
International Journal of Research Studies in Biosciences (IJRSB) 

Volume 2, Issue 5, June 2014, PP 18-29 

ISSN 2349-0357 (Print) & ISSN 2349-0365 (Online) 

www.arcjournals.org

 

©ARC                                                                                                                                                  Page | 18 

Investigation and Correlation of Soil Biotic and Abiotic Factors 

Affecting Agricultural Productivity in Semi-Arid Regions of 

North Gujarat, India. 

Bakhtiyar Alam Syed 

Ph.D Research scholar,  

Dept. of Biotechnology,  
Hemchandracharya North Gujarat University, 

Patan  

sami.syed40@gmail.com 

Beena Patel 

R & D Department, 

Abellon Group of Companies. Sydney House, 
 Premchand Nagar Road,  

Ahmedabad,INDIA  

beena.patel@abelloncleanenergy.com  

www.abelloncleanenergy.com 

 
Abstract: Climatic changes influence various abiotic and biotic factors affecting agricultural 

productivity. Current report is first investigation for Aravali district of North Gujarat, India considered 

semi-arid region having extreme climatic conditions. Physico-chemical, micro and macro nutritional 

parameters of 20 soil samples were analyzed by biochemical methods and Inductively Coupled Plasma-

Mass Spectrophotometry (ICP-MS). Screening of potassium, phosphorus and zinc solubilizing bacteria was 

performed and 8 bacterial isolates displayed mineral solubilization activity. Mineral solubilizing bacteria 

were identified by 16s rDNA technology. SPSS software was used to perform statistical analysis.  

Significant variations were noted between the 20 samples in particle size distribution, bulk density, WHC, 

moisture content, pH, electrical conductivity, organic carbon, organic matter, nitrogen, potassium, 

phosphorus, magnesium, sulfur, calcium and chloride (p<0.02), The bacterial count was 100 fold lower 

than reported healthy soil. Eight mineral solubilizing bacteria from Bacillus, Pseudomonas and 

Enterobacter genera were identified through 16s rDNA technology.  

The study concludes that inefficient conversion of soil minerals into plant available form through 

mineralization process is due to low density of microbes. Incorporation of best agronomic practices that 

retain moisture, improve C:N ratio, application of mineralizing bacteria and augmentation of essential 

minerals are suggested to improve agricultural productivity. 

Keywords: Soil, microflora, plant growth promoting bacteria, soil fertility, 16s rDNA microbial 

identification, mineral solubilization. 

 

1. INTRODUCTION 

Climate change influences the basic components of agricultural systems like crop and livestock 

production, balances of hydrological systems, input supplies etc. However, these biophysical 
effects and the human responses to them are complex and uncertain (Adams et al. 1998). 

In light of recent ongoing changes in the global climate, it is important to study the fundamental 

characteristic features of the soil to understand the dynamics of geochemical, biophysical and 
biochemical interactions on the earth’s surface as the nature of a habitat in which a community of 

organisms reside is decided by the complex interaction of geology, climate and vegetation type 

(Varghese et al. 2012). 

Crop yields are directly affected by climatic factors such as temperature and precipitation and the 
frequency and severity of extreme events like droughts, floods and wind storms. Agricultural 

systems are complex ecosystems, a change in single component could trigger cascade of changes 

in other components of the ecosystem. Climate change may also affect pest types, intensities of 
infection and frequencies of attack and availability of irrigation facilities (Adams et al. 1998). 

It is necessary to understand and estimate the effects of climate change on agricultural production 

and food supply. The changes in food prices, crop and livestock yields, resource availability and 
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technological changes make the agriculture activity vulnerable to lots of economical fluctuations. 

Humans adapt to the effects of climate change on agriculture by either making short-term changes 

in consumption and production practices or long-term technological changes. Failing to consider 

these human adaptations would overestimate the potential damage from climate change and 

underestimate the potential benefits of human adaptations (Adams et al. 1998). 

