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Abstract
Microbial biomass and enzyme activities play a crucial role on availability and cycling of nutrients in soil ecosystems. The main objectives of 

the study were to determine the effect of natural forest, plantation forest and grazing land on soil microbial biomass carbon and nitrogen and soil 
enzyme activities in Gelawudios, Ethiopia. To determine soil microbial biomass C and N fumigation-extraction method was followed and for enzyme 
activities a fluorometric enzyme assay method based on methylumbelliferone-linked (MUF) was used. Microbial biomass carbon and nitrogen were 
highly influenced by the land use systems following the order: natural forest>plantation forest>grazing land. Under different tree species microbial 
biomass carbon was not statistically differing however, microbial biomass nitrogen showed significant difference among tree species. Enzyme 
activities of β- xylosidase and β-Glucosidase in soils of all tree species under natural forest except Apodytes dimidiata were much higher than the 
plantation forest and grazing land. In our study enzyme activities had closely positive correlated with soil organic C and also pH of the soil. Natural 
forest area had the limitation of N, plantation forest and grazing land had the limitation of P and C.
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Introduction
Soil is a complex heterogeneous mixture of organic and miner-

al materials that is recognized as one of the single-most important 
natural entity for ecosystem functioning [1]. Microbial community 
and organic substrates are vital for many ecosystem services and 
processes such as: nutrient cycling, respiration, decomposition, C 
sequestration and storage and tree species favors distinct microbial 
community under their canopies in forest ecosystems [2]. Microbial 
biomass is recognized as an indicator of soil quality because of its 
crucial role in decomposition, respiration, nutrient release and sen-
sitive to alteration of management. Tropical forests have enormous 
influence on the cycling of global carbon(C) and it contains about 
34-55% of all the carbon in the forest of the world [3]. The micro 

 
bial biomass makes up about 1 to 3 % of total soil C and also other 
nutrient elements and formation of microbial biomass and fixation 
of nutrients is encouraged by root deposits, plant residues and pre-
sumably the addition of nutrients to soil is due to the death of mi-
croorganisms [4]. Soil microorganisms and their enzymes are the 
most important factors for decomposition of leaves, debris, twinges 
and other material in the ground which improves the soil fertility. 
Organic matter in the soil is the main component for soil ecosys-
tem process and microbes as a part of organic matter, is essential 
for decomposition and turnover [5]. Land resources of Ethiopia are 
facing severe anthropogenic pressure mostly due to rapidly popula-
tion growth and it induces conversion of forest lands to crop land/
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gazing land which causes land degradation and affect physical, 
chemical and biological properties in the soil [6]. Shifting the forest 
area to cropland or gazed land may affect the soil organic carbon 
process due to change in management pattern that consequently 
modify quality and quantity of soil organic matter accumulation. 
Ungulate grazing can influence soil microbial biomass through al-
tering the amount and composition of soil organic matter. In gener-
al, grazing land receives organic inputs from vegetation and animal 
excreta which can contribute high level of soil organic matter and 
consequently positive impact on soil biological processes [7]. Soil 
organic matter has a direct link to soil microbes, microbial biomass 
in soil is affected by grazing management. However, over grazing 
may cause land degradation and thus negative impact on soil mi-
crobial biomass [7] reported that soil microbial biomass in grazed 
land was 26% higher than the adjacent forest during the rainy 
season. Lepcha et al. [8] found higher soil microbial biomass C in 
moderately grazed soil than non-grazed and heavily grazed soils in 
sub-tropical grassland. Microorganisms are the major source of soil 
enzymes; some scholars reported that plant species can influence 
soil enzyme activity through microbial in soil rhizosphere besides 
land use change and forest management practices are major factors 
by influencing the quantity and quality of soil organic matter [9]. 
Many scholars reported that there is strong relationship between 
land use change and soil microbial community [10].

Soil enzymes consists both intracellular and extracellular en-
zymatic proteins originated from microbes, plant and animal cells 
that catalyze various reactions in soil such as energy transfer, nutri-
ent cycling and decomposition processes [11]. The intensity of en-
zyme activities in the soil considered as an indicator of soil health 
and quality and it facilitate and stimulate soil biochemical process-
es in order to plant growth and soil environment [12].

Extracellular enzymes had vital role for the decomposition of 
forest letters and soil organic matter, and it would increase the stor-
age of soil carbon and has very critical role in soil organic matter 
oxidation process it breaks down urea into CO2 and NH3 [13]. Soil 
enzyme activities are sensitive to soil management and land use 
changes and thus can reflect the change of soil quality [14].

In general, extracellular enzymes are responsible for breaking 
down of complex organic macromolecules such as protein, lipid, 
and polysaccharide to simple’s forms of amino acids, fatty acids 
and monosaccharaides respectively and simple molecules could be 
utilized by microorganism or plant roots in the soil [15].

