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Microbial biomass behaviour in Algerian steppe soils
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ABSTRACT

This study is to assess the spatial and seasoilaigzrobial biomass variation in Algerian steppeils using the
fumigation extraction method. The microbial biomaasbon ranged from 78 mg.kglry soil to 245 mg.kgdry
soil with an average of 146 mgkdiry soil; forming an 1,5% of total soil organic reon. The soil microbial
biomass carbon dynamics depends on the seasonatidi conditions; the highest values were recoritedpring
and autumn, while the lowest values were notediitewand summer. The summer desiccation has a muezter
influence on the reduction of microbial biomasshzar than the winter freez&€he sampling date is a key factor to
assess the critical threshold of microbial biomasthese ecosystems.
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INTRODUCTION

The Algerian steppe soils are degrading and pooorijanic matter, their improvement require firstlye
guantification of the microbial biomass living inetse soil§1]. The amount of soil organic matter is around 1.0%.
However, they can drop quickly after the cultivatiof these soils by inappropriate methd@% causing the
degradation of the physico-chemical and biologifeatility [3]. In Algerian steppe, an important number of
scientific studies have been devoted to changéwiphysical and chemical properties of the sadligyi[4][5] and
the vegetation dynamicgg][7][8], on the contrary, regarding the microbiologicaklify and the role of soil
microbial biomass, which is still relatively low.h& microbial biomass is defined as the fractionthaf living
organic matter in the sdib], composed mostly by chimioorganotrophic organi§h®; distributed in the form of
micro-colonies within the soil aggregates, for tmest part, in a state of dorman¢¥l]. Many studies have
demonstrated the role of the microbial biomassha goil biological functioning and soil behaviddg]. The soll
microbial biomass is an index of soil evolutifiB], by its rapid turnover, the microbial biomass ey and
regenerates the biogenic elements and constitheeprincipal element of the food chain in the $a#4][15]. It
influences the chemical fertility by evacuatingitteytoplasmic contents during the death and lyfelhe microbial
cells [16]. Several factors influence the distribution anctnabial activity in the soil; the accessibility atide
availability of the carbonate substrate more bioddgble within the soil aggregatgk/][18]. The soil microbial
biomass quantity is related not only to the quandt plant biomass, but also to the diversity ahd floristic
richnesq19]{20]. Other soil parameters influence the level of therobial biomass. It shows a low level in a saline
condition P1][22][23] and is more important in the clay fraction thanotber size fraction§24]. The climatic
factors also influence the dynamics of the soilrofital biomass where the ratio between the pretipit and the
evaporation affect the microbial biomd®&5]. Some studies have demonstrated that the seasanation of the
temperature and the moisture of soil affect thellef the microbial biomad®6][27].

This investigation aims to quantifying the leveltbé microbial biomass for some different steppés ssnd study
the seasonal climatic variation on the evolutiothig living organic fraction.
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EXPERIMENTAL SECTION

2.1. The study area

The study area is part of the steppe zone of Wkggria, the climate extends from the cold aridhi® hot one, with
limited annual rainfall ranging between 400 and 1@®; varies in time and in space. The minimum tenapee
rangedbetween + 1 ° C and + 3 ° C with lower local minirB2C and the maximum temperature is limited between
34°C and 37C. The extreme temperature range (M-m) remainstantially equal to 343 [28]. These soils
belong to the aridisols ordg29], and are shallow, skeletal with very marked liraes{30].

2.2. Soil sampling
The soil samples were collected from the top harizetween the clumps of steppe vegetation duriagrtbnth of
January. It is a cold period who characterizesatimer rest of spontaneous steppe flora.

