
 

Biogeochemical cycling of nitrogen in 
terrestrial ecosystems of India 

 
 

A THESIS 

Submitted for the Award of Ph.D. Degree of 

MOHANLAL SUKHADIA UNIVERSITY 

 

In the 

Faculty of Science 

By 

Niharika Sharma 

 

 

Under the Supervision of 

Dr. Sanjeev Kumar 
Associate Professor 

Geosciences Division 

Physical Research Laboratory, Ahmedabad, India 

 

 

DEPARTMENT OF CHEMISTRY 

MOHANLAL SUKHADIA UNIVERSITY 

UDAIPUR, INDIA 

2019 

 



 
 
 

CERTIFICATE 

 

 

I feel great pleasure in certifying that the thesis entitled “Biogeochemical 

cycling of nitrogen in terrestrial ecosystems of India” by Ms. Niharika Sharma 

has been completed under my guidance.  

She has completed the following requirements as per Ph.D. regulations of the 

University: 

(a) Completion of the Course Work as per the university rules. 

(b) Residential requirements of the university rules. 

(c) Regular submission of six monthly progress reports. 

(d) Presentation of her work in the Departmental Committee. 

(e) Publication of at least one research paper in a referred research journal. 

 

I am satisfied with the analysis of the data, interpretation of the results, and 

conclusions drawn. I recommend the submission of the thesis. 

 

 

 

 

Date: Dr. Sanjeev Kumar 
(Supervisor) 
Associate Professor 
Physical Research Laboratory 
Ahmedabad, India. 

 

 

 

Countersigned by 

 

 

 

Head of the Department 

Mohanlal Sukhadia University 

 



 

 

 

 

 

DECLARATION 

 

I, Ms. Niharika Sharma, D/o Mr. Amarnath Sharma, resident of A-3, PRL 

residences, Navrangpura, Ahmedabad - 380009, hereby declare that the 

research work incorporated in the present thesis entitled “Biogeochemical 

cycling of nitrogen in terrestrial ecosystems of India” is my own work and is 

original. This work (in part or in full) has not been submitted to any University 

or institute for the award of a degree or a diploma.  

I have properly acknowledged the material collected from secondary sources 

wherever required and I have run my entire thesis on the anti-plagiarism 

software namely “iThenticate”. 

I solely own the responsibility for the originality of the entire content. 

 

 

 

 

 

 

 

Date:  Niharika Sharma 

Place:  (Author) 

 

 
 
 
 
 
 
 
 



 

 

 

 

 

 

 

 

Dedicated to 

Papa 

 

 

 

 

 

 

 

 



 
i 

 

Acknowledgements 

My journey of PhD continuing since last five years has now come to an end; and 

finally, I am ready with my PhD thesis. The time spent at PRL has made me 

understand what my supervisor often says “You simply do not get a PhD degree, 

you have to earn it”. Writing this particular section of my thesis gives me immense 

pleasure to express my gratitude to the people who were directly or indirectly 

associated with this earning. 

First and foremost, I wish to express my deepest gratitude to my mentor, 

Dr. Sanjeev Kumar, for providing continuous support during my PhD. Working 

with Dr. Kumar was an invaluable experience. I have not only learned the art of 

doing research from him, but also to develop a positive attitude towards every 

problem which came across. I thank him for patiently correcting innumerable 

mistakes that I did while doing calculations and writing manuscripts. I owe my 

gratitude to him for giving me the freedom to work on new ideas and to 

experiment with the facilities in stable isotope lab. I also thank him for believing 

in me and encouraging me whenever I felt low. Discussions with him along with 

the words of constant encouragement helped me a lot in completing the thesis 

work. His enthusiasm, integral view on research and mission for providing high-

quality work, has made a deep impression on me. I really enjoyed working with 

him and cannot imagine a better mentor than him. 

Further, I express my sincere gratitude towards my DSC members, Dr. 

Arvind Singh and Dr. Lokesh K. Sahu, who have always guided me during my 

thesis progress and provided constructive remarks to my research work. I am 

thankful to Academic Committee members not only for their insightful comments 

and encouragement, but also for the hard questions which incented me to widen 

my research from various perspectives. I am very grateful to the Director: Prof. 

Anil Bhardwaj, Dean: Prof. P. Janardhan and Head of Academic Services: Dr. 

Bhushit Vaishnav for their constant support regarding university matters and 

international travel. I thank all my teachers in PRL; Prof. (Late) R. Ramesh, Prof. 

J. S. Ray, Prof. Sunil K. Singh, Dr. R. D. Deshpande, Dr. Vinay K. Rai, Dr. Neeraj 

Rastogi, Dr. Ravi Bhushan, Dr. Rangarajan, Dr. Anil Shukla, Dr. Naveen Juyal and 

Prof. Jay Banerjee for their informative lectures during the course work period. I 

thank Dr. Kuljeej K. Marhas for guiding me on a project during the course work. 

