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ABSTRACT 
 

Bacteria are carried in/on seeds by adhering to seed surfaces which precedes biofilm formation. Over the last two decades, there have 
been many studies showing the ability of bacteria to form biofilms on biotic and abiotic surfaces. However relatively few studies have 
been focused on the biofilm-forming ability of Xanthomonas axonopodis pv. vignicola (Xav) as a mechanism of transmission. Deciphering 
the mechanisms enabling plant-pathogenic bacteria to disperse, colonize, and survive on their hosts provides the necessary basis to set up 
new management approach. The study was conducted to determine biofilm formation as mechanisms of seed transmission of 
Xanthomonas axonopodis pv. vignicola. The study of biofilm formation were carried out by growing bacterial in  maize, millet, sorghum, 
cowpea extracts and extracts of cowpea  + 0.5 g glucose and nutrient glucose agar (NGA) in a 96 microlitre wells. The plates were stained 
with 1 % crystal violet (CV) solution in 33 % (V/V) acetic acid for approximately 20 minutes. Excess CV was washed with SDW. The 
bound CV were solubilized with 200 µl of 33 % acetic acid or acetone – ethanol and quantified spectrophotometrically using Well Reader 
(GF 3000 microplate Reader –Bran scientific and Instrument Company England). Specific Biofilm formations (SBF) was calculated using 
the formula: SBF = B –NC/BG, Where B is the amount of CV bound to the cells attached to the surface of the wells, NC is the negative 
control, and BG is the OD630  of bacterial growth. There was statistical difference between the biofilm formation induced by the different 
extracts and NGA. All the seeds extract induce biofilm formation and the level of biofilm formation varies with time and the nutrient status 
of the media or medium. While NGA and cowpea extracts favour bacterial growth, other extracts (maize, millet and sorghum) favor 
biofilm formation. Biofilm are common in nature, as bacteria commonly have mechanisms in which they can adhere to surfaces and to 
each other.  
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INTRODUCTION  
 

Biofilm are common in nature, as bacteria 
commonly have mechanisms in which they can 
adhere to surfaces and to each other. It is very 
important to note that biofilms are simply a survival 
mechanism of bacteria cells [18] individual 
bacterium comes together as a whole in order to 
become stronger.  As the cliché goes, there is 
strength in numbers, with bacteria being no 
exceptions. Observation of bacteria associated with 
plants increasingly reveals biofilm-type structures 
that vary from small clusters of cells to extensive 
biofilm. The surface properties of plant tissue, 
nutrient and water availability, and the proclivities of 

the colonizing bacteria strongly influence the 
resulting biofilm structure [23]. Biofilm development 
and the resulting intimate interactions with plants 
often require cell-cell communication between 
colonizing bacteria called “quorum sensing”. Most 
bacteria probably communicate using secreted 
chemical molecules to coordinate the behavior of the 
groups. Gran-negative bacteria use quorum sensing 
communication circuits to regulate a diverse array of 
physiological activities such as symbiosis, virulence, 
competence, conjugation, antibiotic production, 
mobility, sporulation and biofilm formation. In 
general, Gram-negative bacteria use acylated 
homoserine lactose as autoinducers or to 
communicate, and Gran-positive bacteria use 
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processed oligopeptides to communicate [18].  
Although the nature of chemical signals, the signal 
relay mechanisms, and the target genes controlled by 
bacterial quorum sensing systems differ, in every 
case the ability to communicate with one another 
allows bacteria to coordinate the gene expression, 
and therefore the behavior of the entire community. 
Presumably, this process bestows upon bacteria some 
of the qualities of higher organisms [18]. Adhesins 
are cell surface components or appendages of 
bacteria that facilitate bacterial adhesion or 
adherence to other cells or to inanimate surfaces. 
Sequenced genomes of phytopathogenic 
Xanthomonads contain many genes coding surface 
adhesion structures, and comparative genomic 
studies suggested that they may play key roles in 
pathogenecity of strains on plants [16,8]. Adhesion is 
an essential step in bacterial pathogenesis or 
infection required for colonizing a new host [5]. The 
bacterial surface structures important  for adhesion 
cover a broad group of fimbrial and non fimbrial 
structures commonly known as adhesins [3,15]. 
Essentially, biofilm may form on any surface 
exposed to bacteria and some amount of water. Once 
anchored to surface, biofilm micro-organisms carry 
out a variety of detrimental or beneficial reactions 
depending on the species and on the surrounding 
environmental conditions [6]. The diversity of 
bacteria host interactions is remarkable. This 
interaction ranges from mutualistic/symbiotic 
relationships that benefit both parties to explosive 
infection in which the pathogens rapidly kill the host 
[11]. Chronic infection lies somewhere between 
these two extremes. Increasing evidence suggests 
that biofilm mode of growth may play a key role in 
both of these adaptations [22]. Biofilm are common 
in nature, as bacteria commonly have mechanisms in 
which they can adhere to surfaces and to each other. 
The mechanism for adherence may involve two 
steps: (i). Nonspecific adherence: reversible 
attachment of the bacterium to the eucaryotic surface 
(sometimes called “docking”). Nonspecific 
adherence involves nonspecific attractive forces 
which allow approach of the bacterium to the 
eukaryotic cell surface. Possible interactions and 
forces involved are: hydrophobic interactions, 
electrostatic attractions, atomic and molecular 
vibrations resulting from fluctuating dipoles of 
similar frequencies, Brownian movement and 
recruitment and trapping by biofilm polymers 
interacting with the bacterial glycocalyx (capsule) 
[25]. 

