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ABSTRACT           

Soil samples obtained from sugar cane plantation were investigated for their microbiological and 

physicochemical status. The group of microorganisms isolated and identified were bacteria, fungi and 

actinomycetes. The bacteria were Bacillus brevis, B. cereus, B.circulans, B.megaterium, B.subtilis, 

Clostridium butrychum, Corynebacterium ovis, Microcuccus luteus, Pseudomonas aeruginosa, Serratia 

marcenscens, while Aerobacter aerogenes, B.polymyxa, Cellulomonas sp. and Staphylococcus aureus 

were isolated from non-sugar cane soils. Actinomycetes reticuli was the only actinomycetes isolated. The 

fungal isolates included Aspergillus flavus, A.  fumigatus, A.niger, A.repens, A.tamarri, Botrytis cinerea, 

Cephalosporium sp., Fusarium moniliforme, F.poae, Mucor circinelloides, M.racemosus, Neurospora 

sitophila, Penicillium expansum, P.italicum, Rhizopus stolonifer, Vericosporium elodea and Candida 

utilis (yeast). The highest bacterial counts of 62x105cfu/g occurred in plot A, while plot B recorded the 

highest fungal counts of 46x106sfu/g. The least bacterial and fungal count of 3.05x105cfu/g and 

2.20x106sfu/g respectively occurred in uncultivated soils (control). Plots A and C recorded actinomycetes 

counts of 10x104cfu/g and 14x104cfu/g respectively. The soils are predominantly fine sand in sugar cane 

soils and fine sticky to granular in control. The soil colours were light black to whitish black, while its 

consistence varied from wet, non-sticky to non-plastic in nature. The pH ranged from 5.44±0.1 to 6.52±5, 

moisture content (10.72±0.1 to 66±1.1%), organic matter (15.10±0.5 to 21.50±0.7%), oxidizable organic 

matter (0.51±0.0 to 0.92±0.0%) and ash content (12.60±0.2 to 19.97±0.2%). The soils mineral content 

were N, which varied from 1.86±0.05 to 8.40±0.03cmol/kg, P(5.91±0.01 to 12.20±0.25cmol/kg), 

K+(0.13±0.0 to 0.66±0.1cmol/kg), Na+(0.11±0.01 to 0.26±0.01 cmol/kg ), Ca2+(1.04±0.01 to 

3.42±0.01cmol/kg), and Mg2+(0.67±0.01 to 2.2±0.11 cmol/kg). The sugar cane cultivated soils had better 

quality characteristics than the uncultivated soils and some of the microbial isolates are potential 

biocontrol agents. 
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INTRODUCTION 

Soil is a complex mixture of organic and 

inorganic materials. These mixtures are no 

doubt the products of physical, chemical and 

microbial actions. Soil is essentially a 

suitable medium for the growth and 

development of the primary producer-plants. 

Hence, soils are crucial to life on earth. To a 

great extent, soil quality determines the 

nature of the plant ecosystems, and capacity 

of land to support animal life and society 

(Brady and Weild, 1999). Man’s dependent 

on soil is not a subject of controversy, even 

as they derive potent medicines including 

anticancer drugs from nature and cultivated 

plants and soil microorganisms. 

Soils are natural and ecological habitat for 

quite array of microorganisms including 

bacteria, fungi, actinomycetes, protozoa and 

viruses. The knowledge of soil would be an 

impetus to successful agriculture. In view of 

this, a more comprehensive approach to 

understanding the soil body and its 

productive capacity should embrace the soil 

physical and chemical properties and its 

classification (Edosomwan and Abhulimen, 

2000). 

