble pynidia are formed.
These spermogonia discharge numerous pycnospore-like bodies
having the appearance of spermatia, which when mature are
hyaline and rod-shaped (Plate 5). Perithecia develop from
0ld sub-epidermal stromata, the mature perithecia being
slightly beaked. Allen, (1983) notes that although P.

cruenta and the groundnut leaf spot fungiy Cercospora

arachidicola and Phaeisariopsis personata, produce perithecia

their ©perfect stages Mycosphaerella arachidis, and

Mycosphaerella berkeleyi have apparently never been found

under African field conditions.

Cercospora canescens, unlike P. cruenta induces

circular to irregular, cherry red to reddish brown 1lesions
up to 10mm diameter on both leaf surfaces (Plate 2). On
cowpea, the shape and size of the lesions also depend on the
cultivar (Plate 3). When thére are a large number of
infections per leaflet, the lesions remain small and round
before coalescing and covering the whole 1leaf. When
numerous lesions are formed they cause the leaves to become
chlorotic and absciss. The fungus sporulates on both
surfaces of the leaf but more abundantly on the abaxial leaf
surface. There is no reference in the 1literature to a
detailed study of the disease cycle of infections by C.
canescens, and unlike P. cruenta, no other spore types have

been reported other than conidia. - Cohidiophores of C.
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PLATE 2

Symptoms of Cercospora canescencs leaf spots on:-

A. Cowpea (Ex. Zambia).
B. Bambara groundnut (Ex. Zambia).

5 Mungbean (Ex. Philippines).

PLATE 3
Variation of C. canescens leaf spot lesions on
differing cowpea cultivars originating from:-
KP. Ghana (Agricultural Research Station,
Kpong) .
ZB,. and ZB,. (Msekera Regional Research
Station, Chipata).
TZ. Tanzania (Naliendele 0il Seed

Research Project Mtwara).



Plate 2

Plate 3
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PLATE 4
Morphology of conidiophores and conidia of Cercospora
species causing leaf spots on cowpea.

Pseudocercospora cruenta (Figs. 1 and 2)

1. Conidia.
2: Conidiophores.

Cercospora canescens (Figs 3 and 4).

Hi A conidium (C) showing basal scar (S)
and the corresponding scar on
conidiophore (Cp) showing point of
attachment of conidium.

4. A fascicle of conidiophores with
several geniculations (g), conidial

scars (s) and detached conidia (c).



Plate 4
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PLATE 5

Photomicrographs of cleared whole leaf pieces

field infected cowpea showing the spore types

the life cycle of Pseudocercospora cruenta

1.

Hyphal branching and the formation
of stromata (Str).

Developed stromata in sub-epidermal
tissue.

Fascicles of conidiophores emerging
through stomata.

View showing conidiophore fascicle
with detached conidia (c).
Conidiophores arising from the walls
of stromata =(sporodochium).
Spermagoina on leaf surface.

A mature spermogonium showing the
ostiole.

A mature spermé@gonium discharging

spermatia.

of

in
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canescens on various leguminous hosts, arise in fascicles
sometimes dense, uniform in colour, pale to medium brown,
mostly straight, geniculate but rarely branched. They are
multi-septate and have a medium to large conidial scar
present on a rounded apex. The conidia are acicular or
cylindric obclavate, hyaline with an acute apex and a
truncate base. They are distinctly multiseptate with a

thickened hilum scar (Plate 4, Fig. 3).

2.2.4 Host range and pathogenicity of P. cruenta and C.

canescens
According to Chandrasekaran and Rangaswami (1960)

Saccardo first recorded C. cruenta on Vigna catjan (syn.

