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MUJ organizes afforestation and biodiversity conservation drives 
within the campus. The university’s eco-club organizes tree plantation 
drives, and initiatives to preserve flora and fauna of the region are 
actively encouraged. Research on sustainable agricultural and 
conservation practices are promoted, demonstrating commitment 
towards terrestrial ecosystems conservation and biodiversity. 
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ACADEMICS 



Program/Courses offered in



Sr. No. Course code Name of course Web link of Scheme 
1 HA1131 Food Production Lab -I https://jaipur.manipal.edu/conten

t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

2 HA1201 Food Production 
Foundation -II 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

3 HA1231 Food Production Lab -II 0 https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

4 HA2103 Accommodation 
Management -I 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

5 HA2202 Food &. Beverage 
Management 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

6 HA2133 Accommodation 
Management Lab 0 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

7 HA1203 Travel Agency & Tour 
Operations 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

8 HA4101 Safety, Security and Travel 
Documentation 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 

9 HA4102 Hospitality Organizational 
Behavior 

https://jaipur.manipal.edu/conten
t/dam/manipal/muj/fom/docume
nts/hotelmanagement-
eventlist/BHM%20Course%20Struct
ure_2023-27.pdf 
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● Introduction of the Event 

 
ENVIRO CLUB organized a ‘MENSTRUAL HYGIENE AND HEALTH’ on the 2nd of 

November 2023. To debunk all the myths and raise awareness for proper hygiene and proper use 

of sanitary pads.  

 

This event is arranged to break the stigma and form a supporting community.  

This event is a collaboration with “Saukhyam” an organization for reusable pads and an initiative 

started by Sri Mata Amritanandamayi Devi. 

 

 
● Objectives of the Event 

 



● To raise awareness about menstrual hygiene, debunk myths, and promote the use of 

sustainable sanitary products like reusable pads. It's also aimed at creating a supportive community 

where these topics can be openly discussed. A truly commendable initiative 

 

● Primarily, it aims to debunk myths surrounding menstrual hygiene, promoting proper 

sanitary practices. It also seeks to break societal stigmas and create a supportive community where 

these topics can be discussed openly. Lastly, by partnering with "Saukhyam", the event promotes 

the use of reusable pads, contributing to environmental sustainability. It's an all-round initiative 

for health, awareness, and environment. 

 

● To empower people with knowledge and understanding about menstrual hygiene, 

which is often misunderstood or misrepresented in society. By providing factual and practical 

information, the event could help to change attitudes and behaviors, leading to better health 

outcomes and greater equality. And let's not forget the environmental aspect - by promoting 

the use of reusable pads, the event is also contributing to the fight against plastic waste and 

promoting sustainability.  

● Beneficiaries of the Event 

 
● MUJ students and Staff 

 
● Brief Description of the event 

 
On the 2nd of November, 2023, the Enviro Club organized a comprehensive workshop on 

Menstrual Health and Hygiene at Venue AB1, 105. The event featured various segments, 

including the formal welcome of esteemed guests and attendees, followed by the introduction of 

Saukhyam and its representative, Ms. Divya Rai. 

 

During her presentation, Ms. Rai enlightened the audience about the paramount importance of 

menstrual health. She provided insights into Saukhyam's unique approach to manufacturing eco-

friendly and biodegradable menstrual pads, utilizing banana fiber. Emphasizing their 

commitment to sustainability, Ms. Rai highlighted the absence of harmful chemicals in 

Saukhyam pads. 

 

Furthermore, Ms. Rai elucidated the intricate process involved in crafting these pads and offered 

detailed instructions on their correct usage. The informative session aimed at raising awareness 

about sustainable menstrual products proved to be educative for both staff members and students 

in attendance. 

 

Taking the initiative a step further, Ms. Divya Rai, in collaboration with Dr. Monika Sogani, the 

faculty coordinator of Enviro Club, decided to randomly distribute samples of Saukhyam pads 



among the audience. This strategic move aimed to encourage firsthand experiences and gather 

genuine feedback from the participants, fostering a dialogue on the efficacy of sustainable 

sanitary options. 

 

In summary, the Menstrual Health and Hygiene workshop hosted by the Enviro Club served as 

a platform for introducing Saukhyam and promoting awareness about eco-friendly menstrual 

pads. The event not only contributed to the dissemination of crucial information but also allowed 

for practical engagement through the distribution of samples, benefiting both the academic 

community and staff members alike. 

 

● Photographs 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 

 

● Brochure or Creative of the Event 

 

 



 

 



 

 



 
 

● Schedule of the event 

2nd November 2023 from 11:30 AM onwards 

● Attendance of the event:  

 

 

 

 
and all female MIS staff of MUJ (Approx 100). 
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1. Introduction of the Event  

The Biotech Club, Manipal University Jaipur organized an online Bio wellness session on 

9th September’23. The convenor – Dr. Mousumi Debnath, Faculty Coordinator, Biotech Club, 

invited: Mr. Surendra K Chikara, founder and CEO of Bione Ventures Pvt. Ltd., Bengaluru, 

Mr. Prabhat Nath Jha, professor, BITS Pilani. 

This Bio wellness session was organised for students to understand the importance of gut 

microbes in human health and diseases caused by them. Measures for keeping the body 

healthy and be deprived of diseases were discussed in meeting.  

2. Objectives of the Event  

• To increase the awareness about the various microbes found inside the human body, 

especially the gut and their roles in human health and how can they affect humans due 

to poor and malnourished diet.  

• To discover how minor dietary adjustments can elevate the quality of these 

microorganisms serves as a catalyst, inspiring students to embrace healthier dietary 

choices and cultivate a wholesome lifestyle 

• To understand the measures implemented to maintain body and keep state of mind 

healthy 

• Understanding the wellness of gut and its environment and with help of an online test 

called “MyMicroBiome Test”  

3. Beneficiaries of the Event  

• MUJ students  

•  BITS PILANI students  

4. Brief Description of the event  

The Biotech Club at Manipal University Jaipur successfully hosted an enlightening 

online webinar titled "Importance Of Gut Microbes in Human Health and Diseases," 

skillfully guided by our esteemed faculty coordinator, Dr. Mousumi Debnath, from the 

Department of Biosciences. We were honored to welcome the distinguished guest, Mr. 

Surendra K Chikara, who graced the event with his expertise. The session commenced 

with an insightful opening address by Dr. Mousumi, setting the stage for an engaging 

and informative gathering. Dr. Surendra then assumed the role of guest lecturer, sharing 

his expertise and knowledge with our students.  

He delivered a comprehensive presentation, elucidating the pivotal role of gut microbes 

in human health and disease. Dr. Surendra delved into the diverse array of microbes 

residing within the human body and the intricate relationship they share with our dietary 

choices. He expounded on the profound connections between gut microbes, diabetes, 

and obesity, emphasizing the transformative potential of personalized dietary 

recommendations in rejuvenating gut health. Dr. Surendra also introduced us to the 

innovative concept of the MyMicroBiome Test, a tool for analyzing gut health and 

tailoring balanced diets to maintain its well-being.  

The session culminated in an engaging Q&A session, where Dr. Surendra K Chikara 

addressed students' inquiries, covering topics such as nutrition, gut health-related health 

issues, and dietary recommendations for nurturing and sustaining a healthy gut. In 
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closing, heartfelt gratitude was extended to all participants, speakers, and organizers for 

their invaluable contributions.  

The online webinar proved to be an enriching and informative guide to holistic health, 

leaving a lasting impact on all those who attended. 

5. Photographs 

 

Figure 1 Introduction to Speakers 

 

Figure 2 Explanation of topic by Dr. Surendra K Chikara 



 5 

 

Figure 3 Presentation by Mr. Chikara 

 

Figure 4  Final address/ Vote of thanks 
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6. Brochure or Creative of the Event 
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7. SCHEDULE OF THE EVENT: 

The event was on the 9th September 2023 from 4:00 AM- 5:30 PM on Google Meet. 

 8. ATTENDANCE OF THE EVENT: 

S.No. Name Registration No. 

1.  Anshulika Saxena  211002053 

2. Prachi Jain 221002016 

3. Anvarshu Gopal 211002011 

4. Anuj Kumar  221002063 

5. Divyanshu Joshi  221002056 

6. Arindam Yadav  221003015 

7. Anshi Agarwal  211002008 

8. Yashvardhan Gupta 221002012 

9. Tanya Barua  221002065 

10. Mohammad Aman  221003012 

11. Poorvi Sharma  221002074 

12. Vaishali Shahi  23FS10BIO00056 

13. Tushar Pareek  23FS10BIO00040 

14. Aishwarya Jaiswal  23FS20MBO00014 

15. Pari Tayal  23FS10BIO00049 

16. Simran maharshi 23FS20MBO00022 

17. Garima 23FS20MBO00011 

18. Nikita 23FS20MBO00018 

19. Prashant pradhan 23FS20MBO00015 

20. Tanishka 23FS10BIO00048 
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21. Riya ranjan 23FS10MIC00009 

22. Akshara Alex 23FS10BIO00022 

23. Priya Agarwal 23FS10BIO00042 

24. Pragya Chauhan 23FS10BIO00006 

25. Kanushree Rathore 23FS10BIO00055 

26. Juhi Garg 23FS10BIO00036 

27. Aishwarya Rai Saxena  23FS10BIO00065 

28. Radhika Rathore 23FS20MBO00008 

29. Lavanya 23FS20MBO00002 

30. Faizan Khan 23FS10BIO00009 

31. Shreyas M Iyer 2020PHXF0005P 

32. Simran Khushwaha  2018PHXF0406P 

33. Muskan Yadav 211002040 

34. Rochita Bani 211002039 

35. Samrat Banerjee 211003008 

36. Priya sharma 2023PHXP0001P 

37. Abhimanyu kumar 2023PHXP0002P 

38. Shivani Tiwari 211002002 

39. Sakshi Gupta 2023H1290008P 

40. Dikshita Aneja 231051005 

41. Siddharth 2020B1A31392P 

42. Yasaswini Reddy S 2020B1A71892P 

43. Harsh khandan 2020B1A40601P 

44. Anisha Saini f2021B1TS2072P 
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45. Ayush 2020B1A70623P 

46. Archi Jain 2020B1A71380P 

47. Ameya Aglawe 2020B1A41913P 

48. Suhani Gupta 23FE10CSB00027 

49. Adya 23FS10BIO00067 

50. Sahil Kumar 23FS10BIO00046 

51. Namrata Yadav 23FS10BIO00032 

52. Anukriti sharma 23FS10BIO00052 

53. Ragini Singh Thakur 23FS10BIO00051 

54. Akash Chandra 211002036 

55. Avyakt Garg 2020B1A71902P 

56. Sahaj Tandi 2020B1A31904P 

57. Sylvia Parveen 211003009 

58. Anushka Singh 211002003 

59. Divya  211002056 

60. Gourav verma 2FS10BIO00017 

61. Kashish jain 230115700 

62. Gaurav Jetlie 23FS10MIC00003 

93. Thati Ameta 23FS10BIO00031 

64. Abhishek 2020B1A81914P 

65. Saksham Kumar 23FS10BIO00059 

66. Rohan Sharda  2020B1A31610P 

67. Nitya gupta 23FS10BIO00039 

68. Jaspreet Marwaha 23FS10MIC00011 
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69. Tejas Sangale 23FE10BTE00034 

70. Aditi Mukherjee 230106036 

71. Garima 230111382 

72. Asmi Dhadiwal 23FE10BTE00013 

73. Sheryl 23FS10BIO00021 

74. Krishnendra Singh 23FS10BIO00014 

75. Soumya 23FS10BIO00002 

76. Sakshi Nirmal 211002060 

77. Stephenie Namchyo 230108439 

78. Bhumika Agarwal 23FS10MIC00010 

79.  Arun Ramanathan 2020B1A41907P 

80.  Ishpreet Singh 2020B1A40651P 

81.  Nihal Panchal 23FS10BIO00010 

82.  Shivali Sharma 23FS10MIC00012 

83.  Jayraj Kuntal 23FS10BIO00018 

84. Samarth Trivedi 2020B1A71605P 

85. Gautam chikkara MT230007 

86. Vanisha Sharma 230201821 

87. Harshita 211003011 

88. Smita Dey 2019PHXF0419P 

89. Sanyam Gupta 2020B1A31910P 

90. Mona singh 23FS10BIO00035 

91. Avinash Gautam RU2119424 

92. Jyoti yadav BU0210257546 
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93. Gargi 23FS20MBO00026 

94. Anirudha Kumar Sahu 2018PHXF0408P 

95. Deeya Pradhan  23FS10BIO00023 

96. Jigyasha Rishu 23FS10BIO00012 

97. Mariyam khan 23FS10BIO00027 

98. Soubhik Ghosh  221002009 

99. Aditi Rathore  221002036 

100. Tanisha Singh 221002003 

 

9.POST EVENT LINK: 

https://meet.google.com/okc-uans-dpd 

        

         Anshulika Saxena                 Dr. Mousumi Debnath 

   President, Biotech Club MUJ                                        School of Basic Sciences 

Signature of the Student Coordinator                 Signature of the Faculty Coordinator 
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1. Introduction of the Event  

The Department of Interior Design, Faculty of Design at Manipal University Jaipur 

organized a Kokedama Workshop on 22.11.2023, as a part of the curriculum for 3rd-

year B.Des (ID) students. This workshop was conducted under the subject Interior 

Landscape (ID3105) to provide students with a practical, hands-on experience in the art 

of preparing Kokedamas. Along with 3rd year B. Des students, this workshop is open for 

all Manipal University Jaipur students (Diploma, Undergraduate and Postgraduate), 

Research Scholars, Academicians, Faculty Housing Women, And Industry Professionals 

with fees of Rs 300/- that included all the materials. 

An introduction and demonstration to Kokedama was given by Ms. Geeta Ahluwalia, 

General Secretary, Kitchen Garden Association, Jaipur. Kitchen Garden Association is an 

all women lead non-profit organisation in Jaipur. Ar. Sneh Singh (HoD Interior Design) 

along with Ar. Megha Prabhu K (Asst. Professor, Interior Design) conducted a hands-on 

‘Make & Take’ Kokedama Workshop.  

2. Objective of the Event  

• Provide 3rd-year B. Des (ID) students with a hands-on experience in the preparation 

of Kokedamas. 

• Enhance the understanding of interior landscaping principles among participants and 

foster practical skills in crafting Kokedamas, focusing on plant selection, soil 

composition, and wrapping techniques. 

• Facilitate knowledge exchange and collaboration among participants from diverse 

academic backgrounds, including students, research scholars, academicians, and 

industry professionals. 

• Encourage creativity and innovation in Interior Design through the exploration of 

Japanese moss ball planters. 

• Provide a platform for participants to engage in a Q&A session, allowing for a deeper 

understanding of the art of Kokedama. 