The current study focuses on agricultural potential of Aravali district of North Gujarat, as this 

region is vulnerable to agricultural uncertainties due to its critical geographical location, rocky 

terrain, lack of sufficient resources to combat the effects of climate changes and anthropogenic 

interventions in the area.  

This study is first of its kind in this region with primary objectives to investigate; (1) the 

availability of nutrients in the form of micro and macro nutrients in the soil (2) presence of plant 

growth promoting microorganisms in the soil and (3) to understand correlation between abiotic 

factors like climate, micronutrients, micronutrients and biotic factors like microorganisms to 

explore potential agro-economic benefits of the region. 

2. EXPERIMENTAL METHODS AND MATERIALS 

2.1.  Soil Sample Collection 

Soil samples were collected in sterile container by auger from 20 sites of Aravalli district of 

Gujarat in June 2013. Samples were preserved at 4°C for isolation of bacteria. 

2.2.  Physical and Biochemical Analysis of Soil Samples 

All 20 soil samples were properly mixed and divided for analysis. pH and conductivity were 

performed using pH meter (Auto pH system PM300, Eutech Instruments) and conductivity meter 

(HI-2300 EC/TDS/NaCl meter, Hanna Instruments) respectively. Analysis of nitrogen content was 

performed by kjeldahl method (Bremner J. M. 1965), phosphorus by Olsen method (Olsen et 

al.1954), organic matter and organic carbon by gravimetric method (Sharma et al.2010). Sodium, 

potassium and calcium were measured by Stanford and English method (1949) using flame 

photometry (Flame photometer 128, Systronics). Micro-elements were analysed by ICP-MS 

(Perkin Elmer, Optima-2100 DV) after acid digestion by aqua regia (Samuel Melaku, 2000).  

2.3.  Screening of Bacteria and Obtaining Pure Culture 

Colony forming unit (CFU) assay was performed using one gram of the soil for each sample and 

spreading 0.5 ml aliquots from each dilution on the surface of nutrient agar plates (McLean, 

2001). Serially diluted 10
-3

 and 10
-4 

soil sample were used for isolation and screening of soil 

bacteria. The diluted samples were spread on nutrient agar medium for the growth of non-

fastidious bacteria, eosin metylene blue agar medium to isolate gram negative bacteria, benzoate 

medium was used for the growth of bacteria from the genus pseudomonas. The plates were 

incubated at 37°C for 48 hours. The pure cultures were obtained based on the morphological 

characteristics of colony. Total 25 individual colonies of bacteria based on the variations in 

morphological characterisitics were selected for the mineral solubilization assay. 

2.4. Mineral Solubilization 

All selected 25 distinct bacterial isolates were tested for phosphate solubilization, potassium 

solubilization and zinc solubilization activity by previously reported following methods. 

Pikowaskya media (1948) containing Ca3(PO)4 as insoluble form of phosphate as reported by 

Nautiyala (1999) was use to test phosphate solubilization; Tris minimal salt media (Fasim. et al. 

2002) containing ZnO as insoluble form of zinc to test zinc solubilization. Alexandrov agar 

medium containing 0.5% potassium aluminum silicate (Sugumaran and Janartham, 2007) as 

insoluble form of potassium was used to assay the potassium solubilizing bacteria. 

All isolates were inoculated in the wells in specific media plates as mentioned above. After 48 

hours of incubation at 37ºC, clear zone of utilization were checked on the plates containing 

insoluble zone of clearance of respective minerals in mineralization specific plates.  
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2.5.  Morphological Identification and Gram's Staining 

All the isolates showing mineral solubilization were labelled A-H and the bacterial isolates were 

identified on the basis of classification schemes published in Bergey's Manual of Systematic 

Bacteriology (Krieg and Holt, 1984). Gram staining of all the colonies having mineral 

solubilization activity was performed.  