In the forest areas there are different microbes like bacteria and 
fungi which are main source of extracellular enzyme synthesis and 
secretion of enzyme like proteases, ureases, and pectinases [16]. 
Saprophytic fungi in the soil can produce extracellular enzymes to 
degrade substrate and adsorbed by clay minerals or occluded in as-
sociation with humus substances to maintain their activities [15]. 
The type of tree species can be influencing soil microbial biomass 
and its activities due to the characteristics of their litter fall [17]. 
Enzyme activities could be changed because of forest management 
practices due to altering the basic properties of the soil such as soil 
moister or temperature shading or the availability of nutrient in-

puts [18].

Environmental conditions whether natural or anthropogenic 
factors could be influences enzyme activities either directly or in-
directly, these consists of soil physico-chemical properties, organic 
matter accumulation, and texture of the soil and land use manage-
ment, environmental pollution, use of inorganic fertilizer, insecti-
cide, pesticide [17]. The surrounding temperatures also affect enzy-
matic activities in the soil by influencing the dynamics and stability 
of enzymes [1]. Thus, Extracellular enzymes in soil are sensitive to 
temperature and it is changing the structure of protein availability 
and the metabolic rate of microorganism that producing extracellu-
lar enzymes in soil is higher with increasing temperature over the 
range of 5-40 °C [19].

In Ethiopia there is gap of knowledge and information related 
to soil ecology and the impact of land uses i.e. natural forests, plan-
tation and grazing land on the soil and its contribution to enhance 
the soil health as well as biophysiochemical properties of the soil 
ecosystem. Therefore, the aim of this study was to determine the 
effect of natural forest, plantation forest and grazing land on soil 
microbial biomass carbon and nitrogen and soil enzyme activities 
in Gelawudios, Ethiopia.
Material and Methods
Site description

The study was conducted at a natural remnant forest at Gelawd-
iwos, a Eucalyptus plantation and grazing land the Amhara National 
Regional State (11°38’25’’ N 37°48’55’’ E) in North- West Ethiopia. 
The forest type is classified as Afromontane dry tropical. The al-
titude of the study area is 2500 m above sea level. The area has a 
monsoonal climate with mean annual temperature of 19 °C and the 
mean annual precipitation is about 1200 mm with the main rainy 
season between June and September [20]. The majority of the soils 
in the study area are Cambisols [21] with weak horizon differenti-
ation and rocks below 50 cm depth . The forest at Gelawdios has an 
area of 19 ha and is a remnant of natural pristine forest composed 
of mostly an intimate mixture of indigenous tree species. Dominant 
tree species in the study area are Albizia schimperiana, Apodytes 
dimidiata, Calpurnia aurea, Croton macrostachyus, Ekebergia cap-
ensis, Maytenus arbutifolia, and Schefflera abyssinica. The adjacent 
grazing land is highly degraded due to erosion of the topsoil and 
characterized by scattered bushes, grass and large patches of bare 
soil. Eucalyptus globules plantation was established on previously 
grazing land around 1985 and was consecutively thinned.

Collection of soil samples: In the natural forest four the most 
dominate tree species were randomly selected, Chionanthus- mild-
braedii-, Apodytes dimidiata, Teclea nobilis and Combretum molle 
and as plantation forest Eucalyptus globulus and Cupressus lusitan-
ica were taken and eight trees were randomly chosen from each 
species and also adjacent grazing lands were selected. Soil samples 
were collected from the areas under the canopy of each individual 
tree. Sampling points were 1.5 m from the tree stem. The sampling 
depth was 0-6-cm as this layer has the highest levels of soil organic 
matter. In the plantation forest, eight soil and litter samples were 
collected from forest floor and topsoil under each two species as 
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stated above. .The distance between two samples was 20m; the soil 
sampling depth and litter collection technique were similar as in 
natural forest sampling. The soil and litter samples were collected 
at 1.5 m distance from the main stem. The distance between two 
samples was 10m and the samples were taken to a depth of 6 cm. 
All soil samples were stored in plastic bags and transported to lab-
oratory.

Determination of microbial biomass and enzyme activi-
ty in the laboratory

The enzyme activities were determined in each soil samples. 
There were six types of enzyme activities. Leucine amino peptidase, 
β-xylosidase, Cellobiohydrolase, N- Acetylglucosaminidase, β-Glu-
cosidase and Acid phosphatase.

Sample preparation: In the laboratory, soil samples were sort-
ed into litter, roots and stones, and half of the soil was air-dried at 
room temperature, ground and sieved using a 2 mm sieve. Anoth-
er half of the sample was kept at field moisture. All samples were 
stored at 4 °C in a cool room until further analysis.

