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The present study documents the biological properties 
of the black soil region (BSR) of India in terms of cul-
turable microbial population. Besides surface micro-
bial population, subsurface population of individual 
soil horizons is described to improve the soil informa-
tion system. An effort has been made to study  
the depth-wise distribution and factors (bioclimates, 
cropping systems, land use, management practices 
and soil properties) influencing the microbial popula-
tion in the soils of the selected benchmark spots repre-
senting different agro-ecological sub-regions of BSR. 
The microbial population declined with depth and 
maximum activity was recorded within 0–30 cm soil 
depth. The average microbial population (log10 cfu g–1) 
in different bioclimates is in decreasing order of SHm >  
SHd > SAd > arid. Within cropping systems, legume-
based system recorded higher microbial population 

(6.12 log10 cfu g–1) followed by cereal-based system 
(6.09 log10 cfu g–1). The mean microbial population in 
different cropping systems in decreasing order is leg-
ume > cereal > sugarcane > cotton. Significantly higher 
(P < 0.05) microbial population has been recorded in 
high management (6.20 log10 cfu g–1) and irrigated 
agrosystems (6.33 log10 cfu g–1) compared to low man-
agement (6.12 log10 cfu g–1) and rainfed agrosystems 
(6.17 log10 cfu g–1). The pooled analysis of data inclu-
sive of bioclimates, cropping systems, land use, manage-
ment practices, and edaphic factors indicates that 
microbial population is positively influenced by clay, 
fine clay, water content, electrical conductivity, organic 
carbon, cation exchange capacity and base saturation, 
whereas bulk density, pH, calcium carbonate and  
exchangeable magnesium percentage have a negative 
effect on the microbial population. 

 
Keywords: Agro-ecological sub-regions, benchmark spots, 
black soil regions, principal component analysis, soil  
microbial population. 
 

Introduction 

SOIL quality is one of the significant agro-ecosystem 
components for which management efforts must be inten-
sified to achieve sustainability. In recent times there has 
been an increased interest in developing various techniques 
of evaluating soil health1. Among the soil components, 
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microorganisms play a key role in ecologically important 
bio-geochemical processes2. Furthermore, microbiologi-
cal properties are the most sensitive and rapid indicators 
of perturbations and land-use changes, as they develop in 
response to constraints and selection pressures in their 
environment3. In this sense, quantitative description of 
microbial community structure and diversity has aroused 
great interest in soil quality evaluation4,5. Soil microbial 
diversity can directly influence plant productivity and  
diversity by influencing plant growth and development, 
plant competition, and nutrient and water uptake6. Thus, 
microbial diversity needs to be considered in soil quality 
studies7. 
 Black soils, popularly known as black cotton soils, are 
usually deep to very deep and dominated by highly ex-
pansive smectitic clays. They are characterized by the 
presence of either slickensides or wedge-shaped peds, 
 30% clay and cracks that open and close periodically. 
These soils are grouped as Vertisols. Revised estimation 
indicates that black soils occupy nearly 76.4 m ha area in 
the country. Maharashtra, Madhya Pradesh and Gujarat 
have the major share of black soils in India. Black soils 
are also reported from Kerala, Jammu and Kashmir and 
Andaman and Nicobar Islands. In spite of the fact that 
some studies have reported about the soil microbial ac-
tivities in Indian soils8–10, comparatively little informa-
tion is available on the impact of climatic, cropping and 
land use systems on soil microbial population in different 
agro-ecological sub-regions (AESRs) of the black soil  
regions (BSR) in India. To improve our understanding  
of microbial populations and their diversity in BSR, a  
survey has been undertaken in the established benchmark 
(BM) soil series of BSR of India with the objective to  
study the impact of bioclimates, cropping systems, land 
use system and management practices on the distribution 
of microbial population at different soil depths. The in-
formation generated on soil microbial attributes through 
this study, will improve the Indian soil information  
system, which will be useful for the assessment of 
soil/land quality and changes in the soil quality indicators 
for sustainable land resource management in the BSR of 
India. 

Materials and methods 

Site description and sampling 

Soils for the present study were chosen from the estab-
lished BM sites, the reason being that each soil would 
cover an extensive area in the landscape and monitoring 
these BM sites would be easy. Though a few selected 
soils do not belong to the BM sites, it has been ascer-
tained that each of these soil series covers an area much 
larger than 20,000 ha (area required for any soil series to 
have BM status). Based on variations in mean annual 

rainfall (mm), the BSR was grouped as under arid A: 
<550 mm, semi-arid (dry) SAd: 550–850 mm, semi-arid 
(moist) SAm: 1000–850 mm, sub-humid (dry) SHd: 
1100–1000 mm and sub-humid (moist) SHm: > 1100 mm 
in 6 AERs (agro-ecological regions) and 17 AESRs (3.0, 
5.1, 5.2, 6.1, 6.2, 6.3, 6.4, 7.1, 7.2, 7.3, 8.1, 8.2, 8.3, 10.1, 
10.2, 10.3 and 5.1)11 accounting for 19% (76.4 m ha)12 of 
the total geographical area of the country. The soil series 
were selected in such a way that in any agricultural sys-
tem under a particular cropping pattern, two representa-
tive soil profiles (under the same soil series) were 
included (Table 1). The soil series under low manage-
ment (LM) were characterized by application of low 
NPK, organic manure rarely applied, removal of residues 
and biomass and no soil moisture conservation practices 
followed. The soil series under high management (HM) 
were characterized by application of recommended levels 
of NPK, regular application of organic manure, incorpo-
ration of residues and adoption of soil moisture conserva-
tion techniques (ridge furrows, bunding, broad bed and 
furrow). 

