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Microbial population, and biomass as well as hydrolytic enzymes of soil that are responsible for biodegradation of 
various structural complexes of plant litters and dead organic compounds from Ondo State Aforestation project at 
Lisagbede (Oluwa forest reserve) were studied. Soil fungi and bacteria were isolated and identified from two sources 
namely Gmelina aborea plantation (planted for over 15 years) and an adjacent natural forest at different depth levels 
(0 - 10, 10 - 20 and 20 - 30 cm) by weighing 1.0 g of soil into 9.0 ml of sterilized water, shaken and diluted 1 in 1000, 
0.5 ml each of this was poured onto separate sterilized Petri dish and overlaid with potato dextrose agar and nutrient 
agar, allowed to incubate at 27 and 32

o
C for five and one day respectively. The results of the study revealed that all 

the parameters showed slight increase in natural forest soil as compared to the G. aborea plantation soil. 
Substantive differences were obtained in soil microbial biomass for each sampling depth in the natural forest 
compared to the G. aborea plantation. While there were no much differences in the soil physicochemical properties 
of the forest and plantation. Bacteria and fungi isolates of the two locations and their enzymes activities were similar. 
Two fungi Aspegillus niger and Penicillium italicum isolated from the two locations produced hydrolytic enzyme 
activities of cellulase, -amylase, - amylase and protease which are degrading enzymes. 
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INTRODUCTION 

 
Forest reserves are areas where no activities are taking 
place. Human intervention are excluded in order to 
guarantee that these ecosystems develop (Bachamn et 
al., 2002). The main interest in creating forest reserves 
has always been to develop strategies of nature oriented 
silviculture. Moreover, the forest reserves offer the 
possibility of studying the structure and function of 
ecosystems widely unaffected by anthropogenic influen-
ces (Bachamn et al., 2002). It is essential for the 
understanding of both natural forest ecosystems function-
ing and impacts of forest conversion to plantation, to 
study vegetation characteristics and soil microbial 
processes by enzyme activities (Bachamn et al., 2002; 
Piriyaprin et al., 2002). The soil microflora and the vege-  
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tation of an ecosystem are closely interrelated. Plants 
influence soil biotic processes by delivering organic 
compounds, whereas soil microbes have an impact on 
plant growth by the decomposition and mineralization of 
plant material (Pietikainen, 1999; Bachamn et al., 2002). 
Most tropical rainforest soils are relatively poor in 
nutrients (MBG, 2002). Millions of years of weathering 
and torrential rains have washed out most of soil nutrients 
(MBG, 2002). More recent volcanic soils, how-ever, can 
be very fertile (MBG, 2002). Tropical rain forest soils 
contain less organic matter than temperate forests and 
most of the available nutrients are found in living plant 
and animal material (MBG, 2002). Soil microbial biomass, 
a living part of soil organic matter, is an agent of 
transformation for added and native organic matter and 
acts as a labile reservoir for plant-available N, P, and S 
(Jenkinson and Ladd, 1981). The activity of the microbial 
biomass is commonly used to characterize the microbio- 



 
 
 

 
Table 1. Physicochemical Properties of the natural forest and plantation soils at different soil depths 

 

Locations/  Natural Forest  Gmelina Plantation 

Depths(cm) 0 – 10  10 – 20 0 – 10 0 – 10 10 – 20 20 – 30 

pH 6.89±0.01  6.72±0.02 6.67±0.01 7.02±0.01 6.99±0.02 6.69±0.01 

C org. (%) 1.19±0.03  1.19±0.03 0.76±0.10 2.72±0.08 1.61±0.10 1.30±0.08 

N (%) Organic 0.13±0.02  0.03±0.01 0.03±0.01 0.14±0.01 0.08±0.02 0.07±0.01 

Matter (%) 3.73±0.07  2.07±0.03 1.03±0.03 4.71±0.06 2.91±0.04 2.36±0.08 

Phosphorus(%) 11.41±0.06  7.81±0.10 5.11±0.05 6.00±0.10 4.13±0.08 4.18±0.23 

Moisture(%) 26.27±0.25  26.11±0.25 18.01±0.10 13.81±0.15 16.51±0.21 17.97±0.05 

CEC(Cmol. Kg
-1

) 11.99±0.09  5.34±0.10 5.06±0.07 10.25±0.26 10.29±0.15 5.87±0.06 
Clay (%) 21.67±0.29  23.67±0.29 26.00±0.50 24.00±0.50 30.00±0.20 27.00±0.00 