Vigna sinensis. Since then various leguminous plants

including; French bean (Phaseolus wvulgaris) cowpea (Vigna

unquiculata) hyacinth bean, (Dolichos purpureus = Lablab
purpureus), moth bean (Phaseolus aconitifolia = Vigna
aconitifolia), mung bean (Vigna radiata), 1lima bean

(Phaseolus lunatus) and black gram (Phaseolus mungo) have

been included as hosts for P. cruenta. (Host-pathogen Index
Review of Applied Mycology 1921-1960). Chandrasekaran and

Rangaswami (1960) reported the occurrence of P. cruenta on

Vigna catjan for the first time in India, and in a study of

the species of Cercospora occurring in the 1locality of
Chidabram Madras State, observed that P. cruenta occurred

only on Vigna catjan, whereas C. canescens was commonly found

on Dolichos lablab, Phaseolus mungo and Phaseolus aureus. In

artificial inoculations they found that P. cruenta readily
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_infected the leaves of V. catjan, and caused only light brown
spots with characteristic haloes on D. lablab. It failed to
infect any of the other leguminous and cucurbitaceous plants
tested. They concluded that P. cruenta was highly specific
to cowpea. Verma and Patel (1969) investigated the ability
of a cowpea isolate of P. cruenta, from the dry arid regions
of Rajasthan in India, where the crop is grown as a rainfed
crop, to infect plants other than cowpea - fifty¥six (56)
different host plants belonging to thirty genera, and
including several leguminous plants in the genera; Phaseolus,

Dolichos, Cyamopsis, Arachis, Vicia and Pisum. They observed

typical angular shaped lesions only on Trifolium alexandrium,

Chenopodium murale, Lactuca sativa, Dolichos lablab, Datura

festuosa and Vigna sinensis var. sesquipedalis. Amin et al.

(1976) obtained infection of the common bean, Phaseolus
vulgaris cv. Bountiful on detached leaves incubated in moist
chambers as well as on intact plants. On cowpea typical
angular leaf spots developed in six to eight days on detached
leaves. In a field experiment,vthe disease caused severe
defoliation of an entire sprinkler-irrigated field, of
cowpea. However, crops of pigeon pea, (Cajanus cajan) and

mung bean (Vigna radiata) growing in adjacent plots were not

affected. Ellis (1976), lists P. cruenta as causing reddish-

brown spots on leaves and stems of Canavalia, Lablab,

Phaseolus and Vigna species. Allen (1983) considers bean (P.
vulgaris) cowpea, hyacinth bean, and many others as natural

hosts of P. cruenta.
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Cercospora canescens, has been recorded as causing leaf

spots on several leguminous hosts. The symptoms caused by
C. canescens are however not particularly characteristic and

are often similar to those caused by other Cercospora

species (C. vanderysti and C. dolichi) on leguminous hosts

in the genera Phaseolus and Vigna (Mulder and Holliday,
1975). According to Chupp (1953), C. canescens infects a
number of species in the genera Phaseolus and Vigna, such as
the common bean (P. vulgaris) lima bean (Phaseolus lunatus),

cowpea (Vigna unguiculata) and soyabean (Glycine max).

Ellis (1976) lists the following genera of cultivated

legumes, as hosts of C. canescens: Arachis, Cajanus

Cyamopsis, Dolichos, Glycine, Phaseolus, Pisum and

Voandzeae. Allen (1983) includes, soyabean, common bean,
bambarra bean, groundnut, mung bean, lima bean and hyacinth
bean as natural hosts of C. canescens. Of the above listed
legume species, C. canescens leaf spot has been recorded to
be of economic importance on cowpea (Schneider, 1973;
Schneider et al., 1976; Vakili, 1977). Schneider (1973):
recorded a yield reduction of 18% and Williams (1975)
reported a cowpea grain yield reduction of 20% attributable
to C. canescens in Ibadan (IITA, 1973). Mew et al. (1975)
stated that 1leaf spot caused by C. canescens is a major
disease of mung bean in most of South east Asia, and Poelhman
et al. (1973) cited by Thakur et al. (1980), have described
the disease as a threat to mung bean production in Indonesia,
the Philippines, Thailand and Columbia. Teyegaga and Clerk

(1972) recorded C. canescens as causing a severe leaf spot of
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bambarra groundnut in Ghana in all regions where the crop is
grown. Other records of C. canescens on leguminous hosts
include a report by Nowsher et al. (1978) in which C.
canescens was described as causing white to sub-circular

whitish~grey leaf spots, up to 0.5mm in diameter surrounded

by a reddish-brown border on winged bean, (Psophocarpus

tetragonolobus) in Bangladesh.