Sugar cane (Saccharium officinarum) plant 

is thought to have originated in New Guinea 

for thousands of years and spread along 

human migration routes to Asia and Indian 

subcontinent (Hattersley, 1986). This 

tropical hardy crop has been adapted to 

grow in high rainforest areas and in desert 

conditions in which it is entirely dependent 

on irrigation (Irvine, 1981). However, plant 

biotechnology had lead to the development 

of sugar cane with specific beneficial traits 

such as weed control, insect protection, 

higher yield and improved health benefits to 

consumers, help growers meet consumer 

demand for health and great tasting foods 

(Smith, 1993). The greatest features of sugar 

cane lies in its extraordinary capacity to 

grow which is attributed to its high 

photosynthetic efficiency (Hattersley, 1986) 

compared to other crops. Its cultivation is 

highly compatible with the environment and 

soil conservation. More importantly, sugar 

cane remains the main source of sugar 

(Busari, 2004). 

The susceptibility of sugar cane to 

microorganisms has been documented 

(Irvine, 1981). Also, the differential of soil 

microorganisms as beneficial or harmful 

according to their functions and how they 

affect soil quality, plant growth and yield 

and plant health have been reported (Braidy 

and Weild, 1999). 

Presently, Nigeria depends on imported 

sugar for both her domestic and industrial 

demand. In addition, the cultivation of sugar 

cane in Nigeria and by extension other West 

Africa countries are the pre occupation of 

peasant farmers. Most of their harvests are 

directly consumed by the people. The sugar 

factories have been subjugated to mere 

warehouses and at best packaging industries. 

Therefore, to revolutionize the sugar cane 

industries in Nigeria, a concerted policy 

through research that encompass the 

understanding of the microbiological and 

physicochemical status of the soils on which 
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the plant grows cannot be underscored thus, 

forming the basis of this research. 

 

MATERIALS AND METHODS 

Source of samples: 
Soil samples were obtained from sugar cane 

plantation of the Owena Farm, 

Owena,,Ondo State, Nigeria. The adjacent 

uncultivated soils served as control. 

 

Collection of samples:  
Samples were collected from cleared soil 

surface into sterile polythene bags with soil 

augar at the depth of 15cm (Oso and 

Fawole, 2001; Ekundayo, 2004). 

 

Isolation, enumeration and identification 

of microorganisms:  

The isolation of the associated 

microorganisms was carried out by standard 

microbiological techniques. Ten-grams of 

the samples were thoroughly mixed with 

90ml of sterile distilled water. The mixtures 

were serially diluted and 0.1ml of 10-5 and 

10-3 dilutions was used for bacterial and 

fungal isolation respectively. Discrete 

colonies that developed were counted and 

recorded as colony forming unit per gram 

(cfu/g) and spore forming unit per gram 

(sfu/g) of soil for bateria and fungi. Pure 

cultures obtained through subculturing were 

characterized and identified according to 

Barnett and Hunter (1972) and Onions et al. 

(1995). 

 

Physicochemical characteristics of soil 

samples: 

Physical characteristics: The colour of the 

soil samples was determined by standard 

method using Munsel colour chart. Soil 

texture was determined by feel method 

which involve rubbing of the moist soil 

sample between the tummber and 

forefingers (insets) and squeezed out to 

make a ribbon (Braidy and Weild, 1999). 

Consistence determined by feeling and 

manipulating the soil by hand according to 

Amusan and Ashaye (1989). 

 

Chemical characteristics: The soil samples 

collected were air dried, crushed gently and 

sieve with 2mm sieve before used for 

analysis. Soil pH was measured in a 1:4; 

soil:water ratio with a glass rod electrode 

Jenway Model 3015 pH meter (Arotupin and 

Akinyosoye, 2008). Soil organic matter 

carbon was determined by the dichromate 

titration method of Walkley and Black 

(1934) and nitrogen content measured by 

macrokjeldahl digestion method (Black, 

1965). Available phosphorous was 

determined by the Bray No 1 extraction 

method (Bray and Kurtz, 1945). Atomic 

absorption spectrophotometry method was 

used to measure the calcium and magnesium 

content in the extract, while sodium and 

potassium were determined by flame 

photometry method. The effective cation 

exchange capacity (ECEC) was determined 

by the summation method. 
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RESULTS 

The mean bacterial population density/count 

in all the experimental plots ranged from 

3.05x105cfu/g in the control (uncultivated 

plot/ soil) to 62x105cfu/g in the sugar cane 

cultivated soils (Table 1). Also the fungal 

population density/counts ranged from  

2.20x106sfu/g in the control soils to 

46x106sfu/g in the cultivated soils. The 

control soils recorded the least microbial 

population compared with the cultivated 

soils, while actinomycetes were found in 

plots A and C with population density of 

10x104cfu/g and 14x104cfu/g respectively 

(Table 1).  

