
Formulation of a biofertilizer for salt 

tolerant rice grown in khazan soils, using 

salt pan bacteria 

 

A Thesis submitted to Goa University  

 

for the Award of the Degree of 

DOCTOR OF PHILOSOPHY 

in 

BIOTECHNOLOGY 

By 

Amruta Bartakke  

 

Research Guide 

Prof. Savita Kerkar 

Goa University 

Taleigao, Goa 

June, 2018  



 

Formulation of a biofertilizer for salt tolerant rice 

grown in khazan soils, using salt pan bacteria 

 

A Thesis submitted to Goa University for the  

Award of the Degree of 

 

DOCTOR OF PHILOSOPHY 

in 

BIOTECHNOLOGY 

 

 

By 

Amruta Bartakke  

 

Research Guide 

Prof. Savita Kerkar 

 

 

Goa University 

Taleigao, Goa 

June, 2018 



 

 

 

 

 

 

 

Dedicated to…………. 

 

My darling daughter 



Scanned by CamScanner



Scanned by CamScanner



Scanned by CamScanner



Acknowledgement 

I have great pleasure to express my deep and sincere gratitude to my guide Prof. 

Savita Kerkar, Head, Biotechnology department, who has devoted her valuable time 

for guiding me throughout this research. I am extremely thankful for her commitment, 

generosity, constant encouragement, patience and enthusiasm. 

I wish to acknowledge Prof. Varun Sahni (Vice Chancellor) and Dr. Satish Shetye 

(former V.C), Goa University for proving the necessary infrastructure to carry out my 

research. 

I would like to gratefully acknowledge the University Grants Commission, India for 

financial assistance through the NET-JRF/SRF fellowship.  

I express my gratitude to present and former Deans of Faculty of Life Sciences, Prof. 

M.K. Janarthanam, Prof. Saroj Bhosle and Prof. G. N. Nayak for their constant 

support. I am also grateful to my VC’s nominee, Prof. S. Krishnan for his advice and 

encouragement.   

I take this opportunity to thank Prof. Usha D Muraleedharan, former Head, 

Department of Biotechnology, Goa University, for being so caring and always 

supportive. I also express my profound thankfulness to Prof. U.M.X Sangodkar, 

Prof. Sanjeev C. Ghadi, Dr. Urmila Barros and Dr. Abhishek Mishra for their 

valuable support.  

I express my gratitude to Dr. N.P. Singh (former Director), Dr. E.B. Chakurkar 

(Director) and Dr. S.B. Barbuddhe (former HR), ICAR-CCARI, Goa for providing 

the necessary facilities to carry out a part of my research in the soil science laboratory. 

I owe my sincere gratitude to Dr. Gopal Mahajan (Scientist) for his valuable 

guidance, comments and suggestions. I also thank Dr. Ashish Latare (SRF), Ms. 

Ruenna, Ms. Poonam and Ms. Heena for their timely help in the laboratory and Mr. 

Vithoba and Mr. Siddhesh in the field work. 

I can’t forget to mention the cooperation extended by Mr. Madhav Kelkar (Asst. 

Director) Farmers’ Training Centre, Ela, Goa; Mr. Vishwas Shirodkar and Mr. 

Swapnil Sukhtankar of Ela farms, Goa for certain aspects of my research work. 



I express my sincere gratitude to Mr. Machindra Kauthankar for take so much 

interest in my work and permitting me to use his field for the trials of rice cultivation. 

I also appreciate the assistance and support of his helpers, Mr. Datta Gaokar, Mrs. 

Sitabai Gaokar and Mr. Mhattru Wandekar. I would also like to thank Mr. Shyam 

Narayan and Mr. Basavraj for rendering a helpful hand whenever required. 

 

I appreciate the ever willing and cheerful assistance of the non-teaching staff of our 

department. I express my thankfulness to Serrao, Martin, Ruby, Neelima, Tulsidas, 

Ulhas, Sameer, Rahul, Parijat, Amonkar and Sandhya. 

I wish to thank my labmates Imran, Judith, Preethi, Ruchira, Alisha, Parentho, 

Pingal, Nicola, Delicia, Sreekala, Manasi and Priti for the jovial working 

environment in the lab. A special mention of my seniors, Tonima, Kuldeep, Flory, 

Krupali, Rupesh, Poonam and Asha for their support. 

Words would not suffice to thank my dearest friends and fellow researchers Michelle, 

Samantha, Kirti, Priyanka, Shuvankar and Lillyanne. I appreciate the love, 

support and encouragement given by them at all times. 

My personal gratitude goes to Prof. S.J. Godse, a fatherly figure in my life, for his 

incessant help, support and encouragement. 

I owe my deepest gratitude to my parents, brothers and in-laws whose strong belief 

in me, constant motivation and blessings has brought me to this place. I am falling 

short of words to appreciate the sacrifice, encouragement and efforts put in by my 

husband Chaitanya for the completion of this research work. A special thanks to my 

daughter Kimaya for her affection and thoughtfulness. I appreciate the love and 

understanding of my friends. 

I also place on record, my sense of gratitude to one and all who directly or indirectly 

lent their helping hand completion of this thesis. 

Last, but surely not the least, I would like the Almighty for bestowing me with the 

physical and mental capacity to carry out this research work. 

 

 

Amruta Bartakke 



Contents 

Abbreviations 

List of tables  

List of figures 

List of plates 

CHAPTER 1.   Introduction          1 - 7                               

     

CHAPTER 2.   Review of literature     8 - 30 

  

2.1 Soil salinity        

2.2 Coastal saline soils 

2.2.1 Khazan lands 

2.2.2 Rice cultivation in coastal saline soils    

2.3 Biofertilizers 

2.3.1 Plant growth promoting rhizobacteria 

2.3.2 Biofertilizers for saline soils    

2.4 Formulations of biofertilizers       

CHAPTER 3.   Materials and Methods               31 - 65  

3.1. Sampling site       

3.2. Sampling of saltpan biofilm  

3.3. Analysis of saltpan water 

3.4. Bacteriological analysis of the biofilm    

3.4.1. Acridine orange direct counts (AODC) 

3.4.2. Culturable Bacterial counts 

3.4.2.1.Aerobic counts 

3.4.2.2.Anaerobic counts 

3.4.2.3.Sulphate reducing bacterial (SRB) counts  

3.5. Isolation of halotolerant biofilm bacteria 

3.6. Maintenance and storage of isolates      

3.7. Screening of biofilm bacteria for plant growth promoting activity 

3.7.1. Indole acetic acid production 



3.7.2. Phosphate solubilization 

3.7.2.1.Plate assay 

3.7.2.2.Quantitative assay 

3.7.3. Production of extracellular enzymes 

3.7.3.1.Amylases 

3.7.3.2.Proteases 

3.7.3.3.Lipases 

3.7.3.4.Cellulases 

3.7.3.5.Pectinases 

3.7.4. Nitrogen fixation 

3.7.5. Ammonia production 

3.7.6. HCN production 

3.8. Assessing the biocompatibility between the bacterial isolates 

3.9. In vitro synergistic effect of selected consortia of bacteria 

3.10. Identification of bacterial isolates 

3.10.1. Cell morphology and Gram character 

3.10.2. Spore staining 

3.10.3. Motility test 

3.10.4. Salt tolerance 

3.10.5. Catalase test 

3.10.6. Oxidase test 

3.10.7. Cell size 

3.10.8. Biochemical tests 

3.10.9. Carbohydrate utilization tests 

3.10.10. Metabolic fingerprinting 

3.10.11. Antibiotic susceptibility test 

3.10.12. Molecular identification 

3.11. Preparation of bacterial suspension for in vitro and in vivo assays 

3.12. Seed germination and root elongation assay 

3.13. Pot trial 

3.13.1. Collection of Khazan soil from different fields 

3.13.2. Physicochemical parameters of soil 

3.13.2.1. Soil pH and electrical conductivity 

3.13.2.2. Soil organic carbon 



3.13.2.3. Soil available nitrogen 

3.13.2.4. Soil available phosphorous 

3.13.2.5. Exchangeable calcium and magnesium 

3.13.2.6. Exchangeable cations 

3.13.2.7. CaCl2 extractable sulphur 

3.13.2.8. Soil available boron 

3.13.2.9. Soil available micronutrients 

3.13.3. Collection and pre-processing of soil pot trial 

3.13.4. Preparation of bacterial inoculants 

3.13.5. Design of pot experiment 

3.13.6. Analysis of growth parameters of rice 

3.13.7. Analysis of soil parameters 

3.13.7.1. Physicochemical properties 

3.13.7.2. Biological properties 

3.13.7.2.1. Basal soil respiration 

3.13.7.2.2. Soil microbial biomass carbon (Cmb) 

3.13.7.2.3. Metabolic quotient and fraction of the SOC 

as SMBC (CmbSOC) 

3.13.7.2.4. Dehydrogenase activity 

3.13.7.2.5. Phosphatase activity 

3.13.7.2.6. Urease activity 

3.14. Formulation of biofertilizers 

3.14.1. Large scale production of bacterial suspension 

3.14.2. Preparation of carrier for biofertilizers 

3.14.3. Preparation of biofertilizers 

3.14.4. Shelf life of biofertilizers 

3.15. In situ field trial of prepared biofertilizer on rice (Oryza sativa L. var. 

Korgut) 

3.15.1. Design of field trial 

3.15.2. Analysis of physicochemical and biological properties of soil 

3.15.3. Determination of yield 

3.15.3.1. Grain yield 

3.15.3.2. Straw yield 

3.15.3.3. Harvest index 



3.15.4. Determination of plant growth and yield components 

3.15.5. Analysis of the grains 

3.15.5.1. Gel consistency 

3.15.5.2. Carbohydrate content 

3.15.5.3. Protein content 

3.15.5.4. Water uptake 

3.16. Statistical analyses of data  

CHAPTER 4.   Results      66 -143

      

4.1 Characteristics of the biofilm       

4.2 Analysis of saltpan water 

4.3 Bacteriological analysis of the biofilm 

4.3.1 Acridine orange direct counts      

4.3.2 Culturable bacterial counts 

4.4 Isolation of halotolerant biofilm bacteria 

4.5 Screening of biofilm bacteria for plant growth promoting activity  

4.6 Biocompatibility between the bacterial isolates 

4.7 In vitro synergistic effect of selected consortia of bacteria 

4.8 Identification of selected bacterial isolates 

4.9 Preparation of bacterial suspension for in vitro and in vivo assays 

4.10 Seed germination and root elongation assay 

4.11 Pot trial 

4.11.1 Selection of Khazan soil 

4.11.2 Pot trial with rice – Oryza sativa cv. CSR 27 

4.11.2.1 Effect of bacterial inoculation and organic amendment  

               on plant growth 

4.11.2.2 Effect of bacterial inoculation and organic amendment  

               on chemical properties of soil 

4.11.2.3 Effect of bacterial inoculation and organic amendment  

               on biological activity of soil  

4.11.3 Pot trial with rice – Oryza sativa  var. Korgut 

4.11.3.1 Effect of bacterial inoculation and organic amendment  

                on plant growth 



4.11.3.2 Effect of bacterial inoculation and organic amendment  

                on chemical properties of soil 

4.11.3.3 Effect of bacterial inoculation and organic amendment  

                on biological activity of soil  

4.12 Formulation of biofertilizers 

4.13 Shelf life of the prepared biofertilizers 

4.13.1 In situ field trial of the prepared biofertilizers on Oryza sativa   

            var. Korgut 

CHAPTER 5.   Discussion       144 - 164 

5.1. Halotolerant PGP bacteria and their consortia 

5.2. Shelf life of the formulated biofertilizers  

5.3. Trials of biofertilizers with rice (Oryza sativa L.)   

    

Summary          165-167 

 

Conclusion          168 

 

Future prospects         169 

  

Bibliography          170 - 196 

 

Appendix          197 - 209

     

Publications          210 - 211 



Abbreviations 

%   percentage 
°
C   degrees Centigrade 

µ   micron(s) 

µg   micrograms 

µL   micro litre 

ACC      1-aminocyclopropane-1-carboxylate 

ANOVA  analysis of variance 

AODC   acridine orange direct counts 

BaCl2   barium chloride 

BEA   biofilm extract agar 

BLAST  Basic Local Alignment Search Tool 

bp   base pairs 

BSA   bovine serum albumin 

BSR   basal soil respiration 

CaCl2   calcium chloride 

CCARI  Central Coastal Agricultural Research Institute 

CFU   colony forming units 

Cl
-
   chloride 

CLSI   The Clinical and Laboratory Standards Institute 

cm   centimetre 

cm
2
   square centimetre  

Cmb   soil microbial biomass carbon (SMBC)  

CmbSOC  fraction of the SOC as SMBC 

CMC   carboxymethylcellulose 

CSSRI   Central Soil Salinity Research Institute 

CVRC   Central Variety Research Committee 

DMPD   N,N-dimethyl-p-phenylene-diamine sulphate 

DNA   deoxyribonucleic acid 

DO   dissolved oxygen 

dS/m   deci Siemens per meter   

DTPA   diethylenetriaminepentaacetic acid 

EC    electrical conductivity 

EDTA   ethylene diamine tetra acetic acid 

Eh   electron ion concentration 

ESP   exchangeable sodium percentage 

FAO   Food and Agricultural Organization  

FAS   ferrous ammonium sulphate 

FBEA   filtered biofilm extract agar 

FITC      fluorescein isothiocyanate 

FYM   farm yard manure 

g   grams 



g/L   gram per litre 

GA   Gibberellic acid 

h   hour(s) 

H2O   water  

H2O2   hydrogen peroxide 

H2SO4   sulphuric acid 

ha   hectare 

HCl   hydrochloric acid  

HCN   hydrogen cyanide 

IAA   indole acetic acid 

ICAR   Indian Council of Agricultural Research 

K2Cr2O7  potassium dichromate 

K2O   potassium oxide 

K2SO4   potassium sulphate 

Kb    kilo base pairs 

Kcals   kilo calories 

KCl   potassium chloride 

Kg   kilogram(s) 

KMnO4  potassium permanganate 

KX   1000 times 

L   Litre  

lbs    pounds 

m   metre 

M   Molar 

m
2   

square meter 

MEGA   Molecular Evolutionary Genetics Analysis 

mg   milligram(s) 

mg/L   milligram per litre 

Mha   million hectare 

min   minute(s) 

mL   millilitre 

mm    millimetre 

mM   millimolar 

mV   millivolt(s) 

NA   nutrient agar 

Na2CO3  sodium carbonate 

NaCl   sodium chloride 

NaF   sodium fluoride 

NaOH   sodium hydroxide 

NBPGR   National Bureau of Plant Genetic Resources  

NCBI    National Center for Biotechnology Information 

NH4OH  ammonium hydroxide 

NO3
-
   nitrate 

(NH4)2SO4  ammonium sulphate 



NPDB    National Project on Development and use of biofertilizers 

OD   optical density 

P2O5   phosphorus pentoxide 

PCR   polymerase chain reaction 

PGP   plant growth promoting 

PGPM   plant growth promoting microorganisms 

PGPR   plant growth promoting rhizobacteria  

pH   hydrogen ion concentration 

PMA   phenyl mercuric acetate 

PMB   Pseudomonas nitroreducens ABSK9 + Microbacterium                                       

                                    esteraromaticum ABSK29 + Bacillus subtilis ABSK186 

ppm   parts per million 

ppt   parts per thousand 

psu   percentile salinity units 

qCO2   metabolic quotient 

RKMP   Rice Knowledge Management Portal 

RNA   ribonucleic acid 

RO   reverse osmosis 

rpm   rotations per minute 

RT   room temperature 

s   second(s) 

SD    standard deviation  

SOC   soil organic carbon 

sp.   species 

spp.   species (plural) 

SRB   sulphate reducing bacteria 

t/ha
   

tonnes per hectare 

TCA   trichloroacetic acid 

TPF   triphenylformazan 

TTC   2,3,5-triphenyl tetrazolium chloride 

USA    United States of America 

USSR    United States of Soviet Russia 

UV   ultra violet 

VAM   Vesicular-Arbuscular Mycorrhizae  

w/v   weight per volume 

ZMA 100  Full strength Zobell marine agar 

ZMA 25  Quarter strength Zobell marine agar 

ZMA 50  Half strength Zobell marine agar 

ZMA   Zobell marine agar 



List of Tables 

Chapter 2 

Table 1:  Bacterial consortia as biofertilizers for saline soils 

Chapter 3 

Table 2: Bacterial combinations to study the in vitro synergistic effect 

Table 3: Description of the treatments used for pot trial 

Table 4: Description of the treatments used for field trial 

Chapter 4 

Table 5: Physicochemical parameters of saltpan water 

Table 6: Acridine orange direct counts of biofilm 

Table 7: Viable count of culturable bacteria in biofilm on various culture media 

Table 8: Number of morphologically different isolates on various culture media 

Table 9: IAA production by saltpan bacteria 

Table 10: Extracellular amylase production by saltpan bacteria 

Table 11: Extracellular protease production by saltpan bacteria 

Table 12: Extracellular cellulase production by saltpan bacteria 

Table 13: Extracellular pectinase production by saltpan bacteria 

Table 14: Extracellular lipase production by saltpan bacteria 

Table 15: Phosphate solubilization by saltpan bacteria 

Table 16: Ammonia production by saltpan bacteria 

Table 17: Nitrogen fixation by saltpan bacteria 

Table 18: In vitro plant growth promoting activity of 15 shortlisted bacterial isolates 

Table 19: In vitro plant growth promoting activities of the selected bacterial isolates  

               and their consortia 

Table 20: Morphological and biochemical characteristics of the selected bacteria  

                isolates 

Table 21: Metabolic profile of ABSK9 on Biolog GEN III MicroPlateTM  

Table 22: Metabolic profile of ABSK9 on Biolog GN2 MicroPlateTM  

Table 23: Metabolic profile of ABSK11 on Biolog GEN III MicroPlateTM  

Table 24: Metabolic profile of ABSK11 on Biolog GN2 MicroPlateTM  

Table 25: Metabolic profile of ABSK29 on Biolog GEN III MicroPlateTM  



Table 26: Metabolic profile of ABSK29 on Biolog GP2 MicroPlateTM  

Table 27: Metabolic profile of ABSK35 on Biolog GEN III MicroPlateTM  

Table 28: Metabolic profile of ABSK35on Biolog GP2 MicroPlateTM  

Table 29: Metabolic profile of ABSK186 on Biolog GEN III MicroPlateTM  

Table 30: Metabolic profile of ABSK186 on Biolog GP2 MicroPlateTM  

Table 31: Antibiotic sensitivity of the selected bacterial isolates 

Table 32: Molecular identification of the selected bacterial isolates 

Table 33: Effect of bacterial inoculation on shoot and root length of rice seedlings 

Table 34: Effect of bacterial inoculation on germination of rice seeds 

Table 35: Sampling locations for selection of khazan soil 

Table 36: Chemical properties of the khazan soils 

Table 37: Effect of bacterial inoculants and organic amendment on growth of rice  

                ( ‘CSR27’) 

Table 38: Effect of bacterial inoculants and organic amendment on chemical  

                properties of soil  (Pot trial of rice ‘CSR27’) 

Table 39: Effect of bacterial inoculants and organic amendment on biological 

                activity of soil  (Pot trial of rice ‘CSR27’) 

Table 40: Correlation matrix of chemical and biological properties of soil with plant  

                growth parameters  in pot trial of rice ‘CSR27’ (n=30) 

Table 41: Effect of bacterial inoculants and organic amendment on growth of rice  

                ( ‘Korgut’) 

Table 42: Effect of bacterial inoculants and organic amendment on chemical  

                properties of soil  (Pot trial of rice ‘Korgut’) 

Table 43: Effect of bacterial inoculants and organic amendment on biological 

                activity of soil  (Pot trial of rice ‘Korgut’) 

Table 44: Correlation matrix of chemical and biological properties of soil with plant  

                growth parameters  in pot trial of rice ‘Korgut’ (n=30) 

Table 45: Physicochemical properties of the formulated biofertilizer 

Table 46: In vitro plant growth promoting activity of the formulated biofertilizers  

                stored at RT (28±2°C)  

Table 47: In vitro plant growth promoting activity of the formulated biofertilizers  

                stored at 6±2°C 

Table 48: Effect of different treatment on yield of Korgut rice khazan soil 



Table 49: Effect of different treatment on yield components of Korgut rice (khazan  

                soil field trial) 

Table 50: Effect of different treatment on plant growth parameters of Korgut rice  

                khazan soil field trial) 

Table 51: Effect of different treatment on grain properties of Korgut rice (khazan soil  

                field trial) 

Table 52: Effect of different treatment on chemical properties of Korgut rice (khazan  

                soil field trial) 

Table 53: Effect of different treatment on biological activity of khazan soil (Korgut  

                rice field trial) 

Table 54: Correlation matrix of chemical and biological properties of soil with plant  

                growth parameters  in field trial of rice ‘Korgut’ (n=21) 

 



List of Figures 

Chapter 2 

Fig.1: Schematic diagram of a khazan ecosystem (Tanpure 2016) 

Chapter 3 

Fig.2: Sampling site 

Chapter 4 

Fig.3: Viable count in CFU/mL of culturable bacteria in the biofilm 

Fig.4: In vitro assay of plant growth promoting traits  

Fig.5: Phylogenetic tree of the selected bacterial isolates 

Fig.6: Standard graphs for preparation of bacterial suspension for in vitro and in vivo  

           assays for selected isolates (A) ABSK9 (B) ABSK29 (C) ABSK186 

Fig.7: Location of the khazan land selected for trials 

Fig.8: Rice (‘CSR 27’) plant height (panicle initiation) with different treatments 

Fig.9: Rice (‘Korgut’) plant height (panicle initiation) with different treatments 

Fig.10: Survival of selected isolates in the formulated biofertilizers stored at (A) RT  

           (28±2°C) and (B) 6±2°C 

Fig.11: Effect of different treatment on yield and harvest index of Korgut rice in  

          khazan soil  



List of Plates 

Plate1: Biofilm from Ribandar saltpans 

Plate2:In vitro plant growth promoting activity by biofilm bacteria (A) IAA  

production (B) Phosphate solubilization (C) Ammonia production  

(D) Nitrogen fixation (E) HCN production 

Plate 3: Production of extracellular enzymes by biofilm bacteria (A) Amylases (B)  

Proteases (C) Cellulases (D) Pectinases (E) Lipases 

Plate 4: Biocompatibility test by cross streak assay 

Plate 5: Colony morphology and scanning electron micrograph of ABSK9 

Plate 6: Colony morphology and scanning electron micrograph of ABSK11 

Plate 7: Colony morphology and scanning electron micrograph of ABSK29 

Plate 8: Colony morphology and scanning electron micrograph of ABSK35 

Plate 9: Colony morphology and scanning electron micrograph of ABSK186 

Plate 10: Seed germination and root elongation assay 

Plate11: Effect of halotolerant bacteria on CSR 27 (pot trial) (A) without farmyard  

  manure (B) with farmyard manure 

Plate12: Effect of halotolerant bacteria on Korgut (pot trial) (A) without farmyard  

  manure (B) with farmyard manure 

Plate 13: Formulated biofertilizer 

Plate 14: Plots used for field trial 

Plate15: Application of biofertilizer (A) Soil (B) seed  

Plate16: Plots used for field trial (A) Absolute Control (B) Chemical control (C)  

              Biofertilizer control (D) Carrier control (E) Seed application (F) Seed + Soil  

              application (G) Soil application 

 

 

  

 



Chapter1: Introduction 

 

  

Bartakke A, 2018, Goa University 1 

Rice (Oryza sativa L.), is one of the five main carbohydrate crops used as a staple 

food throughout the world. One cup of cooked rice provides high energy ranging from 

165.6 Kcals to 241.8 Kcals, thus making it a primary source of food for more than 

half of the world population. India has the world's largest area of 44.0 million ha 

under rice cultivation and is the second largest producer (106.29 million tones - 2014) 

after China (FAO, 2014). Rice, being the staple food of India, plays a vital role in the 

national food and livelihood security system and contributes about 40 to 43 percent of 

total food grain production (Nambiar and Raveendran, 2009; Meena et al., 2014).  In 

India, rice is cultivated around the year across varied seasons in diverse ecologies. 

These ecosystems are classified into 5 major types: irrigated, uplands, rainfed 

lowlands, deep water and coastal wetlands (saline soils). 

Soil salinity is a major abiotic stress which limits plant growth and development, 

decreases crop productivity and thus results in huge economic losses. Saline soils are 

defined as soils with an electrical conductivity (EC) of the saturation soil extract of 

more than 4 d/Sm at 25°C (Richards, 1954).  Worldwide more than 900 Mha of land 

is saline, which constitutes about 15% of the global land area. These are distributed 

essentially in the Asia-Pacific region, Europe and Latin America (Beltran and 

Manzur, 2005; Singh and Singh, 2013; FAO, 2017). In India, an area as large as 8 

Mha is reported to be under salinity effect, of which 3.1 Mha is in coastal regions. It 

covers a long strip along the east coast (West Bengal, Odisha, Andhra Pradesh, 

Puducherry and Tamil Nadu) and west coast (Gujarat, Maharashtra, Goa, Karnataka 

and Kerala). It also occupies considerable area under Lakshadweep and Andaman and 

Nicobar group of Islands (Singh and Singh, 2013; Mahajan et al., 2015a). The soil 

salinity varies with the season, maximum salinity being observed between the months 

of January and May. Excess rainfall during the monsoon season causes a gradual 
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decline in salinity and leads to flooding and deep water submergence of coastal saline 

soils (Amanullah et al., 2007). The prevailing conditions make these soils suitable for 

cultivation of regionally adapted rice varieties which have a tolerance to salinity and 

submergence. 

The coastal saline soils in Goa, locally known as khazan lands, have been reclaimed 

from marshy mangroves by the construction of an intricate system of dykes, sluice 

gates and canals. A typical khazan has a channel connecting the estuary and inner 

channels, draining the agricultural fields.  Khazan dykes are made of the mud from 

fields and prevent saline water from seeping onto the lands. Protective dykes are 

interrupted by installation of sluice gates.  Sluice gates regulate the water fluxes 

allowing sufficient water into the fields, but preventing inundation of the khazan 

lands. Sluice gate shutters close automatically during the high tide thus allowing only 

a fraction of water inside. During the low tide, they open to let the water flow out. 

These shutters can be manually manipulated to get the required quantity of water 

inside the fields. The canals help in the drainage and circulation of water. This 

complex architecture allows manifold activities of agriculture, fishing and salt 

production, thus making the khazans a productive ecosystem (Sonak et al., 2012). 

Rice cultivation in khazan lands occupies an area of 17,200 ha and is dominated by 

cultivation of local landraces like Korgut, Khochro and Assgo (Bhonsle and Krishnan, 

2011).  The khazan soils have an acidic soil reaction and high level of soluble salts 

with the dominance of Sodium (Na) among exchangeable cations.  These soils are low 

in soil available nitrogen (N) and potassium (K) and high with respect to soil available 

phosphorus (P). However, they have sufficient DTPA-extractable micronutrients – 

iron (Fe), manganese (Mn), zinc (Zn), copper (Cu) and hot water soluble boron (B). 

These soils are subjected to periodical inundation of sea or creek water, progressively 
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rendering them saline. Even if these lands are protected from the ingression of sea or 

creek water by constructing embankments, salts from the shallow water table rises to 

the surface through capillaries making the surface soils saline.  Salinity under acidic 

condition decreases soil enzyme and microbial activities (Tripathi et al., 2009; 

Mahajan et al., 2015b).  The uptake of phosphorus by plant roots as well as the rates 

of mineralization and immobilization of N in saline soils is considerably decreased. 

Also, the efficiency of N fertilizer usage by crops is poor in saline soil as nitrification 

is sensitive to salt. In addition, high salinity limits plant growth through osmotic 

effects and toxicity of salt ions. (Dhanuskodi et al., 2012; Vivekanandan et al., 2015). 

The combined effect of all these factors result in low yields of the traditionally 

cultivated varieties even if they have tolerance to salinity and submergence. 

Sustainable agricultural production in these soils can be achieved by chemical, 

organic or microbial interventions. Chemicals like gypsum, sulphur; organic 

amendments like pressmud, green leaf manure, farmyard manure, vermicompost and 

microorganisms have been used for amelioration of saline soils (Amanullah et al., 

2007).  

Plant growth promoting microorganisms (PGPM) survive in and around the root 

rhizhophere and enhance the plant growth and yield either directly or indirectly. 

Production of plant growth regulators, symbiotic and asymbiotic nitrogen fixation, 

solubilization of mineral phosphates and production of extracellular hydrolytic 

enzymes directly augment the plant growth. Whereas, production of antibiotics, 

siderophores, HCN and substrate competition by PGPM inhibits the growth of 

pathogens resulting in improved plant growth (Maiyappan et al., 2010). Biofertilizers 

are generally prepared as carrier-based inoculants comprising of actively growing 

PGPM. Incorporation of microorganisms in carrier material, enables easy-handling, 
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long-term storage and high effectiveness of biofertilizers (Somasegaran and Hoben, 

1994; Bashan, 1998). Commercially used carriers like peat, lignite, vermiculite, 

perlite and talc are non-renewable, costly and non eco-friendly (Gunjal et al., 2012). 

Encapsulation of PGPM has been carried out in synthetic polymers like 

polyacrylamide, polystyrene, polyurethane (Schoebitz et al., 2013) and natural 

polymers like carrageenan, alginate, agar-agar, agarose combined with carbohydrates 

like starch, maltodextrins, corn syrup, acacia gum etc ( Bashan, 1986; Schoebitz et. al 

2013).  As these polymers are expensive, the recent focus is on using Agroindustry 

by-products. Peanut shells, corncobs, sawdust, paddy husk, wheat bran, mustard oil 

cake, cicer brown husk, tea waste, compost, farmyard manure, vermicompost and coir 

pith are some of the carriers being tested (Gunjal et al., 2012; Rajasekhar  and 

Karmegam, 2012; Abd El-Fattah et al., 2013; Ibrahim et al., 2014; Kumar et al., 

2015).  

Rhizobacteria, both symbiotic (Rhizobium, Bradyrhizobium and Mesorhizobium) and 

non-symbiotic (Pseudomonas, Bacillus, Azotobacter and Azospirillum) are known 

worldwide as efficient bioinoculants to promote plant growth and development under 

various stress conditions (Vessey, 2003; Fuentes-Ramirez and Caballero-Mellado, 

2005; Malus et al., 2012; Bhardwaj et al., 2014; Vivekanandan et al., 2015). 

Alleviation of salt stress by PGPR inoculants has been shown in various crops like 

rice, wheat, barley, maize, chickpea, mungbean, soybean, cotton, lettuce, tomato, and 

pepper (Sapsirisopa et al., 2009; Chakraborty et al., 2011; Patel, 2012; Ramadoss et 

al., 2013; Nakbanpote et al., 2014; Paul and Lade, 2014; Widawati  and Sudaina, 

2016; Kantachote et al., 2016; Numan et al., 2018).  Non-rhizospheric plant growth 

promoting bacteria have been isolated from forests, mangroves, rivers and estuaries 

(Ravikumar et al., 2004; Rajankar et al., 2007; Chavada et al., 2010; Barua et al., 
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2012). However, till date there are no reports of non-rhizhosperic plant growth 

promoting bacteria from saltpans.  

Saltpans are also a part of the khazan ecosystem reclaimed for the production of salt. 

These thalassohaline environments comprise of a series of interlinked pans where 

gradients of salinity occur due to evaporation of sea water. There is also a marked 

seasonal variation in salinity. During the monsoon season, when the salinity is at its 

lowest, biofilm mats appear and spread rapidly on the surface of the saltpans. These 

algal mats have organised multicellular systems with structural and functional 

architecture similar to the rhizhosphere and thus harbour bacteria in tightly coupled 

biogeochemical reactions. These bacteria could be excellent contenders as 

bioinoculants for saline soils since they are halotolerant and are able to produce 

growth promoting chemicals along with exopolysaccharides.   

Thus, the aim of our research work was to isolate halotolerant plant growth promoting 

bacteria from saltpan biofilms and assess their potential as bioinoculants for 

cultivation of rice in coastal saline soils of Goa. 

Our work was thus carried out with the following objectives: 

 Isolation of halotolerant bacteria from biofilms of solar salterns. 

 Screening of isolates for plant growth promoting activity. 

 Using mixed consortia of bacteria to check synergistic effects. 

 Formulation of a biofertilizer for khazan soil and trials with rice plants. 

 Standardization of application method of the biofertilizer. 

 



Chapter1: Introduction 

 

  

Bartakke A, 2018, Goa University 6 

Significance of the thesis 

Khazans are low-lying, mangrove-fringed, coastal saline soils along Goa’s tidal 

estuaries which have been reclaimed a thousand years ago by constructing an intricate 

system of dykes and sluice gates. This remarkable topo-hydro-engineering enables 

multiple productive activities like agriculture, fishing and salt production in the 

khazans. Armed with the traditional knowledge of tidal clock and principles of 

salinity regulation, the gaunkaris, an indigenous co-operative association of villagers 

were responsible for the maintenance of this man-made ecosystem. During the 

Portuguese regime, the gaunkaris were renamed as communidades but functioned 

independent of the government. However, with the merger of Goa with the Indian 

Union in 1961, government control over the khazans increased, rendering the 

gaunkari/communidade system irrelevant to a great extent. Currently, the khazans are 

dying a slow death due to development strategies followed by the government, non – 

cultivation of lands, illegal flooding of agricultural lands for prawn and fish 

cultivation and decreased maintenance. Disrepair of the dykes increases ingression of 

saline water which further increases the salinity of khazan lands.  Similar to the 

khazans, saline soils are spread all along the Indian coastline. These coastal saline 

soils are predominantly used in the monsoon season to cultivate traditional varieties of 

rice that possess tolerance to salinity and submergence. In addition, some of these 

varieties have high iron, protein and vitamin B content; medicinal value; resistance to 

pests and are tastier than the developed varieties. They have adapted locally and thus, 

are genetically more diverse and stable than the modern rice varieties developed in the 

laboratories. However, these varieties are low yielding with an average production of 

1–1.5 t/ha, which is remarkably lower than 2.8 t/ha of the Indian average production. 

The low yields in saline soils are also due to specific biological and physico-chemical 
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properties of soil. The coastal saline soils are often abandoned due to low yields, 

increasing salinity, urbanization and non-availability of labour. This further renders 

them unfertile leading to a vicious circle.  Nonetheless, farmers could be encouraged 

to cultivate rice in these soils if the yield of rice as well as the chemical and biological 

status of the soil is improved.  Many chemical and organic amendments have been 

used for amelioration of these soils. Recent focus is on using biological amendments 

as an eco-friendly alternative.  Bacteria with a potential to enhance plant growth, 

improve fertility status of the soil and ability to reside in the rhizosphere under saline 

conditions are good experimental candidates.  It is well known that extreme 

environments harbor a plethora of bacteria with manifold activities. A marine saltpan, 

where the salinity ranges from 5 ppt to 400 ppt is one such extreme environment that 

encompasses diverse halotolerant and halophilic bacteria. Our study exemplifies the 

use of halotolerant saltpan bacteria as bioinoculants for coastal saline soils in Goa, 

which could be further extended to other saline soils which remain uncultivated. 
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Saline soils are spread over 900 million hectares of land across the world in  countries 

including India, China, Pakistan,  Iran, Iraq, Israel, Turkey, Egypt, U.S.A., U.S.S.R., 

Australia, Hungary, Romania, Yugoslavia, Czechoslovakia, Mexico, the Netherlands, 

Germany, Denmark, Italy, France, North Africa and Britain. In India, a large area of 

8.1 Mha is reported to be under salinity effect. Such areas are distributed over the 

Indo-Gangetic plains, arid and semi arid areas of Rajasthan, Gujarat and Haryana, 

heavy black clay soils of Deccan and coastal areas. The coastal saline soils occupy an 

area of 3.1 Mha (Tripathi et al. 2007; Singh and Singh, 2013, Arora, 2017). 

2.1 Soil Salinity 

Soil salinity is a global problem affecting about one third of the cultivable land under 

irrigation.  Salinization of soils is brought about by various natural and man-made 

processes. Soils are naturally rendered saline due to i)  geological factors pertaining to 

origin of soil which involves weathering of parent rocks and subsequent release of  

Na, Ca, K, Mg, sulfates and carbonates to the soil; deposition of salts brought down 

by rivers from hills and sea water intrusion in coastal soils; ii) climatic factors like 

evaporation taking place in arid zones and wind-borne materials from lake or land 

surfaces iii) hydrological factors occurring at lakes, flood plains, deltas, coastal 

regions, and areas of high water table.  As the surface movement of water in these 

areas is negligible, evaporation of water results in high concentration of salts on the 

surface. On the other hand, man-induced salinity has extensively contributed to 

formation of saline soils.  The removal of natural perennial vegetation and its 

replacement with annual agricultural crops, irrigated cultivation of arid land along 

river banks, use of salt-rich irrigation water, use of canal irrigation system and 

deforestation leading to increased evaporation of water from soil surface have 
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contributed to secondary salinization of soils (Plaut et al., 2013; Ravikumar, 2013; 

FAO 2017; Arora, 2017). 

Salinization of soil affects the physicochemical properties and biological activities of 

the soil which result in decreased plant growth rate, reduced yield and total crop 

failure in severe cases (Quadir et al., 2000; Patel et al., 2012). Excessive sodium in 

soil disrupts and disperses the soil structure rendering it unsuitable physical for plant 

growth. High solubility and availability of sodium also causes osmotic inhibition of 

water uptake by roots which eventually lead to drying of plants. (Patel et al., 2012). 

Nutrient ion imbalance due to the excess of sodium or chloride leads to a diminished 

uptake of potassium, nitrate and phosphate (Ravikumar, 2013). In addition, uptake 

and accumulation of Cl- may disrupt photosynthetic function through the inhibition of 

nitrate reductase activity (Xu et al., 2000).  The phosphorus uptake by plant roots as 

well as the rates of mineralization and immobilization of N in saline soils is also 

considerably decreased. The efficiency of N fertilizer usage by crops is poor in saline 

soil as nitrification is sensitive to salt, combined with high leaching losses of N as 

NO3 (Dhanushkodi et al., 2012; Vivekanandan et al., 2015).  In addition, increase in 

salinity inhibits N fixation at the level of nifH expression and nitrogenase activity 

(Tripathi et al., 2002). Salt stress also induces oxidative stress through the 

accumulation of reactive oxygen species (ROS) which cause damage to membrane 

lipids, proteins and nucleic acids (Kadmiri et al., 2018). Furthermore, amount of 

organic matter and population of soil microorganisms decrease with increasing 

salinity and thus indirectly affect the transformation of essential plant nutrients and 

their availability (Numan et al., 2018). 

Based on electrical conductivity (EC) of the soil solution, which detects osmotic 

problems and exchangeable sodium percentage (ESP) indicative of a physical 
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dispersion problem, salt affected soils are classified as nonsaline/ non-sodic soils, 

(ESP ≤15%; EC ≤ 4 dSm-1), slightly saline (ESP ≤ 15%; EC > 2 dSm-1) saline soil 

(ESP ≤ 15%; EC > 4 dSm-1), sodic soil (ESP > 15%; EC ≤ 4 dSm-1) and as saline 

sodic soil (ESP > 15%; EC > 4 dSm-1). The pH of saline soils is generally less than 

8.5, of saline sodic soils about 8.5 and of sodic soils more than 8.5 (Sankar et al., 

2011; Paul and Lade, 2014; Arora, 2017). 

Amelioration of salt-affected soils can be carried out by applying physical, 

hydrotechnical, chemical and biological strategies. Physical techniques involve deep 

ploughing, sub-soiling, sand filling and profile turning which improve the 

permeability of the soil to water. Physical techniques are usually followed by 

hydrotechnical methods which involve leaching and surface flushing with good 

quality water (Quadri et al., 2000; Ramadoss et al., 2013; Plaut et al. 2013). Addition 

of fertilizers (N, P, K, S, Ca, micronutrients) in the root zone (Plaut et al., 2013), 

application of chemical amendments like gypsum, lime, alkaline flyash, rock 

phosphate, zinc and sulphur iron sulphate, pyrite and sulphuric and organic 

amendments like farmyard manure, poultry manure, municipal waste, pressmud, 

compost, molasses and greenleaf manure, rice husk biochar has been carried out to 

alleviate salinity stress (Amanullah et al.,2007; Plaut et al., 2013; Ray et al., 2014; 

Arora et al., 2017). Biological methods essentially involve use of salt tolerant plants 

and are predominantly carried out in areas with insufficient rainfall or irrigation water 

for leaching. Biological reduction in salinity is achieved by harvesting the salt-

accumulating aerial plant parts (Quadri et al., 2000; Ramadoss et al., 2013). In 

addition, shading effect of the plants diminishes evaporation from the soil surface and, 

thus, reduces upward movement of saline water from deep soil layers. Further, plant 

dregs undergo decomposition and release carbon dioxide (CO2) in the process. The 
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acid produced on dissolution of CO2 along with other organic acids counteracts 

salinity of the soil (Arora et al., 2017). Another approach for cultivation in saline 

lands is developing salt-resistant cultivars (Ramadoss et al., 2013) and microbial 

interventions (Paul and Lade, 2014; Numan et al., 2018). 

2.2 Coastal saline soils 

The coastal zone represents the transition from terrestrial to marine influences. It 

comprises shoreline ecosystems, upland watersheds draining into coastal waters, and 

the near shore sub-littoral ecosystems influenced by land-based activities. It is a broad 

interface between land and sea that is strongly influenced by both. Indian coastline is 

2219 km long, bound by the Arabian Sea on the west, the Bay of Bengal on the east 

and Indian Ocean to its south. It also comprises of Andaman and Nicobar group of 

Islands in the Bay of Bengal and the Lakshadweep Islands in the Arabian Sea (Singh 

and Singh, 2013; Ray et al., 2014). The coastal saline soils in India span the states of 

Odisha, Andhra Pradesh, Tamil Nadu, Kerala, Karnataka, Maharashtra, Gujarat, Goa 

and union territories of Puducherry and Andaman & Nicobar Islands. The source of 

salinity and nature of soil differs from state to state and from one region to another 

within the same state. Although, the lack of an efficient drainage system is the main 

contributing factor for rise in salinity, overdraft of ground water, inundation of sea 

water and unscientific agricultural practices are immensely adding to the problem. 

