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ABSTRACT 
 
This study is to assess the spatial and seasonal soil microbial biomass variation in Algerian steppe soils using the 
fumigation extraction method. The microbial biomass carbon ranged from 78 mg.kg-1 dry soil to 245 mg.kg-1 dry 
soil with an average of 146 mg.kg-1 dry soil; forming an 1,5% of total soil organic carbon. The soil microbial 
biomass carbon dynamics depends on the seasonal climatic conditions; the highest values were recorded in spring 
and autumn, while the lowest values were noted in winter and summer. The summer desiccation has a much greater 
influence on the reduction of microbial biomass carbon than the winter freeze. The sampling date is a key factor to 
assess the critical threshold of microbial biomass in these ecosystems. 
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INTRODUCTION 
 

The Algerian steppe soils are degrading and poor in organic matter, their improvement require firstly the 
quantification of the microbial biomass living in these soils [1]. The amount of soil organic matter is around 1.0%. 
However, they can drop quickly after the cultivation of these soils by inappropriate methods [2]; causing the 
degradation of the physico-chemical and biological fertility [3]. In Algerian steppe, an important number of 
scientific studies have been devoted to changes in the physical and chemical properties of the soil quality [4][5] and 
the vegetation dynamics [6][7][8], on the contrary, regarding the microbiological quality and the role of soil 
microbial biomass, which is still relatively low. The microbial biomass is defined as the fraction of the living 
organic matter in the soil [9], composed mostly by chimioorganotrophic organisms [10]; distributed in the form of 
micro-colonies within the soil aggregates, for the most part, in a state of dormancy [11]. Many studies have 
demonstrated the role of the microbial biomass in the soil biological functioning and soil behaviour [12]. The soil 
microbial biomass is an index of soil evolution [13], by its rapid turnover, the microbial biomass recycles and 
regenerates the biogenic elements and constitutes the principal element of the food chain in the soil [14][15]. It 
influences the chemical fertility by evacuating their cytoplasmic contents during the death and lyses of the microbial 
cells [16]. Several factors influence the distribution and microbial activity in the soil; the accessibility and the 
availability of the carbonate substrate more biodegradable within the soil aggregates [17][18]. The soil microbial 
biomass quantity is related not only to the quantity of plant biomass, but also to the diversity and the floristic 
richness [19][20]. Other soil parameters influence the level of the microbial biomass. It shows a low level in a saline 
condition [21][22][23] and is more important in the clay fraction than to other size fractions [24]. The climatic 
factors also influence the dynamics of the soil microbial biomass where the ratio between the precipitation and the 
evaporation affect the microbial biomass [25]. Some studies have demonstrated that the seasonal variation of the 
temperature and the moisture of soil affect the level of the microbial biomass [26][27].  
 
This investigation aims to quantifying the level of the microbial biomass for some different steppe soils and study 
the seasonal climatic variation on the evolution of this living organic fraction.  

 



Bourahla Lame et al  J. Chem. Pharm. Res., 2015, 7(11):41-47 
______________________________________________________________________________ 

42 

EXPERIMENTAL SECTION 
 

2.1. The study area 
The study area is part of the steppe zone of West Algeria, the climate extends from the cold arid to the hot one, with 
limited annual rainfall ranging between 400 and 100 mm; varies in time and in space. The minimum temperature 
ranged between + 1 ° C and + 3 ° C with lower local minima -3oC and the maximum temperature is limited between 
34oC and 37oC. The extreme temperature range (M-m) remains substantially equal to 34.6oC [28]. These soils 
belong to the aridisols order [29], and are shallow, skeletal with very marked limestone [30]. 
 
2.2. Soil sampling 
The soil samples were collected from the top horizon between the clumps of steppe vegetation during the month of 
January. It is a cold period who characterizes the winter rest of spontaneous steppe flora. 
 

Table 1: Geographical location of samples 
 

Sample number Dominant vegetation Coordinates Altitude (m) 