McDonald (1966, 1978) cited by Mercer (1977) and Allen
(1983) respectively, stated that C. canescens occasionally
infects leaves of groundnut (Arachis hypogae), but is of no
economic importance. In Nigeria, McDonald (1966) found that
the fungus was associated with lesions of early and late

leaf spot diseases (’Tikka’) on groundnuts caused by

Cercospora arachidicola and Phaeisariopsis personata

respectively. Fowler (1970) confirmed that C. canescens
had been found to cause typical leaf spots in the riverain
areas, Mokwa and Samaru, but it seemed to be of 1little
importance and has not been found in the more northern
areas. According to Subrahmanyan (1983) C. canescens has

also been observed in a very few cases to be associated with

lesions of Phaeisariopsis personata at ICRISAT, Hyderabad,

India. Mercer (1977) recorded a higher number of (.

canescens spores compared with those of C. arachidicola from

spore~trapping experiments carried out beside a plot of
groundnut at Chitedze in Malawi, but noted that C. canescens
was only a weak pathogen of groundnuts. Subrahmanyan (1983)

also observed C. canescens associated with 1lesions of C.
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arachidicola on groundnut leaves in Malawi, and tested the
infectivity of the fungus isolate compared with other
isolates of C. canescens from ground beans (Voandzeia

subterranea), cowpea and common bean. No disease developed

after 25 days when healthy detached, rooted groundnut leaves
were inoculated. He concluded that C. canescens was not
pathogenic to groundnut but may be associated with early leaf

spot lesions on groundnut probably as a saprophyte.

2.3 Growth and Sporulation of Cercospora species

In culture, several of the species of Cercospora with

hyaline conidia, produce greyish colonies which have been
variously described as, regular, irregular, serated, tufty
effuse and compact (Berger and Hanson, 1963; La, 1963).
Many of the species have however, also been found

frequently to produce sectors varying from the parent
culture, when subcultured on potato dextrose agar; and is
particularly apparent when cultures are incubated in the
light (Berger and Hanson, 1963; Lynch and Geoghegan, 1978).
The sectors have varied in colour from white and pale olive

through various shades of grey.

Sporulation on artificial media by species of Cercospora
has been well studied (Diachun and Valleau, 1941; Berger and
Hanson, 1963; Ekpo and Esuruoso, 1978; Chen et al, 1979;
Vathakos and Walters, 1979; Yeh and Sinclair, 1980; Jackson,
1981). However, attempts to induce in vitro sporulation,

have not always been successful. Nevertheless, the problem
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of in wvitro production is probably more apparent than real
(Holliday, 1980). Several workers have found that rigorous
selection from colonies derived from single conidia
demonstrates the existence of genotypes that sporulate
adequately in vitro (Nagel, 1934; Calpouzos, 1955; Jones,
1958; Goode and Brown, 1970). Goode and Brown (1970)
postulated that genes necessary for sporulation were either
lost through mutation or ceased to be expressed when

Cercospora spp. were subcultured for several generations on

agar media. Other research work has shown that several of
the species grown on agar produce sectors of variants,
usually fluffy non-sporulating mycelia which overgrow the
original sporulating mycélia. Unless special precautions are
taken in transferring from the sporulating cultures, the non-
sporulating variants predominate and as a result the
sporulating forms are lost (Berger and Hanson, 1963a;

Latterel and Rossi, 1983).

