
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 



 

 

  



 

 

  



 

 

 

 



 

 

 

  



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

  



 

 

  



 

 

  



 

 

  



 

 

Undertaking for submission of Ph. D. thesis 
 

 

I solemnly declare that research work presented in the thesis titled 

“Enhancement of iron and zinc bioavailability in finger millet 

(Eleusine coracana) using bacterial endophytes” is solely my research 

work with no significant contribution from any other person. Small 

contribution/help wherever taken has been duly acknowledged and that 

complete thesis has been written by me. 

I understand the zero-tolerance policy of the SWAMI RAMA 

HIMALAYAN UNIVERSITY (SRHU) towards plagiarism. Therefore, I 

as an Author of the above titled thesis declare that no portion of my thesis 

has been plagiarized and any material used as reference is properly 

referred/cited. 

I undertake that material of the thesis submitted in hard bound and soft 

copy are same and no alteration has been done. If found guilty in future 

University may take any action against me. 

I undertake that if I am found guilty of any formal plagiarism in the above 

titled thesis even after award of PhD degree, the University reserves the 

rights to withdraw/ revoke my PhD degree. 

 

 

Student/Author Signature 

Name: Km. Renu Chaudhary  

Roll No: SRHU21000004 

Address: Vill & post Meghakheri, 

District- Muzaffarnagar, 

Uttar Pradesh, Pin-251001 

 

 



 

Acknowledgements 

First and foremost, with all my grace and sincerity I thank All Mighty God for showering his 

blessings on me and giving such competency to fulfil the necessities of this valuable work. 

I wish to express my sincere gratitude and heartiest thanks to Dr. Vivek Kumar 

(Professor, Himalayan School of Biosciences), my research supervisor, for providing me 

such a life shaping opportunity to work with him. I feel blessed to have his graceful guidance, 

sincere direction, moral support, paternal blessings, and carefulness like a guardian. Although, 

the worth of this work will be examined by the experts, but the knowledge, experiences, skills, 

visionary approach, proficiency and punctuality that I gained in this period is the most valuable 

reward for my endeavour. His positive attitude, continuous appreciation and confidence 

building regarding my abilities and potency were the basis for the completion of this work. His 

patience and willingness to address my queries, no matter how trivial or complex, has been 

invaluable in refining the quality of this thesis. 

I would like to express my sincere gratitude to Dr. CS Nautiyal (Scientific Advisor, 

Himalayan School of Biosciences) for his invaluable guidance, unwavering support, and 

exceptional mentorship throughout my doctoral journey. His profound knowledge, insightful 

feedback, and keen interest in my research have been instrumental in shaping the trajectory of 

my work. 

Completing this PhD thesis would not have been possible without the generous support, 

mentorship, and encouragement from Dr. Sanjay Gupta, the esteemed Principal of the 

Department. His visionary leadership and commitment to academic excellence, constant 

motivation and guidance have been instrumental in shaping the academic environment that 

nurtured my research endeavours.  



 

I am deeply grateful to Dr. Vijay Kumar (Associate Professor, Himalayan School of 

Biosciences), whose expertise, guidance, and unwavering support have been invaluable in the 

successful completion of this PhD thesis. I would like to express my sincere appreciation for 

his keen insights, fresh perspectives, thoughtful critiques constructive feedback, and 

encouragement at every stage of this undertaking.  

My heartfelt thanks to Dr. S. K. Garg Director, and Ms. Nisha Dhillon (lecturer) at 

CAEHS, Meerut, for being an inspiration and their constant motivation encouraging me to 

move forward. 

I am deeply thankful to the entire faculty members, staff, teaching, and non-teaching 

members of Himalayan School of Biosciences, SRHU for their unwavering support and 

contributions throughout my doctoral journey. This thesis would not have been possible 

without the collective efforts and encouragement from each one of them.  

I would like to take this opportunity to extent my heartfelt thanks to all the faculty 

members of various departments who taught me during the course work session. My Ph.D. 

would not have started without the efforts put on by the course work faculties whose immense 

knowledge made it extremely easy for me to understand those subjects and pass my course 

work. 

I am deeply grateful for the invaluable support and camaraderie extended to me by my 

fellow research scholars, Megha Choudhary, Anjali Uniyal, Shweta Upadhyay throughout 

this challenging journey of pursuing my PhD. Their presence and encouragement have played 

a crucial role in shaping my research experience and personal growth.  

I am delighted to express my sincere gratitude to UCOST (Uttarakhand State Council 

for Science and Technology) for granting me the prestigious Junior Research Fellowship 

(JRF) opportunity to work on my PhD research project. This JRF opportunity has been a pivotal 



 

moment in my academic and professional journey, and I owe my sincere appreciation to the 

council for their invaluable support. 

I am deeply grateful to my parents (Shri Krishan Pal Singh, Smt. Mithlesh 

Choudhary), their presence in my life has been a constant source of inspiration and strength, 

and I owe my sincerest appreciation to them. To my mother, you have been my pillar of support. 