However, in general, coastal saline soils have coarse sandy to fine loam nature, 

slightly calcareous and moderately acidic to alkaline. They are low in nitrogen, 

phosphorous, zinc and organic matter (Dhanushkodi et al., 2012).  Characteristically, 

these saline soils have a saturated extract conductivity of more than 4 dSm-1, pH of 

less than 8.5 and exchangeable sodium percentage (ESP) of less than 15 per cent. 

Chlorides and sulphates of sodium, calcium and magnesium are the prevailing salts 
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and smaller amount of potassium salts, bicarbonates and nitrates are present in the soil 

(Amanullah et al., 2007). The saline soils are identified by different local terms, such 

as Khar or Kshar in Gujarat and Maharashtra; Luni in Rajasthan; Usar or Reh in Uttar 

Pradesh; Chouddu or Uppu in Andhra Pradesh; Chopan, Choulu or Gajni in 

Karnataka; Kari, Papali, Pokkali, chemeenkettu, Kaipad or Khar in Kerala, Bheri in 

Bengal and Khazan in Goa (Rubinoff, 2001; Sonak et al., 2012; Dhanushkodi et al., 

2012; Sapkale and Rathod, 2014).  

2.2.1 Khazan lands 

The coastal saline soils of Goa, locally known as khazan lands cover an area of more 

than 18,000 ha. Khazans are man-made ecosystems which have been reclaimed from 

the mangroves more than 1000 years ago (Rubinoff, 2001; Sonak et al., 2005). The 

existence of khazans dates back to 6th Century AD as indicated in ancient copper plate 

inscriptions of Maurya Annirjitavarman, Bhoja Kapalivarman and Bhoja 

Prithvimallavarman (de Souza, 2006). The khazan technology involves the use of 

reclaimed mangrove areas for agriculture, fish farming and salt panning by the 

construction of sluice gates, dykes and canals to regulate salinity and the flow of 

water. Fig. 1 gives a pictorial representation of the khazan technology. The dykes or 

embankements, locally referred to as bunds are of 2 types: outer bunds and inner 

bund. The outer bunds are built using locally available laterite stones, mud, rice straw 

mangrove litter, bamboo, areca palm and involve two steps, namely Thor and Cupto. 

Thor is a preliminary step that involves spreading a layer of alluvial mud on the place 

where bund is being constructed. A layer of paddy straw with the above mentioned 

materials is placed over this for compactness. In the second step Cupto, the roughly 

arranged alluvial mud layer is levelled and made smooth manually by punching and 

spreading the mud.  The outer embankments protect the khazan from flooding with 
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estuarine water at high tide and help to maintain the water level in the khazan during 

monsoon. This protection is reinforced by the presence of mangroves along the bunds 

which offer protection against wave action.   

 

 

 

 

 

 

 

             

Fig. 1:  Schematic diagram of a khazan ecosystem (Tanpure, 2016) 

The inner embankments (mero), also made up of mud and straw are smaller, thwart 

soil erosion and leaching of nutrients from fields. The sluice gate (manas) is tactically 

located based on the contours and relief of the land.  The channels of the sluice gate 

are constructed with laterite stones and mud whereas the gate is made from vertically 

placed local mango wood shutters. The sluice gate acts as an automatic one-way valve 

that opens and closes with the pressure of tidal flow. It opens during the low tide, thus 

allowing water from the poiem to drain out into the adjoining estuary and closes 

during high tide preventing the entry of estuarine water into the khazan. 

Consequently, it prevents flooding of the fields and adjoining village. Conversely, the 

functioning of the manas is blocked during the monsoon season with an additional 

sluice gate Adamo manas with horizontally placed shutters erected near the manas. 

This arrangement aids in controlling the water level in the fields which is crucial for 

the growth of rice seedlings, control the growth of weeds and for traditional 

aquaculture activity. The poiem positioned on the landward side of the sluice gate, are 
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the interlinked internal water bodies which are connected to the estuary though the 

manas which regulates the water level of poiem. During the monsoon season they act 

as drainage channels, whilst in the post monsoon season they operate as brakish water 

reservoirs in the khazan lands. Paddy cultivation in the monsoon season is carried out 

on the elevated portion of the khazan which is divided into plots (mélgam) of 0.5-1.0 

ha each.  Elevated mud paths, sometimes lined with coconut trees are constructed in 

the khazan to provide access from the village road to cultivation plots.  Fishing is a 

secondary activity in the khazan. Through the monsoon season, it carried out in the 

poiem using different types of nets as well as at the manas opening during the low tide 

with fixed nets. On the other hand, in the post monsoon season, after the harvest of 

the kharif crop, the fields are converted into fish ponds by regulating the sluice gates. 

Likewise, khazan lands are also used for the production of salt through the 

evaporation of brackish water in salt pans. Just before the monsoon season, in the 

month of May, the fields are completely drained, dried, ploughed and rice plantation 

is carried out after first few days of monsoon when the rain water dilutes the salinity. 

Thus, the khazan ecosystem supports multiple productive activities of agriculture, 

fishing and salt panning. The khazan is a community managed ecosystem initially 

managed by the gaunkaris which were renamed as communidades during the 

Portuguese regime and currently looked after by the tenants’ association which is 

under the government control (Sonak et al., 2005; de Souza, 2006). 

2.2.2 Rice cultivation in coastal saline soils  

The coastal saline soils are characterized by sea water intrusion, low lying water 

logged areas, flood prone and ill drained lands. The salinity of the soil varies with the 

season. It reaches the maximum between January and May and decreases thereafter 

with the onset of monsoon. This cyclic salt accumulation and intermittent flooding 
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make these regions predominant in rice cultivation during the kharif (monsoon) 

season when the rainwater dilutes out the salinity.  Traditional varieties of rice are 

cultivated owing to their remarkable adaptability to specific unique physicochemical 

conditions prevailing in each region. There are about 100,000 landraces of rice which 

have evolved with the least influence on man and thus are genetically stable (Sathya, 

2014). Most popular salt tolerant native rice varieties are Swarna in Andamans 

(Gautam et al., 2014); Vikas in Andhra Pradesh (Planning Commission, Government 

of India, 1981); Sathi and Krishna-kamod in Gujrat (RKMP, 2015); Kalekagga and 

Bilekagga in Karnataka (The New Indian express, 2012); Kuthirin, Orkayama and 

Pokkali in Kerala (Chandramohanan and Mohanan, 2012); Manjarvel and Harkhel in 

Maharashtra (RKMP, 2015) ; Lunishree and Kalakartik in Odisha (Das, 2012) ; 

Kalundai-samba in Tamil Nadu (RKMP, 2015) Rupsal and Patnai in West Bengal ( 

Gupta et al., 1983; Abrol et. al., 1988) and Khushbaya, Mushley, Yaeon in Andaman 

and Nicobar islands (Gautam et al., 2014). In the khazan soils of Goa 10 salt tolerant 

rice varieties have been cultivated traditionally namely, Assgo, Bello, Damgo, Kalo 

Damgo, Kalo Korgut, Kalo Novan, Khochro, Korgut, Muno and Shiedi. Cultivation of 

some of the varieties such as Kalo Novan, kalo damgo, and Bello are becoming rare, 

due to the introduction of high yielding rice varieties. However, the rice varieties like 

Korgut, Muno and Assgo are still popularly cultivated due to their high salinity 

tolerance (Bhosale and Krishnan, 2011). Korgut, literally meaning small coloured 

grains, is a medium duration (100-130 days) tall rice variety with dark brown 

coloured husk and kernel. It has been registered as unique germplasm, for ‘tolerance 

to salinity stress at seedling stage’, with the National Bureau of Plant Genetic 

Resources (NBPGR), New Delhi and thus can be used as genetic stock in future 

breeding programmes aiming at the development of high yielding salt tolerant rice 
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varieties for coastal saline areas. Muno which literally means shortened grain is a tall 

early duration (80-110 days) variety with light brown husk and reddidh brown kernel. 

Assgo, literally means grain of paddy. It is a tall early duration (80 – 100 days) rice 

variety with light brown kernel and husk (Bhosale and Krishnan, 2012). 

Although traditionally grown rice varieties in coastal saline soils (Bhambure and 

Kerkar, 2016), have high tolerance to salinity and submergence, they are tall indica 

and photosensitive and thus, have a low yield potential. Consequently, extensive 

breeding programmes have been carried out at Central Soil Salinity Research 

Institute, Karnal, India and other research institutes to develop high-yielding salt 

tolerant varieties suitable for cultivation in coastal saline soils. The traditional 

varieties have been used as donors of salinity tolerance for hydridization with high 

yielding lines. The developed varieties have been subsequently released by the 

Central Variety Release Committee (CVRC), Government of India, for cultivation in 

the country (Gautam et al., 2014). Some of the improved rice varieties for coastal 

saline soils are SR 26 B (Orissa), Panvel 1, Panvel 2, Panvel 3 (Maharashtra), Vytilla 

1, Vytilla 2, Vytilla 3, Vytilla 4 , Vytilla 5 (Kerala), MCM100, MCM 101 (Andhra 

Pradesh), PVR I (Tamil Nadu) and CSR10, CSR13, CSR23, CSR27, CSR30,CSR36, 

CSR43. (Patil et al., 2014; Sapkale and Rathod, 2014). CSR27, a salt tolerant rice 

variety developed by CSSRI, Karnal and released in 1998 has a duration of 125 days. 

It has a parentage of NONA BOKRA/ IR565-33- 2 and can tolerate salinity upto 10 

dS/m and pH9.9. This variety is also endowed with SUB1 gene which facilitates 

recovery from prolonged submergence (Sankar et al., 2011). Alongside, the recent 

focus is on the use of biofertilizers for improving yield and conferring salinity 

tolerance to plants. 
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2.3 Biofertilizers 

A biofertilizer is a substance that contains living microorganisms which, when applied 

to seed, plant surfaces, or soil, colonize the rhizosphere or the interior of the plant and 

promotes its growth by increasing the supply or availability of primary nutrients to the 

host plant thereby enhancing their yield (Vessey, 2003).  Biofertilizers are also 

referred to as microbial inoculants or bioinoculants.  ‘Nitragin’ containing a laboratory 

culture of Rhizobia was the first commercially produced biofertilizer by Nobbe and 

Hiltner in 1896 in USA.  In India, the first study on legume Rhizobium symbiosis was 

conducted by N.V.Joshi and the first commercial production started as early as 1956. 

However, the Ministry of Agriculture under the Ninth Plan (1997 -2002) initiated the real 

effort to popularize and promote the input with the setting up of the National Project on 

Development and use of biofertilizers (NPDB). At present, biofertilizers containing 

Rhizhobium, Azotobacter, Azospirillum, blue green algae, Azolla, Anabaena and 

Vesicular-Arbuscular Mycorrhizae (VAM) are commercially available worldwide. 

Depending upon the group of organisms biofertilizers have been classified as, 

cyanobacterial, fungal, mycorrhizal, Azolla, Anabaena, rhizobial, Azotobacter, 

Azospirillum, Bacillus, Pseudomonas. However, in recent times, bacterial biofertilizers 

are collectively referred to as plant growth promoting rhizobacteria (PGPR). 

2.3.1 Plant growth promoting rhizobacteria 

Plant growth promoting rhizobacteria (PGPR) were first defined by Kloepper and 

Schroth (1978). PGPR refers to soil bacteria that reside in and around the 

rhizhosphere and augment the plant growth either directly or indirectly. The presence 

and mechanisms of plant growth promoting activity by bacteria has been reviewed by 

a number of authors (Vessey, 2003; Fuentes-Ramirez and Caballero-Mellado, 2005; 

Lugtenberg and Kamilova, 2009; Bhardwaj et al., 2014; Kashyap et al., 2017; Singh 
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et al., 2018). Accordingly, the following is an account of mechanisms involved in 

growth promotion of plants. 

1. Nitrogen fixation:  

Nitrogen fixation is a process where atmospheric N is converted to ammonia and 

other forms utilizable by the plant at the rhizosphere. The fixed nitrogen is then taken 

up by the plant via the root system. Symbiotic N fixers like rhizobia (Rhizobium, 

Bradyrhizobium, Mesorhizobium, Sinorhizhobium) can form nodules on roots of 

specific leguminous plants and convert N2 into ammonia whereas azotrophic 

microorganisms like Pseudomonas, Bacillus, Azotobacter, Azospirillum, Azomonas 

Burkholderia, Herbaspirillum and Paenibacillus, are not plant specific. Azotobacter 

chroococcum and Azospirillum brasilense have been widely used as biofertilizers 

leading to notable increase in crop yields, especially in cereals (Oberson et al., 2013; 

Goswami et al., 2016). 

2. Production of plant growth regulators – Indole-3-acetic acid (IAA), gibberellins, 

cytokinins, ethylene and abscisic acid.  

IAA is the most widespread regulator released by rhizobacteria.  It increases the size, 

weight, branching number and the surface area of the roots leading to improved 

nutrient exchange, which in turn improves plant growth. IAA-producing bacteria 

belonging to the genera Pseudomonas, Rhizobium, Azospirillum, Enterobacter, 

Azotobacter, Klebsiella, Alcaligenes, Pantoea and Streptomyces has been isolated and 

used as biofertilizers (Duca et al., 2014). Gibberellins stimulate the root system, 

enhance the nutrient supply and aid growth in the aerial parts. Rhizobium meliloti, 

Bacillus pumilus and B. licheniformis have been reported to produce gibberellins 

(Gutierrez-Manero et al., 2001). Etasemi and Beattie, 2018 have reported synthesis of 

GA by B. amyloliquefaciens, Promicromonospora sp., Leifsonia soli and 
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Enterococcus faecium. Cytokinins are purine derivatives that maintain totipotent stem 

cells in root and shoot meristems. Cytokinins bring about leaf expansion, branching, 

chlorophyll production, root growth, seed germination and delay plant senescence. 

Tripathi et al. (2015) have reported cytokinin production by Bacillus megaterium, 

Proteus, Klebsiella, Escherichia, Pseudomonas and Xanthomonas. Abscisic acid is a 

stress hormone synthesized in response to abiotic stresses. Azospirillum brasilense, 

Bacillus licheniformis, Novosphingobium sp., Pseudomonas fluorescens, 

Rhodococcus sp. and Variovorax paradoxus have been reported to produce Abscisic 

acid (Etasemi and Beattie, 2018). 

3. Solubilisation of mineral phosphates  

Bacteria provide available forms of P to plants by solubilizing organic or inorganic 

bound phosphates. Enzymes such as phosphatases, phytases, phosphonatases, and C-P 

lyases release soluble phosphorus from organic compounds in soil whereas organic 

acids like gluconic acid release phosphorus from mineral phosphate. Bacillus 

megaterium, B. circulans, B. coagulans, B. subtilis, P. polymyxa, B. sircalmous, and 

Pseudomonas striata have been reported as the most effective phosphate solubilizers 

(Goswami et al., 2016). 

 
4. Production of hydrolytic extracellular enzymes – amylases, proteases, lipases, 

cellulases, pectinases, chitinases  

Secretion of hydrolytic enzymes at the rhizhosphere mobilizes the nutrients and 

makes them available to the plants. In addition, cell wall-degrading enzymes like β-

1,3-glucanase, chitinase, cellulase and protease exert a direct inhibitory effect on the 

hyphal growth of fungal pathogens . Bio-fungicides formulated by Bacillus subtilis 

and Pseudomonas fluorescens are commercially available. Besides these bacteria, 
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Serratia marcescens, Bacillus cereus, Bacillus thuringiensis have been reported to 

produce hydrolytic enzymes (Jadhav and Sayyed, 2016; Jadhav et al., 2017). 

5. HCN production 

Production of hydrogen cyanide inhibits metalloenzymes like cytochrome C oxidase 

in the phytopathogens, thus limiting their growth. Rhizobium, Pseudomonas, 

Alcaligenes, Bacillus, Aeromonas have been reported to produce HCN (Nandi et al., 

2017) 

6. Ammonia production 

Production of ammonia by PGPR contributes to the nitrogen availability at the 

rhizhosphere albeit in less amounts. Ammonia production by PGPR is not well 

documented. Agbodjato et al. (2015), Yadav et al. (2010) and Joseph et al.(2007) have 

reported ammonia production by Bacillus spp. and Pseudomonas spp. 

7. Siderophore production  

Siderophores are low-molecular weight iron chelating compounds containing 

functional groups like hydroxymate, catecholate, alpha-hydroxy acids, carboxylic 

acids and 2-hydoxy phenyl oxazoline. Siderophore-producing bacteria improve iron 

nutrition, exhibit antibiotic effect on other microorganisms and hamper the growth of 

fungal pathogens by limiting their iron supply as they are unable to utilize iron-

siderophore complex. Pseudomonas spp. are the most potent siderophore producers 

(Kloepper et al., 1980; Gupta et al., 2015; Goswami et al., 2016). 

8. Production of ACC deaminase 

Bacteria possessing 1-aminocyclopropane-1-carboxylate (ACC) deaminase activity 

reduce the level of stress ethylene conferring resistance and stimulating growth of 

plants under various biotic and abiotic stresses.  Saleem et al. (2007) and Glick et al. 
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(2007)  have extensively reviewed plant growth promoting bacteria containing ACC 

deaminase and have established that the bacteria were effective against various 

stresses viz. salinity, drought, water logging, temperature, pathogenicity, heavy metal, 

organic contaminants, air pollutants and wilting of flowers. In addition, PGPM were 

effective against stress caused by Ca 2+, Ni +2 ions (Lugtenberg and Kamilova, 2009). 

Production of ACC deaminase has been widely reported in numerous microbial 

species of gram negative bacteria, gram positive bacteria, rhizobia, endophytes and 

fungi ( Mayak et al., 2004; Madhaiyan et al., 2007; Saleem et al., 2007; Ahmad et al., 

2009; Bal et al., 2012; Siddikee et al., 2015)  

9.  Biocontrol of soil –borne diseases 

PGPR counter the deleterious effects of phytopathogens by various mechanisms viz. 

secretion of antimicrobial metabolite(s); production of fungal cell wall-degrading 

enzymes such as lipase, β-1,3- glucanase, chitinase, and protease; competition either 

for nutrients or for binding sites on plant roots; synthesis of hydrogen cyanide; 

activation of induced systemic resistance in plants; quorum quenching i.e disruption 

of signaling among pathogens and synthesis of siderophores (Goswami et al., 2016).  

Lately, PGPR with potent biocontrol activity are referred to as ‘Biopesticides’. 

In addition to these traits, an effective PGPM should be a rhizosperic competent, able 

to cope with the biotic and abiotic stresses and colonize in the rhizospere.  

2.3.2 Biofertilizers for saline soils 

Saline soils affect the physical, chemical and biological properties of the soil and 

result in decreased nutrient uptake, growth and yield of plants. Biofertilizers for saline 

soils ought to be halotolerant i.e able to survive and function at salinity ranging from 

1 to 33% NaCl, as well as in the absence of NaCl (Etesami and Beattie, 2018). 
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Mitigation of salt stress in crops by biofertilizers is brought about by reducing the 

levels of ACC, mediating ion homeostasis and inducing production of antioxidative 

enzymes in plants.  Production of extracellular polysaccharides and phytohormones, 

nutrient mobilization and biocontrol of phytopathogens by bacteria are also 

contributing factors (Paul and Lade, 2014; Numan et al., 2018).  

Several authors have reported alleviation of salt stress by bacterial inoculants in rice, 

wheat, maize, barley, chickpea, groundnut, cotton, lettuce, tomato, raddish, pepper, 

avocado, lady finger, canola and faba beans (Table 1).  Table 1 gives the bacterial 

consortia used as biofertilizers for saline soils.  

In India, biofertilizer formulations with salt tolerant phosphate solubilizing and 

nitrogen fixing Phosphobacteria (PS-4, PS-5, PS-9, PS-10); Azospirillum (MSA- 48, 

MSA-60, MSA- 274, MSA 289) and Rhizobium (GR-55, GR-57 & GR-59) has been 

developed at the M.S. Swaminathan Research Foundation (MSSRF), Chennai. Carrier 

based formulation with vermicompost as the carrier has been tested in a small scale 

whereas liquid based biofertilizer formulation has been tested through field trials for 

different crops and has shown increased crop productivity at salinity level of upto 4 

dSm-1 (Paul et al., 2005; 2006). Azotobacter spp. from mangroves have improved the 

yield of Rhizophora seedlings (Ravikumar et al., 2004). Application of Bacillus and 

Agrobacterium has improved yield attributes of rice and lady finger in coastal saline 

soils of Sunderbans in West Bengal (Barua et al., 2012). Application of Rhizobium + 

phosphate solubilizing bacteria improved the yield of Mungbean and nutrient uptake 

in chickpea in coastal salt affected soil of South Gujarat. (Chaudhary et al., 2017; 

Vishnu et al., 2017). In addition, application of Bacillus has also shown to reduce the 

salinity stress in rice (Chakraborty et al., 2011). 
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Table 1: Bacterial consortia as biofertilizers for saline soils 

Sr. 
No. 

Bacteria Plant Country Reference 

1 Pseudomonas fluorescens, 
Azosprillum brasilense 

Wheat  
(Triticum aestivum) 

Morocco Kadmiri et al. 
(2018) 

2 Rhizobium sp. Mungbean  
(Vigna radiata) 

India Chaudhary et al. 
(2017) 

3 Rhizobium sp. Chickpea  
(Cicer arietinum) 

India Vishnu et al. 
(2017) 

4 Azotobacter sp. Soybean  
(Glycine max) 

Indonesia Rahmayani et al. 
(2017) 

5 Rhizobium sp. Gum acacia  
(Senegelia senegal) 
Shittah tree (Vachellia seyal) 
Mesquite (Prosopis juliflora)  

Senegal Fall et al. (2017) 

6 Bradyrhizobium sp. Soybean   
(Glycine max) 

Bangladesh Farhad et al. 
(2017) 

7 Rhodopseudomonas 
palustris 

Rice 
(Oryza sativa) 

Thailand Kantachote et al. 
(2016) 

8 Pseudomonas fluorescens, 
Bacillus thuringiensis, 
Bacillus megaterium, 
Nocardia mesentrica, 
Aerobacter aerogenes, 
Spirillum lipoferum , 
Azotobacter indicus  

Rice  
(Oryza sativa) 

Indonesia Widawati and 
Sudaina, (2016) 

9 Consortium – unidentified Smooth cordgrass  
(Spartina alterniflora) 

USA Bledsoe and 
Boopathy, (2016) 

 Bacillus spp. Mung bean(Vigna radiata) India Patel et al. (2014) 
10 Serratia sp., Pseudomonas 

sp. 
Rice  
(Oryza sativa) 

Thailand Nakbanpote, 
(2014) 

11 Bacillus licheniformis Groundnut  
(Arachis hypogaea) 

India Goswami et al. 
(2014a) 

12 Hallobacillus sp., Bacillus 
halodenitrificans 

Wheat  
(Triticum aestivum) 

India Ramadoss et al. 
(2013) 

13 Bacillus safensis, 
Ochrobactrum 
pseudogregnonense 

Wheat  
(Triticum aestivum) 

India Chakraborty et al. 
(2013) 

14 Pseudomonas putida, 
Enterobacter cloacae, 
Serratia ficari,  
Pseudomonas fluorescens 

Wheat  
(Triticum aestivum) 

Pakistan Nadeem et al. 
(2013) 

15 Alcaligenes faecalis, 
Bacillus pumilus, 
Ochrobactrum sp. 

Rice  
(Oryza sativa) 

India Bal et al. (2013) 
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Sr. 
No. 

Bacteria Plant Country Reference 

16 Pseudomanas 
pseudoalcaligenes, 
Bacillus pumilus 

Rice  
(Oryza sativa) 

India Jha and 
Subramanian, 
(2013) 

17 Rhizobium japonicum Soybean  
(Glycine max) 

Pakistan Asim et al. 
(2013) 

18 Micrococcus luteus Maize  
(Zea mays) 

Pakistan Raza and Faizal, 
(2013) 

19 Bacillus subtilis, 
Arthrobacter sp. 

Wheat  
(Triticum aestivum) 

India Upadhyay et al. 
(2012) 

20 Azospirillum sp.   Wheat  
(Triticum aestivum) 

Iran Zarea et al. 
(2012) 

21 Streptomyces sp. 
  

Wheat  
(Triticum aestivum) 

Iran Sadeghi et al. 
(2012) 

22 Pseudomonas sp., Bacillus 
sp., Variovorax sp.  

Avocado  
(Persea gratissima) 

Pakistan Nadeem et al. 
(2012) 

23 Azotobacter chroococcum
  

Maize (Zea mays) Columbia Rojas-Tapias et 
al. (2012) 

24 Pseudomonas 
pseudoalcaligenes, 
Pseudomonas putida  

Chickpea  
(Cicer arietinum) 

India Patel et al. (2012) 

25 Brachybacterium 
saurashtrense, 
Brevibacterium casei, 
Haererohalobacter sp. 

Pea nut  
(Arachis hypogaea) 

India Shukla et al. 
(2012) 
 

26 Bacillus sp., 
Agrobacterium sp. 

Rice (Oryza sativa) 
Lady finger  
(Abelmoschus esculentus) 

India Barua et al. 
(2012) 

27 Bacillus sp. Rice  
(Oryza sativa) 

India Chakraborty et al. 
(2011) 

28 Pseudomonas  
extremorientalis, 
Pseudomonas 
chlororaphis  

Common bean  
(Phaseolus vulgaris) 

Uzbekistan Egamberdieva , 
(2011; 2012) 

29 Bacillus sp., Burkholderia 
sp., Enterobacter sp., 
Microbacterium sp., 
Paenibacillus sp. 

Wheat  
(Triticum aestivum) 

India Upadhyay et al. 
(2011) 

30 Pseudomonas fluorescens, 
Pseudomonas aeruginosa, 
Pseudomonas stutzeri  

Tomato  
(Lycopersicon esculentum) 

India Tank and Saraf, 
(2010) 

31 Pseudomonas sp. 
  

Eggplant  
(Solanum melongena) 

Hangzhou Fu et al. (2010) 
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Sr. 
No. 

Bacteria Plant Country Reference 

32 Bacillus sp., 
Brevibacterium sp., 
Planococcus sp., 
Zhihengliuella sp., 
Halomonas sp., 
Exiguobacterium sp., 
Oceanimonas sp., 
Corynebacterium sp., 
Arthrobacter sp., 
Micrococcus sp. 

Canola 
(Brassica napus) 

Korea Siddikee. (2010) 

33 Azospirillum sp.   Durum wheat  
(Triticum durum) 

Algeria Nabti et al. 
(2007; 2010) 

34 Pseudomoanas putida 
  

Cotton  
(Gossypium hirsutum) 

China Yao et al. (2010) 

35 Bacillus megaterium 
  

Maize (Zea mays) Spain Marulanda et al. 
(2010) 

36 Pseudomonas 
putida, Pseudomonas 
extremorientalis,  
Pseudomonas 
chlororaphis  
Pseudomonas aurantiaca 

Wheat  
(Triticum aestivum) 

Uzbekistan Egamberdieva D 
and Kucharova Z, 
(2009) 

37 Agrobacterium rubi, 
Burkholderia gladii, 
Pseudomonas putida, 
Bacillus subtilis, 
Bacillus megaterium 

Radish (Raphanus sativus ) Turkey Kaymak et al. 
(2009) 

38 Unidentified  Soybean (Glycine max) Pakistan Naz et al. (2009) 
39 Bacillus sp. Rice  

(Oryza sativa) 
Thailand Sapsirisopa et al. 

( 2009) 
40 Psuedomonas mendocina Lettuce  

(Lactuca sativa) 
Spain Kohler et al. 

(2009; 2010) 
41 Bacillus subtilis Thale cress  

(Arabidopsis thaliana) 
USA Zhang et al. 

(2008) 
42 Azospirillum brasilense Pea  

(Phaseolus vulgaris) 
Spain Dardanelli et al. 

(2008) 
43 Bacillus sp., 

Ochrobactrum sp. 
Maize  
(Zea mays) 

Argentina Principe et al. 
(2007) 

44 Pseudomonas syringae,  
Pseudomonas fluorescens, 
Enterobacter aerogenes 

Maize  
(Zea mays) 

Pakistan Nadeem et al. 
(2007) 
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Sr. 
No. 

Bacteria Plant Country Reference 

45 Pseudomonas fluorescens   
 

Groundnut  
(Arachis hypogaea) 

India Saravanakumar 
and Samiyappan, 
(2007) 

46 Azospirillum sp.  
 

Lettuce  
(Lactuca sativa)  

Argentina Barassi et al. 
(2006) 

47 Pseudomonas fluorescens  Black pepper  
(Piper nigrum) 

India Paul and Sarma, 
(2006) 
 

48 Pseudomonas 
pseudoalcaligenes 

Rice  
(Oryza  sativa) 

India Diby et al. (2005) 

49 Azotobacter spp. Rhizophora India Ravikumar et al. 
(2004) 

50 Achromobacter piechaudii
  

Tomato  
(Lycopersicon esculentum) 
Black pepper (Piper nigrum) 

Israel Mayak et al. 
(2004) 

51 Aeromonas hydrophila, 
Bacillus insolitus,  
Bacillus sp.  

Wheat  
(Triticum aestivum)  

Pakistan Ashraf et al. 
(2004) 

52 Azospirillum brasilense Maize (Zea mays) Egypt Hamdia et al. 
(2004) 

53 Azospirillum brasilense 
  

Chickpeas (Cicer arietinum), 
Faba beans (Vicia faba ) 

Israel Hamaoui et al. 
(2001) 

54 Rhizobium 
leguminosarum ,  
Rhizobium sp. 
Bradyrhizobium sp. 

Rice (Oryza sativa) Philippines Biswas et al. 
(1999) 

55 Azospilrillum lipoferum, 
Azospirillum brasilense, 
Azoarcus sp., 
Pseudomonas sp. 

Kallar grass (Leptochloa fusca) 
Rice (Oryza sativa) 

Pakistan Malik et al. 
(1997) 

56 Azospirillum brasilense 
 

Barley  
(Hordeum vulgare) 

Egypt Omar et al. 
(1994) 

 

  



Chapter 2: Review of literature 
 

Bartakke A, 2018, Goa University 27 

Several authors have reported the use of biofertilizers for saline soils in countries 

outside India. Application of Bacillus (Sapsirisopa et al., 2009) and 

Rhodopseudomonas palustris (Kantachote et al., 2016) has also improved the rice 

growth in organic farms of Thailand. Pseudomonas fluorescens, Bacillus 

thuringiensis, Bacillus megaterium, Nocardia mesentrica, Aerobacter aerogenes, 

spirillum lipoferum and Azotobacter indicus ,  isolated from the coastal areas were 

effective phosphate solubilizers and improved the growth of paddy under saline 

conditions in Indonesia (Widawati 2015). In addition, bacteria isolated from rice and 

peanut rhizhosphere have been used as biofertilizers in saline paddy fields of 

Indonesia (Widawati and Sudaina, 2016). In another study on saline soils of 

Indonesia, inoculation of soybean with liquid culture of Azotobacter sp. has improved 

available N, N uptake, plant height, number of leaves and dry weight of shoot and 

root (Rahmayani et al., 2017).  Similarly, inoculation of Pseudomonas sp. improved 

the growth of eggplant (Solanum melongena L.) in coastal saline soil in the south 

shore of Hangzhou (Fu et al., 2010). Inoculation of Acacia trees with Rhizobium, 

peanut shells and combination of both has improved their growth under in vitro 

salinity conditions (Fall et al. 2017). A consortium of microorganisms has also found 

to improve the growth of wetland grass Spartina alterniflora used for restoration of 

coastal saline soils in USA (Bledsoe and Boopathy, 2016).  

2.4 Formulations of biofertilizers 

Biofertilizers are generally applied to the soil, seed, or roots of plants. Direct 

application of the PGPM in broth culture or in lyophilized form is ineffective for large 

scale use of biofertilizers. Alternatively, incorporation of microorganisms in carrier 

material enables easy-handling, long-term storage and high effectiveness of 

biofertilizers. A formulation of a biofertilizers thus consists of: PGPM, carrier and 
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sometimes additives. The carrier forms the major portion (by volume or weight) of the 

biofertilizers (Malus´ et al., 2012). Therefore, a good carrier material should be non-

toxic to inoculant bacterial strain and plants; have good moisture absorption capacity 

and pH buffering capacity; easy to process and free of lump-forming materials; easy 

to sterilize by autoclaving or gamma-irradiation; available in adequate amounts, 

inexpensive and more importantly should be able to release viable cells in high 

quality physiological condition (Somasegaran and Hoben, 1994; Bashan, 1998). 

Based on the physical condition of the carrier, the biofertilizers can be classified as 

liquid or dry inoculants. Liquid inoculants could be broth cultures, mineral/organic oil 

based or oil in water suspensions. An emulsion of Canola oil and xanthan gum has 

been used as a carrier for Sinorhizobium meliloti biofertilizers used for Alfalfa (John 

et al., 2010).  Liquid formulation of cowdung extract was prepared and used as a 

biofertilizers for rice (Shrivastava et al., 2010). In addition, liquid biofertilizers 

contain cell protectants which encourage formation of spores and thus, ensure longer 

shelf life and tolerance to adverse conditions. Dry inoculants on the other hand could 

be in the form of powder, granules, or beads, depending upon the carriers used. 

Bacteria can be lyophilized and stored as a powder along with cryoprotectants like 

mannitol, microcrystalline cellulose, skim milk and humic acid. Beads obtained by 

bioencapsulation with polymers protect the microorganisms and ensure their gradual 

release in the soil (Sivasakthivelan and Saranraj, 2013).  

The technologies and carriers used for the formulation of biofertilizers have been 

comprehensively reviewed by several workers.  Malusa et al. (2012) have discussed 

formulation methods with regard to improving the performance of beneficial 

microorganisms.  Herrmann and Lesueur (2013) have also reviewed biofertilizers 

formulations with respect to their advantages and limitations.  Schoebitz et al. (2013) 
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have extensively reviewed the different methods of bioencapsulation and inferred that 

sodium alginate is the most commonly used polymer. In addition, Bashan et al. (2016) 

have discussed polymer based formulations with emphasis on inoculants for 

sustainable agriculture and the environment. Altaf et al. (2014) have reviewed carrier 

materials for inoculation of microorganisms in legumes. Sivasakthivelan and Saranraj 

(2013) have given a detailed account of the various formulations for Azospirillim.  

The various approaches and advances in formulations of biofertilizers have been 

described by Nehra and Chaudhary (2015), Sahu and Brahmaprakash (2016) and 

Zayed (2016).  The carrier materials thus can be classified as: 

1. Natural materials - peat, lignite, coal, clays, inorganic soil 

2. Inert materials - talc, vermiculite, perlite, kaolin, bentonite, silicates, ground 

rock phosphate, calcium sulphate, zeolite 

3. Synthetic polymers  - polyacrylamide, polystyrene, polyurethane 

4. Natural polymers - xanthan gum , carrageenan, alginate, agar-agar, agarose 

5. Organic materials – charcoal, biochar, composts, farmyard manure, cellulose, 

sawdust, pressmud, vermicompost, cowdung, neem leaves 

6. Agroindustry by-products  

Commercially used carriers from natural and inert materials like peat, lignite, 

vermiculite, perlite and talc are non-renewable, costly and non eco-friendly while 

encapsulation in polymers is expensive. Thus, the recent focus is on using 

agroindustry by-products. Rice straw was used as a multistrain carrier for 

Trichoderma harzianum, Penicillin oxalicum, Chaetonium globosum, Azotobacter 

chrococcum and Azospirilum brasilense (Haggag and Saber, 2000). Peanut shells, 

corn cobs, sawdust, paddy husk and pressmud were tested as carriers for B. subtilis 

(Gunjal et al., 2012). Rajasekhar and Karmegam, (2012) have tested vermicast as a 
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carrier for Azotobacter chroococcum, Bacillus megaterium and Rhizobium 

leguminosarum. Wheat bran and rice husk were used as carriers for Azotobacter 

chroococcum (Abd El-Fattah et al., 2013). Wheat bran, mustard oil cake, cicer brown 

husk, peanut shell, tea waste and farmyard manure were used with Aspergillus 

(Ibrahim et al., 2014).   Kumar et al. (2015) have developed a seed coating 

formulation using vermicompost as a carrier material with B. subtilis. Ground maize 

straw and sugarcane husk were used as carriers for Pseudomonas moraviensis and 

Bacillus cereus (Hassan and Bano, 2015). The use of coir pith as a carrier has been 

mostly restricted to rhizobial inoculants (John et al., 1966; Ishwarwn et al., 1972; 

Tilak and Subba Rao, 1978; Faizah et al., 1980; Thungtrakul et al., 1987; Seneviratne 

et al., 1999; Garcia et al., 2000). The efficacy of coir pith as carrier for non symbiotic 

bacteria has been studied by Bazilah (2011) Somarathne et al. (2013) and Shruti et al. 

(2016).  
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3.1 Sampling site 

The Ribandar salt pan was selected as the sampling site.  The location of the study site 

(15°30’08.6” N 073°51’17.8” E) was recorded by a hand held Global Positioning 

System (GPS) [eTrexVistaTM personal navigator®, Garmin International, Inc., USA] 

(Fig. 2). The Ribandar salt pan is situated in the Tiswadi Taluka of North Goa. It lies 

along the Mandovi estuary and forms a part of the area reclaimed during the 

Portuguese regime for production of salt and salt tolerant varieties of rice. Although 

surrounded by mangroves, the saltpan is influenced by anthropogenic activities due to 

its proximity to the city of Panaji. The salinity of the salt pan varies from a minimum 

of 5 psu during the monsoon season to 400 psu during the salt making season in the 

pre-monsoon as well as the post-monsoon season. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Sampling site  
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3.2 Sampling of saltpan biofilm 

A rapid proliferation of saltpan biofilms (approximately 0.2–1.0 cm thick) is generally 

visible during the peak monsoon season. Sampling of the biofilm was carried out 

during August 2012.  A plastic tray was placed under the biofilm and the biofilm was 

cut with a pair of scissors and carried to the laboratory in the tray along with the 

underlying saltpan water.  

3.3 Analysis of saltpan water 

The physicochemical parameters of the saltpan water viz. temperature, salinity, 

dissolved oxygen, pH and Eh were measured on-site. Temperature was measured 

using a field thermometer (76 mm immersion, ZEAL, England). Salinity was 

measured using a hand held refractometer (S/Mill-E, ATAGO Co. Ltd., Japan) and 

calibrated with milliQ water. pH was measured using a digital pH meter (pH 700, 

Eutech instruments, Thermo Fisher Scientific, India) after calibrating it with 

standard buffers of pH 4, 7 and 9.2 . Dissolved oxygen and Eh measurements were 

carried out using hand held multi-parameter device (CyberScan PC 650, Eutech 

Instruments, Thermo Fisher Scientific, India).  For sulphate and sulphide estimation, 

the saltpan water was fixed on-site and measurements were carried out in the 

laboratory.  

Sulphate estimation was carried out by turbidometry (Clesceri et al., 1998). Saltpan 

water viz. 0.5, 1.0 and 2.0 mL were fixed separately in vials with one drop of 

concentrated HCl, to obtain a final pH of 1. These samples were carried to the 

laboratory in an ice box.  Thereafter, each vial volume was made upto 25 mL in a 

volumetric flask with distilled water. The diluted sample was subsequently 

transferred into a 100 mL beaker with a magnetic piece and was placed on a 
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magnetic stirrer with a uniform slow speed. 1.5 mL of the conditioner (Appendix I) 

was slowly added to the beaker followed by 2 mL of 30% BaCl2. The resulting 

turbid solution was then incubated for 10 min under static conditions where the 

formation of barium sulphate crystals was observed. The blank was estimated using 

25 mL of distilled water. The OD of the resulting turbid solution was measured at 

365 nm against a blank using UV mini1240 spectrophotometer (UV mini1240, 

Shimadzu, USA).  (NH4)2SO4 (40 mg/L) was used as a standard.  The sulphate 

concentration was expressed in mg/mL. 

Sulphide content in the saltpan water was estimated by Pachmayr’s method (1960). 

The salt pan water (1 mL) was fixed in 9 mL of 2% zinc acetate solution in screw 

cap tubes. In the laboratory, the contents were then transferred in 50 mL volumetric 

flasks. To this, 5 mL of DMPD and 0.25 mL of FAS (Appendix I) were added and 

incubated for 10 min. The volume in the flask was made up to 50 mL with distilled 

water. The blank was processed with 1 mL of distilled water. The absorbance of the 

resulting blue solution was measured at 670 nm against a blank (UV mini1240, 

Shimadzu, USA). The amount of sulphide present in the sample was calculated from 

the standard curve of Na2S ranging from 50 to 250 mg. 

3.4 Bacteriological analysis of the biofilm 

The biofilm (10 g) was sonicated for 20 s with pulse and 20 s without pulse and 

suspended in 90 mL sterile saltpan water. From this stock, ten-fold serial dilutions 

upto 10-8 were carried out using sterile saltpan water.   

3.4.1 Acridine orange direct counts (AODC) 

AODC of biofilm bacteria were estimated using epifluorescence microscopy (Hobbie 

et al., 1977). The 10-2 dilution (5 mL) was fixed with 100 µL of formalin (40% 
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formaldehyde).  Nucleopore polycarbonate black membrane with a pore size of 0.22 µ 

(GE healthcare) was placed on a Millipore unit. 200 µL of sample, 40 µL acridine 

orange (final concentration 0.01% w/v) and 800 µL of sterile filtered sea water were 

added onto the filter paper and incubated for 5 min in the dark (the filtration unit was 

covered with aluminium foil). The filtration was carried out under vacuum. 