(ii). Specific adherence: Reversible permanent 
attachment of the microorganism to the surface 
sometimes called “anchoring”. Specific adherence 
involves permanent formation of many specific lock-
and-key bonds between complementary molecules on 
each cell surface. Complementary receptor and 
adhesin molecules must be accessible and arranged 
in such a way that many bonds form over the area of 

contact between the two cells. Once the bonds are 
formed, attachment under physiological conditions 
becomes virtually irreversible. Specific adherence 
involves complementary chemical interactions 
between the host cell or tissue surface and the 
bacterial surface. In the language of medical 
microbiologist, a bacterial "adhesin" attaches 
covalently to a host "receptor" so that the bacterium 
"docks" itself on the host surface. The adhesins of 
bacterial cells are chemical components of capsules, 
cell walls, pili or fimbriae. The host receptors are 
usually glycoprotein located on the cell membrane or 
tissue surface [25]. Observation of bacteria 
associated with plants increasingly reveals biofilm-
type structures that vary from small clusters of cells 
to extensive biofilm. Aggregation followed by 
biofilm formation is a strategy used by pathogenic 
bacteria during colonization of plants phyllosphere 
for its protection from stresses and maintenance of 
inoculum reservoirs [14,7]. 

Most of the bacteria that cause us problems are 
sessile – attached to a surface and they live in 
biofilm. Most researchers study extensively on 
planktonic cells (Free moving cell), while the actual 
problems involve biofilm bacteria. So new strategies 
based on a better understanding of how bacteria 
attach, develop biofilms and detach (spread) are 
urgently needed so as to develop affective control 
strategies [4]. In view of the forgoing, the current 
study aims at investigating the biofilm forming 
ability of Xanthomonas axonopodis pv. vignicola as 
seed transmission mechanism .  

 
Materials and Methods 

 
One hundred seeds each of Ife brown, millet, 

sorghum and maize were surface disinfected in 3 % 
sodium hypochloride. These were put in a 250 ml 
flask containing 100 ml SDW and incubated for 20 h. 
[1]. The resulting extracts were filtered under sterile 
conditions. X. axonopodis pv. Vignicola were grown 
on NGA until a log phase [10]. Bacterial suspension 
adjusted to ca. 4.5 x 107 cfu/ml was suspended in 
each of the extracts and Ife brown exudates + 0.5 g 
glucose. Biofilm formations were determined using 
96 – well microtiter plates filled with 200 µl bacterial 
suspension/ well. The control plates were their 
corresponding extract without inoculation. The plates 
were incubated at 27 0C without shaking for 72 h. 
After which the planktonic cells were removed by 
rinsing the well with SDW five times and the cells 
biomass attached to the surface of the well were 
washed with physiologic solution and allowed to dry 
overnight at 25 0C. The plates were stained with 1 % 
crystal violet (CV) solution in 33 % (V/V) acetic acid 
for approximately 20 minutes. Excess CV was 
washed with SDW. The bound CV were solubilized 
with 200 µl of 33 % acetic acid or acetone – ethanol 
and quantified spectrophotometrically using Well 
Reader (GF 3000 microplate Reader –Bran scientific 
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and Instrument Company England). Specific Biofilm 
formations (SBF) was calculated using the formula: 
SBF = B –NC/BG, Where B is the amount of CV 
bound to the cells attached to the surface of the wells, 
NC is the negative control, and BG is the OD630  of 
bacterial growth [21]. 

 
Relationship between Time and Biofilm Formation of 
the Different Cereals Extracts: 

Media that were used for this investigation were: 
Nutrient glucose Agar (NGA), Ife brown seed 
extract, Ife brown seed extract plus 0.5 g glucose, 
maize extract, sorghum extract, and SAMPEA-7 
extract. Nutrient glucose Agar was prepared as 
follows: glucose 1 g, yeast extracts 0.5 g and peptone 
1 g /L. Seeds extracts were prepared as described 
previously. Bacteria suspension adjusted to ca 4.5 x 
107cfu/ml was suspended in each of the media while 
their corresponding extracts without inoculation were 

used as control. Biofilm formations were determined 
using 96 well microtiter plates as described 
previously at 72 h, 96 h and 120 h. Result obtained 
were subjected to statistical analysis using analysis of 
variance ANOVA and means separated by Least 
Significant Difference (LSD). 

