


MICROBIAL BIOMASS, ORGANIC CARBON AND BASAL SOIL RESPIRATION :INDICATORS FOR INITIALIZATION OF MICROBIAL COMMUNITY IN  MANGANESE MINE SPOIL OF KOIDA, SUNDERGARH, ODISHA




ABSTRACT
 The quantification of microbial biomass is instrumental in evaluating soil degradation and restoration, as it significantly influences nutrient cycling and organic matter turnover , as well as soil structural and functional stability in response to perturbations and management practices.This study aimed to assess the potential effects of microbial biomass, organic carbon, moisture content, and basal soil respiration on the establishment of microbial colonies in relation to the fertility of various age series of mine spoil. The research was carried off from soil sample collected from six chronosequence  manganese mine spoil (MBO0, MBO2, MBO4, MBO6, MBO8, MBO10) and compared with nearby forest soil (FS).  The analysis revealed an increase in biomass carbon, nitrogen and phosphorous(MB-C, MB-N, MB-P),from fresh mine spoil (MBO0) to MBO 10. The percentage of organic carbon (OC) and moisture content (MC) exhibited an increasing trend across overburden spoil, supports the progressive establishment of microbes. Microbial respiration increased from new mine spoil (MBO0) to MBO10,this rise was probably caused by the organic carbon content gradually increasing.  From fresh mine spoil to MBO 10, the number of colony forming units of Azotobacter (AZB), Arthrobacter (ARB), Rhizobium (RHZ), Heterotrphic Aerobes (HAB), Yeast (YST), Actinomycetes (ACT), and Fungus(FUN)l is increasing. The largest population was found in forest soil that helped initiate sucession in mine disturbed areas, while sulfur reducing bacteria (SRB) showed the opposite trend. Multivariate analysis of variance (MANOVA) shown,  HAB pertains highest (99.3% ) contribution towards variations among all microbial colonies. 
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1.INTRODUCTION
Soil microbial biomass is an unsteady element, mostly variable component of soil organic matter (Jenkinson and Ladd, 1981) and act as a repository of plant  nutrients  and actively involved in regulation of  material cycling. The microbes such as bacteria, fungi  accounts for only 1-5% of organic matter in soil and microbial biomass constitutes ten times than that of soil microfauna (Wildman 2015). Although the microbial biomass C comprises only 1–3% of total soil C and the microbial biomass N occupied up to 5% of total soil N, both of these are the most labile form of C and N pool in soil . Thus, productivity and nutrient  availability  is regulated by factors such as  size and activity of microbial biomass (Friedel et al., 1996). Besides, microbial community structure determined by quality and quantity of organic matter inputs. Microbial biomass estimation provides essential  information about any alteration by soil management and its significant role  in nutrient flow , organic matter turnover and structural stability of soil that enforced  microbiologists to use this tool for restoration of degraded land and  to retrieve  vital features by suitable management of soil  attributes (Mc Grath et al. 2001). 
Rate of respiration in soil is genuinely assesses by rate of evolution of CO2 or the rate of uptake of O2. Microbial activities in soil regulates heterotrophic respiration that responsible for largest carbon flux and its regulation in ecosystem with changes in environmental conditions (Schimel and Schaeffer 2012, Bardgett et  al. 2008)  and there-fore plays a pivotal role in pre-assuming the past and future  climates (Cox et al., 2000; Friedlingstein et al., 2003).Accordingly, both biotic and abiotic factors, including structural elements, microbial community activity, qualitative and quantitative measurements of the soil carbon pool, accessible moisture content, and nutrients, must influence respiration at the ecosystem level (Norman et al., 1992; Amundson, 2001).
Microbial biomass analysis in addition with total OC and basal soil respiration gives an idea on progressive development and degradation of soil (Insam et al., 1989). Therefore, a thorough examination of the respiration rates of microorganisms in various overburden soils, as well as the factors that predominantly influence the respiration rate of microbes, provides additional insight into the knowledge of microbial dispersal over disturbed sites. On the basis of above information, the present study was formulated to estimate the accumulation microbial biomass C,N and P in six different age series of mine spoil along with nearby forest soil. However, there have been very less  reports are  available that links microbial biomass accumulation to basal soil respiration with microbial community characteristics with respect to different overburden mine spoil quantitatively. Therefore, in the present investigation, focus was given to evaluate the effect of microbial biomass, organic carbon and moisture content on the distribution of soil microbial community structure along with basal soil respiration to develop interest on understanding the functioning of microbial community in ecosystem.