Procedures applied for fumigation extraction method: 
0.5 M K2SO4 solution was prepared by dissolving 87g of K2SO4 in 
1L of deionized water. Preparation of ethanol free chloroform was 
prepared by removing ethanol by washing 100ml chloroform with 
100ml of 5% H2SO4 using a separating funnel and draining the chlo-
roform from the bottom by using separating funnel into a beaker. 
Finally, the chloroform was washed three times with 100ml deion-
ized water [22].

0.5gram of soil from each sample was taken and placed in a 
glass via and the exact mass of the soils was recorded using a fine 
balance. A separated portion of soils was put into the oven for mea-
surement of the moisture content. The soil samples were put into 
the dissector with 25ml ethanol free chloroform in a glass beaker 
at the center of the desiccator. A piece of paper towel soaked with 
water was put inside desiccator. The desiccator was connected with 
suction pump. Some anti-dumping granules were put into chloro-
form beaker to prevent the spillage of boiling chloroform. The air 
inside desiccator was slowly removed using suction pump until the 
chloroform boiled and after 1-2 min fumigation, the outlet of the 
desiccator was closed, and the suction pump was disconnected. The 
desiccator was covered with black cover and kept for 24 h. After the 
fumigation, the soils were transferred in to 50ml centrifuge tubes 

and 25ml of 0.5 molar K2SO4 were added to each sample in centri-
fuge tubes and shaken for 6 hours by using an orbital shaker, and 
then centrifuged for 5 min. at 4000 revolutions per minutes (rpm). 
The supernatant was filtered through filter paper (What man 42) 
and kept in 20ml plastic scintillation vials at below 4 °C until anal-
ysis. Non- fumigated samples were extracted as described above.

Calculations:

The following formula has applied to calculate microbial bio-
mass C and N.

MBC= (FC-NFC)/ 0.45

Where,

MBC= Microbial Biomass Carbon 0.45= Extraction efficiency for 
carbon FC=Fumigated Carbon and,

NFC= Non-Fumigated Carbon

MBN= (FN-NFN)/0.54

Where,

MBN= Microbial Biomass Nitrogen 0.54= extraction efficiency 
for Nitrogen FN=Fumigated Nitrogen and,

NFN= Non-Fumigated Nitrogen

Soil Moisture Content and Loss on Ignition: Approximately 
5g soil from each sample was weighed into the pre-weighted alu-
minum cup and dried in an oven at 105 °C for 24 hours. After oven 
drying, the samples were cooled in a desiccator then weighed it to 
calculate the percentage of moisture content in the soil. To deter-
mine the amount of organic matter by loss on ignition, the same 
sample was ignited in a muffle furnace at 450 °C overnight. After 
ignition, the samples were cooled in desiccator and the final weight 
was recorded Per cent organic matter was calculated as follows:

Weight of OD sample-Weight of ignited sample

Weight of OD sample-Weight of ignited sample% Soil Organic Matter (SOM) =   100
Weight of OD sample

×

The procedures used for substrate preparation: For the en-
zyme analysis stock solutions of substrates were prepared in Na-ac-
etate buffer pH 6.5 were prepared as shown in Table 1 and frozen at 
-18 °C until needed. For all substrate were used methoxyethanol to 
dissolve but for leucine amino peptidase was not used because the 
substrate was easily dissolved (Leucine-AMC substrate) (Table 2).

Table 1: Working solution concentration were used for the six different substrates.

No. Enzyme Substrate 10ml Na-acetate Buffer pH 6.5 Pre Dissolved 1ml Methoxyethanol

1 Leucine amino peptidase Leucine-AMC 3.25 No

2 β-xylosidase MUF-xylopyranoside 3.08 Yes

3 Cellobiohydrol ase MUF-cellobioside 1.5 Yes

4 N-Acetylglucosa minidase MUF- N-Acetylglucosamini dase 3.79 Yes

5 β-Glucosidase MUF-β-glucopyranoside 1.69 Yes

6 Acid phosphatase MUF-phosphate 5.12 Yes
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Table 2: The standard four working concentration solution were used for the standard curves.

No. Enzyme Working solution concentration (µM) Volume (µl) Added to 10ml Na-acetate Buffer pH 6.5

1 Leucine amino peptidase 50 50

2

β-xylosidase

100 100NAcetylglucosami nidase

β-Glucosidase

3 Cellobiohydrolase 30 30

4 Acid phosphatase 250 250

Slurry Preparation

Initially 0.5 g of fresh soil from each sample were taken and 
placed into a small beaker, and then 50ml tris 6.5 pH buffers were 
added. The soil slurry was stirred in both a magnetic stirrer and a 
hydrosonic stirrer for three times for each sample.