Subsequently, the filter paper was carefully placed (with pointed forceps) on a slide 

containing a drop of coconut oil and then covered with a glass coverslip. The samples 

were stored in the dark at 4°C till they were analyzed. The cell count was carried out 

at 100 X with epifluorescence microscope Nikon Eclipse 50i using FITC filter.  Ten 

fields were counted. The bacteria were classified as either cocci or rods.  Orange and 

green cells were enumerated separately. Total count was expressed per gram of 

biofilm sample according to the formula given below: 

 
 

 
 
where   n = number of cells counted per field 
         factor = area of filtration/area of square field = 0.16 x 107 

3.4.2 Culturable bacterial counts 

3.4.2.1 Aerobic counts 

The culturable bacterial counts were studied on 11 different culture media plates viz. 

saltpan water agar (SPWA), biofilm extract agar (BEA), filtered biofilm extract agar 

(FBEA), Zobell marine agar quarter strength (ZMA 25), Zobell marine agar half 

strength (ZMA 50), Zobell marine agar full strength (ZMA 100), Pikovaskya’s agar, 

Jensen’s agar, King’s B agar, yeast extract mannitol agar and actinomycete isolation 

agar prepared in saltpan water (Appendix I). Biofilm extract agar (BEA) was prepared 

with saltpan water containing 15% biofilm extract. Biofilm (200 g) was ground with  

volume of sample filtered x dilution 

n x factor 
Counts/g   = 
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200 mL saltpan water in an electric grinder. The suspension was filtered through a 

strainer and subsequently through a coarse filter paper.  This biofilm extract (150 mL) 

was added to 850 mL saltpan water. To this, 20 g agar was added and boiled to 

dissolve the medium completely. The medium was sterilized by autoclaving at 15 lbs 

pressure (121°C) for 15 minutes. Filtered biofilm extract agar (FBEA) was prepared 

with saltpan water containing 15% filtered biofilm extract. Biofilm (200 g) was 

ground with 200 mL saltpan water in an electric grinder. The suspension was filtered 

through a strainer, then through a coarse filter paper and subsequently with a 0.22 µ 

filter paper.  Agar (20 g) was added to 850 mL saltpan water and boiled to dissolve 

completely. The medium was sterilized by autoclaving at 15 lbs pressure (121°C) for 

15 minutes. When the medium cooled to about 40°C, 150 mL of filtered biofilm 

extract was added, mixed well and used. 

Samples (100 µL) were plated in triplicates on the different agar medium plates and 

incubated at RT (28 ± 2°C) until bacterial colonies were visible. 

3.4.2.2 Anaerobic counts 

Anaerobic agar (Appendix I) was used for the enumeration of total anaerobic bacteria. 

Each dilution (100 µL) was inoculated in screw cap glass tubes (16 mL) with 

polyvinyl lined stoppers (to maintain airtight conditions).  Anerobic agar at 

approximately 40°C was poured in the inoculated tubes, shaken well and allowed to 

solidify (this covered 80% of the tube volume).  The tubes thereafter were overlaid 

with sterile paraffin oil/ paraffin wax (2:1) mixture so as to cover the remaining 

volume of the glass tube. Colony forming units were continuously counted for the 

period of 20 days when the tubes were incubated at RT. 

3.4.2.3 Sulphate reducing bacterial (SRB) counts 

 Modified Hatchikian media (1972) (Appendix I) prepared in saltpan water and 
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supplemented with 6.2% NaCl and 0.5 mM sodium acetate was used for 

enumeration of SRB.  Each dilution (2.5 mL) was inoculated in screw cap glass 

tubes.  The SRB agar media (Part 1, 2 and 3) were mixed and added to the series of 

the above tubes. The tubes were shaken well and allowed to solidify. Tubes were 

thereafter sealed with a mixture of sterile paraffin oil/ paraffin wax (2:1). Black 

colonies were counted during a period of 15-20 days when incubated at RT. 

3.5 Isolation of halotolerant biofilm bacteria 

Here the focus was to isolate the maximum number of culturable bacteria from the 

biofilm mat possesing plant growth promoting activities. Eleven different culture 

media as mentioned in section 3.4.2.1 were used for isolation. Zobell Marine agar (25, 

50 and 100 %) was used to improve the probability of isolating diverse marine 

bacteria. Pikovskaya’s agar was used specifically for the isolation of phosphate 

solubilising bacteria; Jensen’s agar for nitrogen fixing bacteria; King’s B agar for 

Pseudomonas spp.; Yeast extract mannitol agar for isolation of Rhizobium spp. and 

associated bacteria and actinomycete isolation agar for isolation of actinomycetes. 

From each dilution, 100 µL was spread plated on the respective agar plates in 

triplicates. The plates were incubated at RT until the appearance of the colonies. 

Morphologically different colonies were selected and their detailed colony 

characteristics were noted. Each isolate was assigned a culture code in the ABSK 

series. 

3.6 Maintenance and storage of isolates. 

Pure cultures of the isolated bacteria were sub-cultured on their respective isolation 

media, checked for viability and stored at 4°C. Glycerol (20% w/v) stocks of each 

isolate were also prepared in their respective media and stored at - 80°C.  
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3.7 Screening of biofilm bacteria for plant growth promoting activity 

A total of 127 morphologically different isolates were screened for various plant 

growth promoting traits. 

3.7.1 Indole acetic acid (IAA) production. 

Each isolate was inoculated separately in 40 mL of 25% ZMB and incubated on a 

shaker (120 rpm) at RT for 3 days. The culture suspension was centrifuged at 5000 

rpm, 4°C for 10 min (Remi cooling centrifuge, India). The supernatant (2 mL) was 

transferred in a test tube. To this, 2 drops of 85% orthophosphoric acid (Himedia) and 

4 mL Salkowski reagent (Appendix I) were added. The tubes were incubated at RT in 

dark for 30 min. The absorbance of the resulting pink solution was measured at 529 

nm in a spectrophotometer (UV mini1240, Shimadzu, USA). The concentration of 

IAA was estimated by Salkowski colorimetric assay (Glickmann and Dessaux, 1995). 

3.7.2 Phosphate solubilisation 

3.7.2.1 Plate assay 

Each isolated colony was spot inoculated on to Pikovskaya’s agar plates (HiMedia – 

Appendix I) and incubated at RT for 7 days. The plates were observed for zone of 

clearance around the colonies. The zone and colony diameter were measured with the 

help of Antibiotic Zone-scale (HiMedia).  

The solubilisation index was calculated as:  

 

 

3.7.2.2 Quantitative assay  

The concentration of phosphate was measured by ascorbic acid-molybdenum blue 

method (Murphy and Riley, 1962). Each isolate was separately inoculated in 50 mL 

total zone diameter   
colony diameter   

Solubilization index   = 
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NBRI phosphate broth (Appendix I - Meheta and Nautiyal, 2001) in 150 mL flasks 

and incubated for 10 days at RT at 120 rpm. The broth was there after centrifuged at 

10,000 rpm for 10 min at 4°C. The supernatant was filtered through Whatman No. 1 

filter paper. The pH of the filtrate was determined with digital pH meter (pH 700, 

Eutech instruments, Thermo Fisher Scientific, India) calibrated with standard buffer 

solutions of pH 4, 7 and 9.2.  The phosphate concentration of filtrate was measured 

spectrophotometrically (UV mini1240, Shimadzu, USA). Calibration standards 

ranging from 0.25 µM to 5 µM were prepared from 50 µM stock solution of 

potassium dihydrogen phosphate (KH2PO4). The samples were diluted with distilled 

water in a ratio 1:250.  For the analysis, 25 mL of distilled water (blank)/ calibration 

standard/sample was taken in a 50 mL screw capped glass tube. To this, 0.5 mL of 

acidified ascorbic acid solution (reagent 2) and 0.5 mL of mixed reagent (reagent 3) 

was added and mixed well. The tubes were incubated for 10 min at RT. The 

absorbance of the resulting blue coloured solution was measured at 880 nm against 

distilled water blank. 

3.7.3 Production of extracellular enzymes  

3.7.3.1 Amylases 

Individual cultures were spot inoculated on starch agar plates (Appendix I) and 

incubated at RT until appearance of growth. The plates were flooded with dilute 

Gram’s iodine solution (HiMedia) and observed for a zone of clearance against a 

blue-black background. 

3.7.3.2 Proteases 

Individual bacterial colonies were spot inoculated on casein agar plates (Appendix I) 

and incubated at RT until appearance of growth. The plates were flooded with 20% 
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trichloroacetic acid (HiMedia) for 2 min and observed for a zone of clearance against 

a white opaque background. 

3.7.3.3 Lipases 

Each bacterial isolate were spot inoculated on Sierra agar plates (Appendix I) and 

incubated at RT until the appearance of growth. The plates were held against natural 

light and observed for opaque zones against a clear background. 

3.7.3.4 Cellulases 

The bacterial isolates were spot inoculated on CMC agar plates (Appendix I) and 

incubated at RT until the appearance of colonies. The plates were flooded with 1% 

congo red solution and incubated for 20 min, subsequently washed with 1 M NaCl 

solution. The plates were then incubated in 1M NaCl solution overnight at 4°C.  The 

observations were recorded when a zone of clearance against a pink-red background 

was seen. 

3.7.3.5 Pectinases 

Individual cultures were spot inoculated on pectin agar plates (Appendix I) and 

incubated at RT until appearance of colonies. The plates were flooded with 1% congo 

red solution and incubated for 20 min, subsequently washed with 1 M NaCl solution. 

The plates were then incubated in 1M NaCl solution overnight at 4°C.  The 

observations were recorded when a zone of clearance against a pink-red background 

was seen. 

The zone and colony diameter were measured for each assay. The results were 

tabulated after calculating the solubilisation index as described in Section 3.7.2.1. 
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3.7.4 Nitrogen fixation 

Isolates were spot inoculated on Jensen’s (N free medium) agar plates and incubated 

at RT for 10 days and observed for growth. Those bacterial isolates which were 

positive for growth were further inoculated in 50 mL Jensen’s broth in 250 mL flasks 

and incubated at RT for 10 days on a shaker at 120 rpm. The un-inoculated culture 

medium was considered as control. The media was subsequently centrifuged at 5000 

rpm for 10 min at 4°C (Remi cooling centrifuge, India). Further, the supernatant was 

filtered aseptically through a 0.22 µ membrane filter (Millipore). The nitrogen content 

of the filtrate was estimated by alkaline potassium permanganate method (Subbiah 

and Asija, 1956) against a media blank. Filtrate (5 mL) was taken in a Kjeldahl flask. 

To this, 25 mL of 0.32%KMnO4 and 20 mL of 2% Boric acid containing mixed 

indicator (Appendix I) was added.  The contents of the flask were distilled with 25 

mL of 2.5% NaOH in a Kjeldahl Automatic Nitrogen Distillation System (Kel Plus-

classic DX, Pelican equipments, India). The distillate was allowed to cool and titrated 

against 0.02N H2SO4. The N content was calculated using the following formula: 

 
 

Where S and B stand for the titre value of sample and blank respectively. 

The factor 0.00028 is arrived at by considering the following equation: 

2NH4OH + H2SO4 = (NH4)2SO4 + 2H2O 

98 g of H2SO4 (or 1L of 2N H2SO4) ≡ 28 g N 

1 mL of 0.02 N H2SO4 ≡ 0.00028 g N 

3.7.5 Ammonia production 

Individual bacteria cultures were inoculated in 10 mL peptone water (Appendix I) in 

screw cap tubes and incubated at RT for 3 days. Nessler’s reagent (0.5 mL – 

(S-B) x 0.00028 x 50 

20 
N (mg/50 mL culture medium)   = 
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HiMedia) was added to each tube and observed for colour change. A brown to yellow 

colour/precipitate indicated the presence of ammonia (Cappucino and Sherman, 

1992). 

3.7.6 HCN production 

HCN production was evaluated by Lorck (1948) method. Borosil petri-plates (40 mm 

glass) were sterilized with Whatman No. 1 paper lined to the inner side of the lid. 

Sterile nutrient agar (10 mL) amended with 4.4 g/L glycine was poured into each 

plate. Bacterial colonies were streaked individually onto the plates. The Whatman 

paper was impregnated with a solution containing 2% Na2CO3 in 0.5% picric acid. 

The plates were closed, sealed with parafilm and incubated in an upright position at 

RT upto 4 days. A colour change in the Whatman paper from yellow to orange-red 

indicated HCN production. 

3.8 Assessing  the biocompatibility between the bacterial isolates 

Biocompatibility between 15 selected isolates subsequent to screening them for plant 

growth promoting activity was assessed by cross streak assay. Each culture was 

streaked on a separate quarter strength ZMA plate along the center as a band and 

incubated at RT for 2 days. The remaining 14 cultures were then streaked 

perpendicular on both sides of the central band, incubated at RT for 2 days and 

observed for inhibition of growth. 

3.9 In vitro synergistic effect of selected consortia of bacteria 

Four different combinations with 5 selected bacterial cultures were prepared as shown 

in Table 2. Each combination was inoculated and incubated in the respective media 

and assessed for IAA production, phosphate solubilisation, ammonia production and 
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the production of extracellular enzymes. The synergistic effect of these combinations 

was noted and the best combination was selected for further experiments. 

Table 2: Bacterial combinations to study the in vitro synergistic effect 

Set 1 Set 2 Set 3 Set 4 
ABSK186 
ABSK35 
ABSK9 

ABSK186 
ABSK35 
ABSK11 

ABSK186 
ABSK29 
ABSK9 

ABSK186 
ABSK29 
ABSK11 

 

3.10 Identification of bacterial isolates 

The five bacterial isolates used in the combination assays were further characterized 

and identified based on morphological, biochemical and molecular characteristics as 

described in Bergey’s Manual of Systematic Bacteriology (Claus and Berkeley, 1986; 

Williams and Wilkins, 1984, 1989) 

3.10.1 Cell morphology and Gram character  

Gram staining of selected cultures was carried as described by Hans Christian Gram 

(1884). The bacteria were further characterized morphologically as either rods 

(cylindrical cells) or cocci (spherical cells). 

3.10.2 Spore staining 

Spore staining of Gram positive cultures was carried out by Schaeffer-Fulton’s 

method (1933). The position of the spore was observed as central, terminal or sub-

terminal and recorded. 

3.10.3 Motility test 

The motility of the cultures was ascertained by agar stab method (Bhattacharya, 1993) 

and hanging drop method (Collins and Lyne, 1984).  

3.10.4 Salt tolerance 
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The cultures were grown in quarter strength Zobell marine broth with 0 to 10% NaCl 

and assessed for their tolerance to NaCl. 

3.10.5 Catalase test  

A loopful of freshly grown culture on ZMA25 plates was taken on a glass slide and 2 

drops of 3% hydrogen peroxide (H2O2) was added. The bacterial isolate was observed 

for the production of effervescence (Vasanthakumari, 2009). 

3.10.6 Oxidase test 

The test for oxidase production was carried out by test-tube method (Gaby and 

Hadley, 1957) and confirmed by oxidase disc (HiMedia). 

A freshly grown bacterial culture (18 to 24 h) in 4.5 mL nutrient broth in test tube was 

treated with 0.2 mL of 1% α-naphthol and 0.3 mL of 1% p-aminodimethylaniline 

oxalate. (Appendix I). The tubes were observed for colour change. Microorganisms 

are recorded as oxidase positive when the colour changed to purple within 15 to 30 s; 

delayed oxidase positive when the colour changed to purple within 2-3 min; and 

negative if the colour did not change. 

3.10.7 Cell Size 

Cell size was measured by scanning electron microscopy (Bratbak, 1993).  For 

preparation of samples, a clean coverslip (0.5 cm2) was placed on a glass slide and the 

edges were sealed with cellotape. 10 µL of freshly grown (18-24 h) bacterial culture 

was spread onto the coverslip and air dried and fixed overnight in 2.5% 

glutaraldehyde. The coverslip was then washed in PBS (pH 7.4) and then successively 

dehydrated with 30%, 50%, 70%, 80% and 90% acetone for 10 min each and 100% 

acetone for 30 min and subsequently air dried. The coverslip was then cut into small 

pieces.  One piece was attached to a stub with cellotape and sputter coated with gold. 
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(SC7620 Mini sputter coater, Quorum technologies, UK), viewed under scanning 

electron microscope (Evo 18, Carl Ziess, Germany) with magnification ranging from 

2 KX to 40 KX and photographed. The size of the cells was measured and the detailed 

morphology was noted. 

3.10.8 Biochemical tests 

Biochemical tests were carried out on HiMedia test kits as per manufacturer’s 

instructions. KB002 HiAssortedTM biochemical test kit was used for Gram negative 

rods, KB 007 HiVibrioTM identification test kit for Pseudomonas spp. and KB 013 

HiBacillusTM identification kit for Bacillus spp.  

3.10.9 Carbohydrate utilization test 

Carbohydrate utilization studies were carried out on KB009 HiCarboTM kits (KB009A 

/ KB009B1 / KB009C). This kit consists of 35 tests for utilization of carbohydrates. 

The utilization profile was ascertained according to manufacturer’s instructions 

(HiMedia Laboratories Pvt. Limited, India). An isolated colony of the selected culture 

was inoculated in 50 mL of quarter strength ZMA and incubated at RT on a shaker for 

12 h. Each well in the strip was inoculated aseptically with 50 µL of this bacterial 

suspension. The strips were incubated at RT for 24-48 h. The colour change was 

noted down and the results were interpreted as per the chart provided with the strip.  

3.10.10 Metabolic fingerprinting 

Metabolic fingerprinting using the BIOLOG assay was carried out according to 

Manufacturer’s instructions (Hayward, CA 94545, USA). Biolog GP2 MicroPlateTM 

and Biolog GN2 MicroPlateTM consisting of 95 biochemical tests were used for Gram 

positive cultures and Gram negative cultures respectively. Biolog GEN III 

MicroPlateTM equipped with 71 carbon source utilization assays and 23 chemical 
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sensitivity assays was also used for identifying all the above cultures.  Bacterial 

suspension (150 µL) was added in each well. The plates were then incubated at RT 

for 48 h. All the colourless wells resembling the blank were scored as negative 

whereas the purple wells were scored as positive.  

3.10.11Antibiotic susceptibility test 

Antibiotic susceptibility to 30 antibiotics was assessed by disc diffusion assay using 

standard HiMedia antibiotic discs on Muller Hinton agar plates as per the CLSI 

methodology described by the manufacturer, HiMedia Laboratories Pvt. Ltd., 

Mumbai, India (Wikler et al., 2007). Selected bacterial isolates were grown in quarter 

strength ZMB at RT for 24 h. The bacterial suspension (500µL) was spread as a lawn 

onto150 mm Muller Hinton agar plates (HiMedia – Appendix I). Antibiotic discs 

were placed aseptically on the inoculated plates. The plates were incubated at RT for 

24 h. The zones of inhibition were measured using Antibiotic Zone-scale (HiMedia) 

and interpreted as per HiMedia catalogue. 

3.10.12 Molecular identification 

Genomic DNA was isolated using Genomic DNA MiniPrep: Bacteria kit according 

to manufacturer’s instructions (Chromous Biotech, India). The 16S rRNA gene was 

amplified by PCR using genomic DNA as template and bacterial universal primers 

for 16S rRNA gene.  The forward primer 27F: AGAGTTTGATCCTGGCTCCAG 

and reverse primer1492R:TACGGTTACCTTGTTACGACTT were used for PCR 

reaction. The PCR was setup as follows: 

MilliQ water 20μL 

Template 3μL 

Forward primer 1μL 
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Reverse primer 1μL 

2X Taq polymerase mix 25μL 

Total  50μL 

PCR was carried out with an initial denaturation of 5 min at 95°C followed by 35 

cycles of 95°C for 1 min; 54°C for 1 min and 72°C for 1 min. A final extension was 

performed at 72°C for 10 min. The amplified products were run on low melting 0.8% 

agarose gel with StepUp™ 500 bp DNA ladder (Bangalore Genei, India).  The 

expected 1.5 kb length band was excised with the help of a sterile scalpel and gel 

elution was carried out by AxyPrepTM DNA Gel Extraction Kit according to 

manufacturer’s instructions (Axygen Biosciences, USA). The sequence of the 

amplified 1.5 kb excised gene segment was obtained commercially from AgriGenome 

Labs, Pvt. Ltd, India.  Contigs were assembled from the procured raw sequences 

using BioEdit version 7.2.5 (Hall, 1999) and aligned. The contigs of approximately 

1.5 kb were compared with GenBank database using NCBI-BLAST (Altschul et al., 

1990). The 16S rRNA gene sequence based phylogenetic tree was constructed using 

MEGA 6 software (Tamura et al. 2013) by Neighbour-joining method. The 

evolutionary distances were computed using the Tamura-Nei method with 1000 

bootstrap replicates and are in the units of the number of base substitutions per site. 

The analysis involved 21 nucleotide sequences. All positions with less than 95% site 

coverage were eliminated. That is, fewer than 5% alignment gaps, missing data, and 

ambiguous bases were allowed at any position. There were a total of 1249 positions in 

the final dataset. The sequences have been deposited in GenBank.  

3.11 Preparation of bacterial suspension for in vitro and in vivo assays 

Bacterial suspensions were prepared using single bacterial isolates where each 

bacterial isolate was spread plated individually on quarter strength ZMA for 2 days at 



Chapter 3: Materials and methods 
 

Bartakke A, 2018, Goa University 47  

RT. The bacterial mat was scrapped and harvested in 0.85% saline to give a uniform 

suspension. The viable count was determined by serial dilutions. A standard graph of 

CFU/mL and Optical density at 600 nm of the bacterial suspension was prepared. The 

final count was adjusted to 108 to 1010 CFU/mL as required, by diluting with saline in 

accordance to the standard graph. The consortium was prepared by mixing the final 

count of 3 selected cultures in a ratio of 1:1:1. 

3.12. Seed germination and root elongation assay 

Rice grains (Oryza sativa L. var. Korgut) were soaked in 70% ethanol for 5 min in 

sterile petri-plates.  The ethanol was discarded and the grains were surface sterilized 

with 0.5% mercuric chloride for 30 s and washed 5 times with sterile distilled water. 

Bacterial culture suspensions were prepared as described in section 3.11. Rice seeds 

were soaked in 30 mL of the bacterial culture suspension along with 100 µL of 2% 

gum acacia solution and incubated overnight at RT. Each seed (of a total of ten 

replicates) was then placed in a test tube containing 1% agar and incubated at RT in 

the dark for 7 days. The root and shoot lengths were measured with the help of a 

scale. Germination %, germination rate, germination energy, germination index and 

vigor index were calculated using the following formulae: 

Germination% = (total number of germinated seeds/total number of seeds tested) × 100  

Germination energy = (number of germinated seeds in 4 days/total number of seeds tested) × 100 

Germination rate = Number of seed germinated/ Number of germination days 

Germination index = Germination% of treatment/ Germination% of control 

Vigor index = (Average shoot length + Average root length) × germination% 
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3.13. Pot trial 

3.13.1 Collection of khazan soil from different fields 

Khazans are community managed, low lying coastal man–made ecosystems of Goa 

which have traditionally nurtured integrated agriculture and aquaculture. A typical 

khazan has a channel connecting the estuary and inner channels, draining the 

agricultural fields. The khazans occupy an area of 18,000 ha of which 12,000 ha is 

under monoculture of rice carried out solely in monsoon season (Kharif crop). In the 

Tiswadi taluka, khazans are spread across Betim, Chorao, Divar, Ribander, Dongri, 

Merces and St.Cruz. Rice cultivation is rapidly declining in these regions due to 

urbanization, increasing salinity and non-availability of labour. Nevertheless, rice 

cultivation is still practiced in small pockets of villages of the islands of Divar and 

Chorao.  

Soil samples (0 -15 cm) were collected from 5 different rice fields in the khazans of 

Tiswadi taluka, Goa, India during the post monsoon season (November 2013). Three 

replicates were collected from each site and a composite sample was prepared to 

ensure homogeneity and uniformity. The samples were air dried and sieved with a 2 

mm sieve and used for analysis. 

3.13.2 Physicochemical parameters of soil 

3.13.2.1 Soil pH and electrical conductivity 

Soil pH and electrical conductivity (EC) was measured following Jackson method 

(1973). Soil sample (20 g) was added to a 150 mL conical flask, 50 mL of double 

distilled water was added (in 1: 2.5 soil to water suspension) and kept on a shaker at 

150 rpm for 30 min at RT.  The contents of the conical flask were transferred to a 

beaker, stirred and the pH was measured immediately using a digital pH meter (pH 
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1500 Cyberscan, Eutech instruments, Thermo Fisher Scientific, India). The beaker 

was kept undisturbed for 2 h and the EC of the clear upper solution was measured 

using a digital conductivity meter (CON 1500 Cyberscan, Eutech instruments, 

Thermo Fisher Scientific, India). 

3.13.2.2 Soil organic carbon         

Soil organic carbon (SOC) was determined by Walkley and Black’s (1934) wet 

oxidation method. Soil sample (1g) was taken in a 500 mL conical flask. To this, 10 

mL of 1N K2Cr2O7 and 20 mL of concentrated H2SO4 were carefully added. The flask 

was gently swirled and incubated in the dark for 30 min at RT. To this, 200 mL of 

double distilled water, a pinch of NaF and 1 mL of diphenylamine indicator was 

added. The contents of the conical flask were titrated against 0.5N FAS until a colour 

change to green was observed.  

The SOC was calculated using the following formula: 

 
 
 

Where B and S are titre values (mL) of blank and sample respectively. 

3.13.2.3 Soil available nitrogen 

Soil available N in 5 g soil sample was estimated by alkaline potassium permanganate 

method (Subbiah and Asija, 1956) as described in Section 3.7.4. The soil available N 

was calculated using the following formula: 

 
 
Where S and B stand for the titre value of sample and blank respectively. 

The factor 0.00028 is arrived at by considering the following equation: 

2NH4OH + H2SO4 = (NH4)2SO4 + 2H2O 

B x weight of sample (g) 
SOC (%)   = 

10 (B-S) x 0.003 x 100 

(S-B) x 0.00028 x 2.24 x 106 

20 
Available N (kg/ha)   = 
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98 g of H2SO4 (or 1L of 2N H2SO4) ≡ 28 g N 

1mL of 0.02 N H2SO4 ≡ 0.00028 g N 

3.13.2.4 Soil available phosphorus 

Soil available P was estimated spectrophotometrically (Bray and Kurtz, 1945).  Soil 

(5g) was placed in a 150 mL conical flask. To this, 50 mL of Bray’s P-1 extractant 

(Appendix I) was added and kept on a shaker for 5 min. The soil suspension was 

filtered through Whatman no.1 filter paper.  The filtrate (10 mL) was taken in a 25 

mL volumetric flask. To this, 5 mL of Dickman and Bray’s reagent (Appendix I) was 

added, mixed well and diluted to about 22 mL with double distilled water. 

Subsequently, 1 mL of diluted SnCl2 solution (Appendix I) was added and the volume 

was made upto 25 mL. The absorbance of the resulting blue colour was measured at 

660 nm against a distilled water blank in a spectrophotometer (DR 5000™ UV-Vis 

Spectrophotometer, Hach, Canada). The amount of soil available phosphorous was 

calculated with reference to the standard curve with KH2PO4 (0 – 0.4 ppm P). 

3.13.2.5 Exchangeable calcium and magnesium 

Exchangeable Ca + Mg concentration was detected in the soil by complexometric 

titration using EDTA. Soil (20 g) was added to a 150 mL conical flask. To this, 50 mL 

distilled water was added and kept on a shaker for 30 min. The soil suspension was 

filtered through Whatman No.1 filter paper. Filtrate (25 mL) was taken in a 150 mL 

conical flask. To this, 5 mL of buffer solution (Appendix I) and 5 drops of Eriochome 

black T (EBT) indicator were added and titrated against 0.01 N EDTA till the colour 

changed from red to bright blue. Distilled water was used as a blank. 

3.13.2.6 Exchangeable cations 
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Exchangeable cations i.e. sodium (Na), potassium (K), calcium (Ca) and magnesium 

(Mg) were determined by Neutral 1 N ammonium acetate extraction method (Hanway 

and Heidel, 1952). Soil (5 g) was taken in a 100 mL conical flask. To this, 25 mL of 1 

N ammonium acetate solution was added and kept on a shaker for 5 min and 

subsequently filtered through Whatman No. 1 filter paper. The concentration of the 

cations in the filtrate was measured using a flame photometer (ELICO CL 361 

Electrolyte Analyzer, India) Exchangeable sodium percentage (ESP) was calculated 

as follows:  ESP  % = [Exchangeable Na/ Exchangeable(Na+K+Ca+Mg)] X 100  

3.13.2.7 CaCl2 extractable sulphur 

Soil (10 g) was taken in a 150 mL conical flask. To this, 50 mL of 0.15% CaCl2 was 

added and kept on a shaker at 150 rpm for 30 min and thereafter filtered through 

Whatman No. 1 filter paper. The filtrate (10 mL) was collected in a 25 mL volumetric 

flask, a pinch of BaCl2 was added and the volume was made upto about 22 mL with 

double distilled water. Subsequently, 1 mL of 0.25% gum acacia solution was added 

and the volume was made upto 25 mL. The O.D of the resulting turbid solution was 

measured at 340 nm in a spectrophotometer (DR 5000™ UV-Vis Spectrophotometer, 

Hach, Canada). The amount of sulphur was calculated with reference the standard 

curve with K2SO4 (0 – 20 ppm S). 

3.13.2.8 Soil available boron 

The soil available B was analyzed spectrophotometrically using the hot water soluble 

method (Gupta, 1967). Soil (25 g) was taken in a quartz beaker. To this, 50 mL of 

0.02M CaCl2 was added and boiled on a hot plate for 5 min and then filtered through a 

Whatman No.1 filter paper. An aliquot (5 mL) of the filtrate was taken in a 10 mL 

plastic tube. To this, 2 mL of buffer solution, 2 mL of Azomethine indicator 

(Appendix I), 1 mL double distilled water were added and incubated for 2 h at RT. 
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The absorbance of the resulting yellow solution was measured at 420 nm against a 

distilled water blank in a spectrophotometer (DR 5000™ UV-Vis Spectrophotometer, 

Hach, Canada). The amount of boron was calculated with reference to the standard 

curve with Boric acid (0 – 2 ppm B). 

3.13.2.9 Soil available micronutrients 

Micronutrients: Fe, Cu, Mn and Zn were estimated by DTPA extraction method with 

atomic absorption spectrometry (Lindsay and Norwell, 1978). Soil (10 g) was taken in 

a 100 mL conical flask. To this, 20 mL of DTPA extractant (Appendix I) was added, 

kept on the shaker for 2 h and subsequently filtered through a Whatman No.1 filter 

paper. The concentration of Zn, Cu, Fe and Mn in the filtrate was measured in an 

atomic absorption spectrophotometer.  Estimation of soil available micronutrients was 

carried out at KET’s Scientific Research Center, Mumbai on a commercial basis. 

3.13.3 Collection and pre-processing of soil for pot trial 

Saline soil (0–0.15 m in depth) was collected from the selected rice field (CS2) during 

the pre-monsoon season (May 2014). The soil was air-dried and pulverized with a 

wooden pestle to make it homogenous.  Three and a half kg of the soil amended with 

158.5 mg N, 79.1 mg P2O5 and 79.1 mg K2O was added in each pot.  For the 

treatments with farmyard manure (FYM) as organic amendment, 46.7g of FYM was 

added per pot. These calculated values correspond to N:P:K (100:50:50)/ha and 10 

t/ha of FYM. 

3.13.4 Preparation of bacterial inoculants 

Bioinoculants from selected bacteria viz. ABSK9, ABSK29, ABSK186 and their 

consortium were prepared as described in section 3.11 with a final count of 108 

CFU/mL. 
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3.13.5 Design of the pot experiment 

The pot experiments were carried out with two varieties of rice (Oryza Sativa L.): a 

local salt tolerant variety, Korgut and a high yielding salt tolerant variety, CSR 27.  

Roots of the rice seedlings (21 days) were dipped in the respective bioinoculant 

containing 0.06% gum acacia solution, for 1 h and 3 seedlings were transplanted in 

each pot. Three replicates were maintained for each of the treatments. The pots were 

arranged in completely randomized design under natural conditions of light and 

rainfall till the flowering stage from June to September 2014. Ten treatments were 

used as shown in Table 3. 

Table 3: Description of the treatments used for pot trial 

Sr.No. Treatment 
designation Microbial inoculant applied 

Organic 
ammendment 
applied 

1 Control - - 
2 ABSK9 Pseudomonas multiresinivorans - 
3 ABSK29 Microbacterium esteraromaticum - 
4 ABSK186 Bacillus subtilis - 

5 PMB 

Pseudomonas multiresinivorans  
+ 

Microbacterium esteraromaticum 
+ 

Bacillus subtilis 

- 

6 FYM - Farmyard manure 
7 ABSK9 + FYM Pseudomonas multiresinivorans Farmyard manure 
8 ABSK29+FYM Microbacterium esteraromaticum Farmyard manure 
9 ABSK186+FYM Bacillus subtilis Farmyard manure 

10 PMB+FYM 

Pseudomonas multiresinivorans  
+ 

Microbacterium esteraromaticum 
+ 

Bacillus subtilis 

Farmyard manure 

 

3.13.6 Analysis of growth parameters of rice 

Plant height was measured at the panicle initiation stage and expressed in centimeters. 

At harvest, the plants were uprooted and washed carefully in running tap water, then 
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with distilled water and the surface moisture was absorbed on a cushion of blotting 

paper. Shoots and roots were separated. Primary root length was measured and 

expressed in centimeters. Root volume was measured by water displacement method. 

Fresh weights of shoot and root of each plant was recorded on an electronic balance 

and expressed in grams. The shoots and roots were dried in a hot air oven at 60 ± 2°C 

till constant weight was achieved. Shoot and root dry weights were recorded on an 

electronic balance and expressed in grams. 

3.13.7 Analysis of soil parameters 

3.13.7.1 Physicochemical properties 

The soil samples from each pot were air dried, pulverized, passed through a 2 mm 

sieve and used for analysis.  The physicochemical properties viz. Soil pH, EC, 

exchangeable cations,  soil organic carbon, soil available N, P, K and soil available B, 

Cu, Fe, Mn, Zn were measured as described in section 3.13.2.  

3.13.7.2 Biological properties  

Moist soil samples from the experimental pots were gently sieved through 2 mm sieve 

and used for determining soil biological parameters.  

3.13.7.2.1 Basal Soil Respiration (BSR) 

BSR was determined by incubation and titration method (Anderson, 1982). Sieved 

moist soil (10 g) was placed in an air tight 500 mL conical flask.  A glass test tube 

containing 20 mL of 0.5 N NaOH was hung inside the conical flask with the help of a 

thread. The conical flask was made air tight and incubated at RT for 10 days. 

Subsequently, the NaOH solution from the flask was transferred to another conical 

flask. To this, few drops of saturated BaCl2 solution and 1-2 drops of phenolphthalein 

indicator was added and titrated against standard 0.5 N HCl solution until a change in 
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colour from pink to colourless was observed. The amount of CO2–C evolved and 

trapped in alkali was determined using the following formula: 

 
 
 
 

The factor 11 is arrived at by considering the following equation 

1 mL of 1 N NaOH ≡ 22 mg CO2 

1mL of 0.5 N NaOH ≡ 11 mg CO2 

3.13.7.2.2 Soil microbial biomass carbon (Cmb) 

Soil microbial biomass carbon (Cmb) was determined immediately after sampling by 

fumigation extraction method (Vance et al., 1987). 

• Determination of moisture content 

The weight of the empty moisture box was recorded. Moist soil (50 g) was added to 

the box and kept in the oven at 100°C for 24 hrs. The moisture box was cooled and its 

weight along with the dry soil was recorded. The moisture content was calculated 

using the formula: 

 

     

• Analysis of chloroform fumigated samples 

Moist soil (10 g) was added to a 50 mL beaker and placed in a dessicator.  Another 

beaker containing 40 mL chloroform was placed next to it. The dessicator was 

incubated at RT in the dark for 24 h.  

• Analysis of unfumigated samples 

Moist soil (10 g) was taken in a 50 mL beaker and covered with aluminum foil. The 

beaker was incubated at 4°C for 24 h in a refrigerator. 

Amount of soil (g) x no.of days of incubation  

 

BSR (mg CO2 /g /day)   = 
(Volume of 0.5 N NaOH – Burette reading) x 11 

Moisture content %   = X 100 
weight of wet soil (g) 

weight of wet soil (g) – weight of oven dry soil (g)   
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After incubation, contents of the fumigated and unfumigated samples were transferred 

to separate conical flasks. To each flask, 25 mL of 0.5 M K2SO4 was added and kept 

on the shaker for 30 min and subsequently filtered through Whatman No. 1 filter 

paper. Filtrate (10 mL) was transferred to a 500 mL conical flask. To this, 5 mL of 0.2 

N K2Cr2O7, 10 mL of concentrated H2SO4 and 5 mL of orthophosphoric acid was 

added. A blank was simultaneously run with 10 mL distilled water. The flasks were 

kept on a hot plate at 100°C for 30 min. Upon cooling, 250 mL double distilled water 

and 2-3 drops of diphenylamine indicator (Appendix I) were added to each flask. The 

contents of the flasks were titrated against 0.05 N FAS until a colour change to green 

was observed. 

The Cmb was calculated using following formula: 

Cmb = (Cf -Cuf) / Kex 

where Cmb is soil microbial biomass carbon in µg C/g soil, Cf and Cuf are 0.5 M 

extractable organic carbon in fumigated and unfumigated soils, respectively, Kex is the 

efficiency of extraction, a value of 0.45 has been considered for calculation.  

3.13.7.2.3 Metabolic quotient (qCO2) and fraction of the SOC as SMBC 

(CmbSOC)    

The metabolic quotient (qCO2) was calculated as a ratio of BSR to Cmb and expressed 

as µg CO2–C/mg/h.  The CmbSOC was calculated as SMBC divided by SOC and 

expressed as percentage (%). 

3.13.7.2.4 Dehydrogenase activity 

Dehydrogenase activity of the soil was determined spectrophotometrically (Tabatabai, 

1982). Soil (1 g) was added in an air tight screw cap test tube. To this, 0.2 mL of 3% 

triphenyltetrazolium chloride (TTC) and 0.5 mL of 1% glucose solution was added. 

The tube was gently tapped to remove air bubbles and then incubated at RT in the 
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dark for 24 h. Subsequently, 10 mL of methanol was added and the tube was 

vigorously shaken. The tube was allowed to stand for 6 h at RT.  The clear pink 

colored upper solution was withdrawn and absorbance was measured at 485 nm in a 

spectrophotometer (DR 5000™ UV-Vis Spectrophotometer, Hach, Canada). The 

dehydrogenase activity was calculated with reference to a standard graph of 0-100 µg 

triphenylformazan (TPF). The dehydrogenase activity was expressed as µg 

triphenylformazan (TPF) formed per g soil/h. 

3.13.7.2.5 Phosphatase activity 

Acid phosphatase activity of the soil was estimated spectrophotometrically (Tabatabai 

and Bremner, 1969). Soil (1 g) was added into a 150 mL conical flask. To this, 0.2 

mL toluene, 4 mL Modified Universal Buffer (pH 6.5) and 1mL p-nitrophenyl 

phosphate (PNP) were added sequentially. The flask was swirled and incubated at RT 

for 1 h. Subsequently, 1 mL of 0.5 M CaCl2 and 4mL of 0.5 M NaOH were added and 

flask was swirled. The suspension was filtered through Whatman No.1 filter paper. 

Absorbance of the yellow coloured filtrate was measured at 440 nm in a 

spectrophotometer (DR 5000™ UV-Vis Spectrophotometer, Hach, Canada). The 

phosphatase activity was calculated with reference to a standard graph of 0 – 10 ppm 

paranitrophenol was prepared. The acid phosphatase activity expressed as µg 

paranitrophenol (PNP) released per gsoil/h.  

3.13.7.2.6 Urease activity 

Urease activity was estimated by method of Kandeler and Gerber (1988). Soil (5 g) 

was added to a 150 mL conical flask. To this, 5 mL of 2 % urea solution was added 

and incubated at RT for 5 h. Subsequently, 25 mL of 2 M potassium chloride-phenyl 

mercuric acetate (KCl-PMA) solution was added and the flask was kept on a shaker 

for 1 h. The soil suspension was filtered through a Whatman No. 1 filter paper. 
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Filtrate (2 mL) was added to a 25 mL volumetric flask. To this, 5mL of 2 M KCl-

PMA and 15 mL of colouring reagent (Appendix I) were added, gently swirled and 

placed on a boiling water bath for 30 min. The flask was immediately cooled in cold 

water and the volume was made upto 25 mL with double distilled water. The 

absorbance of the red solution was measured at 527 nm in a spectrophotometer (DR 

5000™ UV-Vis Spectrophotometer, Hach, Canada). A standard graph of 0-100 ppm 

urea was prepared. The urease activity was expressed as µg urea hydrolyzed per g 

soil/h.  

3.14 Formulation of biofertilizers 

3.14.1 Large scale production of bacterial suspension. 

Cell suspension of the selected bacteria viz. ABSK9, ABSK29 and ABSK186 and 

their consortium was prepared as described in section 3.11. A cell concentration of 

1010 CFU/mL was used.  

3.14.2 Preparation of carrier for biofertilizers 

Commercially available coir pith locally known as coco peat was procured from 

Ratanshi Agro-hortitech, Mumbai, India. Aliquots of 200 g of coir pith were sterilized 

by autoclaving in plastic bags on three consecutive days.  

3.14.3 Preparation of biofertilizers 

Bioinoculants with individual cultures were prepared by adding 600 mL of culture 

suspension to 200 g of coir pith.  Bioinoculant with consortium was prepared by 

adding 200 mL of each of the three cultures to 200 g of coir pith.  Control was 

prepared by adding 600 mL of sterile saline to 200 g coir pith. The physicochemical 

properties of the prepared biofertilizer viz. pH, EC, total organic carbon, available N, 
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P, K and available micronutrients were measured as described in section 3.13.2. The 

moisture content was determined as described in section 3.13.7.2.2. 

3.14.4 Shelf life of the biofertilizers 

The shelf lives of the formulated biofertilizers were studied at two temperatures:   

room temperature (28 ± 2°C) and 6 ± 2°C.  Aliquots of 10 g each were aseptically 

prepared from each bioinoculant, of which, 30 were stored at room temperature and 

30 at 6 ± 2°C.  The shelf life studies were carried out at an interval of 15 days for a 

period of 420 days.  Every 15 days, one aliquot was aseptically resuspended in 90 mL 

sterile saline (0.85%) and used for analysis. The viability of the bacterial isolates in 

the bioinoculant was measured in terms of CFU/mL with 10 fold serial dilutions of 

the suspension. IAA production, phosphate solubilisation and production of 

extracellular enzymes was determined as mentioned in section 3.7. 