Sand (%) 63.50±0.50  62.50±0.50 64.17±0.80 65.00±0.00 60.00±0.00 62.00±0.00 

Silt (%) 14.67±0.29  13.83±0.29 9.83±0.29 11.00±0.00 11.00±0.00 11.00±0.00 
 

 

logical status of a soil (Nanniperi et al., 1990), and to 
determine the effects of cultivation (Beyer et al., 1991; 
Anderson and Domsch, 1993), field management (Perott 
et al., 1992), or contamination (Chander and Brookes, 
1993) on soil microorganisms. The aim of this work was 
to assess and compare the physicochemical parameters, 
microbial biomass and the hydrolytic enzyme activities of 
both natural forest and G. aborea plantation of Oluwa 

forest reserve. 
 

 
MATERIALS AND METHODS 
 
Soil sampling 

 

 
capacity (CEC) and particle size) were determined according to 
standard methods (AOAC, 1990; Udo and Ogunwale, 1986 and 
Black et al., 1965) respectively.  

Microbial biomass was determined by fumigation - extraction 
using ninhydrin-reactive N method of Amato and Ladd (1988) as 
modified by Joergenson and Brookes (1990) and Ocio and Brookes 
(1990) Cellulase activity was determined by its effect on cellulose 
with respect to glucose formation (Miller et al., 1960). Protease 
activity was assayed by the modified method of Ladd and Butler 
(1972) which involved determination of aromatic amino acids 
released during the hydrolysis of casein. The methods of Bernfeld 
(1951, 1955) were used for -amylase and -amylase which hydrolyze 
starch and maltose respectively to give reducing groups measured 
by reduction of 3, 5-dinitrosalicylic acid.(DNSA). 

 
 
The Ondo State Aforestation project at Lisagbede (usually called 
Oluwa forest reserve) is located in the humid tropical zone of South-
western Nigeria. Oluwa forest reserve is in Odigbo local govern-

ment area and is situated between latitude 6
o
 55 

1
 and 7

o
 20

1
 N 

and longitude 3
o
 45

1
 and 4

o
 32

1
 E. Soil samples were collected 

from two locations at the reserve:- the G. aborea plantation - the 
adjacent natural rainforest  

Soils were sampled at three depth levels (GM 0 - 10, 10 - 20 and 
20 - 30cm and NF 0 – 10, 10 - 20 and 20 – 30 cm) respectively 
according to standard sampling techniques (FORMECU, 1997) 
where a 20 x 20 m and 25 x 25 m plots were mapped out in the G. 
aborea plantation and natural forest respectively. Soils were 
collected in three equal distance spots of the diagonal within G. 
aborea plantation and in four different spots of the natural forest 
with soil auger. 

 

Soil analysis 
 
Soil samples were sieved (2 mm) and stored at 4°C until needed 
while microbial isolations were done on freshly collected samples 
by weighing 1.0 g of soil into 9.0 ml of sterilized water, shaken and 
diluted 1 in 1000, 0.5 ml each of this was poured onto separate 
sterilized Petri dish and overlaid with potato dextrose agar and 

nutrient agar, allowed to incubate at 27 and 32
o
C for five and one 

day, Kader et al. (1999), Wirth and Ulrich (2002) respectively. Sub 
samples for the determination of physicochemical parameters were 
air dried before analysis. Organic C and organic matter were 
determined as described by Walkley and Black (1934) wet oxidation 
method and, total N by Regular Macro- Kjeldahl method AOAC 
(1990). Other physicochemical analyses (pH, cation exchange 

 
RESULTS AND DISCUSSION 

 

The pH of soils from the two locations (pH range of 6.89 
and 6.67 in the natural forest and 7.02 and 6.69 in the 
Gmelina plantation) could be described as slightly acidic 
to neutral, from all indications the pH decreased with soil 
depths in both natural forest and plantation as acidity was 
observed to increase with increasingly soil depth (Table 
1), implying that subsoil is more acidic than topsoil. It has 
been reported by Han et al., (2002) that pH of lands with 
high tea production normally have low pH as the natural 
forest is slightly acidic than the aged plantation soil. The 
pH of similar soil depths in the two locations were not 
statistically different (p > 0.05) as presented in Table 1. 
The organic matter contents of the natural forest and 
aged Gmelina plantation did not show any significant 
difference though the values in the plantation are 
relatively higher than those of natural forest with a range 
of 4.71 ± 0.06 and 2.36 ± 0.08% for plantation and 3.73 ± 
0.07 and 1.03 ± 0.03% for natural forest showing a 
decrease down the soil depth in each case. A similar 
trend was observed in the organic carbon and nitrogen 
contents of the soils, though Pansombat et al. (1997a) 
demonstrated that long term tea cultivation resulted in 
accumulation of organic C and total N. Phosphorus and 
cation exchange capacity of the natural forest soil are 
higher than in the plantation with decreasing values down 



 

  
 

 
Table 2a. Fungi population of the natural forest and plantation soils at different depths. 