1 alfa (Stipa tenacissima) 
34-30'-25'' N 

998 
00-50'-58'' E 

2 alfa (Stipa tenacissima) 
34-29'-10'' N 

1025 
00-46'-15'' E 

3 alfa (Stipa tenacissima) 
34-27'-37'' N 

1088 
00-39'-22'' E 

4 alfa (Stipa tenacissima) 
34-25'-56'' N 

1082 
00-32'-49'' E 

5 armoise (Artemesia herba alba)  
34-29'-32'' N 

1009 
00-21'-12''E 

6 armoise (Artemesia herba alba) 
34-21'-23'' N 

1005 
00-19'-49'' E 

7 armoise (Artemesia herba alba) 
34-18'-12'' N 

1010 
00-17'-35''E 

8 sparte (Lygeum spartum) 
34-13'-23'' N 

1037 
00-04'-02'' E 

9 sparte (Lygeum spartum) 
34-08'-44'' N 

1000 
00-04'-16'' E 

10 sparte (Lygeum spartum) 
33-58'-12'' N 

1103 
00-06'-34'' E 

11 sparte (Lygeum spartum) 
33-47'-29'' N 

1123 
00-02-51'' E 

12 aristida (Aristida pungens) 
33-24'-38'' N 

1147 
00-15'-26'' O 

13 atriplexe (Atriplexe numelarea)  
34-08'-50'' N 

1000 
00-04'-13'' E 

14 atriplexe (Atriplexe numelarea) 
34-04'-54'' N 

987 
00-05'-03'' E 

15 salsola (Salsola vermiculata) 
34-03'-53'' N 

984 
00-05'-15'' E 

16 aristida (Aristida pungens) 
33-19'-24'' N 

1149 
00-04'-23'' E 

17 remt (Artrophytum scoparium) 
33-12'-41'' N 

1148 
00-05'-07'' E 

18 remt (Artrophytum scoparium) 
33-09'-27'' N 

1181 
00-05'-32'' E 

19 remt (Artrophytum scoparium) 
32-59'-29'' N 

1178 
00-O6'-59'' E 

20 remt (Artrophytum scoparium) 
32-46'-48'' N 

1186 
00-28'-56'' E 

 
Sampling was conducted on a north-south direction with an increasing aridity; this axis is also characterized by a 
strong floristic and pedologic variation (Table 1). Physical and chemical properties of soils were determined by 
standard methods: soil texture by international Robinson pipette method, acidity by Potentiometric method, the 
soluble salts are extracted and analyzed from the saturated paste [31], The cation exchange capacity (CEC) 
quantified using ammonium acetate [32], the total limestone by the calcimeter Bernard method and Organic carbon 
content (Corg) was determined using the Anne method [33]. 
 
The microbial biomass carbon was estimated from the fumigation extraction method; 25g of soil samples are 
fumigated by chloroform vapour for 24h at 25oC. The samples were extracted with 0.5M of K2SO4 with a 
soil/solution (1/5) by shaking for 1h at 200 r.min-1, the carbon is determined by K2Cr2O7[34]; The unfumigated soil 
samples were extracted similarly at the start of experiment. The microbial extractable carbon (E.C) is equal to the 
extra carbon extracted in the fumigated samples compared to the untreated control samples with chloroform. 
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Many studies have confirmed that, regardless the type of soil, the extractible carbon is a substantially constant 
proportion of the microbial biomass [34][35][36].  
 
The microbial biomass carbon is calculated by the following formula:  
 
C biomasses =2.64(Cfumigated-Cunfumigated) 
 
2.3. Statistical analysis 
In order to establish a relationship between the different physico-chemical parameters and to further evaluate the 
relationship between them, the principal component analysis and the hierarchical classification was used. 
 
All the values in this study are the average of three measurements. 

 
Table 2: Physicochemical characteristics of soils 

 
No  Soil texture (%) CaCO3 pH CE CEC Soil extract( mmol. l-1) Corg Cbio Cbio/Corg 

 sample Sand Silt Clay (%) 1/2,5 dS.m-1 mmol.100g-1 Ca++ Mg++ Na+ K+ Cl- SO4
-- HCO3