I thank Mr. R. A. Jani for informative discussions regarding mass spectrometer 

analyses in the stable isotope lab. I thank Ms. Sangeeta Verma and Aakash for 

their support and help in the lab. I also acknowledge the members of Geosciences 

division; Jaldhi, Mahesh, Bankim and Waghela Bhai for their support. I owe my 

thanks to people from different sections of PRL; workshop, purchase, accounts, 



 
ii 

 

library, computer center, administration, canteen, dispatch, CMG, dispensary, 

transport, and housekeeping for their help at various stages.  

This thesis would have been incomplete without the support of the 

collaborators who helped me in conducting soil sampling at various locations. I 

am specially thankful to Dr. V. Ramaswamy and Dr. Ashwini Kumar from NIO, 

Goa; Dr. Mahesh G. Thakkar and Dr. Seema Sharma from KSVV, Kutch; Dr. M. A. 

Hussain, Mr. Arvind Kumar, Mr. Arvind Jiyal and Mr. Surendra from WII 

Dehradun; and Dr. Hatha and Dr. Sudheesh V. Keolith from CUSAT, Cochin for their 

immense support during my field tours and sample collection. I am thankful to 

Nidhi, Gulshan and Unnikuttan for their lovely company during the field 

campaigns which made these field expeditions an adventure. I am deeply 

thankful to Dr. Sudheesh V. Keolith and Ms. Vidhi Patel for their help in nutrient 

concentration measurements and laboratory experiments. I am thankful to our 

collaborators Dr. N. K. Lenka and Dr. Sangeeta Lenka for enriching me with the 

knowledge of different aspects of isotope based research in the field of soil 

science. I am thankful to Dr. B. Ramakrishnan from IARI, Delhi for his guidance 

in clarifying my concepts regarding soil science. Mr. Manoj Tank and Mr. Pravin 

Warke also deserve a special thanks for solving the troubles associated with 

instruments and enriching me with the knowledge of instrumentation.  

 My special regards to my teachers as their imparting of knowledge at 

different stages of education has made it possible for me to see this day. Because 

of their kindness I feel, was able to reach a stage where I could write this thesis. 

My sincere thanks to Bhavna Ma’am, Dr. Santosh, Dr. Pingle, Dr. Gupta and Dr. 

Verma for sparking a love for research in me. I wish to thank Dr. Amrtiphale, Dr. 

Pooja and Chauhan Sir for encouraging me to pursue carrier in research. I am 

also thankful to the people at MLSU, Udaipur; Dr. Jyoti Chaudhary, Dr. P. B. 

Punjabi, Prof. Seema Malik, Prof. G. Soral, Prof. B. L. Ahuja, Sharma Ji, Jagadish 

Bhai and all others, whose immense corporation made my thesis to progress on 

time.  

I would also like to thank all my batch mates; Anil, Kiran, Sachin, 

Raghavendra, Bhavesh, Bharti, Soumik, Pradeep, Aman, Vishnu, Nijil and Ila for 

creating wonderful memories during my stay at PRL. My sincere thanks to all my 

dear seniors Rukmani, Satish, Navpreet, Venkatesh, Chandana, Bivin, Anirban, 

Shrema, Deepak, Ashim, Manishbhai, Lalit, Midhun, Trina, Shweta, Manu, Abhay, 

Damu, Priyanka, Monojjit, Naveen, Reddy, Laksmi, and others for their support 

and friendly gesture during my initial PRL years. I thank my little juniors in the 

lab, Gulshan, Abdur, Deepika, Atif, Himanshu, Siddhartha and Nazir for making 

the laboratory happening and enjoyable all the time. I wish to thank my juniors 

in PRL; Nidhi, Aarthy, Archita, Subir, Richa, Aashish, Aakanksha, Shefali, Shivangi, 

Harsh, Naman, Nisha, Sarika, Sovan, Deepak, Arvind, Rahul, Mansi, Milan, 



 
iii 

 

Partha, Amit and others. I also thank the summer trainees Sarita, Madhusmita, 

Aiswariya and Vidhi as it was because of them that I learned to guide a research 

project.    

A special mention of thanks to Arvind bhaiya, Pallavi Bhabhi, Ira, Monty, 

Ramanuj, Neha and Dheeru for making my life cheerful outside environment of 

research and researches. Their timely help and friendship shall always be 

remembered. Special thanks to Rupa, Bhavya di, Kiran, Shraddha, Lekshmy di 

and Ikshu for being great companions whom I will always cherish. I thank Manab 

da, Rupa and Bhavya di for being not just the seniors but a PRL family, supporting 

and guiding me at every step whenever I needed. I specially thank Kiran for 

patiently tolerating all my mood swings during the PhD, for the stimulating 

discussions, for the sleepless nights working together before deadlines, and for 

all the fun we have had in the last four years. I also owe special thanks to 

Akanksha (Golu), Siddhartha, Abdur and Nazir for their help in correcting and 

finalizing my thesis. I thank Dr. R. P. Singh for his support, care, thoughtful 

discussions, and words of encouragement. I also wish to thank Department of 

Space (DOS) and ISRO-GBP programme for the scholarship and support for my 

research. 

