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Isolation and Characterization of Azotobacter and potash solubilizing bacteria isolates from rhizospheric soil of Cauliflower (Brassica oleracea var. botrytis L.) of Kolhapur District

ABSTRACT
Total twenty soil were collected from rhizospheric soil of cauliflower growing are in Kolhapur district among which Seven isolates of Azotobacter and three isolates of potash solubilizing bacteria were obtained. All the obtained isolates of Azotobacter were gram negative and for KSB two isolates were gram negative and one isolate was gram positive. All the isolates were identified on the basis of morphological, microscopic observations and different biochemical tests. Biochemical tests were studies viz., methyl red test, nitrate reduction test, starch hydrolysis test, catalase test, indole production test, oxidase test and gelatine hydrolysis test. Most of the isolates showed positive while some showed negative test. Azotobacter I showed the maximum nitrogen fixing capacity 11.61 mg g-1of sucrose. Maximum solubilisation index was showed by KSB I (3.25) based on the solubilization index.
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INTRODUCTION
Vegetables are considered as protection food as they are rich in all the essential nutrients, mainly vitamins, minerals and antioxidants. Cauliflower (Brassica oleracea var. botrytis L.) is a leading cole crop belonging to family Cruciferceae or Brassicaceae  (Brassica oleracea var. boytrytis L.) Cauliflower is a significant winter vegetable with a chromosome number of 2n = 18. Cauliflower is a nutritious food, packed with minerals such as phosphorus (P), potassium (K), magnesium (Mg), and manganese (Mn), as well as vitamins like vitamin C and B6. Additionally, it contains fiber, phenolic compounds, glucosinolates, carotenoids, and polyamines. These compounds contribute to enhanced antioxidant activity and support overall human health. ( Picchi and Fibiani, 2020) 

Nitrogen is a crucial nutrient for plant growth, development, and reproduction. Higher nitrogen levels enhance protein content and help reduce the bolting issue (Xue et al., 2016). This element supports vegetative growth, enhances the size and compactness of curd, improves the nutrient content of curds, and reduces the percentage of buttoning (Gocher et al., 2017). Nitrogen fixation is a crucial biological process that recycles nitrogen and significantly contributes to nitrogen balance in the biosphere. It is regarded as one of the most interesting microbial activities on after photosynthesis (Vance and Graham, 1995). Azotobacter, a key organism in this process, is ideal for studying nitrogen fixation due to its rapid growth and high nitrogen fixation capability

Azotobacter employs mechanisms such as respiratory protection, hydrogenase uptake, and on-off switches to safeguard the nitrogenase enzyme from oxygen (Chhonkar et al.2009). These adaptations allow Azotobacter to convert atmospheric nitrogen into ammonia, which plants can readily absorb. Azotobacter is a Gram-negative, aerobic bacterium that lives freely in the soil and is capable of fixing atmospheric nitrogen. Potassium-solubilizing bacteria (KSB) are capable of solubilizing K-bearing minerals, converting insoluble potassium into soluble forms that are accessible for plant uptake. KSB can dissolve silicate minerals and release potassium through the production of organic and inorganic acids. Thes results enhanced food accumulation and better mobilization of nutrients, particularly nitrogen and phosphorus, during the later stages of plant growth, ultimately leading to increased head weight. (Singh et al. 2016) , (Goutam and Biradar 2017). 

Bacillus muciloginosus, Bacillus circulans, Paenibacillus, Acido thiobacillus ferrooxidans, and Pseudomonas have been identified as microorganisms capable of releasing potassium in forms that are accessible to potassium-bearing minerals in the soil (Sheng et al., 2008). Identification and characterization of microorganisms is a key part of the microbial management.Biochemical tests are the most important methods for microbial identification by differentiating them on the basis of biochemical activities This technique is useful to identify bacteria or other unknown microorganisms in the bacterial population. 