For frequency of occurrence the sum of 

fifteen bacteria, seventeen fungi and yeast 

were isolated. Plot A had the highest array 

of bacteria followed by plot B, then plot C 

and plot D, while control had the least array 

of bacteria. Similar pattern of array of fungi 

were observed. However, fungi were more 

than bacteria in the sample soils (Table 2). 

The colour of the soils ranged from 

yellowish brown in control (uncultivated 

soil), through light black to whitish black in 

sugar cane cultivated soils (Table 3). The 

soil texture varied from granular (control) to 

fine sand in cultivated soils. The soil 

consistence varied from wet, non-sticky to 

non-plastic. 

The pH of the soils ranged from 5.44±0.1 to 

6.52±0.5, while the moisture content are 

within the range of 10.71±0.1 to 66±1.1% 

(Table 3). The organic matter content 

(14.50±0.5 to 21.50±0.7%), oxidizable 

organic matter content (0.51±0.02 to 

0.92±0.01%) and ash content (12.60±0.2 to 

19.97±0.2%). 

The highest nitrogen and phosphorous 

content of 8.10±0.1cmol/kg and 

12.20±0.25cmol/kg respectively were 

observed in plot A of cultivated soils, while 

the least of 1.86±0.05cmol/kg and 

5.91±0.01cmol/kg were observed in 

uncultivated soils (control). The potassium 

and sodium content of the soils ranged from 

0.13±0.01 to 0.66±0.1cmol/kg and 

0.11±0.01 to 0.26±0.01cmol/kg. The 

exchangeable divalent cation ranged from 

1.040.0.01± to 3.42±0.01cmol/kg for Ca2+ 

and 0.67±0.01 to 2.20±0.11cmol/kg for Mg2+ 

(Table 4). The total exchangeable bases 

(TEB) of the soils ranged from 2.07±0.02 to 

5.99±0.06cmol/kg, while total exchangeable 

acidity (TEA) ranged from 2.00±0.00 to 

6.00±0.18cmol/kg 

 

DISCUSSION 

The high microbial population density 

recorded in the sugar cane cultivated soils 

relative to the uncultivated soils may be 

connected to the rich nutritional status of the 

soil. Arotupin and Akinyosoye (2006) 

documented adequate nutritional status of 

the soils which are available and accessible 

to the microorganisms. Generally, 

microorganisms are carbon-source limited, 
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  Table 1: Microbial population of sugar cane soils 

 
 Sample plot       Bacteria (cfu/g)      Fungi (sfu/g)         Actinomycetes (cfu/g)   

 Control                3.05x105               2.20x106                           ND                   

 A                         62x105                  40                                     10x104               

 B                         41                          46                                     ND                    

 C                         48                          32                                     14                            

 D                         25                          20                                     ND 

 Key: cfu= colony forming unit, sfu= spore forming unit, control= uncultivated soil, 

         ND= not detected 

 

carbon reached soils tend to support the 

proliferation of microorganisms as a 

prelude to high microbial population. This 

is in agreement with the reports of 

Wainwright and Pugh (1974) and 

Wokoma et al. (2006) who separately 

reported the presence of a rich carbon 

source in the organic fertilizers as being 

responsible for the proliferation of post 

process fungal contaminants. In addition, 

the mulch nature created by the fall-off 

leaves of the sugar cane plant which are 

decomposed by microorganisms may also 

account for the high microbial population 

in sugar cane soils. Soil aggregate sizes 

classes as affected by cultivation reported 

by Gupta and Germida (1988) and Hattori 

(1988) could also be adduced for the 

observed microbial population. Also, 

adequate physicochemical properties of 

the soil cum nutritional versatility of 

bacteria (Arotupin and Akinyosoye, 2006) 

could be the reason for the higher bacterial 

count than fungal count. The array of 

occurrence of the microorganisms may not 

be unconnected with the nature of the 

resident microflora. However, the more of 

microorganisms in the sugar cane 

cultivated soils may attest to the 

stimulatory role of the sugar cane plant. 