2. MATERIALS AND METHODS
2.1 Study Site and sampling 
 Rungta mine PVT Ltd. managed Kanther Managanese mines at Koida, Sundargarh, Odisha (geographical coordinates: 85A° 20' 09.67 " east longitude and 21° 53' 45.34" north latitude). Koida has 14,796 ha of mineralized land out of 73,653 ha. Open cast manganese mining generates a lot of overburden spoil, which is placed elsewhere in the mined region. Following Parkinson et al. 1971, samples were collected by age: fresh mine spoil: FMS; 2 year dump: MBO2; 4 year dump: MBO 4; 6 year dump: MBO 6; 8 year dump: MBO8; 10 year dump: MBO10; forest soil: FS. Samples from each site were homogenized and sieved (2mm mesh) for examination.
2.2 Physico–chemical characterization
Moisture content was estimated using methods of Mishra (1968). Soil organic carbon was calculated using Walkley and Black   titration method (Walkley and Black, 1934). 
2.3 Microbial C, N and P analysis
The soil samples collected from sampling sites were stored in (28 ± 2)̊ C  to stabilise respiration . Then, microbial biomass carbon (MB-C) was estimated by following procedures of  Vance et al. 1987. Determination of microbial biomass nitrogen (MB-N) was done using Chloroform fumigation method (Brookes et al. 1985). Microbial biomass phosphorus was determine using methods of Brookes et al. 1982.
2.4 Estimation of basal soil respiration
Quantification of basal soil respiration was done according to alkali absorption technique explained by  Witkamp, (1966)  and also followed by Ohya et al., (1988).. 
2.5 Enumeration of microbes
Serial dilution method was used to enumerate microbes from soil. Freshly collected soil sample (1gm) was mixed with 100ml of sterilized distilled water followed by stirring and  then suspension  kept for dilution 10-10. Following dilution, 100 µl soil suspension was transferred to clean petridish for enumeration using selective media and spread plate technique. Azotobacter Mannitol ager media was used to isolate azotobacter from different soil profiles (ATCC 1992). Arthroacter (ARB) medium was prepared according to procedures of  Hagedorn and Holt, 1975 to isolate arthrobacter colony. Rhizobial count (RZH) from soil was done using yeast etract , mannitol agar. The  medium contained congo red dye to diiferentiate rahizobium from other bacterias (Vincent, 1970). Enumeration of total heterotrophic aerobic bacterial population (HAB) was done  using nutrient agar media (Gray1990). CFUs of sulphur reducing bacteria(SRB) were counted by using  [Part-A: 0.5g K2PO4; 2g peptic digest of animal tissue; 1g beef extract; 1.5g Na2SO4; 2g MgSO4.7H20; 0.1g CaCl2; and Part-B: 0.392g Fe(NH4)2SO4; 0.1g sodium ascorbate; Part-C: 3.5g sodium lactate per liter; pH- 7.5].Total yeast count (YES) was done on potato sucrose agar  (Krishna et al., 2001). Fungal population (FUN) was counted on Rose Bengal agar with streptomycin (50μl/ml) to eliminate bacterial contamination (Alef and Nannipieri, 1995). Actinomycetes population (ACT) from mine spoil was enumerated using starch-casein agar  (Hunter-Cevera and Eveleigh, 1990).
2.7 Statistical analysis 
Duncan multiple range test was done to know the significance of mean values calculated from the data using SPSS 16.0 software. Pearson coefficient correlation was performed to determine the relationship between microbial biomass and  physicochemical properties with microbial population using SPSS 16.0. To confirm the contribution of physicochemical and microbial biomass properties towards distribution of microbial population, stepwise multiple regression analysis was done using STATA 15.0×64 software. Multivariate analysis of variance (MANOVA) was done to know the effectiveness of variables across study area.
3.RESULTS Current investigation was accomplished to know the effect of  physicochemical, microbial biomass  and metabolic respiration on distribution of  microbial population acorss senen different soil profiles collected from chronosequence manganese mine spoil.
3.1 Quantification of physico-chemical attributes
Progressive improvement was found in hydrological regimes such as moisture content (MC) from  (6.494 ± 0.210 )% in FMS to (11.535 ± 0.072) % (Figure 1). The increasing moisture content from fresh mine spoil to higher  overburden mines spoil (MBO 10) to an  forest soil that adding  structural stability andleads soil towards to become an absorption sink for organic matter (Marshman and Marshall (1981). In the current study, increasing trend was seen from FMS to FS shown that explained the OC concentration enhances with the increasing soil organic carbon contributed from plant root exudates, falling of litters which was increasing with the age series of mine spoil (Ekka and Behera, 2011; Kullu and Behera, 2011) .
       