2.6. Genomic Identification 

Colony PCR was performed by Each colony was suspended in 2 ml sterile double distilled water, 
incubated at 55-60°C for 30 minutes. Three micro-liters of suspension was used as the template 

DNA for PCR. 12.5 µL 2X PCR mastermix (Genei), 1 µL of universal forward (8F-

AGAGTTTGATCCTGGCTCAG) and reverse primers (1492R-GGTTACCTTGTTACGACTT) 

each, 0.5 µL DMSO was used in 25 µL PCR reaction with PCR amplification cycle of initial 
denaturation at 94°C for 7 minutes, 35 cycles of denaturation at 94°C for 30 sec, annealing at 

52°C for 45 sec and extension at 72°C for 45 sec and final extension at 72°C for 8 minutes. The 

PCR products were checked on 1.5% agarose gel (Genei) and was compared with the DNA ladder 
(Zipruler-1, Fermentas). The PCR products and DNA ladder were run in 1X TAE buffer at 110 

volts for 15 mins and the gel profile was viewed by gel documentation system (Biorad-XR+ 

System) using Quantity One software. The gel profile gave clear ~1500 bp band. The amplified 

PCR products were used for genetic identification. The PCR products obtained after the colony 
PCR were used as the template for cycle sequencing using Sanger's Chain termination method. 

Suitable amount of amplified PCR products was used for seperate forward and reverse reactions. 

Big Dye Terminator (ABI) was used for flourocently tagging the dideoxynucleotide. The purified 
products were loaded onto the Genetic analyzer 3730xl for detection and analysis. The data was 

obtained in the form of notepad sequence and chromatogram files. Chromas Lite software was 

used to view the chromatograms. The forward and reverse sequences obtained for each PCR 
product were aligned to form a consensus sequence by MEGA 4.0 software. These consensus 

sequences were then analysed by BLAST to identify the micro-organisms. The evolutionary 

history was inferred using the Neighbor-Joining method (Saitou et al.1987). The bootstrap 

consensus tree inferred from 500 replicates was taken to represent the evolutionary history of the 
taxa analyzed (Felsenstein. 1985). The evolutionary distances were computed using the Kimura 2-

parameter method (Kimura. 1980). Phylogenetic analyses were conducted in MEGA 4.0 (Tamura 

et al.2007).  Distance matrix and phylogenetic tree for each of the identified bacterial isolates 
were prepared by MEGA 4.0. 

2.7.  Statistical Analysis 

All soil samples were statistically analyzed using SPSS statistical software version-20 (IBM). One 
sample t-test was performed between all soil samples' physio-chemical, micro and macro 

biochemical parameters to understand variation between all 20 samples’ characteristics. Pearson’s 

and Spearman's correlation analysis was perform to analyze correlation between soil particle size 

with water holding capacity and moisture content with water holding capacity. Statistical 
significance was consider when p value was <0.05.  

3. RESULTS 

3.1.  Physical and Biochemical Characteristics of Soil 

The physico-chemical analysis showed that the soil has high pore size and low waterholding 

capacity and moisture content. The results of physico-chemical analysis are shown in Table-1.  

Table -1. Physico-chemical analysis of soil samples 

Sr.No. Parameter Mean (n=20) P-value* Normal Range 

1 Color Brown -- Brown 

2 Soil Texture Loamy Sand -- Loamy 

3 Particle size distribution-Sand % 80.65±5.7 0.000 40.00% 

4 Particle size distribution-Silt % 4.03±0.24 0.000 40.00% 

5 Particle size distribution-Clay % 16.17±5.3 0.029 20.00% 
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6 Bulk Density (gm/cm3) 1.08±0.06 0.000 1.2-1.6 

