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ABSTRACT

Cowpeas (Vigna unguiculata) in East Africa were infected by two seedborne xan-~
thomonads that produced distinct and different disease symptoms on the foliage. The
bacteria causing cowpea bacterial blight (CBB) and cowpea bacterial pustule (CBP)
were indistinguishable in cultural, mcrphological, and physiological properties, and
in their pathogenicity to different legume species. Both infected several Phaseolus and
Vigna species. Isolates of CBB and CBP could be differentiated only by the symptoms

- that they produced on cowpea foliage. Both bacteria are considered to be strains of
Xanthomonas phaseoli f. sp. vignicola (a member of the X. campestris group). East
African isolates of CBB and CBP could be differentiated Trom the bacterium causing
fuscous blight of bean (X. phaseoli var. fuscans (Xpf)) by their pathogenicity to bean
and cowpea. The CBB and CBP pathoj~ns were pathogenic to both bean and cowpea,
whereas Xpf was pathogenic to bean only,
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Additional key words: seeudkorne disease.

Cowpea (Vigna unguiculata) is one of several legumes that are cultivated as a human food
crop in East Africa, particularly in the warmer, lower clevation areas around Lake Victoria
and along the East African Coast (1). Numrrous discases and pests affect V. unguiculata, con®
tributing significantly to their low yi~lds and poor quality wherever they—aré—g;bwn in Africa
(1,14,16).

Of the diseases affecting cowpeas In Africa, least appears tc be known of those caused by
bacteria (16). In East Africa, the autaors have observed cowpeas infected by two bacteriai
pathogens that produced distinct symptoms on the foliage. This paper describes the symptoms,
bacteriological tests, and pa‘“ogenicity of these xanthcmonads that cause cowpea bacterial
blight (CBB) and cowpea bacterial pustule (CBP). These bacteria are also compared with an
isolate of Xanthomonas phaseoli (E. F. Smith) Dowscn var, fuscans (Burkh.) Starr & Burkh.
(Xpf), which causes fuscous blight of bean (Phaseolus vulgaris). The nomenspecies of Xantho-
monas spp. is used in this paper rather than the taxospecies, X. campestris (Pammel) Dowson
(2),

MATERIALS AND METHODS

Cultures oi the CBB pathogen were obtained from the foliage of diseased cowpea plants
grown at the Agricultural Research Institute, Ilonga, Kilosa, Tanzania. Those of the CBP
pathogen were inolated from diseased cowpea leaves collected at the Faculty of Agriculture and
Forestry, University of Dar es Salaam, Morogoro, Tanzania; the Agricultural Research
I{lstitute, Mligano, Tanga, Tanzania; and the Coast Agricultural Research Station, Mtwapa,
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Mombasa, Kenya. A culture of Xpf was obtained from diseased bean leaves from the Kawanda
Research Station, Kampala, Uganda.

Diseased plant specimens were transported to the laboratory at Muguga, Kenya in clean
plastic bags. For isolation of bacteria, small pieces of tissue from the advancing margins of
lesions were placed in eterile distilled water for 15 min to 2 hr. A loopful of liquid was
streaked on petri plates containing nutrient agar (NA) or yeast extract-dextrose-calcium car-
bonate agar (YDCA) (10). Cultures were maintained in distilled wate: or on YDCA slants at
4°C, Inoculum was prepared by streaking a loopful of bacterial suspension on NA or YDCA
and incubating the slants for 48 hr at laboratory temperature. Bacteria were washed from the
medium with sterile distilled water and diluted to about 108 cells/mil.

Seeds of test plants for inoculation studies were planted in steam-sterilized soil in 2-liter
plastic pots. Young plants were inoculated by one of two methods: (i) atomizing a bacterial
suspension on the lower surface of young expanding leaves with a Paasche air brush appara:.us
at about 1.05 kg/cm2 (15 psi), or (ii) jabbing a sterilc needle through a drop of inoculum placed
in the axis of the first or second node. Inoculated plants were incubated in a humid atmosphere
for 7-10 days at temperatures ranging from 25-30°C. Test plants used in the inoculation studies
are listed in Table 1.

Selected bacteriological tests performed according to the methcds of Lelliott, et al. (8)
were: lipolysis of coconut oil, ability to induce potato rot, and oxidation/fermentation tests
with bromothymol blue as a pH indicator, All other bacteriological tests, including gram
staining, were done according to the methods outlined by Cowan and Steel (3). For electron
microscopic studies, drops of liquid cultures grown in Kelman and Hrascha's medium (6) were
allowed to dry slowly on collodion-coated grids, and bacterial ceclls were negatively stained
with 2% sodium phosphotungstic acid, pH 6.3. Induction of hypersensitivity of infiltrated
tobacco leaves (Nicotiana tabacum 'White Burley') was tested in the laboratory at 20-22°C by
the method of Klement (7).

Table 1, Comparison of pathogenicity of East African isolates of Xantho-
monas from bean and cowpea to stems of different plants species@.