Soil physical and chemical characteristics 

The soil samples collected from different BM spots were 
air-dried and ground to pass through a 2 mm sieve before 
analysis. The international pipette method was used for 
particle-size analysis for quantifying the sand (2000–
50 m), silt (50–2 m) and clay (< 2 m) fractions, accord-
ing to the size segregation procedure of Jackson13. The 
CaCO3, pH (1 : 2), cation exchange capacity (CEC) and 
exchangeable sodium percentage (ESP) were determined 
on the total fine earth (< 2 mm) by standard methods14. 
Exchangeable magnesium percentage (EMP) was deter-
mined following the 1 N NaCl solution extraction method15. 
Carbonate clay was determined on the basis of the  
gravimetric loss of carbon dioxide using Collin’s calcime-
ter16. The saturated hydraulic conductivity (sHC; cm/h) 
was measured by taking 200 g of soil, uniformly tapped 
and saturated overnight. It was measured by taking an 
hourly observation until three constant observations were 
obtained in the permeameter14. Available water content 
(AWC) was calculated using the water retained between 
33 and 1500 kPa of less than 2 mm size soil samples14. 
The bulk density (BD) was determined by a field-moist 
method using core samples (diameter 50 mm) of known 
volume (100 cm3)17. 

Soil microbiological characteristics 

Soil samples collected at different soil depths from BM 
spots were passed through a 2 mm sieve and stored at 4C 
for subsequent analyses. For microbial analysis, samples 
were serially diluted up to 10–4 dilution and 1 ml of aliquot 
was pour-plated in enumeration media (nutrient agar for
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bacteria, Martin’s rose Bengal agar for fungi, Ken 
Knights and Munaier’s agar for actinomycetes and buff-
ered yeast agar for yeast). The plates were incubated at 
optimum temperature (28  1C for bacteria and yeast; 
30  1C for fungi and actinomycetes) in triplicate. The 
microbial colonies appearing after the stipulated time of 
incubation (3 days for bacteria and yeast; 5 days for 
fungi; 7 days for actinomycetes) were counted as total 
culturable colony forming units (cfu) and expressed in 
log10 cfu g–1 of the sample. 
 The weighted mean averages of total culturable micro-
bial population at different soil depths (cm) were derived 
as follows: 
 

[(First soil core length  culturable microbial popula-
tion) + (second soil core length  culturable microbial 
population)  (nth soil core length  culturable micro-
bial population)]/total sampling depth (cm). 

Statistical analyses 

To study the impact of different factors on the microbial 
population, data pertaining to BSR under different bio-
climates, cropping systems, land use and management 
practices were pooled and analysed using ANOVA for a 
two factorial design (soil depth  bioclimate/cropping sys-
tem/land use/management). Tukey’s honest significant 
difference (HSD) test was used (if ANOVA indicated 
significant differences) as a post hoc mean separation test 
(P < 0.05) using SAS 9.1 (SAS Institute, Cary, NC). 
Principal component analysis (PCA) was performed using 
XLSTAT 2013 software. 

Results and discussion 

Variability of culturable microbial population with  
soil depth 

The culturable microbial population declined in all the 
BM spots with soil depth (Table 2). Surface soil horizon 
(0–15 cm) recorded maximum population and almost 
50% of microbial population was restricted within 0–30 cm 
soil depth. Microbial population differed significantly 
(P < 0.01) from one BM spot to another. HM spots showed 
higher microbial population compared to LM spots. 
Among the BM spots in HM, Coimbatore soil series of 
Tamil Nadu recorded the highest microbial population 
(6.40 log10 cfu g–1), and Bhola soils of Gujarat showed the 
lowest microbial count (5.68 log10 cfu g–1) at 15 cm soil 
depth. In LM, Teligi soils of Karnataka recorded highest 
population (6.35 log10 cfu g–1), and Sidalghatta soils of 
Karnataka showed lowest population (5.77 log10 cfu g–1). 
The increased microbial population in the surface soil 
compared to subsurface soil is attributed to the greater 
availability of organic carbon, nutrients, moisture and 
aeration. Depth of root penetration and nutrient exhaus-
tive characteristics of crops also may be an additional 

reason for the decline of culturable microbial population 
in deeper layers. Impact of soil depth on proportion of 
microbial activity has already been reported4,18. 

Impact of bioclimates on cultural microbial  
population 

Culturable microbial population declined in all biocli-
mates with soil depth (Figure 1). In the surface horizon 
(0–15 cm), SHm recorded higher culturable microbial 
population (6.26 log10 cfu g–1) and the arid regions 
showed least population (6.14 log10 cfu g–1). The average 
culturable microbial population in different bioclimates 
was in decreasing order of SHm > SHd > SAd > arid. The 
higher microbial population in SHm and lower microbial 
population in arid regions, reflect the contrasting moisture 
and nutrient availability in these bioclimates. The varia-
tions in microbial populations among the bioclimates may 
also be attributed to the differences in soil physical and 
chemical properties. Soil moisture may differentially  
influence bacteria and fungi, either by directly affecting 
survival and growth or indirectly by shifting substrate 
availability19. Changes in soil microbial community com-
position due to flooding has also been reported20. Soil 
type has been reported as the principal factor determining 
soil microbial communities and their structure21. Studies 
of bacterial communities in soils and sediments22 and in 
microcosms23 indicated that hydraulically induced spatial 
isolation in drier soils leads to higher diversity (richness 
and evenness) relative to wetter, more hydraulically con-
nected soil or sediment environments. Soil pH is also  
reported as the main factor that affects microbial popula-
tion and structure24. Soil pH has been reported to be the 
best predictor of bacterial community composition across 
this landscape. Fungal community composition is most 
closely associated with changes in soil nutrient status25. 
Rietz and Haynes26 conclude that agriculture-induced  
salinity and sodicity not only influence the chemical and 
physical characteristics of soils, but also greatly affect 
soil microbial and biochemical properties. In general, soil 
moisture is reported to influence the microbial activity in 
soils27. Variations in the frequencies and intensity of pre-
cipitation influence the spatio-temporal extent of fungal 
and bacterial activities28. Soil microbial functional diver-
sity is found to decrease with increasing latitude and is 
positively correlated with measures of atmospheric tem-
perature and higher acidity29. Low organic matter content 
and poor moisture availability of soils are the major  
factors limiting optimum microbial activity8. 