3.15 In situ field trial of prepared biofertilizer on rice (Oryza sativa L. var. 

Korgut) 

To ascertain the efficiency of the prepared biofertilizer, field trial in the selected 

Khazan paddy field (CS 2)  with field survey no 29/3 was carried out from June to 

October 2016 i.e for a period of 4 months. 

3.15.1 Design of the field trial 

‘Demonstration strip design’ was implemented for the field trial. The strip consisted 

of 7 plots each of 12 m2 (4 m x 3 m).  In order to demarcate area of the plot and 

prevent intermixing of the soil of the confined area, seeds and bioinoculant, bunds 

(wet soil piled barriers between 2 plots) were constructed around each plot. The soil 

in each plot was ploughed and mixed so as to get a uniform consistency of the soil in 

the respective area. 
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Biofertilizer was prepared using a consortium of the 3 selected bacteria viz. ABSK9 

(Pseudomonas multiresinivorans), ABSK29 (Microbacterium esteraromaticum) and  

ABSK186 (Bacillus subtilis) as described in section 3.14. 

Korgut, a traditionally cultivated salt tolerant variety of rice (Oryza sativa L.) locally 

grown in that area was used. Rice seeds were soaked in water for 12 h. The water was 

then drained off and seeds were transferred to a moist sac and watered twice a day for 

a period of 4 days. The germinated seeds (500 g) were broadcasted onto each plot. 

Table  4 gives the details of the different treatments used in the trial.  Treatment 1 was 

the absolute control where in germinated seeds were broadcasted without any 

amendment or any additive. Treatment 2 was designated as chemical control where 

150 g DAP (0.125 t/ha) was added to the plot before 5 h before broadcasting (which 

was a common practice followed by the local farmers). In treatment 3, commercially 

available biofertilizer was added to the germinated seeds before 5 h before 

broadcasting.  Treatment 4 was designated as the carrier control wherein only the 

carrier without the bioinoculant was applied. In treatment 5, 1 kg of the prepared 

bioinoculant was mixed with 500 g of germinated seeds 5 h before broadcasting (to 

allow the conditioning of the mixture). Treatment 6 was designated as seed + soil 

application. The seed application was carried out in a manner similar to treatment 5. 

In addition, on the 17th day of broadcasting, bioinoculant was applied to the plot. In 

treatment 7, bioinoculant (5t/ha) was added on to the plot 5 hrs before broadcasting. 

Farmers’ practices were followed for the maintenance of the field.  
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Table 4: Description of the treatments used for field trial 

Sr.No. Treatment designation Treatment description 

1 Absolute Controls -  

2 Control- Chemical DAP: 0.125 t/ha 

3 Control- biofertilizer Influx®SuperCrop 10 mL + Influx®AllRounder 1mL 

4 Control-  carrier 5t/ha. 

5 Seed application 1kg/500g seeds 

6 Seed + Soil application 1kg/500g seeds + 5t/ha. (17th day) 

7 Soil application 5t/ha. 

 

3.15.2 Analysis of physicochemical and biological properties of soil 

At harvest, field moist soil samples were gently sieved through a 2 mm sieve and used 

for determining soil biological parameters viz. basal soil respiration, soil microbial 

biomass carbon (Cmb), metabolic quotient (qCO2), fraction of the SOC as SMBC 

(CmbSOC), dehydrogenase activity, phosphatase activity and urease activity as 

described in section 3.13.7.2.  

For determination of soil physicochemical parameters, soil samples were air dried, 

crushed and sieved through a 2 mm sieve.  Soil pH, EC, soil available N, soil 

available P, soil organic carbon, exchangeable cations and soil available 

micronutrients were analyzed as described in section 3.13.2. 

3.15.3 Determination of yield  

The central area of 6 m2 (3m x 2m) was selected for estimation of grain yield, straw 

yield, biomass yield and harvest index.  The plants were harvested by cutting the 

straw from the base.  The grains were separated, threshed and cleaned. The straw and 

grains were separately sun dried for a day before analysis. 
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3.15.3.1 Grain yield 

The grains from each plot were weighed with the help of an electronic balance. The 

moisture content of the grain was determined. Rice grains (10 g) were added to a pre-

weighed petri-plate. The petri-plates were kept at 60°C in a hot air oven until constant 

weight of grains was observed. Moisture content of the rice grains was calculated 

using the formula: 

 

 

The total grain weight from each plot was adjusted to 14 percent moisture using the 

formula: Adjusted grain weight = A X W 

Where, A is the adjustment coefficient; W the weight of the harvested grains. 

The coefficient A was computed as A= 100 – M, where M is the moisture content 

(percent) of the grains.  

3.15.3.2 Straw yield 

The straw yield was determined by weighing the sundried straw on an electronic 

balance. Biomass yield was calculated by addition of gain yield and straw yield.  

3.15.3.3 Harvest index 

The harvest index was calculated as a ratio of grain yield to total biomass yield. 

3.15.4 Determination of plant growth and yield components 

Plants on the periphery barring the central harvest area of 6 m2 were used for analysis. 

Plant height was measured from ground level to the tip of the tallest panicle with the 

help of a thread and a measuring tape. No. of tillers, No. of effective tillers and 

number of panicles were counted per plant.  Number of filled grains per panicle was 

calculated as the average number of fully developed grains per panicle in a given 

X 100 Moisture content %   = 
weight of fresh grain (g) 

weight of fresh grains (g) – weight of oven dried grain (g)   
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plant. Number of unfilled grains per panicle was calculated as the average number of 

poorly developed or totally undeveloped grains. The length and maximum width of 

each leaf on the middle tiller was measured and leaf area index was calculated using 

the formula: 

 Leaf area = K × l × w 

Where, K is the “adjustment factor”; l is the length; w is the width.  The value of K at 

maturity is taken as 0.67. The leaf area per plant is calculated as:  

Leaf area per plant = total leaf area of middle tiller × total number of tillers  

The shoot and root dry and fresh weight were determined as described in section 

3.13.6. 

3.15.5 Analysis of the grains 

3.15.5.1 Gel consistency 

De-hulled rice was ground to a fine powder using mortar & pestle and sieved. 100 mg 

of rice flour was weighed in a dry test tube and 0.2 mL of thymol blue dye was added. 

The solution was mixed well using vortex mixture and kept on a boiling water bath 

for 8 min. The test-tubes were cooled for 5 min and then kept on ice for 20 min. The 

test tubes were laid horizontally for one h after cooling. Total length of the gel was 

measured in mm.  

3.15.5.2 Carbohydrate content 

The quantitative estimation of carbohydrates from the grains was carried out using 

Anthrone reagent method test (Hedge and Hofreiter, 1962). De-hulled rice was 

ground to a fine powder using mortar and pestle and sieved. 100 mg of rice flour was 

added to a glass placed in a boiling water bath. To this, 2.5 mL of 2.5 N HCl was 

added and covered with aluminum foil to aid in the hydrolysis of the sample. The test 

tubes were incubated in boiling water bath for 3 h. Test tubes were cooled and sodium 
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carbonate was added until the effervescences ceases to neutralize the contents of the 

test tube. The volume was made to 100 mL and centrifuged at 5000 rpm for 10 min. 

Supernatant was collected and 0.1 mL was taken in a fresh test tube for analysis. The 

volume was made to 1 mL with distilled water and 4 mL of anthrone reagent 

(Appendix I) was added to it. Test tubes were kept in boiling water bath for 8 min and 

cooled immediately. Simultaneously a blank was run using distilled water. 

Absorbance was measured at 630 nm using UV-Vis spectrophotometer (UV 

mini1240, Shimadzu, USA) against distilled water blank. The carbohydrate 

concentration was calculated using standard graph glucose in the range of 0 - 0.1 

mg/mL.  

3.15.5.3 Protein content  

De-hulled rice was ground to a fine powder using mortar and pestle and sieved. Rice 

flour (1 g) was weighed and 5 mL of 0.1 M phosphate buffer pH 7.5 was added to it. 

Equal amount of 15% TCA was added to the solution and kept overnight at room 

temperature. The suspension was centrifuged at 5000 rpm for 10 min at 4°C. The 

supernatant was discarded and pellet was dissolved in 50 mL of 0.1 mL NaOH. 0.1 

mL of dissolved precipitate was diluted with 0.9 mL of distilled water. 1 mL of this 

solution was taken in a test tube and 4.5 mL of alkaline reagent was added and 

incubated for 10 min. To this, 0.5 mL of Folin-ciocalteau reagent was added and 

incubated for 30 min. The absorbance was measured at 660 nm against distilled water 

blank in a spectrophotometer (UV mini1240, Shimadzu, USA). The protein 

concentration was estimated from the standard graph of BSA in the range of 0- 0.1 

mg/mL.  
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3.15.5.4 Water uptake 

Rice grains (2 g) were weighed and soaked with10 mL of distilled water for 30 min in 

a test tube. Subsequently, the test tube was incubated in a water bath for at 80°C. A 

control was maintained with 10 mL distilled water. The test tubes were immediately 

cooled in ice. The supernatant was poured in 10 mL cylinder and volume was 

measured. Water uptake was calculated using the formula: 

 Water uptake = (100/weight of rice grain in g) × actual water absorbed 

13.6 Statistical analyses of data 

Statistical analyses were carried out with IBM SPSS Statistics Version 23 software 

package (IBM Corp, 2015). The results were expressed as mean±SD (standard 

deviation).  One way ANOVA (analysis of variance) was performed to evaluate the 

significance of differences between individual treatments of the pot trial and field trial 

experiments. Levene’s test was performed to test the homogeneity of variances.  For 

homogenous groups, one way ANOVA was followed by Tukey’s post hoc test for 

multiple comparisons. When the groups were non-homogenous, Welch’s ANOVA 

was performed followed by Games-Howell post hoc test.  Pearson’s correlation 

coefficient was calculated between the physicochemical parameters, biological 

activity and growth parameters of rice for the trials. All the tests were carried out at 

5% level of significance (α = 0.05). 
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4.1 Characteristics of the biofilm 

The natural occurrence of biofilms at the Ribandar saltpan is illustrated in Plate 1. The 

biofilm was uneven in texture, filamentous and porous in nature. The surface of the 

biofilm appeared dark green in colour and the bottom layer appeared black. 

4.2 Analysis of saltpan water 

Table 5 summarizes the physicochemical parameters of the underlying saltpan water 

at the time of biofilm sample collection. The salinity of the water was 6 psu and the 

pH was alkaline (7.93).  

4.3 Bacteriological analysis of the biofilm 

4.3.1 Acridine orange direct counts 

Table 6 shows the total bacterial abundance in the biofilm along with characteristics 

of the different cells. The AODC count was 4.58±0.21 x 10
9
 cells/g of biofilm. The 

biofilm comprised of 25% rods and 3% of the cells were metabolically active and 

appeared green under fluorescence. 

4.3.2 Culturable bacterial counts 

Table 7 gives the details of the viable count of bacteria in the biofilm. The highest 

count of retrievable bacteria was obtained on Filtered biofilm extract agar (20.02 

±12.85 x10
7
 CFU/mL) followed by ZMA and the lowest count of 0.33 x 10

7
 was 

retrieved on Pikovskaya’s agar. The actinomycete population was 2.01 ± 1.37 x 10
7 

(Fig 3). The anaerobic counts (3 x 10
3
) were 3 orders lower than the aerobic count. 

The SRB count was 4 x 10
3
. 
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Table 5: Physicochemical parameters of saltpan water 

 

 

Table 6: Acridine orange direct counts of biofilm 

Cells  x 10
9
 / g of biofilm 

Total counts Rods  Cocci 
Metabolically 

active  

Metabolically 

inactive 

4.58±0.21 1.16±0.16 3.42±0.20 
 

0.07±0.01 4.51±0.14 

Each value is the mean±SD of three replicates (n=3) 

Table 7: Viable count of culturable bacteria in biofilm on various culture media 

Sr.No.  Media  CFU/mL x10
7
  

1  SPWA  2.24 ± 1.42 

2  BEA  2.10 ± 0.80 

3  FBEA  20.02 ±12.85 

4  ZMA 25  4.97 ± 3.25 

5  ZMA 50  2.48 ± 1.63 

6  ZMA 100  6.31 ± 3.82 

7  Pikovskaya’s Agar  0.03 ± 0.05 

8  Jensen’s Agar  6.20 ± 2.60 

9  King’s B Agar  1.43 ± 1.06 

10  YEMA  2.24 ± 1.87 

11  Actinomycete  Isolation Agar  2.01 ± 1.37 

12  Anaerobic agar  0.0003 ± 0.0001 

13  Hatchikian’s  medium  0.0004 ± 0.0002 

14  AODC direct count  460.0 ±  26 

Each value is the mean±SD of three replicates (n=3) 

Sr. No. Parameter  Value  

1 Temperature  29.3
0
C  

2 Salinity  6 psu  

3 Dissolved oxygen 7.48 mg/L 

4 pH  7.93  

5 Eh  38 mV  

6 Sulphate  0.358 mg/mL 

7 Sulphide  6.32 μg/g  
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     Plate 1: Biofilm from Ribandar saltpans 

 

    

   Fig. 3: Viable count in CFU/mL of culturable bacteria in the biofilm 
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4.4 Isolation of halotolerant biofilm bacteria 

A total of 127 morphologically different colonies were isolated on 11 different culture 

media. The highest number of isolates was obtained on 25 % Zobell marine agar (36) 

followed by ZMA (22) and yeast extract mannitol agar (21). The lowest diversity, 

only one morphological variant was obtained on saltpan water agar. The results are 

shown in Table 8. 

4.5 Screening of biofilm bacteria for plant growth promoting activity 

All the morphologically different isolates (127) were screened for plant growth 

promoting activities. 20% of the isolates were positive for IAA production; 14% 

solubilised tricalcium phosphate and fixed atmospheric nitrogen.  32% cultures 

produced amylases, 36 % were protease producers, 12 % produced cellulases, 23 % 

produced lipases and 6 % of the cultures were pectinase producers. Ammonia 

production was observed in 72 % of the cultures. HCN production was not observed 

in any of the cultures. The results are shown in Fig. 4.  

Out of 127 bacterial isolates, 25 cultures tested positive for IAA production (Plate 

2A). The highest production of IAA(12.97 µg/mL ) was observed in isolate ABSK 35 

followed by ABSK29, ABSK31, ABSL90, ABSK95, ABSK99 where the IAA 

production was in the range of 10.15 to 10.82 µg/mL (Table 9).   

Production of extracellular amylases was observed in 41 cultures (Plate 3A). Highest 

solubilization index was observed in ABSK192 (7.25) followed by ABSK138 (7.17). 

Apart from these, 15 cultures exhibited solubilization index above 2 as depicted in 

Table 10.  
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Table 8: Number of morphologically different isolates on various culture media 

Sr.No.  Media  
No. of morphologically 

different isolates  

1  Saltpan water agar (SPWA)  1  

2  Biofilm extract agar (BEA)  2  

3  Filtered biofilm extract agar (FBEA)  2  

4  Zobell Marine agar (ZMA 25)  36  

5  Zobell Marine agar (ZMA 50)  10  

6  Zobell Marine agar (ZMA 100)  22  

7  Pikovskaya’s Agar  14  

8  Jensen’s Agar  6  

9  King’s B Agar  7  

10  Yeast extract mannitol agar (YEMA)  21  

11  Actinomycete  Isolation Agar  06  

Total  127 

 

 

Fig 4: In vitro assay of plant growth promoting traits (PS = phosphate solubilization) 
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Table 9: IAA production by saltpan bacteria 

Sr 

No. 

Culture 

Code 

 IAA 

concentration 

µg/ml 

Sr 

No. 

Culture 

Code 

 IAA 

concentration 

µg/mL 

1 ABSK1 8.09±3.15 14 ABSK95 10.58±2.57 

2 ABSK2 6.03±0.58 15 ABSK99 10.82±1.89 

3 ABSK9 6.79±1.47 16 ABSK124 9.79±0.10 

4 ABSK11 6.58±1.21 17 ABSK127 8.55±2.68 

5 ABSK17 9.94±0.89 18 ABSK131 7.30±1.36 

6 ABSK29 10.70±0.52 19 ABSK132 7.91±1.89 

7 ABSK31 10.76±2.47 20 ABSK143 8.15±0.21 

8 ABSK35 12.97±4.36 21 ABSK144 6.58±1.36 

9 ABSK46 9.64±1.42 22 ABSK152 7.58±1.94 

10 ABSK60 9.27±1.26 23 ABSK162 8.27±1.73 

11 ABSK64 8.91±1.26 24 ABSK174 7.06±1.78 

12 ABSK75 7.61±0.73 25 ABSK184 7.91±1.89 

13 ABSK90 10.15±2.31    

Each value is the mean±SD of three replicates (n=3) 

 

Table 10: Extracellular amylase production by saltpan bacteria 

Sr.

No 

Culture 

code 

Solubilization 

index 

Sr. 

No 

Culture 

code 

Solubilization 

index 

1 ABSK8 1.93±0.06 22 ABSK108 1.41±0.06 

2 ABSK12 1.07±0.02 23 ABSK109 1.92±0.16 

3 ABSK15 1.96±0.79 24 ABSK110 2.24±0.16 

4 ABSK29 1.67±0.29 25 ABSK112 1.93±0.23 

5 ABSK32 1.94±0.48 26 ABSK113 2.37±0.26 

6 ABSK47 1.40±0.00 27 ABSK129 2.22±0.10 

7 ABSK49 1.63±0.20 28 ABSK130 2.44±0.10 

8 ABSK50 1.40±0.00 29 ABSK131 1.78±0.10 

9 ABSK51 2.43±0.06 30 ABSK132 1.93±0.13 

10 ABSK52 1.93±0.31 31 ABSK138 7.17±0.58 

11 ABSK53 1.50±0.10 32 ABSK140 2.22±0.19 

12 ABSK54 1.46±0.14 33 ABSK141 1.53±0.12 

13 ABSK55 1.29±0.07 34 ABSK143 1.77±0.03 

14 ABSK57 1.56±0.10 35 ABSK145 1.93±0.12 

15 ABSK58 1.92±0.14 36 ABSK184 1.93±0.12 

16 ABSK61 2.17±1.15 37 ABSK186 2.43±0.12 

17 ABSK71 2.93±1.79 38 ABSK192 7.25±0.43 

18 ABSK75 2.47±0.92 39 ABSK193 2.27±0.23 

19 ABSK76 2.00±0.58 40 ABSK194 2.72±1.00 

20 ABSK106 3.00±0.29 41 ABSK196 3.19±1.57 

21 ABSK107 1.33±0.07    

Each value is the mean±SD of three replicates (n=3) 
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Plate 2: In vitro plant growth promoting activity by biofilm bacteria (A) IAA 

production (B) Phosphate solubilization (C) Nitrogen fixation (D) Ammonia 

production (E) HCN production 

  

 

 

 

 

 

 

 

 

 

Plate 3: Production of extracellular enzymes by biofilm bacteria (A) Amylases (B) 

Proteases (C) Lipases (D) Cellulases (E) Pectinases 

(B) (A) (C) 

(D) (E) 

(A) (B) (C) 

(D) (E) 
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Extracellular protease production was observed in 46 cultures (Plate 3B). ABSK174 

exhibited the highest solubilization index of 4.44 followed by ABSK171 (4.11). 

Besides these, 18 cultures showed solubilization index above 2 as seen in Table 11. A 

total of 15 cultures produced extracellular cellulases (Plate 3C), ABSK174 being the 

highest producer with a solubilization index of 5.72 (Table 12). Extracellular 

pectinases production was observed in 8 cultures (Plate 3D). ABSK5 showed the 

highest solubilization index of 3.36 > ABSK38 (3.33) >ABSK 9 (3.03) as depicted in 

Table 13. Production of extracellular lipases was observed in 29 cultures (Plate 3E). 

ABSK6 had the highest solubilization index of 5.33 followed by ABSK5 (4.08). A 

solubilzation index of 3 was exhibited by 4 cultures, whereas 7 cultures had an index 

above 2 (Table 14). Solubilization of tricalcium phosphate was exhibited by 18 

cultures (Plate 2B). ABSK9 exhibited highest solubilization index of 5.35. ABSK9 

also solubilized the maximum tricalcium phosphate (1.63 g/L) which was associated 

with the maximum drop in pH of the culture medium upto 3.55. Although ABSK11 

exhibited a low solubilization index of 2.71, it solubilized 1.2 g/L phosphate in the 

quantitative assay and decreased the pH of the medium to 4.16 as depicted in Table 

15. Among the total isolates tested, 91 cultures produced ammonia (Table 16, Plate 

2C). A total of 18 cultures exhibited growth on N free medium (Plate 2D). Nitrogen 

fixing efficiency of these cultures was further estimated quantitatively in 50 mL 

culture medium. The maximum N fixing efficiency of 1.213 mgN/50 mL media was 

observed in ABSK29 followed by ABSK34 (1.027 mgN/50 mL media) as presented 

in Table 17. None of the isolates produced HCN. Plate 2E depicts the positive and 

negative controls for the production of HCN. 
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Table 11:  Extracellular protease production by the saltpan bacteria 

Sr.

No 

Culture 

code 

Solubilization 

index 

Sr. 

No 

Culture 

code 

Solubilization 

index 

1 ABSK5 2.04±0.31 24 ABSK110 1.24±0.08 

2 ABSK6 2.07±0.31 25 ABSK112 1.42±0.05 

3 ABSK8 1.75±0.43 26 ABSK113 2.13±1.05 

4 ABSK14 2.43±0.32 27 ABSK120 1.67±0.36 

5 ABSK15 2.11±0.19 28 ABSK129 2.05±0.08 

6 ABSK32 1.37±0.15 29 ABSK132 1.69±0.30 

7 ABSK38 2.68±0.63 30 ABSK137 1.72±0.25 

8 ABSK47 1.17±0.07 31 ABSK141 1.58±0.14 

9 ABSK48 1.19±0.08 32 ABSK142 1.67±0.38 

10 ABSK49 1.41±0.17 33 ABSK143 3.60±0.69 

11 ABSK51 1.24±0.02 34 ABSK144 1.67±0.29 

12 ABSK52 1.26±0.02 35 ABSK145 1.72±0.25 

13 ABSK54 1.44±0.14 36 ABSK164 1.43±0.06 

14 ABSK55 1.36±0.12 37 ABSK171 4.11±1.84 

15 ABSK56 1.86±0.47 38 ABSK172 2.73±0.53 

16 ABSK57 1.28±0.07 39 ABSK174 4.44±0.96 

17 ABSK62 1.29±0.07 40 ABSK184 1.30±0.05 

18 ABSK76 1.44±0.29 41 ABSK185 1.48±0.11 

19 ABSK78 2.17±0.29 42 ABSK186 2.53±0.15 

20 ABSK98 2.69±0.47 43 ABSK192 2.16±0.12 

21 ABSK106 2.11±0.19 44 ABSK193 2.06±0.10 

22 ABSK108 2.72±0.30 45 ABSK194 1.89±0.13 

23 ABSK109 2.10±0.09 46 ABSK196 2.06±0.05 

Each value is the mean±SD of three replicates (n=3) 
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Table 12: Extracellular cellulase production by saltpan bacteria 

Sr. 

No 

Culture 

code 

Solubilization 

index 

1 ABSK11 3.17±0.76 

2 ABSK12 1.53±0.24 

3 ABSK31 1.58±0.29 

4 ABSK53 2.51±1.15 

5 ABSK54 2.28±1.11 

6 ABSK55 1.63±0.32 

7 ABSK56 2.75±0.55 

8 ABSK109 3.15±0.29 

9 ABSK118 2.44±0.90 

10 ABSK129 3.32±0.42 

11 ABSK143 3.90±0.66 

12 ABSK171 4.20±0.67 

13 ABSK172 2.53±0.42 

14 ABSK174 5.72±0.86 

15 ABSK186 4.81±0.37 

Each value is the mean±SD of three replicates (n=3) 

Table 13: Extracellular pectinase production for saltpan bacteria 

 

Each value is the mean±SD of three replicates (n=3) 

Sr.

No 

Culture 

code 

Solubilization 

index 

1 ABSK5 3.36±1.63 

2 ABSK9 3.03±0.06 

3 ABSK12 1.97±0.32 

4 ABSK23 1.60±0.06 

5 ABSK38 3.33±0.83 

6 ABSK47 1.58±0.02 

7 ABSK50 2.63±0.84 

8 ABSK61 1.18±0.07 
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Table 14: Extracellular lipase production by saltpan bacteria 

Sr.

No 

Culture 

Code 

Solubilization 

index 

Sr.

No 

Culture 

code 

Solubilization 

index 

1 ABSK5 4.08±1.88 16 ABSK103 2.97±0.55 

2 ABSK6 5.33±1.26 17 ABSK107 1.22±0.08 

3 ABSK8 1.45±0.05 18 ABSK108 1.38±0.13 

4 ABSK13 1.83±0.17 19 ABSK109 1.42±0.15 

5 ABSK14 3.52±1.13 20 ABSK110 1.23±0.06 

6 ABSK15 2.03±0.74 21 ABSK129 1.83±0.17 

7 ABSK38 3.28±1.60 22 ABSK130 2.14±0.59 

8 ABSK53 1.73±0.23 23 ABSK138 3.33±0.33 

9 ABSK54 2.12±0.46 24 ABSK140 2.11±0.19 

10 ABSK55 1.92±0.14 25 ABSK161 3.83±0.76 

11 ABSK62 2.23±0.25 26 ABSK164 1.75±0.25 

12 ABSK75 2.70±2.01 27 ABSK171 1.19±0.08 

13 ABSK76 1.47±0.12 28 ABSK172 1.24±0.08 

14 ABSK88 2.17±0.29 29 ABSK186 1.43±0.12 

15 ABSK95 2.60±0.20    

Each value is the mean±SD of three replicates (n=3) 
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Table 15: Phosphate solubilization by saltpan bacteria 

Sr.No 
Culture 

code 

Solubilization 

index 

pH of 

medium 

Phosphate 

solubilized 

(g/L) 

1 ABSK1 1.51±0.09 5.30±0.39 0.32±0.05 

2 ABSK2 2.25±0.07 4.01±0.85 1.04±0.13 

3 ABSK4 3.53±0.50 3.94±0.70 1.09±0.06 

4 ABSK9 5.35±0.61 3.55±0.20 1.63±0.05 

5 ABSK11 2.71±0.37 4.16±0.97 1.22±0.03 

6 ABSK12 2.66±0.18 4.55±1.26 0.59±0.12 

7 ABSK23 2.00±0.00 4.83±0.62 0.58±0.05 

8 ABSK32 1.42±0.15 4.66±0.24 0.57±0.03 

9 ABSK33 1.80±0.00 4.54±0.08 0.56±0.05 

10 ABSK56 2.40±0.17 4.68±0.17 0.96±0.03 

11 ABSK88 2.61±0.10 5.52±0.21 0.62±0.06 

12 ABSK103 2.44±0.38 5.88±0.06 0.18±0.05 

13 ABSK107 2.06±0.53 5.56±0.69 0.21±0.05 

14 ABSK116 1.23±0.06 5.08±0.65 0.68±0.07 

15 ABSK118 1.35±0.02 4.96±0.05 0.61±0.02 

16 ABSK156 1.63±0.20 5.69±0.17 0.41±0.08 

17 ABSK171 1.60±0.17 5.56±0.03 0.17±0.01 

18 ABSK186 3.32±0.29 5.26±0.20 0.44±0.02 

Each value is the mean±SD of three replicates (n=3) 
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Table 16: Ammonia production by saltpan bacteria 

 

Sr. 

No 

Culture 

code 

Ammonia 

production 

Sr. 

No 

Culture 

code 

Ammonia 

production 

1 ABSK4 ++ 47 ABSK110 ++ 

2 ABSK5 +++ 48 ABSK112 +++ 

3 ABSK6 +++ 49 ABSK113 ++ 

4 ABSK8 +++ 50 ABSK115 + 

5 ABSK9 +++ 51 ABSK116 +++ 

6 ABSK13 +++ 52 ABSK117 ++ 

7 ABSK14 +++ 53 ABSK118 +++ 

8 ABSK17 ++ 54 ABSK119 + 

9 ABSK23 ++ 55 ABSK120 + 

10 ABSK29 +++ 56 ABSK123 + 

11 ABSK34 +++ 57 ABSK124 +++ 

12 ABSK36 + 58 ABSK125 +++ 

13 ABSK37 +++ 59 ABSK127 ++ 

14 ABSK39 +++ 60 ABSK128 ++ 

15 ABSK40 +++ 61 ABSK129 +++ 

16 ABSK41 + 62 ABSK135 + 

17 ABSK46 +++ 63 ABSK136 +++ 

18 ABSK47 ++ 64 ABSK138 +++ 

19 ABSK48 +++ 65 ABSK140 ++ 

20 ABSK49 +++ 66 ABSK141 + 

21 ABSK50 +++ 67 ABSK142 +++ 

22 ABSK51 +++ 68 ABSK143 + 

23 ABSK52 ++ 69 ABSK144 +++ 

24 ABSK53 +++ 70 ABSK145 + 

25 ABSK54 +++ 71 ABSK146 ++ 

26 ABSK55 +++ 72 ABSK147 +++ 

27 ABSK56 ++ 73 ABSK150 +++ 

28 ABSK57 +++ 74 ABSK152 + 



Chapter 4: Results 
 

 
Bartakke A, 2018, Goa University 79 

29 ABSK58 +++ 75 ABSK156 ++ 

30 ABSK61 + 76 ABSK162 + 

31 ABSK63 ++ 77 ABSK164 ++ 

32 ABSK66 +++ 78 ABSK167 ++ 

33 ABSK67 ++ 79 ABSK171 ++ 

34 ABSK71 + 80 ABSK172 +++ 

35 ABSK72 +++ 81 ABSK183 +++ 

36 ABSK75 + 82 ABSK184 +++ 

37 ABSK88 + 83 ABSK185 +++ 

38 ABSK89 + 84 ABSK186 ++ 

39 ABSK90 + 85 ABSK188 +++ 

40 ABSK91 ++ 86 ABSK196 +++ 

41 ABSK95 +++ 87 ABSK198 ++ 

42 ABSK99 ++ 88 ABSK199 ++ 

43 ABSK106 +++ 89 ABSK200 + 

44 ABSK107 + 90 ABSK201 ++ 

45 ABSK108 +++ 91 ABSK202 + 

46 ABSK109 ++    

Legend: ‘+’ low activity,’ ++’ moderate activity, ‘+++’ high activity 
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Table 17: Nitrogen fixation by saltpan bacteria 

Sr. 

No 

Culture 

code 

Growth on 

N free 

medium 

N fixing efficiency 

mg N/50 mL 

media 

1 ABSK1 +++ 0.560±0.280 

2 ABSK2 +++ 0.747±0.162 

3 ABSK9 ++ 0.747±0.162 

4 ABSK11 ++ 0.560±0.280 

5 ABSK23 ++ 0.373±0.162 

6 ABSK29 +++ 1.213±0.162 

7 ABSK31 +++ 0.467±0.162 

8 ABSK32 +++ 0.653±0.162 

9 ABSK33 +++ 0.747±0.162 

10 ABSK34 +++ 1.027±0.162 

11 ABSK35 +++ 0.560±0.000 

12 ABSK54 +++ 0.747±0.162 

13 ABSK90 + 0.373±0.162 

14 ABSK95 + 0.373±0.162 

15 ABSK109 ++ 0.280±0.000 

16 ABSK116 ++ 0.280±0.000 

17 ABSK186 +++ 0.747±0.162 

18 ABSK194 + 0.280±0.000 

Legend: ‘+’ low activity,’ ++’ moderate activity, ‘+++’ high activity 
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4.6 Biocompatibility between the bacterial isolates 

The consolidated data of the in vitro plant growth promoting activity of 15 

prospective bioinoculants is tabulated in Table 18. The cross streak assay with these 

15 isolates showed no inhibitory effect when the cultures were grown in one plate 

(Plate 4). These results conclude that the selected isolates were compatible with each 

other with respect to their growth. 

4.7 In vitro synergistic effect of selected consortia of bacteria 

Out of the 15 shortlisted cultures presented in Table 18, 5 cultures (highlighted) were 

selected based on their compatibility to each other, high plant growth promoting 

activity and consistency in bioactivity. Each of these isolates were selected for a 

distinct plant growth promoting activity viz. ABSK9 and ABSK11 were primarily 

selected for high phosphate solubilizing activity; ABSK29 and ABSK35 for IAA 

production and ABSK 186 for production of extracellular hydrolytic enzymes . In 

order to study the synergistic effect of the culture with respect to plant growth 

promoting activity, 4 combinations which covered all PGP activities were prepared. 

Table 19 summarizes the in vitro PGP activities of the selected bacterial isolates and 

their consortia. All the activities of the individual bacteria reflected in the consortia. 

The highest IAA production (11.09 µg/mL) and phosphate solubilization (2.24 g/L) 

was observed in set 3. Ammonia production, Growth on N free medium, extracellular 

amylase, protease, cellulase and lipase activity was observed in all the sets. In 

addition, set 1 and set 3 displayed extracellular pectinase activity. For further studies, 

Set 3 was selected over set 1, by virtue of its higher IAA production. 

 



Table 18: In vitro plant growth promoting activity of 15 shortlisted bacterial isolates 

Legend: ‘+’ low activity,’ ++’ moderate activity, ‘+++’ high activity; Each value is the mean±SD of three replicates (n=3) 

 

 

Sr. 

No 

Culture 

code 

IAA 

production 

µg/ml 

Phosphate 

solubilizati

on 

g/L 

Extracellular enzyme activity (Solubilization index) 
Ammonia 

production  

N fixing 

efficiency 

mg N/50 ml 

medium 

Salt 

tolerance 
Motility 

Amylase Protease Cellulase Lipase Pectinase 

1 ABSK2 6.03±0.58 1.04±0.13 - - - - - - 0.747±0.162 10% -  

2 ABSK9 6.58±1.21 1.63±0.05 - - - - 3.03±0.06 +++ 0.747±0.162 6% +  

3 ABSK11 6.79±1.47 1.22±0.03 - - 3.17±0.76 - - - 0.560±0.280 4%  ++  

4 ABSK23 - 0.58±0.05 - - - - 1.60±0.06 ++ 0.373±0.162 8%  -  

5 ABSK29 10.70±0.52 - 1.67±0.29 - - - - +++ 1.213±0.162 8% ++ 

6 ABSK31 10.76±2.47 - - - 1.58±0.29 - - - 0.467±0.162 6% -  

7 ABSK32 - 0.57±0.03 1.94±0.48 1.37±0.15 - - - - 0.653±0.162 8% -  

8 ABSK35 12.97±4.36 - - - - - - - 0.560±0.000 10%  -  

9 ABSK54 - - 1.46±0.14 1.44±0.14 2.28±1.11 2.12±0.46 - +++ 0.747±0.162 8%  +  

10 ABSK95 10.58±2.57 - - - - 2.60±0.20 - +++ 0.373±0.162 10% -  

11 ABSK109 - - 1.92±0.16 2.10±0.09 3.15±0.29 1.42±0.15 - ++ 0.280±0.000 10%  +++  

12 ABSK124 9.79±0.10 - - 2.05±0.08 3.32±0.42 - - +++ - 10% -  

13 ABSK162 8.27±1.73 - 1.77±0.03 3.60±0.69 3.90±0.66 - - + - 10% ++  

14 ABSK184 7.91±1.89 - 1.93±0.12 4.44±0.96 - - - +++ - 8%  -  

15 ABSK186 - 0.44±0.02 2.43±0.12 2.53±0.15 4.81±0.37 1.43±0.12 - ++ 0.747±0.162 10%  +++  

8
2
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Table 19 In vitro plant growth promoting activities of the selected bacterial isolates and their consortia 

Each value is the mean±SD of three replicates (n=3) 

In vitro  

Plant growth promoting Activity 

ABSK9 

 

ABSK11 

 

ABSK29 

 

ABSK35 

 

ABSK186 

 

Set1  

9+35+186 

Set2 

11+35+186 

Set3 

9+29+186 

Set4 

11+29+186 

Indole acetic acid production 
(µg/mL) 

6.58±0.32 5.76±0.14 9.61±0.84 2.52±1.19 - 6.55±0.60 5.85±0.69 11.09±0.55 10.24±0.59 

Phosphate solubilization (g/L) 1.75±0.36 1.39±0.44 - - 0.43±0.20 2.20±0.21 1.85±0.09 2.24±0.20 1.90±0.11 

pH of medium 3.68±0.16 3.55±0.21 - - 5.43±0.10 3.68±0.16 3.63±0.15 3.60±0.11 3.72±0.18 

Ammonia production +++ - +++ - ++ +++ ++ +++ +++ 

Growth on nitrogen free medium ++ ++ +++ +++ +++ +++ +++ +++ +++ 

Extracellular enzyme activity 
(Solubilization index) 

         

Amylase - - 1.67±0.29 - 2.32±0.45 2.29±0.37 2.25±0.22 2.43±0.48 2.41±0.29 
Protease - - - - 2.55±0.15 2.58±0.27 2.54±0.31 2.58±0.30 2.65±0.31 
Cellulase - - - - 4.76±0.44 4.71±0.37 4.66±0.51 4.52±0.44 4.52±0.41 
Lipase - - - - 1.40±0.11 1.39±0.18 1.35±0.07 1.36±0.12 1.35±0.07 
Pectinase 3.00±0.10 - - - - 2.91±0.19 - 2.97±0.05 - 
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4.8 Identification of selected bacterial isolates  

Prospective bioinoculants viz. ABSK9, ABSK11, ABSK29, ABSK35, ABSK186 

were identified by classical and molecular approaches. Morphological and 

biochemical tests are listed in Table 20 and Plate 5, 6, 7, 8 and 9; where ABSK 9 and 

ABSK11, ABSK29, ABSK35, ABSK186 were tentatively identified as Pseudomonas 

sp., Microbacterium sp., Rhodococcus sp., and Bacillus sp. respectively. The 

biochemical characterization was further confirmed by using BIOLOG plates which 

provided an overview of the substrates utilized, the reaction to antibiotics and 

tolerance to pH and NaCl concentrations (Table 21- 30 ).  The antibiotic sensitivity of 

the 5 selected isolates was explored with 30 different antibiotics (Table 31). Further, 

the molecular identification revealed ABSK9 and ABSK11 to be Pseudomonas 

nultiresinivorans. However, they were different strains as evident from their varied 

metabolic profile (Table 21-24). ABSK29 closely matched with Microbacterium 

esteraromaticum, ABSK35 matched with Rhodococcus cercidiphylli and ABSK 186 

was identified as Bacillus subtilis. The results are tabulated in Table 32. The 

phylogenetic tree depicted in Fig. 5, implies the authenticity of identification as the 

bootstrap values are close to 100. The evolutionary history was inferred using the 

Neighbor-Joining method. The optimal tree with the sum of branch length = 0.502 is 

shown. The percentage of replicate trees in which the associated taxa clustered 

together in the bootstrap test (1000 replicates) are shown next to the branches. The 

tree is drawn to scale, with branch lengths in the same units as those of the 

evolutionary distances used to infer the phylogenetic tree.  
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Plate 4: Biocompatibility test by cross streak assay 

 

Plate 5: Colony morphology and scanning electron micrograph of ABSK9 
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Plate 6: Colony morphology and scanning electron micrograph of ABSK11 

 

 

 

 

Plate 7: Colony morphology and scanning electron micrograph of ABSK29 
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Plate 8: Colony morphology and scanning electron micrograph of ABSK35 

 

 

 

 

Plate 9: Colony morphology and scanning electron micrograph of ABSK186 

 

 



Table 20: Morphological and biochemical characteristics of the selected bacterial isolates 

 ABSK9 ABSK11 ABSK29 ABSK35 ABSK186 

Gram character Gram negative  Gram negative  Gram positive Gram positive Gram positive 

Shape short rods short rods Short rods Rods Large rods 

Average size 0.969µ  X 0.655µ 0.953µ X 0.620µ 0.979µ  X 0.477µ 2.177µ X 0.643µ 3.540µ X 0.550µ 

Catalase  + + + + + 

Oxidase + + + - - 

Motility + ++ ++ - +++ 

Endospore  NA NA Nil  Nil  terminal/sub terminal 

Carbohydrates utilized 

Dextrose, Glycerol, 

Citrate, Pectin, 

Dextrin, Fucose 
Turanose, 

Gentiobiose, 

Glucose-6-PO4, 
Fructose-6-PO4, 

Dextrose, Citrate, 

Mannose, Fructose, 
Galactose, Mellibiose, 

Gentiobiose, 

Turanose, Fucose, 
Glucose-6-PO4, 

Fructose-6-PO4, 

Rhamnose 

Citrate, Raffinose, 

Maltose, Trehalose, 

Sucrose, Mannose, 
Glucose, Fructose, 

Galactose, Mannitol, 

Arabitol, Fucose 
 

Raffinose, adonitol, ONPG, 
Citrate, Malonate, Maltose, 

Trehalose, Raffinose, Mellibiose, 

Mannose, Fructose, Galactose, 
Mannitol, Sorbitol, Arabitol, 

Gentiobiose, Sucrose, Turanose,  

Stachyose,Glucose-6-PO4, 
Fructose-6-PO4,  Rhamnose, 

Glycerol 

Dextrose, Sucrose, 

Glycerol, Salicin, Cellobiose, 
Maltose, Trehalose, 

Gentiobiose, Turanose, 

Raffinose, Mannose,  Fructose, 
Sorbitol, Mannitol, Mellibiose, 

D-Glucose-6-PO4, D-Fructose-

6-PO4,  3-methyl glucose 

Lysine utilization - + - - - 

Ornithine utilization - + - - - 

Urease + + + + - 

Phenly alanine deaminase - - - - - 

Ntrate reduction + + - + + 

H2S production - - - - - 

Vogues proskauers - - - - - 

Arginine utilization + + - + - 

Salt tolerance  6% 4% 8% 10% 10% 

Genus Pseudomonas Pseudomonas Microbacterium Rhodococcus Bacillus 

Legend: ‘ –‘ activity absent, ‘+’ activity present 
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Table 21: Metabolic profile of ABSK9 on Biolog GEN III MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK9 1 2 3 4 5 6 7 8 9 10 11 12 