The soil enzyme activity analysis: For the enzymes β-xylo-
sidase, Cellobiohydrolase, N-Acetylglucosaminidase and β- Gluco-
sidase 200 µl of slurry and 50 µl of substrate were used. Leucine 
amino peptidase 25 µl and acid phosphatase 100 µl of slurry were 
used. As a control 200 µl slurry and 50 µl 50ml tris 6.5 pH buffers 
were added, and for the substrate control 200 µl buffers and 50 µl 
substrates were added. Each analysis was carried out using three 
replications per plate. To measure quenching, 200µl of soil slurry 
and 200 µl buffer were used. To these 5 µl, 10 µl, 15 µl, 20 µl, 25 µl, 
30 µl or 35 µl of the working standard solution were added. For the 
standard curve 5 µl, 10 µl, 15 µl, 20 µl, 25 µl, 30 µl or 35 µl of the 
working standard solution were added buffer to a volume of buffer 
to make up 250 µl. After pipetting the plate was placed in 20oC in-
cubator for 2 hours and then analyzed. The amount of fluorescence 
was determined in a fluorimeter (Multimode Plate Reader, EnSpire) 
at 365 nm excitation and 460 nm emission using 20 flashes.

pH analysis: Approximately 5ml of soil was transferred to glass 
tube and 20 ml of deionized water was added. The sample was vor-

texes for 5 minutes and allowed to settle at 4oC overnight. After 
adjusting to room temperature, the pH was measured by using a pH 
meter (inolab®pH/ION.735, WTWSeries).

Statistical analyses: To compare and contrast all collected 
data obtained from laboratory results were analyzed by applying 
Tukey hoc one-way ANOVAs by using R software at p<0.5 signifi-
cant different level and figures were constructed by using Microsoft 
Excel and R software.

Results and Discussion 
Effects of land use systems to soil microbial biomass car-
bon and nitrogen

Soil microbial biomass carbon under natural forest on average 
the highest microbial biomass carbon was observed than grazing 
land and plantation forest soil which was followed by plantation 
forest and grazing land (Table 3). Grazing land contained the low-
est quantity of soil microbial biomass carbon which scored 80% 
and 70% lower than natural and plantation forests respectively. 
The results of ANOVA revealed that these variations were statisti-
cally highly significant. Further multiple comparison test (Tukey) 
showed that difference between natural forest and grazing land 
(p=0.001) and plantation forest and grazing land (p=0.002) were 
statistically significant but not between natural forest and planta-
tion forest (p=0.246).

Table 3: land use system with soil microbial biomass carbon and nitrogen, Mean ± standard error (SE), Similar letters in the columns are not statisti-
cally significant different whereas different indices indicated that they significantly different at (p<0.05).

Land Use Types Mean Microbial Biomass Carbon ± SE (g Kg-1) Mean Microbial Biomass Nitrogen ± SE (g Kg-1)

Natural forest 2.5±0.3a 0.2±0.02a

Grazing land 0.5±0.1c 0.03±0.004c

Plantation forest 1.7±0.3b 0.1±0.02b

Overall result had no impacts on soil microbial biomass carbon 
irrespective of land use types. However, in natural forest slightly 
lower soil microbial biomass carbon was observed in wet season 
and in other two land-uses no seasonal variation was found. Our 
multivariate analysis showed significant interaction effects of land 
use and seasons (p=0.034). Microbial biomass nitrogen content in 

three land use types followed the same trend as shown in microbial 
biomass carbon: natural forest > plantation > grazing land. Howev-
er, grazing land had much lower nitrogen content (85% lower than 
natural forest) and plantation forest remain intermediate level and 
the variations in soil microbial biomass nitrogen over three land 
use types were statistically significant (Table 4).
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Table 4: Summery of multivariate analysis for soil microbial biomass carbon and nitrogen in relation to land use system.

Microbial Biomass Carbon Microbial Biomass Nitrogen

Source of Variation df Mean Square F value P df Mean Square F value P

Land use 2 12.3 13.6 0.001 2 0.344 37.6 0.001

Error 105 0.941     105 0.009    

Effects of tree species on soil microbial carbon and ni-
trogen

Microbial biomass carbon showed no significant variations 
over different tree species in natural and plantation forests how-
ever, among different tree species, Chionanthus- mildbraedii and 
Combretum molle showed the highest soil microbial biomass car-

bon and C. lustianica was the lowest (58% lower than Combretum 
molle). On the other hand, seasonal variations in soil microbial bio-
mass carbon under different tree species were statistically showed 
significant variation (Table 5). Post Hoc test indicated that the vari-
ation between Chionanthus- mildbraedii and Teclea nobilis was sig-
nificant different at (p=0.001) (Table 6).

Table 5: Soil microbial biomass carbon and nitrogen among different tree species, Mean ± standard error (SE), the similar letters in the columns are 
not statistically significant different and different letters showed significant different at (p<0.05). Ns (non-significant). 