Impact of cropping systems on cultural microbial  
population 

Significant difference in microbial population (P < 0.05) 
has been observed in different cropping systems and soil
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Table 2. Weighted mean average of total culturable microbial population (log10 cfu g–1) at different soil depths 

 Soil depth (cm) 
 

 0–15 15–30 30–50 50–100 100–150 
 

Soil series HM LM HM LM HM LM HM LM HM LM 
 

Nimone 6.27 6.22 6.22 6.21 6.19 6.17 6.12 6.06 6.04 5.96 
Sokdha 6.03 6.07 6.01 6.07 5.95 6.07 5.87 6.05 – – 
Coimbatore 6.40 6.32 6.37 6.29 6.36 6.28 6.31 6.21 6.27 6.12 
Teligi 6.26 6.35 6.23 6.31 6.20 6.27 6.14 6.20 6.08 6.12 
Achhamatti 6.27 6.20 6.25 6.17 6.24 6.15 6.20 6.07 6.14 6.00 
Nandyal 6.25 6.18 6.23 6.16 6.20 6.14 6.13 6.06 6.07 5.97 
Bhola  5.68 ND 5.57 ND 5.53 ND 5.44 ND – ND 
Kovilpatti 6.28 6.20 6.27 6.15 6.24 6.10 6.18 6.00 6.08 5.89 
Sidalghatta 5.87 5.77 5.86 5.74 5.83 5.69 5.74 5.56 5.67 5.48 
Kasireddipalli 6.37 6.16 6.15 5.99 6.09 5.88 5.94 5.74 – – 
Vasmat 6.17 6.19 6.12 6.15 6.08 6.13 6.02 6.08 5.97 6.04 
Paral 6.25 6.13 6.16 5.98 6.13 5.95 6.06 5.84 5.96 5.74 
Sarol 6.26 6.24 6.18 6.14 6.16 6.09 6.10 5.98 6.02 5.88 
Ghulghuli 6.25 6.12 6.23 6.08 6.20 6.04 6.09 – 6.00 – 
Panjari 6.10 5.99 6.06 5.94 5.99 5.88 5.89 5.80 5.79 5.73 
Nabibagh 5.97 5.83 5.97 5.72 5.92 5.64 5.87 5.49 5.82 5.39 
Tenali 6.27 6.23 6.25 6.22 6.23 6.19 6.18 6.11 6.12 5.99 
(P < 0.01) * * * * * * * * * * 

ND, Not determined; *, Significant at 1% probability level. 
 
 

 
Figure 1. Impact of bioclimate on total culturable microbial population in BSR. *Critical difference 
value significant at alpha = 0.05 probability level. Error bars ( SD) with the same letter are not signifi-
cantly different ( = 0.05) following Tukey’s HSD. 

 
 
depths in all BM spots studied. Soils with legume-based 
cropping system (chickpea/soybean/pigeon pea) recorded 
higher culturable microbial population followed by soils 
with cereal-based cropping system (Figure 2). In legume-
based system, pigeon pea (6.26 log10 cfu g–1) followed by 
chick pea (6.25 log10 cfu g–1) recorded higher culturable 
microbial population. In cereal-based system, maize 
(6.33 log10 cfu g–1) followed by rice (6.15 log10 cfu g–1) re-
corded higher culturable microbial population. Soils with 
cotton-based cropping system recorded the lowest micro-

bial population (6.07 log10 cfu g–1). The mean culturable 
microbial population in soils with different cropping  
systems was in decreasing order of legume > cereal > 
sugarcane > cotton. The higher microbial activity in the 
legume-based system showed the contribution of legumes 
towards the greater availability of organic carbon and 
subsequent microbial activity. Higher microbial popula-
tion in legume-based system is also attributed to crop 
growth characteristics, such as root growth, and nitrogen 
fixation and utilization pattern. The lesser microbial
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Figure 2. Impact of cropping systems on total culturable microbial population in BSR. *Critical difference 
value significant at alpha = 0.05 probability level. Error bars ( SD) with the same letter are not significantly  
different ( = 0.05) following Tukey’s HSD. 

 
 
population in soils with cotton-based cropping systems is 
mainly because of the crop characteristics (deep-rooted 
and nutrient-exhaustiveness) and management levels 
(mostly rainfed with low inputs). Cropping systems that 
include legumes are reported to be more productive than 
systems without legumes in hot, dry climates30. 
 Microbial communities associated with different crop 
types and varieties differ in terms of composition, activity 
and their nutrient content31. Lupwayi et al.32 reported 
higher diversity of soil microbial communities under leg-
ume-based crop rotations33. Multi-cropping systems have 
been reported to increase microbial activity and diversity 
compared to mono-cropping systems34. Crop rotation as a 
management practice is reported to increase soil carbon 
sequestration in comparison with continuous crop; and 
more intensive cropping rotations are also reported to  
increase microbial activity35. Soil biota is also directly  
affected by cropping systems, crop rotation and crop 
types36. Application of organic manure in the form of  
leguminous green manure crops also encourages soil  
microflora than farming systems which receive applica-
tions of chemical fertilizers37. Major difference in micro-
bial activity and community composition between 
different cropping systems is mainly attributed to the car-
bon sources utilized by microbial communities from dif-
ferent plant rhizospheres and carbohydrates, carboxylic 
acids and amino acids, which are the substrates38,39. 