Various decoction media have been used to induce

sporulation in Cercospora spp. and a decoction medium for

one species may not be suitable for another. Roy (1982)

observed that the type of Cercospora reproductive unit sub-

cultured, the medium from which it was derived and the medium
upon which it was sub-cultured affected sporulation. In

general, the transfer of mycelium yielded only non-

sporulating hyphae. Environmental conditions also influence
the growth and sporulation of Cercospora species. (Berger

and Hanson, 1963a; Calpouzous and Stallknecht, 1965, 1967;
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Staverly and Nimmo, 1968). Striking interactions between
light and temperature, have been found to influence the
sporulation of certain species of Cercospora. Calpouzous and
Stallknecht (1965) reported that on sugar beet molasses,
sporulation of C. beticola, is stimulated by light at 15°c
and depressed by light at 30°C, and that either response may
occur at 22.5°9C. Chen et al. (1979) noted that sporulation
of C. kikuchii was stimulated by light at 15°C and depressed
by light at 30°c. Mew et al. (1975), however, observed that
between 15°C and 28°C the degree of sporulation of a mung
bean isolate of C. canescens was positively correlated with
temperature, and the production of conidia was promoted by
light. Various media have been quoted as supporting the
sporulation of C. canescens in culture. Kilpatrick and

Johnson (1956) reported that C. canescens and ten other

species of Cercospora with hyaline»acicular_conidia sporulate
well on carrot leaf decoction agar if mycelial fragments are
streaked over the surface of the agar‘ just Dbefore
solidification, and that a deep medium favoured profuse
sporulation. Schneider et al. (1973) also reported that non-
sporulating cultures of C. canescens and seven other species
maintained under oil for several months produced conidia when
a mycelial suspension was spread over antibiotic potato
dextrose carrot agar (PDCA) and incubated under alternating
periods of 12 hours under near UV light followed by 12 hours
darkness at 20-25°cC. Ekpo and Esuruoso (1978) tested ten

media, (cowpea seed carrot agar, cowpea seed potato agar, V-8
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‘juice agar, potato dextrose agar, cowpea leaf decoction plus
potato dextrose agar, nutrient agar Czapex Dox agar, malt
extract agar, cowpea leaf decoction agar and cowpea stem
decoction agar) for their effect on growth and sporulation of

cowpea isolates of C. canescens and Pseudocercospora cruenta.

They observed that there was little or no mycelial growth and
little or no conidia production on most media. They
concluded that Oxoid agar, supplemented with V-8 juice
supported best growth and production of conidia. Flooding V-
8 Jjuice agar with a conidial suspension resulted in a
multiplicity of tiny colonies and increased sporulation.
More active growth of mycelium, but less production of
conidia was observed at an agar concentration of 3% than at
lower concentrations. Mew et al (1975) compared different
media for the sporulation of a mung bean isolate of C.
canescens, and observed thaf the fungus isolate produced
conidia readily but not abundantly on potato-dextrose agar
(PDA). Carrot leaf juice-oatmeal agaf was the best medium
for sporulation followed next by muﬁg bean leaf juice oatmeal
agar. Teyégaga. and Clerk (1972) however, did not obtain
conidia of a bambarra groundnut isolate in culture, but

maintained the fungus on seedlings in the glasshouse.

2.4 Infection host-parasite relationships and

mechanisms of resistance to _infection

2.4.1 Host penetration and disease development

Latham (1934) described the infection of cowpea leaves

by P. cruenta and stated that it was not clear whether the
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fungus infects the host by direct penetration of the
epidermal cell walls or through the stomata. But once the
germ tube had éntered, the fungus developed slowly. The
mycelium is at first intercellular and becomes intracellular
when the attacked cells are dead. At the holonecrotic
stage, both inter- and intracellular mycelium are found in
the infected host tissue. There is no further reference in
the literature to studies on the infection of cowpea and/or
other leguminous plants directly with P. g;ggﬁ;g_ nor C.