7 Pore size % 42.21±8.18 0.004 -- 

8 Water Holding capacity (ml) 27.21±7.58 0.016 -- 

9 Moisture Content % 8.12±2.2 0.007 18-20 

10 pH 7.32±0.19 0.000 6.5-7.5 

11 Electrical conductivity (mS/cm) 1.11±0.11 0.000 -- 

*one sample T-test 

The biochemical analysis showed normal values of organic matter and organic carbon. The 

microbial population in the soil samples was lower than the previously reported results for 

agricultural soil samples (Leisack et al. 2001). The element concentrations in the soil varied 

significantly as compared to the normal range. P, Na and Mn concentration in the soil were in the 

normal range but concentrations of N, Cu, Fe, Zn and S were below normal range whereas the 

concentrations of K, Mg, Cl and Ca were higher than the normal range. It was noteworthy that 

boron was not detected in any of the 20 samples studied. Table-2 shows biochemical and 

macroelement analyses while microelement analysis of the soil samples results are shown in 

Table-3.  

Table-2. Bio-chemical and Macro-elements analysis of soil samples 

Sr.No. Parameter Mean (n=20) P-value* Normal Range 

1 Organic Carbon (%) 0.72±0.1 0.002 0.5-0.75 

2 Organic Matter (%) 1.08±0.17 0.002 0.85-1.3 

3 Nitrogen (%) 0.16±0.14 0.020 0.05-0.1 

4 C:N Ratio 4.5±0.4 0.005 15-20 

5 Phosphorus (ppm) 29.86±8.17 0.015 20-40 

6 Potassium (ppm) 1961.95±450.33 0.007 150-250 

7 Magnesium (ppm) 2302±673.82 0.019 60-180 

8 Calcium (ppm) 5060±813.66 0.002 1000-2000 

9 Sulfur (ppm) 5.6±0.13 0.351 10 - 20 

10 CFU/gm of test soil samples 2.8 X 104 0.003 2-6 X 106 

*one sample T-test 

Table -3: Microelement analysis of soil samples 

Sr. No. Parameter (ppm) Mean (n=20) P-value* Normal Value 

1 Sodium 15.6±1.4 0.339 15 

2 Boron 0±0 0.000 20 

3 Copper 1.3±0.72 0.137 6 

4 Iron 53.53±40.36 0.242 100 

5 Manganese 51.58±38.65 0.242 50 

6 Zinc 5.58±5.58 0.363 20 

7 Chloride 165.66±62.61 0.046 100 

*one sample T-test 

Negative correlation between water holding capacity and percentage pore size was observed while 

positive correlation between water holding capacity and moisture was noted using spearman's and 
pearson's coefficient analysis (Table-4).  

Table-4: Effect of pore size on water holding capacity of soil 

Sr. 

No. 

Tests parameters (n=20) Correlation  R value p-value 

1 Pore size Vs. Water holding capacity   Pearson’s - 0.5 0.31 

Spearman's  - 0.54 0.27 

2 Water Holding capacity Vs. Moisture  Pearson's 0.6 0.2 

Spearman's 0.49 0.32 
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3.2. Bacterial Colonies Isolation From Soil Suspension:  

Bacterial population per gram of soil of the test soil samples was significantly lower compared to 

the results of previous studies. The results are included in Table-2. 

3.3.  Mineral Solubilization 

Total 8 bacterial isolates showed ~1-6 mm zone of utilization mineral solubilizing activity from 

the 25 bacterial isolates. Table-5 shows the mineral solubilization activity of each of the 8 

bacterial isolates. 

Table-5. Mineral Solubilization activity of Bacterial Isolates 

Sr. 

No. 

Bacterial colony ID Phosphate 

Solubilization 

Potassium 

Solubilization 

Zinc Solubilization 

1 A + + + 

2 B + - - 

3 C + + - 

4 D + - - 

5 E + + - 

6 F + + - 

7 G + - - 

8 H + + - 

All eight bacterial isolates i.e. A, B, C, D, E, F, G and H showed P-solubilization indicated by 

zone of utilization in the plates containing Pikowaskya media with Ca3 (PO)4 as insoluble form of 

phosporus. The formation of zone of utilization proves the conversion of insoluble form of Ca3 

(PO) 4  to the soluble form due to the enzymatic activities by the bacteria. The zone of utilization 

of phosphate is shown in Figure-1.  