Impact of land use and management practices on  
cultural microbial population 

The pooled analysis of culturable microbial population 
data indicated significant differences (P < 0.05) between 

the land use types (irrigated and rainfed agro-ecosystems) 
at all the soil depths (Figure 3). The average culturable 
microbial population in surface soil (0–15 cm) in irrigated 
system was 6.33 log10 cfu g–1, and rainfed systems  
recorded 6.17 log10 cfu g–1. At deeper horizon (100–
150 cm), values of 5.96 and 5.30 log10 cfu g–1 were  
observed in irrigated and rainfed agro-ecosystems respec-
tively. The pooled data on management practices indicated 
significant differences (P < 0.05) between the manage-
ment level and soil depth (Figure 4). HM recorded higher 
microbial population (6.20 log10 cfu g–1) compared to LM 
(6.12 log10 cfu g–1) at the surface horizon (0–15 cm). Cul-
tivation of soils represents a type of land use with impor-
tant effects on soil characteristics and microbiology. 
Various soil management and cultural practices influence 
soil microbial populations and their activities40. Man-
agement practice and type of cultivation have more influ-
ence on soil biota than different soil types41,42. Differences 
in tillage intensity have an impact on microbial commu-
nity composition43. Compared with conventional prac-
tices, organic farming practices promote higher microbial 
biomass44,45. Bossio et al.46 observed that conventionally 
managed, organic and low-input management systems 
had significantly different microbial communities and 
that organic soils had higher fungal : bacterial biomass ra-
tios than conventionally managed soils. Organic practices 
rapidly improve soil microbial characteristics and slowly 
increase soil organic carbon47. Organic manuring with 
plant residues has a stronger impact on soil microbial  
activity compared to other fertilization methods48. Appli-
cation of half organic manure with mineral fertilizer NPK 
produced higher culturable microbial counts than applica-
tion of mineral fertilizers alone49. Chemical fertilization, 
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though reported to have a greater impact on the growth 
and activity of microorganisms50, is often highly species-
specific51. In India, integrated use of optimal NPK fertil-
izers and farmyard manure (FYM), stimulates the growth 
of bacteria, fungi and actinomycetes compared with only 
optimal NPK fertilizers9. Based on fatty acid methylester 
(FAME) and terminal restriction fragment length poly-
morphisms (T-RFLP) analyses, Suzuki et al.52 reported 
that chemical fertilizer application, especially ammo-
nium–nitrogen fertilizer, had a greater impact on micro-
bial community compared to organic fertilizers. Ye and 
Wright53, based on cluster and discriminate analyses, re-
ported that agricultural management, especially historic 
phosphorus fertilization, altered soil nutrient availability 
and consequently modified the microbial community 
composition and function. Jesus et al.54 reported that the 
main differences in bacterial community structure were 
related to changes in the soil attributes (base saturation 
and pH) that, in turn, were correlated with land use. 
 
 

 
 

Figure 3. Impact of land use systems on total culturable microbial 
population in BSR. *Critical difference value significant at alpha = 
0.05 probability level. Error bars ( SD) with the same letter are not 
significantly different ( = 0.05) following Tukey’s HSD. 
 
 

 
 

Figure 4. Impact of management levels on total culturable microbial 
population in the BSR. *Critical difference value significant at alpha = 
0.05 probability level. Error bars ( SD) with the same letter are not 
significantly different ( = 0.05) following Tukey’s HSD. 

Impact of soil properties on culturable microbial  
population – PCA 

The data on correlation between soil properties and micro-
bial population are presented in Table 3 and PCA of soil 
properties as loading plots from the surface (0–15 cm) to 
subsurface (100–150 cm) soil horizons is presented in 
Figures 5. Eigen values from the PCA indicate that the 
first seven principal components (PC) accounted for 80% 
of the variance in the microbial population at the surface 
horizon (0–15 cm). Clay, fine clay, AWC, EC, OC, BS, 
CEC and K are positively correlated with microbial popu-
lation in the 0–15 cm depth, and clay and BS are signifi-
cantly correlated with microbial population (Figure 5 a). 
Though BD, pH, CaCO3, ESP and EMP show negative 
correlation with microbial population, significance is not 
established. At soil depth of 15–30 cm, eigen values from 
the PCA indicate that the first eight PCs account for 84% 
of the variance in the microbial population. Clay, fine 
clay, AWC, EC, OC, BS, CEC and K are positively cor-
related with the microbial population, and EC and OC are 
significantly correlated with the microbial population 
(Figure 5 b). Although EMP and CaCO3 exhibit negative 
effect on microbial population, significance is not  
observed. At soil depth of 30–50 cm, the first seven PCs 
account for 82% of the variance in the microbial popula-
tion. Clay, fine clay, AWC, EC, OC, BS and CEC are 
positively correlated with microbial population; clay, fine 
clay, EC and BS are significantly correlated (Figure 5 c). 
EMP exhibits negative effect on microbial population at 
30–50 cm depth. At the subsurface (50–100 cm), the first 
seven PCs account for 83% of the variance in the micro-
bial population. Clay, fine clay, AWC, EC, OC, BS, 
CEC, ESP and N are positively correlated with microbial 
population, while EC, BS and ESP are significantly cor-
related (Figure 5 d). Though pH, EMP and HC exhibit 
negative effect on microbial population at 50–100 cm soil 
depth, significance is not observed. In subsurface soil 
(100–150 cm), eigen values from the PCA indicate that 
the first seven PCs account for 81% of the variance in the 
microbial population. Clay, fine clay, AWC, EC, OC, BS, 
CEC, CaCO3 and ESP are positively correlated with mi-
crobial population, and only EC is significantly corre-
lated with microbial population (Figure 5 e). Though 
EMP, sHC and pH exhibit negative effect on microbial 
population, significance is not observed. 
 The importance of edaphic factors on microbial popu-
lation has been established by several studies55–57.  
Researchers have studied the relationship between micro-
bial biomass and soil properties like moisture58, tempera-
ture59, soil organic matter content60 and texture61. Soil 
moisture as an abiotic driver of soil organic matter dyna-
mics62 and as an important factor related to the soil micro-
bial activity63 is well studied. The positive correlation of 
microbial biomass with soil moisture has been reported64–66. 
Long-term application of organic and inorganic
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Figure 5. Principal component analysis: impact of physical and chemical variables on culturable microbial 
population at different soil depths. (a) 0–15 cm, (b) 15–30 cm, (c) 30–50 cm, (d) 50–100 cm, (e) 100–150 cm. 
Variables in blue and red colour indicate a significant (P < 0.05) positive and negative correlation respectively, 
with respect to the microbial population. 