• Create a supportive and inclusive learning environment for all attendees, fostering a 

sense of community and collaboration within Manipal University Jaipur. 
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3. Beneficiaries of the Event 

The workshop was open to a diverse audience, including 3rd-year B.Des(ID) students, 

students from other programs (Diploma, Undergraduate, and Postgraduate) at Manipal 

University Jaipur, research scholars, academicians, Faculty Housing Women, and industry 

professionals. The inclusive nature of the workshop aimed to foster collaboration and 

knowledge exchange among participants. 

4. Details of the Guests  

The honoured guest for the event was Ms. Geeta Ahluwalia, the Secretary of the Kitchen 

Garden Association Jaipur. Kitchen Garden Association is an all women lead non-profit 

organisation in Jaipur. Ms. Ahuwalia's expertise in the field brought a valuable perspective 

to the workshop, and her presence added significant value to the overall learning 

experience for the participants. 

5. Brief Description of the event  

The Kokedama workshop provided a unique opportunity for participants to explore the 

creative and technical aspects of crafting Kokedamas, which are Japanese moss ball 

planters. The event kicked off with a warm welcome to all attendees, followed by an 

insightful introduction to the art of Kokedama and its relevance in interior design. 

Participants were guided through the step-by-step process of creating their own 

Kokedamas, emphasizing the selection of suitable plants, soil composition, and wrapping 

techniques. Ms. Ahuwalia shared her expertise and provided practical tips, enriching the 

learning experience for everyone involved. 
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6. Photographs of the Event      

 

Introduction and Demonstration given by Expert, Ms. Geeta Ahluwalia 

 

  

 

 

 

 

 

 

 

 

 

 

 

Demonstration of Kokedama given by Expert, Ms. Geeta Ahluwalia

 
Participants showcasing their works 
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7. Poster of the event 
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8. Schedule of the event 

 

‘Make & Take’ 
Kokedama Workshop 

22 November 2023, Wednesday 

Porch Area, 1st Floor, Administration Building, MUJ 

Time  Event  
09:30 am Registration and Reporting  

10:30 am Welcome address by Ar. Megha Prabhu Karkala 
Introduction of the Guest  
Adress by Dean, Prof. (Dr.) Madhura Yadav, Dean, FoD  

10:45 am Expert Lecture and Introduction to Kokedama by Ms. Geeta Ahuwalia 

11:00 am Practical Session: Crafting Kokedamas 

11:30 am Making Kokedamas by students  

12:45 pm Completion of Kokedamas and Q&A Session 

01:00 pm Felicitation of Ms. Geeta Ahuwalia and Closing Remarks 

01:15 pm Group Photographs and Exhibition of Students works  
 

9. Attendance of the Event  

Sl.No  Participate Name Participant Deparment  
Registration 
No. 

1 Kashish Kriplani Student B.Des (Interior Design) 210606041 

2 Kartik Totla Student B.Des (Interior Design) 210606011 

3 Aakash Singh Student B.Des (Interior Design) 210501007 

4 Garima Vijaycharan Student B.Des (Interior Design) 210606021 

5 Kumari Anjali Student B.Des (Interior Design) 210606008 

6 Himanshi Sharma Student B.Des (Interior Design) 210606028 

7 Esha Giri Student B.Des (Interior Design) 210606031 

8 Anisha Chopra Student B.Des (Interior Design) 210606020 

9 Rutu Shah Student B.Des (Interior Design) 210606007 

10 Anushka Rai Student B.Des (Interior Design) 210606019 

11 Rishika Student B.Des (Interior Design) 210606029 

12 Paridhi Verma Student B.Des (Interior Design) 210606017 

13 Naman Student B.Des (Interior Design) 210606013 

14 Diya Ramchandani Student B.Des (Interior Design) 210606039 

15 Krishangee Goyal Student B.Des (Interior Design) 210606026 

16 Avinash Yadav Student B.Des (Interior Design) 210606047 

17 Himanshi Yadav Student B.Des (Interior Design) 210606014 

18 Hridyanshi Vyas Student B.Des (Interior Design) 210606018 

19 Khushi Bhargava Student B.Des (Interior Design) 210606010 

20 Madhu Tanwar Student B.Des (Interior Design) 210606027 

21 Riddhi Agarwal Student B.Des (Interior Design) 210606038 

22 Michelle Earnest Student B.Des (Interior Design) 210606043 
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23 Pooja Jain Student B.Des (Interior Design) 23fd10bid00020 

24 Shreshtha Gaur Student B.Des (Interior Design) 210606012 

25 Geetika Gupta Student B.Des (Interior Design) 210606037 

26 Manya Agarwal Student B.Des (Interior Design) 210606015 

27 Riya Student B.Des (Interior Design) 210606035 

28 Ananya Thakan Student B.Des (Interior Design) 210606006 

29 Devanshi Jain Student B.Des (Interior Design) 210606046 

30 Drishti Sharma Student B.Des (Interior Design) 210606045 

31 Sejal Sharma Student B.Des (Interior Design) 210606023 

32 Samarth Gandhi Student B.Des (Interior Design) 210606003 

33 Saija Tanya Student B.Des (Interior Design) 210606044 

34 Garvit Garg Student B.Des (Interior Design) 210606001 

35 Shruti Dubey Student B.Des (Interior Design) 210606022 

36 Keshav Katta Student B.Des (Interior Design) 210606005 

37 Grishma Korjani Student B.Des (Interior Design) 210606016 

38 Shweta Sharma Non-Teaching Staff Non- Teaching Staff  MUJ1134 

39 
Megha Prabhu 
Karkala Assistant Professor  Faculty of Design MUJ1434 

40 Smriti Saraswat Assistant Professor  Faculty of Design MUJ1248 

41 Dr. Shilpi Gupta Assistant Professor  
Department of 
Economics MUJ0403 

42 Malini G Prabhu 
Faculty Housing 
Member Faculty Housing Member NA 

43 Rajendar Kumar Non-Teaching Staff GSA MUJ1300 

44 Reetika Choudary  Non-Teaching Staff Admission Department  MUJ1406 

45 Priyanka Samarth  Non-Teaching Staff Admission Department  MUJ1408 

46 Panchami Sharma  Non-Teaching Staff HR Department  MUJ11002438 

47 Kusuma Jinka 
Faculty Housing 
Member Faculty Housing Member NA 

48 Madan  Non-Teaching Staff GSA   

49 Gopal  Non-Teaching Staff GSA   

50 Kush Jee Kamal Assistant Professor  Faculty of Design MUJ1714 

51 Man Mohan Mehta Non-Teaching Staff Admission Department  MUJ0170 
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10. Link of MUJ social media page 

LinkedIn: https://www.linkedin.com/feed/update/urn:li:activity:7134914090002526208 
Facebook:  

• https://www.facebook.com/share/p/veNm8xBHeCEpUkJh/?mibextid=WC7FNe 

• https://www.facebook.com/share/p/SESHp8BN95zt4VCP/?mibextid=WC7FNe 
Instagram:  

• https://www.instagram.com/p/C0JntI-

LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA== 

• https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=

MzRlODBiNWFlZA== 
 

 

https://www.linkedin.com/feed/update/urn:li:activity:7134914090002526208
https://www.facebook.com/share/p/veNm8xBHeCEpUkJh/?mibextid=WC7FNe
https://www.facebook.com/share/p/SESHp8BN95zt4VCP/?mibextid=WC7FNe
https://www.instagram.com/p/C0JntI-LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0JntI-LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
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1. Introduction of the Event  

The Department of Interior Design, Faculty of Design at Manipal University Jaipur 

organized a Kokedama Workshop on 22.11.2023, as a part of the curriculum for 3rd-

year B.Des (ID) students. This workshop was conducted under the subject Interior 

Landscape (ID3105) to provide students with a practical, hands-on experience in the art 

of preparing Kokedamas. Along with 3rd year B. Des students, this workshop is open for 

all Manipal University Jaipur students (Diploma, Undergraduate and Postgraduate), 

Research Scholars, Academicians, Faculty Housing Women, And Industry Professionals 

with fees of Rs 300/- that included all the materials. 

An introduction and demonstration to Kokedama was given by Ms. Geeta Ahluwalia, 

General Secretary, Kitchen Garden Association, Jaipur. Kitchen Garden Association is an 

all women lead non-profit organisation in Jaipur. Ar. Sneh Singh (HoD Interior Design) 

along with Ar. Megha Prabhu K (Asst. Professor, Interior Design) conducted a hands-on 

‘Make & Take’ Kokedama Workshop.  

2. Objective of the Event  

• Provide 3rd-year B. Des (ID) students with a hands-on experience in the preparation 

of Kokedamas. 

• Enhance the understanding of interior landscaping principles among participants and 

foster practical skills in crafting Kokedamas, focusing on plant selection, soil 

composition, and wrapping techniques. 

• Facilitate knowledge exchange and collaboration among participants from diverse 

academic backgrounds, including students, research scholars, academicians, and 

industry professionals. 

• Encourage creativity and innovation in Interior Design through the exploration of 

Japanese moss ball planters. 

• Provide a platform for participants to engage in a Q&A session, allowing for a deeper 

understanding of the art of Kokedama. 

• Create a supportive and inclusive learning environment for all attendees, fostering a 

sense of community and collaboration within Manipal University Jaipur. 
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3. Beneficiaries of the Event 

The workshop was open to a diverse audience, including 3rd-year B.Des(ID) students, 

students from other programs (Diploma, Undergraduate, and Postgraduate) at Manipal 

University Jaipur, research scholars, academicians, Faculty Housing Women, and industry 

professionals. The inclusive nature of the workshop aimed to foster collaboration and 

knowledge exchange among participants. 

4. Details of the Guests  

The honoured guest for the event was Ms. Geeta Ahluwalia, the Secretary of the Kitchen 

Garden Association Jaipur. Kitchen Garden Association is an all women lead non-profit 

organisation in Jaipur. Ms. Ahuwalia's expertise in the field brought a valuable perspective 

to the workshop, and her presence added significant value to the overall learning 

experience for the participants. 

5. Brief Description of the event  

The Kokedama workshop provided a unique opportunity for participants to explore the 

creative and technical aspects of crafting Kokedamas, which are Japanese moss ball 

planters. The event kicked off with a warm welcome to all attendees, followed by an 

insightful introduction to the art of Kokedama and its relevance in interior design. 

Participants were guided through the step-by-step process of creating their own 

Kokedamas, emphasizing the selection of suitable plants, soil composition, and wrapping 

techniques. Ms. Ahuwalia shared her expertise and provided practical tips, enriching the 

learning experience for everyone involved. 

 

 

 

 

 

 

 



 

Page 5 of 9        Make & Take- Kokedama Workshop 

 

6. Photographs of the Event      

 

Introduction and Demonstration given by Expert, Ms. Geeta Ahluwalia 

 

  

 

 

 

 

 

 

 

 

 

 

 

Demonstration of Kokedama given by Expert, Ms. Geeta Ahluwalia

 
Participants showcasing their works 
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7. Poster of the event 
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8. Schedule of the event 

 

‘Make & Take’ 
Kokedama Workshop 

22 November 2023, Wednesday 

Porch Area, 1st Floor, Administration Building, MUJ 

Time  Event  
09:30 am Registration and Reporting  

10:30 am Welcome address by Ar. Megha Prabhu Karkala 
Introduction of the Guest  
Adress by Dean, Prof. (Dr.) Madhura Yadav, Dean, FoD  

10:45 am Expert Lecture and Introduction to Kokedama by Ms. Geeta Ahuwalia 

11:00 am Practical Session: Crafting Kokedamas 

11:30 am Making Kokedamas by students  

12:45 pm Completion of Kokedamas and Q&A Session 

01:00 pm Felicitation of Ms. Geeta Ahuwalia and Closing Remarks 

01:15 pm Group Photographs and Exhibition of Students works  
 

9. Attendance of the Event  

Sl.No  Participate Name Participant Deparment  
Registration 
No. 

1 Kashish Kriplani Student B.Des (Interior Design) 210606041 

2 Kartik Totla Student B.Des (Interior Design) 210606011 

3 Aakash Singh Student B.Des (Interior Design) 210501007 

4 Garima Vijaycharan Student B.Des (Interior Design) 210606021 

5 Kumari Anjali Student B.Des (Interior Design) 210606008 

6 Himanshi Sharma Student B.Des (Interior Design) 210606028 

7 Esha Giri Student B.Des (Interior Design) 210606031 

8 Anisha Chopra Student B.Des (Interior Design) 210606020 

9 Rutu Shah Student B.Des (Interior Design) 210606007 

10 Anushka Rai Student B.Des (Interior Design) 210606019 

11 Rishika Student B.Des (Interior Design) 210606029 

12 Paridhi Verma Student B.Des (Interior Design) 210606017 

13 Naman Student B.Des (Interior Design) 210606013 

14 Diya Ramchandani Student B.Des (Interior Design) 210606039 

15 Krishangee Goyal Student B.Des (Interior Design) 210606026 

16 Avinash Yadav Student B.Des (Interior Design) 210606047 

17 Himanshi Yadav Student B.Des (Interior Design) 210606014 

18 Hridyanshi Vyas Student B.Des (Interior Design) 210606018 

19 Khushi Bhargava Student B.Des (Interior Design) 210606010 

20 Madhu Tanwar Student B.Des (Interior Design) 210606027 

21 Riddhi Agarwal Student B.Des (Interior Design) 210606038 

22 Michelle Earnest Student B.Des (Interior Design) 210606043 
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23 Pooja Jain Student B.Des (Interior Design) 23fd10bid00020 

24 Shreshtha Gaur Student B.Des (Interior Design) 210606012 

25 Geetika Gupta Student B.Des (Interior Design) 210606037 

26 Manya Agarwal Student B.Des (Interior Design) 210606015 

27 Riya Student B.Des (Interior Design) 210606035 

28 Ananya Thakan Student B.Des (Interior Design) 210606006 

29 Devanshi Jain Student B.Des (Interior Design) 210606046 

30 Drishti Sharma Student B.Des (Interior Design) 210606045 

31 Sejal Sharma Student B.Des (Interior Design) 210606023 

32 Samarth Gandhi Student B.Des (Interior Design) 210606003 

33 Saija Tanya Student B.Des (Interior Design) 210606044 

34 Garvit Garg Student B.Des (Interior Design) 210606001 

35 Shruti Dubey Student B.Des (Interior Design) 210606022 

36 Keshav Katta Student B.Des (Interior Design) 210606005 

37 Grishma Korjani Student B.Des (Interior Design) 210606016 

38 Shweta Sharma Non-Teaching Staff Non- Teaching Staff  MUJ1134 

39 
Megha Prabhu 
Karkala Assistant Professor  Faculty of Design MUJ1434 

40 Smriti Saraswat Assistant Professor  Faculty of Design MUJ1248 

41 Dr. Shilpi Gupta Assistant Professor  
Department of 
Economics MUJ0403 

42 Malini G Prabhu 
Faculty Housing 
Member Faculty Housing Member NA 

43 Rajendar Kumar Non-Teaching Staff GSA MUJ1300 

44 Reetika Choudary  Non-Teaching Staff Admission Department  MUJ1406 

45 Priyanka Samarth  Non-Teaching Staff Admission Department  MUJ1408 

46 Panchami Sharma  Non-Teaching Staff HR Department  MUJ11002438 

47 Kusuma Jinka 
Faculty Housing 
Member Faculty Housing Member NA 

48 Madan  Non-Teaching Staff GSA   

49 Gopal  Non-Teaching Staff GSA   

50 Kush Jee Kamal Assistant Professor  Faculty of Design MUJ1714 

51 Man Mohan Mehta Non-Teaching Staff Admission Department  MUJ0170 
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10. Link of MUJ social media page 