The preponderance of Bacillus spp in plots 

D, B, C, A and control (65.21%, 60.60%, 

42.50%, 42.31% and 33.33%) showed 

their adaptability to the soil environment. 

These array of bacteria with exception of 

Staphylococcus aureus and Candida utilis 

are indigenous soil microflora. These 

Bacillus spp and others have been isolated 

from tropical soils (Ijah, 1998). 

Aspergillus spp, Fusarium spp, Mucor spp, 

Penicillium spp were the dominantly 

occurring fungi in the cultivated soils. 

These fungi, in addition to Alternaria and 

Rhizopus spp have been found in the soil 

with varied relative abundance (Wokoma 

et at., 2006). The ubiquitous of members 

of the Moniliales- Aspergillus, Botrytis, 

Geotrichum, Penicillum and Rhizopus 
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Table 2: Percentage frequency of occurrence of microbial isolates from sugar cane soils  
 

 

Microbial isolates                  Frequency of occurrence of microorganisms in soil plots  

                                                Control             A             B              C                    D            

Bacteria                                                                                                                             

Aerobacter aerogenes                 13.33             7.67         0              5.00          8.70 

Actinomyces reticuli                       0                5.77         0              15.00             0 

Bacillus brevis                               0              11.54     12.12          10.00        13.04 

B. cereus                                   13.33            7.69       9.09            5.00          13.04  

B. circulans                                   0               7.69      12.12             0              0               

B. megterium                                 0                 0         6.06            7.50            8.70                  

B. polymyxa                               20.00              0          6.06           5.00         13.04           

B. subtilis                                      0             15.39      15.15         15.00         17.39                  

Cellulomonas sp                        13.33           5.77          0            10.00            0       

Clostridium butrychum               6.67           5.77        6.06             0               0          

Corynebacterium ovis                   0             9.62        3.03             0               4.35      

Micrococcus luteus                       0             5.77        6.06         10.00              0 

Pseudomonas aeruginosa         20.00          9.62      12.12         12.50          17.39 

Serratia marcenscens                    0             5.77        6.06           5.00            4.35  

Staphylococcus aureus              3.33            3.85        6.06             0                0 

Fungi 

Aspergillus flavus                     20.00           8.25      14.63         16.67          14.29 

A. fumigatus                              15.00           5.16        4.88          5.00           11.43   

A. niger                                     20.00           2.27      19.51         13.33          17.14 

A. repens                                   10.00           4.12        4.88          5.00              0         

A. tamari                                      0              4.12           0            3.33               0  

Botrytis cinerea                            0              6.19        7.32           6.67            5.71 

Cephallosporium sp                     0              4.12           0             5.00             0 

Fusarium moniliforme                 0               8.25        4.88         10.00           5.71 

F. poae                                         0              2.06        4.88           3.33            5.71 

Mucor circinelloides                    0              4.12        2.44             0                 0      

M. racemosus                               0              2.06         2.44             0                0   

Neurospora sitophilia                  0              7.22         7.32          7.67            5.71 

Penicillium expansum                 0               4.12         4.88          6.67            5.71 

P. italicum                                 20.00            6.19         2.44        3.33            2.86 

Rhizopus stolonifer                    15.00            5.16         4.88        5.00            5.71 

Trichoderma longibranchiatum   0               4.12         4.88          3.33            2.86 

Varicosporium elodea                  0               2.06           0               0               5.71 

Candida utilis                               0              10.31        9.76         10.00          11.43   
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Table 3: Physicochemical characteristics of sugar cane soils 

Sample plot       CL                    TX            CT              pH               MC                OM           OOC              AC       

Control        yellowish brown   granular      m,s        6.52d±0.5    10.72a±0.01  19.24b±0.0    .51a±0.02   19.97e±0.2  