The aim of the study is to isolate Azotobacter and potash solubilizing bacteria from rhizosphere of cauliflower in Kolhapur district and identify and characterize them and through systematic screening select the best performing Azotobacter and  KSB isolates for their further use in cauliflower cultivation.
MATERIALS AND METHOD
Rhizospheric soil samples were taken from cauliflower cultivated villages of Hatkangale, Karveer, Kagal, and Shirol tehsil of Kolhapur district. The rhizospheric soil samples of cauliflower crop were carefully cleaned from the plant roots before there were being stored in sterile plastic bags after labelling and tagging with precise GPS coordinates These samples were preserved in refrigerator at 4°C temperature for further use. The isolation of Azotobacter and potash solubilizing bacterial isolates was carried out by serial dilution and pour plate technique on Ashby’s and Aleksandrov’s medium.
Serial dilution and pour plate technique 
One gram of well mixed rhizospheric soil sample was suspended in 9 ml of distilled water blanks. Tenfold serial dilutions were prepared from 10-1 to 10-7 dilution. One ml aliquot of suspension from 10-4, 10-5, 10-6 and 10-7 was transferred in sterilized petri plates under aseptic conditions. After that each petri plate with aliquot was filled with sterilized medium (15-20 ml) and mixed gently. After solidification of the medium, plates were incubated at 27±2°C for 4-5 days. 
Morphological characteristics
Morphological characteristics such as Gram staining and cell shape. The individual colonies of Azotobacter and potash solubilizing bacterial isolates were examined for colony shape, colony colour, margin and elevation as per the standard procedures 
Biochemical characteristics
Biochemical tests were done viz., methyl red test, nitrate reduction test, starch hydrolysis test, catalase test, indole production test, oxidase test and gelatine hydrolysis test. The biochemical characterization was done as per procedures (Cappuccino and Sherman 1987)
Methyl red test

Fresh isolates of potash solubilizing bacteria were inoculated in the test tubes containing MR-VP broth under aseptic conditions and incubated at 28±2°C for 48 hours. 5 ml of methyl red solution was added to each test tube after the incubation period. The formation of red colour in the broth indicated the positive result and the formation of yellow colour indicated negative result for the test.
Nitrate reduction test

Fresh isolates of potash solubilizing bacteria were inoculated in the test tubes containing nitrate broth under aseptic conditions and incubated at 28±2°C for 24 hours. After incubation, test tubes were checked for nitrogen gas before reagents are added. 6-8 drops of nitrite reagent A and 6-8 drops of nitrite reagent B were added respectively in each test tubes. Observe for the reaction within minute or less. If no colour developed, then add zinc powder. Observe for at least 3 minutes for a red colour to develop after addition of zinc powder. The development of cherry red colour on addition of reagent A and reagent B indicated positive reaction. The absence of red colour on addition of reagent A and reagent B and the development of red colour on addition of zinc powder indicated negative reaction.
Starch hydrolysis test 

The isolates were inoculated on the sterilized petri plates containing starch agar media and incubated at 28±2°C for 48 hrs. After the incubation for 48 hrs, the surface of the plates were flooded with Lugol’s iodine solution through a dropper for 30 seconds. Examined for the clear zone around the line of bacterial growth. Formation of clear halo zone around the bacterial colony indicated starch positive test.
Catalase test

Catalase activity of the isolates was determined by placing the 24-hour old cultures on a clean labelled glass slide. A drop of H2O2 (3% Hydrogen Peroxide) was added on the samples placed on glass slide. The development of gas bubbles indicated the positive catalase test.
Indole production test

Fresh isolates of potash solubilizing bacteria were inoculated in the test tubes containing tryptophan broth under aseptic conditions and incubated at 28±2°C for 24-48 hours. After incubation, added 0.5 ml of Indole Kovac’s reagent to broth culture. Observed for the formation of pink to red coloured reagent layer on top of medium within seconds of adding the reagent. The formation of red coloured ring indicated positive test.
Oxidase test