LinkedIn: https://www.linkedin.com/feed/update/urn:li:activity:7134914090002526208 
Facebook:  

• https://www.facebook.com/share/p/veNm8xBHeCEpUkJh/?mibextid=WC7FNe 

• https://www.facebook.com/share/p/SESHp8BN95zt4VCP/?mibextid=WC7FNe 
Instagram:  

• https://www.instagram.com/p/C0JntI-

LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA== 

• https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=

MzRlODBiNWFlZA== 
 

 

https://www.linkedin.com/feed/update/urn:li:activity:7134914090002526208
https://www.facebook.com/share/p/veNm8xBHeCEpUkJh/?mibextid=WC7FNe
https://www.facebook.com/share/p/SESHp8BN95zt4VCP/?mibextid=WC7FNe
https://www.instagram.com/p/C0JntI-LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0JntI-LnvS/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
https://www.instagram.com/p/C0Jwf4orIKQ/?utm_source=ig_web_copy_link&igshid=MzRlODBiNWFlZA==
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Manipal University Jaipur 2021 to 2023

Entity: Manipal University Jaipur ·  Within: All subject areas (ASJC) ·  Year range: 2021 to 2023 ·  Data source:
Scopus, up to 30 Oct 2024

Summary for Manipal University Jaipur 15

Research performance within SDG 15: Life on Land (2023)

33
Scholarly Output 

1.71
Field-Weighted Citation Impact

3
International Collaboration 

573
Views Count

388
Citation Count 

9 11
3.18 1.71

2 0



Entity: Manipal University Jaipur ·  Within: All

subject areas (ASJC) ·  Year range: 2021 to 2023 ·
Data source: Scopus, up to 30 Oct 2024

Collaboration summary within SDG 15: Life on 
Land (2023)

International Collaboration
Publications co-authored with Institutions in other
countries/regions

Manipal University Jaipur
9.1%

Academic-Corporate Collaboration
Publications with both academic and corporate
affiliations

Manipal University Jaipur
0.0%



Entity: Manipal University Jaipur ·  Within: All subject areas (ASJC) ·  Year range: 2021 to 2023 ·  Data source:
Scopus, up to 30 Oct 2024

Top keyphrases within SDG 15: Life on Land (2023)

Top keyphrases by relevance

Bioremediation

Biodegradation

Heavy Metal

Wastewater Treatment

Surfactin

Biosurfactant

Decolorization

Lipopeptide

Phytoremediation

Surface Property

Bioenergy

Rhizofiltration

Antimicrobial Finishing

Anogeissus

Antimicrobial Finish
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MUJ/DSW/Society Connect/ 31 Oct 2023

DIRECTORATE OF STUDENT’S WELFARE 

(SOCIETY CONNECT) 

And 

Faculty of Management and Commerce 

Department of Business Administration 

Activity on 

SWACH BHARAT 

OCTOBER 31, 2023 

Anushri Gaur
SDG 15



1. Introduction of the Event

School of Business and Commerce in collaboration with Directorate of Student Welfare (NCC,

NSS) and Rotaract Club (Rotary Bapu Nagar) organized a “Awareness on Environment

Protection” on October 31, 2023. 40 students and 2 faculty members participated in the

campaign. The event took place in Dehmi Kalan hamlet.

2. Objective of the Event

The aim of the campaign was to raise awareness about plantation and Environmental Protection.

3. Beneficiaries of the Event

Through this initiative, students and villagers had better communication and understanding of

the situation.

4. Details of the Guests

The event was laid by the students of BBA, BBA(BA), IMBA and Club Members of Rotaract Club MUJ 

5. Brief Description of the event

School of Business and Commerce, Department of Business Administration in collaboration 

with Directorate of Student Welfare, Directorate of sports and NCC, NSS organized a plantation 

drive for creating awareness on environment protection on 31st October 2023.  20 students 

and 2 faculty members participated in the drive.  The group visited various houses in the Begas 

Village Road and planted saplings and encouraged villagers to take care about environment and 

newly planted saplings. Students also learned various communication skills and interactive skills 

with the villagers. 

6. Photographs

Fig 1 Students at Begus Village for Plantation 

Anushri Gaur
SDG 15



Fig 2 Students doing Plantation. 
Fig 2 Students & Faculty doing Plantation. 

Fig 4 Students & Faculty doing Plantation. 

Anushri Gaur
SDG 15



7. Brochure or creative of the event

8. Schedule of the Event

The event took place on October 31, 2023

9. Attendance of the Event (60 student)

Sr. No Registration No Attendee Name Name of Institution 

1 23FM10BBA00197 VIPUL SHARMA Manipal University Jaipur 

2 23FM10BBA00198 MUKUND MAHESHWARI Manipal University Jaipur 

3 23FM10BBA00199 ROSHAN GUPTA Manipal University Jaipur 

4 23FM10BBA00200 VANSH MULCHANDANI Manipal University Jaipur 

5 23FM10BBA00227 PAWAN POTALIYA Manipal University Jaipur 

6 23FM10BBA00232 AKSHAT KUMARCHOUDHARY Manipal University Jaipur 

7 23FM10BBA00233 DHAIRYA BANSAL Manipal University Jaipur 

8 23FM10BBA00230 YASH ARORA Manipal University Jaipur 

9 23FA10BSP00028 Anupama Rustagi Manipal Univesrity Jaipur 

10 23FE10CCE00085 Siddhartha tiwari Manipal Univesrity Jaipur 

11 23FA10BAP00002 Tanisha Mathur Manipal Univesrity Jaipur 

12 23FD10BFD00009 Mariya Shabbir Baiwala Manipal Univesrity Jaipur 

13 23FE10CDS00224 Harsh Ajmera Manipal Univesrity Jaipur 

14 23fe10cds00125 Suryanshi Singh Manipal Univesrity Jaipur 

15 23fs10mat00009 Malavika ramdas Manipal Univesrity Jaipur 

16 221007021 Arshi Jain Manipal Univesrity Jaipur 

17 23FE10CSE00137 Stuti Dixit Manipal Univesrity Jaipur 

18 23fe10cii00094 Aarohi Tyagi Manipal Univesrity Jaipur 

19 23FE10CSE00152 Gautam Kakkar Manipal Univesrity Jaipur 

Anushri Gaur
SDG 15



20 23FE10CSE00318 Krish Ray Manipal Univesrity Jaipur 

21 23FE10CII00076 Kriissh Marwaha Manipal Univesrity Jaipur 

22 229310321 Shiv Rajput Manipal Univesrity Jaipur 

23 23FS10BIO00051 Ragini Singh Thakur Manipal Univesrity Jaipur 

24 23FS10BIO00052 Anukriti sharma Manipal Univesrity Jaipur 

25 220901073 Diya Mittal Manipal Univesrity Jaipur 

26 23FE10CSE00081 Smmayan Gupta Manipal Univesrity Jaipur 

27 229309083 Raghav Gupta Manipal Univesrity Jaipur 

28 23FE10CDS00397 Hrishita Singh Timaney Manipal Univesrity Jaipur 

29 23FE10ITE00203 Sarah Sharda Manipal Univesrity Jaipur 

30 23fa10bsp00025 Jasleen kaur Manipal Univesrity Jaipur 

31 23FA10BSP00039 Jiya Kumar Manipal Univesrity Jaipur 

32 23FA10BSP00004 Aarya Mahale Manipal Univesrity Jaipur 

33 220606020 Chaarvi Kumar Manipal Univesrity Jaipur 

34 23fa10bsp00058 Kashvi Mahajan Manipal Univesrity Jaipur 

35 229301095 Shaurya Singh Manipal Univesrity Jaipur 

36 23fe10ece00024 Kushagra agrawal Manipal Univesrity Jaipur 

37 23FA10BSP00017 Megha  Sharma Manipal Univesrity Jaipur 

38 23FM10BBA00162 Alina Nadeem Manipal Univesrity Jaipur 

39 23FM10BBA00178 Avishi Akhaury Manipal Univesrity Jaipur 

40 221007004 Urvi Thakare Manipal Univesrity Jaipur 

41 23FA10BAP00027 Natasha Joan Menezes Manipal Univesrity Jaipur 

42 23FA10BLE00004 Tanisha chaturvedi Manipal Univesrity Jaipur 

43 23fe10cai00579 Arjun Malhotra Manipal Univesrity Jaipur 

44 23FE10CAI00352 Maanyata Aul Manipal Univesrity Jaipur 

45 220901322 Divyanshi Singh Manipal Univesrity Jaipur 

46 229310412 Jatin Verma Manipal Univesrity Jaipur 

47 229301094 Yashovardhan Pratap Singh Manipal Univesrity Jaipur 

48 23FM10BBA00348 Niska kedia Manipal Univesrity Jaipur 

49 221105005 Dhruv Nair Manipal Univesrity Jaipur 

50 23FM10BBA00170 Shambhavi Agrawal Manipal Univesrity Jaipur 

51 23FE10CDS00241 Armaan Setia Manipal Univesrity Jaipur 

52 23FE10CAI00105 Mritunjay Singh Manipal Univesrity Jaipur 

53 229311075 Aarna Tyagi Manipal Univesrity Jaipur 

54 229302051 Prince jindal Manipal Univesrity Jaipur 

55 23FA10BHE00035 Taneesha puri Manipal Univesrity Jaipur 

56 220903033 Suhani Jain Manipal Univesrity Jaipur 

57 220901391 Dipika Agarwal Manipal Univesrity Jaipur 

58 229310222 Aayush Sharma Manipal Univesrity Jaipur 

59 221003007 Yachna Jain Manipal Univesrity Jaipur 

60 220901002 Anshu jangir Manipal Univesrity Jaipur 

Anushri Gaur
SDG 15



Dr Narendra Singh Bhati Ho 

HOD, BBA 

(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 

Anushri Gaur
SDG 15



MUJ/DSW/Student Clubs/2023/MUJ ACM/02.04.2023 

DIRECTORATE OF STUDENTS’ WELFARE 

AutoBots 

MUJ ACM SIGBED Student Chapter 

OFFLINE EVENT 

Date of Event 

2nd April, 2023 

(5:00 PM onwards) 

Anushri Gaur
SDG 15
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1. Introduction of the Event

The MUJ ACM SIGBED Student Chapter brings to you "AutoBots". This event is

being presented to the public with the intention of providing a platform for enthusiasts

to showcase their knowledge and skills in the field of IOT and Robotics.

This is an event that utilizes Robot building and programming skills of the participants

to overcome a set of challenges and allow them to showcase their potential typically in

the field of embedded systems.

2. Objectives of the Event

• Encourage students to showcase innovative ideas and solutions to real world

problems.

• Encourage students to showcase their creativity and demonstrate their ability to think

and outside the box

• Encourage students to network with like-minded people.

3. Beneficiaries of the Event

• Students of Manipal University, Jaipur

• Members of MUJ ACM Student Chapter

• Members of MUJ ACM SIGAI Chapter

• Members of MUJ ACM SIGBED Chapter

4. Brief Description of the event

AutoBots is a robot building competition that is based on IoT technology. The event

required participants to have knowledge of robotics and IoT technologies. The robots

were designed using IoT technologies, such as sensors, microcontrollers, and other

peripherals, which enable them to navigate through the track and overcome obstacles.

The proceedings started at 5 o'clock. The participants were allowed dry runs and test

their robots on the course. The deadline to perform dry runs was till 8pm. The teams

were informed of the event's regulations and grading procedures during a briefing

session. The participating teams had to put the robot together, programme it to move

through several checkpoints, and make sure it doesn't run into any walls as it moves

through the track. With few wall collisions and restarts, 12 teams raced for the fastest

lap time on the track. At 10:00 pm, the event's results were released.
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5. Photograph
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6. Brochure or Creative of the event
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7. Schedule of the event

S.no Event Date Time 

1. Commencement 2ndApril 2023 5:00pm-9:00pm 

2. Judgement 2ndApril 2023 9:00pm-9:30pm 

8. Attendance of the event:

S No Name of the Participants 

1 Naad Dantale 

2 Vansh Kumar Singh 

3 Vansh Kumar Singh 

4 Shivam Raj Dubey 

5 Jaskaran Singh Taneja 

6 Rishabh Bachani 

7 Varun Lall Srivastava 

8 Ayush Jaiswal 

9 Aryan Gupta 

10 Prithvi Singh 

11 ADITYA KUMAR MISHRA 

12 Yash Prasd 

13 Aryan Garv 

14 Priyansh Goel 

15 Anurag Bijalwan 

16 Anushka Shreya 

17 Devansh Goel 

18 Varun Lall Srivastava 

19 Aryan Mishal 

20 Pratyush Kumar Debata 

21 Yaduvir 

22 Aayush singh 

23 ANGSHUMAN KUMAR MAHATO 

24 Nekunj Khanna 

25 Rachit Mehwala 

26 Kumar Kartikay Shankar 

27 Aryan Mishal 

28 Harshit Agarwal 

29 Abhyam 

30 Tushar goyal 

31 Naman jain 

32 Adwait Sumedh Deshpande 

33 Kamya Singh 

34 Sairaj Sirsat 

35 Hanis Gori 

36 Sugam Nema 
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Umang Dr. Shiva Prasad HC 

Chairperson Director SAMM 

MUJ ACM SIGBED Student Chapter    School of Automobile, Mechanical 

& Mechatronics  

Dr. Sanchit Anand 

Assistant Professor, Assistant Director DSW 
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1. Introduction of the Event

Dancing is more than just knowing how to move the body; it is an expression of one’s deepest 

thoughts and emotions. We are excited to present the second edition of Ecstasy, a dynamic and 

vibrant celebration of the art of dance. This in-house event will bring together dancers and 

dance enthusiasts of all levels and backgrounds, featuring a diverse range of performances by 

professional and amateur dancers. Attendees will have the opportunity to learn new dance 

styles, connect with other dance enthusiasts, and experience the joy and excitement of live 

dance performances. Ecstasy will be held in Manipal University Jaipur campus, on 1st and 2nd 

April 2023. 

2. Objectives of the Event

• To help fellow students to grow not only in dance but grow as a professional.

• To help the students in improving self-confidence, adapt to different situations, to

improve in teamwork as well as in leadership

• To help the students to learn and improve upon themselves and mainly to help the
students nurture their passion and give them opportunities where they can showcase
their talent.

3. Beneficiaries of the Event

● All students of Manipal University Jaipur

4. Brief Description of the event

Coreografia presents Ecstasy, a 2-day event that celebrated dance in its true form. This event 

comprised of 4 teams that battled it out in a series of dance competitions spread across 2 days, 

mainly being Solo, Duet and Battle. The 4 team leaders got a fixed number of credits and had 

to sit through an auction to select their team members. The events were as follows: 

Day 1 – Solo 

There were two categories to this event, Solo Western and Solo Classical. The event took place 

in Dr. TMA Pai Auditorium.  