        
Figure 1 Mean concentration of MC, OC in seven different soil profiles of chronosequence manganese mine spoil (0-15 cm)  
            
            
             
Figure 2 Showing mean concentration of MB-C, MB-N and MB-P among seven different soil profiles (0-15 cm)
3.2 Estimation of Microbial Biomass MB-C, MB-N, MB-P
Estimation of microbial biomass carbon, nitrogen and phosphorus shown significant variation among different soil profiles from chronosequence manganese mine spoil (Figure 2) expressed in terms of µg/g of soil. Forest soil (FS) shown highest level of MB-C as compare to other mine spoil. It was observed from the data collected from the analysis, microbial biomass carbon MB-C, confines a range of (53.519± 1.371) µg/g of soil to (646.969± 6.025) µg/g of soil in an increasing pattern including minimum MB-C shown in fresh mine spoil (MBO0) while maximum in forest soil (FS). The level of MB-N was found to be maximum in MBO10 (61.173± 0.3403) µg/g of soil as compare to fresh mine spoil (MBOO: 5.239±0.526) µg/g of soil that further shown highest level of MB-N in nearby forest soil (646.969± 6.025) µg/g of soil. Forest soil (30.366± 0.881 µg/g of soil) shown highest level of MB-P among all when compared with all mine spoil from MBO0 to MBO10. It is evident from the data that the level of MB-P showed an increasing pattern from MBO0 to nearby FS (Figure 2).

Figure 3 Showing variation in mean concentration of basal soil respiration across soil profiles (0-15cm)

3.3 Estimation of basal soil respiration

In the current investigation the microbial respiration rate was quantified from seven different soil profiles (Figure 3)) and variations in mean values were shown in terms of superscript letters. The  rate of basal soil respiration shown increasing trend from FMS (0.352 ± 0.007 µg CO2-C/g soil/hr) to FS (0.958 ±0.014 µg CO2-C/g soil/hr) (Figure 3).
3.4 Enumeration of microbes 
In the current investigation, microbial community enumeration and their relative abundance was denoted in terms of colony forming unit (CFU/g soil) and variation were shown in terms of superscript letters resulted from Duncan Multiple Range Test (DMRT) at p < 0.05. Microbial communities are measured by their relative availability among six different overburden spoil and compared with forest soil that are shown in terms of log10 transformation of CFU/g soil (Table-2). The current study, increasing pattern was found in azotobacter count (AZB)  from MBO0 (12x10-1) to FS (61x10-4) CFU/g soil . In case of arthrobacter (ARB), the count was found to be increasing from  MBO0 (25x10-2) to native forest soil (FS, 36.5x10-4) CFU/g soil in an increasing rate. Further, the rhizobial count (RZB) followed similar trend significantly from 28x10-1 (FMS) to 20.8x10-4 (FS).The population of heterotrophic aerobes (HAB) was observed to be increasing from FMS (28x10-2) to MBO10 (21.5x10-8 ) and highest was seen in FS (24.2x10-8 ). Count of sulphur reducing bacterial count (SRB) was found to be highest in  MBO0  (30.4 x10-3) and less in FS (0.8x10-1) CFU/g soil.Variation was also found in case of relative distribution of yeast (YES) that shown increasing pattern from FMS (7x10-1) CFU/g soil to MBO 10 (67x10-2) when compared with FS (85x10-3) CFU/g soil. Low fungal count was found  in case of MBO0 (9x10-1) whereas  MBO10 contains 23x10-3 CFU/g soil  that clearly indicates gradual amelioration of fungi towards FS. ( Table 1).
Table 1 Showing distribution of microbes in chronosequence manganese mine spoil (0-15) cm
	Microbial populations
	
CFU g-1 dry wt. soil in (0-15) cm soil depth

	
	MBO 0
	MBO 2
	MBO 4
	MBO 6
	MBO 8
	MBO 10
	FS

	Azatobacter
	12x10-1a
	29x10-1a
	26.0x10-2b
	52x10-3c
	46.2x10-4d
	58.2x10-f4
	61x10-4d