 

  No of Fungi  

Locations  isolated No. of Fungi identified 

Natural Forest   

0 – 10  3 Aspergillus niger, Penicillium 
   italliccum 

Gonatobotryx spp.   

10 – 20  2 Aspergillus niger, Penicillium 
   italliccum 

20 – 30  1 Aspergillus niger 

Gmelina Plantation   

0 – 10  2 Aspergillus niger, Penicillium 
   italliccum 

10 – 20  2 Aspergillus niger, Penicillium 
   italliccum 

20 – 30  2 Aspergillus niger, Peacelomyces 
   spp. 

 

 
Table 2b. Bacteria population of both natural forest and plantation soils at different depths 

 

  Gram  Number of isolated (cfu/ml)x10
3
 Bacteria count/gram soil 

Location  Reaction Number of colonies bacteria (cfu/g) x10
5
 

Natural Forest     

0 – 10  +ve, -ve 2 260 2.60 

10 – 20  +ve 1 120 1.20 

20 – 30  ND 1 70 0.70 

Gmelina Plantation     

0 – 10  +ve 2 123 1.23 

10 – 20  +ve, -ve 2 120 1.20 

20 – 30  ND 1 59 0.59 
 

 

the sampling depth for both soils. The particle sizes of the 
soils (sand, clay and silt) were similar across sampling 
locations with some differences at various depths as seen 
in Table 1. Both the Natural forest and aged Gmelina 
plantation show similar particle size characte-ristics of 
sand, clay and silt as shown in Table 1. The texture of the 
topsoil in both natural forest and plantation is sandy loam 
(FAO 1996) while subsoil consists of clay, these 
observations were similar to that reported by Onyekwelu 
et al. 2006. The physical, chemical and biological 
characteristics of a particular soil, as well as growing 
plants influence the number and activities of its various 
microbial components (Germida 1993; Uckan and Okur, 
2004).  

The fungi isolated from the two study locations were 
similar with the exceptions of Gonatobotryx spp. obtained 
from 0-10cm depths in the forest soil and the 
Peacelomyces spp. obtained from 20 -30 cm depth in the 
plantation soil. (Table 2a).  

In the two study locations, the numbers of bacteria 

colonies were between 1 and 2 colonies of both Gram- 

 

 

positive and Gram-negative organisms. However, the 
natural forest soil at 0 – 10cm depth has the greatest 
number of both fungi and bacteria count in both cases 
(Tables 2a and 2b), this is supported by the observation 
of Piriyaprin et al., (2002) that the number of micro-
organisms and microbial activities in the upper soil depth 
were higher than those of the lower. The various depths 
in forest and plantation soils however showed similar 
organisms and the isolated organisms were also found to 
possess amylase, protease and cellulase activities as 
seen from Table 4. This observation is however corro-
borated with the work of Kader and Omar (1998) and 
Kader et al. (1999). 
 

 

Microbial biomass C and N 

 
There were significant changes in the microbial biomass 
C and N across sampling locations and various depths 
(Table 3). Microbial biomass C was the greatest (836.42  
± 8.44 to 169.75 ± 3.97 µgNg

-1
 Oven dry soil) in the forest 



 
 
 

 
Table 3. Microbial biomass carbon and nitrogen of natural forest and plantation soils at different depths 

 

Microbial biomass µgNg
-1

 Oven dry Microbial biomass C Microbial biomass N 

soil  µgNg
-1

 Oven dry soil µgNg
-1

 Oven dry soil 

Natural Forest    

0 – 10  26.45±0.80 836.42±8.44 127.29±4.80 

10 – 20  21.34±0.78 666.90±5.55 98.10±0.47 

20 – 30  5.33±0.33 169.75±3.97 24.39±5.44 

Gmelina Plantation    

0 – 10  2.25±0.05 68.37±0.37 10.23±0.27 

10 – 20  0.72±0.03 22.03±0.08 3.23±0.10 

20 – 30  0.25±0.02 7.56±0.10 1.11±0.10 
 

 
Table 4. Some hydrolytic activities of Aspergillua niger and Penicillium italicum isolated from natural forest and Gmellina 

plantation.  
 