Day 1 – Battle 
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This was a hip hop based 4v4 battle. The battle took place in Campus, in Academic Block-1 

Lobby. The battle was judged on musicality, beat sense, flow levels, and other technical 

aspects.  

Day 2 – Duets 

This was an all-style Duet competition which took place in Dr. TMA Pai Auditorium. 

The winners and the winning team were announced on the last day, during a cultural event, 

which was the closing event of Ecstasy.  

5. Photographs
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6. Brochure or Creative of the Event

7. Schedule of the event

Desk setup for participation starts 6th March 2023, 6PM 
Desk setup for participation ends 16th March 2023, 9PM 
Road to Ecstasy 

• Auction 18th March 2023, 6PM 
• Desk setup and minor activities 20th March to 26th March 2023 
• Flash mob with flex reveal 27th March 2023, 7:30PM 
• Inter-club performances 29th March 2023, 7:30PM 

Ecstasy Day 1 - Inauguration 1st April 2023, 11AM 
Ecstasy Day 1 - Solo Dance Competition 1st April 2023, 12PM 
Ecstasy Day 1 - Battle 1st April 2023, 5:30PM 
Ecstasy Day 2 - Duet Dance 
Competition 

2nd April 2023, 12PM 

Cultural Event 2nd April 2023, 6:30PM 
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8. Attendance of the event: Total attendee: 112
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9. Post event link: NA
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 Raghav Handoo  Mr. Hemant Kumar 

 General Secretary, Coreografia, MUJ       Department of Mechatronics    

Signature of the Student Coordinator Signature of the Faculty Coordinator 
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 FACULTY OF ENGINEERING 

 DEPARTMENT OF CIVIL ENGINEERING 
AND 

DEPARTMENT OF ARTIFICIAL INTELLIGENCE MACHINE LEARNING 

Prepared a Report 

On an event

“Basic Life Support” 
20 October, 2023

Venue: Smt. Sharada Pai Auditorium 

Organized By: 

Dr. Meena Sharma 
Dr. Puneet Mittal 
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1. Introduction of the Event

Basic Life Support (BLS) is a critical set of skills and actions that can be performed by 

bystanders or healthcare providers to sustain or revive a person's life in the event of a 

cardiac arrest or other life-threatening emergencies. BLS techniques primarily focus on 

maintaining an open airway, providing effective chest compressions, and ensuring proper 

ventilation, with the goal of oxygenating the brain and vital organs until more advanced 

medical care can be administered. The primary purpose of this training was to empower 

participants with the ability to recognize and respond effectively to life-threatening 

emergencies, particularly cardiac arrests. Participants learnt how to provide immediate 

care until professional medical assistance arrives, and in some cases, actions alone could 

be the difference between life and death. 

In a world that urgently requires sustainable solutions, this training directly addresses 

the Sustainable Development Goal (SDG) set by the United Nations, particularly:  

SDG 3 (Good Health and Well Being): To Ensure healthy lives and promote well-being for 

all at all ages. 

2. Objective of the Event

• Understand the importance of early recognition and activation of the emergency

response system.

• Develop proficiency in providing high-quality chest compressions.

• Acquire the knowledge to assess and respond to various emergency scenarios,

including choking and sudden cardiac arrest.

3. Beneficiaries of the Event

 Faculty Members of Manipal University Jaipur. 

4. Details of the Guest

Dr. Ravi Prakash Chaudhary is the Associate Director and HOD of Emergency Medicine 

at Manipal Hospital Jaipur. He treats and devises diagnosis plans for patients from all 

walks of life and of all ages. He is very compassionate and empathetic for his patients.  

He has done MBBS from JLN medical College, Ajmer and Masters in Emergency Medicine 

from GWU-USA. He is having experience of 10 years in the field of emergency medicine. 

Anushri Gaur
SDG 15



MUJ/Q&C/22/F/1.01 Event Report 

Page 4 of 9 Training on Basic Life Support 

5. Brief Description of the event

Introduction to BLS: The training commenced with an overview of the importance of BLS 

and its role in saving lives during cardiac and respiratory emergencies. 

CPR: Dr. Prakash provided detailed instruction on performing cardiopulmonary 

resuscitation (CPR) on adults. He emphasized the importance of chest compressions, 

rescue breaths, and the correct compression-to-ventilation ratio. The training included 

hands-only CPR techniques, focusing on uninterrupted chest compressions to maximize 

the chances of survival. 

Practical Demonstrations: Dr. Prakash conducted practical demonstrations, allowing 

participants to practice BLS skills on manikins and receive feedback on their technique.  

Choking Relief: Dr. Prakash demonstrated techniques for relieving choking in conscious 

and unconscious adults, children, and infants. 

Recognition of Heart Attacks and Strokes: Participants learned to recognize the signs and 

symptoms of heart attacks and strokes, along with the appropriate steps to take in these 

emergencies. 

Chain of Survival: Dr. Prakash discussed the concept of the "Chain of Survival" and how 

each link in the chain is crucial for improving survival rates in cardiac emergencies.  

Q&A and Scenario-Based Learning: The session encouraged active participation through 

interactive discussions, question-and-answer sessions, and scenario-based learning to 

simulate real-life situations. 
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6. Geo Tagged Photographs
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7. Brochure or creative of the event
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MUJ/Q&C/22/F/1.01 

8. Schedule of the event (insert in the report) 

Date: 20 October, 2023 

Time: 10:30 am – 12:30 pm 

Mode: Offline 

9. Attendance of the Event

Total attendees:  66 

S.No. Name MUJ ID Department 

1 MUJ1591 Dr. Preeti Narooka AIML 

2 MUJ0527 Sandeep Chaurasia CSE 

3 MUJ1160 Dr. Sumit Dhariwal IT 

4 MUJ1571 Dr. Puneet Mittal AIML 

5 MUJ1185 Dhananya Kumar Singh IT 

6 MUJ1517 Surbhi Sharma CSE 

7 MUJ1376 Dr Sakshi Shringi 
COMPUTER SCIENCE 
ENGINEERING  

8 MUJ1604 Dr. Sukhwinder Sharma DATA SCIENCE & ENGINEERING 

9 MUJ1698 Dr. Amit Kumar Sharma 

COMPUTER AND 

COMMUNICATION ENGINEERING 

10 MUJ1599 Dr. Mohit Agarwal CCE 

11 MUJ1183 Anil Kumar CSE 

12 MUJ1544 Dr Gireesh Kumar 
COMPUTER SCIENCE AND 
ENGINEERING  

13 MUJ1689 Dr. Sandeep Singh 
DEPT. OF COMPUTER AND 
COMMUNICATION ENGINEERING 

14 MUJ1550 Dr Mayank Namdev 

COMPUTER SCIENCE & 

ENGINEERING 

15 MUJ1047 
Santosh Kumar 
Vishwakarma 

ARTIFICIAL INTELLIGENCE AND 
MACHINE LEARNING 

16 MUJ1628 Dr Nidhi Vyas DOE 

17 MUJ1090 Vivek Sharma CCE 

18 MUJ1038 Dr. Amit Kumar Bairwa CSE-AIML 

19 MUJ1664 Priya AIML 

20 MUJ0660 Anita Shrotriya 

COMPUTER SCIENCE & 

ENGINEEINRG 

21 MUJ1563 Manish Rai AIML 

22 MUJ1444 Shubh Lakshmi Agrwal AIML 

23 MUJ1417 Dr. Yadvendra Singh AIML 

24 MUJ 1533 Dr. Ankur Pandey CSE 

25 MUJ0719 Dr Ginika Mahajan DSE 

26 MUJ1497 Dr Sushila CSE 

27 MUJ1606 Dr Saurav Mishra IT 

28 
Dr Sayar Singh 
Shikhawat CSE 

29 Dr Laxmi Poonia MATHS 

30 MUJ1547 Upendar Singh AIML 

31 MUJ1542 Dr Praneet CSE 

32 MUJ1539 Dr Neetu Gupta CSE 
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33 MUJ1631 Yaquika Sharma DOE COMMERCE 

34 MUJ1569 Dr Hemlata AIML 

35 Rs Bhasar CCE 

36 MUJCONO67 Rayaz Khan J&MC 

37 Dipati NURSING 

38 MUJ1638 Jaydeep Kishore AIML 

39 MUJ1598 Mr Vivek AIML 

40 Bhawani PHD SCHOLAR 

41 MUJ1562 Dr Dibakar Sinha CSE 

42 MUJ1581 Pramod Rathore CCE 

43 MUJ0499 Dr Arvind CSE 

44 MUJ1599 Dr Mohit Agarwal SCSE 

45 MUJ1471 Dr Ankur Jain MATHS 

46 MUJ1678 Abhishek Kesarwani AIML 

47 MUJ1680 Surendra Solanki AIML 

48 MUJ175 Santoshi CSE 

49 MUJ16 Nema Sikawar CCE 

50 MUJ1549 Dr Pooja CCE 

51 MUJ1246 Dr Varun AIML 

52 MUJ1662 Atul Verma CSE 

53 MUJ31823 Dipati NURSING 

54 Sameer NURSING 

55 Rakesh NURSING 

56 MUJ0711 Arjun Singh CCE 

57 MUJ1040 Vijay Kr Sharma CCE 

58 MUJ1396 Shikha Chaudhary IT 

59 MUJ1516 Rajat Goel CSE 

60 MUJ0155 Sandeep Joshi CSE 

61 MUJ0366 Anamika Jain MATHEMATICS AND STATISTICS 

62 MUJ1151 Dr Deepika Shekawat AIML 

63 MUJ0446 Dr. Meena Kumari CIVIL 

64 MUJ0575 Dr. Tej Bahadur CIVIL 

65 MUJ0495 Mr. Sagar Gupta CIVIL 

66 MUJ0764 Dr. Rudhra Halder CIVIL 

10. Feedback report of the Event

The Basic Life Support training conducted by Dr. Ravi Prakash was highly informative and 

beneficial for all attendees. Participants left with a heightened sense of confidence in 

their ability to respond effectively to life-threatening emergencies. The comprehensive 

content, hands-on practice, and expert guidance provided by Dr. Prakash made this 

training a resounding success.  

Seal and Signature of Head with date 
21/10/2023
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1. Introduction of the Event

Basic Life Support (BLS) is a critical set of skills and actions that can be performed by 

bystanders or healthcare providers to sustain or revive a person's life in the event of a 

cardiac arrest or other life-threatening emergencies. BLS techniques primarily focus on 

maintaining an open airway, providing effective chest compressions, and ensuring proper 

ventilation, with the goal of oxygenating the brain and vital organs until more advanced 

medical care can be administered. The primary purpose of this training was to empower 

participants with the ability to recognize and respond effectively to life-threatening 

emergencies, particularly cardiac arrests. Participants learnt how to provide immediate 

care until professional medical assistance arrives, and in some cases, actions alone could 

be the difference between life and death. 

Department of Computer Science and Engineering organized an initiative for quality 

education (SDG Goal 3-Good Health and Well Being) in collaboration with Directorate of 

Student’s Welfare (NSS, NCC) and Rotaract Club MUJ. To Ensure healthy lives and promote 

well-being for all at all ages. 

2. Objective of the Event

• Understand the importance of early recognition and activation of the emergency

response system.

• Develop proficiency in providing high-quality chest compressions.

• Acquire the knowledge to assess and respond to various emergency scenarios,

including choking and sudden cardiac arrest.

3. Beneficiaries of the Event

Staff and Faculty Members of Manipal University Jaipur. 

4. Details of the Guest

Dr. Ravi Prakash Chaudhary is the Associate Director and HOD of Emergency Medicine 

at Manipal Hospital Jaipur. He treats and devises diagnosis plans for patients from all 

walks of life and of all ages. He is very compassionate and empathetic for his patients. 

He has done MBBS from JLN medical College, Ajmer and Masters in Emergency Medicine 

from GWU-USA. He is having experience of 10 years in the field of emergency medicine.  
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5. Brief Description of the event

Introduction to BLS: The training commenced with an overview of the importance of BLS 

and its role in saving lives during cardiac and respiratory emergencies. 

CPR: Dr. Prakash provided detailed instruction on performing cardiopulmonary 

resuscitation (CPR) on adults. He emphasized the importance of chest compressions, 

rescue breaths, and the correct compression-to-ventilation ratio. The training included 

hands-only CPR techniques, focusing on uninterrupted chest compressions to maximize 

the chances of survival. 

Practical Demonstrations: Dr. Prakash conducted practical demonstrations, allowing 

participants to practice BLS skills on manikins and receive feedback on their technique. 

Choking Relief: Dr. Prakash demonstrated techniques for relieving choking in conscious 

and unconscious adults, children, and infants. 

Recognition of Heart Attacks and Strokes: Participants learned to recognize the signs and 

symptoms of heart attacks and strokes, along with the appropriate steps to take in these 

emergencies. 

Chain of Survival: Dr. Prakash discussed the concept of the "Chain of Survival" and how 

each link in the chain is crucial for improving survival rates in cardiac emergencies. 

Fits (Seizures): 

Dr. Prakash addressed the recognition and appropriate response to seizures, including 

providing a safe environment and support for the affected individual. 

Animal Bites and Stings: 

Information was provided on the initial first aid steps for treating bites and stings, along 

with guidelines for seeking medical attention. 

Burns: 

Types of burns, their severity, and the immediate steps to be taken for burn victims were 

discussed. Participants learned how to assess burn injuries and administer appropriate 

first aid. 

Nosebleeds (Epistaxis): 

Practical guidance was given on managing nosebleeds, including proper positioning and 

pressure application techniques. 

Fractures and Sprains: 

Dr. Prakash covered the basics of recognizing and providing initial care for fractures and 

sprains, emphasizing the importance of immobilization. 
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Basic Wound Care: 

The training included instruction on cleaning and dressing wounds to prevent infection 

and promote healing. 

Medical Emergencies: 

Recognition and initial response to various medical emergencies, such as diabetic 

emergencies and allergic reactions, were discussed. 

Q&A and Scenario-Based Learning: The session encouraged active participation through 

interactive discussions, question-and-answer sessions, and scenario-based learning to 

simulate real-life situations. 