Figure-1: Phosphorus solubilization Assay 

A= Pseudomonas putida B= Enterobacter spp AN2 C= B subtilis D= B. licheniformis 

E= B. megaterium F= B. cereus G= E.cancerogenous H= B. Firmus 

Potassium solubilizing activity was observed for 5 bacterial isolates i.e. A, C, E, F and H in 

Alexandrov medium enriched with potassium aluminum silicate as an insoluble pottassium. The 

zone of utilization of potassium is shown in Figure-2 
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Figure-2: Potassium solubilization Assay 

A= Pseudomonas putida B= Enterobacter spp AN2 C= B subtilis D= B. licheniformis 

E= B. megaterium F= B. cereus G= E.cancerogenous H= B. firmus 

Zinc solubilization activity was observed in the plate containing ZnO as insoluble form of zinc in 

Tris minimal medium for one bacterial isolate A. The zone of utilization of zinc is shown in 

Figure-3. Bacterial isolate A solubilized all three minerals whereas isolates B, D and G solubilize 

only phosphorus. 

 

 

 

 

 

 

 

 

 

 

 

Figure-3: Zinc solubilization Assay 

A= Pseudomonas putida B= Enterobacter spp AN2 C= B subtilis D= B. licheniformis 

3.4.  Morphological Identification and Gram's Staining  

The bacterial isolates having the mineral solubilization were identified by Gram's staining and 16s 

rDNA technology. The colonial characteristics were also studied for these bacterial isolates 

(Table-6). The gram's staining of mineral solubilizing bacteria showed three gram's negative rods 

(A, B and G) and five gram's positive (C, D, E, F, and H) bacillus colonies (Fig-4). The colonial 

characteristics are described in Table-6. 
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Figure-4: Gram staining images of pure bacterial cultures.  

A= Pseudomonas putida B= Enterobacter spp AN2 C= B subtilis D= B. licheniformis 

E= B. megaterium F= B. cereus G= E.cancerogenous H= B. firmus 

Table-6: Colonial Characteristics of Bacterial Isolates 

Colony 

ID 

Size 

(mm) 
Shape 

Elevati

on  
Margin Colour Surface 

Motili

ty 

Morpholog

y 

Gram 

reacti

on 

A  2-4  Irregular Flat Undulate Fluoroscent Glossy Yes Rod -ve 

B 2-4  Circular Convex Entire Cream Slimy Yes Rod -ve 

C 2 Irregular Flat Lobrate Cream Smooth Yes Bacillus +ve 

D 2-4  Irregular Convex Undulate White Smooth Yes Bacillus +ve 

E 2-4  Irregular Raised Undulate Yellow Slimy Yes Bacillus +ve 

F 2-7  Irregular Flat Undulate Cream Dry Yes Bacillus +ve 

G 2-4  Circular Convex Entire White Slimy Yes Rod -ve 

H 3  Circular Raised Regular Orange Glossy Yes Bacillus +ve 

3.5. 16s rDNA Identification Results 

The amplified PCR products (Figure-5) of ~1500 bp were used to identify the bacteria on ABI 
3730xl genetic analyzer. The results of 16s rDNA identification are shown in Table-7. Out of total 

8 bacterial cultures, two bacteria belonged to Enterobacter genus, one from Pseudomonas genus 

and five were from Bacillus genus. Phylogenetic tree analyses were performed using MEGA 4.0. 
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Figure-5. PCR products (~1500bp) amplified with primers 8f and 1492r 

A= Pseudomonas putida B= Enterobacter spp AN2 C= B subtilis D= B. licheniformis 

E= B. megaterium F= B. cereus G= E.cancerogenous H= B. firmus M=DNA marker 

Table-7. 16s rDNA Identification of Bacterial Isolates 

Sr. 

No. 