 
Result: 

Figure 1 shows the result of biofilm formation 
induced by seed extracts. Ife brown extract + 0.5 g 
glucose induced the highest biofilm formation 
followed by millet extract, followed by sorghum 
extract, and maize extract. Biofilm formation 
induced by nutrient agar and two cow pea varieties 
were not statistically different (P<0.05). The biofilm 
formation did not significantly increase with time 
except Ife brown extract + 0.5 g glucose where 
biofilm formed at 96 h was higher than that formed 
72 h but did not increase at 120 h. 

 

 
 
Fig. 1: Biofiilm Formation after 72 hours 
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Fig. 2: Relationship between time and Biofilm Formation of the Different Cereals Extracts 
 
Discusion: 

Biofilm forms when bacteria adhere to surfaces 
in aqueous environments and begin to excrete a 
slimy, glue-like substance called Extracellular poly 
saccharide substance (EPS) that can anchor them to 
all kinds of materials. Individual bacteria coalesce by 
linking extracellular polysaccharides on their cell 
walls. Polysaccharide chains exhibit chemical 
properties that make them polar and thus very 
“sticky” This polarity is what leads to surface 
adhesion and cell cohesion [23]. It clear that 
medium/media that are rich in Carbon (C) support 

the production of EPS than the medium/media rich in 
Nitrogen (N) as observed in the work. Individual 
bacterium coalesces by linking extracellular 
polysaccharides 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 [23]. This result is in agreement with the 
report of Huber et al. [13] that many bacteria utilize 
sophiscated regulatory system to ensure that some 
functions are only expressed when a particular 
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population density has been reached. The term 
“quorum sensing” has been coined to describe this 
form of density dependant gene. It is a well known 
that –bacteria interactions are the result of a complex 
exchange of chemical compounds between plant and 
microorganisms [26]. From the work Ife-brown 
extract plus 0.5 g glucose produced highest biofilm, 
and this shows that bacteria growth/biofilm 
formation is dependent on external source of carbon 
and nitrogen provided the host plant or the 
surrounding environment [2]. Biofilm formation is 
part of mechanism for bacterial colonization [8,20]. 
Colonization has been claimed to be intimately 
related to biofilm formation and this phenomenon 
constitute a strategy for bacteria to survive 
desiccation or other environmental stresses and 
actively participate in defense mechanisms involved 
in pathogenic attacks by other microorganisms.  

The biofilm formation did not significantly 
increase with time except Ife brown extract + 0.5 g 
glucose where biofilm formed at 96 h was higher 
than that formed 72 h but did not increase at 120 h 
(fig.2). The rate at which the biofilm grows beyond 
the initial attachments is influenced by both the type 
and amount of cells that are present at any one time, 
the flow rate of water, temperature, surface 
characteristics, and the amount of nutrient within the 
aqueous medium [23,19]. Observation of bacteria 
associated with plants increasingly reveals biofilm-
type structures that vary from small clusters of cells 
to extensive biofilm. The five stages of biofilm 
development are:initial attachment (planktonic cell 
attachment), irreversible attachment, maturation I, 
maturation II and dispersal which are dependent on 
available nutrient and time. Biofilms have been 
found to be involved over 80 % of all infections [24]. 

 The surface properties of plant tissue, nutrient 
and water availability, and the proclivities of the 
colonizing bacteria strongly influence the resulting 
biofilm structure [23]. Once anchored to surface, 
biofilm micro-organisms carry out a variety of 
detrimental or beneficial reactions depending on the 
species and on the surrounding environmental 
conditions [17,6].  
 
Conclusion: 

 
Biofilm can be thought of as “bacterial cities or 

home”. It is very important to note that biofilms are 
simply a survival mechanism of bacteria cells. 
Adhesion to host tissue is essential for successful 
infection by many microbial pathogens. The study of 
adhesion of bacterial to seed surfaces demonstrated 
that the different seeds types influences adhesion by 
the phytopathogenic bacteria. While it took 2 h for 
all seeds of cowpea to be attached by Xav, it took 
some seeds like maize and millet 4 h to have about 
40-60 % adhesion by the Xav. All the seeds extract 
induce biofilm formation and the level of biofilm 
formation varies with time and the nutrient status of 

the media or medium. The study demonstrated the 
adhesion capacity of Xav. to seed and formation of 
biofilm. The bacterial surface structures important 
for adhesion cover a broad group of fimbrial and non 
fimbrial structures commonly known as adhesins. 
Aggregation followed by biofilm formation is a 
strategy used by pathogenic bacteria during 
colonization of plants phyllosphere for its protection 
from stresses and maintenance of inoculum 
reservoirs. 
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