Table 1: Geographical location of samples

Sample numbe Dominant vegetation Coordinajes  udlét(m)
1 alfa Gtipa tenacissima) gggg_ég g 998
2 alfa Gtipa tenacissima) ggig_ig g 1025
3 alfa Gtipa tenacissima) ggg;z; :\El 1088
4 alfa Gtipa tenacissima) ggggig :\El 1082
5 armoisgArtemesia herba alba %%zzglizzg 1009
6 armoisgArtemesia herba alba ggigig g 1005
7 armoisgArtemesia herba alba %%:587225:5\] 1010
8 sparte l(ygeum spartujn ggéﬁ_gg E 1037
9 spartel(ygeum spartuin gggi_ﬂ :\El 1000
10 spartel(ygeum spartuin gggggi :\El 1103
11 spartel(ygeum spartuin %%%723 E 1123
12 aristida(Aristida pungens) ggiggg (N) 1147
13 atriplexe(Atriplexe numelarea) gggi_ﬁg g 1000
14 atriplexe(Atriplexe numelarea) gggg_gg E 987
15 salsola$alsola vermiculata gggg_ﬁg :\El 984
16 aristida(Aristida pungens) ggéigg :\El 1149
17 remt Artrophytum scopariuin ggégg% g 1148
18 remt Artrophytum scopariuin ggggg g 1181
19 remt Artrophytum scopariujn gég%%gg’\é 1178
20 remt Artrophytum scopariuin gggg;g :\El 1186

Sampling was conducted on a north-south directigh an increasing aridity; this axis is also chéedzed by a
strong floristic and pedologic variatiqif able 1). Physical and chemical properties of soils wertemieined by
standard methods: soil texture by international iRsdn pipette method, acidity by Potentiometric moet; the
soluble salts are extracted and analyzed from #iarated past¢3l], The cation exchange capacity (CEC)
guantified using ammonium acetd?], the total limestone by the calcimeter Bernardhodtand Organic carbon
content (G,g was determined using the Anne methisg].

The microbial biomass carbon was estimated fromftimigation extraction method; 25g of soil sampés
fumigated by chloroform vapour for 24h at°25 The samples were extracted with 0.5M ofSR, with a
soil/solution (1/5) by shaking for 1h at 200 r.Mijrthe carbon is determined by®,0;[34]; The unfumigated soil
samples were extracted similarly at the start gfeeixnent. The microbial extractable carbon (E.Cg¢dsial to the
extra carbon extracted in the fumigated samplespeoed to the untreated control samples with chéorof

42



BourahlaLameet al J. Chem. Pharm. Res,, 2015, 7(11):41-47

Many studies have confirmed that, regardless tipe f soil, the extractible carbon is a substagtiabnstant
proportion of the microbial bioma$34][35][36].

The microbial biomass carbon is calculated by tieding formula:

c biomasaes:2-64(Cfumigated'cunfumigated)

2.3. Statistical analysis

In order to establish a relationship between tliterdint physico-chemical parameters and to furthezluate the

relationship between them, the principal compomeatysis and the hierarchical classification wasdus

All the values in this study are the average of¢hmeasurements.

Table 2: Physicochemical characteristics of soils

N° Soil texture (%) CaC9| pH CE CEC Soil extract( mmol) Corg Chio Chio/Corg
sample] Sand| Silt | Clay| (%) | 1/2,5dS.m' | mmol.100¢' [ Ca” [Mg™ | Na* [ K* Cl [so  [HCO; | (%) | (mgkd) | (%)
52,00/ 39,00{ 9,00 | 9,00| 7,71 1,81 9,89 2,680,65| 2,04 | 0,82 4,64 | 1,30 3,35| 0,99 201,00 2,02
49,00/ 41,00{ 10,00| 8,25 | 7,70 1,71 12,21 2,050,78| 1,96 | 0,78 3,87 | 1,23 3,20 | 1,08 225,00 2,08
52,00 38,00| 10,00| 8,75 | 7,64 1,83 12,25 2,180,65| 2,21 | 0,88 3,64 | 1,30, 4,00 | 1,35 245,00 1,81
40,00/ 47,00{ 13,00 6,50 | 7,60 1,43 13,65 2,020,80| 1,88 | 0,75 2,80 | 1,50 2,50 | 1,46 202,50| 1,39
40,00| 48,00 12,00| 8,75 | 7,40 1,45 15,58 1,680,52| 2,04 | 0,82 3,20 | 2,00 2,57 | 1,35 189,00 1,40
40,00| 46,00{ 14,00 7,50 | 7,50 1,45 13,95 1,680,50| 1,79 ] 0,72/ 2,80 | 1,000 2,00 | 1,57| 217,50| 1,39
59,00/ 33,00| 8,00 | 9,85| 7,85 2,15 7,81 2,510,84| 3,06 | 1,20 4,13 | 1,48 3,75| 0,87 132,00| 1,51
52,00| 39,00| 9,00 | 8,50| 7,65 1,90 9,89 2,130,65| 2,72 | 1,25 3,64 | 1,70, 3,35 | 0,99 147,00 1,48
57,00/ 32,00{ 11,00 9,50 | 8,36] 2,25 14,77 2,380,71| 368 | 1,45 4,20 | 1,43 3,75 1,30 153,00 1,18
62,00 28,00( 10,00| 10,50 7,50 2,25 12,21 2,640,78| 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 2,7%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 3,000,95| 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 1,640,50] 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 1,130,84| 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 3,090,94| 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 3,250,98| 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 7,2% 2,45 7,82 3,130,94| 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 7,7% 2,40 9,89 3,000,92| 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 3,131,00| 1,98 | 0,79 5,25| 2,01 4,85 | 0,63 89,00 1,42