Bacterial 

colony ID 

Identification Result GenBank Accession 

Number 

1 A Pseudomonas putida isolate BCNU106 DQ229315.1 

2 B Enterobacter sp. AN2 GQ451698.1 

3 C Bacillus subtilis subsp. subtilis strain MPA 1035 HQ231914.1 

4 D Bacillus licheniformis strain Y822 HQ005269.1 

5 E Bacillus megaterium strain ZH28 HM103348.1 

6 F Bacillus cereus strain YYW-8 HM362783.1 

7 G Enterobacter cancerogenus strain H3 FJ009375.1 

8 H Bacillus firmus strain PAN MC15 HQ285922.1 

4. DISCUSSION 

Agricultural output is strongly associated with soil nutritive and physical quality (Tiwari. et.al 

2008) as well as microbial interaction with soil and plant (Gianinazzi, et al.1994). However over a 

period of time many land pockets are damaged due to climatic changes and human interventions 
(Gore et al. 2011). The current paper addresses such issue at Aravali district of north Gujarat 

which has history of rock erosions and extreme climate. However there are no reports available 

for this region that addresses factors of soil quality and microbial activities responsible to 
maximize agricultural productivity.  

The soil texture of the region covered under this study is rocky with low moisture and water 

holding capacity with higher pore size of the soil. The results are in accordance with similar 
studies carried out by Jeff Ball (2001) showing positive correlation between the soil texture and 

water holding capacity while negative correlation between pore size and water holding potential. 

Soil texture and physical parameters affect plant growth by affecting the growth of root zones. 

Many studies have established statistical relationships to predict the success of germination and 
early development from soil factors like soil water temperature, soil structure and mechanical 

impedance (Lindstrom et al., 1976; Schneider and Gupta, 1985). Soil pH significantly affects the 

availability of macronutrient as well as micronutrients. Availability of molybdenum and 
macronutrients except phosphorus increases with slightly alkaline pH and availability of 

micronutrients except molybdenum is facilitated at slightly acidic pH. Availability of nitrogen is 

less sensitive to pH than availability of available phosphorus. Soil pH in the range of 6.0-7.5 is 
necessary for optimum phosphorus uptake by plants as phosphorus forms insoluble complex with 

iron and aluminium at pH below 6.0 and with calcium at pH above 7.5 (Brady & Weil 2008) 

The bulk density of the soil is high and this restricts the growth of roots and could also represses 

the growth of microorganisms that could benefit the plants by establishing symbiotic relationships 



Investigation and Correlation of Soil Biotic and Abiotic Factors Affecting Agricultural Productivity 

In Semi-Arid Regions of North Gujarat, India 

 

International Journal of Research Studies in Biosciences (IJRSB)                                              Page | 26 

with the plants. High atmospheric temperature and less humidity in this region is responsible for 
lower moisture content, adversely affecting growth of plants by limiting the root growth and 

minerals uptake. Less moisture in soil also leads to poor uptake of nitrogen by plants (Dijkstra et 

al. 2008).  

Organic matter and organic carbon are well within the normal range. Nitrogen concentration in 
the soil is less than the normal range. Less nitrogen in the soil affects the plants directly as it 

promotes rapid growth, increases leaf size and quality and promotes fruit and seed development. 

It is a constituent of amino acids and chlorophyll. It plays a role in almost all plant metabolic 
processes. (Tucker 1999). Thus, insufficient nitrogen in the soil could lead to improper plant 

growth. Nitrogen content also indirectly affects the plant growth and plant-microbes symbiotic 

relationships as optimum nitrogen content is essential for normal C:N ratio. Less c:n ratio results 

in the utilization of N by microorganisms and its immobilization thus plants face further N-
deficiency. The microbial population of the soil was very less than the other previous reports 

(Liesack 2000, Reichardt. 2001), may be due to high bulk density of soil, less soil moisture, high 

atmospheric temperature, low atmospheric humidity and lack of sufficient vegetation in the 
region.   