canescens. Baxter (1956), Latch and Hanson (1962) and

Berger and Hanson (1963b) however investigated the method of
penetration of leaves of forage legumes, (alfalfa and

clover) by Cercospora davisii and Cercospora medicaginis,

related taxonomically to C. canescens, and noted that germ
tubes penetrated the host through stomata. They reported
that conidia germinate within three hours of incubation.on
leaf surfaces and that germ tubes branched repeatedly as
they grew and that some penetrated the leaves without
forming appressoria. Often however, germ tubes passed
directly over stomata without entering. Price and Munro

(1978) studied the infection of winged bean Psophocarpus

tetragonolobus by Pseudocercospora psophocarpi (related

taxonomically to P. cruenta) and observed that conidia
germinate and that germ tubes and hyphae grow over the leaf
surface to considerable lengths without penetrating through
the stomata on both surfaces of leaf disks and of leaves of

potted winged bean plants in the glasshouse.
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Observations on the infection of other hosts by

Cercospora species have shown that the fungus penetrates

host leaves through the stomata (Pool and McKay, 1916; Goos
and Tschirch, 1963; Solel and Minz, 1971; Rathaiah, 1976,
1977; Beckman and Payne, 1982, 1983). The results of
investigations that have examined the mechanisms and factors
affecting the germination of conidia and penetration of the

host, indicate that Cercospora species require 1long leaf

wetness periods and/or a high relative humidity for

infection and disease development. The conidia of some

Cercospora species however, grow extensively and randomly
over the leaf surfaces when exposed to a continuously humid
environment. Interruption of leaf wetness, provided by
periodic misting in dew chambers with daily dry intervals of
up to six hours duration is more conducive to stomatal
penetration. A continuously saturated atmosphere favours
extramatrical growth of'germ tubes and hyphae but markedly
depress the number of penetrations (Goos and Tschirch, 1963;
Rathaiah, 1977; Beckman and Payne, 1982). Periods of high

relative humidity are however important for post-penetration

development of disease in some Cercospora 1leaf spot

diseases.

Goos and Tschirch (1963) observed that the rate
disease development in Cercospora leaf spot of banana
appeared to be related to the moisture relations of the
plant and was affected by watering treatments. Berger and

Hanson (1963) hypothesized that post-infection exposure to

of
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high humidity increased disease severity because the
increased water content of tissues or the high relative
humidity around them favoured the spread of the pathogen in

the host.

2.4.2 Mechanism of pathogenesis by Cercospora spp. and the

role of Cercosporin

Studies of the infection and host-pathogen interaction

in several Cercospora leaf spot diseases have shown that
several species do not penetrate the cell walls of their
host plants, but grow throughout disease development in the
intercellular spaces (Latham, 1934; Rathaiah, 1976, 1977;
Solel and Minz, 1977; Beckman and Payne, 1982). Jenkins
(1938)'however observed that cells in developing lesions on
groundnut leaves are killed in advance of myceiium of C.

arachidicola allowing inter- and intracellular growth of the

pathogen. Cercosporin, 1,12-bis (2 hydroxypropyl)-2,11-

dimethoxy-6-7 methylene dioxy- 4,9-dihydroxy perylene-~ 3,10-
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Structure of Cercosporin

o

quinone is a non-specific toxin produced by many species of



33

Cercospora, (see Section 2.2.1) and it has been reported to

be important in the interactions of Cercospora spp. with its

hosts. When purified cercosporin is applied to a wide range
of host species, it reproduces typical necrotic symptoms of
the disease. All plants that have been tested are sensitive
to cercosporin, including those resistant to the disease

(Balis and Payne, 1971; Fajola, 1978c).