A 

negative 

control Dextrin D-maltose 

D-

trehalose 

D-

cellobiose 

Gentiobio

se Sucrose 

D-

Turanose Stachyose 

Positive 

Control pH 6 pH 5 

B 

D-

raffinose 

α-D-

lactose 

D-

mellibiose 

β-methyl-

D-

glucoside D-salicin 

N-Acetyl-

D-

Glucosami

ne 

N-Acetyl-

β-D-

Mannosa

mine 

N-Acetyl-

D-

Galactosa

mine 

N-Acetyl 

Neuramini

c Acid 1% NaCl 4% NaCl 8% NaCl 

C 

α-D- 

glucose 

D-

mannose D-fructose 

D-

galactose 

3-methyl 

glucose D-Fucose L-Fucose 

L-

Rhamnose Inosine 

1% 

Sodium 

Lactate 

Fusidic 

Acid D-Serine 

D D-sorbitol 

D-

mannitol D-arabitol 

Myo-

inositol glycerol 

D-

Glucose-

6-PO4 

D-

Fructose-

6-PO4 

D-

Aspartic 

Acid D-Serine 

Troleando

mycin 

Rifamycin 

SV 

Minocycli

ne 

E Gelatin 

Glycyl-L-

proline L-alanine L-arginine 

L-aspartic 

acid 

L-

Glutamic 

Acid 

L-

Histidine 

L-

Pyrogluta

mic Acid L-Serine 

Lincomyci

n 

Guanidine 

HCl 

Niaproof 

4 

F Pectin 

D- 

galacturon

ic acid 

L-
galacturon

ic acid 

lactone 

D- 

gluconic 

acid 

D-

glucoronic 

acid 

Glucurona

mide 

Mucic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Vancomyc

in 

Tetrazoliu

m Violet 

Tetrazoliu

m Blue 

G 

α-hydroxy 

PAA 

Methyl 

pyruvate 

D-lactic 

acid 

methyl 

ester 

L-lactic 

acid citric acid 

α-Keto-

Glutaric 

Acid 

D-Malic 

Acid 

L-Malic 

Acid 

Bromo-

Succinic 

Acid 

Nalidixic 

Acid 

Lithium 

Chloride 

Potassium 

Tellurite 

H Tween 40 

ϒ-amino 

butyric 

acid 

α-hydroxy 

butyric 

acid 

β-D-

hydroxy-

D,L,butyri

c acid 

α-

ketobutyri

c acid 

Acetoaceti

c Acid 

Propionic 

Acid 

Acetic 

Acid 

Formic 

Acid 

Aztreona

m 

Sodium 

Butyrate 

Sodium 

Bromate 
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Table 22: Metabolic profile of ABSK9 on Biolog GN2 MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK9 1 2 3 4 5 6 7 8 9 10 11 12 

A Water 

α-

Cyclodext

rin Dextrin Glycogen Tween 40 Tween 80 

N-Acetyl-

D-

galactosa

mine 

N-Acetyl-

D-

glucosami

ne Adonitol 

L-

Arabinose 

D-

Arabitol 

D-

Cellobiose 

B 

i-

Erythritol 

D-

Fructose L-Fucose 

D-

Galactose 

Gentiobio

se 

α-D-

Glucose m-Inositol 

α-D-

Lactose Lactulose Maltose 

D-

Mannitol 

D-

Mannose 

C 

D-

Melibiose 

β-Methyl- 

D-

Glucoside D-Psicose 

D-

Raffinose 

L-

Rhamnose D-Sorbitol Sucrose 

D-

Trehalose Turanose Xylitol 

Methyl 

Pyruvate 

Mono-

Methyl- 

Succinate 

D 

Acetic 

Acid 

Cis-

Aconitic 

Acid 

Citric 

Acid 

Formic 

Acid 

D-

Galactonic 

Acid 

Lactone 

D-

Galacturo

nic 

Acid 

D-

Gluconic 

Acid 

D-

Glucosami

nic 

Acid 

D-

Glucuroni

c 

Acid 

α-

Hydroxy 

Butyric 

Acid 

β-

Hydroxy 

Butyric 

Acid 

γ-Hydroxy 

Butyric 

Acid 

E 

p-

Hydroxy 
Phenylace

tic 

Acid 

Itaconic 

Acid 

α-Keto 

Butyric 

acid 

α-Keto 

Glutaric 

Acid 

α-Keto 

Valeric 

Acid 

D,L-

Lactic 

Acid 

Malonic 

Acid 

Propionic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Sebacic 

Acid 

Succinic 

Acid 

F 

Bromo 

Succinic 

Acid 

Succinami

c 

Acid 

Glucurona

mide 

L-

Alaninami

de D-Alanine L-Alanine 

L-

Alanylgly

cine 

L-

Asparagin

e 

L-Aspartic 

Acid 

L-

Glutamic 

Acid 

Glycyl-

LAspartic 

Acid 

Glycyl-

LGlutamic 

Acid 

G 

L-

Histidine 

Hydroxy-

L-proline L-Leucine 

L-

Ornithine 

L-

phenylala

nine L-Proline 

L-

Pyrogluta

mic 

Acid D-Serine L-Serine 

L-

Threonine 

D,L-

Carnitine 

γ-Amino 

Butyric 

Acid 

H 

Urocanic 

Acid Inosine Uridine 

Thymidin

e 

Phenyethy

lamine Putrescine 

2-

Aminoeth

anol 

2,3-

Butanedio

l Glycerol 

D,L-α-

Glycerol 

Phosphate 

Glucose-

1- 

Phosphate 

Glucose-

6- 

Phosphate 
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Table 23: Metabolic profile of ABSK11 on Biolog GEN III MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK11 1 2 3 4 5 6 7 8 9 10 11 12 

A 

negative 

control Dextrin D-maltose 

D-

trehalose 

D-

cellobiose 

Gentiobio

se Sucrose 

D-

Turanose Stachyose 

Positive 

Control pH 6 pH 5 

B 

D-

raffinose 

α-D-

lactose 

D-

mellibiose 

β-methyl-

D-

glucoside D-salicin 

N-Acetyl-

D-

Glucosami

ne 

N-Acetyl-

β-D-

Mannosa

mine 

N-Acetyl-

D-

Galactosa

mine 

N-Acetyl 

Neuramini

c Acid 1% NaCl 4% NaCl 8% NaCl 

C 

α-D- 

glucose 

D-

mannose D-fructose 

D-

galactose 

3-methyl 

glucose D-Fucose L-Fucose 

L-

Rhamnose Inosine 

1% 

Sodium 

Lactate 

Fusidic 

Acid D-Serine 

D D-sorbitol 

D-

mannitol D-arabitol 

Myo-

inositol glycerol 

D-

Glucose-

6-PO4 

D-

Fructose-

6-PO4 

D-

Aspartic 

Acid D-Serine 

Troleando

mycin 

Rifamycin 

SV 

Minocycli

ne 

E Gelatin 

Glycyl-L-

proline L-alanine L-arginine 

L-aspartic 

acid 

L-

Glutamic 

Acid 

L-

Histidine 

L-

Pyrogluta

mic Acid L-Serine 

Lincomyci

n 

Guanidine 

HCl 

Niaproof 

4 

F Pectin 

D- 

galacturon

ic acid 

L-
galacturon

ic acid 

lactone 

D- 

gluconic 

acid 

D-

glucoronic 

acid 

Glucurona

mide 

Mucic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Vancomyc

in 

Tetrazoliu

m Violet 

Tetrazoliu

m Blue 

G 

α-hydroxy 

PAA 

Methyl 

pyruvate 

D-lactic 

acid 

methyl 

ester 

L-lactic 

acid citric acid 

α-Keto-

Glutaric 

Acid 

D-Malic 

Acid 

L-Malic 

Acid 

Bromo-

Succinic 

Acid 

Nalidixic 

Acid 

Lithium 

Chloride 

Potassium 

Tellurite 

H Tween 40 

ϒ-amino 

butyric 

acid 

α-hydroxy 

butyric 

acid 

β-D-

hydroxy-

D,L,butyri

c acid 

α-

ketobutyri

c acid 

Acetoaceti

c Acid 

Propionic 

Acid 

Acetic 

Acid 

Formic 

Acid 

Aztreona

m 

Sodium 

Butyrate 

Sodium 

Bromate 
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Table 24: Metabolic profile of ABSK11 on Biolog GN2 MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK11 1 2 3 4 5 6 7 8 9 10 11 12 

A Water 

α-

Cyclodext

rin Dextrin Glycogen Tween 40 Tween 80 

N-Acetyl-

D-

galactosa

mine 

N-Acetyl-

D-

glucosami

ne Adonitol 

L-

Arabinose 

D-

Arabitol 

D-

Cellobiose 

B 

i-

Erythritol 

D-

Fructose L-Fucose 

D-

Galactose 

Gentiobio

se 

α-D-

Glucose m-Inositol 

α-D-

Lactose Lactulose Maltose 

D-

Mannitol 

D-

Mannose 

C 

D-

Melibiose 

β-Methyl- 

D-

Glucoside D-Psicose 

D-

Raffinose 

L-

Rhamnose D-Sorbitol Sucrose 

D-

Trehalose Turanose Xylitol 

Methyl 

Pyruvate 

Mono-

Methyl- 

Succinate 

D 

Acetic 

Acid 

Cis-

Aconitic 

Acid 

Citric 

Acid 

Formic 

Acid 

D-

Galactonic 

Acid 

Lactone 

D-

Galacturo

nic 

Acid 

D-

Gluconic 

Acid 

D-

Glucosami

nic 

Acid 

D-

Glucuroni

c 

Acid 

α-

Hydroxy 

Butyric 

Acid 

β-

Hydroxy 

Butyric 

Acid 

γ-Hydroxy 

Butyric 

Acid 

E 

p-

Hydroxy 
Phenylace

tic 

Acid 

Itaconic 

Acid 

α-Keto 

Butyric 

acid 

α-Keto 

Glutaric 

Acid 

α-Keto 

Valeric 

Acid 

D,L-

Lactic 

Acid 

Malonic 

Acid 

Propionic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Sebacic 

Acid 

Succinic 

Acid 

F 

Bromo 

Succinic 

Acid 

Succinami

c 

Acid 

Glucurona

mide 

L-

Alaninami

de D-Alanine L-Alanine 

L-

Alanylgly

cine 

L-

Asparagin

e 

L-Aspartic 

Acid 

L-

Glutamic 

Acid 

Glycyl-

LAspartic 

Acid 

Glycyl-

LGlutamic 

Acid 

G 

L-

Histidine 

Hydroxy-

L-proline L-Leucine 

L-

Ornithine 

L-

phenylala

nine L-Proline 

L-

Pyrogluta

mic 

Acid D-Serine L-Serine 

L-

Threonine 

D,L-

Carnitine 

γ-Amino 

Butyric 

Acid 

H 

Urocanic 

Acid Inosine Uridine 

Thymidin

e 

Phenyethy

lamine Putrescine 

2-

Aminoeth

anol 

2,3-

Butanedio

l Glycerol 

D,L-α-

Glycerol 

Phosphate 

Glucose-

1- 

Phosphate 

Glucose-

6- 

Phosphate 
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Table 25: Metabolic profile of ABSK29 on Biolog GEN III MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK29 1 2 3 4 5 6 7 8 9 10 11 12 

A 

negative 

control Dextrin D-maltose 

D-

trehalose 

D-

cellobiose 

Gentiobio

se Sucrose 

D-

Turanose Stachyose 

Positive 

Control pH 6 pH 5 

B 

D-

raffinose 

α-D-

lactose 

D-

mellibiose 

β-methyl-

D-

glucoside D-salicin 

N-Acetyl-

D-

Glucosami

ne 

N-Acetyl-

β-D-

Mannosa

mine 

N-Acetyl-

D-

Galactosa

mine 

N-Acetyl 

Neuramini

c Acid 1% NaCl 4% NaCl 8% NaCl 

C 

α-D- 

glucose 

D-

mannose D-fructose 

D-

galactose 

3-methyl 

glucose D-Fucose L-Fucose 

L-

Rhamnose Inosine 

1% 

Sodium 

Lactate 

Fusidic 

Acid D-Serine 

D D-sorbitol 

D-

mannitol D-arabitol 

Myo-

inositol glycerol 

D-

Glucose-

6-PO4 

D-

Fructose-

6-PO4 

D-

Aspartic 

Acid D-Serine 

Troleando

mycin 

Rifamycin 

SV 

Minocycli

ne 

E Gelatin 

Glycyl-L-

proline L-alanine L-arginine 

L-aspartic 

acid 

L-

Glutamic 

Acid 

L-

Histidine 

L-

Pyrogluta

mic Acid L-Serine 

Lincomyci

n 

Guanidine 

HCl 

Niaproof 

4 

F Pectin 

D- 

galacturon

ic acid 

L-
galacturon

ic acid 

lactone 

D- 

gluconic 

acid 

D-

glucoronic 

acid 

Glucurona

mide 

Mucic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Vancomyc

in 

Tetrazoliu

m Violet 

Tetrazoliu

m Blue 

G 

α-hydroxy 

PAA 

Methyl 

pyruvate 

D-lactic 

acid 

methyl 

ester 

L-lactic 

acid citric acid 

α-Keto-

Glutaric 

Acid 

D-Malic 

Acid 

L-Malic 

Acid 

Bromo-

Succinic 

Acid 

Nalidixic 

Acid 

Lithium 

Chloride 

Potassium 

Tellurite 

H Tween 40 

ϒ-amino 

butyric 

acid 

α-hydroxy 

butyric 

acid 

β-D-

hydroxy-

D,L,butyri

c acid 

α-

ketobutyri

c acid 

Acetoaceti

c Acid 

Propionic 

Acid 

Acetic 

Acid 

Formic 

Acid 

Aztreona

m 

Sodium 

Butyrate 

Sodium 

Bromate 
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Table 26: Metabolic profile of ABSK29 on Biolog GP2 MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK29 1 2 3 4 5 6 7 8 9 10 11 12 

A BLANK 

α-

Cyclodext

rin 

β-

Cyclodext

rin Dextrin Glycogen Inulin Mannan  Tween 40  Tween 80  

N-acetyl-

D-

glucosami

ne 

N-acetyl-

D-β-

mannosam

ine 

Amygdali

n 

B 

L-

Arabinose D-arabitol  Arbutin 

D-

cellobiose D-fructose  L-Fucose 

D-

Galactose  

D-

gallacturo

nic acid 

Gentiobio

se 

D-

Gluconic 

acid 

α-D-

glucose  m-inositol 

C 

α-D-

Lactose  Lactulose Maltose  

Maltotrios

e  

D-

mannitol  

D-

mannose  

D-

Melezioto

se 

D-

Melibiose 

α-Methyl-

D-

galactosid

e 

β-Methyl-

D-

galactosid

e 

3-methyl-

D-glucose 

α-Methyl-

D-

glucoside 

D 

β-Methyl-

D-

glucoside 

α-Methyl-

D-

mannoside Palatinose  D-psicose  

D-

Raffinose 

L-

Rhamnose D-Ribose Salicin 

Sedoheptu

losan D-sorbitol Stachyose Sucrose 

E 

D-

Tagatose 

D-

Trehalose Turanose Xylitol  D-xylose 

Acetic 

acid  

α-

Hyroxybut

yric acid 

β-

Hyroxybut

yric acid  

γ-

Hyroxybut

yric acid  

p-
Hydroxy-

phenylacet

ic acid 

α-

Ketoglutar

ic acid  

α-

Ketovaleri

c acid  

F Lactamide 

D-Lactic 

acid 

methyl 

ester  

L-lactic 

acid  

D-malic 

acid  

L-malic 

acid  

Pyruvic 

acid 

methyl 

ester  

succinic 

acid 

mono- 

methyl 

ester  

Propionic 

acid  

Pyruvic 

acid  

Succinami

c acid  

succinic 

acid 

N-acetyl-

L-

glutamic 

acid  

G 

L-

Alaninami

de  D-Alanine L-Alanine 

L-alanyl-

glycine 

L-

Aspargine 

L-

glutamate 

Glycyl-L-

glutamic 

acid 

L-

pyrogluta

mic acid L-serine Putrescine 

2,3-

Butanedio

l Glycerol 

H Adenosine 

2'-Deoxy 

Adenosine Inosine 

Thymidin

e Uridine 

Adenosine

-5'-

monophos

phate 

Thymidin

e-5'-

monophos

phate 

Uridine-

5'-

monophos

phate 

D-

Fructose-

6-

Phosphate 

α-D-

glucose-1-

phosphate 

D-

glucose-6-

phosphate 

D-L-α-

glycerol 

phosphate 
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Table 27: Metabolic profile of ABSK35 on Biolog GEN III MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK35 1 2 3 4 5 6 7 8 9 10 11 12 

A 

negative 

control Dextrin D-maltose 

D-

trehalose 

D-

cellobiose 

Gentiobio

se Sucrose 

D-

Turanose Stachyose 

Positive 

Control pH 6 pH 5 

B 

D-

raffinose 

α-D-

lactose 

D-

mellibiose 

β-methyl-

D-

glucoside D-salicin 

N-Acetyl-

D-

Glucosami

ne 

N-Acetyl-

β-D-

Mannosa

mine 

N-Acetyl-

D-

Galactosa

mine 

N-Acetyl 

Neuramini

c Acid 1% NaCl 4% NaCl 8% NaCl 

C 

α-D- 

glucose 

D-

mannose D-fructose 

D-

galactose 

3-methyl 

glucose D-Fucose L-Fucose 

L-

Rhamnose Inosine 

1% 

Sodium 

Lactate 

Fusidic 

Acid D-Serine 

D D-sorbitol 

D-

mannitol D-arabitol 

Myo-

inositol glycerol 

D-

Glucose-

6-PO4 

D-

Fructose-

6-PO4 

D-

Aspartic 

Acid D-Serine 

Troleando

mycin 

Rifamycin 

SV 

Minocycli

ne 

E Gelatin 

Glycyl-L-

proline L-alanine L-arginine 

L-aspartic 

acid 

L-

Glutamic 

Acid 

L-

Histidine 

L-

Pyrogluta

mic Acid L-Serine 

Lincomyci

n 

Guanidine 

HCl 

Niaproof 

4 

F Pectin 

D- 

galacturon

ic acid 

L-
galacturon

ic acid 

lactone 

D- 

gluconic 

acid 

D-

glucoronic 

acid 

Glucurona

mide 

Mucic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Vancomyc

in 

Tetrazoliu

m Violet 

Tetrazoliu

m Blue 

G 

α-hydroxy 

PAA 

Methyl 

pyruvate 

D-lactic 

acid 

methyl 

ester 

L-lactic 

acid citric acid 

α-Keto-

Glutaric 

Acid 

D-Malic 

Acid 

L-Malic 

Acid 

Bromo-

Succinic 

Acid 

Nalidixic 

Acid 

Lithium 

Chloride 

Potassium 

Tellurite 

H Tween 40 

ϒ-amino 

butyric 

acid 

α-hydroxy 

butyric 

acid 

β-D-

hydroxy-

D,L,butyri

c acid 

α-

ketobutyri

c acid 

Acetoaceti

c Acid 

Propionic 

Acid 

Acetic 

Acid 

Formic 

Acid 

Aztreona

m 

Sodium 

Butyrate 

Sodium 

Bromate 
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Table 28: Metabolic profile of ABSK35 on Biolog GP2 MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK35 1 2 3 4 5 6 7 8 9 10 11 12 

A BLANK 

α-

Cyclodext

rin 

β-

Cyclodext

rin Dextrin Glycogen Inulin Mannan  Tween 40  Tween 80  

N-acetyl-

D-

glucosami

ne 

N-acetyl-

D-β-

mannosam

ine 

Amygdali

n 

B 

L-

Arabinose D-arabitol  Arbutin 

D-

cellobiose D-fructose  L-Fucose 

D-

Galactose  

D-

gallacturo

nic acid 

Gentiobio

se 

D-

Gluconic 

acid 

α-D-

glucose  m-inositol 

C 

α-D-

Lactose  Lactulose Maltose  

Maltotrios

e  

D-

mannitol  

D-

mannose  

D-

Melezioto

se 

D-

Melibiose 

α-Methyl-

D-

galactosid

e 

β-Methyl-

D-

galactosid

e 

3-methyl-

D-glucose 

α-Methyl-

D-

glucoside 

D 

β-Methyl-

D-

glucoside 

α-Methyl-

D-

mannoside Palatinose  D-psicose  

D-

Raffinose 

L-

Rhamnose D-Ribose Salicin 

Sedoheptu

losan D-sorbitol Stachyose Sucrose 

E 

D-

Tagatose 

D-

Trehalose Turanose Xylitol  D-xylose 

Acetic 

acid  

α-

Hyroxybut

yric acid 

β-

Hyroxybut

yric acid  

γ-

Hyroxybut

yric acid  

p-
Hydroxy-

phenylacet

ic acid 

α-

Ketoglutar

ic acid  

α-

Ketovaleri

c acid  

F Lactamide 

D-Lactic 

acid 

methyl 

ester  

L-lactic 

acid  

D-malic 

acid  

L-malic 

acid  

Pyruvic 

acid 

methyl 

ester  

succinic 

acid 

mono- 

methyl 

ester  

Propionic 

acid  

Pyruvic 

acid  

Succinami

c acid  

succinic 

acid 

N-acetyl-

L-

glutamic 

acid  

G 

L-

Alaninami

de  D-Alanine L-Alanine 

L-alanyl-

glycine 

L-

Aspargine 

L-

glutamate 

Glycyl-L-

glutamic 

acid 

L-

pyrogluta

mic acid L-serine Putrescine 

2,3-

Butanedio

l Glycerol 

H Adenosine 

2'-Deoxy 

Adenosine Inosine 

Thymidin

e Uridine 

Adenosine

-5'-

monophos

phate 

Thymidin

e-5'-

monophos

phate 

Uridine-

5'-

monophos

phate 

D-

Fructose-

6-

Phosphate 

α-D-

glucose-1-

phosphate 

D-

glucose-6-

phosphate 

D-L-α-

glycerol 

phosphate 
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Table 29: Metabolic profile of ABSK186 on Biolog GEN III MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK186 1 2 3 4 5 6 7 8 9 10 11 12 

A 

negative 

control Dextrin D-maltose 

D-

trehalose 

D-

cellobiose 

Gentiobio

se Sucrose 

D-

Turanose Stachyose 

Positive 

Control pH 6 pH 5 

B 

D-

raffinose 

α-D-

lactose 

D-

mellibiose 

β-methyl-

D-

glucoside D-salicin 

N-Acetyl-

D-

Glucosami

ne 

N-Acetyl-

β-D-

Mannosa

mine 

N-Acetyl-

D-

Galactosa

mine 

N-Acetyl 

Neuramini

c Acid 1% NaCl 4% NaCl 8% NaCl 

C 

α-D- 

glucose 

D-

mannose D-fructose 

D-

galactose 

3-methyl 

glucose D-Fucose L-Fucose 

L-

Rhamnose Inosine 

1% 

Sodium 

Lactate 

Fusidic 

Acid D-Serine 

D D-sorbitol 

D-

mannitol D-arabitol 

Myo-

inositol glycerol 

D-

Glucose-

6-PO4 

D-

Fructose-

6-PO4 

D-

Aspartic 

Acid D-Serine 

Troleando

mycin 

Rifamycin 

SV 

Minocycli

ne 

E Gelatin 

Glycyl-L-

proline L-alanine L-arginine 

L-aspartic 

acid 

L-

Glutamic 

Acid 

L-

Histidine 

L-

Pyrogluta

mic Acid L-Serine 

Lincomyci

n 

Guanidine 

HCl 

Niaproof 

4 

F Pectin 

D- 

galacturon

ic acid 

L-
galacturon

ic acid 

lactone 

D- 

gluconic 

acid 

D-

glucoronic 

acid 

Glucurona

mide 

Mucic 

Acid 

Quinic 

Acid 

D-

Saccharic 

Acid 

Vancomyc

in 

Tetrazoliu

m Violet 

Tetrazoliu

m Blue 

G 

α-hydroxy 

PAA 

Methyl 

pyruvate 

D-lactic 

acid 

methyl 

ester 

L-lactic 

acid citric acid 

α-Keto-

Glutaric 

Acid 

D-Malic 

Acid 

L-Malic 

Acid 

Bromo-

Succinic 

Acid 

Nalidixic 

Acid 

Lithium 

Chloride 

Potassium 

Tellurite 

H Tween 40 

ϒ-amino 

butyric 

acid 

α-hydroxy 

butyric 

acid 

β-D-

hydroxy-

D,L,butyri

c acid 

α-

ketobutyri

c acid 

Acetoaceti

c Acid 

Propionic 

Acid 

Acetic 

Acid 

Formic 

Acid 

Aztreona

m 

Sodium 

Butyrate 

Sodium 

Bromate 
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Table 30: Metabolic profile of ABSK186 on Biolog GP2 MicroPlate
TM

 (Positive reactions are highlighted in purple) 

ABSK186 1 2 3 4 5 6 7 8 9 10 11 12 

A BLANK 

α-

Cyclodext

rin 

β-

Cyclodext

rin Dextrin Glycogen Inulin Mannan  Tween 40  Tween 80  

N-acetyl-

D-

glucosami

ne 

N-acetyl-

D-β-

mannosam

ine 

Amygdali

n 

B 

L-

Arabinose D-arabitol  Arbutin 

D-

cellobiose D-fructose  L-Fucose 

D-

Galactose  

D-

gallacturo

nic acid 

Gentiobio

se 

D-

Gluconic 

acid 

α-D-

glucose  m-inositol 

C 

α-D-

Lactose  Lactulose Maltose  

Maltotrios

e  

D-

mannitol  

D-

mannose  

D-

Melezioto

se 

D-

Melibiose 

α-Methyl-

D-

galactosid

e 

β-Methyl-

D-

galactosid

e 

3-methyl-

D-glucose 

α-Methyl-

D-

glucoside 

D 

β-Methyl-

D-

glucoside 

α-Methyl-

D-

mannoside Palatinose  D-psicose  

D-

Raffinose 

L-

Rhamnose D-Ribose Salicin 

Sedoheptu

losan D-sorbitol Stachyose Sucrose 

E 

D-

Tagatose 

D-

Trehalose Turanose Xylitol  D-xylose 

Acetic 

acid  

α-

Hyroxybut

yric acid 

β-

Hyroxybut

yric acid  

γ-

Hyroxybut

yric acid  

p-
Hydroxy-

phenylacet

ic acid 

α-

Ketoglutar

ic acid  

α-

Ketovaleri

c acid  

F Lactamide 

D-Lactic 

acid 

methyl 

ester  

L-lactic 

acid  

D-malic 

acid  

L-malic 

acid  

Pyruvic 

acid 

methyl 

ester  

succinic 

acid 

mono- 

methyl 

ester  

Propionic 

acid  

Pyruvic 

acid  

Succinami

c acid  

succinic 

acid 

N-acetyl-

L-

glutamic 

acid  

G 

L-

Alaninami

de  D-Alanine L-Alanine 

L-alanyl-

glycine 

L-

Aspargine 

L-

glutamate 

Glycyl-L-

glutamic 

acid 

L-

pyrogluta

mic acid L-serine Putrescine 

2,3-

Butanedio

l Glycerol 

H Adenosine 

2'-Deoxy 

Adenosine Inosine 

Thymidin

e Uridine 

Adenosine

-5'-

monophos

phate 

Thymidin

e-5'-

monophos

phate 

Uridine-

5'-

monophos

phate 

D-

Fructose-

6-

Phosphate 

α-D-

glucose-1-

phosphate 

D-

glucose-6-

phosphate 

D-L-α-

glycerol 

phosphate 
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Table 31: Antibiotic sensitivity of the selected bacterial isolates 

 

‘S’ represents susceptible. ‘I’ represents intermediate and ‘R’ represents resistant 

 

 

 

 

Sr. 

No 
 Antibiotic 

Disc   

6 mm 

Zone of inhibition in mm 

ABSK9 ABSK11 ABSK29 ABSK35 ABSK186 

1 Amikacin Ak
30

 26
S
 23

S
 26

S
 35

S
 30

S
 

2 Amoxyclav Ac
30

 18
S
 15

I
 37

S
 32

S
 32

S
 

3 Ampicillin A
10

 15
I
 0

R
 16

I
 29

S
 27

S
 

4 Ampicillin/sulbactam A
S10/10

 0
R
 0

R
 15

R
 37

S
 29

S
 

5 Ceftazidime Ca
30

 9
R
 8

R
 0

R
 0

R
 0

R
 

6 Cefuroxime Cu
30

 0
R
 0

R
 0

R
 32

S
 31

S
 

7 Cephalexin Cp
30

 0
R
 0

R
 0

R
 23

S
 32

S
 

8 Cephalothin Ch
30

 16
I
 0

R
 39

S
 23

S
 42

S
 

9 Cephotaxime Ce
30

 16
R
 16

R
 9

R
 39

S
 20

R
 

10 Chloramphenicol C
30

 22
S
 0

R
 28

S
 35

S
 36

S
 

11 Ciprofloxacin Cf
5
 31

S
 32

S
 27

S
 42

S
 31

S
 

12 Clindamycin Cd
2
 0

R
 0

R
 0

R
 26

S
 28

S
 

13 Co-Trimoxazole Co
25

 0
R
 0

R
 27

S
 26

S
 35

S
 

14 Doxycline HCl Do
30

 16
S
 13

I
 29

S
 35

S
 32

S
 

15 Erythromycin E
15

 0
R
 0

R
 40

S
 33

S
 38

S
 

16 Gentamycin G
10

 22
S
 21

S
 24

S
 34

S
 27

S
 

17 Kanamycin K
30

 22
S
 21

S
 19

S
 33

S
 28

S
 

18 Levofloxacin Le
5
 26

S
 24

S
 30

S
 35

S
 35

S
 

19 Lincomycin L
10

 0
R
 0

R
 15

I
 26

S
 20

S
 

20 Methicillin M
5
 10

R
 0

R
 16

R
 0

R
 20

S
 

21 Nalidixic acid Na
30

 0
R
 0

R
 0

R
 16

I
 25

S
 

22 Neomycin N
30

 19
S
 18

S
 18

S
 28

S
 22

S
 

23 Nitrofuran Nf
100

 15
I
 0

R
 15

I
 32

S
 20

S
 

24 Ofloxacin Of
5
 23

S
 24

S
 27

S
 39

S
 37

S
 

25 Oxacillin Ox
1
 0

R
 0

R
 0

R
 0

R
 14

S
 

26 Penicillin-G P
10

 15
R
 0

R
 22

S
 28

S
 27

S
 

27 Streptomycin S
10

 19
S
 20

S
 16

S
 30

S
 22

S
 

28 Tetracycline T
30

 18
I
 15

I
 0

R
 37

S
 32

S
 

29 Tobramycin Tb
10

 16
S
 16

S
 20

S
 31

S
 22

S
 

30 Vancomycin Va
30

 0
R
 0

R
 25

S
 30

S
 24

S
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Table 32: Molecular identification of the selected bacterial isolates 

 

 

 

Fig. 5: Phylogenetic tree of the selected bacterial isolates 

Sr.
No. 

Culture 
code 

GenBank 
accession 
no. 

Length of 
sequence Closest match Percent 

similarity 
Culture 
identification 

1 ABSK9 KY678468  
 1271bp 

Pseudomonas 
multiresinivorans 
strain ATCC 700690 

99% 

Pseudomonas 
multiresinivorans 
strain ABSK9 
 

2 ABSK11  KY678782 
 1403 bp 

Pseudomonas 
multiresinivorans 
strain ATCC 700690 

99% 

Pseudomonas 
multiresinivorans 
strain ABSK11 
 

3 ABSK29 KY678467 
 1290 bp 

Microbacterium 
esteraromaticum 
strain DSM 8609 

99% 

Microbacterium 
esteraromaticum 
strain ABSK29 
 

4 ABSK35 KY678783 
 1439 bp 

Rhodococcus 
cercidiphylli strain 
YIM 65003 

99% 

Rhodococcus 
cercidiphylli strain 
ABSK35 
 

5 ABSK186 KY678469 
 1364 bp Bacillus subtilis strain 

JCM 1465 99% Bacillus subtilis 
strain ABSK186 
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4.9 Preparation of bacterial suspension for in vitro and in vivo assays 

A fixed viable count of selected bacteria (108 or 1010) was used for the various assays. 

To facilitate the enumeration of bacteria in the prepared suspension, a standard graph 

of dilution v/s optical density and cell number was prepared specifically for each 

bacterium. The cell count was extrapolated with respect to the optical density of the 

bacterial suspension. The standard graphs for isolates ABSK9, ABSK29 and 

ABSK186 are presented in Fig. 6 (A), Fig.6 (B) and Fig.6 (C) respectively. 

4.10 Seed germination and root elongation assay 

The results of the seed germination and root elongation assay are presented in Table 

33 and Plate 10. Significant variation (p<0.05) was observed in shoot and root lengths 

across the treatments. The highest shoot length of 9.18 cm was observed in ABSK9 

which was significantly higher than the control (6.90 cm) and comparable to the 

consortium (8.94 cm). The root lengths in treatments ABSK186 (10.8 cm) and 

consortium (10.9 cm) were at par with each other and significantly higher than the 

control. The effect of bacterial inoculation on germination of seeds is documented in 

Table 34. Highest germination percentage (100%), germination rate (1.0) and 

germination index (1.11) were observed in consortium as well as in treatment 

ABSK9. The vigour index was highest (1983) in consortium followed by ABSK9 

(1914). The lowest vigour index (1407) and germination energy (50) were observed in 

control. Treatment ABSK186 resulted in highest germination energy of 70. 
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Fig 6: Standard graphs for preparation of bacterial suspension for in vitro  

and in vivo assays from selected isolates (A) ABSK9 (B) ABSK29 (C) ABSK186 
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   Table 33: Effect of bacterial inoculation on shoot and root length of rice seedlings 

 

 

 

 

 

Each value is the mean±SD of ten replicates (n=10). Within each row, means with 

different superscript letters are statistically significant at 5 % level of significance 

 

 Table 34: Effect of bacterial inoculation on germination of rice seeds 

        

                 

   Plate 10: Seed germination and root elongation assay 

Sr. No Treatment Shoot length (cm) Root length (cm) 

1 Control 6.90±1.23
a
 8.73±1.29

a
 

2 ABSK 9 9.18±1.84
b
 9.96±1.56

ab
 

3 ABSK 29 8.56±1.58
ab

 10.2±1.30
ab

 

4 ABSK 186 8.46±1.30
ab

 10.8±0.91
b
 

5 Consortium 8.94±1.52
b
 10.9±1.49

b
 

 P value .015 .005 

 F statistic 3.478 4.308 

Sr. 

No 
Treatment 

Germination 

% 

Germination 

energy 

Germination 

rate 

Germination 

index 

Vigour 

index 

1 Control 90 50 0.9 1.00 1407 

2 ABSK 9 100 60 1 1.11 1914 

3 ABSK 29 90 60 0.9 1.00 1692 

4 ABSK 186 90 70 0.9 1.00 1735 

5 Consortium 100 60 1 1.11 1983 
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4.11 Pot trial 

4.11.1 Selection of Khazan soil 

Soil samples from rice fields the Khazan ecosystem of Diwar village and Chorao 

village of Tiswadi Taluka were collected and analyzed. The GPS location of the 

sampling site, pH and EC of the collected soil is presented in Table 35. Three 

sampling sites namely DS1, CS1 and CS2 were selected for further analysis based on 

their moderate to high salinity (2.31 dS/m, 6.55 dS/m, 7.87 dS/m respectively). The 

chemical properties of the selected soil samples are tabulated in Table 36. Rice field 

(CS2) with the highest salinity (7.87 dS/m) and lowest soil available P (1.53 ppm) 

was selected for collection of soil for pot trials as well as to carry out field trials (Fig. 

7). 

4.11.2 Pot trial with rice - Oryza sativa cv. CSR27 

4.11.2.1 Effect of bacterial inoculants and organic amendment on plant growth 

Data pertaining to the effect of application of microbial inoculants and organic carbon 

on rice plant growth parameters is presented in Table 37. Application of microbial 

inoculants and organic amendment, significantly (p< 0.05) improved rice plant growth 

parameters (Plate 11). Lowest root length of 22.2 cm was recorded in control and 

ABSK29 + FYM whereas longest root length of 30.3 cm was recorded in ABSK9 

which was significantly (p< 0.05) higher than the control. Amongst the different 

treatments, control and FYM had the lowest root volume of 48 mL and 49.3 mL 

respectively. ABSK186 + FYM, showed a highest root volume of 113 mL which was 

comparable to ABSK9 + FYM, ABSK29 + FYM, PMB + FYM and PMB. The lowest 

root dry and fresh weight was observed in control treatment which was 6.70 g and 

35.5 g respectively.  
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Table 35: Sampling locations for selection of khazan soil 

Each value is the mean±SD of three replicates (n=3) 

 

Table 36: Chemical properties of the khazan soils 

Chemical Properties DS1 CS1 CS2 

Soil available N ppm 16.6±1.23 28.0±1.54 22.4±1.76 

Soil available P ppm 2.39±0.12 2.96±0.24 1.53±0.25 

Soil available K ppm 17.9±2.74 40.1±8.32 61.3±9.56 

Soil organic Carbon % 0.94±.004 0.82±.006 0.86±.006 

Na
+
 ppm 331.3±10.7 1206±21.9 1833±31.6 

Ca
++

 ppm 8453±56.1 31960±80.7 50741±90.8 

Exchangeable sodium (ESP) % 3.764±0.013 3.632±0.021 3.482±0.022 

Ca+Mg  mEq /100g soil 22.9±3.04 159.1±6.12 98.9±5.31 

CaCl2 extractable Sulphur mg/kg 3.34±1.02 29.76±2.14 40.24±4.53 

Each value is the mean±SD of three replicates (n=3) 

Sr. 

No  

Sample 

 code 

Location GPS location pH  EC (dS/m)  

1  DS1  Diwar 73º54' 00.3'' E  

15 º31' 06.4'' N 

5.74± 1.02 2.31± 0.37 

2  DS2  Diwar 73º53' 59.2'' E  

15 º31' 01.5'' N 

6.24± 0.89 2.03± 0.23 

3 DS3 Diwar 73º53' 58.3'' E  

15 º31' 06.5'' N 

6.01± 0.55 1.88± 0.32 

4  CS1  Chorao  73º53' 55.0'' E  

15 º33' 20.8'' N 

6.19± 0.62 6.55± 0.88 

5  CS2  Chorao 73º53' 46.1'' E  

15 º32' 20.3'' N  

6.36± 0.33 7.87± 0.74 
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Fig.7: Location of the khazan land selected for trials 
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Table 37: Effect of bacterial inoculants and organic amendment on growth of rice (‘CSR27’) 

 

Each value is the mean±SD of nine replicates (n=9). Within each row, means with different superscript letters are statistically significant at 5 % level  

of significance. * Welch’s ANOVA 

 

 

 

Treatments  
Root  

length (cm )  

Root 

 volume (mL)  

Root fresh  

weight (g) 

  Root dry  

weight (g) 

  Shoot fresh 

weight (g) 

  Shoot dry  

weight (g) 

Control 22.2±1.11
a
 48.0±1.73

a
 35.5±3.70

a
 6.70±0.29

a
 13.8±1.44

a
 5.38±.487

a
 

ABSK9 30.3±3.43
b
 87.3±0.58

bc
 45.6±0.26

abc
 7.36±0.22

a
 15.8±0.63

ab
 5.78±.310

ab
 

ABSK29 27.0±2.65
ab

 72.0±3.61
b
 42.8±3.55

ab
 8.59±0.69

ab
 17.1±0.80

bcd
 6.57±.126

ab
 

ABSK186 26.2±0.92
 ab

 82.3±1.53
bc

 41.6±2.98
ab

 7.62±1.77
ab

 15.9±1.02
abc

 6.10±.686
ab

 

PMB 27.1±2.17
 ab

 102±0.58
cd

 63.8±2.61
de

 13.4±1.05
cd

 16.6±0.60
bcd

 6.37±.749
ab

 

FYM 24.2±1.02
 ab

 49.3±3.21
a
 37.3±5.74

a
 7.57±0.47

ab
 15.4±0.78

ab
 5.77±.142

ab
 

ABSK9
 
+ FYM 23.7±2.07

 ab
 97.0±2.65

cd
 52.2±5.58

bcd
 8.26±1.16

ab
 18.5±1.54

cd
 6.70±.102

b
 

ABSK29 + FYM 22.2±1.17
a
 100±2.08

cd
 54.1±7.86

bcde
 10.6±1.71

bc
 18.7±0.40

d
 6.99±.609

bc
 

ABSK186 + FYM 25.0±3.61
 ab

 113±17.6
d
 67.8±0.21

e
 13.9±1.22

d
 18.8±0.56

d
 6.31±.493

ab
 

PMB + FYM 24.8±3.02
 ab

 97.3±16.1
cd

 59.3±8.78
cde

 12.3±0.81
cd

 21.5±0.27
e
 8.11±.131

c
 

P value .010 <.001 <.001 <.001 <.001 <.001 

F statistic 3.433 258.324* 891.392* 819.233 35.435* 35.170* 
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Plate11: Effect of halotolerant bacteria on CSR 27 (pot trial) 

(A) without farmyard manure (B) with farmyard manure 
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The treatments PMB, ABSK29 + FYM, ABSK186 + FYM and PMB + FYM had 

significantly (p<0.05) higher dry and fresh root weight as compared to the control.  In 

addition, ABSK9 + FYM had significantly higher (p<0.05) root fresh weight than 

control.  Highest root dry (13.9 g) and fresh (67.8 g) weight was recorded in 

ABSK186 + FYM.  With respect to improving root parameters, application of 

ABSK186+ FYM was the most effective. It is intriguing that, the improvement in 

these parameters increased by applying FYM in combination with ABSK186. FYM 

caused 37.6%, 83.4% and 63% increase in root volume, root dry weight and fresh 

weight respectively as compared to ABSK186 treatment. A similar trend was also 

observed for PMB and PMB + FYM.  The lowest shoot dry and fresh weight was 

observed in the control treatment which was 5.38 g and 13.8 g respectively. PMB + 

FYM caused significantly (p<0.05) highest improvement of 50.6 and 55 percent in 

shoot dry and fresh weight respectively over control. Improvement of shoot fresh 

weight followed a trend of PMB + FYM >ABSK186 + FYM ≈ ABSK29 + FYM > 

ABSK9+ FYM > ABSK29 ≈ PMB. The shoot dry weight in treatments, ABSK9 + 

FYM, ABSK29 + FYM and PMB + FYM was significantly higher (p<0.05) than the 

control. It is evident from the Fig.8 that microbial and organic amendment application 

increases the plant height at panicle initiation. All the treatments except FYM caused 

significant (p<0.05) improvement in plant height over control. Highest plant height 

was observed in PMB (70.2 cm) followed by ABSK186 + FYM (69.4 cm). Lowest 

plant height of 61.7 cm was observed in the control.  