Phosphorus concentration was within range whereas K was almost 8 times higher than the normal 

range, Mg around 12 times higher and Ca 2-3 times higher than the normal range. K, Ca and Mg 
are essential macronutrient having important roles in enzyme activation, protein synthesis, 

stomatal activity, chlorophyll synthesis, photosynthesis, transfer of sugars and water and nutrient 

transport (Tucker 1999). The abnormal levels of these nutrients in the soil could adversely affect 

the plant growth (Tucker 1999). Surprisingly, these elements were not available to plants in plant 
uptake forms, which require mineral solubilization process by bacterial population. Limited 

bacterial population or bacterial count resulted into accumulation of these minerals in soil without 

its uptake by plants. As discussed, the microbial population of the soil was almost 100 times less 
than the previously reported results due to preiously mentioned biotic and abiotic factors. 

Na and Mn concentrations are in the normal range but Cu, Zn, and Fe concentrations were less 

than the normal which are essential micronutrients having important roles in various metabolic 
pathways in plants as well as microbes. These nutrients are required for transcriptional activities 

in microbes (Weinberg. 1989). Thus, fewer microbial population could results of deficiency in 

essential nutrients besides lower soil moisture, high bulk density and C:N ratio. Boron was not 

detected in any of the 20 samples studied. B has important role in maintaining the integrity of cell 
wall, transport of sugars, cell division and many other metabolic pathways. The function of B 

interrelate with those of  N, P, K and Ca in plants and absence of B in the soil might interrupt the 

metabolic activities retarding over all plant growth. Chlorine is essential mineral for higher plants 
(Marschner, 1995). Cl is a major osmotically active solute in the vacuole and is involved in both 

turgor- and osmoregulation. It regulates the activities of enzymes and maintains membrane 

potential (White. 2001) thus high level of Cl could create osmotic imbalance in the plant system. 

The biotic factors like soil organisms like symbiotic bacteria and fungi, earthworms can enhance 
the agricultural production by secretion of essential plant hormones, aiding aeration of soil, 

percolation, nitrogen fixation directly to plants and soil and decomposition of plant materials to 

form humus thus, increasing fertility. Birds and insects are essential for pollination of plants. 
Whereas the pests, parasites and nematodes adversely affect the agricultural producion by 

inhibiting the optimal growth of plants, pests directly or indirectly induce diseases to plants, 

weeds compete with crops for space, water, nutrients and sunlight (Shennan 2008). 

The agricultural productivity in this region is low even though the nutrients and minerals are 

present in the soil. To validate hypothesis of bacterial mineralization of available minerals, biotic 

factors were also studied in this report. The nutrients present in the soil are not available to the 

plants due to their complex and insoluble forms. It has been reported that microorganisms 
producing gluconic acid have a major role in the solubilization of insoluble minerals (Illmer et. al. 

1992) and converting minerals into soluble forms for uptake by plants. Keeping this in mind, 

mineral solubilization activity assay of 25 bacterial isolates was performed for P, K and Zn to 
detect the presence of the bacteria that have the potential to convert complex insoluble minerals to 



Bakhtiyar Alam Syed & Beena Patel 

 

International Journal of Research Studies in Biosciences (IJRSB)                                              Page | 27 

soluble plant available forms. The assay results showed presence of 8 bacterial isolates from 

Pseudomonas, Bacillus and Enterobacter genera having mineral solubilization potential indicated 
by the formation ~1-6 mm zone of utilization. Thus, mineral solubilizing bacteria are present in 

the test soil samples but their population is too less to be able to mineralize available 

nutrients/minerals fully into soluble forms in sufficient amounts to be used by plants.  

5. CONCLUSION 

The study is one of the first reports from the Aravali district of Gujarat, India reporting impact of 

abiotic and biotic factors like presence of useful mineralizing bacteria in very inferior amount that 
restricted over all agricultural output in spite of having sufficient macro and micro elements and 

nutrients useful for plant and microbial metabolism. The study suggests incorporating plant useful 

mineralization bacteria with required minerals along with best agronomical practices to retain 
moisture that helps in overall agricultural output in the study region.  
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