 
supplements helps in the accumulation of organic matter, 
which in turn has substantial incremental effect on the 
soil microbial biomass and its activities10,67. Positive cor-
relation between biomass carbon and microbial popula-

tion66,68, and CEC69 is also reported. Higher clay and silt 
content of the soil plays a major role in determining  
microbial biomass and promotes soil organic matter  
accumulation by aggregate formation and adsorption on 
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mineral surfaces70,71, and greater soil extractable carbon, 
thus providing more carbon and nitrogen substrates for 
soil microbes72. Soil texture is also correlated with bacte-
rial community composition21,73. Soils with high clay 
content are reported to stabilize soil organic carbon74. 
Hassink75 has shown that the proportions of soil carbon 
and nitrogen in the biomass are higher in fine- than in 
coarse-textured soils. Soils containing more than 15% 
clay form aggregates along with the mineral particles 
(sand, silt and clay)76. Aggregate stabilization by extracel-
lular metabolic products of colonies of bacteria and by 
root exudates has been demonstrated77. 
 In our study, though microbial population has shown 
negative correlation with pH, significance could not be 
established. However, pH may represent the cumulative 
effects of many chemical attributes, including soil texture, 
hydraulic conductivity and nutrient status, which may 
have a significant impact on microbial communities. Soil 
pH is often correlated with bacterial community composi-
tion at multiple scales of geographic resolution78,79. Soil 
pH may impose a direct stress on bacterial cells, with cer-
tain pH levels selecting certain bacterial taxa over oth-
ers80,81. Differences in soil pH can arise from many 
factors, including vegetation type, soil type and manage-
ment regime25. Though BD shows negative correlation 
with microbial population in our study, significance could 
not be established. However, soil compaction reduces 
macroporosity82 and total porosity, resulting in an increase 
of soil density and making root penetration more diffi-
cult. Since the restriction of the microbial community de-
pends on the exudates for growth, the transformations of 
soil nutrients required by the crops would also be limited. 
Populations of bacteria, total fungi and biomass are signi-
ficantly larger in uncompacted soil than in compacted 
soil83,84. Soils with excess magnesium are reported to 
cause loss of soil structure, resulting in reduced root res-
piration and production of toxic compounds in plants. 
Reduced soil air and insufficient calcium also result in 
the reduction of soil microbes and corresponding reduced 
breakdown of organic matter/nutrient availability to 
plants. 

Conclusions 

Many studies in the past have reported the distribution of 
microbial population in the soil, but the analyses do not 
directly associate microbial information with soil proper-
ties, even though such properties are being shown to have 
a greater influence on the bio-geographical patterns exhi-
bited by soil microorganisms. In our study, we have 
shown that variability in edaphic factors across different 
bioclimates, cropping systems, land use and management 
practices along with soil depth can have a significant  
effect on culturable microbial population in different 
AESRs of BSR in India. The pooled analysis of data  

inclusive of bioclimates, cropping systems, land use, 
management practices, soil depth and edaphic factors has 
indicated that the microbial population is significantly 
and positively influenced by clay, fine clay, water content, 
electrical conductivity, organic carbon, cation exchange 
capacity and base saturation, whereas bulk density,  
hydraulic conductivity, pH, calcium carbonate and  
exchangeable magnesium percentage have a negative effect 
on microbial population. Our findings suggest that more 
detailed analyses of soil properties along with molecular-
based studies will enable identification of microbial dis-
tribution in soils to reveal their community structure. 
 

1. Sharma, S. K. et al., Microbial community structure and diversity 
as indicators for evaluating soil quality. In Biodiversity, Biofuels, 
Agroforestry and Conservation Agriculture Reviews 5 (ed. Licht-
fouse, E.), 2011, CRC Press, pp. 317–358. 

2. Kennedy, A. C., Microbial diversity in agroecosystem quality. In 
Biodiversity in Agroecosystems (eds Collins, W. W. and Qualset, 
C. O.), CRC Press, Boca Raton, FL, USA, 1999, pp. 1–17. 

3. Kuramae, E. E., Yergeau, E., Wong, L. C., Pij, A. S., van Veen,  
J. A. and Kowalchuk, G. A., Soil characteristics more strongly  
influence soil bacterial communities than land-use type. FEMS 
Microbiol. Ecol., 2012, 79, 12–24. 

4. Hansel, C. M., Fendorf, S., Jardine, P. M. and Francis, C. A., 
Changes in bacterial and archaeal community structure and func-
tional diversity along a geochemically variable soil profile. Appl. 
Environ. Microbiol., 2008, 74, 1620–1633. 

5. Kuramae, E. E., Gamper, H., van Veen, J. A. and Kowalchuk, G. 
A., Soil and plant factors driving the community of soilborne  
microorganisms across chronosequences of secondary succession 
of chalk grasslands with a neutral pH. FEMS Microbiol. Ecol., 
2011, 77, 285–294. 

6. Kuramae, E. E. et al., Microbial secondary succession in a 
chronosequence of chalk grasslands. ISME J., 2010, 4, 711–715. 

7. Schloter, M., Dilly, O. and Munch, J. C., Indicators for evaluating 
soil quality. Agric. Ecosyst. Environ., 2003, 98, 255–262. 

8. Rao, A. V. and Venkateswarlu, B., Microbial ecology of the soils 
of Indian desert. Agric. Ecosyst. Environ., 1983, 10, 361–369. 

9. Selvi, D., Santhy, P., Dhakshinamoorthy, M. and Maheshwari, M., 
Microbial population and biomass in rhizosphere as influenced by 
continuous intensive cultivation and fertilization in an Inceptisol. 
J. Indian Soc. Soil Sci., 2004, 52, 254–257. 

10. Vineela, C., Wani, S. P., Srinivasarao, C. H., Padmaja, B. and  
Vittal, K. P. R., Microbial properties of soils as affected by crop-
ping and nutrient management practices in several long-term ma-
nurial experiments in the semi-arid tropics of India. Appl. Soil 
Ecol., 2008, 40, 165–173. 

11. Velayutham, M., Mandal, D. K., Mandal, C. and Sehgal, J., 
Agroecological subregion of India for planning and development. 
National Bureau of Soil Survey and Land Use Planning, Publica-
tion No. 35, Nagpur, 1999, p. 372. 