Fajola (1978c), Steinkamp et al. (1981), Daub (1984)
and Gwin et al, (1987) have independently observed that by
applying cercosporin isolated from cultures of C. canescens,

C. beticola, C. nicotianae and C. 2zea-maydis to cowpea,

sugar beet, tobacco and maize cells respectively, ion
leakage and necrotic lesions are produced that parallel
lesions induced by the fungli on their respective hosts in

vivo. Daub (1982), noted that cercosporin isolated from C.

beticola and C. nicotianae was toxic to tobacco cells only

when they were incubated in the 1light. Daub, (1987)
concluded that two 1lines of evidence suggest that
cercosporin plays an important role in diseases caused by

Cercospora Spp.

First, cercosporin is 1light activated, and light has
been shown to be important for the development of disease
symptoms in several Cercospora diseases (Calpouzos and
Corke, 1963; Calpouzos, 1966; Calpouzos and Stalknecht,

1967). Second, treatment of sugar beet leaf tissue with

cercosporin results in ultrastructural changes similar to
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those in.plants infected by Cercospora beticola (Steinkamp et
al., 1979, 1981) and these changes (particularly membrane
damage) are consistent with the known mode of action of
cercosporin. Thus, an understanding of resistance mechanism
to cercosporin may allow for the future development of novel

control measures for these damaging diseases.

2.4.3 Sources and nature of resistance to Cercospora leaf

spot diseases

Cowpea germ plasm has been evaluated for resistance to

Cercospora leaf spots, and numerous cultivars with

resistance to P. cruenta have been identified (Fery et al.,
1976). Some of these are resistant to both P. cruenta and
C. canescens and some but not all sources of resistance are
effective at several widely different locations (Allen,
1983). Several accessions have been screened in India
(Verma and Patel, 1969), Puerto Rico (Vakili, 1977), and
Nigeria (Williams, 1977) for resistance to bdth leaf spot
pathogens, and Fery et al. (1976, 1977) found that
resistance to P. cruenta is governed by at least two

separate genes. However, little is known of the underlying

mechanisms of Cercospora leaf spot resistance (Allen, 1983).

There 1is evidence to suggest that the expression of

resistance to Cercospora leaf spots of cowpea varies with

the growth stage of host plants. Schneider and Sinclair
(1975) observed that C. canescens leaf spot occurred only

after the onset of flowering although sufficient inoculum was
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present, and temperature and moisture were favourable for
disease development. They found that the germination of
conidia and germ tube growth were each inhibited on the
surface of young, but not of old leaves of a leaf spot-
suéceptible cultivar. Similar inhibition was caused by
diffusates from apical but not basal 1leaves of the
susceptible cultivar, Prima, and by diffusates from both
apical and basal leaves of the resistant cultivar Lalita.
Ekpo and Esuruoso (1977) obtained somewhat similar results
with P. cruenta. They found that leaf extracts from old
plants of a susceptible cultivar, New Era, tended to enhance
the germination of conidia whereas extracts from young plants
did not. Each investigation indicated that susceptibility in
part depends on a pre-penetration phenomenon such as a pre-
formed fungitoxic compound, the concentrations of which are

influenced by host plant maturity.
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3. MATERTIALS AND_ METHODS
3.1 Plant Material
3.1.1 Growth of Plants of food legumes

Seeds of cowpea and other food legumes obtained from
the sources listed in Table 3.1 were grown in 10cm and 20cm
plastic pots, filled with John Innes Compost No. 1, to the
third trifoliate leaf stage or to beyond flowering stage.
The third trifoliate leaf stage for most of the legumes was
reached after 3 to 4 weeks growth in the glasshouse with an
ambient temperature of 25 + 5°C. During the winter months
(December to March), the conditions of high temperature and
good light intensity were provided by the use of 2 x 3
kilowatt fan heaters and 3 x 400 w high pressure metal
halide lamps in poot luminaries and the glasshouse was
double glazed. The heaters were thermostatically controlled
to give a temperature range of 25 #+ 5°¢C. The lights were
controlled by an automatic time switch which maintained a
photoperiod of 12 hours (0.600-18.00hrs). The plants were
watered once every three days by flooding capillary mats
placed on the glasshouse benches. Capillary mats placed on
the floor the glasshouse were watered daily to maintain a
high relative humidity. During the summer months the
windows of the glasshouse were usually opened during sunny
days to maintain an ambient temperature of 25 + 5°C, and the
floor watered twice daily to maintain a high relative

humidity.
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Table 3.1 Description of Cowpea Cultivars used_in