Your unconditional love, foregoes, and belief in my potential have been the driving force 

behind my pursuit of higher education and research. Thank you for being my biggest 

cheerleaders, and celebrating my successes. 

To my dear elder brother Sandeep Choudhary, I dedicate this PhD thesis with heartfelt 

gratitude. Your efforts, love, and support have been an integral part of my life's journey, and I 

am deeply thankful for the role you have played in shaping my growth and success.  

Last but not least, I would like to express my gratitude to my partner, Mr. Akhil 

Choudhary, whose exceptional support and steadfast patience throughout the highs and lows 

of my research journey have been invaluable. No words can adequately convey my thanks to 

him, and I am forever indebted to him for his unwavering support and encouragement. 

 

 

 

 

 

 

 



 

List of Figures 
 

 
 

Figure 

No 

Caption Page 

 

1.1. Various health benefits of finger millet 7 

1.2. Graphical abstract illustrating that finger millet endophytic bacteria 

improve zinc and iron content, enhancing crop quality and consumer 

health 

11 

2.1. Detailed internal morphology of finger millet grain. 16 

2.2. Average production percentage of millet by region from year 2011 to 

2021 

18 

2.3. Top ten nations in the world for millet production 18 

2.4. Major millet production in India: year 2021-2022 19 

2.5. Finger millet area, production and yield in India 21 

2.6. Finger Millet (Ragi) production in top ten states on India (2017-

2018) 

22 

2.7. Finger millets production in Uttarakhand, area, production, and yield. 23 

2.8. Mechanism of plant growth promoting bacterial endophytes for plant 

growth promotion 

46 

2.9. Bacterial endophytes aids in enhance the nutrient content in crop. 50 

4.1. Finger millet seeds (VL-348, VL-352, and PRM-1), and plants for 

the isolation of Endophytes. 

72 

4.2. Figure depicting the zinc phosphate, zinc carbonate, zinc oxide (a, b, 

and c respectively) solubilization on Tris minimum medium, and 

ferric phosphate solubilization (d) on modified basal medium. 

75 

4.3. Graphical representation for IAA production by bacterial endophytes 77 

4.4. Image depicting production of IAA by endophytes.  

Synthesis of HCN 

77 

4.5. HCN production by bacterial endophytes 78 

4.6. Ammonia production by endophytes 79 

4.7. Figure (a) depicting qualitative estimation of siderophore production 

on modified CAS agar medium, (b) quantitative siderophore 

80 



 

estimation, by bacterial endophytes. 

4.8. Qualitative phosphate solubilization of zinc and iron solubilizing 

endophytes 

81 

4.9. Organic acid production by bacterial endophytes 83 

4.10. Extra cellular enzyme production by iron and zinc solubilizing 

bacterial endophytes 

85-86 

4.11. Figure depicting biochemical characterization of bacterial endophytes    89 

4.12. gDNA loaded on 1% Agarose gel 91 

4.13. PCR products loaded on 1% Agarose gel 92 

4.14. Maximum likelihood approach used to reconstruct the phylogenetic 

tree of the isolate EC3B-22, Pseudomonas sp. using the Kimura 2-

parameter model 

93 

4.15. Maximum likelihood approach used to reconstruct the phylogenetic 

tree of the isolate EC3B-23, Priestia sp. using the Kimura 2-

parameter model 

94 

4.16. Effect of iron and zinc solubilizing endophytes on finger millet seed 

germination (PRM-1, VL-352, VL-348) 

99-100 

4.17. Impact of endophytic inoculation on plant height and root length of 

FM cultivars (VL-352, PRM-1, and VL-348), error bars denote the 

mean value ± SD of the experiment conducted in triplicates (control- 

uninoculated seeds, ZC- zinc carbonate, B1- EC3B-22; Pseudomonas 

bijieensis, B2- EC3B-23; Priestia megaterium) 

103 

4.18. Impact of endophytic inoculation on plant and root dry weight of FM 

cultivars (VL-352, PRM-1, and VL-348), error bars denote the mean 

value ± SD of the experiment conducted in triplicates (control- 

uninoculated seeds, ZC- zinc carbonate, B1- EC3B-22; Pseudomonas 

bijieensis, B2- EC3B-23; Priestia megaterium). 