 A                light black             fine sand   w,ns,np   5.65c±0.1    63.10c±0.6   15.10a±0.5    .82c±0.01    13.40b±0.1 

 B               whitish black          fine sand   w,ns       5.44a±0.1   50.00b±1.0   14.50a±0.5    .71b±0.02    12.60a±0.2 

 C               light black              fine sand    w,ns       5.58b±0.0   66.00d±1.1    21.50c±0.7    .86c±0.02   14.80c±0.2 

 D               whitish black         fine sand     w, ns      5.45ab±0.0   62.00c±1.1   18.60b±0.2   92d±0.01   15.20d±0.2 

Each value is a mean of triplicate readings. Row values with different superscripts are significantly different 

(P<0.05). 

 

 

Table 4: Mineral content of sugar cane soils     

  Sample plot                                    Mineral content (cmol/kg)  

                     N                 P                     K+             Na+             Ca2+                Mg2+             TEB                TEA               ECEC            PBS(%) 

 Control  1.86a±0.1    5.91a±0.01    .13 a±0.0   .11a±0.0   1.04a±0.01    .79 b±0.05     2.07 a±0.02    2.60 b±0.05     4.67 a±0.0   44.33 a±0.10 

 A          8.10d±0.1 12.20d±0.25    .66 d±0.1   .16d±0.1   2.86c±0.01    .67 a±0.01      4.35 b±0.15    2.40 b±0.05      6.7b±0.01   64.44 d±0.01 

 B         7.60c±0.1    6.24 a±0.03   .52 b±0.2   .20b±0.0   3.42e±0.01   1.82c±0.01    5.96 d±0.05    5.10 c±0.01    11.06 c±0.03  53.89 c±0.0 2  

 C         8.40e±0.0    7.81c±0.05   .55a±0.0    .26b±0.0   1.86 b±0.06   2.20 e±0.11    4.87 c±0.11    2.00 a±0.0     6.87 b±0.08     70.89 e±0.45 

 D         6.80b±0.1    6.10ab±0.01   .62c±0.0    .19c±0.0   3.22 d±0.01    1.96a±0.01     5.99 d±0.06     6.00 d±0.18   11.99 d±0.05  49.96 b±0.16 

  Each value is a mean of triplicate readings. Row values with different superscripts are significantly different 

(P<0.05). 

 

 

 

in the soil have been documented (Eboh and 

Okoh, 2008). Ekundayo (2004) confirmed 

the dominance and frequently occurring 

nature of these fungal species in soils. Some 

of these microorganisms such as Aerobacter 

aerogenes, Bacillus cereus, Cellulomonas 

sp, Clostridium butrychum, Micrococcus 

luteus, Pseudomonas aeruginosa, 

Aspergillus spp, Botrytis, Geotrichum, 

Alternaria, Rhizopus (Wokoma et al., 2006) 

Mucor, Neurospora were common 

saprophytes and opportunistic pathogens 

inhabiting the soils.  

However, the presence of antagonistic 

microorganisms that produced copious 

amount of metabolites like antibiotics such 

as Actinomyces, Bacillus megaterium, B. 

polymyxa, B. subtilis, and the genera of 

Penicillium, Trichoderma and Aspergillus 

may tend to keep in check the population of 
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the soil borne plant pathogens. Bacillus 

brevis, B. megaterium, B. polymyxa, B. 

subtilis and Candida utilis are capable of 

performing some useful kinds of 

fermentation that lead to the break down of 

complex organic molecules and inorganic 

materials. Therefore, on the basis of the 

microorganisms associated with the sugar 

cane cultivated soils, the soils may be 

classified as disease induced soil, disease 

suppressive soil and zymogenic soils. 

The colour range has been attributed to 

water loggings which tend to impart the 

colour to the soil (Isaka et al., 1996). Brady 

and Weild (1999) reported yellow 

colouration of soil to be due to presence of 

oxides of iron. They similarly reported the 

presence of magnematite, maganesse oxides 

and carbonates as being responsible for 

brown, black and whitish colour of the soil. 