Slo|o|~|o|a|s|w|n|-

Corg: total soil organic carbon- G,: microbial biomass carbon- CEC: cation exchangpauity- CE: electrical conductivity
RESULTSAND DISCUSSION

3.1. Thevariation of the microbial biomassin the steppe soils

In all samples, the microbial biomass carbon ranfyeth 78 mg.kd dry soil to 245 mg.k§ dry soil with an
average of 146 mg.Kgdry soil, the highest values are recorded in tfe @cosystems with an average of 218
mg.kg" dry soil (Table 2). In terms of the soil total organic carbon, thiction ranges between 1,18% in the sparte
ecosystems to 2,08% in the alfa ecosystems, witavanage of 1,5%; these values are limited withantange of
values found by Gil-Sotreand al [37] but lower than found by other stud3g].

The transition from alfa ecosystem to remt ecosysterrelates with the reduction of the microbiadrbass carbon
along the transect north-south of the realized $agpt is important to note that, this transitiatso coincides with
the reduction in plant biomass that passes from 8%% recovery rate in alfa ecosystems to recovatg not
exceeding 15% in remt ecosystems with intermediate for sparte ecosystems ranged between 20 to 2Bk
low level of microbial biomass carbon has beenitatted to the unfavorable conditions characteritt@s

ecosystems.

The hierarchical classification of different parders, using the dendrogram, shows that the levéh@imicrobial
biomass carbon forms a separate group towards ttier soil parameters=igure 1). It is a minimum level of
microbial biomass that can host a taxonomic uniénvhabitat conditions became unfavourable. Thigtifra lives
in dormancy and is undemanding in growth fac{Ges.

This value may be a threshold value, used likecambiker of the degraded soil functionif@], and will be a
potential indicator of the sustainability of thebe ecosystems. Above this threshold, the balanm®ken and the
ecosystem ‘soil’ loses its properties influencedHty microbial biomassgif]. It should also be noted that the values
of this threshold are very high in the alfa ecosyst than in the two other ecosystems. The comparaffect of
different parameters is determined by the two atgsincipal component analysiBigure 2).
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The two axes represent a total inertia of 74.86%h %3.66% and 31.20% of contribution respectivelyhe factors
F1 and F2 ; showing diametric opposition betweenrtticrobial biomass carbon and soil parameterspt@anote
the edaphic aridity; mainly sands, total limestoi@E, Ca and Mg. Our results are similar with thésding by
other study[21]. The high salinity causes a significant decreasmicrobial biomass carbon by increasing osmotic
pressure and decreasing soil water availajiity[42]. The opposition of the textural parameters with tiicrobial
biomass carbon reflects the weakness of the proteniechanism of this fraction by clays which doatéd by the

size with low specific surface area like palygoteskd].
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Figure 1: Dendrogram classification of different parameters
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44