Oxidase activity of the isolates was determined by oxidase test. Tryptic soy agar (TSA) media was prepared and pour into sterilized petri plates under aseptic condition. Media was allowed to solidify and then inoculated with obtained isolates of potash solubilizing bacteria. The plates were incubated at 28±2°C for 48hr. The Whatman’s No. 1 filter paper was taken and soaked with a little freshly prepared 1% Kovac’s oxidase reagent in petri plate. Then a loopful of incubated culture was gently smeared on filter paper. The development of an intense deep-purple colour on filter paper showed positive test.
Gelatine hydrolysis test
The sterilized nutrient gelatine deep tubes were inoculated with fresh isolates of potash solubilizing bacteria and tubes were incubated at 28±2°C for 48 hr. The tubes were kept in a refrigerator at 4°C for 30 minutes. The culture was then examined whether the medium was solid or liquid. The liquefaction of the medium indicated positive test.
RESULTS AND DISCUSSION
Twenty rhizospheric soil samples of cauliflower were collected from different villages of Kolhapur district in the year 2024 – 25 seven isolates of Azotobacter and three isolates of potash solubilizing bacteria were obtained from twenty rhizospheric soil samples respectively from Kolhapur district.
Morphological characteristics of Azotobacter
The colony colour varied slightly among the isolates. Isolates I, II, III, V, and VII produced milky white colonies and isolates IV and VI were transparent on Ashby’s medium, indicating a degree of uniformity in pigmentation. In terms of colony elevation, isolates I, II, III, IV, V, and VI displayed raised elevations, while isolate VII was distinguished by a flat elevation. Despite these differences, all isolates shared a circular colony form, reflecting consistent growth patterns on the solid medium.(Table 1) The results of the present investigation are in close agreement with the findings of Martinez Toledo et al. (2015), , Upadhyay et al., (2015), Hala et al., (2019), Akhter et al., (2012).
Biochemical characteristics of Azotobacter
Biochemical test carried out for isolates were catalase test, starch hydrolysis test, gelatine liquefaction test, indole test, nitrate reduction test, H2S test, methyl red test, oxidase test and gram reaction.(Table 2) For catalase test all isolates showed the positive results. For starch hydrolysis test all isolates was showed positive results. Gelatin liquefaction test was positive for isolates I, II, IV, VI while negative for isolates III, V, VI. Indole test showed positive results for all seven isolates. Nitrate reduction test was positive for isolates I, II, IV, V, VII and nitrate reduction test was negative for isolates III, VI. Hydrogen sulphide test was carried out for all the isolates and results showed that isolates I, III, IV, VII were positive for test. Isolates II, V, VI showed negative results. Methyl red test was positive for I, II, IV, V, VII  isolate and negative for III, VI isolate. Oxidase test was positive for isolate I, III,IV, VI, VII and negative for II, V isolates. Gram reaction was negative for all isolates. The results of above investigation showed similarity with Jimnez et al., (2011) and Akhtar et al.,(2012), Hala et al., (2019), Roychowdhury et al.,(2017), Prasad et al .,( 2014)
Selection of efficient isolate of Azotobacter
All seven isolates were subjected to this analysis to evaluate their efficiency in atmospheric nitrogen fixation. Among the isolates, Isolate I demonstrated the highest nitrogen-fixing potential, recording a value of 11.61 mg/g of sucrose. In contrast, Isolate VII exhibited the lowest nitrogen-fixing capacity, with a value of 7.80 mg/g.( Table 3) These variations may be attributed to differences in the metabolic activity or adaptability of the individual isolates to the growth conditions. Similar observations were reported by Ambesh et al., (2017), Raut et al., (2022), Koli et al., (2024) and Painkra et al., (2019) 
 Table 1. Morphological characteristics of Azotobacter
	Sr.no
	Isolate
	Cell shape
	Colony colour
	Elevation
	Colony shape

	1
	Azotobacter I
	Rod
	Milky white
	Raised
	Circular

	2
	Azotobacter II
	Rod
	Milky white
	Raised
	Circular

	3
	Azotobacter III
	Rod
	Milky white
	Raised
	Circular

	4
	Azotobacter IV
	Rod
	Trasparent
	Raised
	Circular

	5
	Azotobacter V
	Rod
	Milky white
	Raised
	Circular

	6
	Azotobacter VI
	Rod
	Trasparent
	Raised
	Circular

	7
	Azotobacter VII
	Rod
	Milky white
	Flat
	Circular


Table 2. Biochemical characteristics of Azotobacter
	Sr. No.
	Biochemical tests
	Azotobacter I
	Azotobacter II
	Azotobacter III
	Azotobacter IV
	Azotobacter V
	Azotobacter VI
	Azotobacter VII