The observed soil texture tends to reflect the 

characteristics of parental materials/rock 

(Eyoung et al., 2008). The consistency of 

the sampled soils is a product of the 

combination of the physical, chemical and 

microbial content of the soil. 

The soil reaction is moderately acidic in the 

cultivated soils and slightly acidic in 

cultivated soils according to Esu (1991). The 

nature of the soils cum occasional washing 

away of the exchangeable bases down soils 

had been reported for this soil condition 

(Isaka et al., 1996; Adekayode, 2001; 

Arotupin and Akinyosoye, 2008). Also, the 

continuous uptake of the cations from soil 

by the actively growing plants (Usman and 

Shall, 2003) could be responsible for the 

state of the soil. The vegetational cover of 

the soils may be accounted for pH values 

observed in both non cultivated and 

cultivated soils. In addition, the increase in 

pH may be due to increased degradative 

activity of microorganisms in the soil 

leading to the production of acidic 

metabolites which accumulates in the soil. 

The fairly moderately high moisture content 

might have resulted from occasional 

irrigation of the sugar cane plantation 

compared to low moisture content in the 

control soil. 

The level of organic matter of the soil was 

very high which contrast the reports of 

Owonibi et al.(1992) and Usman and 

Shall(2003). They reported low level of 

organic matter as a result of its rapid 

mineralization in tropical climates. 

However, the high organic matter may not 

be unconnected with the continuous fall off 

of leaves and sheath of sugar cane (Arotupin 

and Akinyosoye, 2008). The argumentations 

of the soils with both manure and inorganic 

fertilizers tend to justify the high ash content 

in the cultivated soil while, low uptake of 

essential mineral elements explains the level 

of ash content in uncultivated soils. The 

application of manure and fertilizers in the 

cultivated soils corroborate the trend of the 

ash content (Arotupin and Akinyosoye, 

2008) which improve the soil fertility. 

The high total nitrogen content was similar 

to the reports of Ijah and Abioye (2003) 

which stem from high organic matter. The 

relatively high P content of sugar cane soils 

The revealed high exchangeable K+ content 

of the cultivated soils compared with 

uncultivated soils contrast the reports of 

Jones (1973) and Usman and Shall (2003) 

while working on African savannah soils 

and fadama soils. However, the nature of 

soils, vegetation covers as well as the types 

of crops grown and farm practices could be 
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responsible for the differences. Mustapha et 

al.(2003) reported that sialic rocks such as 

granite and in soils formed from them and 

other K bearing minerals when weathered 

could lead to the release of K. The non-

soluvation phenomenon could account for 

the low ECK content (Mustapha et al., 

2003). The low to medium sodium content 

of the soils was in consonance with the 

results of Isaka et al. (1996) and Usman and 

Shall (2003). The high rainfall in most 

months of the year (Arotupin and 

Akinyosoye, 2008) dissolving sodium 

content, high solubility and replaceability of 

sodium in acid soils (Wild, 1988) attested to 

the level of sodium. The low to moderate 

exchangeable calcium content (Esu, 1991) 

agreed with the findings of Usman and Shall 

(2003). They reported inherent calcium 

content of the soil as being responsible. The 

medium to high exchangeable magnesium 

content which contrast the observation of 

Usman and Shall (2003) could be due to the 

non leaching of the catoins.  

However, the ECEC of the soils are 

generally very low relative to other brown 

soils that have ECEC up to 30cmol/kg 

(Jones and Wild, 1975). Usman and Shall 

(2003) reported that this situation could be 

rectified by the addition of organic matter. 

The percentage base saturation (PBS) was 

fairly high, an indication that the cation 

exchange sites are not completely saturated 

with basic cations. This findings is in 

agreement with Usman and Shall (2003). 

They asserted that the basic cations could 

have been lost through erosion, leaching 

and/or uptake by the growing crops. Also, 

the low level of ECEC in association with 

moderate pH values could account for low 

PBS recorded (Wild, 1988). As a matter of 

fact, PBS is a clear indicator of the base 

status of the soil. 
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