12. Bhattacharyya, T., Pal, D. K., Chandran, P., Ray, S. K., Durge, S. 
L., Mandal, C. and Telpande, B., Available K reserve of two  
major crop growing regions (alluvial and shrink-swell soils) in  
India. Indian J. Fertil., 2007, 3, 41–46. 

13. Jackson, M. L., Soil Chemical Analysis – An Advance Course,  
Department of Soil Science, University of Wisconsin, Madison, 
WI, 1979, p. 895. 

14. Richards, L. A., Diagnosis and Improvement of Saline and Alkali 
Soils, USDA Agriculture Handbook 60, Washington DC, USA, 
1954. 

15. Piper, C. S., Soil and Plant Analysis, Hans Publishers, Bombay, 
1966. 



Special section: 
 

CURRENT SCIENCE, VOL. 107, NO. 9, 10 NOVEMBER 2014 1462 

16. Shields, L. G. and Meyer, M. W., Carbonate clay: measurement 
and relationship to clay distribution and cation exchange capacity. 
Soil Sci. Soc. Am. J., 1964, 28, 416–419. 

17. Klute, A. and Dirksen, C., Hydraulic conductivity diffusivity: 
laboratory methods. In Methods of Soil Analysis, Part 1, Mono-
graph No. 9. (ed. Klute, A.), ASA, Madison, WI, USA, 1986, pp. 
687–734. 

18. Zhou, J. Z. et al., Spatial and resource factors influencing high 
microbial diversity in soil. Appl. Environ. Microbiol., 2002, 68, 
326–334. 

19. Frey, S. D., Elliott, E. T. and Paustian, K., Bacterial and fungal 
abundance and biomass in conventional and no-tillage agroecosys-
tems along two climatic gradients. Soil Biol. Biochem., 1999, 31, 
573–585. 

20. Unger, I. M., Kennedy, A. C. and Muzika, R. M., Flooding effects 
on soil microbial communities. Appl. Soil Ecol., 2009, 42, 1–8. 

21. Girvan, M. S., Bullimore, J., Pretty, J. N., Osborn, A. M. and Ball, 
A. S., Soil type is the primary determinant of the composition of 
the total and active bacterial communities in arable soils. Appl. 
Environ. Microbiol., 2003, 69, 1800–1809. 

22. Carson, J. K. et al., Low pore connectivity increases bacterial  
diversity in soil. Appl. Environ. Microbiol., 2010, 76, 3936–3942. 

23. Treves, D. S., Xia, B., Zhou, J. and Tiedje, J. M., A two-species 
test of the hypothesis that spatial isolation influences microbial 
diversity in soil. Microb. Ecol., 2003, 45, 20–28. 

24. Lauber, C. L., Hamady, M., Knight, R. and Fierer, N., Pyrose-
quencing-based assessment of soil pH as a predictor of soil bacte-
rial community composition at the continental scale. Appl. 
Environ. Microbiol., 2009, 75, 5111–5120. 

25. Lauber, C. L., Strickland, M. S., Bradford, M. A. and Fierer, N., 
The influence of soil properties on the structure of bacterial and 
fungal communities across land-use types. Soil Biol. Biochem., 
2008, 40, 2407–2415. 

26. Rietz, D. N. and Haynes, R. J., Effects of irrigation-induced salin-
ity and sodicity on soil microbial activity. Soil Biol. Biochem., 
2003, 35, 845–854. 

27. Schimel, J. P., Gulledge, J. M., Clein-Curley, J. S., Lindstrom,  
J. E. and Braddock, J. F., Moisture effects on microbial activity 
and community structure in decomposing birch litter in the Alas-
kan taiga. Soil Biol. Biochem., 1999, 31, 831–838. 

28. Collins, S. L., Robert, L. S., Chelsea, C., Laura, G., Andrea, P. A., 
Martina, S. and Lydia, H. Z., Pulse dynamics and microbial proc-
esses in arid land ecosystems. J. Ecol., 2008, 96, 413–420. 

29. Staddon, W. J., Trevors, J. T., Duchesne, L. C. and Colombo,  
C. A., Soil microbial diversity and community structure across a 
climatic gradient in western Canada. Biodivers. Conserv., 1998, 7, 
1081–1092. 

30. Praveen-Kumar, R., Aggarwal, K. and Power, J. F., Cropping  
systems: effects on soil quality indicators and yield of pearl millet 
in an arid region. Am. J. Alternative Agric., 1997, 12, 178–184. 

31. Grayston, S. J., Wang, S. Q. and Campbell, C. D., Selective influ-
ence of plant species on microbial diversity in the rhizosphere. 
Soil Biol. Biochem., 1998, 30, 369–378. 

32. Lupwayi, N. Z., Rice, W. A. and Clayton, G. W., Soil microbial 
diversity and community structure under wheat as influenced by 
tillage and crop rotation. Soil Biol. Biochem., 1998, 30, 1733–
1741. 

33. Biederbeck, V. O., Zentner, R. P. and Campbell, C. A., Soil  
microbial populations and activities as influenced by legume green 
fallow in a semiarid climate. Soil Biol. Biochem., 2005, 37, 1775–
1784. 

34. Moore, J. M., Klose, S. and Tabatabai, M. A., Soil microbial bio-
mass carbon and nitrogen as affected by cropping systems. Biol. 
Fertil. Soils, 2000, 31, 200–210. 

35. Six, J., Frey, S. D., Thiet, R. K. and Batten, K. M., Bacterial and 
fungal contributions to carbon sequestration in agroecosystems. 
Soil Sci. Soc. Am. J., 2006, 70, 555–569. 

36. Orr, C. H., James, A., Leifert, C., Cooper, J. M. and Cummings,  
S. P., Diversity and activity of free-living nitrogen-fixing bacteria 
and total bacteria in organic and conventionally managed soils. 
Appl. Environ. Microbiol., 2011, 77, 911–919. 

37. Bolton Jr, H., Elliott, L. F., Papendick, R. I. and Bezdicek, D. F., 
Soil microbial biomass and selected soil enzyme activities: effect 
of fertilization and cropping practices. Soil Biol. Biochem., 1985, 
17, 297–302. 