- (%) (mg.kg-1) (%) 
1 52,00 39,00 9,00 9,00 7,71 1,81 9,89 2,68 0,65 2,04 0,82 4,64 1,30 3,35 0,99 201,00 2,02 
2 49,00 41,00 10,00 8,25 7,70 1,71 12,21 2,05 0,78 1,96 0,78 3,87 1,23 3,20 1,08 225,00 2,08 
3 52,00 38,00 10,00 8,75 7,64 1,83 12,25 2,18 0,65 2,21 0,88 3,64 1,30 4,00 1,35 245,00 1,81 
4 40,00 47,00 13,00 6,50 7,60 1,43 13,65 2,02 0,80 1,88 0,75 2,80 1,50 2,50 1,46 202,50 1,39 
5 40,00 48,00 12,00 8,75 7,40 1,45 15,58 1,68 0,52 2,04 0,82 3,20 2,00 2,57 1,35 189,00 1,40 
6 40,00 46,00 14,00 7,50 7,50 1,45 13,95 1,63 0,50 1,79 0,72 2,80 1,00 2,00 1,57 217,50 1,39 
7 59,00 33,00 8,00 9,85 7,85 2,15 7,81 2,51 0,84 3,06 1,20 4,13 1,48 3,75 0,87 132,00 1,51 
8 52,00 39,00 9,00 8,50 7,65 1,90 9,89 2,13 0,65 2,72 1,25 3,64 1,70 3,35 0,99 147,00 1,48 
9 57,00 32,00 11,00 9,50 8,36 2,25 14,77 2,38 0,71 3,68 1,45 4,20 1,43 3,75 1,30 153,00 1,18 
10 62,00 28,00 10,00 10,50 7,50 2,25 12,21 2,64 0,78 3,00 1,30 4,34 1,55 4,00 1,10 163,00 1,48 
11 66,00 27,00 7,00 11,00 8,03 2,45 6,98 2,75 0,83 3,70 1,48 4,62 1,65 4,25 0,76 115,00 1,52 
12 72,00 21,00 7,00 12,00 8,16 2,59 5,98 3,00 0,95 3,50 1,40 5,04 1,80 4,62 0,81 112,50 1,39 
13 46,00 36,00 18,00 8,50 8,50 7,75 13,19 1,96 0,58 28,00 0,60 12,88 5,02 11,85 0,67 97,00 1,45 
14 40,00 37,00 23,00 7,00 8,00 6,95 17,52 1,64 0,50 35,00 0,72 11,20 4,00 10,25 0,84 121,00 1,44 
15 27,00 57,00 16,00 4,50 7,20 8,50 10,42 1,13 0,84 32,00 0,32 7,56 2,70 6,93 0,58 88,00 1,51 
16 73,00 22,00 5,00 13,50 7,50 2,50 9,16 3,09 0,94 3,00 1,20 5,11 1,88 4,70 0,56 78,00 1,39 
17 78,00 20,00 2,00 13,00 7,54 2,70 8,14 3,25 0,98 23,4 0,93 5,46 1,95 5,00 0,52 79,00 1,52 
18 75,00 17,00 8,00 12,50 7,25 2,45 7,82 3,13 0,94 1,99 0,80 6,34 1,88 4,85 0,87 126,00 1,44 
19 73,00 18,00 9,00 12,18 7,75 2,40 9,89 3,00 0,92 1,84 0,74 8,32 1,83 4,68 0,98 133,00 1,35 
20 75,00 21,00 4,00 12,50 7,80 2,47 5,86 3,13 1,00 1,98 0,79 5,25 2,01 4,85 0,63 89,00 1,42 

  
Corg: total soil organic carbon- Cbio: microbial biomass carbon- CEC: cation exchange capacity- CE: electrical conductivity 

 
RESULTS AND DISCUSSION 

 
3.1. The variation of the microbial biomass in the steppe soils 
In all samples, the microbial biomass carbon ranged from 78 mg.kg-1 dry soil to 245 mg.kg-1 dry soil with an 
average of 146 mg.kg-1 dry soil, the highest values are recorded in the alfa ecosystems with an average of 218 
mg.kg-1 dry soil (Table 2). In terms of the soil total organic carbon, this fraction ranges between 1,18% in the sparte 
ecosystems to 2,08% in the alfa ecosystems, with an average of 1,5%; these values are limited within the range of 
values found by Gil-Sotres and al. [37] but lower than found by other study [38].  
 
The transition from alfa ecosystem to remt ecosystem correlates with the reduction of the microbial biomass carbon 
along the transect north-south of the realized sampling. It is important to note that, this transition also coincides with 
the reduction in plant biomass that passes from 35% of a recovery rate in alfa ecosystems to recovery rate not 
exceeding 15% in remt ecosystems with intermediate rate for sparte ecosystems ranged between 20 to 25%. This 
low level of microbial biomass carbon has been attributed to the unfavorable conditions characterizes this 
ecosystems. 
 
The hierarchical classification of different parameters, using the dendrogram, shows that the level of the microbial 
biomass carbon forms a separate group towards the other soil parameters (Figure 1). It is a minimum level of 
microbial biomass that can host a taxonomic unit when habitat conditions became unfavourable. This fraction lives 
in dormancy and is undemanding in growth factors [39]. 
 
This value may be a threshold value, used like a biomarker of the degraded soil functioning [3], and will be a 
potential indicator of the sustainability of the steppe ecosystems. Above this threshold, the balance is broken and the 
ecosystem ‘soil’ loses its properties influenced by the microbial biomass [40]. It should also be noted that the values 
of this threshold are very high in the alfa ecosystems than in the two other ecosystems. The comparative effect of 
different parameters is determined by the two axes of principal component analysis (Figure 2).  
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The two axes represent a total inertia of 74.86%  with 43.66% and 31.20% of contribution respectively to the factors 
F1 and F2 ; showing diametric opposition between the microbial biomass carbon and soil parameters that promote 
the edaphic aridity; mainly sands, total limestone , CE, Ca and Mg. Our results are similar with these finding by 
other study [21]. The high salinity causes a significant decrease in microbial biomass carbon by increasing osmotic 
pressure and decreasing soil water availability [41][42]. The opposition of the textural parameters with the microbial 
biomass carbon reflects the weakness of the protection mechanism of this fraction by clays which dominated by the 
size with low specific surface area like palygorskite [4].  
 

