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SUMMARY 

Bacterial blight is seed transmitted but the mechanism of pathogen 

attachment to seed, their colonization of emerging seedling has not 

been fully studied. The aim of this study was to investigate the seed 

dissemination strategies of bacterial blight induced by Xanthomonas 

axonopodis pv. vignicola. Experiment to determine bacteria adhesion 

to seeds were conducted using twenty seeds each of Ife Brown 

(cowpea), Maize, Millet and Sorghum. The seeds were surface 

disinfected by washing in 3 % sodium hypo chlorite solution for 5 

minutes and was rinsed SDW.  Ten seeds each of the grains were put 

into a sterilized sample bottles containing 10 ml of bacterial 

suspension adjusted to ca.4.5x107 cfu/ml. Seeds soaked in SDW was 

used as control. The experiment to determine bacteria seed and 

seedling colonizing pattern were conducted using one hundred seeds 

of cowpea which were soaked in 100 ml of SDW containing Xav 

suspension adjusted to ca. 4.5 x 107cfu/ml-1. Five seeds were placed in 

a Petri-dish containing SDW and spread filter papers. Seeds soaked 

in SDW were used as control. At different times after inoculation 

seeds were collected at random and ground, from which serial 

dilutions were made to quantify the population of bacterial 

colonizing the seeds/seedlings (cfu seed-1). The result shows the 

adhesion of Xav to host’s seed (cowpea) and non-host seeds (millet, 

sorghum and maize) after 4 h of inoculation. The result shows the 
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population of Xav was correspondingly increasing with the 

germinating seeds and growing seedling. This shows that 

distribution of bacterial blight is partly associated with the ability of 

the pathogens to adhere to seeds of both host cowpea and other seeds 

surfaces.   

Keywords: Xav, Adhesion, colonization, nonspecific, cowpea seeds, 

transmission.   

COWPEA (Vigna unguiculata L. 

Walp) is one of the most important 

legume crops grown in the tropical 

belt of Africa, Asia and South 

America (21). This crop provides 

food, animal feed and cash for the 

rural populace in addition to benefits 

to farmlands via in situ de-cay of 

root residues and ground cover due 

to the spreading habit of the plant. In 

addition, cowpea grain provides a 

cheap and nutritious food for 

relatively poor urban communities 

(17). The seeds are important in diets 

for the high protein content 

providing protein to rural as well as 

the urban dwellers as a substitute for 

the animal protein (24). Worldwide 

and in Africa, Nigeria ranked first in 

both production and consumption of 

cowpea (1, 8). Cowpea's high protein 

content, its adaptability to different 

types of soil and intercropping 

systems, its resistance to drought, 

and its ability to improve soil fertility 

and prevent erosion makes it an 

important economic crop in many 

developing countries. Increased and 

intense cultivation of any crop often 

results in an increase in pest pressure 

especially in the humid tropics. The 

major economic diseases of cowpea 

in the humid agro ecological regions 

of South-Western Nigeria include 

brown blotch, anthracnose, 

Cercospora leaf spot, web blight, 

sclerotium stem blight (1), cowpea 

aphid-borne mosaic virus, black-eye 

cowpea mosaic virus and cowpea 

mosaic virus (12), root-knot 

nematodes (16) and cowpea bacterial 

blight and bacterial pustule (6, 15).  

The important bacterial diseases in 

Nigeria, are cowpea bacterial pustule 

(CBP) and cowpea bacterial blight 

(CoBB) are caused by different 

strains of Xanthomonas axonopodis 

pv vignicola (23). Bacterial blight 

occurs in all cowpea growing areas 

of Nigeria (7), causing severe grain 

yield loss of more than 64% in some 

areas of West Africa (19). When 

highly susceptible cultivars are 

sown, the crop may even be 

completely destroyed (7).  