: Disease rating of isolateD
Host : CBB CBP
Arachis hypogaea 'Natal Common'
Cajanug cajan 'T 21"
Dolichos lablab
CGlycine max 'HLS 541'
Macropt'ilT.l—m lathyroides
Phaseolus acutifolius EAI 2874€
P. lunatus 'Jackson Wonder'
P. vulgaris 'Canadian Wonder'
P, vulgaris 'Light Red Kidney'
P. vulgaris 'Long Tom'
Pisum sativum 'Wisconsin Perfection'
Vigna aconitifolia EAI 2873
angularis EAI 5363
radiata
umbellata PI 247692
unguiculata 'California No, §'
unguiculata 'Vita 1! 10 10
unguiculata 'Zipper Cream' 10 10
AThe isolates were: CBB, cowpea bacterial blight-inducing isolate of X,
phaseoli f. sp. vignicola (Xpv); CBP, cowpea bacterial pustule-inducing iso-
late of Xpv; and Xpf, bean fuscous bacterial blight~-inducing isolate of X,
phaseoli var, fuscans. bpisease rating scale: 1 = no infection, to 10 very
severe response (development of stem cankers, followed by wilting and death
of inoculated plants). Ratings of 2-9 represent responses intermediate
between those rated t and 10, Disease ratings were recorded 12-15 days
after inoculation and were the averages of 2-3 experiments with 5-6 plants/
experiment, CPlant species with EAI numbers are plant accessions intro-
duced by the Plant Quarantine Station, Muguga, Kenya, whil: those with PI
numbers are from the U.S. Department of Agriculture.
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Seed transmission of the two cowpea bacterial isolates was studied with Calfornia No. 5
cowpea seed that had been inoculated by (i) slightly injuring the epidermis of the pod over the
site of a developing seed with a sterile needle dipped in a bacterial suspension, or (ii) injecting
a bacterial suapension into the cavity of nearly mature pods. Seeds from inoculated and non-
inoculated pods were planted in steam-sterilized soil. '

RESULTS

Disease symptoms: The initial symptoms of CBB were small water-soaked spots on the
foliage, Tissues surrounding these spots became necrotic and irregular in shape. Individual
lesions varied considerably in size, ranging from 0.5-2 cm or larger (Fig. 1). Lesions were
generally tan colored and surrounded by a yellow zone (0.1-0.5 cm wide). Lesions sometimes
coalesced to encompass large portions of the leaf, which turned yellow and wilted. Cankers,
particularly in artificially inoculated plants, developed on the stems of severely infected plantg
(Fig. 2). Initial symptoms of CBP on the underside of leaves were small, raised, water-
soaked pustules that increased in size to about 0.1-0.4 cm, remaining more or less circular,

FIGURE 1, Cowpeas naturally
i~fected by an isolate of Xanthomonas
phaseoli f. sp. vignicola (Xpv) causing
cowpea bacterial blight in East Africa.

FIGURE 2, Canker on the stem
of a cowpea plant inoculated at the
lower node with an isolate of Xpv
causing cowpea bacterial blight,

FIGURE 3. Naturally infected
cowpea leaf exhibiting symptoms of
cowpea bacterial pustule,

FIGURE 4, Cankers on stems of
Phaseolus vulgaris 'Red Kidney' (top)
aud Vigna umbellata (bottom) inocu-
lated at first node with a cowpea bac~
terial pustule-inducing isolate of Xpv,
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On the upper surface of the leaf, the centers of these lesions, which were surrounded by a
yellow halo, became necrotic and sunken (Fig. 3). Symptoms of CBB and CBP on cowpea in
East Africa were similar to those observed by Williams (16) on cowpea in Nigeria.

Occurrence of disease: In May 1975, the senior author visited several research stations
in important cowpea-growing areas of Tanzania and Kenya. Symptoms of CBB were observed
on cowpea plants in yield trials at the Agricultural Research Institute (ARI), Ilonga at Kilosa,
Tanzania. The disease was widespread and serious on several cowpea lines. The original
source of seeds of most lines was Nigeria. Symptoms of CBP were observed on cowpea lines
in varietal plantings at the Faculty of Agriculture and Forestry, University of Dar es Salaam,
Morogoro, Tanzania; the ARI, Mlingano at Tanga, Tanzania; and the Coast Agricultural Re-
search Station, Mtwapa at Mombasa, Kenya. Sceds for the Morogoro and Mlingano cowpea
plantings were obtained from the ARI, Ilonga, whereas those for the Mtwapa plantings had beea
imported directly from Nigeria. At the three locations where CBP was observed, many vari-
eties were infected, but disease intensity was low.