38. Yang, C. and Crowley, D. E., Rhizosphere microbial community 
structure in relation to root location and plant iron nutritional 
status. Appl. Environ. Microbiol., 2000, 66, 345–351. 

39. Zhang, C., Liu, G., Xue, S. and Song, Z., Rhizosphere soil micro-
bial activity under different vegetation types on the Loess Plateau, 
China. Geoderma, 2011, 161, 115–125. 

40. Wu, T., Chellemi, D. O., Graham, J. H., Martin, K. J. and 
Rosskopf, E. N., Comparison of soil bacterial communities under 
diverse agricultural land management and crop production prac-
tices. Microb. Ecol., 2008, 55, 293–310. 

41. Fromm, H., Winter, K., Filser, J., Hantschel, R. and Beese, F., The 
influence of soil type and cultivation system on the spatial distri-
butions of the soil fauna and microorganisms and their interac-
tions. Geoderma, 1993, 60, 109–118. 

42. Ibekwe, A. M., Kennedy, A. C., Frohne, P. S., Papiernik, S. K., 
Yang, C. H. and Crowley, D. E., Microbial diversity along a tran-
sect of agronomic zones. FEMS Microbiol. Ecol., 2002, 39, 183–
191. 

43. Jackson, L. E., Calderon, F. J., Steenwerth, K. L., Scow, K. M. 
and Rolston, D. E., Responses of soil microbial processes and 
community structure to tillage events and implications for soil 
quality. Geoderma, 2003, 114, 305–317. 

44. Lundquist, E. J., Scow, K. M., Jackson, L. E., Uesugi, S. L. and 
Johnson, C. R., Rapid response of soil microbial communities 
from conventional, low input, and organic farming systems to a 
wet/dry cycle. Soil Biol. Biochem., 1999, 31, 11661–11675. 

45. Marinari, S., Roberto, M., Enio, C. and Stefano, G., Chemical and 
biological indicators of soil quality in organic and conventional 
farming systems in Central Italy. Ecol. Indicators, 2006, 6, 701–711. 

46. Bossio, D. A., Scow, K. M., Gunapala, N. and Graham, K. J.,  
Determinants of soil microbial communities: effects of agricul-
tural management, season, and soil type on phospholipid fatty acid 
profiles. Microb. Ecol., 1998, 36, 1–12. 

47. Araújo, A. S. F., Santos, V. B. and Monteiro, R. T. R., Responses 
of soil microbial biomass and activity for practices of organic and 
conventional farming systems in Piauí state, Brazil. Eur. J. Soil 
Biol., 2008, 44, 225–230. 

48. Kautz, T., Stephan, W. and Frank, E., Microbial activity in a 
sandy arable soil is governed by the fertilization regime. Eur.  
J. Soil Biol., 2004, 40, 87–94. 

49. Gong, W., Yan, X., Wang, J., Hu, T. and Gong, Y., Long-term 
manure and fertilizer effects on soil organic matter fractions and 
microbes under a wheat–maize cropping system in northern China. 
Geoderma, 2009, 149, 318–324. 

50. Donnison, L. M., Griffith, G. S., Hedger, J., Hobbs, P. J. and 
Bardgett, R. D., Management influences on soil microbial com-
munities and their function in botanically diverse hay meadows  
of northern England and Wales. Soil Biol. Biochem., 2000, 32, 
253–263. 

51. Sarathchandra, S. U., Ghani, A., Yeates, G. W., Burch, G. and 
Cox, N. R., Effect of nitrogen and phosphate fertilizers on micro-
bial and nematode diversity in pasture soils. Soil Biol. Biochem., 
2001, 33, 953–964. 

52. Suzuki, C., Kunito, T., Aono, T., Liu, C. T. and Oyaizu, H.,  
Microbial indices of soil fertility. J. Appl. Microbiol., 2005, 98, 
1062–1074. 

53. Ye, R. and Wright, A. L., Multivariate analysis of chemical and 
microbial properties in histosols as influenced by land-use types. 
Soil Till. Res., 2010, 110, 94–100. 



Georeferenced SIS for agricultural LUP 
 

CURRENT SCIENCE, VOL. 107, NO. 9, 10 NOVEMBER 2014 1463 

54. Jesus, E. C., Marsh, T. L., Tiedje, J. M. and de Moreira, F. M., 
Changes in land use alter the structure of bacterial communities in 
Western Amazon soils. ISME J., 2009, 3, 1004–1011. 

55. Arunachalam, K., Arunachalam, A. and Melkania, N. P., Influence 
of soil properties on microbial populations, activity and biomass in 
humid subtropical mountainous ecosystems of India. Biol. Fertil. 
Soils, 1999, 30, 217–223. 

56. Bååth, E. and Anderson, T. H., Comparison of soil fun-
gal/bacterial ratios in a pH gradient using physiological and 
PLFA-based techniques. Soil Biol. Biochem., 2003, 35, 955–963. 

57. Singh, B. K., Munro, S., Reid, E., Ord, B., Potts, J. M., Paterson, 
E. and Millard, P., Investigating microbial community structure in 
soils by physiological, biochemical and molecular fingerprinting 
methods. Eur. J. Soil Sci., 2006, 57, 72–82. 

58. Herron, P. M., Stark, J. M., Holt, C., Hooker, T. and Cardon,  
Z. G., Microbial growth efficiencies across a soil moisture gradi-
ent assessed using 13C-acetic acid vapor and 15N-ammonia gas. 
Soil Biol. Biochem., 2009, 41, 1262–1269. 

59. Li, X. Z. and Chen, Z. Z., Soil microbial biomass C and N along a 
climatic transect in the Mongolian steppe. Biol. Fertil. Soils, 2004, 
39, 344–351. 

60. Bardgett, R. D. and Shine, A., Linkages between plant litter diver-
sity, soil microbial biomass and ecosystem function in temperate 
grasslands. Soil Biol. Biochem., 1999, 31, 317–321. 