6. Geo Tagged Photographs

Image 1: Doctor giving the session about the Basic Life Support 
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Image 2: Doctor giving the session about the Basic Life Support 

Image 3: Session strength listening the lecture. 
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Image 4: Registrar MUJ Felicitating the invited Dr. Ravi Prakash 
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7. Brochure or creative of the event
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8. Schedule of the event

Date: 15 December, 2023 

Time: 11:00 am – 03:00 pm 

Mode: Offline 

9. Attendance of the Event

Total attendees:  Students (113) 

S.NO. Reg No Name Institute Name 

1 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

2 23FE10CAI00487 Dev Sharma Manipal University Jaipur 

3 23FS20MBO00001 Ankita Singh Manipal University Jaipur 

4 23FA20MCP00005 Ayushi Pushkarna Manipal University Jaipur 

5 23FE10CSE00186 Akshita Sai Pery Manipal University Jaipur 

6 23FE10CSE00766 Akshat Tiwari Manipal University Jaipur 

7 23FE10CSE00435 HARSHIT ATTRI Manipal University Jaipur 

8 23FE10CAI00028 VALLURI SRI AASRITHA Manipal University Jaipur 

9 23FE10CDS00483 Kritika Magnani Manipal University Jaipur 

10 23FE10CDS00528 VANSHIKA VISHNAWAT Manipal University Jaipur 

11 23FE10CSE00043 KRITI RASTOGI Manipal University Jaipur 

12 23FE10CII00034 Trisha shanvi Manipal University Jaipur 

13 23FE10ITE00199 Ayush Singh Manipal University Jaipur 

14 23FE10CCE00034 KRISHNA GOEL Manipal University Jaipur 

15 23FE10AEE00008 Kisna Rana Manipal University Jaipur 

16 23FE10CSE00077 Akriti Chauhan Manipal University Jaipur 

17 23FE10CAI00548 Poorti Swarup Manipal University Jaipur 

18 23FE10CSE00005 Suhana Kaushik Manipal University Jaipur 

19 23FA10BSP00024 Lavanya Choudhary Manipal University Jaipur 

20 23FA10BSP00046 Rafia Manipal University Jaipur 

21 23FA10BHE00012 Nausheen broca Manipal University Jaipur 

22 23FE10CCE00057 Mohit kumhar Manipal University Jaipur 

23 23fe10cse00395 Samriddhi Sharma Manipal University Jaipur 

24 23FE10CSE00699 Nancy Manipal University Jaipur 

25 23FE10ITE00015 Janhvi Soni Manipal University Jaipur 

26 23FE10ITE00185 Aryaman Singh Manipal University Jaipur 

27 23FE10CSE00039 Priyal Kansal Manipal University Jaipur 

28 23FE10CSE00643 KSHITIJ VERMA Manipal University Jaipur 

29 23FE10CDS00235 Anika  sharma Manipal University Jaipur 

30 23FE10CII00109 Satvik Ahuja Manipal University Jaipur 

31 23FE10CDS00208 Ananya Srivastava Manipal University Jaipur 

32 23FE10CSE00222 Taarunya Aggarwal Manipal University Jaipur 

33 23FM10IBA00010 Harshit singh Manipal University Jaipur 

34 23FE10ITE00277 Aayushi Singh Manipal University Jaipur 

35 23FM10BBA00341 Pallavi Dhaibhai Manipal University Jaipur 
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36 23fd10bar00004 Aadhya mahajan Manipal University Jaipur 

37 23FE10CDS00423 Purvi Sharma Manipal University Jaipur 

38 23FE10ITE00021 Mounil Kankhara Manipal University Jaipur 

39 23FE10ITE00178 Pranav Prakash Manipal University Jaipur 

40 23FE10ITE00079 Amisha anand Manipal University Jaipur 

41 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

42 23FE10CSE00060 Amay Garg Manipal University Jaipur 

43 23FE10CDS00177 Manas Mathur Manipal University Jaipur 

44 23fe10bte00029 Saloni kamal Manipal University Jaipur 

45 23FE10CSE00508 Dev Dhawan Manipal University Jaipur 

46 23fe10cii00035 Bhargavi Anand Manipal University Jaipur 

47 23FA10BSP00028 Anupama Rustagi Manipal University Jaipur 

48 23FE10CCE00085 Siddhartha tiwari Manipal University Jaipur 

49 23FA10BAP00002 Tanisha Mathur Manipal University Jaipur 

50 23FD10BFD00009 Mariya Shabbir Baiwala Manipal University Jaipur 

51 23FE10CDS00224 Harsh Ajmera Manipal University Jaipur 

52 23fe10cds00125 Suryanshi Singh Manipal University Jaipur 

53 23fs10mat00009 Malavika ramdas Manipal University Jaipur 

54 23FE10CSE00137 Stuti Dixit Manipal University Jaipur 

55 23fe10cii00094 Aarohi Tyagi Manipal University Jaipur 

56 23FE10CSE00152 Gautam Kakkar Manipal University Jaipur 

57 23FE10CSE00318 Krish Ray Manipal University Jaipur 

58 23FE10CII00076 Kriissh Marwaha Manipal University Jaipur 

59 23FS10BIO00051 Ragini Singh Thakur Manipal University Jaipur 

60 23FS10BIO00052 Anukriti sharma Manipal University Jaipur 

61 23FE10CSE00081 Smmayan Gupta Manipal University Jaipur 

62 23FE10CDS00397 Hrishita Singh Timaney Manipal University Jaipur 

63 23FE10ITE00203 Sarah Sharda Manipal University Jaipur 

64 23fa10bsp00025 Jasleen kaur Manipal University Jaipur 

65 23FA10BSP00039 Jiya Kumar Manipal University Jaipur 

66 23FA10BSP00004 Aarya Mahale Manipal University Jaipur 

67 23fa10bsp00058 Kashvi Mahajan Manipal University Jaipur 

68 23fe10ece00024 Kushagra agrawal Manipal University Jaipur 

69 23FA10BSP00017 Megha  Sharma Manipal University Jaipur 

70 23FM10BBA00162 Alina Nadeem Manipal University Jaipur 

71 23FM10BBA00178 Avishi Akhaury Manipal University Jaipur 

72 23FA10BAP00027 Natasha Joan Menezes Manipal University Jaipur 

73 23FA10BLE00004 Tanisha chaturvedi Manipal University Jaipur 

74 23fe10cai00579 Arjun Malhotra Manipal University Jaipur 

75 23FE10CAI00352 Maanyata Aul Manipal University Jaipur 

76 23FM10BBA00348 Niska kedia Manipal University Jaipur 

77 23FM10BBA00170 Shambhavi Agrawal Manipal University Jaipur 

78 23FE10CDS00241 Armaan Setia Manipal University Jaipur 

79 23FE10CAI00105 Mritunjay Singh Manipal University Jaipur 

80 23FA10BHE00035 Taneesha puri Manipal University Jaipur 

81 23FE10CDS00284 Anant Barjatya Manipal University Jaipur 
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82 23fa10bsp00047 Vartika Agarwal Manipal University Jaipur 

83 23FA10BSP00041 Kali Vithlani Manipal University Jaipur 

84 23FM10BBA00030 Harshal Saini Manipal University Jaipur 

85 23FE10CSE00746 Daksh Sharma Manipal University Jaipur 

86 23FS10BIO00034 PC Rahul Manipal University Jaipur 

87 23FA10BSP00005 Teshant arora Manipal University Jaipur 

88 23fe10cse00479 Arushi Singh Manipal University Jaipur 

89 23FM10BBA00130 Riddhima Gupta Manipal University Jaipur 

90 23fe10cse00290 Harshit chadha Manipal University Jaipur 

91 23FS10BCA00234 Anila Jayanson George Manipal University Jaipur 

92 23FS10BCA00234 Anamika Gandhi Manipal University Jaipur 

93 23FE10CAI00485 Kakul Rawat Manipal University Jaipur 

94 23FE10CSE00795 Anwesha jain Manipal University Jaipur 

95 23FE10CSE00094 Satya Agrawal Manipal University Jaipur 

96 23FE10CCE00079 Lakshya Verma Manipal University Jaipur 

97 23fe10cse00122 Shritama Acharyee Manipal University Jaipur 

98 23FE10CSE00344 Aakash kushwaha Manipal University Jaipur 

99 23FE10CSE00414 Ananya Khandelwal Manipal University Jaipur 

100 23FA10BSP00049 Aarushi Thora Manipal University Jaipur 

101 23fe10cii00012 Nishant Prasad Manipal University Jaipur 

102 23FE10CSE00195 Vaishnavi karelia Manipal University Jaipur 

103 23FE10CAI00282 isha nagpal Manipal University Jaipur 

104 23FM10BBA00168 Aarchi Chhabra Manipal University Jaipur 

105 23FM20MBA00015 Apurva Gupta Manipal University Jaipur 

106 219402024 Puneet Sharma Manipal University Jaipur 

107 221015107 Munesh Manipal University Jaipur 

108 221002065 Tanya Barua Manipal University Jaipur 

109 23FA10BAP00033 Dipal gupta Manipal University Jaipur 

110 23FL10IBL00040 Shinjini Bansal Manipal University Jaipur 

111 229310012 Pragati Pandey Manipal University Jaipur 

112 23FE10ITE00212 Eshaan Tushar Bobdey Manipal University Jaipur 

113 23FE10CSE00507 Manalee Tamrakar Manipal University Jaipur 
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10. Feedback report of the Event

The Basic Life Support training conducted by Dr. Ravi Prakash was highly informative and 

beneficial for all attendees. Participants left with a heightened sense of confidence in 

their ability to respond effectively to life-threatening emergencies. The comprehensive 

content, hands-on practice, and expert guidance provided by Dr. Prakash made this 

training a resounding success.  

Seal and Signature of Head with date 
(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 
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1. Introduction of the Event

Introduction of the Event: School of Business and Commerce organized a activity to install bird nests in the

nearby village on November 30, 2023. 5 students and 1 faculty member participated in the campaign. The

event took place in nearby village of Manipal university.

2. Objective of the Event

The primary objective of the event was to promote environmental awareness and conservation by

actively contributing to the well-being of local bird populations. Through the installation of bird nests,

the aim was to create a sustainable habitat for birds in the nearby village, fostering biodiversity and

ecological balance.

3. Beneficiaries of the Event

The beneficiaries of the event included the local bird species in the nearby village. By providing suitable

nesting spaces, the initiative sought to enhance the living conditions for birds, contributing to the overall

ecosystem health. Additionally, the participating students gained hands-on experience in environmental

stewardship.

4. Details of the Guests

The event was laid by the students of BBA.

5. Brief Description of the event

The activity involved the installation of bird nests in the nearby village of Manipal University, with

students and faculty members actively engaging in the process. Participants worked together to

strategically place the nests, considering the local ecology and the needs of various bird species. The

event not only contributed to the local environment but also provided a unique learning experience for

the students, emphasizing the importance of hands-on conservation efforts. Overall, the initiative

aimed to create a positive impact on the local ecosystem while instilling a sense of environmental

responsibility among the participants.

6. Photographs
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7. Brochure or creative of the event

8. Schedule of the Event

The event took place on November 30, 2023

9. Attendance of the Event

Sr. No Name of Institution Registration Number/ 
Employee Code 

Attendee Name 

1 Manipal University Jaipur 
MUJ0099 Dr. Mahesh Jampala 

2 Manipal University Jaipur 
MUJ1538 Dr Rishi Vaidya 

3 Manipal University Jaipur 
MUJ0623 Dr. Nupur Ojha 

4 Manipal University Jaipur 
MUJ1490 Mr. Aditya Dhiman 

5 Manipal University Jaipur 
23FM10BBA00204 DINESH CHOUDHARY 

6 Manipal University Jaipur 
23FM10BBA00200 VANSH MULCHANDANI 

7 Manipal University Jaipur 
23FM10BBA00214 GOPAL BISHNOI 

8 Manipal University Jaipur 
23FM10BBA00215 AKSHAT SHARMA 

9 Manipal University Jaipur 
23FM10BBA00216 KHUSHWANT SANKHLA 

10 Manipal University Jaipur 
23FM10BBA00205 AYUSHMAN GUPTA 
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1. Introduction of the Event

A clean India would be the best tribute India could pay to Mahatma Gandhi on his 150-birth 

anniversary in 2019,” said Shri Narendra Modi as he launched the Swachh Bharat Mission at 

Rajpath in New Delhi. On 2nd October 2014, Swachh Bharat Mission was launched throughout 

the length and breadth of the country as a national movement. The campaign aims to achieve 

the vision of a ‘Clean India’. In this direction, “Cleanliness Drive" is organized on 2nd October 

2023 at the nearby village called Dehmi kalan at 9 Am morning. The importance of Swachh 

Bharat Abhiyan has been discussed with local people and vendor. The whole team of Faculty 

and students advised the local people and vendors to put dustbin near the village. Team also 

interacted with the students at school and discussed the swachhatha hi seva and Swachh 

Bharat Mission. This drive is organized by Rotaract Club of MUJ on the auspicious occasion 

of Gandhi Jayanti and DAAN UTSAV 2023 i.e 2nd October from 9 in the morning. The 

drive was conducted to help clean our surroundings and the betterment of the environment. 

2. Objective of the Event
• Promote the value of cleanliness

• Discipline and respect for the environment

• Spreading word about the need for cleanliness and hygiene

• Sensitizing people about the importance of cleanliness

3. Beneficiaries of the Event

Community, students of MUJ 

4. Brief Description of the event

The Cleanliness Drive took place on 2nd October, the birth anniversary of Mahatma Gandhi 

and the 4th anniversary of Swachh Bharat Abhiyan. On the account of DAAN UTSAV 2023, 

Rotaract Club organized this event in Dahmi Kalan Village. Students participated with 

enthusiasm throughout the drive. Everyone gathered at 9 a.m. to depart for the drive. 

Everyone helped each other to clean up the area and dispose the waste properly. 

The drive helped instill the importance of cleanliness and hygiene in the environment and 

how we, as regular people, can help maintain it. 