4.11.2.2 Effect of bacterial inoculants and organic amendment on chemical 

properties of soil  

The effect of microbial inoculants and organic manure application on soil 

electrochemical properties and soil available nutrients is presented in Table 38.  
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Each value is the mean of nine replicates (n=9). Within each bar, means with different 

superscript letters are statistically significant at 5 % level of significance 

 

Fig. 8: Rice (CSR27) plant height (panicle initiation) with different treatments 

 



Table 38: Effect of bacterial inoculants and organic amendment on chemical properties of soil (pot trial of rice ‘CSR27’) 

 

Treatment Soil pH1:2.5  
EC  

( dS/m )  

Exchangeabl

e Na 

 (ESP %) 

Soil available macro and micro nutrients (ppm) 

N 

 

P 

 

K  

 

B 

 

Cu  

 

Fe 

 

Mn  

  

Zn 

 

Control 6.63±.058 0.40±.019 2.80±.128 130±35.9
a
 21.1±0.40

a
 1067±32.3

a
 2.20±1.01 6.55±.736 16.5±2.90

a
 29.3±.596

bc
 1.00±.126 

ABSK9 6.86±.231 0.34±.147 2.84±.131 154±8.55
ab

 28.0±0.30
ab

 1288±48.5
bcd

 3.76±2.16 5.29±.828 25.5±1.01
b
 24.1±.828

a
 1.18±.110 

ABSK29 6.76±.252 0.63±.344 3.01±.150 164±3.23
abc

 28.9±0.16
ab

 1381±119
cd

 3.30±0.00 5.44±.095 25.9±0.68
b
 24.5±.106

ab
 1.04±.105 

ABSK186 6.80±.173 0.35±.081 2.80±.207 162±16.7
ab

 39.0±7.81
bc

 1332±4.3
cd

 4.66±1.35 5.88±.295 29.8±3.06
bc

 30.5±4.90
c
 1.18±.089 

PMB 6.66±.058 0.32±.079 2.58±.380 173±5.60
abcd

 53.3±2.89
c
 1239±84

abcd
 2.90±0.35 6.42±1.03 30.9±0.92

c
 32.9±1.11

c
 1.34±.325 

FYM 6.76±.058 0.25±.093 2.59±.220 173±11.2
abcd

 34.9±6.25
ab

 1332±87.4
cd

 4.46±2.04 5.36±.188 31.8±0.76
c
 32.7±0.916

c
 1.24±.096 

ABSK9
 
+ FYM 6.60±.200 0.70±.496 2.91±.334 177±6.46

bcd
 53.3±5.78

c
 1385±6.5

cd
 2.86±1.40 4.94±.413 30.5±0.86

c
 32.8±.284

c
 1.20±.293 

ABSK29 + FYM 6.66±.153 0.60±.410 2.67±.095 188±8.55
bcd

 32.4±7.36
ab

 1414±32.4
d
 3.76±0.81 5.30±.456 31.2±0.95

c
 33.2±.401

c
 1.20±.074 

ABSK186 + 

FYM 
6.73±.058 0.38±.014 2.88±.175 209±17.1

cd
 36.5±8.76

b
 1187±38.8

abc
 3.56±0.75 5.92±.808 31.2±1,10

c
 33.0±1.32

c
 1.59±.225 

PMB + FYM 6.70±.000 0.42±.010 2.55±.175 212±19.4
d
 43.3±2.89

bc
 1120±110

ab
 4.23±0.40 6.07±.276 31.5±0.14

c
 33.2±.511

c
 1.41±.462 

P value .542, ns .152, ns .190, ns .019 <.001 <.001 .351, ns .118, ns <.001 <.001 .245, ns 

F statistic .902 2.134 1.574 4.836* 90.229* 29.111* 1.193 2.405* 24.419* 7.69* 1.648* 

Each value is the mean±SD of three replicates (n=3). Within each row, means with different superscript letters are statistically significant at 5 % level of 

significance. * Welch’s ANOVA  1
1

1 
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The difference in soil pH, electrical conductivity and ESP between treatments was 

found to be insignificant (p< 0.05). The soil available macronutrients - N, P, K and 

micronutrients - Fe, Mn were significantly (p <0.05) affected by application of 

microbial inoculants. All the treatments with combined application of bacteria and 

FYM, caused significant (p< 0.05) improvement in soil available N as compared to 

the control.  The highest soil available N of 212 ppm was observed in PMB + FYM 

and it was 63% higher than the control. There was significant (p<0.05) improvement 

of phosphorous availability in the treatments ABSK186, PMB, ABSK9 + FYM, 

ABSK186 + FYM and ABSK9 + FYM as compared to the control. The phosphorus 

availability was highest (53.3 ppm) in PMB and ABSK9 + FYM and this increase was 

152% higher than the control. All the treatments except PMB, ABSK186 + FYM and 

PMB + FYM showed significant (p<0.05) improvement with respect to soil available 

K. The highest soil available K was observed in ABSK29 + FYM (1414 ppm) which 

was comparable to the other significant treatments. All the soil available 

micronutrients were sufficient which is in accordance with this soil reaction i.e. acidic 

(pH 6.63 to 6.86).  

4.11.2.3 Effect of bacterial inoculants and organic amendment on biological 

activity of soil 

Data on soil biological activity influenced by microbial inoculants and organic 

amendment is presented in Table 39. Dehydrogenase and phosphatase enzyme 

activity, Cmb, and CmbSOC responded significantly (p<0.05). Highest dehydrogenase 

activity was observed in ABSK186 + FYM (175.064 µg TPF/g soil/h) followed by 

ABSK9 + FYM (141 µg TPF TPF/g soil/h) ≈ ABSK186 (132 µg TPF/g soil/h) which 

was significantly (p<0.05) higher than the control. Application of ABSK186 + FYM 

improved soil dehydrogenase activity by 63%. The phosphatase enzyme activity was 



Table 39: Effect of bacterial inoculants and organic amendment on biological activity of soil (pot trial of rice ‘CSR27’) 

Treatment 

Dehydrogenase  

(µg TPF /g
 

soil/h)  

Urease  

(µg urea/ g 

soil /h)  

Phosphatase  

(µg PNP /g 

soil /h)  

Soil organic 

carbon 

(%)  

Basal soil 

respiration  

(mg CO2 /g 

soil/day)  

Soil microbial 

biomass 

carbon 

(µg C/ g
 
 soil)  

Metabolic 

quotient 

(µg CO2–C/ 

mg /h)  

Soil microbial 

biomass carbon 

as a fraction of 

soil organic 

carbon (%)  

Control 107±16.0
abc

 1982±3.73 87.6±5.65
ab

 0.88±.087 0.07±.022
a
 1556±168

a
 0.04±.009

a
 0.17±.006

a
 

ABSK9 20.8±1.51
a
 1978±3.48 116±16.6

c
 0.89±.092 0.11±.009

a
 2191±284

abc
 0.05±.003

a
 0.24±.009

abc
 

ABSK29 88.8±11.9
abc

 198±3.401 87.5±8.71
ab

 0.84±.134 0.10±.031
a
 2338±552

bcd
 0.04±.003

a
 0.27±.050

bc
 

ABSK186 132±95.6
bc

 1981±4.75 75.0±3.14
a
 0.89±.105 0.08±.020

a
 2358±266

bcd
 0.03±.006

a
 0.26±.012

abc
 

PMB 68.9±28.1
ab

 1981±3.82 106±0.54
bc

 0.82±.186 0.08±.010
a
 2483±131

bcd
 0.03±.002

a
 0.31±.057

c
 

FYM 85.6±10.9
abc

 1980±3.66 99.1±3.78
bc

 0.94±.129 0.07±.031
a
 1950±315

ab
 0.03±.010

a
 0.20±.006

ab
 

ABSK9
 
+ FYM 141±44.5

bc
 1979±3.95 99.8±2.43

bc
 0.95±.136 0.12±.004

a
 2256±205

abcd
 0.05±.004

a
 0.23±.013

abc
 

ABSK29 + FYM 54.6±21.1
ab

 1982±0.18 98.5±6.96
bc

 0.97±.161 0.11±.035
a
 2856±10

cd
 0.04±.012

a
 0.29±.053

bc
 

ABSK186 + FYM 175±7.3
c
 1978±3.63 99.4±1.59

bc
 0.93±.121 0.11±.045

a
 2402±2

bcd
 0.04±.019

a
 0.26±.037

abc
 

PMB + FYM 65.9±1.1
ab

 1980±3.76 105±8.78
bc

 0.98±.023 0.12±.011
a
 2985±205

d
 0.04±.001

a
 0.30±.014

c
 

P value <.001 .899, ns <.001 .815, ns .016 <.001 .002 <.001 

F statistic 181.836* 0.437 25.617* 0.560 5.140* 364.239* 9.983* 24.643 

Each value is the mean±SD of three replicates (n=3). Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance. * Welch’s ANOVA  1
1
3 
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significantly (p<0.05) higher than the control. All the treatments except ABSK29 and 

ABSK186 and were at par with each other. The highest phosphatase activity (105 µg 

PNP /g soil/h) was observed in ABSK9 treatment. The Cmb and CmbSOC responded 

significantly (p<0.05) to microbial inoculants and organic amendment over control 

(1556 µg C/g soil and 0.17% respectively). PMB + FYM had significantly (p<0.05) 

highest Cmb (2985 µg C/g soil) whereas significantly (p<0.05) highest CmbSOC was 

observed in PMB (0.31%) which was at par with PMB + FYM (0.3%).  The soil 

biological activity – urease enzyme, BSR and qCO2 responded insignificantly 

(p<0.05).  

The correlation between the chemical and biological properties of the soil and the 

plant growth parameters determined by Pearson’s correlation coefficient is presented 

in Table 40. A positive correlation between soil available N and Cmb (r= 0.557, 

p<0.01), CmbSOC (r= 0.471, p<0.01), root volume (r= 0.599, p<0.01), root fresh 

weight (r= 0.657, p<0.01), root dry weight (r= 0.635, p<0.01), shoot fresh weight (r= 

0.697, p<0.01) and shoot dry weight (r= 0.579, p<0.01) was observed. A similar trend 

was observed for soil available P. In addition to soil available N and P, Cmb exhibited  

a positive correlation between and SOC (r= 0.433, p<0.05), BSR (r= 0.601, p<0.01), 

CmbSOC (r= 0.729, p<0.01), root volume (r= 0.599, p<0.01), root fresh weight (r= 

0.538, p<0.01), root dry weight (r= 0.524, p<0.01), shoot fresh weight (r= 0.744, 

p<0.01) and shoot dry weight (r= 0.746, p<0.01) was observed. A significant (p<0.01) 

positive correlation was also observed between CmbSOC and plant growth parameters 

except root length.  The basal soil respiration was positively correlated with SOC (r= 

0.645, p<0.01), metabolic quotient (r= 0.753, p<0.01), phosphatase (r= 0.381, 

p<0.05), root volume (r= 0.488, p<0.01), shoot fresh weight (r= 0.520, p<0.01) and 

shoot dry weight (r= 0.492, p<0.01). 



Table 40: Correlation matrix of chemical and biological properties of soil with plant growth parameters in pot trial of rice ‘CSR27’ (n =30)  

  pH EC ESP N  P  

 

K 

 

Dase Uase  Pase SOC BSR  Cmb qCO2 
Cmb 

SOC 
RL RV RFW RDW SFW SDW 

pH 1                                       

EC -.642
**
 1                                     

ESP -.038 .406
*
 1                                   

N  .004 -.010 -.167 1                                 

P  -.190 -.015 -.220 .355 1                               

K  .032 .275 .082 .095 .085 1                             

Dase  -.346 .188 .350 .122 .208 -.041 1                           

Uase  .121 .104 -.056 -.097 -.228 .111 -.276 1                         

Pase  -.198 -.020 -.260 .256 .197 -.104 -.374
*
 -.367

*
 1                       

SOC -.404
*
 .376

*
 -.018 .158 .093 .091 .273 -.499

**
 .159 1                     

BSR  -.270 .431
*
 .182 .262 .252 .194 .082 -.494

**
 .381

*
 .645

**
 1                   

Cmb -.163 .269 -.198 .557
**
 .395

*
 .217 -.095 -.228 .251 .433

*
 .601

**
 1                 

qCO2 -.194 .290 .362
*
 -.116 .022 .038 .157 -.453

*
 .296 .422

*
 .753

**
 -.061 1               

CmbSOC .108 .013 -.175 .471
**
 .374

*
 .161 -.295 .101 .161 -.287 .153 .729

**
 -.375

*
 1             

RL .305 -.161 .129 -.045 -.039 .046 -.189 -.035 .225 -.412
*
 -.171 -.109 -.109 .172 1           

RV -.078 .139 .020 .599
**
 .533

**
 .120 .080 -.162 .282 .095 .488

**
 .599

**
 .137 .563

**
 .117 1         

RFW -.155 .077 -.105 .657
**
 .485

**
 -.050 .120 -.085 .302 .017 .221 .538

**
 -.151 .560

**
 .103 .863

**
 1       

RDW -.042 -.106 -.130 .635
**
 .396

*
 -.237 .046 -.091 .268 .030 .137 .524

**
 -.255 .542

**
 .026 .702

**
 .850

**
 1     

SFW -.201 .321 -.071 .697
**
 .377

*
 .012 .017 -.095 .250 .310 .520

**
 .744

**
 .047 .523

**
 -.083 .648

**
 .671

**
 .617

**
 1   

SDW -.233 .191 -.139 .579
**
 .497

**
 .015 .026 -.224 .186 .360 .492

**
 .746

**
 .031 .476

**
 -.127 .516

**
 .497

**
 .478

**
 .823

**
 1 

*, significance at 0.05 level; **, significance at 0.01 level; EC, electrical conductivity; ESP, exchangeable sodium percentage; Dase, dehydrogenase; Uase, 

Urease; Pase, Phosphatase, SOC, soil organic carbon; BSR, Basal Soil Respiration; Cmb, soil microbial biomass carbon; qCO2, metabolic quotient; CmbSOC, 

soil microbial biomass carbon as a fraction of soil organic carbon; RL, root length; RV, root volume; RFW, root fresh weight; RDW, root dry weight; SFW, 

shoot fresh weight; SDW, shoot dry weight 

 

1
1
5
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4.11.3 Pot trial with rice - Oryza sativa var. korgut 

4.11.3.1 Effect of bacterial inoculants and organic amendment on plant growth 

Table 41 depicts the effect of application of bacterial inoculants and organic carbon 

on rice plant growth parameters. Application of microbial inoculants and organic 

amendment, significantly (p< 0.05) improved rice plant growth parameters (Plate 12). 

Lowest root length of 22.6 cm was recorded in FYM which was comparable to the 

control (23.6 cm). Longest root length of 33.2 cm was recorded in ABSK9 treatment 

which was significantly (p< 0.05) higher than the control and at par with the other 

treatments. Amongst the treatments, control and FYM had the lowest root volume of 

50 ml and 58 ml respectively, whilst the remaining treatments exhibited significantly 

higher root volume and were at par with each other. Highest root volume of 98.7 ml 

was observed in PMB + FYM. A similar trend was observed for root fresh weight 

wherein control and FYM exhibited significantly (p<0.05) lowest root fresh weight 

(37.2 g and 39.1g) respectively. Highest root fresh weight was observed in ABSK9 + 

FYM (58.6 g). The lowest root dry weight (6.22 g) was observed in control. The 

treatments ABSK9, ABSK9 + FYM, ABSK186 + FYM and PMB + FYM showed 

significantly (p< 0.05) higher root dry weight over the control. ABSK186 + FYM 

exhibited highest root dry weight (12.4 g) which was 50% higher than the control.  

The lowest shoot fresh and dry weight was recorded in control which was 16.4 g and 

5.96 g respectively. PMB + FYM caused significantly (p<0.05) highest improvement 

of 32%, and 29% in shoot fresh and dry weight respectively as compared to the 

control. Improvement of shoot fresh weight followed a trend of PMB + FYM 

>ABSK186 + FYM ≈ ABSK9 + FYM ≈ ABSK29 + FYM > PMB ≈ ABSK186. The 

shoot dry weight in treatments, PMB, ABSK9 + FYM and PMB + FYM was 

significantly higher (p< 0.05) than the control. Fig.9 depicts the increase in plant 



Table 41: Effect of bacterial inoculants and organic amendment on growth of rice (‘Korgut’) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each value is the mean±SD of nine replicates (n=9). Within each row, means with different superscript letters are statistically significant  

at 5 % level of significance. * Welch’s ANOVA 

 

Treatments  
Root  

length (cm )  

Root 

 volume (mL)  

Root fresh  

weight (g) 

  Root dry  

weight (g) 

  Shoot fresh 

weight (g) 

  Shoot dry  

weight (g) 

Control 23.6±0.54
a 

 56.0±1.73
a
  37.2±1.95

a
  6.22±0.73

a 
 16.4±1.05

a 
 5.96±.541

a
  

ABSK9 33.2±1.04
b
  90.3±15.0

b
  58.2±6.24

b
  10.6±2.48

bc
  18.5±0.85

abc 
 7.23±.114

abc
 

ABSK29 28.8±4.44
ab

  91.0± 1.00
b
 51.3±2.95

b
  9.24±1.09

abc 
 18.2±0.68

abc 
 7.34±.510

abc 
 

ABSK186 28.4±2.74
ab 

 87.0±13.0
b
  54.3±2.54

b
  9.36±1.47

abc 
 19.0±0.23

bc
  6.69±.856

abc
  

PMB 28.6±2.45
ab

 93.7±3.21
b
  56.0±3.46

b
  9.34±1.74

abc 
 19.2±0.97

bc 
 7.43±.421

bc 
 

FYM 22.6±0.63
a 

 58.0±1.73
a
  39.1±5.42

a
  6.87±1.54

ab 
 16.7±1.15

ab
  6.05±.548

ab
  

ABSK9
 
+ FYM 29.2±1.24

ab 
 95.0±2.65

b
  58.6±0.81

b
  11.3±1.26

c 
 20.2±0.96

cd 
 7.69±.718

c 
 

ABSK29 + FYM 29.0±4.77
ab 

 94.3±5.86
b 

 56.2±1.96
b
  10.0±1.22

abc 
 19.8±0.74

cd 
 7.30±.316

abc
 

ABSK186 + FYM 29.3±4.67
ab 

 89.0±9.00
b 

 56.4±4.35
b 

 12.4±1.24
c 

 20.5±0.81
cd

  6.95±.166
abc

  

PMB + FYM 29.1±1.17
ab

  98.7±9.02
b
 56.8±4.50

b 
 11.8±1.10

c 
 21.8±0.85

d 
 7.73±.265

c
  

P value <.001  <.001 <.001 .001  <.001 .002  

F statistic 22.286 106.939* 22.739* 5.618 11.022 4.717 

1
1
7
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Plate12: Effect of halotolerant bacteria on Korgut (pot trial) 

(A) without farmyard manure (B) with farmyard manure 
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Each value is the mean of nine replicates (n=9). Within each bar, means with different 

superscript letters are statistically significant at 5 % level of significance 

 

Fig.9: Rice (Korgut) plant height (panicle initiation) with different treatments 
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height at panicle initiation by application of bacterial and organic amendment. 

Significant (p< 0.05) highest plant height was observed in PMB + FYM (77.9 cm) 

which was at par with PMB (76.1 cm) and ABSK186 (74.3 cm). Lowest plant height 

of 70.3 cm was observed in ABSK29 treatment which was comparable to control and 

FYM.  

4.11.3.2 Effect of bacterial inoculants and organic amendment on chemical 

properties of soil  

The effect of applied bacterial inoculants and organic manure on soil electrochemical 

properties and soil available nutrients is presented in Table 42. Soil pH ranged from 

acidic (6.26) to neutral (7.00) and showed significant variations across the treatments. 

The difference in soil electrical conductivity and ESP between treatments was found 

to be insignificant (p< 0.05). The soil available macronutrients - N, P, K and 

micronutrients – B, Fe were significantly (p<0.05) affected by application of bacterial 

inoculants. The highest soil available N of 200 ppm was observed in ABSK29 + FYM 

and it was 40% higher than the control. This improvement was at par with FYM, 

ABSK186 + FYM and PMB + FYM. All the treatments except ABSK9 and ABSK29 

showed significantly (p< 0.05) higher soil available N as compared to the control. The 

treatment PMB and all treatments with FYM exhibited significantly higher (p< 0.05) 

soil available P over the control. The phosphorus availability was highest (47.7 ppm) 

in PMB + FYM which was at par with ABSK186 + FYM (47.2 ppm) and PMB (46.7 

ppm) and this increase was 67% higher than the control. All the treatments showed 

significant (p<0.05) improvement with respect to soil available K as compared to the 

control. The highest soil available K was observed in ABSK29 + FYM (1303 ppm) 

which was comparable to ABSK9, ABSK9 + FYM and ABSK186 + FYM. All the 



1
2
1
 

Table 42:  Effect of bacterial inoculants and organic amendment on chemical properties of soil (pot trial of rice ‘Korgut’) 

 

Each value is the mean±SD of three replicates (n=3). Within each row, means with different superscript letters are statistically significant at 5 % level of 

significance. * Welch’s ANOVA 

Treatment Soil pH1:2.5  
EC  

( dS/m )  

Exchange

able Na 
 (ESP %) 

Soil available macro and micro nutrients (ppm) 

N 

 

P 

 

K  

 

B 

 

Cu  

 

Fe 

 

Mn  

  

Zn 

 

Control 6.73±.058
bc 

 0.37±.074  3.01±.109 142±8.55
a
 28.5±0.24

a
 1109±12.0

a
 0.70±.000

a
  9.03±0.57  17.2±4.40

de 
 29.2±0.36  1.45±0.08  

ABSK9 6.76±.056
bc

  0.31±.044  2.84±.219 160±2.20
abc

 31.3±1.11
ab

 1281±7.16
d
 1.36±1.15

ab 
 8.92±0.54  8.52±5.04

ab 
 29.2±0.15  1.18±0.16  

ABSK29 6.80±.100
bc

  0.40±.053  2.81±.290 159±8.24
ab

 30.5±1.84
ab

 1135±4.30
b
 0.66±.651

a 
 8.80±2.46  7.94±0.57

a 
 28.2±1.34  1.78±1.13  

ABSK186 7.00±.000
c
  0.41±.042  2.52±.236 166±8.55

bcd
 34.2±5.04

abc
 1139±6.54

b
 0.90±.346

a
  8.72±.34  18.4±2.42

e
  29.0±1.75  1.72±0.74  

PMB 6.66±.115
bc

  0.37±.010  2.83±.272 177±4.55
cde

 46.7±2.89
e
 1213±12.3

c
 0.70±.000

a 
 9.71±1.94  15.9±0.97

cde
  29.2±0.64  2.28±1.46  

FYM 6.56±.055
ab 

 0.65±.425  2.88±.220 185±5.60
ef

 37.3±5.05
bcd

 1135±6.63
b
 1.33±1.14

a
  8.70±0.18  15.2±0.35

bcde
  28.9±0.20  1.44±0.16  

ABSK9 + FYM 6.46±.208
ab

  1.02±.385  2.50±.420 181±7.22
de

 42.4±2.14
cde

 1284±6.79
d
 1.33±.643

a
  7.97±0.62  9.75±1.83

abc
  29.4±0.88  1.86±1.00  

ABSK29 + 

FYM 
6.63±.117

b
  0.56±.516  2.52±.199 200±3.23

f
 46.0±3.62

de
 1303±4.00

d
 3.53±.404

b 
 6.85±0.54  8.45±1.63

ab
  29.2±0.23  1.17±0.16  

ABSK186 + 

FYM 
6.26±.252

a
  0.41±.132  2.62±.240 190±4.87

ef
 47.2±1.07

e
 1290±4.31

d
 2.23±.808

ab 
 9.38±3.55  10.0±0.65

abc 
 28.9±0.92  3.04±2.27  

PMB + FYM 6.53±.060
ab

  0.46±.116  2.73±.314 192±7.26
ef

 47.7±2.90
e
 1205±9.10

c
 2.66±1.16

ab 
 6.42±0.81  11.1±0.78

abcd 
 29.1±0.62  1.43±0.16  

P value .001  .325, ns .272 <.001 <.001 <.001 .002  .262, ns <.001  .878, ns  .398, ns  

F statistic 7,804* 1.411* 1.354 24.040 82.494* 282.083 4.854* 1.278 33.864* .440* 1.214* 
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soil available micronutrients were sufficient which is in accordance with this soil 

reaction i.e. acidic (pH 6.26 to 7.00).  

4.11.3.3 Effect of bacterial inoculants and organic amendment on biological 

activity of soil 

Biological activity of soil, influenced by bacterial inoculants and organic amendment 

is presented in Table 43. Dehydrogenase and phosphatase enzyme activity, Cmb, 

CmbSOC and MQ responded significantly (p<0.05). Dehydrogenase activity in 

treatments ABSK186, ABSK29 and ABSK29 + FYM were significantly (p < 0.05) 

higher than the control. Application of ABSK186 resulted in maximum improvement 

of soil dehydrogenase (74%). The phosphatase enzyme activity was highest in 

ABSK186 + FYM (145 µg PNP/g
 
soil/h) which was 98 % higher than the control 

followed by ABSK29 + FYM (114 µg PNP/g
 
soil/h) ≈ ABSK186 (108 µg PNP/g

 

soil/h).  The Cmb was highest in ABSK9 + FYM (2663 µg C/g soil) which was at par 

with PMB and PMB + FYM. The treatments ABSK29, PMB, ABSK9 + FYM, 

ABSK186 + FYM, PMB + FYM exhibited significantly (p<0.05) higher CmbSOC 

over control (0.17%). The highest CmbSOC was observed in PMB (0.26%) which was 

1.5 times higher than the control. The lowest MQ was observed in ABSK9 + FYM 

(0.02) ≈ ABSK9 (0.04). The only treatment that exhibited significantly (p>0.05) 

higher MQ than the afore mentioned treatments was ABSK29 + FYM (0.06). The soil 

biological activity – urease enzyme and BSR responded insignificantly (p<0.05).   

The correlation between the chemical and biological properties of the soil and the 

plant growth parameters determined by Pearson’s correlation coefficient is presented 

in Table 44. A positive correlation between soil available N and soil available P (r= 

0.804, p<0.01), soil available K (r= 0.559, p<0.01), phosphatase (r= 0.530, p<0.01), 



Table 43: Effect of bacterial inoculants and organic amendment on biological activity of soil (pot trial of rice ‘Korgut’) 

Treatment 

Dehydrogen

ase  

(µg TPF/g 

soil /h)  

Urease  

(µg urea /g 

soil /h) 

Phosphatase  

(µg PNP /g 

soil /h) 

Soil organic 

carbon 

(%)  

Basal soil 

respiration  

(mg CO2 /g 

/day)  

Soil microbial 

biomass carbon 

(µg C /g
 
soil)  

Metabolic 

quotient 

(µg CO2–C 

mg
/ 
h )  

Soil microbial 

biomass 

carbon as a 

fraction of soil 

organic 

carbon (%)  

Control 79.7±4.13
ab

  1,984±1.33  73.1±2.27
a
 0.95±.055  0.08±.009  1,623±106

a
  0.05±.003

ab
  0.17±.014

a 
 

ABSK9 87.1±7.99
ab

  1,982±3.96  98.5±7.77
bc 

 0.99±.100  0.08±.033  1,934±91.1
abc

  0.04±.015
a
 0.20±.011

ab
  

ABSK29 98.1±2.53
b
  1,980±3.99  83.8±1.01

ab
  0.97±.122  0.09 ±.041 2,338±242

cd
  0.04±.015

ab
  0.24±.007

de 
 

ABSK186 139±9.43
c
  1,984±0.19  108±9.94

c 
 1.02±.072  0.12±.026  2,073±240

bc 
 0.05±.015

ab
  0.20±.015

abc
  

PMB 86.8±11.4
ab

  1,981±3.50  101±7.73
bc 

 0.99±.076  0.11±.028  2,550±30.4
d 

 0.04±.011
ab

  0.26±.016
e 

 

FYM 77.9±12.4
ab

  1,978±2.98  83.7±6.72
ab 

 0.99±.095  0.05±.019  1,741±78.7
ab

  0.03±.009
ab

  0.18±.011
a 

 

ABSK9
 
+ FYM 86.5±0.81

ab
  1,983±1.62  95.2±3.29

abc 
 1.05±.029  0.07±.037  2,633±100

d 
 0.02±.013

a 
 0.25±.005

de 
 

ABSK29 + FYM 110±24.2
bc

 1,981±4.16  114±10.7
c 

 1.07±.025  0.13±.011  2,036±173
abc

  0.06±.001
b
  0.19±.012

ab 
 

ABSK186 + FYM 62.7±7.47
a
  1,981±3.67  145±13.6

d 
 1.05±.046  0.09±.023  2,311±81.7

cd
  0.04±.009

ab
  0.22±.002

bcd
  

PMB + FYM 85.9±18.3
ab

  1,979±4.81  101±2.52
bc 

 1.10±.000  0.11±.040  2,536±133
d 

 0.0±.014
ab

 0.23±.012
cde

  

P value .001 .497, ns  <.001  .272, ns  .096,ns  <.001 .018  <.001 

F statistic 12.721* 0.962 23.313* 1.355 1.988 17.803 3.071 21.723 

Each value is the mean±SD of three replicates (n=3). Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance. * Welch’s ANOVA 

1
2
3
 



 Table 44: Correlation matrix of chemical and biological properties of soil with plant growth parameters in pot trial of rice ‘Korgut’ (n =30)  

  pH EC ESP N  P  

 

K 

 

Dase Uase  Pase SOC BSR  Cmb qCO2 
Cmb 

SOC 
RL RV RFW RDW SFW SDW 

pH 1                                       

EC -.430* 1                                     

ESP .141 -.307 1                                   

N  -.485** .217 -.339 1                                 

P  -.521** .171 -.286 .804** 1                               

K  -.486** .194 -.359 .559** .564** 1                             

Dase  .660** -.170 -.234 -.050 -.181 -.181 1                           

Uase  .262 -.222 -.035 -.306 -.088 -.010 .393* 1                         

Pase  -.445* -.061 -.364* .530** .566** .643** -.091 -.024 1                       

SOC -.262 .093 -.259 .533** .389* .390* .039 -.377* .413* 1                     

BSR  .189 -.172 -.173 .241 .176 .146 .413* -.146 .298 .618** 1                   

Cmb -.295 .243 -.216 .415* .523** .392* -.022 -.157 .317 .498** .382* 1                 

qCO2 .354 -.297 -.123 .031 -.070 -.007 .465** -.026 .176 .433* .876** -.093 1               

CmbSOC -.192 .211 -.113 .206 .398* .256 -.035 .022 .163 .044 .117 .886** -.328 1             

RL .129 -.264 -.274 .104 .192 .528** .146 .264 .373* -.070 -.004 .228 -.081 .323 1           

RV -.154 .107 -.379* .379* .396* .590** .199 -.044 .516** .534** .549** .772** .213 .622** .505** 1         

RFW -.163 .112 -.428* .394* .433* .678** .143 .072 .542** .280 .365* .621** .085 .570** .664** .815** 1       

RDW -.345 .078 -.320 .527** .457* .636** -.031 -.229 .520** .587** .439* .676** .125 .465** .354 .721** .687** 1     

SFW -.425* .240 -.471** .585** .634** .576** -.007 -.112 .581** .605** .460* .701** .161 .488** .345 .785** .751** .782** 1   

SDW -.138 .189 -.285 .333 .476
**

 .494
**

 .005 .007 .207 .348 .272 .695
**

 -.060 .616
**

 .426
*
 .690

**
 .696

**
 .557

**
 .616

**
 1 

*, significance at 0.05 level; **, significance at 0.01 level; EC, electrical conductivity; ESP, exchangeable sodium percentage; Dase, dehydrogenase; Uase, 

Urease; Pase, Phosphatase, SOC, soil organic carbon; BSR, Basal Soil Respiration; Cmb, soil microbial biomass carbon; qCO2, metabolic quotient; CmbSOC, 

soil microbial biomass carbon as a fraction of soil organic carbon; RL, root length; RV, root volume; RFW, root fresh weight; RDW, root dry weight; SFW, 

shoot fresh weight; SDW, shoot dry weight 

 

1
2
4
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SOC (r= 0.533, p<0.01), Cmb (r= 0.415, p<0.05), root volume (r= 0.379, p<0.05), 

root fresh weight (r= 0.394, p<0.05), root dry weight (r= 0.527, p<0.01) and shoot 

fresh weight (r= 0.585, p<0.01) was observed. A similar trend was observed for soil 

available P and soil available K. Soil available P additionally exhibited positive 

correlation with CmbSOC (r= 0.398, p<0.05) and shoot dry weight (r= 0.476, p<0.01) 

whereas soil available K displayed positive correlation with root length (r= 0.528, 

p<0.01) and shoot dry weight (r= 0.494, p<0.01) as well. Furthermore, the plant 

growth parameters showed significant (p<0.01) positive correlation with phosphatase, 

SOC, BSR and CmbSOC. 

4.12 Formulation of biofertilizers 

Biofertilizers was prepared with the selected bacteria viz. ABSK9 (Pseudomonas 

multiresinivorans), ABSK29 (Microbacterium esteraromaticum) and ABSK186 

(Bacillus subtilis) with coir pith as the carrier material. The concentration of each 

culture in the biofertilizers was 10
10

 CFU/ml. The physicochemical properties of the 

formulated biofertilizers are presented in Table 45. The formulated biofertilizer was 

used for in situ field trial with Korgut rice (Plate 13). 

4.13 Shelf life of the prepared biofertilizers 

To study the shelf life, biofertilizers were prepared from individual cultures as well as 

their consortium with coir pith as the carrier. The survival of the bacterial inoculants 

and their plant growth promoting activity viz. IAA production, phosphate 

solubilization and production of extracellular enzymes was studied during the storage 

period of the biofertilizers at 6±2°C and 28±2°C. Fig. 10 which is a plot of log 

CFU/ml v/s number of months depicts the survival of bacterial inoculants in the 

prepared biofertilizers. At RT, the survival of bacterial inoculants was upto 12 months 

(Fig. 10 ). 
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Table 45: Physicochemical properties of the formulated biofertilizer 

Chemical Properties Biofertilizer 

Moisture content % 74.6±2.11 

pH 5.72±0.14 

EC (d/Sm) 1.36±.021 

Total organic Carbon % 2.9±0.03 

Available N(ppm) 577±20.1 

Available P (ppm) 12941±122 

B (ppm) 1.53±0.03 

Cu (ppm) 0.87±0.01 

Fe (ppm) 9.5±0.03 

Mn (ppm) 3.2±0.01 

Zn (ppm) 2.1±0.01 

Each value is the mean±SD of three replicates (n=3) 

 

 

 

 

 

 

 

 

 

Plate 13: Formulated biofertilizer  
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Fig. 10: Survival of selected isolates in the formulated biofertilizers stored at (A) 

RT (28±2°C) and (B) 6±2°C 
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A), whereas at 6±2°C, the survival extended upto 14 months (Fig 10 B) indicating the 

stability of consortium in the carrier at both the temperatures. The viable count of the 

consortium was higher than that of individual cultures. The in vitro plant growth 

promoting activity of the formulated biofertilizer stored at RT and 6±2°C is 

summarized in Table 46 and Table 47 respectively. At RT, IAA activity was observed 

until 11 months, lipase for 9 months, Pectinase for 8 months whereas, the phosphate 

solubilzation, amylase, protease and cellulase production was observed for the entire 

storage period of 12 months. A similar trend was observed for biofertilizers stored at 

6±2°C. 

4.14 In situ field trial of the prepared biofertilizers on Oryza sativa var. korgut 

Field trial of the prepared bioinoculant on Korgut rice was carried out by 

demonstration strip design at rice field in the khazans of Chorao Island, Goa (Plate14, 

15, 16). The yield was determined in terms of grain yield, straw yield, biomass yield 

and harvest index (Table 48, Fig.11). The grain yield of all the treatments was higher 

than the control (0.586 t/ha). Application of biofertilizers to the soil resulted in the 

highest yield (1.587 t/ha), which was 2.7 times higher than the control. The lowest 

straw yield was observed in the carrier control (2.092 t/ha) whereas the highest straw 

yield was obtained in the soil application treatment. A similar trend was observed for 

biomass yield. The harvest indices of all the treatments were higher than the control; 

soil application treatment exhibited the highest index of 0.286.  

The effect of different treatments on the yield components of rice is presented in 

Table 49. The lowest values of yield components were found in the absolute control.  

Only soil application of biofertilizers resulted in significantly (p<0.05) higher number 

of tillers, number of effective tillers and number of panicles than absolute control.  



Table 46: In vitro plant growth promoting activity of the formulated biofertilizers stored at RT (28±2°C) 

Each value represents average activity over the storage period; period of activity observed is given in the parentheses; NA, Not applicable 

 

 

 

Biofertilizer 

IAA 

production      

( µg/mL) 

Phosphate 

solubilization 

(g/L) 

Solubilization index of extracellular enzymes 

Amylase Protease Cellulase Lipase Pectinase 

ABSK9 
6.11 

(10 months) 

1.48 

(12 months) 
NA NA NA NA 

2.67 

(8 months) 

ABSK29 
9.38 

(10 months) 
NA 

1.49 

(12 months) 
NA NA NA NA 

ABSK186 NA 
0.37 

(12 months) 

2.12 

(12 months) 

2.33 

(12 months) 

4.63 

(12 months) 

1.31 

(9 months) 
NA 

Consortium 
10.4 

(10 months) 

2.23 

(12 months) 

2.35 

(12 months) 

2.48 

(12 months) 

4.29 

(12 months) 

1.36 

(9 months) 

2.79 

(8 months) 

1
2
9
 



Table 47: In vitro plant growth promoting activity of the formulated biofertilizers stored at RT (4°C) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each value represents average activity over the storage period; period of activity observed is given in the parentheses; NA, Not applicable 

 

 

Biofertilizer 

IAA 

production      

( µg/mL) 

Phosphate 

solubilization 

(g/L) 

Solubilization index of extracellular enzymes 

Amylase Protease Cellulase Lipase Pectinase 

ABSK9 
6.23 

(11 months) 

1.54 

(14 months) 
NA NA NA NA 

2.88 

(9 months) 

ABSK29 
9.41 

(12 months) 
NA 

1.54 

(14 months) 
NA NA NA NA 

ABSK186 NA 
0.39 

(14 months) 

2.24 

(14 months) 

2.36 

(14 months) 

4.56 

(14 months) 

1.32 

(9 months) 
NA 

Consortium 
10.76 

(12 months) 

2.19 

(14 months) 

2.26 

(14 months) 

2.41 

(14 months) 

4.23 

(14 months) 

1.36 

(9 months) 

2.91 

(9 months) 

1
3
0
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Plate 14: Plots for field trial 

 

 

 

 

 

 

 

 

 

 

 

Plate 15: Application of biofertilizer (A) Soil (B) Seed 

 

(A) (B) 
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Plate 16: Plots used for field trial (A) Absolute Control (B) Chemical control (C) 

Biofertilizer control (D) Carrier control (E) Seed application (F) Seed + Soil application 

(G) Soil application        

(A) (B) 

(C) (D) 

(E) (F) 

(G) 
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Table 48: Effect of different treatments on yield of Korgut rice in khazan soil 

Treatments  
Grain yield 

(t/ha) 

Straw yield 

(t/ha) 

Biomass 

yield (t/ha) 

Harvest 

index 

Absolute Control  0.586 3.35 3.936 0.149 

Control- Chemical  0.84 3.306 4.146 0.203 

Control- biofertilizer  0.718 2.816 3.534 0.203 

Control-  carrier  0.622 2.092 2.714 0.229 

Seed application  0.883 2.696 3.579 0.247 

Seed + Soil application  1.273 3.882 5.155 0.247 

Soil application  1.587 3.976 5.563 0.285 

 

 

 

Fig. 11: Effect of different treatments on yield and harvest index of korgut rice in 

khazan soil 



Table 49: Effect of different treatments on yield components of Korgut rice (khazan soil field trial)  

Treatments  No. of tillers  

No. of 

effective 

tillers  

No. of 

panicles/plant  

No. of grain 

bearing 

panicle/plant  

Panicle 

length  

(cm)  

No. of 

grains/per 

panicle  

No. of 

 filled 

grains/panicle  

Absolute Control  10.6± 3.20
a
 8.67 ±3.26

a
 8.33±1.37

a
 7.33±1.03

a
 21.1±1.13

a
 87.5±9.60

a
  80.7±7.79

a
  

Control- Chemical  12.3±3.26
ab

 10.5± 3.39
ab

 12.3±3.72
 a
 12.3±3.72

b
  23.6±0.89

b
   88.7±5.23

a
  83.5±4.62

a
  

Control-  

biofertilizer  
12.3±3.20

ab
 10.3±3.61

ab
 9.67±2.58

 a
   9.67±2.58

ab
 22.6±1.11

ab
   104±8.68

ab
  93.0±2.64

ab
 

Control-  carrier  12.1±3.48
ab

 11.0± 3.16
ab

 12.3±3.62
 a   12.3± 3.61

b
 22.2±1.02

ab 
  88.5±10.32

a
  83.6±8.62

a
  

Seed application  13.6±2.25
ab

 11.6± 2.80
ab

 12.3±2.58
 a
   12.3±2.58

b
  23.2±1.25

b
   98.4±2.09

a
  92.1±2.57

ab
  

Seed + Soil 

application  
13.3±1.86

ab
 10.3± 1.86

ab
 11.8±1.83

 a   11.8±1.83
ab

  22.5±0.71
ab 

  104±12.7
ab

  99.2±10.0
b
  

Soil application  16.8 ±2.40
b
 15.3±3.50

b
 17.0±0.89

b
   17.0±0.89

c 
 23.9±0.58

b 
  120±12.9

b 
 114±10.9

c 
 

P value .029  .034  <.001  <.001 <.001 .001  <.001 

F statistic 2.702 2.614 27.049* 42.330* 5.683 7.227* 8.926* 

Each value is the mean±SD of six replicates(n=6). Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance. * Welch’s ANOVA 

1
3
4
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Highest number of grain bearing panicles per plant was observed in soil application 

treatment (17.0). The number of grain bearing panicles/plant was significantly 

(p<0.05) higher than absolute control in chemical control, carrier control and seed 

application treatments and was comparable to each other. A significant (p<0.05) and 

comparable increase in panicle length over absolute control was observed in chemical 

control, seed application and soil application treatments. Highest panicle length of 

23.9 cm was observed in soil application treatment. This treatment also exhibited 

highest number of grains per panicle (120), which was significantly higher (p<0.05) 

than absolute control, chemical control, carrier control, seed application treatments 

and was on par with biofertilizer control and seed + soil application treatment. In 

addition, soil application of the biofertilizers also resulted in significantly (p<0.05) 

higher number of filled grains per panicle (114) followed by seed + soil application. 