Tree Species Mean Microbial Biomass Carbon (g Kg-1)±SE (Ns) Mean Microbial Biomass Nitrogen (g Kg-1)±SE

Chionanthus- mildbraedii 2.84±0.16 0.25±0.03a

Combretum molle 1.97±0.12 0.15±0.03ab

Teclea nobilis 2.25±0.15 0.18±0.04ab

Apodytes dimidiate 2.93±0.26 0.25±0.05a

Eucalyptus globulus 2.19±0.24 0.13±0.03ab

Cupressus lusitanica 1.21±0.18 0.08±0.01b

Table 6: Summary of Post Hoc multivariate significant variation analysis of soil microbial biomass carbon and nitrogen among different tree species 

at p<0.05.

Microbial Biomass Carbon Microbial Biomass Nitrogen

Source of Variation df Mean Square F value P df Mean Square F value P

Tree species 5 2.343 2.266 0.055 5 0.074 7.396 0.001

Error 83 1.034     83 0.01 0.715  

C: N ratio in soil and microbial biomass

Consistently higher C: N ration was observed in soils of two 
plantation species compared with soils of species in natural forest 
and grazing land. C: N ratio in soil microbial biomass was affected 

land use during wet season, no effect species identity was observed 
in natural and plantation forest. There no significant variation 
among tree species and grazing land except Cupressus lusitanica 
which had variation with Chionanthus- mildbraedii (Table 7).

Table 7: Soil microbial biomass carbons and nitrogen ratio under different land use system. Mean ± standard error (SE), value with similar letters in 
the column has no significant different whereas different indices showed significant different at (p=0.05).

  Species Microbial C:N

Natural forest

Chionanthus- mildbraedii 12.1±1.4a

Combretum molle 14.7±1.3ab

Teclea nobilis 14.1±1.4ab

Apodytes dimidiate 11.1±0.7a

Plantation forest
Eucalyptus globulus 18.6±1.6ab

Cupressus lusitanica 15.0±0.7b

Grazing land   15.8±2.2ab
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Correlations
The relationship between soil pH and soil microbial biomass N 

and C in soil have weak positive relation at R2= 0.49 and 0.34 (Table 
8 ). Microbial biomass C:N ratio with pH there was also weak pos-
itive relation. Soil organic carbon with microbial biomass carbon 

has strong positively related (Table 8). The relationship between 
microbial biomass C and N was very strong at R2=0.88. A strong re-
lationship between soil MB C and N was observed at ( R2= 0.88). 
So, when microbial biomass C increased with increased microbial 
biomass N (Table 8).

Table 8: correlation between soil pH, soil organic carbon (%) with microbial biomass C, N and C: N ratio at R2=Correlation coefficients.

X Microbial Biomass C Microbial Biomass N Microbial Biomass C:N Ratio

Organic carbon (%) 0.58 0.46  

pH 0.34 0.49 0.41

Microbial biomass N 0.88    

Enzyme activities among different tree species and graz-
ing land

In all types of enzyme activities were showed significant differ-
ences among tree species and grazing land (Figure 1). In general, 
the enzyme activity was lower in the grazing land and plantations 
tree species than under natural forest tree species the result re-
vealed that the rate of enzyme activity in the sequence of natural 
forest>plantation forest>grazing land. In Leucine amino peptidase, 
mobilizing N, the enzyme activity in the soil below Apodytes dimidi-
ata was lower than Teclea nobilis and Chionanthus- mildbraedii but 
all the trees in the natural forest had higher enzyme activity than in 
the soil from the grazing land and the plantations. The grazing land 
and the plantations did not differ in Leucine amino peptidase activ-
ity. In Cellobiohydrolase enzyme, which is mobilizing C in the soil 
under Chionanthus- mildbraedii, Combretum molle was higher than 
under Apodytes dimidiata. The grazing land soil and the plantation 
soils did not differ in enzymatic activity just as for Leucine amino 
peptidase and was also significantly lower than the under the trees 
in the natural forest except for Apodytes dimidiate. β-xylosidase and 
β-Glucosidase showed the same pattern in enzyme activity between 
the species and grazing land and the enzyme activity under the nat-
ural forest trees was once again higher than in the grazing land and 
the plantations except for Apodytes dimidiate. There were however 
no differences between the soil under the trees in the natural for-
est. There were any differences between the grazing land and the 
plantations. N-Acetylglucosaminidase enzymes, which is mobiliz-
ing N and C from chitin showed a very different pattern compared 

to the other C and N-mobilizing enzymes. Eucalyptus globulus had 
here significant higher enzyme activity in the soil than any other 
tree species and the grazing land. However, the trees in the natural 
forest there was no difference and only Chionanthus- mildbraedii 
showed significant higher activity than the grazing land and the 
Cupressus lusitanica plantation. The grazing land and the Cupres-
sus Lusitania did not differ in N-Acetylglucosaminidase activity. In 
acid phosphatase enzyme there were no differences between the 
soil under the species in the natural forest. Only Combretum molle 
showed a higher enzymatic activity in the soil than the grazing land 
and the plantations. The other tree species in the natural forest 
tended to be higher than the plantations and the grazing land but 
this was not significant. In all enzymes except N-Acetylglucosamini-
dase there was in phosphatase also no difference between the graz-
ing land and the plantations.