Laboratory characterization of the bacteria: Isolates of the CBB and CBP pathogens were
indistinguishable from one another in cultural, morphological, and physiological properties.
Both had the following bacteriological properties, which places them in the genus Xanthomonas:
they were aerobic, motile, gram-negative rods with a single monotrichous flagellum; they
formed convex yellow colonies on nutrient agar in 3 days at 25°C; they oxidized galactose,
mannitol, raffinose, sucrose, and xylose but not lactose; they utilized citric and succinic acids
but not malic or tartaric acids, as sole sources of carbon; they produced amylase gelatinase
but not J! -glucosidase; they formed hydrogen sulfide but did not reduce nitrate to nitrite or
produce ammonia; they were actively lipolytic; they were unable to rot potato slices; and they
did not induce a hypersensitive reaction when infiltrated into tobacco leaves. The only bacteri-
ological test that differentiated Xpf from the CBB and CBP pathogens was production by Xpf
of a brown diffusible pigment on nutrient agar.

Sced transmission: The causal agents of CBB and CBP were transmitted in cowpea secds
harvested from artificially inoculated pods. Seeds harvested from inoculated pods frequently
were discolored and shriveled. Pathogenic bacteria were reisolated from iniernal tissues of
surface-sterilized sceds collected from pods inoculated with bacteria, but not from seeds of
pods incculated with sterile water. Seed transmisgsion also was demonstrated in seeds from
pods incculated with both isolates when planted in steam-sterilized soil, Typical CBB and CBP
symptoras developed in 10-14 days on the primary leaves of 5-10% of the germinating seedlings,
and both pathogens could be reisolated from the lesions. Stem cankers developed occasionally
.n plants infected from seed, particularly with the CBB pathogen.

Paihogenicity studies: The organisms causing CBB and CBP were pathogenic to the foliage
and stems of several legume species in greenhouse inoculation tests. Inoculation of stems
(Table 1) proved to be a more reliable test of pathogenicity than inoculation of the roliage. Both
isolaten were moderately to highly pathogenic to bean (P. sualgaris) and all Vigna spp. except
V. radiata. By contrast, Xpf was highly pathogenic to becan but only weakly pathogenic to all
Vigna spp., including cowpea (Table 1), Cankers frequently developed at the site of inoculation
on sterns of Vigna spp. and beans inoculated with CBB and CBP (Fig. 4) and beans inoculated
with Xpf. Inoculated plants often wilted and died when cankers increased in size and girdled
the stem, as often happened when cowpeas were inocualated with the CBB and CRP pathogens
and beans inoculated with Xpf.

DISCUSSION

Relatively little is known of the bacterial diseases that affect food legumes, including cow-
peas, in Africa. In 1975, Williams (16) listed bacterial pustule and bacterial blight as two of
the important discases of cowpea in Nigeria. His description of CBP apparently is the first
report of this discase in the literature; ours is the first report of both bacterial diseases of
cowpeéa in East Africa. The seedborne nature of CBB in cowpea was confirmed by Shekhawat,
et al. (12); we have demonstrated that the CBP pathogen is seedborne in cowpea. It appears
that the incitants of CBB and CBP may have becn introduced into East Africa in different con-
signments of cowpea seed that originated from Nigeria, where both diseases occur. This il-
lustrates the ease with which potentially important pathogens may be introduced into new areas
on ccntaminated seed unless special precautions are taken. The importance of clean (pathogen-
free) seed in the transfer of cowpea germplasm for research and other purposes must be
emphasized.

in East Africa, cowpeas are grown as a rainfed crop ena generally arc pianted during the
rainy season, In Nigeria, disease development and spread of CI2 =i,d CBP are favored by high
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rainfall (16). If either or both of these bacterial diseases become more widespread and serious
on cowpeas 'n East Africa, particularly in high rainfall areas, it may be necessary to imple-
ment a control program involving the use of clean seed, resistant varieties, or both. Sources
of resistance to CBB and CBP in cowpea are known (9,13, 18).

The bacteriological properties of East African isolates of CBB and CBP are within the
range of variability exhibited by the members of the genus Xanthomonas (2,4,11). Isolates of
the CBB and CBP pathogens from Kenya and Tanzania were indistinguishable in biochemical,
morphological, and cultural characteristics. Their pathogenicity to different leguminous hosts
was similar. They could be differentiated by the symploms that formed on inoculated cowpea
foliage, but not by those that formed on inoculated stems. We feel that these differences in
symptom expression on cowpea are insufficient to warrant designating the bacteria inciting
CBB and CBP as separate species.

Recent studies with pathogenic xanthomonads isolated from blighted beans in Puerto Rico
have identified two Xanthomonas pathogenic types based on pathogenicity to bean and cowpea (5,
15). Isolates pathogenic to bean only were designated X. phasgeoli (Xp) or X. phaseoli var,
fuscans (Xpf), while those pathogenic to both hosts were called X. phaseoli f. sp. vignicola
(Burkh. ) Sabet (Xpv). East African isolates of CBB and CBP were similar in their pathogenicity
to Puerto Rican isolates of Xpv. The Ugandan Xpf isolate was similar in its pathogenicity to
Puerto Rican isolates of Xp and Xpi. From these results, we conclude that the pathogenic
xanthomonads that cause bacterial blight and bacterial pustule of cowpea in East Africa are
strains of the same bacterium, namely ’ pv.
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