The latter treatment was significantly (p<0.05) higher than the absolute control and on 

par with seed application treatment and biofertilizer control. 

Table 50 depicts the effect of application of biofertilizers on the plant growth 

parameters. Maximum leaf area was observed in soil application treatment (545 cm
2
) 

≈ carrier control (498) which was significantly (p<0.05) higher than absolute control 

and was comparable to the remaining treatments. Likewise, highest plant height was 

observed in soil application treatment and chemical control (147 cm) which was 

significantly (p<0.05) higher than absolute control and at par with the other 

treatments. The difference in fresh and dry weights of roots and shoot between 

treatments was found to be insignificant (p<0.05). Significant (p<0.05) improvement 

in root length (23.7%) over absolute control was observed in seed application 

treatment. This improvement was at par with chemical control, carrier control, seed + 

soil application and soil application treatments. However, these latter treatments were 



Table 50: Effect of different treatments on plant growth parameters of Korgut rice (khazan soil field trial)  

Each value is the mean±SD of six replicates(n=6). Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance. * Welch’s ANOVA 

Treatments  
Leaf  area 

(cm
2
)  

Plant height 

(cm)  

Shoot fresh 

weight (g)  

Shoot dry  

weight (g)  

Root  

length (cm)  

Root 

 volume (mL)  

Root fresh  

weight (g)  

Root dry  

weight (g)  

Absolute Control  307±130
a
 130±13.06

a
 175±79.83  70.1±19.96  28.3±2.87

a
  41.3±13.42

a
  19.6±4.22

a
  5.96±0.4

a
   

Control- Chemical  422±199
ab

   147±8.71
b
  161±51.56  79.6±13.55  30.6±5.75

ab
  58.0±18.15

ab
   36.0±19.97

a
   10.28±5.1

a
   

Control-  

biofertilizer  
364±118

ab
   143±4.68

ab
   171±41.77  77.3±26.50  28.3±2.87

a
  56.0±13.50

ab
   32.0±14.64

a
   10.01±5.1

a
   

Control-  carrier  498±98
b 

 138±5.83
ab

   134±24.51  69.7±5.75  29.3±2.06
ab

   51.3±16.90
ab

   25.6±9.0
a
   8.25±2.49

a
   

Seed application  448±114
ab

 135±5.41
ab

   145±28.73  63.6±6.92  35.0±2.68
b
  66.6±2.73

b
  30.0±10.99

a
   8.65±2.8

 a   

Seed + Soil 

application    
404±118

ab
   139± 9.09

ab
  117±35.34  60.7±13.36  33.3±5.39

ab
   53.3± 4.13

ab
 33.0±17.25

a
   10.88±3.1

a
   

Soil application  545±155
b
  147±4.92

b 
  162±32.28  81.8±12.67  33.6±1.86

ab
   68.0±9.95

b
  38.0±10.84

a
   9.61±1.55

a
   

P value .006  .008 .271, ns  .096, ns  .003  <.001 .031  .001 

F statistic 3.395 3.517 1.413* 2.240* 5.509* 8.715* 3.235* 7.601* 

1
3
6
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not significantly (p<0.05) higher than absolute control. Highest root volume was 

observed in soil application treatment (68 mL) ≈ seed application treatment (66.6 mL) 

which was significantly higher than absolute control and comparable to chemical 

control, biofertilizer control, carrier control and seed + soil application treatments.  

The results of the grain analysis are tabulated in Table 51. Statistically significant 

(p<0.05) variations were observed in moisture content across the different treatments. 

Soil application of the biofertilizers resulted in the lowest moisture content of the 

grain (14.4%) which is optimal for the storage of grains. All the treatments resulted in 

significantly (p<0.05) higher grain carbohydrate content over the absolute control. 

The highest carbohydrate content (47.5 g/100 g) was observed in the treatment with 

combined application of biofertilizers to seed and soil which was at par with chemical 

control (46.7 g/100 g). The protein content of grains in all the treatments was 

significantly (p<0.05) higher than absolute control and follows the trend: carrier 

control (6.89 g/100 g) ≈ seed application (6.81 g/100 g) > chemical control (5.85 

g/100g) ≈ seed +soil (5.80 g/100g) ≈ soil application (5.79 g/100 g) ≈ biofertilizer 

control (5.72 g/100 g). Water uptake ratio and gel consistency responded significantly 

(p<0.05) to various treatments and were in the range of 118 – 163 and 53.2 – 72.7 

(soft gel) respectively, which are characteristic features of korgut rice.  

The effect of different treatments on chemical properties of soil is presented in Table 

52. Soil pH was acidic ranging from 6.56 to 6.7 and exhibited significant (p<0.05) 

variations across the treatments. The difference in soil salinity between treatments 

was insignificant (p<0.05). Soil salinity was moderate owing to leaching out of salts 

during the monsoon season. Interestingly, significant (p<0.05) variations in soil 

available N between treatments were not observed. In contrast, soil available P and 

soil available K responded significantly (p<0.05) to the treatments. The trend for soil 



 

Table 52: Effect of different treatments on chemical properties of khazan soil (Korgut rice field trial) 

 

Treatment Soil pH1:2.5  
EC  

( dS/m )  

Exchangea

ble Na  

(ESP%) 

Soil available macro and micro nutrients (ppm) 

N 

 

P 

 

K  

 

B 

 

Cu  

 

Fe 

 

Mn 

 

Zn 

 

Absolute 

Control  
6.60±.026

ab
  1.97±.058

a
 2.29±.008

c
 86.0±2.65

 a  1276±6.24
a 

 160±2.11
a
 0.91± .100

a
 5.7±.173

a 
 5.8±.026

a
  1.3±.022

b 
 0.7±.013

b
  

Control- 

Chemical  
6.63±.010

abc
  1.90±.001

 a
 2.35±.005

d
 93.3±0.58

 a
  1366±2.65

c
  167±1.23

b
 0.98±.017

b 
 6.5±.100

bc 
 6.4±.028

b
 1.2±.011

a 
 0.6±.011

a
  

Control- 

biofertilizer  
6.64±.026

bc
  1.93±.061

 a
 2.19±.006

a
 87.0±4.36

 a  1279±15.0
a
  169±0.61

b
 1.16±.026

d 
 5.8±.265

a 
 6.9±.062

d 
 1.5±.023

d 
 0.8±.026

c
 

Control-  

carrier  
6.70±.010

c
  1.97±.042

 a
 2.38±.004

d
 88.0±4.26

 a
  1314±10.1

b
  161±0.83

a
 0.98±.026

b 
 6.2±.245

abc
  7.1±.027

e 
 1.8±.027

e 
 0.7±.024

b
  

Seed 

application  
6.59±.036

ab
  1.83±.053

 a
 2.22±.002

b
 92.6±1.53

 a  1334±13.2
b
  167±1.31

b
 1.06±.031

c
  5.8 ±.234

a
 6.5±.059

bc
 1.4±.014

c 
 0.8±.019

c
  

Seed + Soil 

application    
6.56±.036

a
  1.87±.058

 a
 2.25±.014

b
 92.0±1.73

 a
  1332±14.1

b
  168±0.70

b
 1.18±.011

d
  6.7±.121

d
  5.7±.036

a
  1.3±.017

b
  0.6±.021

a 
 

Soil 

application  
6.64±.036

bc
  1.97±.062

 a
 2.28±.008

c
 90.3±0.55

 a  1398±11.8
b
  175±0.22

c
 0.98±.022

b
  5.9±.238

ab 
 6.6±.043

c 
 1.5±.026

d 
 0.8±.010

c 
 

P value .001  .040  <.001 .019  <.001 <.001 <.001 <.001 <.001 <.001 <.001 

F statistic 7.727 3.056 145.666 6.592 46.623 70.602 65.727 9.636 436.641 248.485 54.839 

Each value is the mean±SD of three replicates (n=3).Within each row, means with different superscript letters are statistically significant at 5 % level 

of significance. * Welch’s ANOVA 

1
3
9
 



 

Table 51: Effect of different treatments on grain properties of Korgut rice (khazan soil field trial)  

Treatments  
Moisture content 

(%)  

Carbohydrate 

content (g/100g)  

Protein content 

(g/100g)  

Water uptake 

ratio  

Gel  consistency 

(mm)  

Absolute Control  15.1± .015
e
 29.1±.808

a
 4.83±.238

a
 163±2.89

c
 64.7±3.06

b
 

Control- Chemical  15.1±.025
e
 46.7± .486

e
 5.85±.060

 b
 191±5.36

d
  72.7±3.06

b
   

Control- biofertilizer  14.7±.015
c
 37.5±.669

b
 5.72±.208

 b
   142±2.89

b
 47.7±3.21

a
   

Control-  carrier  14.9±.026
d
 39.0± .390

c
 6.89±.246

 c
   118± 7.52

a
 65.3±4.04

b
  

Seed application  14.5±.020
b
 41.6± .438

d
 6.81±.227

 c
   169±4.19

c
  53.3±2.53

a
  

Seed + Soil application  15.6±.022
f
 47.5± .306

e
 5.80±.159

 b
  163±2.55

c
  65.0±2.65

b
  

Soil application  14.4 ±.012
a
 41.9±.574

d
 5.79±.365

b
   133±6.94

b 
 55.3±1.53

a 
  

P value <.001 <.001 <.001  <.001 <.001 

F statistic 1301.096 388.691 27.986 74.280 25.918 

Each value is the mean±SD of three replicates (n=3). Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance 

1
3
8
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available P was: soil application (1398 ppm) > chemical control (1366 ppm) ≈ seed 

application (1334 ppm) ≈ seed + soil application (1332 ppm) ≈ carrier control (1314 

ppm) ≈  > biofertilizer (1279 ppm) ≈ absolute control (1276 ppm). Soil application of 

biofertilizers resulted in highest amount of soil available K (175 ppm) followed by 

biofertilizer control (169 ppm),  seed + soil application (168 ppm), seed application 

(167 ppm ) and chemical control (167 ppm ) which were on par with each other and 

significantly (p<0.05) higher than carrier control  and absolute control. Soil available 

micronutrients viz. B, Cu, Fe, Mn, Zn responded significantly (p<0.05) to the 

different treatments.  The concentration of B (0.91 ppm), Cu (5.7 ppm) and Fe (5.8 

ppm) was lowest in the absolute control, whereas the concentration of Mn (1.2 ppm) 

and Zn (0.6 ppm) was lowest in chemical control. 

The biological activity of soil in response to various treatments is presented in Table 

53. Dehyrogenase activity of all the treatments was significantly (p<0.05) higher than 

the absolute control. The dehydrogenase activity upon seed application, seed + soil 

application and soil application of biofertilizers was comparable and was 133% higher 

than the absolute control. However, the highest activity was observed in biofertilizer 

control (97.3µg TPF /g
 
soil/h). Surprisingly, chemical control (45.9 µg TPF g

 
soil/h) 

and carrier control (48.13µg TPF /g
 
soil/h) also exhibited significantly (p<0.05) 

higher dehyrogenase activity than absolute control. The highest phosphatase activity 

was observed in biofertilizer control (677 µg PNP /g
 
soil/h) ≈ soil application 

followed by seed + soil application (653 µg PNP /g
 
soil/h) ≈ seed application (603 µg 

PNP /g
 
soil/h) ≈ chemical control (578 µg PNP /g

 
soil/h) which were significantly 

(p<0.05) higher than the absolute control. Soil organic carbon was insignificantly 

(p<0.05) affected by various treatments. The basal soil respiration measurements in 

all the treatments were significantly (p<0.05) higher than the 



Table 53 Effect of different treatments on biological activity of khazan soil (Korgut rice field trial) 

Treatment 

Dehydroge

nase  

(µg TPF /g 

soil /h)  

Urease  

(µg urea /g 

soil /h) 

Phosphatase  

(µg PNP /g 

soil /h) 

Soil organic 

carbon 

(%)  

Basal soil 

respiration  

(mg CO2 /g 

day)  

Soil 

microbial 

biomass 

carbon 

(µg C/ g 

soil)  

Metabolic 

quotient 

(µg CO2–C / 

mg/h)  

Soil 

microbial 

biomass 

carbon as a 

fraction of 

soil organic 

carbon (%)  

Absolute Control  26.6±1.11
a
 1957±1.19

a
 390±72.7

a
 1.25±0.049 0.031±0.022

a
 1960±10.0

a
  0.016±0.011

a
  0.157±0.005

a 
 

Control- Chemical  45.9±1.83
b
 1956±1.79

a
 578±62.3

bc
 1.25±0.010 0.096±0.014

b
 2108±108

ab
 0.045±0.006

b
  0.169±0.007

a
  

Control- 

biofertilizer  
97.3±0.60

d
 1963±2.79

ab
 677±3.4

c
 1.28±0.049 0.116±0.022

b
 2487±100

c
  0.047±0.010

b
  0.193±0.003

b 
 

Control-  carrier  48.1±0.35
b
 1961±1.69

ab
 512±14.2

ab
 1.25±0.051 0.101±0.003

b
 2348±10.0

bc 
 0.043±0.001

b
  0.187±0.007

b
  

Seed application  64.4±1.04
c
 1965±2.63

b
 603±30.9

bc
 1.25±0.010 0.119±0.014

b
 3120±100

d 
 0.038±0.005

b
  0.250±0.006

c 
 

Seed + Soil 

application    
61.9±1.59

c
 1965±1.71

b
 653±61.2

bc
 1.27±0.010 0.110±0.006

b
 3345±100

d
  0.033±0.002

ab 
 0.263±0.006

c
  

Soil application  63.8±4.34
c
 1965±5.07

b
 663±65.9

c
 1.27±0.051 0.119±0.003

b
 3365±115

d
  0.035±0.000

b
  0.264±0.007

c 
 

P value <0.001 .004 <0.001 .495, ns <0.001 <0.001 0.004  <0.001 

F statistic 1898* 5.694 11.912 1.011* 14.641 133.061 14.279* 169.310 

Each value is the mean±SD of three replicates (n=3).Within each row, means with different superscript letters are statistically significant at 5 % 

level of significance. * Welch’s ANOVA 1
4
1
 



Chapter 4: Results 
 

 
Bartakke A, 2018, Goa University 142 

absolute control and at par with each other. Application of biofertilizers (seed, 

seed+soil, soil) resulted in significantly (p<0.05) higher Cmb (3120, 3346, 3365 µg 

C/g soil respectively). Biofertilizer control (2487 µg C/g soil) and carrier control 

(2348 µg C/g soil) also exhibited significantly (p<0.05) higher Cmb than absolute 

control and chemical control. A similar trend was observed for CmbSOC. The highest 

values of CmbSOC were observed for treatments with application of prepared 

biofertilizers viz. soil application (0.264%) ≈ seed +soil application (0.263%) ≈ seed 

application (0.25%). Interestingly, the qCO2 of absolute control (0.16) was 

significantly (p<0.05) lower than all the other treatments which were at par with each 

other. 

The correlation between the chemical and biological properties of the soil and the 

plant growth and yield parameters, determined by Pearson’s correlation coefficient is 

presented in Table 54. A positive correlation was observed between Cmb and soil 

available P (r= 0.534, p<0.05), soil available K (r= 0.702, p<0.01), dehydrogenase (r= 

0.444, p<0.05), urease (r= 0.758, p<0.01), phosphatase (r= 0.649, p<0.01), BSR (r= 

0.636, p<0.01) and CmbSOC (r= 0.992, p<0.01). Amongst the yield components, FGP 

(no. of filled grains per panicle) exhibited correlation with the maximum parameters 

i.e soil available phosphorous (r= 0.527, p<0.05); soil available K (r= 0.675, p<0.01); 

dehydrogenase (r= 0.439, p<0.05); urease (r= 0.445, p<0.05); phosphatase (r= 0.513, 

p<0.05); BSR (r= 0.443, p<0.05); Cmb (r= 0.730, p<0.01) and CmbSOC (r= 0.713, 

p<0.01). A significant (p<0.01) positive correlation amongst the soil enzymes viz. 

dehydrogenase, urease and phosphatase was observed. Plant growth parameters did 

not exhibit significant correlation with the chemical properties and biological activity 

of soil. 

 



Table 54: Correlation matrix of chemical and biological properties of soil with plant growth parameters in field trial of rice ‘Korgut’ (n =21)  

  N  P  

 

K 

 

Dase Uase  Pase SOC BSR  Cmb qCO2 
Cmb 

SOC 
RL RV RFW RDW SFW SDW ET GBP FGP PL 

N  1                                         

P  .625** 1                                       

K  .345 .642** 1                                     

Dase  .031 -.024 .616** 1                                   

Uase  .149 .199 .548* .534* 1                                 

Pase  .390 .409 .795** .761** .639** 1                               

SOC .274 .066 .185 .296 .024 .321 1                             

BSR  .349 .444* .662** .715** .649** .769** .087 1                           

Cmb .401 .534* .702** .444* .758** .649** .201 .636** 1                         

qCO2 .175 .207 .325 .561** .247 .519* -.038 .805** .063 1                       

CmbSOC .377 .532* .689** .417 .772** .622** .078 .638** .992** .071 1                     

RL .265 .401 .352 .063 .259 .340 -.214 .364 .495* .105 .524* 1                   

RV .096 .383 .418 .299 .174 .359 -.171 .281 .363 .081 .396 .374 1                 

RFW -.031 .247 .360 .238 .106 .153 -.381 .343 .161 .304 .213 .303 .631** 1               

RDW -.055 .121 .282 .283 .148 .250 -.366 .393 .146 .393 .195 .425 .544* .928** 1             

SFW -.324 -.074 -.011 -.004 -.307 -.390 -.102 -.258 -.214 -.192 -.214 -.274 .101 .219 .004 1           

SDW -.241 .156 .161 .078 -.274 -.172 -.115 -.101 -.138 -.025 -.128 -.314 .306 .350 .118 .825** 1         

ET .131 .260 .281 .313 .377 .446* .172 .450* .239 .392 .228 -.015 .211 .037 .032 -.072 .141 1       

GBP .450* .671** .536* .158 .397 .323 .151 .548* .444* .374 .434* .096 .030 .044 -.065 -.087 .089 .453* 1     

FGP .319 .527
*
 .675

**
 .439

*
 .445

*
 .513

*
 .273 .443

*
 .730

**
 .013 .713

**
 .258 .379 .229 .126 -.030 .134 .062 .354 1   

PL .332 .570** .598** .271 .189 .444* .063 .419 .373 .272 .367 .182 .294 .006 -.074 .066 .272 .154 .549** .297 1 

*, significance at 0.05 level; **, significance at 0.01 level; Dase, dehydrogenase; Uase, Urease; Pase, Phosphatase, SOC, soil organic carbon; BSR, 

Basal Soil Respiration; Cmb, soil microbial biomass carbon; qCO2, metabolic quotient; CmbSOC, soil microbial biomass carbon as a fraction of soil 

organic carbon; RL, root length; RV, root volume; RFW, root fresh weight; RDW, root dry weight; SFW, shoot fresh weight; SDW, shoot dry weight; 

ET, no. of effective tillers; GBP, no. of grain bearing panicle per plant; FGP, no. of filled grains per panicle; PL, panicle length 
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Agriculture has been practiced since early civilizations as a means of food security. 

Incessant advances in agricultural practices have enabled to meet the victuals demand 

of the ever increasing population. The green revolution in 1960’s was accomplished 

by the extensive use of chemical fertilizers and pesticides to obtain high yields. 

Moreover, their intensive application is continued till date. The substantial application 

of these chemicals has lead to soil, water and air pollution (Vassilev et al., 2015).  

Chemically produced phosphate and nitrogen fertilizers have resulted in 

eutrophication, soil acidification, contamination of groundwater and the atmosphere 

(Vessey, 2003). In addition, chemical fertlilizers and pesticides have adversely 

affected the beneficial soil microbial communities thus, significantly lowering the 

microbial biodiversity in the rhizoshpere (Mäder et al., 2002; Mazid and Khan, 2014). 

Prolonged application of these chemicals have resulted in long term residual toxic and 

teratogenic effects on animals and in turn is causing human health hazards after being 

incorporated into the food chain (Datta, 2012). Therefore, there is a need to adopt eco-

friendly agricultural practices such as application of vermicompost, green manure, 

agricultural composts, kelp seaweed, poultry manure, cow manure, fishmeal and 

biofertilizers, for sustainable food production.   

Biofertilizers, unlike chemical fertilizers, contain viable population of the 

microorganisms, which stimulate plant growth through the production of growth 

promoting substances and solubilization of minerals.  Further, these PGP bacteria 

colonize the rhizhosphere or surrounding soil, thus improving the soil health. 

Microorganisms are deemed to be an essential tool for overcoming the problems 

associated with the undue use of chemical fertilizers and pesticides (Bashan et al., 

2014; Bardi and Malusa, 2012; Vassilev et al., 2015). Moreover, recent Government 

policies  such as  European Union policies - EU commission, 2012 and Ninth Plan 
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(1997 -2002) Ministry of Agriculture, Government of India, also recommend the use 

of biofertilizers and biopesticides. Taking a cue from these policies, different types of 

biofertilizers viz. Rhizobium, Azotobacter, Azospirillum, Cyanobacteria, Azolla, 

Anabaena and Vesicular-Arbuscular Micorrhizae (VAM) are available worldwide on 

a commercial basis. However, very few biofertilizers have been formulated for 

specific types of soil, especially coastal saline soils. Although halotolerant PGP 

bacteria have been isolated from diverse sources like halophytic plants, alkali-saline 

soils, desert soils, and saline soils (Etasemi and Beattie, 2018), marine saltpans as a 

source of halotolerant PGPR have not yet been explored. However, Kerkar et al. 

(2012) reported biofilm-associated IAA producing halotolerant bacteria from saltpans 

of Goa. These bacteria showed enhanced PGP traits leading to rapid proliferation of 

the biofilm mats in the saltpans. These findings inspired us to test the potential of 

biofilm-associated bacteria as biofertilizers. Furthermore, it is reported that region 

specific bacteria make superior biofertilizers (Sethi and Adhikary, 2012). Both 

saltpans and rice fields are a part of the khazan ecosystems of Goa. Thus, in the 

present study our attempt was to formulate a biofertilizer using saltpan bacteria to be 

used specifically for application in khazan rice fields.  Developing a biofertilizer for 

khazan soils was a major challenge where we concentrated on two varieties of rice 

and attempts were made to increase their yield. Development of biofertilizers is based 

on two lines of research. The first line involves studies on a single microbial strain 

exhibiting multiple plant growth promoting activities, while the second line concerns 

preparation of consortia (mixtures of microorganisms) possessing distinct PGP 

activities (Vassilev et al., 2015).  

5.1 Halotolerant PGP bacteria and their consortia 

Saltpan bacterial isolates (127) were screened for plant growth promoting activity, out 
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of which, three bacterial isolates viz. ABSK9, ABSK29, and ABSK186 as well as 

their consortium were used as four different biofertilizers. Isolate ABSK9 identified 

as Pseudomonas multiresinivorans, was a motile, salt tolerant (6%) isolate which 

displayed multiple plant growth promoting activities viz. phosphate solubilization 

(1.63 g/L), IAA production (6.58 µg/mL), nitrogen fixation (0.747 mg N/50 mL 

media), production of ammonia and extracellular pectinase;  thus qualified as a 

multifunctional biofertilizer. Pseudomonas spp., ubiquitously found in agricultural 

soils particularly at the rhizhosphere, have been previously used as biofertilizers 

owing to their metabolic and functional diversity (Sivasakthi, 2014). Multifunctional 

Pseudomonads have also been reported. Kumar et al. (2014) have reported a 

Pseudomonas fluorescens strain with multiple activities viz. phosphate solubilization, 

production of IAA, ammonia, siderophore and extracellular protease. Additionally, 

this strain exhibited antagonistic activity against two fungal pathogens Macrophonia 

sp. and Scelerotium rolfsii. In another study by Vurukonda et al. (2016), 

Pseudomonas putida strain FBKV2 isolated from eggplant (Solanum melongeana L.) 

rhizosphere, showed multiple PGP traits (production of IAA, siderophore, HCN and 

ACC deaminase) under both control and drought stress conditions. Multifunctional 

fluorescent pseudomonads viz. P. fluorescens, P. putida, P. aeruginosa, P. 

chlororaphis, P. aureofaciens and P. syringe have also been reported for PGP activity 

(Pierson and Weller, 1994; Dorjey et al., 2017).   On the other hand, Pseudomonas 

multiresinivorans with PGP activities has not yet been reported. However, 

Pseudomonas multiresinivorans is considered as a later heterotypic synonym of 

Pseudomonas nitroreducens (Lang et al., 2007).  Trinh et al. (2018) have 

demonstrated PGP activity of Pseudomonas nitroreducens in Arabidopsis 

thaliana and Lactuca sativa. In addition, Pseudomonas nitroreducens exhibited in 
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vitro phosphate solubilization, potassium solubilizing, IAA production and 

siderophore production (Chitraselvi et al., 2015; Princy et al., 2016).  

In our study, Pseudomonas multiresinivorans strain ABSK9 exhibited a very high 

phosphate solubilizing activity (1.63 g/L) associated with the drastic reduction in pH 

(3.55) of the growth medium (Table 15). Solubilization of phosphates by 

Pseudomonads is widely reported (Rathinasabapathi et al., 2018). Dastager and 

Damare (2013) have isolated phosphate solubilizing actinomycetes from similar 

ecosystem of Chorao Island, Goa with phosphate solubilization activity ranging from 

89.3±3.1 to 164.1±4.1 μg/mL. Recently, Babu et al. (2017) have reported in vitro 

solubilization of inorganic phosphate by eight Pseudomonas isolates from maize 

rhizospheric soil, from which strain PSB 24 recorded the highest available phosphorus 

content of 0.82 mg/L and pH 7.00. Another study by Priyanka et al. (2018) revealed 

that soluble phosphate concentrations in Pikovskaya’s broth, solubilized by 24 

fluorescent Pseudomonas spp., varied significantly from 88 to 768 μg/mL. The 

various mechanisms of phosphate solubilization have been reviewed by Khan et al. 

(2014). The low-molecular organic acids secreted by P-solubilizers, in the natural 

environment or under in vitro conditions chelate mineral ions and decrease the pH to 

bring P into solution. As a result, the acidification of microbial cells and their 

surrounding leads to the release of phosphate ion from the calcium phosphate by 

substitution of H
+
 for Ca

2+
. The efficiency of solubilization depends on the type of 

organic acids, concentration and quality. Additionally, the simultaneous production of 

different organic acids by the phosphate solubilizing strains may contribute to the 

greater potential for solubilization of insoluble inorganic phosphates (Khan et al., 

2014). Accordingly, the high phosphate solubilizing activity of the present isolates 

could be attributed to the production of organic acids which was confirmed by a 
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decrease in pH and an increased span of solubilization (10 days) in contrast to 3-7 

days reported by other researchers. 

ABSK29 was ascertained to be Microbacterium esteraromaticum, a non-spore 

forming motile actinomycete, tolerating upto 8% NaCl. This isolate displayed several 

plant growth promoting traits viz. IAA production (10.7µg/mL), ammonia production, 

production of extracellular amylase and nitrogen fixation (1.213 mg N/50 mL 

medium). The application of Microbacterium spp.  as a biofertilizer has not been 

researched widely. However, plant growth promoting Microbacterium 

esteraromaticum isolated from weeds [corn spurrey (Spergula arvensis L. goldenrod 

(Sonchus sp.), Italian ryegrass (Lolium multiflorum L.)] in Canada have been 

previously reported by Sturtz et al. (2001). In addition, Microbacterium barkeri, 

Microbacterium lacticum, Microbacterium liquefaciens and Microbacterium 

saperdae have been associated with Canadian weeds. Microbacterium arborescens 

with the ability to produce IAA and solubilize phosphate have also been isolated from 

indo gangetic plains of India (Kumar et al., 2015). Madhaiyan et al. (2010) have 

isolated a novel species Microbacterium azadirachtae, from the rhizoplane of neem 

seedlings in Coimbatore, India.  This novel plant growth promoting actinomycete 

exhibited IAA production (12.3 mg/mL), phosphate solubilization and ACC 

deaminase activity. Microbacterium oryzae, another novel species presumably plant 

growth promoting, has been reported from rice field soil samples in Orissa, India 

(Kumari et al., 2013). 

Production of IAA by actinobacteria, especially Streptomyces spp. is well documented 

(Khamna et. al., 2009; 2010; Kaur et al., 2018).  For example, Gopal Krishnan et al. 

(2011) have reported four IAA producing actinobacteria namely Streptomyces 
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tsusimaensis, Streptomyces caviscabies CAI-24, Streptomyces setonii CAI-121 and 

Streptomyces africanus CAI-127. Moreover, Gangwar et al. (2014) have revealed 

IAA production by Streptomyces spp. in the range of 8.3-38.8 µg/mL. On the 

contrary, in our study, high tryptophan independent production of IAA (10.7 µg/mL) 

was observed in Microbacterium esteraromaticum strain ABSK29 amongst the 

cultures tested. This is the first report of IAA production by Microbacterium 

esteraromaticum to the best of our knowledge.  Likewise, Streptomyces rochei 

WZS1-1 and  Streptomyces sundarbansensis WZS2- isolated from the rhizosphere 

of Mikania micrantha Kunth exhibited tryptophan independent  IAA production of 

11.40 ± 0.49 μg/mL and 19.72 ± 1.56 μg/mL respectively (Dandan et al., 2018). 

While, Goswami et al. (2014b) have reported an IAA producing Kocuria 

turfanensis strain 2M4 isolated from the rhizospheric soil of halotolerant plant Suaeda 

fruticosa from a saline desert of Gujarat, India. This isolate optimally produced 38 

µg/ml IAA when growth medium was supplemented with 600 µg/mL of L-

tryptophan.  Tryptophan dependent IAA production by actinobacteria isolated from 

termite mound soil ranging from 0.6 µg/mL - 47.56 µg /mL was also reported by Devi 

and Thakur (2018).  

The third culture selected as a biofertilizer was a Bacillus subtilis strain ABSK186. 

This culture was motile sporulating rod and could tolerate 10% NaCl. ABSK186 was 

primarily selected as it produced extracellular hydrolytic enzymes viz. amylases, 

proteases, cellulases and lipases with solubilization indices of 2.43, 2.53, 4.81 and 

1.43 respectively. In addition, ABSK186 displayed phosphate solubilization (0.44 

g/L), N fixation (0.747 mgN/50 mL medium) and ammonia production. Bacillus spp. 

are ubiquitous in nature and find various applications in agriculture, industry and 

environment due to their functional and metabolic diversity (Wu et al., 2015). It is 
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universally known that Bacillus is the most abundant genus in the rhizosphere while 

Bacillus subtilis is the most common species reported to make stable contact with 

higher plants and hence promote their growth (Shivashakti, 2014). In a recent study 

by Sen et al. (2018), 11 strains of Bacillus subtilis, isolated from the rhizhosphere of 

pteridophytes (ferns) were reported to have PGP activities out of which two strains 

displayed phosphate solubilizing activity. In another study by Huang et al. (2017), 

Bacillus subtilis SL-44 isolated from pepper plant rhizosphere dissolved 60.58 mg/L 

calcium phosphate in broth and produced 7.5 𝜇g/mL IAA. Hanif et al. (2015) also 

described phosphate solubilizing and IAA producing B. subtilis strain KPS-11. 

Furthermore, Bacillus spp. are used as biopestides due to their capacity to produce 

several antimicrobial compounds and secrete extracellular hydrolytic enzymes 

effective against phytopathogens (Kumar et al., 2011). Extracellular enzymes are also 

involved in nutrient cycling and thus increase the availability of nutrients to the plants 

at the rhizosphere.  For instance, proteases play an important role in the nitrogen cycle 

(Heineken and O’Connor, 1972). Several Bacillus species like Bacillus cereus, 

Bacillus stearothermophilus, Bacillus mojavensis, Bacillus megaterium, and Bacillus 

subtilis are known to produce proteases under various environmental conditions 

(Sookkheo et al., 2000; Adinarayana et al., 2003; Beg and Gupta, 2003; Banik and 

Prakash, 2004; Gerze et al., 2005).  Cellulases catalyze the hydrolysis of 1,4-β-D-

glycosidic linkages in cellulose and play a major role in recycling this polysaccharide 

which is abundant in plant residues (Kuhad et al., 1997). Extracellular secretion of 

cellulases by Bacillus subtilis is reported by Mawadza et al. (2000), Li-Jung et al. 

(2010) and Basavaraj et al. (2014). Bacillus subtilis strain ABSK186, from the present 

study secreted amylases, proteases, cellulases and lipases in the culture medium.  

Likewise, production of amylases, proteases, cellulases and lipases was reported from 
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six Bacillus subtilis strains which were potent biofertilizers with biocontrol activity 

and surfactin production (Paraszkiewicz et al., 2017). In addition, Kumar et al. (2012) 

have described Bacillus sp. with the ability to produce chitinase, protease, β- 1,3 

glucanase and cellulase. Production of Amylases, esterases, lipases, proteases, 

cellulases and pectinases by Bacillus spp. has also been illustrated by Carrim et al. 

(2006), Kannan et al. (2015) and Joe et al. (2016). 

In the present study, biofertilizers were formulated with individual cultures as well as 

their consortium. The in vitro synergistic effect of the bacteria in consortium was 

tested by co-culture of the selected isolates followed by assessment of plant growth 

promoting traits. The interest in studying co-culture was based on the fact that in soil, 

microorganisms exist in communities, where they release diverse metabolites due to 

mutual interaction. Thus, strain compatibility testing is a very important preliminary 

step for the co-cultivation studies (Vessilev, 2015).  In our study, biocompatibility 

between the selected isolates was established by cross-streak assay. The co-culture of 

Pseudomonas multiresinivorans strain ABSK9, Microbacterium esteraromaticum 

strain ABSK29 and Bacillus subtilis strain ABSK186 was carried out in quarter 

strength ZMB. All the growth promoting activities of individual strains were 

displayed in the consortium. Growth on nitrogen free medium, ammonia production 

and extracellular enzyme activity remained unchanged. On the other hand, production 

of indole acetic acid and phosphate solubilization activity in the consortium was 

higher than that observed in the individual cultures; however was not a cumulative 

value of individual cultures. For instance, IAA production by ABSK9 was 6.58 

µg/mL, ABSK29 was 9.61 µg/mL whereas their consortium along with ABSK186 in 

the culture medium, reported 11.09 µg/mL of IAA concentration. On the contrary, 

phosphate solubilization by consortium (2.24 g/L) was slightly higher than the added 
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values of the individual cultures ABSK9 (1.75 g/L) and ABSK186 (0.43 g/L). Co-

culturing of biological agents in the same culture vessel has been carried out 

previously with Pseudomonas fluorescens and Enterobacter cloacae strains with 

biocontrol activity which resulted in increased biocontrol efficiency against potato 

diseases (Slininger et al., 2010). Furthermore, increase in efficiency of bio-inoculants 

by co-culture method has been widely demonstrated (Janisiewicz, 1988; Pierson and 

Weller, 1994; Vidhyasekarn and Muthamilan, 1995; Schisler et al., 1997; Schisler et 

al., 2011).   

The above results convey that consortium of the three halotolerant bacterial isolates 

were compatible in their growth and the PGP factors. Hence, the consortium was 

found to be more efficient than the individual isolates when used separately as 

bioinoculants. 

5.2 Shelf life of the formulated biofertilizers 

In the present study, four biofertilizers were formulated with the three selected 

bacteria individually as well as with their consortium wherein commercially available 

coir pith was used as a carrier. Coir pith or coir dust is the spongy, light, fluffy peat 

like residue that falls off from thick mesocarp of coconut (Cocos nucifera L.) fruit 

when it is shredded during coir processing. (Cresswell, 1992; Israel et al., 2011). 

Owing to its striking resemblance to peat, coir pith is referred to as cocopeat and thus, 

utilized as an eco-friendly alternative to peat (Hume, 1949).  It strongly absorbs 

liquids and gases, has high water holding capacity (52-69%), capillarity and physical 

strength. In addition, it comprises of cellulose, hemicelluloses, lignin, pectins and 

tannins (Isreal et al., 2011) and thus supports a diverse population of microorganisms 

(Cresswell, 1992). In agriculture, coir pith is generally used to improve the moisture 



Chapter 5: Discussion 

 

 

Bartakke A, 2018, Goa University 153 

availability, soil structure, availability of nutrients and diminish the effects of salinity. 

Furthermore, increase in yield of groundnut, maize, finger millet, sorghum, pearl 

millet, cotton, sugarcane, rice, turmeric and sunflower has also been accomplished by 

the application of coir pith to the soil (Solaimalai et al., 2001; Prabhu and Thomas, 

2002). These exceptional properties of coir pith lead us to choose coir pith as a 

carrier. We have also carried out experiments using three different carriers viz. farm 

yard manure, coir pith and calcium alginate where coir pith was found to be the best 

carrier (Kerkar and Budkule, 2015). In the past, coir pith has also been used as a 

carrier typically for rhizobial inoculants (John et al., 1966; Ishwaran, 1972; Tilak and 

Subba Rao, 1978; Faizah et al., 1980; Thungtrakul et al., 1987; Seneviratne et al., 

1999).   

In our study, the shelf life of the biofertilizers was studied at two storage temperatures 

namely RT (28±2°C) and 6±2°C for a period of 14 months. Bazilah et al. (2011) have 

carried out shelf life studies on coir pith based formulations of Burkholderia sp. 

(UPMB3) and Pseudomonas sp. (UPMP3) at 10°C, 20°C and 30°C for a period of 9 

months. Coir dust-based formulation exhibited low stability; only 43 and 29% viable 

cells were detected at the end of 9-months when stored at 10°C and 20°C respectively, 

whereas no viable cells were detected when the formulation was stored at 30°C. 

Likewise, Somarathne et al. (2013) revealed that coir dust failed to sustain the 

viability and efficacy of the bacteria during the storage period of 15 days at 28°C.  

Another study by Shruti et al. (2016) indicated that coco peat was the least effective 

carrier when the survivability of Bacillus megatherium was assessed in press mud, 

coco peat, vermicompost, and lignite at room temperature for 240 days. In contrast to 

the above studies, our results revealed that coir pith was effective in maintaining the 

cell numbers of individual as well as consortium for a period of 14 months when 
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stored at 6±2°C and for 12 months at RT. A longer shelf-life of biofertilizers stored at 

lower temperatures has also been confirmed by other researchers (Cigdem and Merih, 

2005; Walker et al., 2004; Daza et al., 2000). Our results corroborate with the studies 

carried out by Van et al. (2000) which revealed that independent of the storage 

temperature (26 °C or 4 ° C), the survival of Azorhizobium caulinodans in peat and coir 

dust was very high during a 12-month period (>8 log cfu/g dry carrier), whereas the 

bagasse and rice straw carriers showed a decline from three months onwards.  

Furthermore, our study revealed that, at RT the viable cells number increased by 2 

orders and this increase was more evident in ABSK186 and the consortium. This 

could be explained by the fact that, the commercially procured coir pith was amended 

with 20% humus and the calculated total carbon content was 2.9%, which might have 

supported the growth of bacteria. In addition, the cellulolytic enzymes being inducible 

by cellulosic materials (Lee and Koo, 2001), the cellulase activity of ABSK186 may 

have resulted in improved utilization of carbon for the growth of cells in biofertilizers 

containing ABSK186 alone and the consortium as well. Thus, in addition to an 

excellent carrier, coir pith proved to be an efficient medium for co-cultivation of the 

three selected isolates.  The potential of this approach is confirmed by various studies. 

For example, consortium of Penicillium spp. and Aspergillus spp., have been reported 

to act synergistically with a high efficiency as plant polysaccharide decomposers 

(Pant and Adholeya, 2010; Dwivedi et al., 2011; Hu et al., 2011).  

Nearly all the studies on shelf life of the biofertilizers, establish their shelf life based 

solely on the viable count of cells and fail to test their consistency in PGP activity. 

Thus, in addition to checking the viability of the cells, in vitro plant growth promoting 

activities of the formulated biofertilizers were also assayed during the storage period. 
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Although, the viability of bacterial cells was stable at 28±2°C for a period of 12 

months, the IAA production in individual as well as the consortium biofertilizer was 

stable upto 10 months whereas lipase and pectinase activity was observed upto 9 

months and 8 months respectively. A similar trend was observed when the 

biofertilizers were stored at 6±2°C. Thus, the effective shelf life of the biofertilizers at 

RT was ascertained to be 8 months and 9 months when stored at 6±2°C. These results 

are concordant with Abd El-Fattah et al. (2013) who have reported a reduced 

nitrogenase activity of Azotobacter chroococcum (A101) in clay, peat moss, wheat 

bran and rice husk as compared to in alginate microbeads at both 30°C and 8°C when 

stored for a period of 6 months. Thus, coir pith proved to be an effective carrier for 

the biofertilizers used in our study.  