Disease incidence of cowpea 

bacterial blight is related to the seed 

borne nature of the pathogen with 

secondary spread occurring by wind-
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driven rain (3). The bacterium can 

also survive in soil for up to eight 

months and in debris for longer 

periods (15). Symptoms of cowpea 

bacterial blight on leaves begin with 

small water-soaked spots, which 

remain small and, when the adjacent 

tissues die, gradually coalesce into 

large, irregular, brown, necrotic 

lesions surrounded by yellow haloes. 

The pathogen also invades the stem 

where it produces cracking with 

brown stripes, swelling (canker) and 

form dark green water-soaked 

patches on pods from where it enters 

the seeds and cause discolouration 

(3).  

The management of the bacterial 

pathogen can be designed to reduce 

the multiplication rate at the site of 

infection on the host plant or to 

eliminate the inoculum at its source. 

Measures that affect pathogens at 

primary sources are more effective 

(9). It is necessary to ascertain the 

importance of the source in relation 

to the survival of the pathogen and 

the initiation of epidemics. A 

pathogen at its source is more 

effectively managed when detected 

early. Detection of the bacterium in 

seed and quick feedback on 

pathogenicity has a high impact on 

disease management options and cost 

of production. The movement of 

infected seed through international 

trade is also a major means of 

pathogen dispersal (20).  

It has been established that CoBB is 

seed transmitted, and that seed-borne 

inoculum play a significant role in 

the disease epidemiology but the 

mechanism of pathogen attachment 

to seed has not been fully 

understood. The aim of the study 

was to investigate seed dissemination 

strategies of Xanthomonas 

axonopodis pv. vignicola causal 

agent of cowpea Bacterial Blight.  

MATERIALS AND METHODS 

Isolation of bacteria  

Cowpea leaves showing symptoms 

of bacterial blight were collected 

from different fields. The leaves 

were placed in plastic bags and taken 

to the laboratory at the crop 

protection department faculty of 

agriculture Ahmadu Bello University 

Zaria. Surface sterilization with 0.5% 

NaOCl and rinsing in 3 changes of 

sterile distilled water was done 

thereafter 1- 2 mm leaf pieces were 

cut at the border of diseased portion. 

The pieces were ground in a 

porcelain mortar and pestle in 0.5 ml 

of sterile distilled water (SDW). 

Loop-fulls of the resulting 

suspension were streaked on to 

nutrient agar and incubated at 28 oC 

for 48-72 hours. Pure cultures were 

made from single colonies of 

bacteria. The isolates were stored on 
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nutrient agar slants at 40C and later 

used for the inoculation of the seeds 

as well as control. 

 

Bacteria adhesion to seed 

Twenty seeds each of Ife Brown 

(Vigna unguiculata L.), Maize (Zea 

mays L.), Millet (Setaria italica L.) 

and Sorghum (Sorghum bicola L.), 

were surface disinfected by washing 

in 3 % sodium hypochlorite for 5 

minutes and rinsed with SDW. Ten 

seeds each of the grains were put 

into a sterilized sample bottles 

containing 10 ml of bacterial 

suspension in SDW and 

concentration adjusted to ca.4.5x107 

cfu/ml. Seeds soaked in SDW were 

used as control. These were left on 

the laboratory bench for 2 h and 4 h 

at room temperature (280C). After 2 h 

and 4 h the suspension was drained 

away and the seeds washed twice 

with SDW. Bacteria population sizes 

adherent on seeds were monitored by 

seed maceration and making serial 

dilutions and plating on nutrient agar 

to quantify the bacteria population. 

The percentage number of attached 

cells to the number of inoculated 

cells indicated capacities of the 

bacteria pathogen to the seed surface 

(4). Experiments were laid in 

complete Randomized Design 

(CRD) with five replications and 

repeated three time.  

Colonization pattern of the 

pathogen on cowpea seedling  

Seeds of Ife brown were surface 

disinfected before inoculation. One 

hundred seeds of surface sterilized 

cowpea were soaked in 100 ml of 

SDW containing Xav suspension 

adjusted to ca. 4.5 x 107cfu/ml-1. 