According to the result showed that what type of nutrients 
were limited among tree species. Plantation forest and grazing land 
had much higher limitation on C and P , under natural forest trees 
species soil showed that higher limitation on the availability of ni-
trogen and they had slight limitation on soil C (Figure 1). 

There is a positive relation in both pH and organic carbon with 
all enzymatic activities. Thus, when the pH increases the enzyme 
activities increases. Especially ß- glucosidase had showed highest 
or strong positive relationship with soil pH and soil organic carp on 
the others (R2=0.61 and 0.59, respectively) while in Acid phospha-
tase enzyme activity showed very weak relationship (R2= 0.1 and 
0.33, respectively) (Figures 2-4).
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Figure 2: Stichometry of the ratio of peptidase with Phosphatase and Glucosidase with Peptidase under natural forest, plantation forest and 
grazing land (land use systems).

Figure 1: Mean values with standard error bars of the six enzymatic activity in the soil under tree species including grazing land. The vertical 
axis showed that enzyme activity in the soil by nmol per gram per hour and the horizontal axis reveals that tree species and grazing land. 
Different letters indicated that there was no variation among treatments.
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Figure 3: Correlation between soil pH and six different enzymatic activities in the soil. The values in the figure indicated that R2= correlation 
coefficient.

Figure 4: Correlation between organic carbon availability and enzymatic activities in the soil. The values indicated that R2= correlated 
coefficient.
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Discussion
Change of the forest to cropland or grazing land may affect the 

soil organic carbon process due to change in management pattern 
that consequently modify quality and quantity of soil organic mat-
ter accumulation. Ungulate grazing can influence soil microbial 
biomass through altering the amount and composition of soil or-
ganic matter. In general, grazing land receives organic inputs from 
vegetation and animal excreta which can contribute high level of 
soil organic matter and consequently positive impact on soil bio-
logical processes [23]. Soil organic matter has a direct link to soil 
microbes; microbial biomass in soil is affected by grazing manage-
ment. However, over grazing may cause land degradation and thus 
negative impact on soil microbial biomass [7] reported that soil mi-
crobial biomass in grazed land was 26% higher than the adjacent 
forest during the rainy season. Lepcha et al. [8] found higher soil 
microbial biomass C in moderately grazed soil than non-grazed and 
heavily grazed soils in sub-tropical grassland.

Consistent with our findings, Ajema [24] reported significant-
ly higher soil microbial biomass in natural mixed forest (1350 mg 
kg-1) than other land use such as crop lands and plantation forest. 
In another study [17] found that significant reduction in soil mi-
crobial biomass C due to conversion of natural broad-leaved forest 
to plantation forest in sub-tropical China. There are many factors 
that can explain the influence of land use change on soil microbial 
biomass C such as soil organic matter content, soil C , pH etc. how-
ever, Ajema [24] suggested that soil organic C might be the most 
influential factor. Because the labile fraction of soil organic C such 
as glucose and sucrose are readily available to soil microorganism 
to rapidly propagate and increase their activities. Therefore, soil 
microbial biomass C is effectively limited by availability of soil or-
ganic C. This was supported by our soil C data that grazing land 
with the lowest C content than other two land use types [25] found 
that grazing decreased soil microbial biomass. In our study sites, 
land was degraded due to over grazing which might have influence 
on quantity of microbial biomass. Overall, land use change in our 
experiment sites altered the soil properties considerably which 
presumably affected soil microbial composition as previous stud-
ies confirmed that soil physico chemical properties particularly soil 
pH and nutrient elements had a profound impact on soil microbial 
communities and eventually on soil microbial biomass [10]. Our re-
sults showed significantly lower microbial biomass N in grazing soil 
than forest which indicated severe depletion of soil fertility due to 
land use change. During decomposition of soil organic matter, part 
of released N immobilized in the body of soil microorganisms, how-
ever the turnover rate this microbial biomass N is ten times faster 
than the N plant litter [17]. Therefore, the reduction of soil microbi-
al biomass N can affect the productivity of soils.