104 

4.19. Impact of endophytic inoculation on zinc content of FM grains (VL-

348, VL-352, and PRM-1,), error bars indicate the mean value ± SD 

of the experiment conducted in triplicates (control- uninoculated 

seeds, ZC- zinc carbonate, B1- EC3B-22; Pseudomonas bijieensis, 

B2- EC3B-23; Priestia megaterium) 

106 

4.20. Impact of endophytic inoculation on zinc content of finger millet 107 



 

shoot and root (VL-348, VL-352, and PRM-1,), error bars indicate 

the mean value ± SD of the experiment conducted in triplicates 

(control- uninoculated seeds, ZC- zinc carbonate, B1, EC3B-22; 

Pseudomonas bijieensis, B2, EC3B-23; Priestia megaterium) 

4.21. Impact of endophytic inoculation on iron content of FM grains (VL-

348, VL-352, and PRM-1), error bars indicate the mean value ± SD 

of the experiment conducted in triplicates (control- uninoculated 

seeds, FP- ferric phosphate, B1- EC3B-22; Pseudomonas bijieensis, 

B2- EC3B-23; Priestia megaterium) 

109 

4.22. Impact of endophytic inoculation on iron content of finger millet 

shoot and root (VL-348, VL-352, and PRM-1), error bars indicate the 

mean value ± SD of the experiment conducted in triplicates (control- 

uninoculated seeds, FP- ferric phosphate, B1-EC3B-22; 

Pseudomonas bijieensis, B2-EC3B-23; Priestia megaterium. 

110 

4.23. Impact of endophytic inoculation on NPK content of FM grains (VL-

348, VL-352, and PRM-1), error bars represent the mean value ± SD 

of the experiment conducted in triplicates (control- uninoculated 

seeds, ZC- zinc carbonate, B1- EC3B-22; Pseudomonas bijieensis, 

B2- EC3B-23; Priestia megaterium). 

111 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

List of Tables 

 

 

Table 

No 

Title  Page 

2.1. Nutrient constituents of finger millet (Eleusine coracana) 25 

4.1. Qualitative zinc and iron solubilization by bacterial endophytes 

using three different insoluble zinc salts (ZnO. ZnCO3, and 

ZnPO4), and iron salt (FePO4) respectively 

    76 

4.2. Indole acetic acid, Phosphate solubilization, ammonia, hydrogen 

cyanide, and organic acid synthesis, by selected endophytic 

bacterial isolates. Mentioned pH values are at the period of 

organic acid synthesis. The values are the average of three 

replicates; and the values after ± signify the standard deviation. 

82 

4.3. Extra cellular enzyme production by bacterial endophytes     84 

4.4. Table depicted the stability of bacterial endophytes to Diverse 

abiotic stress 

87 

4.5. Morphological and biochemical characteristics of bacterial 

endophytes 

    90 

4.6. The bacterial isolates' accession numbers and identities of 

sequences (differences/total nucleotides) reveal their closest 

association with specific species. 

94 

4.7. Utilization and growth of endophytic bacteria on varied carbon, 

and nitrogen sources 

    96 

4.8. Effect of endophytes on seed germination percentage, plumule 

and radial length 

98 

 

 

 

 

 
 

 

 

 
 



 

LIST OF ABBREVIATIONS 
 

 

% Percent 

ACCD 1-aminocyclopropane-1-carboxylate deaminase 

ATCC American type culture collection 

BLAST Basic Local Alignment Search Tool 

BPB Bromophenol blue 

℃ Degree Celsius 

CAS Chrome azurol S 

CAS-HDTMA Chrome azurol S- Hexadecyltrimethylammonium bromide 

CFU Colony forming unit 

DNA Deoxyribose Nucleic Acid 

dNTP deoxy Nucleotide Triphosphate 

DTPA Diethylenetriaminepentaacetic acid  

DW Distilled water 

e- Electron  

ETC Electron transport chain 

FAO Food and Agriculture Organization 

Fe Iron  

FM Finger millet 

g Gram 

GI glycemic index 

HDTMA Hexadecyltrimethylammonium bromide 

His  Histidine  

HPLC High performance liquid chromatography 

hr hour 

Ile Isoleucine  

K cal Kilocalorie  

L Litre 

LAF Laminar airflow 

LB Luria-Bertani 

Leu Leucine  

Lys Lysine  



 

M Molar 

M Molar  

MEGA Molecular Evolutionary and Genetic Analysis 

Met Methionine  

mg Milligram 

Min Minutes  

mL Millilitre 

mm Millimetre 

mM Millimolar 

MTCC Microbial type Culture Collection 

N Normal  

NA Nutrient agar 

NaClO Sodium hypochlorite 

NB Nutrient broth  

NBRI-BPB National Botanical Research Institute-bromophenol blue 

NCBI National Centre for Biotechnology and Information 

nm Nanometre  

PCR Polymerase Chain Reaction 

Phe Phenylalanine  

RDF Recommended dose of fertilization 

rDNA ribosomal Deoxyribose nucleic Acid 

ROS Reactive oxygen species 

rpm Revolution per minute 

s Second  

SD Standard deviation 

SI Solubilization index 

sp. Species 

T Type 

Thr Threonine  

UNEP United Nations Environment Programme 

UV Ultraviolet  

v/v Volume/volume 

Val Valine  



 

vit Vitamin  

Zn Zinc  

ZSB Zinc solubilizing bacteria 

μg Microgram 

μl Microlitre 

 