	1.
	Catalase test
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve

	2.
	Starch hydrolysis test
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve

	3.
	Gelatin liquefaction test
	+ ve
	+ ve
	- ve
	+ ve
	- ve
	- ve
	+ ve

	4.
	Indole test
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve
	+ ve

	5.
	Nitrate reduction test
	+ ve
	+ ve
	- ve
	+ ve
	+ ve
	- ve
	+ ve

	6.
	H2s test
	+ ve
	- ve
	+ ve
	+ ve
	- ve
	- ve
	+ ve

	7.
	Methyl red test
	+ ve
	+ ve
	- ve
	+ ve
	+ ve
	- ve
	+ ve

	8.
	Oxidase test
	+ve
	- ve
	+ ve
	+ ve
	- ve
	+ ve
	+ ve

	9.
	Gram reaction
	- ve
	- ve
	- ve
	-ve
	- ve
	- ve
	- ve


Table 3. Selection of efficient isolate of Azotobacter
	Sr. No.
	 Isolates
	N fixation capacity (mg/gm of sucrose)

	1.
	Azotobacter I
	11.61 

	2.
	Azotobacter II
	9.85 

	3.
	Azotobacter III
	10.00

	4.
	Azotobacter IV
	9.70 

	5.
	Azotobacter V
	8.75 

	6.
	Azotobacter VI
	8.31 

	7.
	Azotobacter VII
	7.80


Morphological characteristics of potash solubilizing bacteria isolates 
Morphological analysis of the potash solubilizing bacterial (KSB) isolates revealed that all isolates exhibited a round colony shape (Table 4). The colony colour was white for isolates I and III, while isolate II showed a creamy white coloration. Additionally, the colony surface texture was smooth for all three isolates. The results of above investigation are in close consonance with Saha et al., (2016), Nath et al., (2018), Singh et al.,(2018), Suma Kammar et al., (2016) and Prajapati and Modi (2012).
Biochemical characteristics of potash solubilizing bacteria isolates
The results of the biochemical tests showed that KSB I and KSB II were Gram-positive, while KSB III was Gram-negative. Catalase test was positive for all isolates. Starch hydrolysis test was positive for all isolates. Oxidase test was positive for I and III isolate while negative for II isolate. Gelatin liquefaction test was positive for I and III isolate and negative for II isolate. Nitrate reduction test was positive for only III isolate and negative for isolate I, II. Methyl red test was positive for I, II isolate and negative for III isolate. Indole test was positive for all three isolates ( Table 5). Results of above study was consistent with the findings reported by Saxena et al., (2020), Suma Kammar et al., (2016), Verma et al., (2016) 
Selection of efficient strain of potash solubilizing bacteria
Efficient isolate of KSB was selected on the basis of zone of solublization. Zone of solubilization was determined by the diameter of colony and diameter of halo zone.  Solublization indices of bacterial isolates  KSB I., KSB II , KSB III were 3.25, 2.70, 1.00 respectively (Table 6). On the basis of potential for zone of solubilization KSB I was selected as efficient isolate . KSB I isolate was selected for further studied on Aleksandrov’s medium. The ability isolated KSB samples to solubilize various insoluble potassium sources and highest potassium solubilization activity based on the solubility index measured on solid Alexandrov’s medium. Similar results were recorded by Setiawati and Mutmainnah (2016), Hu et al., (2006), Goldstein (1994) and Fang and Yan (2006).
Table 4. Morphological characteristics of potash solubilizing bacteria isolates 
	Sr. No.
	Isolates
	Colony shape
	Colony colour
	Surface

	1.
	KSB I
	     Round
	       White
	Smooth

	2.
	KSB II
	      Round
	Creamy white
	Smooth

	3.
	KSB III
	      Round
	      White
	Smooth


Table 5. Biochemical characteristics of potash solubilizing bacteria isolates
	Sr. No.
	Biochemical tests
	   KSB I
	KSB II
	KSB III

	1.
	Catalase test
	+ve
	+ve
	+ve

	2.
	Starch hydrolysis test
	        +ve
	+ve
	+ve

	3.
	Oxidase test
	        +ve
	- ve
	+ve

	4.
	Gelatin liquefaction test
	+ve
	- ve
	+ve

	5.
	Nitrate reduction test
	- ve
	- ve
	+ve

	6.
	Methyl red test
	+ve
	+ve
	- ve

	7.
	Indole test
	+ve
	+ve
	+ve

	8.
	H2S test
	- ve
	+ve
	+ve

	9.
	Gram reaction
	+ve
	+ve
	- ve


Table 6. Selection of efficient strain of potash solubilizing bacteria isolates
	Sr. no
	Isolates of potash solubilizing bacteria (KSB)
	Solubilizing index