61. Grandy, A. S., Strickland, M. S., Lauber, C. L., Bradford, M. A. 
and Fierer, N., The influence of microbial communities, manage-
ment, and soil texture on soil organic matter chemistry. Geoderma, 
2009, 150, 278–286. 

62. O’Brien, S. L., Jastrow, J. D., Grimley, D. and Gonazalez-Meler, 
M. A., Moisture and vegetation controls on decadal-scale accrual 
of soil organic carbon and total nitrogen in restored grasslands. 
Global. Change Biol., 2010, 16, 2573–2588. 

63. Frazăo, L. A., Piccolo, M. C., Feigl, B. J., Cerri, C. C. and Cerri, 
C. E. P., Inorganic nitrogen, microbial biomass and microbial  
activity of a sandy Brazilian Cerrado soil under different land 
uses. Agric. Ecosyst. Environ., 2010, 135, 161–167. 

64. Garcia, C., Hernandez, T. and Costa, F., Microbial activity in soils 
under Mediterranean environmental conditions. Soil Biol. Bio-
chem., 1994, 26, 1185–1191. 

65. Görres, J. H., Dichiaro, M. J., Lyons, J. B. and Amador, J. A., 
Spatial and temporal patterns of soil biological activity in a forest 
and an old field. Soil Biol. Biochem., 1998, 30, 219–230. 

66. Velmourougane, K. et al., Microbial biomass carbon in agro-
ecological sub regions of black soil in India. Proc. Natl. Acad. Sci. 
India, Sect. B, 2013, 84, 519–529; doi: 10.1007/s40011-013-0238-y. 

67. Chakraborty, A., Chakrabarti, K., Chakraborty, A. and Ghosh, S., 
Effect of long-term fertilizers and manure application on microbial 
biomass and microbial activity of a tropical agricultural soil. Biol. 
Fertil., Soils, 2011, 47, 227–233. 

68. Ndaw, S. M., Gama-Rodrigues, A. C., Gama-Rodrigues, E. F., 
Sales, K. R. and Rosado, A. S., Relationships between bacterial 
diversity, microbial biomass, and litter quality in soils under dif-
ferent plant covers in northern Rio de Janeiro State, Brazil. Can.  
J. Microbiol., 2009, 55, 1089–1095. 

69. Garcia, F. O. and Rice, C. W., Microbial biomass dynamics in tall 
grass prairie. Soil Sci. Soc. Am. J., 1994, 58, 816–823. 

70. Tisdall, J. M. and Oades, J. M., Organic matter and water-stable 
aggregates in soils. J. Soil Sci., 1982, 33, 141–163. 

71. Gili, A. A. et al., Soil texture and carbon dynamics in Savannah 
vegetation patches of central Argentina. Soil Sci. Soc. Am. J., 
2010, 74, 647–657. 

72. McCulley, R. L. and Burke, I. C., Microbial community composi-
tion across the Great Plains: landscape versus regional variability. 
Soil Sci Soc. Am. J., 2004, 68, 106–115. 

73. Johnson, M. J., Lee, K. Y. and Scow, K. M., DNA fingerprinting 
reveals links among agricultural crops, soil properties, and the 
composition of soil microbial communities. Geoderma, 2003, 114, 
279–303. 

74. Schimel, D. S. et al., Climatic, edaphic, and biotic controls over 
storage and turnover of carbon in soils. Global. Biogeochem.  
Cycle., 1994, 8, 279–293. 

75. Hassink, J., Effect of soil texture on the size of the microbial bio-
mass and on the amount of C and N mineralized per unit of micro-
bial biomass in Dutch grassland soils. Soil Biol. Biochem., 1994, 
26, 1573–1581. 

76. Dexter, A. R., Advances in characterisation of soil structure. Soil 
Till. Res., 1988, 11, 199–239. 

77. Tippkotter, R., Aspekte der Aggregierung. Habilitationsschrift 
University, Hannover, 1988, p. 289. 

78. Högberg, M. N., Högberg, P. and Myrold, D. D., Is microbial 
community composition in boreal forest soils determined by pH, 
C-to-N ratio, the trees, or all three? Oecologia, 2007, 150, 590–
601. 

79. Singh, B. K. et al., Relationship between assemblages of  
mycorrhizal fungi and bacteria on grass roots. Environ. Micro-
biol., 2008, 10, 534–541. 

80. Kowalchuk, G. A., Stephen, J. R., DeBoer, W., Prosser, J. I.,  
Embley, T. M. and Woldendorp, J. W., Analysis of ammonia-
oxidizing bacteria of the beta subdivision of the class Proteobacte-
ria in coastal sand dunes by denaturing gradient gel electro-
phoresis and sequencing of PCR-amplified 16S ribosomal  
DNA fragments. Appl. Environ. Microbiol., 1997, 63, 1489– 
1497. 

81. McCaig, A. E., Glover, L. A. and Prosser, J. I., Molecular analysis 
of bacterial community structure and diversity in unimproved and 
improved upland grass pastures. Appl. Environ. Microbiol., 1999, 
65, 1721–1730. 

82. Whalley, W. R., Dumitru, E. and Dexter, A. R., Biological effects 
of soil compaction. Soil Till. Res., 1995, 35, 53–68. 

83. Smeltzer, D. L. K., Bergdhal, D. R. and Donnelly, J. R., Forest 
ecosystem responses to artificially induced soil compaction. II. 
Selected soil microorganism populations. Can. J. For. Res., 1986, 
16, 870–872. 

84. Li, Q., Allem, H. L. and Wilson, C. A., Nitrogen mineralization 
dynamics following the establishment of a loblolly pine planta-
tion. Can. J. For. Res., 2003, 33, 364–374. 

 
 
 
 
ACKNOWLEDGEMENTS. The present study was carried out by the 
National Agricultural Innovative Project (NAIP) (Component 4), spon-
sored research on ‘Georeferenced soil information system for land use 
planning and monitoring soil and land quality for agriculture’ through 
Indian Council of Agricultural Research, New Delhi. The financial  
assistance is gratefully acknowledged. 

 

 
 
 