After 4-5 h the seeds were removed 

from the suspension and dried at 

room temperature. Five seeds were 

placed in a Petri-dish containing 

moistened filter papers. Seeds 

soaked in SDW were used as control. 

At different times after placing seeds 

in the petri-dishes (24, 48 and 72 h) 

seeds were collected at random and 

ground, from which serial dilutions 

were made to quantify the population 

of bacterial colonizing the seeds (cfu 

seed-1). The experiment was laid out 

with four replication and repeated 

three times. At 5, 7, and 9 days after 

inoculation, plants were withdrawn 

from the Petri dishes and were 

divided into: seed coat, cotyledons, 

hypocotyle, radicle, side roots, 

primar 

y root and the emerging leaves, each 

were ground and serial dilution was 

made to quantify the bacterial 

population colonizing the various 

parts of the emerging plant (25). 

RESULTS 

Table 1 shows the adhesion of Xav to 

seeds. After 2 h of inoculation, 
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cowpea had 100% adhesion, 

followed by millet (40 %), sorghum 

(20 %) and maize had no Xav 

adhesion. The Xav population was 

higher in cowpea, followed by millet 

and sorghum. At 4 h after 

inoculation all the seeds were 

attached by Xav. The highest 

adhesion was on cowpea (100%) 

followed by millet, sorghum and 

maize. There was however, statistical 

difference between Xav population 

on the seeds, (P<0.05). Table 2 

shows the result of colonization 

pattern of Xav on seedling. No Xav 

was detected on seed coat but at 5 

DAI only was Xav detected on the 

cotyledons. The population of Xav 

was higher (107) on radicle, side 

roots and primary roots while that of 

hypocotyle has (106). The population 

of Xav was lower on the primary root 

at 5 DAI, similar result was observed 

of Xav population at 7 DAI. The 

population of Xav was lower on 

hypocotle (106) followed by 

emerging leaves (103).  Figure 1 

shows the result of progressive 

colonization of seeds/seedling over 

time. The population of Xav was 

correspondingly increasing with the 

germinating cowpea seedling.  

Table 1: Adhesion of Xav to Seeds in 2011 Combine Analysis of three trials 

Treatment                                  2 h                                                        4 h 

  % 

adhesion 

Population(cfu/seed)   % 

adhesion 

Population(cfu/seed) 

Maize  0.00d 0.00d  40d 2.4x107a 

Cowpea  100a 2.4x104a  100a 2.2x107c 

Millet  40b 1.3x104b  70b 2.4x107a 

Sorghum  20.0c 0.75x104c  60c 2.3x107b 

Control  0.00d 0.00d  0.00e 0.00d 

S. E  0.65 0.05  0.84 0.07 

Means in a column followed by the same letter are not significantly different at 5 

% level of significance using Student-Newman-Keuls test. 
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Table 2: Colonization Pattern of Xav on Seed/Seedling (cfu/seed/seedling) in 

2011Ccombine Analysis of three trials 

DA

I 

See

d 

coat 

Cotyledon

s 

Radicle Hypocotyl

e 

Side 

roots 

Primary 

root 

Emergin

g leaves 

5 - 2.3x102 2.3x107

c 

1.4x106c 1.1x107

c 

2.6x107

c 

1.2x103c 

7 - - 2.5x107

b 

1.8x106b 1.4x107

b 

2.8x107

b 

1.3x103b 

9 - - 2.7x107

a 

1.9x106a 1.6x107

a 

3.2x107

a 

1.5x103a 

S. E   0.020 0.024 0.020 0.022 0.20 

Means in a column followed by the same letter are not significantly different at 5 

% level of significance using Student-Newman-Keuls test. 

DAI = Days after inoculation; - = not detect 
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Fig 1: Progressive Increase of x av Population on cowpea Seed/Seedling Over 

Time 
 

DISCUSION 

Bacterial adhesion is the initial step 

in colonization and biofilm 

formation and it begins with the 

attachment of free-floating bacteria 

to a surface through weak, reversible 

van der Waal’s forces (10). The 100 

% of infection on cowpea seeds at 2 

h after inoculation could be partly 

due to high imbibition of cowpea 

seeds that draw the bacteria to the 

seeds and tissue tropism (13, 22). 