Pathogenicity tests

COWPEA VARIETY/ SEED COLOUR/ SOURCE/ORIGIN REACTION TO

LINE TEXTURE* FIELD INFECTION
by * %
C. P.

canescens cruenta

1. Adua Ayera R/s Ghana S S
2. Amantin Br,Bl
Mottled/s Ghana S S
3. Caroni R/s Ghana S S
4. Caloona R/s Ghana/
Australia S S
5. Ife Brown Br/Rr. Ghana/IITA**% S S
6. TVX 3236 C,T/Rr. Ghana/IITA S S
7. IT82D 875 R/s Ghana/IITA MR MR
8. IT82D 885 R/s Zambia/IITA MR MR
9. IT82D 889 R/s Zambia/IITA MR MR
10. Muliana T,Br Mottled/S Zambia S ?
11. New Era dgre Br/B1/15 Zambia
12. Colossus T/Wr USA ? S
13. Colossus 80 T/Wr USA ? R
14. Ala. 963.8 C/s UsSa ? R
15. TARS 36 R/S Puerto Rico R R
16. TARS 48 Cc/S Puerto Rico R R
17. TARS 62 W/S Puerto Rico R R
18. Sudan T/S Malawi S ?
19. Sel. 8 T/S Malawi ? ?
20. Sel. 1603 T/S Malawi ? ?
* Seed colour R = red, Seed coat texture
T = tan,
W = white, R = rough
Br = brown, S = smooth
C = crean, W = wrinkled
M = mottled

**Disease reaction score
country of origin

not specified
susceptible
moderately resistant
Resistant

nnn

wggUlw

*%% IITA International Institute of Tropical Agriculture



Table 3.2 Description of legume species other than cowpea,
used in host range and pathogenicity experiments

of P. cruenta and C. canescens.

LEGUME SPECIES VARIETY NAME/CODE SEED ORIGIN/SOURCE
COLOUR
1. Lima bean Henderson bush brown USA/Ghana
(Phaseolus lunatus) white
2. Bambarra groundnut white/ Crop Science
(Voandzeia) Cv1s8 pink Dept.
subterranea) University
of Ghana
Mbawa speckle
Sel 8 black) Malawi
brown)
3. Mung bean MG50-10A Green ) IRRI
(Vigna radiata) CES 2F-1 Yellow) Philippines
Ex Legon Green Ghana
4. Black gram Unknown black Southall
(Phaseolus mungo) Market
England
5. Winged bean Ex Kade brown Ghana
(Psophocarpus
tetragonolobus)
6. Moth bean Unknown tan Southall
(Phaseolus Market
aconitifolia) England
7. Pigeon pea Unknown Southall
(Cajanus cajan) Market
England
8. Soy. bean S.J.5 Ex Thailand/
(Glycine max) Imperial
College, Weed
Science Dept,
Silwood Park.
Bragg Mississippi,
U‘S.A.
9. Groundnut ™V 2 tan ICRISAT
(Arachis hypogae) Chitembana dark tan Malawi, ICI

Tamnut /86 purple Jealotts Hill
10. Common bean

(Phaseolus vulgaris)

brown Malawi
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Table 3.3 Description of non-leguminous plant species used
in host range and pathogenicity of C. canescens.

Plant species Variety/cultivar Source

1. Sugar beet Julia ICI Jealotts Hill
(Beta wvulgaris) Rono beet - Bracknell
2. Celery "cutting" Dr. D.C.A. Pink
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