Enzyme activities  
 CMCase -Amylase -Amylase Protease 

Fungi µmoleGlucose/min/ml µmoleMaltose/min/ml µmoleTyrosin/min/ml 
     

Natural Forest     

Natural Forest Aspergillus 0.46 2.00 2.44 1.0x10
-2

 
niger     

Penicillium itallicum 0.61 1.89 2.26 6.0x10
-3

 

Gmelina Plantation 0.40 1.95 2.37 1.0x10
-2

 
Aspergillus niger     

Penicillium itallicum 0.30 1.89 2.27 6.0x10
-3

 
 

Note: CMCase is ‘cellulase activities using carboxyl methylcellulose as substrates. 
 

 

soil compared to the Gmelina plantation soils 68.37 ± 

0.37 to 7.55 ± 0.10 µgNg
-1

 Oven dry soil for the soil 
depths (0 – 10, 10 - 20 and 20 – 30)cm respectively. This 
observation were similar to the work of Han et al. (2007) 
who reported that microbial biomass C in various tea 
stands declined as compared to forest. There was a 
significant difference in the soil microbial biomass of the 
two locations, (Table 3) though they show similar trends 
in depths. The natural forest ranged from 26.45 ± 0.80 to 

5.33 ± 0.33 µgNg
-1

 oven dried soil while the plantation 

ranged from 2.25 ± 0.05 to 0.25 ± 0.02 µgNg
-1

 oven dried 
soil. Measurements of soil microbial biomass have been 
used in studies of the flow of carbon, cycling of nutrients 
and plant productivity in a variety of terrestrial ecosys-
tems (Voroney et al., 1993) 
 

 

Enzyme activities 

 

The number of hydrolytic enzyme - producing fungi 
isolated and identified from the various locations are 
shown in Table 2a. Two of them A. niger and Penicillium 
italicum were investigated for their cellulolytic, amylolytic 

and proteolytic activities. Hydrolytic enzymes are pro-

duced by a wide range of fungi and bacteria, which are 

 
 

 

either cell-bound or extra cellular (Kader and Omar, 
1998)  

Table 4 shows the cellulase, alpha- and beta-amylases 
and the protease activities of A. niger and P. italicum. A 
knowledge of the spectrum of enzymatic activities of a 
soil is important since it will indicate the potential of the 
soil to permit the basic biochemical processes necessary 
for maintaining soil fertility. Slight differences in the 
enzyme activities of the two organisms were observed. 
There was no significant difference between the cellulase 
activity of the two organisms in both the natural forest and 
Gmelina plantation .This work agreed with that of Kader 
et al., 1999 who reported CMCase of 0.58IU/ml for 
Aspergillus species isolated from Bario Highlands soil. 
There is also no significant differences in the amylase 
activities of the two organisms from both locations. 
Protease activities of A. niger and P. itallicum from 
natural forest and plantation soils were found to be 
similar, though the low values might have been due to 
lack of nitrogen enrichment of the medium. The results of 
the enzyme activities in this work is consistent with the 
observations of Bardick and Dick (1999) that various soils 
contain enzyme activities but differ based on the 
respective crops and are related to microbial biomass, 
therefore changes in enzyme and microbial activities 



 
 
 

 

could alter the availability of nutrients for plant uptake 

(Dick et al., 1988a,b) and these changes are potential 

sensitive indicators of soil quality (Dick, 1994). 

 

Conclusion 

 

Though the G. aborea plantation was aged, there was still 
significant reduction in the parameters studied relative to 
the forest without any human disturbance; this is in 
agreement with Ajwa et al. (1999) that human activities 
have diverse effects on organic matter turnover and 
therefore, affect microbial biomass and the enzyme 
production, because many soil enzymes and microbial 
biomass nitrogen (MBN) are immediately responsive to 
disturbance or restoration.  

From the results of the work, it can be concluded that 
the pH of both soil samples were slightly acidic, 
microorganisms and microbial activities in both natural 
forest and plantation in the upper soil depth of 0 -10 cm 
were higher than those of the lower soil depths of 10 - 20 
and 20 – 30 cm. The two species of fungi isolated 
produced hydrolytic enzyme activities. 
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