Though bacteria attachment to 

surfaces appear to be nonspecific (4), 

particular bacteria pathogens are 

known to have an apparent 
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preference for certain tissues over 

other. For example, Salmonella 

mutan is abundant in dental plaque 

but does not occur on epithelial 

surfaces of the tongue; the reverse is 

true for Salmonella salivarius which 

is attached in high numbers to 

epithelial cells of the tongue but is 

absent in dental plague (22). The 

nonspecific adherence involves 

nonspecific attractive forces which 

allow approach of the bacterium to 

the eukaryotic cell surfaces. Possible 

interactions are (a) hydrophobic 

interactions (b) electrostatic 

attractions (c) Brownian movement 

and (d) recruitment and trapping by 

biofilm polymers interacting from 

fluctuating dipoles of similar 

frequencies (22). When the bacteria 

are not properly adhered or docked 

to the surface, it can easily slough, 

this explain why sorghum and maize 

seeds have little to no Xav 

attachment after 2 h inoculation (18, 

22). The non-reversible (dock) 

attachment of bacteria cells to 

surfaces depend on surface 

properties of plant tissue, time, 

nutrient and water availability (18). 

The nature of the surface influence 

the attachment of the pathogen to the 

surface while rough and fleshy 

surface attract adhesion, the stony 

and leathery surface was not suitable 

for attachment (14). The stony and 

leathery surface were more 

pronounced on sorghum and maize 

seeds. The surface properties of 

seeds used in this work vary 

considerably. After 4 h of 

inoculation, all the seeds had Xav 

attached to it. 

Individual bacterium coalesces by 

linking extra-cellar polysaccharides 

(EPS) on their cell walls. 

Polysaccharide chains exhibit 

chemical properties that make them 

polar and thus very “sticky”. This 

polarity is what leads to surface 

adhesions and cell cohesion and is 

one of the properties that make 

biofilms tough to remove (18). This 

result is in agreement with the report 

of Huber et al. (11) that many 

bacteria utilize sophisticated 

regulatory system to ensure that 

some functions are only expressed 

when a particular population density 

has been reached. The term “quorum 

sensing” has been coined to describe 

this form of density dependent gene. 

The little or no Xav. On seed coat 

and cotyledon of the germinating 

cowpea seedling might be of the 

available nutrients being used up by 

the germinating seedling making not 

much nutrient for the pathogen to 

feed on and multiply (2). Similarly, 

the corresponding increase in the 

population of bacteria cells with the 

germinating and growing cowpea 

seedling might be as a result of high 

nutrient exuding from the 
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germinating and growing seedling 

(2, 25).  

CONCLUSION 

Essentially, the work has 

demonstrated that bacteria may 

nonspecifically attached on any 

surface exposed to some amount of 

water and nutrients. Once bacteria 

are attached to surface, they carry 

out a variety of detrimental or 

beneficial reactions depending on the 

species and on the surrounding 

environmental conditions. Bacterial 

adhesion to surfaces is the initial step 

in colonization and it begins with the 

attachment of free-floating bacteria 

to a surface through weak, reversible 

van der Waal’s forces and sometimes 

strongly attached through biofilm 

formations. In addition, the study 

demonstrated ability of Xav to 

multiply as the seeds and seedling 

germinate and grow a strategy used 

by plant pathogenic bacteria to 

disseminate to the emerging plants. 

Bacteria need to be able to remain in, 

or in close contact to the seed, and to 

multiply there, before it can do harm 

to the germinating plant. The 

colonization of germinating seeds 

and seedlings represents a critical 

step in the establishment of bacterial 

disease; hence management 

strategies should aim at breaking the 

sequence of adhesion and 

colonization of the pathogen seeds 

and seedlings. 
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