Last but not the least, I would like to thank my family for their constant love 

and support. It would not have been possible to complete my PhD without their 

trust in me. They always acted as the pillars of strength whenever I needed it. I 

thank my parents, husband and parents-in-law for believing in me more than I 

do and providing me moral and emotional support. I believe that blessings of my 

parents are always with me that drive me to complete this thesis. I am also very 

much grateful to all my family members for their constant inspiration and 

encouragement. My thesis would remain incomplete if I don’t express my love and 

thanks to my dear sister Golu who remained a constant source of encouragement 

and love. I want to give special thanks to my father, Mr. Amarnath Sharma, who 

has always looked out for my future and has guided me through life making me 

the person I am today. I owe my deepest gratitude to my husband, Pankaj, for his 

eternal support and understanding of my goals and aspirations. His infallible 

love and support has always been my strength. His patience and sacrifice will 

remain my inspiration throughout my life. 

 As always it is impossible to mention everyone who had an impact on this 

work. However, I wish to thank everyone without whom this accomplishment 

would not have been possible. Thank you all. 

-Niharika Sharma 



 
v 

 

Abstract 

Nitrogen is an essential element required to sustain life on this planet. In many 

ecosystems, nitrogen is a growth limiting nutrient; whereas in other 

ecosystems, excess amount of nitrogen is causing severe environmental 

problems. Therefore, in order to ascertain the movement and availability of 

nitrogen at global scale, studies focussed on understanding nitrogen 

transformation processes at ecosystem level are desirable. Use of stable 

isotopes can provide detailed insight into mechanisms of processes involved in 

nitrogen cycle along with quantification of their rates. To the best of our 

knowledge, studies focussed on understanding nitrogen transformation 

processes, particularly their gross rates, using stable isotope approach in soils 

of the Indian subcontinent are non-existent. In view of this, the aim of present 

thesis was to quantitatively understand biogeochemical cycling of nitrogen in 

terrestrial ecosystems of India by measuring gross rates of nitrogen 

transformation processes in soils of different climatic zones. The 15N isotope 

dilution technique was employed to estimate rates of nitrogen transformation 

processes in soils to gain better insights into nitrogen and carbon dynamics.  

 The experiments conducted in the montane soils of the Himalayas 

indicated significant increase in gross rates of nitrogen mineralization with 

increase in temperature. Change in temperature did not show significant 

change in gross nitrification rates, indicating low sensitivity of nitrifiers 

towards temperature change.  

Study of nitrogen cycling in soils from different land-types present in 

semi-arid region (Kutch, Gujarat) indicated cumulative effect of vegetation, 

moisture, and salinity on the soil microbial activity and nitrogen 

transformations in this region. However, analyses of different factors revealed 

salinity to be the principal regulator of nitrogen biogeochemistry in the region.   

 Rates of nitrogen transformation processes were measured in soils of 

the Western Ghats to understand nitrogen dynamics in tropical humid forest 

soils. Results indicated higher potential for nutrient consumption than their 
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production in these forest soils. The potential for consumption of ammonium 

was higher compared to nitrate indicating active nutrient conservation 

mechanism in these soils. Despite the higher consumption rates, accumulation 

of nitrogen was observed in soils of the Western Ghats suggesting significant 

contribution of external sources of nitrogen, such as atmospheric nitrogen 

deposition and biological nitrogen fixation, to the soil nitrogen pool of the 

Western Ghats. 

Effect of mono-plantation (rubber plantation) by replacing natural 

forested ecosystems on soil nitrogen dynamics was studied in soils of Kerala, 

India. Gross nitrogen mineralization and ammonium consumption were 

considerably lower in soils of the rubber plantation compared to the managed 

and unmanaged forests. This was attributed to change in tree species 

composition from mixed to mono-culture of rubber plants. Longer residence 

time of ammonium under rubber canopy also supported slow-down in N 

turnover due to conversion of mixed forest to mono-plantation.  

Assessment of stable isotopic compositions of soils collected from 

different climatic zones of India showed soils from semi-arid climate to be 

enriched in the heavier isotopes of carbon and nitrogen compared to soils from 

the humid climate, possibly due to low organic matter content and relatively 

disproportionate mineralization. Results indicated that change in climatic 

conditions experienced by soils under different climate has the potential to 

significantly control the organic matter dynamics.  

Overall, soils collected from different locations showed decrease in 

nitrogen transformation rates with depth indicating lowering in microbial 

activity in the deeper soils. Mineralization of organic matter was susceptible to 

change in surrounding conditions, whereas nitrification was relatively 

unaffected by climatic factors such as temperature and moisture. Ammonium 

immobilization was the major pathway for ammonium consumption 

compared to nitrification.  

Keywords: Mineralization, Nitrification, Tropical soils, 15N isotope dilution, 

Terrestrial nitrogen cycle.  
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