5.3 Trials of biofertilizers with rice (Oryza sativa L.) 

The plant growth promoting potential of the selected cultures and their consortium 

was established by in vitro assays. However, in order to be used as biofertilizers, their 

effect on the growth of plants and subsequently the yield needs to be studied (Vassilev 

et al., 2015). This was accomplished by in vitro seed germination assay, pot trial and 

field trial of the biofertilizers on rice involving different modes of application of the 

biofertilizer viz. seed application, root dipping and soil application. 

The results of the seed germination assay revealed that the application of consortium 

to the seeds resulted in significantly higher root length (10.9 cm) and shoot length 

(8.94 cm) as compared to the control. These results corroborate with Widawati and 

Sudiana (2016) who reported  significant improvement in shoot length and root length 

of rice seeds after 7 days of germination with a mixture of strains (Burkholderia, 

Bacillus, Achromobacter, Pseudomonas, Azospirillum, Rhizobium, Azotobacter).  Bal 
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et al. (2012) have demonstrated a positive effect on root elongation of rice seeds with 

Alcaligenes sp., Bacillus sp. and Ochrobactrum sp. posessing multiple PGP traits. 

Furthermore, all the treatments illustrated higher germination energy and vigour index 

than the control indicating that the bacterial inoculants enhanced the germination 

process. These findings are in agreement with the results of Rajasekaran et al. (2015) 

who have reported increase in germination percentage of rice seeds upon the 

application of Azospirillum brasilense and Bacillus megaterium. In addition, 

inoculation of rice with Azospirillum brasilense strains have resulted in a significant 

increase in shoot and root length compared to the control (Puente et al., 2013). 

Additionally, Kantha et al. (2015) have reported improvement in rice seedling growth 

with Rhodopseudomonas palustris stain PP803 under saline conditions. Furthermore, 

improved germination was observed in rice seeds with the application of Bacillus spp. 

(Mia et al., 2012; Machivelli et al., 2014; Pradhan and Mishra, 2015), Pseudomonas 

spp. (Machivelli et al 2014; Jambhulkar and Sharma, 2013); and Rhizobium spp. (Mia 

et al., 2012). Fluorescent Pseudomanas strains have also shown to enhanced seed 

germination and improve seedling vigor of sorghum seeds (Basha et al., 2013). The 

enhanced germination and root elongation of the seedlings could be attributed to the 

production of IAA (Bharathi et al., 2004; Goswami et al., 2016) and extracellular 

hydrolytic enzymes by the inoculants resulting in mobilization of nutrients in the seed 

(Bewley, 1997; Kim et al., 2006). 

To further check the effect of the selected cultures on growth of rice, physicochemical 

properties of soil and the biological activity of soil, pot trials were carried out wherein 

the cultures were applied to the rice seedlings by root dipping method. The treatments 

included individual isolates, their consortium and combined treatments with farmyard 

manure. FYM was used as a source of organic carbon needed for the growth and 
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metabolic activity of the biofertilizers in soil (Vassilev et al., 2002), as the soil was 

low in carbon. Additionally, FYM manure is known to curb the effects of salinity 

(Amanullah et al., 2007). The pot trial was carried out with two varieties of rice: CSR 

27 and Korgut. 

CSR27, a developed salt tolerant variety of rice was selected on the recommendation 

of ICAR – CCARI, Goa, as a high yielding rice variety, whereas Korgut, a local salt-

tolerant variety of rice is cultivated commonly in the coastal saline soils of Goa. The 

salient results of the pot trial are discussed below. The soil EC at the harvesting time 

for all the treatments ranged from 0.25 to 1.02 dS/m. This radical reduction in salinity 

(initial EC = 7.87 dS/m) is attributed to leaching of the salts due to heavy rainfall. 

Inoculation of all strains of PGP bacteria, individually and in combination with FYM, 

resulted in an increase in root length, root volume, root dry weight, root fresh weight, 

shoot fresh weight and plant height as compared to the control, in both the varieties of 

rice. Improvement in root parameters can be explained by significantly (p<0.05) 

higher soil available phosphorous.  Increase in soil available phosphorous could be 

attributed to phosphate solubilization activity by ABSK186 (Bacillus subtilis) and 

ABSK9 (Pseudomonas multiresinivorans). This result is also supported by the 

significant (p<0.05) improvement in soil phosphatase. The improvement in plant 

growth parameters could be due to indirect mechanisms such as improved availability 

nutrients, soil available N and better root growth mediated by the biofertilizers. This 

is further proved by the significant correlation (p<0.05) between plant growth 

parameters and soil available N, P, K, phosphatase, BSR, Cmb and CmbSOC. 

Interestingly, in CSR 27, the application of FYM along with ABSK186 improved the 

root volume, root dry weight and root fresh weight by 37.6%, 83.4% and 63% as 
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compared to ABSK186 alone. A similar trend was observed for PMB and PMB + 

FYM.  In addition, all the treatments with the combined application of bacteria and 

FYM caused significant improvement in soil available N as compared to the control. 

PMB + FYM exhibited 63% higher soil available N than the control. The positive 

effect of FYM was also ascertained in Korgut. Treatments with FYM showed 

significantly higher N and P over control. Treatment PMB + FYM was most effective 

with 40% improvement in N and 67% improvement in P and this improvement was 

comparable with ABSK186 + FYM.  Farmyard manure has been previously applied 

in coastal saline soils for amelioration of salinity effects and has improved growth and 

yield of rice (Tomar et al., 1992; Kumar et al., 2003; Amanullah et al., 2007). 

Amanullah et al. (2007) recorded high yield with application of FYM at 12.5 t/ha 

along with recommended NPK. Recently, addition of FYM has been reported to 

improve soil biological activity and yield in coastal Sundarbans of India (Mitran et al. 

2017). 

The treatment with consortium and organic amendment (PMB + FYM) surfaced as 

the most effective treatment. De Roy et al. (2013) have revealed that microorganisms 

employed in consortiums are characterized by different functional roles thus forming 

different biochemical profiles and behavior within a dynamically changing microbial 

community like the rhizhosphere. In addition, all the members of the consortium were 

motile which supports the colonization process and confers an enormous competitive 

advantage on bacteria, improving their chances to survive (Gera and Srivastava, 

2006).The second best treatment was ABSK186 + FYM even though ABSK9 had 

exhibited highest in vitro phosphate solubilizing activity. This could be due to the 

extracellular enzyme activity of ABSK 186 (Bacillus subtilis) in addition to phosphate 

solubilization and N fixation. Increase in the growth and yield of rice by application 
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of Bacillus inoculum to rice under saline environment has also been reported 

(Sapsirisopa et al., 2009; Chakraborty et al., 2011; Barua et al., 2012). Recently, 

Kadmiri et al. (2018) reported phosphate solubilizing Pseudomonas fluorescens Ms-

01 and IAA producing Azospirillum brasilense DSM 1690 that increased plant height 

and weight of wheat plants under saline conditions in pot experiments.  

The effect of different treatments on the biological activity of the soil varied with the 

rice variety.  In korgut, application of ABSK186 alone resulted in 74% improvement 

in soil dehydrogenase and in combination with FYM resulted in 98% higher 

phosphatase as compared to the control.  On the other hand, in CSR 27, ABSK186 + 

FYM resulted in the highest dehydrogenase activity which was not significantly 

higher than the control and highest phosphatase activity (32%) was observed in 

ABSK9. In the rhizosphere, microorganisms normally exist in communities, where 

they release diverse metabolites for defense and/or competition for space and 

nutrients related to their special interaction with plants and other microorganisms 

(Vassilev et al., 2015). Therefore, these results could be attributed to dissimilar 

interaction activities among plant and beneficial microbes.   

Depressive effect of soil salinity on soil microbial activity has been documented 

widely (Tripathi et al., 2006). Mahajan et al. (2015a) recorded significant negative 

correlation between the level of salinity and dehydrogenase activity, urease activity, 

phosphatase activity, Cmb, BSR and qCO2. The use of organic materials significantly 

improved Cmb and dehydrogenase activity in coastal Sunderbans of India (Mitran et 

al., 2017).  In the present study, conspicuous improvement was observed in Cmb and 

CmbSOC. The Cmb is responsible for decomposition of plant and animal residues and 

soil organic matter to release plant available nutrients and carbon dioxide (Anderson 
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and Domsch, 1989). Higher Cmb helps mineralization of key nutrients and this is 

evident from significant correlation between Cmb and soil available N (CSR27: r= 

0.557, p<0.01; Korgut: r = .415, p<0.05) and soil available P (CSR 27: r =0.395, 

p<0.05; Korgut: r =.523, p<0.01). In the present investigation, CmbSOC is 

significantly (p<0.05) improved by application of microbial inoculants and organic 

matter. Under strong salinity situations, CmbSOC could be very low (0.5%) (Sardinha 

et al., 2003). The observed CmbSOC in our experiments was less than 0.3%. The lower 

CmbSOC is attributed to the microbial stress due to higher organic consumption per 

unit Cmb to maintain cell integrity and release sodium. Though the CmbSOC is low, the 

increase cannot be neglected as it has importance in several key nutrient 

mineralization processes. CmbSOC was correlated with soil available N (CSR 27: r= 

0.471, p<0.01) and soil available P (CSR 27: r= 0.395, p<0.05; Korgut: r= 0.398, 

p<0.05). Our studies are concordant with Chakraborty et al. (2011), where they have 

used salt tolerant bacteria and observed an improvement in the soil enzyme activity 

where rice is cultivated.  

Results of the pot experiments revealed that application of salt tolerant 

microorganisms individually and in combination with farmyard manure significantly 

(p<0.05) improved rice plant growth parameters, soil chemical properties and the 

biological activity of soil. Best results were obtained in treatments with i) Bacillus 

subtilis and farmyard manure and ii) the consortium with farmyard manure through 

several direct and indirect associated mechanisms. The pot experiment results with 

salt tolerant bacteria indicated an enhancement in rice plant growth and hence they 

were evaluated in coastal saline fields to ascertain this finding. Field trial of the 

formulated biofertilizer on korgut rice was carried out in the same field used for 

collection of soil in pot trials. The trial was carried out alongside the plots used by the 
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farmers by demonstration strip design. Application of biofertilizer to the soil resulted 

in highest yield components viz. No. of tillers, No. of effective tillers, No. of 

panicles/plant, No. of grain bearing panicles/plant, panicle length, No. of grains per 

panicle and No. of filled grains per panicle which was significant (p<0.05). Soil 

application of biofertilizer also resulted in significantly higher (p<0.05) root volume 

which was at par with seed application as compared to the control. Seed application 

also resulted in significantly higher (p<0.05) root length which was 23.7% higher than 

the control. However, unlike pot trials, insignificant (p<0.05) variations were 

observed in the root and shoot dry and fresh weights as well as soil available N. This 

lack of statistical significance could be attributed to the high dispersion of the data, 

which is expected in field experiments. Interestingly, the grain carbohydrate and 

protein content of the treatments was significantly (p<0.05) higher than the control 

(Table 51). This could be attributed to improved mobilization of nutrients due to the 

activity of the applied biofertilizer. Increase in grain protein content upon application 

of bacterial consortium was also reported in rice and blackgram by Naher et al. (2016) 

and Selvakumar et al. (2012) respectively. 

Analogous to the pot trial, prominent improvement was observed in Cmb and CmbSOC 

upon application of the biofertilizer.  Higher Cmb and CmbSOC helps mineralization of 

key nutrients which is apparent from significant correlation between Cmb and soil 

available P (r =0.534, p<0.05). In addition, CmbSOC was also correlated with soil 

available P (r= 0.532, p<0.05). Furthermore, the soil enzyme activities were 

significantly (p<0.05) higher than the control in all the treatments of the applied 

biofertilizer indicating the survival and growth of the bacterial inoculants. In addition, 

the grain and straw yield was also higher in all the treatments as compared to the 

control. However, the statistical significance of the yield could not be established as 



Chapter 5: Discussion 

 

 

Bartakke A, 2018, Goa University 162 

plot replication is not a part of the demonstration strip design. 

The control treatments in our study were absolute control, chemical fertilizer control, 

commercial biofertilizer control and carrier control. The chemical control recorded a 

significantly higher (p<0.05) panicle length, number of grain bearing panicles/plant, 

plant height, soil available P, carbohydrate content and protein content.  The carrier 

recorded significantly higher (p<0.05) panicle length, no. of grain bearing 

panicles/plant higher and leaf area as compared to the control. Highest dehydrogenase 

and phosphatase activity was observed in the commercial biofertilzer control. Parallel 

to our study, Kantachote et al. (2016) have also compared the efficiency of 

Rhodopseudomonas palustris strains in saline and flooded rice fields of Thailand with 

a commercial biofertilizer, a carrier control and control without the addition of any 

fertilizer (control) and reported no significant difference in the growth of rice but a 

significant difference in rice grain yields (4-8%).  Comparable to our study, microbial 

consortia of Burkholderia sp., Bacillus sp., Achromobacter sp., Pseudomonas sp., 

Azospirillum sp., Rhizobium sp. and Azotobacter sp. was proved to enhance rice 

growth in coastal paddy fields of Indonesia (Widawati and Sudiana, 2016).  

Furthermore, a microbial consortium-based sustainable and economic bionutrient 

package for rice has been developed by Jha et al. (2013) to reduce reliance on 

chemical fertilizer. The components of the package include Pseudomonas-enriched 

mycostraw, Azospirillum, and cyanobacteria and showed an increase of 6–20% and 

10–35% rice grain yield over the farmers’ conventional practice in resource rich and 

resource poor farmers, respectively. Biofertilizer mediated improvement, growth and 

yield of crops in saline fields has been reported by numerous authors. Gamal-Eldin 

and Elbanna (2011) have used Rhodobacter capsulatus in flooded rice field at a 

mixture of 50% with chemical nitrogen fertilizer (CNF) and obtained grain yield 
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statistically equivalent to 100% CNF. Futhermore, Iqbal et al. (2016) demonstrated 

improved growth of maize plants under saline field conditions using a high auxin-

producing rhizobacterial inoculant. A similar result was reported in wheat cultivated 

under saline conditions after inoculation with Streptomyces sp. and Bacillus sp. by 

Sadeghi et al. (2012) and Ramadoss et al. (2013) respectively.  

In our study, the highest harvest index of 0.285 and grain yield of 1.587 t/ha was 

observed in soil application treatment. However, this index was lower than the normal 

harvest index of rice 0.5 (ASPS, 2017). Moreover, the yield was comparable to the 

reported yield (1.0 to1.5 t/ha) of Korgut in saline soils without the application of 

biofertilizers (Bhonsle and Krishnan, 2011). This could be due to fact that a breach in 

the bund occurred during the initial days of cultivation and was repaired after few 

days. The saline water logged in the field might have hindered the early development 

of the plants. Despite this, greater recovery of rice plants was observed in plots with 

biofertilizers as compared to the control as well as the grain yield in soil application 

treatment was 2.7 times higher than the control.  This finding could be explained by 

production of IAA by applied biofertilizers.  Increased auxin activity could help 

maintain root growth under salinity and also contribute to maintaining leaf growth, 

which is considered a first limiting step of plant productivity under conditions of 

salinity (Dodd and Perez-Alfocea, 2012).  

Disrepair of the bunds is a major problem faced by farmers in the khazan lands. River 

Mandovi in Goa is used as waterway for barge traffic carrying ore starting from 

loading point in the mining areas to Mormugao harbor which leads to deterioration of 

external bunds due to shock waves.  Furthermore, repairs are not timely made due to 

the hardships faced by the tenants’ association, responsible for the management of 
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khazans. The association has no paid employees; persons holding honorary positions 

do not dedicate sufficient time and lately, the strength of membership has also been 

reduced.  Thus, the khazans are often abandoned. High literacy rate, migration, non-

availability of labour and illegal pisciculture are other factors which further reinforce 

the abandonment and in turn, lead to the increase in salinity of the khazans. Higher 

salinity causes the reversion of khazans to mangroves, thus reducing the economic 

value of the ecosystem. The khazans of Goa are an example of resource sharing 

between shetkars (farmer community) and kharvi (fishermen community) and are 

known for preserving the ecological value while maintaining their economic value. 

Khazan farmers have been successful in cultivating salt-tolerant rice varieties, the 

productivity of which is comparatively low. Our research has culminated in 

formulating a site specific bacterial biofertilizer for increasing the growth and yield of 

korgut rice in the khazan soil, which would go a long way in preserving this 

magnificent man-made ecosystem by encouraging farmers to cultivate traditional 

varieties of rice who have almost given up this practice. 
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The thesis on “Formulation of a biofertilizer for salt tolerant rice grown in 

khazan soils, using salt pan bacteria” is an attempt to explore the potential of 

biofilm associated bacteria as biofertilizers for coastal saline soils. The salient features 

of our study are presented below: 

Isolation and screening of halotolerant plant growth promoting bacteria  

 A total of 127 morphologically different bacterial cultures were isolated on 11 

different culture media from saltpan biofilms of Ribandar, Goa, India. 

 The isolates exhibited PGP traits viz. IAA production, phosphate solubilization, 

production of extracellular enzymes (amylases; proteases; lipases; cellulases; 

pectinases), N fixation and ammonia production. 

 The best performing 15 isolates were shortlisted and biocompatibility between 

these cultures was validated by cross streak assay; out of which, 5 isolates were 

selected for further studies. 

 The isolates were identified: ABSK9 and ABSK11 as Pseudomonas 

multiresinivorans; ABSK29 as Microbacterium esteraromaticum; ABSK35 as 

Rhodococcus cercidiphylli and ABSK186 as Bacillus subtilis. 

Formulation of biofertilizers 

 Out of the four different combinations of bacteria used in the composition of the 

pre-formulated biofertilizer, the consortium comprising of ABSK9, ABSK29 and 

ABSK186 yielded the best results (IAA: 11.09 µg/mL; phosphate solubilization: 

2.24 g/L ). 

 The carrier used in the formulation of the biofertilizers was coir pith and had an 

effective shelf life of 8 months at room temperature (28±2°C) and 9 months at 

6±2°C.  



Summary 

 

 
 
Bartakke A, 2018, Goa University 166 

Pot trials 

 Coastal saline soil for trials with rice plants was selected from Devgivan khazan, 

Chorao, Goa due to its higher salinity (7.871 dS/m) as compared to the other four 

sites in Diwar and Chorao. 

 Inoculation of all strains of PGP bacteria, individually and in combination with 

FYM, resulted in an increase in root length, root volume, root dry weight, root 

fresh weight, shoot fresh weight and plant height in both the varieties of rice viz. 

korgut and CSR27. 

 Conspicuous improvement was observed in Cmb and CmbSOC with individual 

cultures and consortium, which are responsible for decomposition of plant and 

animal residues and soil organic matter to release plant available nutrients and 

carbon dioxide.  

 The treatment with consortium and organic amendment (PMB + FYM) emerged 

out as the most effective treatment. In CSR 27, PMB + FYM exhibited 63% 

higher soil available N than the control whilst in Korgut, 40% improvement in N 

and 67% improvement in P over the control was observed. 

 The improvement in plant growth parameters was due to improved availability of 

nutrients, soil available N and root growth mediated by the biofertilizers as 

evident from the correlation between CmbSOC and soil available N (CSR 27: r= 

0.471, p<0.01); soil available P (CSR 27: r= 0.395, p<0.05; Korgut: r= 0.398, 

p<0.05). This is further proved by the significant (p<0.05) correlation between 

plant growth parameters and soil available N, P, K, phosphatase, BSR, Cmb and 

CmbSOC. 

 Out of the 2 salt tolerant varieties of rice namely, Korgut and CSR 27 korgut was 

selected for field trial due to its increased environmental tolerance. 
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Field trial 

 Field trial was carried out with different three methods of application (Seed; Seed 

+ Soil and Soil) of the biofertilizer formulated with the consortium and coir pith 

carrier, which revealed that soil application of biofertilizer was the best method 

and resulted in 2.7 times higher yield than the control with a harvest index of 

0.285. 

 Application of biofertilizer to the soil resulted in significantly (p<0.05) highest 

yield components viz. No. of tillers, No. of effective tillers, No. of panicles/plant, 

No. of grain bearing panicles/plant, panicle length, No. of grains per panicle and 

No. of filled grains per panicle and root volume as well. 

 Application of formulated biofertilizer also resulted in significantly higher rice 

grain carbohydrate and protein content than the control. 

 The soil enzyme activities were significantly (p<0.05) improved in all the 

treatments of the applied biofertilizer indicating the survival and growth of the 

bacterial inoculants. 

The consortium comprising of Pseudomonas multiresinivorans strain ABSK9, 

Microbacterium esteraromaticum strain ABSK29 and Bacillus subtilis strain 

ABSK186 gave us the best results in the pot as well as field experiments which 

signify the efficiency of the designed and formulated biofertilizer in the khazan 

ecosystem of Goa. 
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 Halotolerant bacteria from saltpan biofilm ecosystem with plant growth promoting 

traits improve the quality of khazan soil. 

 The formulated biofertilizer makes the khazan soil a condusive environment for 

the growth and yield of Oryza sativa L. var. Korgut when applied directly to these 

coastal saline soils. 

 Coir pith was an efficient carrier in the formulated  biofertilizer comprising of 

Pseudomonas multiresinivorans strain ABSK9, Microbacterium esteraromaticum 

strain ABSK29 and Bacillus subtilis strain ABSK186, with a stability of 8 months 

at RT (28±2°C) making it an inexpensive and eco-friendly carrier. 

 



Future prospects 
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Extensive field trials need to be further conducted to validate the potential of the 

formulated biofertilizer. Trials of this formulated biofertilizer in saline soils of other 

regions would extend the applicability of our biofertilizer. Understanding the 

interaction between the consortium of microbial inoculants and plant systems will 

pave a way to harness more benefits for improving growth and yield of other salt 

tolerant crops. 
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Media composition 

Zobell Marine Agar     Constituent (g/L) 

Peptic digest of animal tissue     5.000 

Yeast extract       1.000 

Ferric citrate       0.100 

Sodium chloride      19.45 

Magnesium chloride      8.800 

Sodium sulphate                 3.240 

Calcium chloride      1.800 

Potassium chloride      0.550 

Sodium bicarbonate      0.160 

Potassium bromide      0.080 

Strontium chloride      0.034 

Boric acid       0.022 

Sodium silicate      0.004 

Sodium fluorate      0.0024 

Ammonium nitrate      0.0016 

Disodium phosphate      0.008 

Agar        15.000 

Final pH (at 25°C) 7.6±0.2 

 

Pikovaskya’s medium    Constituent (g/L) 

Yeast extract       0.500 

Dextrose       10.00 

Calcium phosphate      5.000 

Ammonium sulphate      0.500 

Potassium chloride      0.200 

Magnesium sulphate      0.100 

Manganese sulphate      0.0001 

Ferrous sulphate      0.0001 

Agar        15.000 
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Jensen’s medium     Constituent (g/L) 

Sucrose       20.00 

Dipotassium phosphate     1.000 

Magnesium sulphate      0.500 

Sodium chloride      0.500 

Ferrous sulphate      0.100 

Sodium molybdate       0.005 

Calcium carbonate      2.000 

Agar        15.00 

 

King’s B medium     Constituent (g/L) 

Proteose peptone      20.00 

Dipotassium hydrogen phosphate    1.500 

Magnesium sulphate. Heptahydrate    1.500 

Agar        20.00 

Glycerol       15mL 

Final pH (at 25°C) 7.2±0.2 

 

Yeast Extract Mannitol Agar (YEMA)  Constituent (g/L) 

Yeast extract       1.000 

Mannitol       10.00 

Dipotassium phosphate      0.500 

Magnesium sulphate      0.200 

Sodium chloride      0.100 

Congo red       0.025 

Agar        20.00 

Final pH (at 25°C) 6.8±0.2 

 

Muller Hinton agar      Constituent (g/L) 

HM infusion B      300.0 

Acicase        17.50 

Starch        1.500 

Agar        17.00 

Final pH (at 25°C) 7.4±0.1 
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Actinomycete isolation agar    Constituent (g/L) 

Sodium caseinate      2.000 

L-Asparagine       0.100 

Sodium propionate      4.000 

Dipotassium phosphate     0.500 

Magnesium sulphate      0.100 

Ferrous sulphate      0.001 

Agar        15.00 

Final pH (at 25°C) 8.1±0.2 

 

National Botanical Research Institute   Constituent (g/L) 

Phosphate (NBRIP) Broth 

Glucose                                                                          10.00 

Tricalcium phosphate                                                    10.00 

Magnesium chloride         5.000 

Magnesium sulphate (MgSo4.7H2O)                             0.240 

Potassium chloride                                                         0.200 

Ammonium sulphate                                                      0.100 

 

Peptone water     Constituent (g/L) 

Peptic digest of animal tissue     10.00 

Sodium chloride      5.000 

Final pH (at 25°C) 7.2±0.2 

 

Nutrient broth     Constituent (g/L) 

Peptone       10.00 

Beef extract       10.00 

Sodium chloride      5.000 

Final pH (at 25°C) 7.2±0.2 

 

Starch agar medium     Constituent (g/L) 

Peptone        5.000 

Beef extract       3.000 

Soluble starch       10.00 
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Agar        20.00 

Final pH (at 25°C) 7.0 ±0.2 

 

Pectin agar medium     Constituent (g/L) 

Peptone        5.000 

Beef extract       3.000 

Pectin        10.00 

Agar        20.00 

Final pH (at 25°C) 7.0 ±0.2 

 

Sierra medium     Constituent (g/L) 

Peptone       10.00 

Sodium chloride       5.000 

Calcium chloride      0.100 

Tween 80       10.00 

Agar        20.00 

Final pH (at 25°C) 7.0 ±0.2 

 

Casein agar medium     Constituent (g/L) 

Peptone        5.000 

Beef extract       3.000 

Casein        10.00 

Agar        20.00 

Final pH (at 25°C) 7.0 ±0.2 

 

CMC agar      Constituent (g/L) 

Sodium nitrate      2.000 

Dipotassium hydrogen phosphate    1.000 

Magnesium sulphate      0.500 

Sodium chloride     0.500 

Carboxymethylcellulose      5.000 

Peptone       2.000 

Agar        20.00 

Final pH (at 25°C) 7.2 ±0.2 
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Modified Hatchikians media   Constituent (g/L) 

NH4Cl       2 .000 

NaCl       62 .00 

K2HPO4      0.200 

Yeast Extract      1.000 

Sea Water      1000 mL 

Trace Elements     5 mL     

Final pH (at 25°C) 7.5±0.2 

     

Trace elements solution    500 mL 

ZnSO4  7H2O      10 mg 

MnCl2  4H2O       3 mg 

H3BO3       30 mg 

COCl2  6H2O      20 mg 

CUCl2  2H2O      1 mg 

NiCl2   6H2O      2 mg 

Na2MoO4  2H2O     3 mg 

CaCl2   2H2O      20 mg 

 

Sealer 

Wax – paraffin      100 mL (melted) 

Paraffin oil          200 mL 

 

Liquid media additions: 

1. FeSO4 . 7H2O - 20 mg/50 mL distilled water acidified with 1 drop of H2SO4 

(1 mL to be added to 200 mL media) 

2. Na2S.9H2O - 50% stock made in 10 mL test tubes 

(0.5 mL to be added to 200 mL of media) 

 

Solid media additions: 

1. FeSO4   10% solution  1 mL/200 mL 

2. Na – thioglycollate 0.6 g/10 mL  2 mL/200 mL 

3. 0.5 N  NaOH     0.8 mL/200 mL 

     



Appendix  

 

 
Bartakke A, 2018, Goa University 202 

Reagents 

Sulphate estimation  

1. Conditioner: 75 g of NaCl was dissolved in 300mL distilled water. To this 100 

mL isopropyl alcohol was added. Subsequently, 30 mL of concentrated sulphuric 

acid was added along with 50 mL of glycerine. The solution was filtered before 

use. 

2. Barium Chloride solution: A 30 % w/v barium chloride solution was prepared in 

distilled water. 

3. Standard: 40 mg of ammonium sulphate was dissolved in 1000 mL of distilled 

water. 10 mL of the above solution along with 15 mL distilled water was used as a 

standard to give an OD in the range 0.215-0.220. 

 

Sulphide estimation  

1. DMPD solution: 2 g of N, N- dimethyl-p- phenylene –diamine sulphate was taken 

in a 1 litre volumetric flask and dissolved in 200 mL distilled water. 200 mL of 

concentrated sulphuric acid was added to it slowly. Upon cooling to room 

temperature the volume was made to 1000 mL with distilled water. 

2. FAS solution: 5 g of Ferrous (III) ammonium sulphate was taken in a 500 mL 

volumetric flask and 10 mL concentrated sulphuric acid was added. Subsequently, 

the volume was made to 500 mL with distilled water. 

3. Zinc acetate solution: A 2% w/v solution of zinc acetate was prepared in distilled 

water. A drop of acetic acid was added per litre. 

 

Production of indole acetic acid  

1. Salkowski reagent: 2% of 0.5M ferric chloride in 35% perchloric acid. 

250 mL of 70% perchloric acid was diluted with 250 mL RO water. To this, 10 

mL of 0.5 M ferric chloride was added and stored in amber coloured bottle. 
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Phosphate solubilization 

1. 4.5 M H2SO4 : concentrated H2SO4 (125 mL) was carefully added to about 300 

mL distilled water. Upon cooling, the volume was made upto 500 mL with 

distilled water. 

2. Acidified ascorbic acid solution: ascorbic acid (10 g) was dissolved in about 40 

mL distilled water. To this, 50 mL of reagent 1 was added and transfered to 100 

mL volumetric flask. The volume was made up to 100 mL with distilled water. 

3. Mixed reagent: ammonium heptamolybdate tetrahydrate (6.25 g) was dissolved in 

about 50 mL distilled water. In a separate beaker, 0.25 g potassium antimony 

tartarate was dissolved in about 10 mL distilled water. The molybdate solution 

was added to 175 mL reagent 1 with continuous stirring. Subsequently, the 

tartarate solution was added and mixed well.  

 

Production of extracellular enzymes 

1. Dilute iodine solution: Dilute grams iodine solution (50 mL) was diluted with 50 

mL distilled water. 

2. 0.1% Congo red solution: 0.1 g of congo red was dissolved in 100mL of distilled 

water. 

3. 20% Trichlroacetic acid: 100 g of TCA was added to 45.4 mL of distilled water. 

10mL of this solution was further diluted to 50mL with distilled water. 

4. 1M NaCl solution:  58.44 g of NaCl was dissolved in 1 L distilled water. 

Ammonia production 

Nessler’s reagent     Constituent (g/100 mL) 

Mercuric chloride      10.00 

Potassium iodide      7.000 

Sodium hydroxide      16.00 

Final pH (at 25°C) 13.2±0.05 

 

HCN production 

Reagent was prepared by dissolving 2% Na2CO3 in 0.5% NaCl 
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Gram staining  

1. Gram crystal violet solution: In a beaker, 20 g of crystal violet was dissolved in 

100 mL of 95% ethanol. In a separate beaker, 1 g of ammonium oxalate was 

dissolved in 100 mL of water. 1mL of above prepared crystal violet stock solution 

was mixed with 10 mL of distilled water and 40mL of above prepared oxalate 

stock solution. 

2. Gram’s iodine solution: HiMedia 

3. Decolourizer: 50 mL of acetone was mixed with 50 mL of 95% ethanol. 

4. Safranine: 2.5 g of safranine was dissolved in 95% ethanol (Stock). 10 mL of 

safranine stock solution was dissolved in 50 mL of distilled water. 

 

Spore staining  

1. Primary Stain: Malachite green (0.5% w/v aqueous solution): 0.5 gm of malachite 

green was dissolved in 100 ml of distilled water. 

2. Decolorizing agent: Tap water or Distilled Water 

3. Counter Stain: 2.5 g of safranin was dissolved in 100 ml of 95% ethanol 

Gaby and hadley oxidase test  

Reagent 1: 1 % α-naphthol in 95% ethanol 

Reagent 2: 1% p-aminodimethylaniline oxalate 

 

SEM analysis 

1. Phosphate buffered saline (PBS pH7.4) 

 NaCl 137mM 8g 

 KCl 2.7mM 0.2g 

 Na2HPO4 10mM 1.44 g 

 KH2PO4 2mM 0.24g 

2. 2.5% Glutaraldehyde Solution 

3. Acetone 
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Agarose gel electrophoresis: 

Electrophoresis buffer (Stock solution 5X) 1000mL 

Tris base      54.00 g 

Boric acid      27.00 g 

0.5 M EDTA      20.00 mL 

pH       8 

Working concentration    0.5 X 

Seed germination and root elongation assay 

1. 70% Ethanol: 70 ml absolute ethanol was mixed with 30 ml distilled water. 

2. 0.5% Mercuric chloride: 5 g of mercuric chloride was dissolved in 1000 mL 

distilled water and autoclaved before use. 

3. 2% Gum acacia: 2 g gum acacia was added to 100 ml distilled water and 

dissolved by heating. The solution was autoclaved before use. 

 

Soil organic carbon  

1. Dichromate mixture (1N): 40.04 g of potassium dichromate was dissolved in 

about 500 mL of distilled water. The volume was subsequently made to 1 litre 

with distilled water. 

2. Ferrous ammonium sulphate (0.5 N): 196 g of Ferrous ammonium sulphate was 

dissolved in distilled water. 20 mL of concentrated sulphuric acid was added and 

the volume was made to 1000 mL with distilled water. 

3. Diphenylamine indicator: 0.5 g of diphenylamine was dissolved in 20 mL of 

distilled water and mixed with 100 mL of concentrated  sulphuric acid. 

4. Conc. Sulphuric acid 

5. Orthophosphoric acid (85%) 

 

Soil avaialble phosphorous 

1. 1.5% Dickman and Bray’s reagent: 15 g of AR grade ammonium molybdate was 

dissolved in 300 mL of warm water and cooled. 350 mL of 10 N HCl was added 

and volume made up to 1 litre. 
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2. BRAY’s P-1 extractant: 1.110 g of AR grade ammonium fluoride was dissolved 

in 1 litre of 0.025 N HCl. 

3. 40% of SnCl2 stock solution: 10 g of stannous chloride were weighed in 100 mL 

glass beaker. 25 mL of conc. HCl was added in the beaker and dissolved by 

heating. The contents were cooled and transferred to an amber coloured bottle and 

stored in dark after adding a small piece of AR grade Zinc metal to prevent 

oxidation. Dilute SnCl2 was prepared freshly by diluting 0.5 mL to 66 mL with 

double distilled water. 

4.  Standard stock solution (100 mg of P/litre solution): 0.439 g of AR grade 

KH2PO4 was weighed and dried in oven at 60⁰C for 1 h and added to 1 litre 

beaker. By adding about 500 mL of purified water it was dissolved. 25mL of 7 N 

H2SO4 was added and subsequently the volume was made to 1 litre by adding the 

same. 

5. Standard working solution (2 mg of P/litre solution): 1mL of standard stock 

solution was added in 50 mL measuring cylinder and made the volume up to 50 

mL with 7 N H2SO4 . 

 

Exchangeable calcium and magnesium: 

1. EBT indicator (Eriochrome Black T): 0.2 g of EBT was taken in 50 mL measuring 

cylinder and the volume was made to 50 mL with methanol. 

2. 0.01N EDTA: 2 g of EDTA was mixed with 1.05 g of MgCl2.8H2O in a 1 litre 

glass beaker and dissolved by heating 

3. Buffer solution: 67.5 g of NH4Cl was added to 400 mL of distilled in a 1 litre 

glass beaker. 570 mL of conc. NH4OH was added in the beaker. Upon coolong, 

the volume was made to 1 litre with distilled water. 

 

Calcium extractable sulphur: 

1. 0.15% Calcium chloride solution: 1.5 g of Calcium chloride dihydrate was 

dissolved in 500 mL of double distilled water in 1 litre glass beaker. The volume 

was made up to 1 litre by adding double distilled water. 

2. Barium Chloride crystals 
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3. Standard stock solution: 0.5434 g of potassium sulphate was dissolved in 1 litre of 

distilled water in glass beaker. 

4. Gum acacia solution (0.25%): 0.25 g of gum acacia was dissolved in 100 mL of 

hot double distilled water and filtered through the coarse filter. 

   

Soil available boron: 

1. 0.02 M CaCl2: 2.94 g of CaCl2 was dissolved in 900 mL of distilled water in 1 litre 

glass beaker. The volume was made upto 1 litre by adding distilled water. 

2. Buffer solution: 250 g of ammonium acetate, 15 g of EDTA salt, 125 mL of 

glacial acetic acid were taken in 500 mL glass beaker. The volume was made to 

500 mL with distilled water. The buffer solution was stored in the refrigerator. 

3. Azomethine H indicator: 0.45 g of Azomethine H was dissolved in 100 mL of 1% 

ascorbic acid. 

4. Standard stock solution: 0.571 g of boric acid was dissolved in 1000 mL of 

distilled water (to make 100 mg/kg boron stock). 5 mL of stock solution was 

diluted to 100 mL to make 5 mg/kg boron stock solution. 

 

Basal soil respiration 

1. 0.5 N Sodium hydroxide (NaOH) solution: 40 g of sodium hydroxide was 

dissolved in distilled water and made volume up to 2 litre. 

2. 0.5 N Sulphuric acid solution: 1.4 mL of conc. sulphuric acid was diluted with 

distilled water to make volume up to 1 litre 

3. 0.5 N HCl : 41.6 ml of HCl was added to 750 ml distilled water. The volume was 

made to 1000 mL upon cooling. 

 

Soil microbial biomass carbon 

1. Distilled chloroform 

2. Conc. H2SO4 

3. 0.5 M K2SO4: 43.563 g of K2SO4 was dissolved in distilled water and the volume 

was made to 500 mL. 

4. 0.2 N K2Cr2O7: 0.9808 g of K2Cr2O7 was dissolved in distilled water and the 

volume was made to 100 mL. 
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5. Orthophosphoric acid (85%) 

6. 0.05 N Ferrous ammonium sulphate (FAS): 39.2 g of FAS was added to 1.5 mL 

of Sulphuric acid and dissolved in double distilled water. Subsequently, the 

volume up made to 2 litre. 

 

Dehydrogenase activity 

1. 3% 2,3,5- Triphenyl tetraazolium chloride (TTC) solution: 3 g of TTC was 

dissolved in 100 mL of double distilled water and stored in amber coloured bottle. 

2. Methanol AR grade 

3. 1% glucose solution: 1 g of glucose was dissolved in 100 mL of distilled water. 

4. Standard triphenylformazan (TPF) solution: 100 mg of TPF was dissolved in 100 

mL of distilled water. 

 

Phosphatase activity 

1. Standard p-nitrophenol solution (1000 ppm): 1 g of p-nitrophenol was dissolved in 

70 mL of water and subsequently diluted up to 1 litre with distilled water.  

Solution was stored in refrigerator.  

2. p-nitrophenyl phosphate solution: 0.464 g of p-nitrophenyl phosphate was 

dissolved in 90 mL of distilled water in a 100 mL volumetric flask. The volume 

was made up to 100mL with distilled water. 

3. 0.5 M CaCl2 solution 

4. 0.5 N sodium hydroxide (NaOH) solution: 40 g of sodium hydroxide was 

dissolved in distilled water and made volume up to 2 litre. 

5. Modified universal buffer (MUB) stock solution: 12.1 g of tris (hydroxymethyl) 

aminomethane, 11.6 g of maleic acid, 14.0 g of citric acid, 6.3 g of boric acid was 

dissolved in 488 mL of 1N NaOH solution. This solution was diluted to 1 litre 

with distilled water and stored in refrigerator.  

6. Modified universal buffer (MUB) solution of pH 6.5: 200 mL of MUB stock 

solution was transferred in 500 mL beaker with magnetic bead and placed on 

magnetic stirrer. pH was maintained to 6.5 with HCl. Volume of the solution was 

made up to 1 litre with distilled water. 
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Urease activity 

1. Urea solution: 2 g of urea was dissolved in 100 mL of double distilled water. 

2. Phenyl mercuric acetate (PMA) solution: 50 mg of phenyl mercuric acetate 

was dissolved in double distilled water to make volume up to 1 litre. 

3. 2M KCl – PMA solution:  150 g of KCl was dissolved in 900 mL of double 

distilled water and 100 mL of PMA solution was added to make volume up to 

1 litre. 

4. Diacetyl monoxime (DAM) solution: 2.5 g of diacetyl monoxime was 

dissolved in 100 mL of double distilled water. 

5. Thiosemicarbazide (TSC) solution: 0.25 g of thiosemicarbazide was dissolved 

in 100 mL of double distilled water. 

6. Acid reagent: 300 mL of 85% of phosphoric acid was mixed with 10 mL of 

conc. sulphuric acid. The mixture was diluted with double distilled water up to 

500 mL. 

7. Colouring reagent: 25 mL of diacetyl monoxime solution was added in 10 mL 

of thiosemicarbazide. Acid reagent was added to solution to make a volume up 

to 500 mL. 

8. Standard urea stock solution: 0.5 g of urea was dissolved in 1500 mL of 2M 

KCL-PMA solution and diluted up to 2 litre with double distilled water. 
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• Rapid semi-quantitative detection of bioinoculants in soil by PCR based 

method (2018) Amruta Bartakke Bhambure, Harshada Kankonkar, Abhishek 
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growth of Cicer arietinum at National Seminar on “Advances in life sciences in 

botany” held at St. Xavier’s college on 7
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th 
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• PCR based probe for semi-quantitative detection of potential biofertilizer in 

soil at National Conference of Young Researchers (NCYR 2017) organized by 

Goa University, Goa, India, held on 16-17
th

 March 2017. 

• Assessment of plant growth promoting activity of saltpan bacteria at National 

Symposium on “Biotechnology in India: a Panoramic View” held at Goa 

University on 25
th

 and 26
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• Biofilm associated hypersaline bacteria as potential biofertilizers for saline 

soils at International conference on health, environment and industrial 

biotechnology (BioSangam 2013), held at Motilal Nehru National Institute of 
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