5. Photographs of the event
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Image 1 Cleaniliness Drive at Dahmi Kalan 

Image 2 Cleanining drive at near School 
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Image 3 Rotaract  Club Srtucents participating in the drive 

Image 4 Students participating in the drive. 
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6. Brochure or creative of the event

#DAANUTSAV 2023- Cleanliness Drive 

7. Schedule of the event

S.NO. Name of the Event Time Place 

1. Cleanliness Drive 9:00 AM Dehmi Kalan Village 

8. Attendance of the Event (insert in the document only)

Total attendee- 70

S.NO. Registration Number Name Institute Name 

1 229302644 Ankur kumar Manipal University Jaipur 

2 229311104 Shashwat Kumar Manipal University Jaipur 

3 229301221 Rubhav Bahirwani Manipal University Jaipur 

4 229302571 Shreya Kumari Manipal University Jaipur 

5 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

6 23FE10CAI00487 Dev Sharma Manipal University Jaipur 

7 229310059 Aditya Yadav Manipal University Jaipur 

8 23FS20MBO00001 Ankita Singh Manipal University Jaipur 

9 23FA20MCP00005 Ayushi Pushkarna Manipal University Jaipur 

10 23FE10CSE00186 Akshita Sai Pery Manipal University Jaipur 

11 23FE10CSE00766 Akshat Tiwari Manipal University Jaipur 
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12 23FE10CSE00435 HARSHIT ATTRI Manipal University Jaipur 

13 229310269 Sneha Bhatia Manipal University Jaipur 

14 229303005 Nidhi Verma Manipal University Jaipur 

15 221007075 Preetika Sharma Manipal University Jaipur 

16 23FE10CAI00028 VALLURI SRI AASRITHA Manipal University Jaipur 

17 23FE10CDS00483 Kritika Magnani Manipal University Jaipur 

18 23FE10CDS00528 VANSHIKA VISHNAWAT Manipal University Jaipur 

19 23FE10CSE00043 KRITI RASTOGI Manipal University Jaipur 

20 23FE10CII00034 Trisha shanvi Manipal University Jaipur 

21 23FE10ITE00199 Ayush Singh Manipal University Jaipur 

22 23FE10CCE00034 KRISHNA GOEL Manipal University Jaipur 

23 23FE10AEE00008 Kisna Rana Manipal University Jaipur 

24 23FE10CSE00077 Akriti Chauhan Manipal University Jaipur 

25 23FE10CAI00548 Poorti Swarup Manipal University Jaipur 

26 23FE10CSE00005 Suhana Kaushik Manipal University Jaipur 

27 23FA10BSP00024 Lavanya Choudhary Manipal University Jaipur 

28 23FA10BSP00046 Rafia Manipal University Jaipur 

29 23FA10BHE00012 Nausheen broca Manipal University Jaipur 

30 221007020 Ayushi Mittal Manipal University Jaipur 

31 23FE10CCE00057 Mohit kumhar Manipal University Jaipur 

32 23fe10cse00395 Samriddhi Sharma Manipal University Jaipur 

33 23FE10CSE00699 Nancy Manipal University Jaipur 

34 23FE10ITE00015 Janhvi Soni Manipal University Jaipur 

35 23FE10ITE00185 Aryaman Singh Manipal University Jaipur 

36 23FE10CSE00039 Priyal Kansal Manipal University Jaipur 

37 221002064 shweta mishra Manipal University Jaipur 

38 23FE10CSE00643 KSHITIJ VERMA Manipal University Jaipur 

39 23FE10CDS00235 Anika  sharma Manipal University Jaipur 

40 23FE10CII00109 Satvik Ahuja Manipal University Jaipur 

41 23FE10CDS00208 Ananya Srivastava Manipal University Jaipur 

42 23FE10CSE00222 Taarunya Aggarwal Manipal University Jaipur 

43 23FM10IBA00010 Harshit singh Manipal University Jaipur 

44 23FE10ITE00277 Aayushi Singh Manipal University Jaipur 

45 229302160 Parth johar Manipal University Jaipur 

46 23FM10BBA00341 Pallavi Dhaibhai Manipal University Jaipur 

47 23fd10bar00004 Aadhya mahajan Manipal University Jaipur 

48 23FE10CDS00423 Purvi Sharma Manipal University Jaipur 

49 23FE10ITE00021 Mounil Kankhara Manipal University Jaipur 

50 23FE10ITE00178 Pranav Prakash Manipal University Jaipur 

51 23FE10ITE00079 Amisha anand Manipal University Jaipur 

52 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

53 23FE10CSE00060 Amay Garg Manipal University Jaipur 

54 23FE10CDS00177 Manas Mathur Manipal University Jaipur 

55 23fe10bte00029 Saloni kamal Manipal University Jaipur 

56 23FE10CSE00508 Dev Dhawan Manipal University Jaipur 
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57 23fe10cii00035 Bhargavi Anand Manipal University Jaipur 

58 220606004 Pranjal Puri Manipal University Jaipur 

59 23FA10BSP00028 Anupama Rustagi Manipal University Jaipur 

60 23FE10CCE00085 Siddhartha tiwari Manipal University Jaipur 

61 23FA10BAP00002 Tanisha Mathur Manipal University Jaipur 

62 23FD10BFD00009 Mariya Shabbir Baiwala Manipal University Jaipur 

63 23FE10CDS00224 Harsh Ajmera Manipal University Jaipur 

64 23fe10cds00125 Suryanshi Singh Manipal University Jaipur 

65 23fs10mat00009 Malavika ramdas Manipal University Jaipur 

66 221007021 Arshi Jain Manipal University Jaipur 

67 23FE10CSE00137 Stuti Dixit Manipal University Jaipur 

68 23fe10cii00094 Aarohi Tyagi Manipal University Jaipur 

69 23FE10CSE00152 Gautam Kakkar Manipal University Jaipur 

70 23FE10CSE00318 Krish Ray Manipal University Jaipur 

9. Feedback of the Event
The students participated enthusiastically and helped to spread message for cleanliness.

(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 
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1. Introduction of the Event

“A nation that destroys its soils destroys itself. Forests are the lungs of our land, 

purifying the air and giving fresh strength to our people. ” Trees are indispensable 

for life. Man can’t live without trees. However, the present condition of forests in 

the world, especially developing countries is pathetic and miserable. Forests are 

the source of life. They are the giving angels. They give man oxygen, rains, wood, 

fruit, make the world look so beautiful, yet the sinister man kills them! Who will 

be more inhumane than man himself? Cutting of forests ultimately endangers 

man’s own existence. Trees are important to the environment; they recycle water 

and process carbon dioxide in the atmosphere through photosynthesis. They are 

the world's full-time purifiers of air and water. Their cutting will disturb the 

natural water cycles which will lead to the shortage of fresh water in the water 

reserves of the world. 

Rotaract Green Club under Society Connect organized a Plantation Drive on account 

of DAAN UTSAV 2031. It took place on the 3rd of October from 10 a.m. Students were 

taken to the Mahatma Gandhi School, Begus for the drive. The drive aimed to instill a 

sense of discipline and respect for the environment while doing our part. 

2. Objective of the Event
• Spread awareness on the importance of afforestation

• Direct students’ mind in constructive activities

• Contribution to the society

• Promote tree planting

• Create awareness regarding importance of ecology

• Attempt at reducing pollution and improve green ambience

3. Beneficiaries of the Event

Community 

4. Brief Description of the event

Rotaract Green Club organized the Plantation Drive on the 3rd October at 9 a.m. on 

account of DAAN UTSAV 2023. The drive’s main aim was to direct student’s mind  
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in constructive activities with the positive outcome through the facilitation of 

contributing to the nature and environment.  

It also aimed at spreading awareness about the effects of global warming and the 

positive effects of planting trees. The students gathered on campus to go to the 

Mahatma Gandhi School, Begus. 

The students participated in the drive enthusiastically and helped each other in 

planting the saplings. All the saplings were planted in the school ground by students. 
Participants were highly energetic to make the event a big success. A spirit of 

teamwork, exchange of ideas and enthusiasm of the participants especially among the 

students could be seen. Pictures were taken. The drive was successfully conducted by 

planting 40-50 saplings.   

5. Photographs of the event

Image 1. Students and Faculty planting saplings 
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Image 2 Students participating in the Drive. 

Students participating in the Drive. 
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Image 4 Giving the manure to the newly plant samplings 

6. Brochure or creative of the event

Plantation Drive 
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7. Schedule of the event

S.NO. Name of the Event Time Place 

1. Plantation Drive 10:00 AM Mahatma Gandhi School (English 
Medium) Begus. 

A bus from MUJ was taken to the school in the morning. 

8. Attendance of the Event

Total attendee- 67  

S.No. Reg. NO. Name of Students Institute Name 

1 23FE10ITE00079 Amisha anand Manipal University Jaipur 

2 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

3 23FE10CSE00060 Amay Garg Manipal University Jaipur 

4 23FE10CDS00177 Manas Mathur Manipal University Jaipur 

5 23fe10bte00029 Saloni kamal Manipal University Jaipur 

6 23FE10CSE00508 Dev Dhawan Manipal University Jaipur 

7 23fe10cii00035 Bhargavi Anand Manipal University Jaipur 

8 220606004 Pranjal Puri Manipal University Jaipur 

9 23FA10BSP00028 Anupama Rustagi Manipal University Jaipur 

10 23FE10CCE00085 Siddhartha tiwari Manipal University Jaipur 

11 23FA10BAP00002 Tanisha Mathur Manipal University Jaipur 

12 23FD10BFD00009 Mariya Shabbir Baiwala Manipal University Jaipur 

13 23FE10CDS00224 Harsh Ajmera Manipal University Jaipur 

14 23fe10cds00125 Suryanshi Singh Manipal University Jaipur 

15 23fs10mat00009 Malavika ramdas Manipal University Jaipur 

16 221007021 Arshi Jain Manipal University Jaipur 

17 23FE10CSE00137 Stuti Dixit Manipal University Jaipur 

18 23fe10cii00094 Aarohi Tyagi Manipal University Jaipur 

19 23FE10CSE00152 Gautam Kakkar Manipal University Jaipur 

20 23FE10CSE00318 Krish Ray Manipal University Jaipur 

21 23FE10CII00076 Kriissh Marwaha Manipal University Jaipur 

22 229310321 Shiv Rajput Manipal University Jaipur 

23 23FS10BIO00051 Ragini Singh Thakur Manipal University Jaipur 

24 23FS10BIO00052 Anukriti sharma Manipal University Jaipur 

25 220901073 Diya Mittal Manipal University Jaipur 

26 23FE10CSE00081 Smmayan Gupta Manipal University Jaipur 

27 229309083 Raghav Gupta Manipal University Jaipur 

28 23FE10CDS00397 Hrishita Singh Timaney Manipal University Jaipur 

29 23FE10ITE00203 Sarah Sharda Manipal University Jaipur 

30 23fa10bsp00025 Jasleen kaur Manipal University Jaipur 
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31 23FA10BSP00039 Jiya Kumar Manipal University Jaipur 

32 23FA10BSP00004 Aarya Mahale Manipal University Jaipur 

33 220606020 Chaarvi Kumar Manipal University Jaipur 

34 23fa10bsp00058 Kashvi Mahajan Manipal University Jaipur 

35 229301095 Shaurya Singh Manipal University Jaipur 

36 23fe10ece00024 Kushagra agrawal Manipal University Jaipur 

37 23FA10BSP00017 Megha  Sharma Manipal University Jaipur 

38 23FM10BBA00162 Alina Nadeem Manipal University Jaipur 

39 23FM10BBA00178 Avishi Akhaury Manipal University Jaipur 

40 221007004 Urvi Thakare Manipal University Jaipur 

41 23FA10BAP00027 Natasha Joan Menezes Manipal University Jaipur 

42 23FA10BLE00004 Tanisha chaturvedi Manipal University Jaipur 

43 23fe10cai00579 Arjun Malhotra Manipal University Jaipur 

44 23FE10CAI00352 Maanyata Aul Manipal University Jaipur 

45 220901322 Divyanshi Singh Manipal University Jaipur 

46 229310412 Jatin Verma Manipal University Jaipur 

47 229301094 Yashovardhan Pratap Singh Manipal University Jaipur 

48 23FM10BBA00348 Niska kedia Manipal University Jaipur 

49 221105005 Dhruv Nair Manipal University Jaipur 

50 23FM10BBA00170 Shambhavi Agrawal Manipal University Jaipur 

51 23FE10CDS00241 Armaan Setia Manipal University Jaipur 

52 23FE10CAI00105 Mritunjay Singh Manipal University Jaipur 

53 229311075 Aarna Tyagi Manipal University Jaipur 

54 229302051 Prince jindal Manipal University Jaipur 

55 23FA10BHE00035 Taneesha puri Manipal University Jaipur 

56 220903033 Suhani Jain Manipal University Jaipur 

57 220901391 Dipika Agarwal Manipal University Jaipur 

58 229310222 Aayush Sharma Manipal University Jaipur 

59 221003007 Yachna Jain Manipal University Jaipur 

60 220901002 Anshu jangir Manipal University Jaipur 

61 23FE10CDS00284 Anant Barjatya Manipal University Jaipur 

62 221015074 Rupal Sharma Manipal University Jaipur 

63 23fa10bsp00047 Vartika Agarwal Manipal University Jaipur 

64 23FA10BSP00041 Kali Vithlani Manipal University Jaipur 

65 23FM10BBA00030 Harshal Saini Manipal University Jaipur 

66 23FE10CSE00746 Daksh Sharma Manipal University Jaipur 

67 23FS10BIO00034 PC Rahul Manipal University Jaipur 

9. Feedback of the Event:- The students participated enthusiastically.

Anushri Gaur
SDG 15



Page 7 of 9 

(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 
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1. Introduction of the Event

School of Basic science in collaboration with Directorate of Student Welfare, NCC, NSS

organized a “Plantation Drive” on October 26, 2023.  The societal connect outreach activity

on by planting the small plants. Program is organized by the Department of Chemistry in

collaboration with Department of Student welfare (DSW) under the guidance of Mr. Hemant

Kumar (Assistant Director, DSW), Dr. Rahul Shrivastava (Head, Department of Chemistry)

and Dr Meenakshi Pilania (Departmental coordinator, DSW). The mention activity held at a

Government School, Dabar ki Dhani, near Manipal University Jaipur on Thursday, 26th

October 2023.

2. Objective of the Event

The focal point of this event was to spread awareness among school students with respect to their

environment and also motivate the students towards to work their endeavors via the power of

knowledge and education.

3. Beneficiaries of the Event

Through this initiative, students and villagers had better communication and understanding

of the situation.

4. Details of the Guests

The event was laid by the students of BBA, BBA(BA), IMBA

Rotary Club Jaipur Bapu Nagar 

Rotary started with the vision of one man — Paul Harris. The Chicago attorney formed the Rotary 

Club of Chicago on 23 February 1905, so professionals with diverse backgrounds could exchange 

ideas and form meaningful, lifelong friendships. 

Over time, Rotary’s reach and vision gradually extended to humanitarian service. Members have a 

long track record of addressing challenges in their communities and around the world. 

Rotary is a global network of 1.4 million neighbors, friends, leaders, and problem-solvers who see a 

world where people unite and take action to create lasting change – across the globe, in our 

communities, and in ourselves. They provide service to others, promote integrity, and advance world 

understanding, goodwill, and peace through our fellowship of business, professional, and community 

leaders. We collaborate with community leaders who want to get to work on projects that have a real, 

lasting impact on people’s lives. We connect passionate people with diverse perspectives to exchange 
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ideas, forge lifelong friendships, and, above all, take action to change the world. 

5. Brief Description of the event

The Department of Chemistry organized a societal connect outreach activity on Plantation in collaboration

with the Department of Student Welfare (DSW) under the supervision of Mr. Hemant Kumar (Assistant

Director, DSW), Dr. Rahul Shrivastava (Head, Department of Chemistry) and Dr. Meenakshi Pilania

(Departmental coordinator, DSW). The mentioned activity was held at a Govt. school, Dabar ki Dhani, near

Manipal University Jaipur on Thursday, 26th October 2023.