	Arthrobacter
	25x10-2a
	29x10-2a
	79x10-2a
	10.2x10-3a
	21.5x10-4b
	31.2x10-4b
	36.5x10-4b

	Rhizobia
	28x10-1a
	39x10-1a
	51x10-2b
	8.6x10-3b
	13.3x10-4c
	17.8x10-4c
	20.8x10-4c

	Heterotrophic Aerobes
	28x10-2a
	58x10-2a
	85x10-4b
	98x10-6c
	17.1x10-8d
	21.5x10-8d
	24.2x10-8d

	Sulphur reducing bacteria
	30.4 x 10-3a
	34x10-3a
	7.9x10-2c
	66x10-1c
	46x10-1bc
	15.6x10-1ab
	0.8x10-1a

	Actinomycetes
	6x10-2a
	15x10-2b
	29x10-2bc
	12.8x10-3cd
	36x10-3e
	42x10-3e
	55x10-3e

	Yeast
	7x10-1a
	16x10-1a
	10x10-2b
	23x10-2bc
	43x10-2bc
	67x10-2c
	85x10-3d

	Fungi
	9x10-1a
	13x10-2b
	19x10-2b
	25x10-2b
	11.5x10-3c
	23x10-3c
	45x10-3c


  *Superscript letters showing significance of mean values (p<0.05)   

4. DISSCUSSION 
Current investigation was focused on effect of microbial biomass C, N and P on distribution of microbial population in chronosequence manganese mine spoil and presented in terms of  CFU/g soil.It is reveals from the data that the level of C, N and P was increased from fresh mine spoil to forest soil at increasing rate that confirms the gradual increase trend in microbial pool size in different age series of manganese mine spoil Mchulla et al. 2005; Kujur & Patel 2012,2013; Poncelet et al. 2013; Maharana & Patel 2013; Tripathy et al. 2016; Silva et al 2018. Microbial biomass carbon defined as the amount of carbon present in bacterial and fungal cell per unit dry solid and it is a valuable parameter to the size the community structure in soil in different age series of manganese mine overburden spoil (Vries et al. 2018; Patoine et al 2022). The comparative analysis of biomass, also reveals the 7 to 8 fold increment in the MB-C over  MB-N and MB-P in higher age series as compare to fresh mine spoil showed the high carbon immobilization during mine spoil genesis through a long duration to recover the lost properties during restoration of land (Johnson and Skousen, 1995; Srivastava et al., 1989). Result also confirms the large influx of C into microbial biomass lead towards more influx of N and P into the soil (Ladd et al. 1985; Helal and Sauerbeck, 1984).
Table 2 Showing Pearson coefficient of correlation among physicochemical, microbial properties with distribution of microbial population in soil (0-15 cm)

	
	MC
	OC
	MBC
	MBN
	MBP
	BSR
	AZB
	ARB
	RHB
	HAB
	SRB
	AMC
	YEC
	FUN

	MC
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	OC
	.931**
	1
	
	
	
	
	
	
	
	
	
	
	
	

	MBC
	.946**
	.938**
	1
	
	
	
	
	
	
	
	
	
	
	

	MBN
	.952**
	.934**
	.993**
	1
	
	
	
	
	
	
	
	
	
	

	MBP
	.937**
	.935**
	.994**
	.992**
	1
	
	
	
	
	
	
	
	
	

	BSR
	.895**
	.863**
	.982**
	.976**
	.974**
	1
	
	
	
	
	
	
	
	

	AZB
	.836**
	.833**
	.940**
	.944**
	.946**
	.954**
	1
	
	
	
	
	
	
	

	ARB
	.754**
	.764**
	.798**
	.829**
	.811**
	.782**
	.824**
	1
	
	
	
	
	
	

	RHB
	.921**
	.875**
	.958**
	.974**
	.952**
	.956**
	.940**
	.852**
	1
	
	
	
	
	

	HAB
	.894**
	.853**
	.974**
	.975**
	.966**
	.994**
	.959**
	.811**
	.966**
	1
	
	
	
	

	SRB
	-.865**
	-.840**
	-.919**
	-.912**
	-.906**
	-.917**
	-.852**
	-.695**
	-.909**
	-.920**
	1
	
	
	