Effect of tree species on soil microbial biomass C and N

Our results indicated no effect of tree species on soil micro-
bial biomass C in natural forest. Tree species could influence the 
composition and function of soil microbial community structure by 
changing forest microclimates, quality and quantity of above and 
below ground litter production, production of root exudates, sym-

biotic association with mycorrhiza and other fungi [26]. Thus, in 
general, it is presumed that tree species can influence soil microbial 
biomass C and N. However, Liu et al [17] reported that the influence 
of individual species identity on microbial communities of soil and 
rhizosphere could be pronounced when the trees were grown in 
monoculture [24] suggested that effects of tree species and coex-
istence were more pronounced on soil microbial composition than 
total biomass. Therefore, it was uncertain to identify the impacts 
of individual tree on soil microbial biomass in natural mixed forest 
as in our study site. This was supported by our findings of microbi-
al biomass in plantation forests where two monoculture species E. 
globulus, C. lusitanica soils are significantly differ microbial biomass 
C.

Soil microbial biomass N significantly differed under tree spe-
cies of both natural and plantation forests. Soil microorganisms are 
involved in nitrogen mineralization and nitrification processes to 
provide nitrogen supply. Our results indicated that C. mildbraeddi of 
natural forest had the highest microbial biomass N and C. lusitanica 
of plantation forest had the lowest. We did not analyze the chemi-
cal composition of leaf litter from different tree species. However, 
variation in soil microbial biomass N under different tree species 
might be attributed to litter quality and subsequent N mineraliza-
tion. Kacálek et al. [27] found that the litter quality (lignin: N) might 
have more influence in controlling nitrogen mineralization in or-
ganic and mineral soil. Tree species in our study showed no effect 
on soil microbial C because microorganisms differ more widely in 
their N content than C depending on age. As a result, small variation 
in soil microbial community structure can results in larger change 
in biomass N than C [28].

Response enzyme activities on land use change
The type of tree species may have influence on soil microbial 

biomass and its activities. The quantity and quality of organic mat-
ter is depending on the natural characteristics of tree species [24]. 
Tree species and land use systems had a significant effect on the 
potential enzymatic activity in the soil. The enzyme activities in-
crease in the order: forest>plantation forest> grazing land. In all 
types of enzyme activities there were significant differences among 
tree species and grazing land as shown (Figure 1). In general, the 
enzyme activity was lower in the grazing land and plantations than 
under the trees in the natural forest. In Leucine amino peptidase, 
mobilizing N, the enzyme activity in the soil below A. dimidiate was 
lower than T. noblies and C. mildbraedii but all the trees in the nat-
ural forest had higher activity than in the soil from the grazing land 
and the plantations. The grazing land and the plantations did not 
differ in Leucine amino peptidase enzyme activity.

Microbial biomass highly influenced enzyme activities in the 
soil and there is variation in enzyme activities in different land use. 
Least microbial biomass and enzyme activities was found under 
grazing land. Likely due to low organic carbon or organic matter 
input. The Low C availability causes less microbial biomass which 
leads to less enzymatic activities. Forests has been found to have 
higher enzyme activities than grazing land and agricultural land 
[29]. As microbial biomass, enzyme activities were positively relat-
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ed with organic C. It explains that if there is sufficient availability 
of substrate in the soil for microbes the potential of enzyme activ-
ities would be more. The similar finding reported that organic C in 
the soil had strong correlation with enzyme activities and nutrient 
availability raised leads to the improvement of soil microbial bio-
mass in the soil [15].

Correlation between microbial biomass C and N and soil 
properties

Soil pH is one of the influential factors for soil microbial C and 
N. It is closely related to some abiotic factors such as availability 
of C and nutrients and solubility of metals that have great impacts 
on growth of soil microorganisms. We have a positive correlation 
with soil pH and microbial biomass C and N (Table 8). Averill et al. 
[30] reported the decrease in bacterial growth and increase in fun-
gal growth by decreasing soil pH. Microbial biomass C is strongly 
and positively correlated with microbial biomass N (Table 8). This 
is in agreement with Jin et al (2007) who found a significant posi-
tive correlation between microbial biomass C and N (r2=0.864) in 
calcareous surface soil. The addition of substrate organic matter 
can influence C and N through comprehensive mineralization and 
immobilization processes. Microbial biomass in soil are linked with 
both quality and quantity of available organic matter, however, bac-
terial community composition was more influenced by quality of 
organic matter [31,32].

Enzymatic activity was in general also positively correlated to 
the pH of the soil (Figure 3). Similar study reported that Enzyme 
activities are rising with increase soil pH and it has high effect on 
microbial community compositional structure and organic and in-
organic ameliorants on soil enzyme activities in contrast, enzyme 
activities under the soil pH value at 5.2, 6 and 7 indicated that 
more or less similar schemes, while the soil pH is 8.2 significantly 
lower, most probably due to conformational alteration in protein 
arrangement close to or somewhat above physiological pH values 
of the soil, which assist denaturation [23,33]. The similar finding 
showed that where the area has low soil fertility and the soil pH 
value like Oxisols and Ultisols have actually maximum enzymatic 
activities than incomplete weathered tropical soils type Inceptions, 
most probably in the cause of its maximum availability of organic 
matter and better texture and these enzyme activities influenced 
with agricultural management system which reduced the essential 
biochemical reaction in the soil and its effectiveness [34,35].