6. Photographs

Image 1 : Students with faculty at School for the Career Awareness 
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Image 2: Students of school during the plantation drive 

Image 3: Team of MUJ Students at DABAR ki Dani School 
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7. Brochure or creative of the event

8. Schedule of the Event

The event took place on October 26, 2023

9. Attendance of the Event (50)

S. No. Name Registration No Name of Institution 

1 Rakshanda Singhal 211051012 Manipal University Jaipur 

2 Vartika Vaishya 211051015 Manipal University Jaipur 

3 Shakir Sisodia 201022604 Manipal University Jaipur 

4 Govind Gupta 170703601 Manipal University Jaipur 

5 Kanika Taneja 211004002 Manipal University Jaipur 

6 Avani Kothari 221004004 Manipal University Jaipur 

7 Pranjalee Ghosh 221004002 Manipal University Jaipur 

8 Kishika Arora 221004003 Manipal University Jaipur 

9 Aman Kumar 221004001 Manipal University Jaipur 
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10 Khushi Verma 211004006 Manipal University Jaipur 

11 Karunya Papney 211004004 Manipal University Jaipur 

12 Ankita Kumawat 211004003 Manipal University Jaipur 

13 Supriyo 23FS20MCH00004 Manipal University Jaipur 

14 Anjali Yadav 23FS20MCH00001 Manipal University Jaipur 

15 Divya Sharma 23FS20MCH00003 Manipal University Jaipur 

16 Vaibhav Anand 221013001 Manipal University Jaipur 

17 Dipesh Gehlot 221013002 Manipal University Jaipur 

18 Suman Yadav 221013003 Manipal University Jaipur 

19 Ashish Sharma 221013004 Manipal University Jaipur 

20 Ishan Jain 229310159 Manipal University Jaipur 

21 Ishika Jain 229310410 Manipal University Jaipur 

22 Aditi Singh Parihar 219311171 Manipal University Jaipur 

23 Utkarsh Shukla 229301763 Manipal University Jaipur 

24 Vedika 221007014 Manipal University Jaipur 

25 Honey Trivedi 229302207 Manipal University Jaipur 

26 Shaurya Nandwani 229301726 Manipal University Jaipur 

27 Shreyas Bhati 229301374 Manipal University Jaipur 

28 Aditya Mishra 229310237 Manipal University Jaipur 

29 Aaryan kale 229303031 Manipal University Jaipur 

30 Mustansir kanchwala 220903021 Manipal University Jaipur 

31 Sahil Kalra 229303321 Manipal University Jaipur 

32 Krishang Goel 229309035 Manipal University Jaipur 

33 Anand Mandlik 229310162 Manipal University Jaipur 

34 Aryan Sachdeva 229301438 Manipal University Jaipur 

35 Ansh manawat 229301712 Manipal University Jaipur 

36 Utkarsh Jha 220901009 Manipal University Jaipur 

37 ria chauhan 229301253 Manipal University Jaipur 

38 Ishita Sharma 229303237 Manipal University Jaipur 

39 Ajinkya wagh 229310003 Manipal University Jaipur 

40 Kritika Pahuja 229310048 Manipal University Jaipur 

41 Ishan Aaditya 229303314 Manipal University Jaipur 

42 Jiya Thakur 229309176 Manipal University Jaipur 

43 Utsav Acharjya 229301358 Manipal University Jaipur 

44 Kanishka Chaudhary 229202010 Manipal University Jaipur 

45 Sameeksha 229310311 Manipal University Jaipur 

46 Taarush Kathuria 229301462 Manipal University Jaipur 

47 Ankit Kumar Tiwari 229309098 Manipal University Jaipur 

48 Hanis Gori 229310131 Manipal University Jaipur 

49 Aditya Prakash Sinha 229310189 Manipal University Jaipur 

50 Lakshita Agrawal 229301455 Manipal University Jaipur 
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(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 
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MUJ/Q&C/021/F/1.01 

DIRECTORATE OF STUDENT’S WELFARE 

(SOCIETY CONNECT) 

And 

Faculty of Management and Commerce 

Department of Business Administration 

Presents 

SWACH BHARAT 

OCTOBER 25, 2023 

Anushri Gaur
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1. Introduction of the Event

School of Business and Commerce in collaboration with Directorate of Student Welfare,

Directorate of sports and NCC, NSS organized a “SWACH BHARAT” on October 25, 2023.

52 students participated in the campaign. The event took place in Dehmi Kalan hamlet.

2. Objective of the Event

The aim of the campaign was to raise awareness about Waste Segregation and encourage

education on the SWACH BHARAT.

3. Beneficiaries of the Event

Through this initiative, students and villagers had better communication and understanding

of the situation.

4. Details of the Guests

The event was laid by the students of BBA, BBA(BA), IMBA

Rotary Club Jaipur Bapu Nagar 

Rotary started with the vision of one man — Paul Harris. The Chicago attorney formed the Rotary 

Club of Chicago on 23 February 1905, so professionals with diverse backgrounds could exchange 

ideas and form meaningful, lifelong friendships. 

Over time, Rotary’s reach and vision gradually extended to humanitarian service. Members have a 

long track record of addressing challenges in their communities and around the world. 

Rotary is a global network of 1.4 million neighbors, friends, leaders, and problem-solvers who see a 

world where people unite and take action to create lasting change – across the globe, in our 

communities, and in ourselves. They provide service to others, promote integrity, and advance world 

understanding, goodwill, and peace through our fellowship of business, professional, and community 

leaders. We collaborate with community leaders who want to get to work on projects that have a real, 

lasting impact on people’s lives. We connect passionate people with diverse perspectives to exchange 

ideas, forge lifelong friendships, and, above all, take action to change the world. 

5. Brief Description of the event

The event was initiated to make students aware of their surroundings with respect to Waste and 

it consequences on the local community. The students went on a rally in groups, holding posters 

on Wet Waste and Dry Waste. They were chanting slogans “Alag Karo Alag Karo” Gila aur 

Sukha Kachara Alag Karo, to make the local community aware of the Waste Segregation 

process. 
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6. Photographs

Image 1 : Students with faculty 

Image 2: Students walking with the Rally through the Village 

U.:i,9-11'1U'6g.;i 

25.. Octob<iir 202.1 

Anushri Gaur
SDG 15



Image 3: Team of MUJ Students at Village for Rally 

Image 4: Team of MUJ Students at Village for Rally 

------------ 
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7. Brochure or creative of the event

8. Schedule of the Event

The event took place on Ocotber 25, 2023

9. Attendance of the Event

Sr. No Name of Institution Registration No Attendee Name 

1 Manipal University Jaipur 23FM10BBA00122 Naresh Choudhary 

2 Manipal University Jaipur 23FM10BBA00123 Prem Singhrathore 

3 Manipal University Jaipur 23FM10BBA00124 Yash Vardhansingh 

4 Manipal University Jaipur 23FM10BBA00125 Krishna Snair 

5 Manipal University Jaipur 23FM10BBA00126 Viyom Gupta 

6 Manipal University Jaipur 23FM10BBA00127 Aditya Singh shekhawat 

7 Manipal University Jaipur 23FM10BBA00128 Sheikh Tabish ahmed 

8 Manipal University Jaipur 23FM10BBA00129 Bhavesh Aggarwal 

9 Manipal University Jaipur 23FM10BBA00130 Riddhima Gupta 

10 Manipal University Jaipur 23FM10BBA00131 Ishita Sharma 

11 Manipal University Jaipur 23FM10BBA00132 Akshat Sharma 

12 Manipal University Jaipur 23FM10BBA00133 Preksha Sood 

13 Manipal University Jaipur 23FM10BBA00134 Tanisha Agarwal 

14 Manipal University Jaipur 23FM10BBA00135 Ram Avtarchouhan 
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15 Manipal University Jaipur 23FM10BBA00136 Sourabh Shekhawat 

16 Manipal University Jaipur 23FM10BBA00137 Abhishek Jain 

17 Manipal University Jaipur 23FM10BBA00138 Priyanshu Yadav 

18 Manipal University Jaipur 23FM10BBA00139 Riddhi Charan 

19 Manipal University Jaipur 23FM10BBA00140 Akhil 

20 Manipal University Jaipur 23FM10BBA00141 Shaily Kushwaha 

21 Manipal University Jaipur 23FM10BBA00142 Deep Mittal 

22 Manipal University Jaipur 23FM10BBA00143 Rahul Choudhary 

23 Manipal University Jaipur 23FM10BBA00144 Ronil Joshi 

24 Manipal University Jaipur 23FM10BBA00145 Arihant Jaisawal 

25 Manipal University Jaipur 23FM10BBA00146 Ayush Kumarthakur 

26 Manipal University Jaipur 23FM10BBA00147 Angad Yadav 

27 Manipal University Jaipur 23FM10BBA00148 Shashank Chaudhary 

28 Manipal University Jaipur 23FM10BBA00149 Khushi Gupta 

29 Manipal University Jaipur 23FM10BBA00150 Garvita Rathore 

30 Manipal University Jaipur 23FM10BBA00151 Anirban Bhattacharyya 

31 Manipal University Jaipur 23FM10BBA00152 Keshav Badthuniya 

32 Manipal University Jaipur 23FM10BBA00153 Yash Saini 

33 Manipal University Jaipur 23FM10BBA00154 Vineet Kumar 

34 Manipal University Jaipur 23FM10BBA00155 Bhavuk Parashar 

35 Manipal University Jaipur 23FM10BBA00156 Mohit Oshu 

36 Manipal University Jaipur 23FM10BBA00157 Honey Chandnani 

37 Manipal University Jaipur 23FM10BBA00158 Veer Singh 

38 Manipal University Jaipur 23FM10BBA00159 Naman Kriplani 

39 Manipal University Jaipur 23FM10BBA00160 Himanshu Yogesh Mittal 

40 Manipal University Jaipur 23FM10BBA00161 Amogh Goyal 

41 Manipal University Jaipur 23FM10BBA00162 Alina Nadeem 

42 Manipal University Jaipur 23FM10BBA00163 Prince Gandhi 

43 Manipal University Jaipur 23FM10BBA00164 Devansh Devansh Tiwari 

43 Manipal University Jaipur 221016048 Aarohi 

44 Manipal University Jaipur 229301387 Soham maskara 

45 Manipal University Jaipur 229301650 Karan Kapoor 

46 Manipal University Jaipur 229301552 MONIL SHAH 

47 Manipal University Jaipur 229311009 Krittika Wadhawan 

48 Manipal University Jaipur 229301034 Maulik Mehrotra 

49 Manipal University Jaipur 229302340 Shreya Saihgal 

50 Manipal University Jaipur 229302257 Yash Dhruv 

51 Manipal University Jaipur 229302641 Pankaj Patel 

52 Manipal University Jaipur 229310250 Amrit Raj 

53 Manipal University Jaipur 220901154 Mehul rawat 

54 Manipal University Jaipur 221201002 Palak chawla 

55 Manipal University Jaipur 229309070 Pranav Banker 

56 Manipal University Jaipur 229303128 Mahi Bhardwaj 

57 Manipal University Jaipur 229303305 Karshh Divekar 

58 Manipal University Jaipur 229310242 Ashmit 
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59 Manipal University Jaipur 229301681 Armaan Deep Singh Bedi 

60 Manipal University Jaipur 229302281 Shriyam Singh Tiwari 

61 Manipal University Jaipur 229301130 Shreyansh Reddy 

62 Manipal University Jaipur 220901032 Raj Singh 

63 Manipal University Jaipur 211103077 Sanmai Pathak 

64 Manipal University Jaipur 211103075 Anvesha Shekhar 

65 Manipal University Jaipur 219311129 Shubham Yadav 

66 Manipal University Jaipur 221201033 Divanshi Gupta 

67 Manipal University Jaipur 229310052 Lakshya Khandelwal 

68 Manipal University Jaipur 229303191 Krishang Shukla 

69 Manipal University Jaipur 221305050 Baibhav Bhanu Naithani 

70 Manipal University Jaipur 229302371 Rishika Bhagawati 

71 Manipal University Jaipur 229311168 Rudra Nayyar 

72 Manipal University Jaipur 229311024 Shivam Singh 

73 Manipal University Jaipur 229311289 puneet more 

74 Manipal University Jaipur 229310200 Nainish Mane 

75 Manipal University Jaipur 229310153 Diksha M 

76 Manipal University Jaipur 221007068 Akshita Pandey 

77 Manipal University Jaipur 229309068 Rahul Trivedi 

78 Manipal University Jaipur 229309052 Raeez Mohammed K P 

Dr Narendra Singh Bhati HoD, BBA 

(Hemant Kumar) 

Assistant Director, Society Connect 

Directorate of Student’s Welfare 
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1. Introduction of the Event

The Department of Arts in collaboration with the DSW (NCC and NSS)

organized a tree plantation drive with a number of BA(Liberal Arts)

students.

2. Objective of the Event (bullet points or about 50 words)

 To make the students aware of the importance of tree plantation. 

3. Beneficiaries of the Event

Government school, Begas, an adopted school of MUJ 

4. Brief Description of the event

The Department of Arts in collaboration with the DSW (NCC and NSS)

organized a tree plantation drive with a number of BA(Liberal Arts)

students. The objective of the event was to make the students aware

of the importance of tree plantation.

5. Photographs

Students engaged in a tree plantation drive in the government school, Begas 
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MUJ students with the government school students 

MUJ department students during the plantation drive 
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6. Brochure or creative of the event (insert in the document only )

7. Schedule of the event (insert in the report)

6th September, 11:00 a.m. to 12:00 p.m.
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8. Attendance of the Event (insert in the document only)

Total attendee-16

Sr. 
No 

Name of 
Institution 

Place of 
Institution 

Name of Attendee 
Name of 

Dept 

 1.  MUJ  Jaipur  Chandravardhan  Arts 

 2. 
MUJ Jaipur 

 Kumesh Mishra 
Arts 

3. 
MUJ Jaipur  Soumya Pareek 

Dhanushree 
Arts 

4. MUJ Jaipur Arts 

5. 
MUJ Jaipur Karan Mallick Arts 

6. 
MUJ Jaipur Vanshika Agarwal Arts 

7. 
MUJ Jaipur 

Prithviraj 
Arts 

8. 
MUJ Jaipur Akshatt Singh Arts 

9. 
MUJ Jaipur 

Dhruv Nair 
Arts 

10. 

MUJ Jaipur 

Krishna 

Arts 

11. 
MUJ Jaipur 

Gaury 
Arts 

12. 
MUJ Jaipur Sudeepti 

Dhruv Dahiya 
Arts 

13. MUJ Jaipur Aditi Panigrahi Arts 

14. MUJ Jaipur Aradhya Khandelwal Arts 

15. 
MUJ Jaipur 

Komal Chadha 
Arts 

16. 
MUJ Jaipur Krritika Khandelwal 

Pragya Sharma 
Arts 

17. 
MUJ Jaipur Prachi Randhawa Arts 

18. 

MUJ Jaipur 

Gurmehr Singh 

Arts 

19. 
MUJ Jaipur 

Himmat di Charan 
Arts 

20. 
MUJ Jaipur 

Sameer Khan 
Arts 

21. 

MUJ Jaipur 

Ananya Thakur 

Arts 

22. 
MUJ Jaipur Harshita Das Arts 

23. MUJ Jaipur Manan Sharma Arts 
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24. 
MUJ Jaipur Surendra Singh Arts 

25. 
MUJ Jaipur 

Joy Tak 
Arts 

26. 
MUJ Jaipur Soumya harma Arts 

27. MUJ Jaipur Deepak Arts 

28. 
MUJ Jaipur Anup Choudhary Arts 

29. 