	AMC
	.796**
	.774**
	.884**
	.872**
	.878**
	.882**
	.877**
	.795**
	.865**
	.890**
	-.772**
	1
	
	

	YEC
	.858**
	.921**
	.921**
	.908**
	.919**
	.878**
	.871**
	.716**
	.889**
	.862**
	-.889**
	.754**
	1
	

	FUN
	.828**
	.785**
	.862**
	.850**
	.856**
	.833**
	.838**
	.748**
	.859**
	.842**
	-.807**
	.935**
	.816**
	1


**Significant at 0.01 

Pearson coefficient correlation  was done to know the role of physico – chemical properties in the variation of MB-C, MB-N and MB-P among seven overburden mine spoil profiles. Degree of variations in MB- C  was positively correlated  with organic carbon at  significance of p < 0.01 level (r = 0.938). Similarly variation in MB-N and MB-P shown positive correlation with OC in different age series of soil (r= 0.934 r = 0.935, p < 0.01). MC was also positively affected the accumulation of MB-C (r= 0.946), MB-N (r= 0.952) and MB-P (r = 0.937) at 0.01 level of significance indicated the dryness of soil unfavors accumulation of microbial biomass which was gradually increases towards progressive improvement in soil moisture content  (Schimel 2018). Soil microbial biomass interms of C, N and P acts as functional index to monitor soil development in disturbed areas. Microbial population such as azotobacter, rhizobium,heterotrophic aerobic bacteria,yeast are more significantly increased their population along with gradual accumulation OC in soil. Optimum moisture also facilitates easy colonization of microbes in both disturbed and undisturbed areas and the correlation was significant at 0.01 level of significance (Table 2).
Table 3 Stepwise multiple regression analysis of microbial biomass, OC, MC with microbial respiration (BSR) and microbial population in seven different profiles (0-15cm)
	
	            Equations
	R2

	      

       BSR
	-1.3926+3.7873 OC
	0.744

	
	-3.4560+.46569 BSR+ .4895 MC
	0.871

	
	0.021248+ 0.16159AZB
	0.984

	
	-0.26598+0.25559ACT
	0.912


	
	0.25144-0.0804ARB+0.0003MBC+0.1654AZB
	0.997

	
	0.5377-0.1633ARB+0.00092MBC+0.1144AZB-0.00645MC
	0.999

	
	-0.36109+0.2408ARB
	0.8102

	
	0.36609-0.02355ARB+0.001237MBC
	0.9673

	          OC
	-1.1365+.5845AZB
	0.6942

	
	-3.4560+.1274 AZB+ .4767MC
	0.8772

	
	-2.1871+.7967 ARB
	0.5833

	
	-2.001+.8289RHZ
	0.7649

	
	-1.297+.3790HAB
	0.7278

	
	4.1707-.9154SRB
	0.7064

	
	1.672-.5188SRB+.2997AZB
	0.7563

	
	-1.668+.5115 ARB+0.958ACT
	0.8120

	
	-1.9.37+.9921YST
	0.8489

	
	-1.1964+.7486 FUN
	0.6167

	
          MC
	4.865+.958AZB
	0.6988

	
	3.1737+1.4271RHZ
	0.8483

	 

        
         