BourahlaLameet al J. Chem. Pharm. Res., 2015, 7(11):41-47

3.2. Seasonal variation of the soil microbial biomass

The monthly variation of the microbial biomass @arlwas followed during the season 2013/2014 urideettypes
of plant cover characterizing the Algerian steppenaly the alfa$tipa tenacissimathe spartelygeum spartuin
and remt Artrophytum scopariuin

This evolution is given ifrigure 3, the month of August marks the minimum value @f phicrobial biomass carbon
126, 101 and 84 mg.Kgdry soil respectively for the alfa, the sparte @hd remt ecosystems, the month of
November marks the maximum of microbial biomas$®€ar260, 170 and 113 mg:kdlry soil respectively for the
alfa, the sparte and the remt ecosystems, defstatrease, these values are insufficient to awprthe fertility of
these soils; the same result was found by othéwoas(t43][44][45].
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Figure 3: Monthly variation of microbial biomass carbon (season 2013/2014)

The seasonal variation of the microbial biomasshiaracterized by the presence of two peaks of higiobial
biomass carbon level (spring and autumn) and twakgef low microbial biomass carbon level (winterda
summer). The same remarks were found by other eitd][45][46]. In steppe conditions the autumn and spring
are favourable to the regeneration of vegetatiffiecting the level of microbial biomass by rhizodsjis quantity
(Table 3).

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

alfa ecosystem sparte ecosystem remt ecosystem
Chio (mg.kg") | Reduction ratd & (mg.kg") | Reduction rate] & (mg.kg") | Reduction rate
Autumn 190,00 133,00 102,00
! -50, ! =70, Ll =30,
Winter 179,00 5% 123,00 % 99,00 3%
Spring 203,00 . 155,00 o 100,00 e
Summer 135,00 33% 105,00 32% 85,00 15%

During the transition fronautumn to winter, the reduction rates reached 3% .and 3% respectively for the alfa,
the sparte and the remt ecosystem; but the tranditom spring to summer, the reduction rates red@8%, 32%
and 15% respectively for the alfa, the sparte Aedémt ecosystem. This reduction is due to thegbaterilization
phenomenon influenced by the winter cold and surmmeat on the soil microbial biomass. It is highesummer
than in winter, which supposes that the drying@ffenuch more the reduction of the microbial biosndean the
low temperatures. Several studies demonstratedbaitrong seasonal temperature difference chahggsorosity
by reducing the diameter of the pore spectrum tharimizing water availability by increasing the $on matrix
and even rewetting of soil after prolonged desiocatioes not make the level of the microbial biosniasits initial
state §7][48].

CONCLUSION

Through the climate and soil data, this study hemahstrated the fragility of these ecosystems aeddffficult

conditions of the biotope in where biological lggists. This study demonstrates, that when thecswitlitions of
the steppe ecosystems became unfavourable, ting lorganic fraction find a refuge in the soil nucaggregates
and takes the lowest values. These values cannsidened as a critical threshold to estimate trataguability of

these steppe ecosystems. Below these values tliédegon is rapidly broken and the irreversibilithreshold is
quickly reached. The aridity of climate and thd kniers the level of microbial biomass, a negatieerelation was
observed between this compartment and the parasnatemoting edaphic aridity such as sand, limestoresalt.
The seasonal variation of microbial biomass is alsserved in this steppe ecosystems; the strorduption levels
of microbial biomass coincided with the resumptidrihe autumn and spring rain that are reflectedeggneration
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of an ephemeral seasonal plant; but not sufficierimprove the fertility of these soils. Howevengtsupply of
organic material from the rhizodeposits can imprdive level of the microbial biomast)is possibility can be
realizedby the long protection of the endemic existing tatien and by a minimizing the extensive pastotiate.
In these ecosystems, we can assume that the ktitreshold of microbial biomass carbon is limiteetween 1 to
2% of the soil total organic carbon (equivalent 160200 mgC.kg of dry sol). The multi-year study of the
microbial biomass evolution will better analyse tyelical behaviour of this living organic fracti@nd predict the
high production phases. Eventually, the desiccatind the prolonged aridity have a stronger infleepa the
reduction of the microbial biomass than the lowgematures and we can retain the summer as therfabewate to
evaluate the critical threshold of microbial biomasrbon in this arid region.
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