	1
	KSB I
	3.25

	2
	KSB II
	2.70

	3
	KSB III
	1.00


CONCLUSION

All the native isolates of Azotobacter and potash solubilizing bacteria isolated from the rhizospheric soil of cauliflower cultivated in different villages of Kolhapur district were identified on the basis of morphological characteristics, microscopic observations and biochemical characterization. Out of all Azotobacter isolates isolate I showed maximum nitrogen fixing capacity 11.61mg/g of sucrose from KSB isolates, the isolate KSB-1 showed the highest solubilization index (3.25).
Disclaimer (Artificial intelligence)

Option 1: 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 

Option 2: 

Author(s) hereby declare that generative AI technologies such as Large Language Models, etc. have been used during the writing or editing of manuscripts. This explanation will include the name, version, model, and source of the generative AI technology and as well as all input prompts provided to the generative AI technology

Details of the AI usage are given below:

1.

2.

3.
REFERENCES

Akhter, M. d. S., Hossain, S. J., Hossain, A. K. A. and Datta, R. K. (2012). Isolation and 
characterization of salinity tolerant Azotobacter sp. Greener Journal of Biological 
Sciences, 2 (3): 43-51.
Ambesh, B., Roy, a., Ngomle, S., Bhattacharya, M. and. Meena, S. (2017) Isolation and 
evaluation of 
Azotobacter spp. from different crop rhizosphere. International Journal 
of Current Microbiology and Applied Sciences, 6(4): 883-888  
Cappuccino, J. G. and Sherman, N. (1987). In:Microbiology: A laboratory manual.The Benjamin/Cummings Science Publishing Company Inc. (10th Ed.), Melopark, California. 
Chhonkar, P. K., Pareek, R. K., Rao, D. L. and Adiya, T. K. (2009). second ed. Indian Society of 
Soil Science; Pusa, New Delhi. Soil Biology and Biochemistry. Fundamentals of Soil 
Science; pp. 535–565.

Fang, S. X and Yan, L. H. (2006). Solubilization of potassium bearing minerals by wild type 
strain 
of Bacillus edaphicus and its mutants and increased potassium by wheat. 
Canadian Journal of Microbiology, 52: 66-72. 
Gocher, P., Soni, A., Sharma, D. and Bairwa, R. (2017). Interactive effect of NPK and sulphur 
on yield and economics of cauliflower (Brassica boytrytis ) variety Pusa 
Synthetic. Journal of Pharmacogn and Phytochem. 7: 506-509. 
Goutam, K. and Biradar, M. S. (2017). Integrated nutrient management studies for protected 
cultivation of broccoli (Brassica oleracea var.italica L.). International Journal of 
Chemical Studies. 20; 5(4):225-227.
Hala, Y. and Ali, A. (2019) Isolation and characterization of Azotobacter from rhizosphere. Journal of Physics Conf. Series 1244.

Hu, X., Chen, J. and Guo, J. (2006) Two phosphate-and potassium solubilizing bacteria isolated from Tianmu Mountain, Zhejiang, China. World journal of Microbiology and Biotechnology, 22(9):983-990.

Jimenez, D. J., Montana, J. S. and Martinez, M. M. (2011). Characterization of free nitrogen 
fixing 
bacteria of the genus Azotobacter in organic vegetable-grown Colombian soil. 
Brazilian Journal of Microbiology, 42: 846-858.
Koli, T., Karande, R., Deshmukh, D., Waghmare, S. and Mahajan, S. (2024). Isolation and 
characterization of Azotobacter and Phosphate Solublizing Bacterial Isolates. Journal of 
Scientific Research and Reports, 30(8) 755-760.

Martinez-Teledo, M. V., Rubiadela, T., Moreno, J. and Gonzalezlopaez, J. (1988). Root exudates 
of Zea 
mays and production of auxins, gibberellins and cytokines by Azotobacter 
chroococcum. Plant 
and Soil, 111: 149-152.
Nath, D., Maurya, R. and Khan, S. (2018). In-vitro solubilization of waste minerals and 
morphological characteristics of potassium and phosphorus solubilizing bacteria. 
Journal of Pharmacognosy and Phytochemistry, 7 (2): 1626-1632.
 Painkra, H., Chowdhury, T. and Verma, N. P. (2019). Characterization and screening of native 

isolate of PSB and Azotobacter under in vitro conditions. International Journal of 