        MBC
	118.512+179.7629OC
	0.8734

	
	-631.022+110.938 MC
	0.8955

	
	-177.0844+126.4505 AZB
	0.8845

	
	-347.0942+159.4919ARB
	0.6364

	
	-342.6464+174.0401RHZ
	0.9179

	
	-218.8021+82.9658HAB
	0.9494

	
	-174.7516+157.4918FUN
	0.7429

	      
       MB-N
	5.2869+8.618OC
	0.8746

	
	-30.2981+5.2796MC
	0.8773

	      
       MB-P
	10.0961+20.0536OC
	0.8721

	
	-74.624+12.499MC
	0.9054


*All R2 values are significant at p < 0.001   
[bookmark: _GoBack]Stepwise multiple regression analysis was performed to know contribution of physicochemical properties in accelarartion of microbial biomass and population in seven different soil profiles. MB-C is positively correlated with OC with 87.34 % contribution whereas MB-N and MB-P also shown positive correlation with accumulation of oganic carbon in different soil profiles (87.21% and 87.46% respectively). MC shown positive relation with MB-C (89.55%), MB-N(90.54 %)  and MB-P (87.73%) because soil was extreamly dried in fresh mine spoil due to lack of moisture that prevents the colonization of microbes which was improves gradually with increasing age of mine spoil. OC positively correlated to basal soil respiration (74.44%) as first variable and MC contributes 12.17% as second variable indicates elevation of OC assisting in improvement BSR in soil which determine net carbon balance in terrestrial ecosystem (Zhou et al. 2013). Further, azotobacter (AZB) and actinomycetes (AMC) shown  98.48% and 91.25% of variability towards  basal soil respiration .BSR enhances metabolism of  arthrobacter(ARB) by contributing 81.02% independently as first variable. BSR also  explained 15.71% with ARB population  as first variable and 2.97% contribution with MBC as first variable and AZB as second variable .MC shown marginal effect by contributing 0.28% to the variability of BSR that defines  optimum moisture may favours colonization of microbial community with optimum metabolic respiration (Borowik, Wyszkowska,2016). In current study, AZB shown direct correlation with orgnic matter content in soil with contribution of 69.42% and its variation in soil also regulated by MC (18.3%) as second variable indicating its role in amelioration of soil microbial properties. Variation in microbial biomass also favours gradual establishment of AZB in mine spoil with  contribution of  88.45% as first variable. Arthrobacter (ARB:58.33%) and Rhizobium (RHZ:76.49%) are gradually accelerates their population under influence of accumulation of organic matter . MC also facilitates the improvement of AZB (69.88%) and Rhizobial count ( RHZ: 84.83 %) in soil. Whereas accumulation MB-C (91.79%) majorly favours rhizobium population in soil and facililates symbiotic assossiation that facilitates highly fertile soil of FS (Nakade 2013). HAB counts was decreased in mine spoil and gradually improved due to accumulation of organic matter 72.78% and increment in MB-C (94.94%) assisted to maintained disturbed ecological balance in ecosystem. Relative count of SRB decreases from MBO0 to FS in OC deficient condition , but presence of pyrite in soil contributes 70.64% towards microbial population and 4.99% (Table -3) was contributed by AZB as second variable. Actinomycetes population predominantly affected by physicochemical factors like moisture and organic matter content in soil by contributing 22.87% as second variable along with ARB (58.33%) as first variable. Higher yeast count contributes 84.89% to facilitates microenvironment for establishment of microbes in FS. Fungi are mostly stabilizing organisms affected by moisture content , temperature and organic matter accumulation.In FS, fungal population was higher due to gradual improvement in organic matter (61.67%), MB-C (74.29%). 
Multivariate analysis of variance (MANOVA) was performed to explained the effectiveness of variables across study area. Wilk’s Lambda score shown statistical significance of microbial population at p<0.05 level of significance across all sites. Additionally, Partia Eta square value for Wilk’s Lambda shown 85.5% indicates larger contribution of variance among different age series of mine spoil. Subsequently, from the above analysis, it was observed, among all microbial colonies HAB contributes 99.3% variation, facilitates successful colonization of microbes to maintain ecological balance within soil profiles. Fungal population explained 92.8% variation facilitates emolieration in infilteration of water and  extends the root surface area for tranlocation nutrients to plants. The variation in microbial population with respect to seven different soil profiles are presented in Table-4. 
Table 4 Shown multivariate analysis of microbial population in seven different soil profiles (0-15 cm)
	Source
	Dependent Variable
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared

	SITES
MBO0
MBO2
MBO4
MBO6
MBO8
MBO10
FS
	AZB
	46.363
	6
	7.727
	28.679
	**
	.925

	
	ARB
	17.132
	6
	2.855
	7.214
	**
	.756

	
	RHZ
	23.034
	6
	4.506
	146.159
	**
	.904

	
	HAB
	124.150
	6
	20.692
	338.680
	**
	.993

	
	SRB
	19.609
	6
	3.268
	38.595
	**
	.943

	
	ACT
	17.066
	6
	2.844
	14.318
	**
	.860

	
	YST
	19.221
	6
	3.204
	24.320
	**
	.912

	
	FUN
	25.178
	6
	4.196
	29.869
	**
	.928


** Significant at p<0.05
5. CONCLUSION- The present study was conducted to assess the impact of microbial biomass with physicochemical parameters  like organic carbon, moisture content on microbial community structure and basal soil respiration in different chronosequence manganese mine spoil. Because of high turn over rate microbial biomass reciprocates quickly to any modifications in management practices during restoration process. Besides,variation in metabolic respiration was found in different soil profiles may be due to microbial metabolic action  that majorly  influenced by microbial biomass carbon carbon and decomposition of  soil organic matter content in different chronosequence mine spoil.Significant improvement in microflora constantly monitors  the status of fertility  level in different mine spoil and increases the microbial biomass pool size to facilitate plant available nutrients. As  potential indicator, microbial biomass along with physicochemical attributes , community structure and respiration rate encourages the conversion of infertile disequlibriate ecosystem into productive and microbially enriched land with a purpose of complete restoration of mine degraded land. 
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MB-P
MEAN	y = 4.9298x - 2.7162
R² = 0.9773
0.39460148673482387	0.21280115914471256	0.39048858284632726	0.16463393736812834	1.2650914327958005	0.66166381191659585	0.88160365244252459	0.39460148673482387	0.21280115914471256	0.39048858284632726	0.16463393736812834	1.2650914327958005	0.66166381191659585	0.88160365244252459	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	2.5423333333333331	5.743666666666666	10.738333333333335	20.107333333333333	22.256666666666664	27.266000000000002	30.366	     Different soil profiles

Microbial biomass phosphorus 
µg/g OF SOIL

BSR
BSR	y = 0.1141x + 0.2539
R² = 0.8945
7.0000000000000001E-3	1.0999999999999999E-2	1.6E-2	1.2999999999999999E-2	1.4999999999999999E-2	1.2E-2	1.4E-2	7.0000000000000001E-3	1.0999999999999999E-2	1.6E-2	1.2999999999999999E-2	1.4999999999999999E-2	1.2E-2	1.4E-2	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	0.35199999999999998	0.39200000000000002	0.59399999999999997	0.84199999999999997	0.91400000000000003	0.92100000000000004	0.95799999999999996	Different age series manganese mine spoil

Basal soil respiration
(µg CO2-C/g soil/hr) 


MC

0.23499999999999999	0.14199999999999999	0.114	0.14499999999999999	0.46400000000000002	0.20100000000000001	8.1000000000000003E-2	0.23499999999999999	0.14199999999999999	0.114	0.14499999999999999	0.46400000000000002	0.20100000000000001	8.1000000000000003E-2	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	6.4939999999999998	7.49	7.72	8.8190000000000008	9.9280000000000008	10.72	11.535	Different soil profiles
Moisture content (%)


OC
y = 0.52x - 0.7207
R² = 0.9235
2.0000000000000018E-3	1.4843629385474892E-2	0.11263362434607774	3.507610772781574E-2	4.8218253804964792E-2	9.33595201358704E-2	0.11099999999999999	2.0000000000000018E-3	1.4843629385474892E-2	0.11263362434607774	3.507610772781574E-2	4.8218253804964792E-2	9.33595201358704E-2	0.11099999999999999	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	0.126	0.31233333333333335	0.6263333333333333	1.2476666666666667	1.6870000000000001	2.048	3.4689999999999999	Different soil profiles

Organic carbon in %

MB-C
MEAN	y = 102.37x - 46.586
R² = 0.9723
1.3717351542237763	2.5878257926941934	5.3921159421263711	8.3785054952141174	13.126031743574805	6.0257229718377578	11.428803889004895	1.3717351542237763	2.5878257926941934	5.3921159421263711	8.3785054952141174	13.126031743574805	6.0257229718377578	11.428803889004895	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	53.519333333333329	124.91133333333335	244.40166666666667	431.16366666666664	498.35966666666667	540.9426666666667	646.96966666666674	Different soil profiles 

Microbial biomass carbon (µg/g of soil)


MB-N
MEAN	y = 11.48x - 8.562
R² = 0.9751
0.39460148673482387	0.21280115914471256	0.39048858284632726	0.16463393736812834	1.2650914327958005	0.66166381191659585	0.88160365244252459	0.39460148673482387	0.21280115914471256	0.39048858284632726	0.16463393736812834	1.2650914327958005	0.66166381191659585	0.88160365244252459	MBO0	MBO2	MBO4	MBO6	MBO8	MBO10	FS	5.2396666666666665	9.6596666666666664	22.875333333333334	40.865333333333332	54.04	61.173000000000002	67.657333333333341	Different soil profiles  

Microbial  biomass nitrogen 
µg/g of soil
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