Acid phosphatase had no strong correlation with pH and a 
week with C (Figure 3). This is in accordance with [13] who found 
that Soil pH had a significant negative on acid phosphatase activity. 
The lack of a positive correlation may depend on the plants also ex-
udates acid phosphatase and that the plant activity is not regulated 
by carbon and pH as microbes.

Many studies have found that the addition of nutrients can have 
both positive and negative influence on C, N and P acquiring en-
zymes. The activity also depends on the type of tree species in the 
area [34]. We found that under natural forest area the microbes are 
more N limited, whereas in both plantation forest and grazing land 
the microbes were more P and C limited. That the microbes under 

plantation forest and grazing land were more P limitation might be 
due to that in the grazing land and the plantation the organic C rich 
and thereby P rich top layer have been eroded away (Figure 4).

N-Acetylglucosaminidase enzyme activities in the soil of Eu-
calyptus globulus plantation was observed too have much higher 
potential activity than all other trees. N- Acetylglucosaminidase 
enzyme activities are important for mobilizing C and N from chi-
tin groups [25]. Chitin is a structural compound in the fungi cell 
wall. A high N-Acetylglucosaminidase activity could indicate a high 
abundance of fungal material probably derived form mycorrhiza 
belonging to Eucalyptus globulus. Tree species which have fast de-
composition characteristics of litter are increases carbon depen-
dent enzyme activities in the soil [36].

Eucalyptus globulus had high P limitation because they are fast 
growing tree species with recalcitrant litter. Their Eucalyptus glob-
ulus might be able to allocate C belowground punching the system 
into P limitation and fast decomposition litter type tree species in-
creases carbon dependent enzyme activities in the soil [37].

In Leucine amino peptidase enzyme activity Teclea nobilis had a 
higher activity compared to the other tree species in the forest [38]. 
However, In our result both Acid phosphatase and Leucine amino 
peptidase enzyme activities were much higher in the soil under 
different tree species with compared to other enzyme activities. 
Cellobiohydrolase enzyme activities under Chionanthus- mildbrae-
dii-, Teclea nobilis and Combretum molle had significant different 
with plantation forest and the cellobiohdrolase enzyme activity is 
highly affected by both ozone and carbon dioxide interaction [39]. 
Chionanthus- mildbraedii- and Combretum molle had significant 
different with Apodytes dimidiata while, Apodytes dimidiata had no 
significantly different with Eucalyptus globulus and Cupressus lu-
sitanica. In both β-xylosidase and β-Glucosidase enzyme activities 
in the soil almost all-natural forest species showed that high value 
except Apodytes dimidiata. Chionanthus- mildbraedii-, Teclea nobilis 
and Combretum molle were significantly varied with plantation for-
est, while Apodytes dimidiata species had no significant variation 
with plantation forest (Figure 1) [40,41].

Conclusion
Land use change has great influence where due change of the 

type of vegetations on the process of soil microbial biomass activi-
ties because it has highly influenced by the quantity and quality lit-
ter inputs on the surface of the soil. Because high amount of micro-
bial biomass indicated that the sustainability potential of the soil to 
the soil ecosystem and important to design land use management 
systems. . Under natural mixed forest, there was little variation in 
soil microbial biomass C and N under different tree species. How-
ever, variations were observed between the trees in mixed natural 
and monoculture plantation forests. Land use change and subse-
quent degradation of soil properties was found as the major cause 
for depletion of soil microbial biomass. Effects of tree species was 
more pronounced mainly under monocultural plantation forest 
while, soil enzyme activities among different tree species were not 
consistent over types of enzymes. Furthermost of the enzyme activ-
ities from the sex enzymes where under plantation forest exhibited 
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much lower than the natural forest. Enzyme activities had signifi-
cant positive correlation with both organic C. Enzyme activities had 
strong relationship with both organic C which told that enzymes 
are more dependent on the availability of microbial biomass in the 
soil. We have also observed natural forest tree species had the lim-
itation of nitrogen while, plantation forest tree species had the lim-
itation of phosphorus as well as carbon. limitation of phosphorus in 
the soil might have revealed the area has exposed to topsoil erosion 
(the soil might have less infiltration capacity). The results on soil 
enzyme activities were not consistent over different land use and 
tree species, rather some enzymes were sensitive to particular tree 
species. Therefore, it cannot be generalized that land use had more 
influence on soil enzyme activities than tree species.
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