 
Corg: total soil organic carbon- Cbio: microbial biomass carbon- CE: electrical conductivity 

CEC: cation exchange capacity 
 

Figure 1: Dendrogram classification of different parameters 
 

 
Corg: total soil organic carbon- Cbio: microbial biomass carbon- CE: electrical conductivity 

CEC: cation exchange capacity 
Figure 2: Projection of the analyzed parameters in principal component analysis (PCA) 
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3.2. Seasonal variation of the soil microbial biomass 
The monthly variation of the microbial biomass carbon was followed during the season 2013/2014 under three types 
of plant cover characterizing the Algerian steppe namely the alfa (Stipa tenacissima), the sparte (Lygeum spartum) 
and remt (Artrophytum scoparium).  
 
This evolution is given in Figure 3, the month of August marks the minimum value of the microbial biomass carbon 
126, 101 and 84 mg.kg-1 dry soil respectively for the alfa, the sparte and the remt ecosystems, the month of 
November marks the maximum of microbial biomass carbon 260, 170 and 113 mg.kg-1 dry soil respectively for the 
alfa, the sparte and the remt ecosystems, despite this increase, these values are insufficient to improve the fertility of 
these soils; the same result was found by other authors [43][44][45]. 
 

. 
 

Figure 3: Monthly variation of microbial biomass carbon (season 2013/2014) 
 
The seasonal variation of the microbial biomass is characterized by the presence of two peaks of high microbial 
biomass carbon level (spring and autumn) and two peaks of low microbial biomass carbon level (winter and 
summer). The same remarks were found by other authors [44][45][46]. In steppe conditions the autumn and spring 
are favourable to the regeneration of vegetation; affecting the level of microbial biomass by rhizodeposits quantity 
(Table 3).  
 

Table 3: Average seasonal variation of microbial biomass carbon (season 2013/2014) 
 

 alfa ecosystem sparte ecosystem remt ecosystem 
Cbio (mg.kg-1) Reduction rate Cbio (mg.kg-1) Reduction rate Cbio (mg.kg-1) Reduction rate 

Autumn 190,00 
-5% 

133,00 
-7% 

102,00 
-3% 

Winter 179,00 123,00 99,00 
Spring 203,00 

-33% 
155,00 

-32% 
100,00 

-15% 
Summer 135,00 105,00 85,00 

 
During the transition from autumn to winter, the reduction rates reached 5%, 7% and 3% respectively for the alfa, 
the sparte and the remt ecosystem; but the transition from spring to summer, the reduction rates reached 33%, 32% 
and 15% respectively for the alfa, the sparte and the remt ecosystem. This reduction is due to the partial sterilization 
phenomenon influenced by the winter cold and summer heat on the soil microbial biomass. It is higher in summer 
than in winter, which supposes that the drying affects much more the reduction of the microbial biomass than the 
low temperatures. Several studies demonstrated that the strong seasonal temperature difference changes the porosity 
by reducing the diameter of the pore spectrum than minimizing water availability by increasing the tension matrix 
and even rewetting of soil after prolonged desiccation does not make the level of the microbial biomass in its initial 
state [47][48].  
 

CONCLUSION 
 

Through the climate and soil data, this study has demonstrated the fragility of these ecosystems and the difficult 
conditions of the biotope in where biological life exists. This study demonstrates, that when the soil conditions of 
the steppe ecosystems became unfavourable, this living organic fraction find a refuge in the soil micro aggregates 
and takes the lowest values. These values can be considered as a critical threshold to estimate the sustainability of 
these steppe ecosystems. Below these values the equilibrium is rapidly broken and the irreversibility threshold is 
quickly reached. The aridity of climate and the soil lowers the level of microbial biomass, a negative correlation was 
observed between this compartment and the parameters promoting edaphic aridity such as sand, limestone and salt. 
The seasonal variation of microbial biomass is also observed in this steppe ecosystems; the strong production levels 
of microbial biomass coincided with the resumption of the autumn and spring rain that are reflected by regeneration 
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of an ephemeral seasonal plant; but not sufficient to improve the fertility of these soils. However, the supply of 
organic material from the rhizodeposits can improve the level of the microbial biomass; this possibility can be 
realized by the long protection of the endemic existing vegetation and by a minimizing the extensive pastorals time. 
In these ecosystems, we can assume that the critical threshold of microbial biomass carbon is limited between 1 to 
2% of the soil total organic carbon (equivalent 100 to 200 mgC.kg-1 of dry sol). The multi-year study of the 
microbial biomass evolution will better analyse the cyclical behaviour of this living organic fraction and predict the 
high production phases. Eventually, the desiccation and the prolonged aridity have a stronger influence on the 
reduction of the microbial biomass than the low temperatures and we can retain the summer as the favourable date to 
evaluate the critical threshold of microbial biomass carbon in this arid region. 
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