Current Microbiology and Applied  sciences,8 (5): 2058-2068
Picchi,V. and Fibiani, M. (2020)  Nutritional Composition and Antioxidant Properties of  
Fruits 


and Vegetables Academic Press: Cambrige, MA,USA,1,pp. 19–32.
Prajapati, K.B. and Modi H.A. (2012). Isolation and characterization of potassium solubilizing 


bacteria from ceramic industry soil. CIBTech Journal of Microbiology, 1 (2-3):8-14.
Prasad, S., Subhash, R., Reddy, P., Reddy, N. and Rajashekar, U. (2014) Isolation, screening 
and characterization of Azotobacter from rhizospheric soils for different plant growth 
promotion(PGP)& antagonistic activities and compatibility with agrochemicals: an in 
vitro 
study. Ecology, Environment, and Conservation 20 (3) : pp. (129-136).

Raut, M., Waghmare, S. J. and Deshmukh, D. P. (2022). Isolation and morphological study of 
Azotobacter 
and phosphate solubilizing fungal isolates. The Pharma Innovation 
Journal, 11(10): 880-
886.Research, New Delhi, pp. 400-404. 
Roychowdhury, D., Paul, M. and Banerjee, S. K. (2017). Isolation, identification and partial 
characterization of nitrogen fixing bacteria from soil and then the production of 
biofertilizer. 
International Journal for Research in Applied Science and Engineering 
Technology, 5 (11): 
4021-4026.
Saha, M., Mauryaa, B., Singh, V., Meenaa, C. and Kumar, K. (2016) Identification and 
characterization of potassium solubilizing bacteria (KSB) from Indo-Gangetic Plains of 
India. Biocatalysis and Agricultural Biotechnology, 7 202–209

Saxena, S., Kumar, R., Tomar, A., Singh, J. and Dhyan, P. (2020) Isolation, biochemical 
characterization and potassium solubilization efficiency of different microbial isolates. 
International Journal of Current Microbiology and Applied Sciences, 9(6): 2667-2680.

Setiawati, T. and Mutmainnah, L.( 2016). Solubilization of potassium containing 
mineral by 
microorganisms from sugarcane rhizosphere. Agriculture and Agricultural Science 
Procedia, 9; 108-117.
Sheng, X.F., Zhao, F., He H., Qiu, G. and Chen, L. (2008). Isolation, characterization of 
silicate mineral solubilizing Bacillus globisporus Q12 from the surface of 
weathered 
feldspar. Canadian Journal of Microbiology, 54:1064-68.
Singh, H., Bareliya, P. K., Singh, J. and Kumar, P. (2018). Effect of integrated nutrient 
management on growth and yield of cabbage (Brassic oleracea var. capitata) and 
soil 
fertility. Journal of Pharmacognosy and Phytochemistry, 7(2): 1767-1769.

Singh, V., Shah., K. and Rana D. K. (2016). Combined effect of organic manures and bio-
fertilizers on 
growth and yield of broccoli under Garhwal Himalayan region. 
HortFlora Research Spectrum, 5(4):345-347.
Suma Kammar, Ravindra, C., Gundappagol, G., Santosh, S. and Ravi, M. (2016). 
Isolation, 
morphological and biochemical characterization of potassium solubilizing 
bacteria 
(KSB) 
isolated from northern part of Karnataka. Journal of pure and applied 
microbiology, 10(1): 
471-477.
Upadhay, S., Kumar, N. and Singh, A. (2015). Isolation, characterization and morphological 
study of Azotobacter isolates. Journal of Applied and Natural Science 7(2):984-990.
Vance, C.P. and Graham P.H. (1995). Nitrogen fixation fundamentals and applications. 
Springer; Dordrecht: 1995. Nitrogen fixation in agriculture: application and 
perspectives, 
pp. 77–86.

Verma, A., Patidar, Y. and Vaishampayan, A. (2016). Isolation and purification of potassium 
solubilizing bacteria from different regions of India and its effect on crop's yield. Indian 
Journal of Microbiological Research, 3(4):483-488.

Xue, C., Schulte auf’m Erley, G., Ruecker, S.,Koehler, P., Obenauf, U. and Muhling, K.H. 
(2016). Late nitrogen application increased protein concentration but not baking 
quality of wheat. Journal of  Plant Nutrtion and Soil science, 179: 591-601