MUJ Jaipur 

Prithviraj Hada 

Arts 

30. 

MUJ Jaipur 

Tanisha Vashisht 

Arts 
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9. Link of MUJ website stating the event is uploaded on website

https://jaipur.manipal.edu/muj/news-events/events-list.html 

15.9.23 

Seal and Signature of HOD 
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1. Introduction of the Event  

The conference is inspired from the critical challenge of human, environmental, 

heritage and built sustainability concerning the present and future generations in a 

global-scale context. This theme emphasizes the strong foundation that is provided 

by using research to inform our everyday practices, policies, and analytical 

approaches. This interdisciplinary forum is for scholars, teachers, and practitioners 

from the built environment professional discipline who share an interest in—and 

concern for— sustainability in an holistic perspective, where environmental, cultural, 

economic and social concerns intersect. It will provide a platform for various 

individuals to connect the past and present and develop solutions to a more universal 

and environmentally friendly approach towards built environment. 

The conference will include topics such as 

(i)Sustainable approach to design in built environment, 

(ii)Sustainability & built Heritage, 

(iii)Conserving Built Heritage, 

(iv)Sustainable Policies for Environmental and Infrastructure Planning, 

(v)Earth and Environmental Planning & Design 

2. Objective of the Event  

This conference was a gathering of minds dedicated to addressing the pressing 

challenges of sustainability that affect our world today and tomorrow. It recognized 

that sustainability is a multifaceted concept that requires interdisciplinary 

collaboration and rigorous research. By bringing together scholars, educators, and 

practitioners, the conference facilitated the exchange of ideas and the development 

of solutions that promote a more sustainable, resilient, and environmentally friendly 

built environment.  

 

3. Beneficiary of the event 
This interdisciplinary forum is for scholars, teachers, and practitioners from the 

built environment professional discipline who share an interest in—and concern 

for— sustainability in an holistic perspective, where environmental, cultural, 

economic and social concerns intersect. 
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4. Brief Description of the event  

The conference was hosted by Department of Interior Design and School of Architecture 

and Design, Faculty of Design at Manipal University Jaipur. This interactive and engaging 

event is tailored exclusively for our researchers, as part of our commitment to foster 

continuous learning,future research opportunities. The presentations focused on 

sustainability as the prime agenda and paved way for the researchers to present their 

work at an international level. 

5. Photographs of the Event              

 

 

Snippets of the Conference 
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6. Poster of the event 
 

 

 

7. Schedule of the event 

 

Time Event  Speaker 

11:00 – 11:30 AM Opening speech  Dr Richa 

Jagatramka 

11: 30 – 11:35 AM       Welcome address       
 

Dr Madhura Yadav 

11: 35 – 11:45 AM Introduction of international speaker Ar Himangshu 

Kedia 

11: 45 AM – 12:45 

PM 

Presentation by Dr Muge   Dr Muge 

12: 45 – 01:00 PM Q & A session  

01:00 – 01:05PM Vote of Thanks Ar. Himangshu 

Kedia 
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Meeting Link :  

https://teams.microsoft.com/l/meetup-

join/19%3ameeting_MmRjNjZiN2ItMTc1NS00YmJlLTkwMTItMzBiYTVjNTI0YTRh

%40thread.v2/0?context=%7b%22Tid%22%3a%227d0726e8-bf4b-4ac1-

99f1-010fb11f1d3f%22%2c%22Oid%22%3a%2216be8839-914f-456c-

9836-e6b3ba8fa2f9%22%7d 

8. Attendance of the Event  

Total attendees – 28 participants from MUJ and outside 

Sl.no Name Organisation 

1 Dr. Richa Jagatramka FOD 

2 Megha Prabhu K  FOD 

3 Dr. Sampath Kumar Padmanabha 
Jinka 

FOD 

4 Dr. Madhura Yadav  FOD 

5 Dr. Anantkumar Dada Ozarkar  FOD 

6 Dr. Subhash Chandra Devrath  FOD 

7 Nisha Nelson  FOD 

8 Preethi Agrawal  Practicing Architect and PhD scholar 

9 NITIKA TORVI Christ University 

10 Subhadha B Christ University 

11 Himangshu Kedia  FOD 

12 Rushikesh Kolte MNIT 

13 Dr. Sunanda Kapoor FOD 

14 Ananya Tripathi  AKTU - GCA 

15 Kinzalk Chauhan FOD 

16 Ritu Sharma  FOS – Phd Scholar 

17 Rimjhim Swami  FOD 

18 Ayushi Sharma  FOD 

19 Apoorva Agarwal FOD 

20 Muge Fialho Leandro Alves Teixeira QUT Australia 

21 Deeksha MNIT 

22 Siddharth Mishra FOD 

23 Akshay Gupta FOD 

24 Ritu Sharma  FOD 

25 Neha Saxena  FOD 

26 Antima Kuda MAHE Dubai 

27 Raunak Prasad FOD 

28 Ashutosh Saini FOD 

 

 

  

Anushri Gaur
SDG 15



 

 

 

MUJ/DSW/Society Connect/ Oct2023/03                  

 

 

 

 

DIRECTORATE OF STUDENT’S WELFARE 

(SOCIETY CONNECT) 

#DAANUTSAV 2023 

Plantation Drive 

3rd October 2023 

 

Date: 3rd October 2023 

 

 

Anushri Gaur
SDG 15



 

    

Index 

S.No.  Activity Heads  Page no. 

1. Introduction of the Event 1 

2. Objective of the Event 1 

3. Beneficiaries of the Event 1 

4. Brief Description of the event 1 

5. Photographs 2-4 

6. Brochure or creative of the event 5-6 

7. Schedule of the Event  6 

8. Attendance of the Event  6-9 

9. Feedback of the Event 9 

10. Link of MUJ website  9 

 

 

Anushri Gaur
SDG 15



 

Page 1 of 9 
 

 

1. Introduction of the Event  

“A nation that destroys its soils destroys itself. Forests are the lungs of our land, 

purifying the air and giving fresh strength to our people. ” Trees are indispensable 

for life. Man can’t live without trees. However, the present condition of forests in 

the world, especially developing countries is pathetic and miserable. Forests are 

the source of life. They are the giving angels. They give man oxygen, rains, wood, 

fruit, make the world look so beautiful, yet the sinister man kills them! Who will 

be more inhumane than man himself? Cutting of forests ultimately endangers 

man’s own existence. Trees are important to the environment; they recycle water 

and process carbon dioxide in the atmosphere through photosynthesis. They are 

the world's full-time purifiers of air and water. Their cutting will disturb the 

natural water cycles which will lead to the shortage of fresh water in the water 

reserves of the world.  

Rotaract Green Club under Society Connect organized a Plantation Drive on account 

of DAAN UTSAV 2031. It took place on the 3rd of October from 10 a.m. Students were 

taken to the Mahatma Gandhi School, Begus for the drive. The drive aimed to instill a 

sense of discipline and respect for the environment while doing our part. 

 

 

 

2. Objective of the Event  
• Spread awareness on the importance of afforestation 

• Direct students’ mind in constructive activities 

• Contribution to the society 

• Promote tree planting 

• Create awareness regarding importance of ecology 

• Attempt at reducing pollution and improve green ambience 

 

3. Beneficiaries of the Event 

 

Community 

 

4. Brief Description of the event  

 
Rotaract Green Club organized the Plantation Drive on the 3rd October at 9 a.m. on 

account of DAAN UTSAV 2023. The drive’s main aim was to direct student’s mind  
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in constructive activities with the positive outcome through the facilitation of 

contributing to the nature and environment.  

 

It also aimed at spreading awareness about the effects of global warming and the 

positive effects of planting trees. The students gathered on campus to go to the 

Mahatma Gandhi School, Begus. 

 

The students participated in the drive enthusiastically and helped each other in 

planting the saplings. All the saplings were planted in the school ground by students. 
Participants were highly energetic to make the event a big success. A spirit of 

teamwork, exchange of ideas and enthusiasm of the participants especially among the 

students could be seen. Pictures were taken. The drive was successfully conducted by 

planting 40-50 saplings.   
 

5. Photographs of the event  

 

 

Image 1. Students and Faculty planting saplings 
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Image 2 Students participating in the Drive. 

 

Students participating in the Drive. 

 

 

 

 

 

 

 

 

Anushri Gaur
SDG 15



 

Page 4 of 9 
 

 

 
Image 4 Giving the manure to the newly plant samplings 

 

 

 

6. Brochure or creative of the event  

 

 
 

Plantation Drive  
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7. Schedule of the event  

 

S.NO. Name of the Event Time Place 

1. Plantation Drive 10:00 AM Mahatma Gandhi School (English 
Medium) Begus. 

 
A bus from MUJ was taken to the school in the morning. 

 

 

8. Attendance of the Event  

Total attendee- 67   

 

S.No. Reg. NO.  Name of Students  Institute Name  

1 23FE10ITE00079 Amisha anand Manipal University Jaipur 

2 23FE10CAI00360 shaivi adesh Manipal University Jaipur 

3 23FE10CSE00060  Amay Garg Manipal University Jaipur 

4 23FE10CDS00177 Manas Mathur  Manipal University Jaipur 

5 23fe10bte00029 Saloni kamal Manipal University Jaipur 

6 23FE10CSE00508 Dev Dhawan Manipal University Jaipur 

7 23fe10cii00035  Bhargavi Anand  Manipal University Jaipur 

8 220606004 Pranjal Puri Manipal University Jaipur 

9 23FA10BSP00028 Anupama Rustagi Manipal University Jaipur 

10 23FE10CCE00085 Siddhartha tiwari  Manipal University Jaipur 

11 23FA10BAP00002 Tanisha Mathur Manipal University Jaipur 

12 23FD10BFD00009  Mariya Shabbir Baiwala Manipal University Jaipur 

13 23FE10CDS00224 Harsh Ajmera  Manipal University Jaipur 

14 23fe10cds00125 Suryanshi Singh  Manipal University Jaipur 

15 23fs10mat00009 Malavika ramdas  Manipal University Jaipur 

16 221007021 Arshi Jain Manipal University Jaipur 

17 23FE10CSE00137 Stuti Dixit Manipal University Jaipur 

18 23fe10cii00094 Aarohi Tyagi Manipal University Jaipur 

19 23FE10CSE00152 Gautam Kakkar Manipal University Jaipur 

20 23FE10CSE00318 Krish Ray  Manipal University Jaipur 

21 23FE10CII00076 Kriissh Marwaha  Manipal University Jaipur 

22 229310321 Shiv Rajput Manipal University Jaipur 

23 23FS10BIO00051 Ragini Singh Thakur Manipal University Jaipur 

24 23FS10BIO00052 Anukriti sharma Manipal University Jaipur 

25 220901073 Diya Mittal Manipal University Jaipur 

26 23FE10CSE00081 Smmayan Gupta  Manipal University Jaipur 

27 229309083 Raghav Gupta  Manipal University Jaipur 

28 23FE10CDS00397 Hrishita Singh Timaney Manipal University Jaipur 

29 23FE10ITE00203 Sarah Sharda Manipal University Jaipur 

30 23fa10bsp00025 Jasleen kaur Manipal University Jaipur 
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31 23FA10BSP00039 Jiya Kumar Manipal University Jaipur 

32 23FA10BSP00004 Aarya Mahale  Manipal University Jaipur 

33 220606020 Chaarvi Kumar  Manipal University Jaipur 

34 23fa10bsp00058 Kashvi Mahajan Manipal University Jaipur 

35 229301095 Shaurya Singh Manipal University Jaipur 

36 23fe10ece00024 Kushagra agrawal  Manipal University Jaipur 

37 23FA10BSP00017 Megha  Sharma  Manipal University Jaipur 

38 23FM10BBA00162 Alina Nadeem  Manipal University Jaipur 

39 23FM10BBA00178  Avishi Akhaury Manipal University Jaipur 

40 221007004 Urvi Thakare Manipal University Jaipur 

41 23FA10BAP00027 Natasha Joan Menezes  Manipal University Jaipur 

42 23FA10BLE00004 Tanisha chaturvedi  Manipal University Jaipur 

43 23fe10cai00579 Arjun Malhotra  Manipal University Jaipur 

44 23FE10CAI00352 Maanyata Aul Manipal University Jaipur 

45 220901322 Divyanshi Singh  Manipal University Jaipur 

46 229310412 Jatin Verma Manipal University Jaipur 

47 229301094 Yashovardhan Pratap Singh  Manipal University Jaipur 

48 23FM10BBA00348 Niska kedia Manipal University Jaipur 

49 221105005 Dhruv Nair Manipal University Jaipur 

50 23FM10BBA00170 Shambhavi Agrawal  Manipal University Jaipur 

51 23FE10CDS00241 Armaan Setia Manipal University Jaipur 

52 23FE10CAI00105 Mritunjay Singh Manipal University Jaipur 

53 229311075 Aarna Tyagi Manipal University Jaipur 

54 229302051 Prince jindal Manipal University Jaipur 

55 23FA10BHE00035 Taneesha puri Manipal University Jaipur 

56 220903033 Suhani Jain  Manipal University Jaipur 

57 220901391 Dipika Agarwal Manipal University Jaipur 

58 229310222 Aayush Sharma Manipal University Jaipur 

59 221003007 Yachna Jain Manipal University Jaipur 

60 220901002 Anshu jangir  Manipal University Jaipur 

61 23FE10CDS00284 Anant Barjatya Manipal University Jaipur 

62 221015074 Rupal Sharma  Manipal University Jaipur 

63 23fa10bsp00047 Vartika Agarwal  Manipal University Jaipur 

64 23FA10BSP00041 Kali Vithlani  Manipal University Jaipur 

65 23FM10BBA00030 Harshal Saini Manipal University Jaipur 

66 23FE10CSE00746 Daksh Sharma Manipal University Jaipur 

67 23FS10BIO00034 PC Rahul  Manipal University Jaipur 

 

 

 

9. Feedback of the Event:- The students participated enthusiastically. 
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Plantation Drive  

OCTOBER 26, 2023 
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1. Introduction of the Event 

School of Basic science in collaboration with Directorate of Student Welfare, NCC, NSS 

organized a “Plantation Drive” on October 26, 2023.  The societal connect outreach activity 

on by planting the small plants. Program is organized by the Department of Chemistry in 

collaboration with Department of Student welfare (DSW) under the guidance of Mr. Hemant 

Kumar (Assistant Director, DSW), Dr. Rahul Shrivastava (Head, Department of Chemistry) 

and Dr Meenakshi Pilania (Departmental coordinator, DSW). The mention activity held at a 

Government School, Dabar ki Dhani, near Manipal University Jaipur on Thursday, 26th 

October 2023. 

 

2. Objective of the Event 

The focal point of this event was to spread awareness among school students with respect to their 

environment and also motivate the students towards to work their endeavors via the power of 

knowledge and education. 

3. Beneficiaries of the Event 

Through this initiative, students and villagers had better communication and understanding 

of the situation. 

 

4. Details of the Guests 

 

The event was laid by the students of BBA, BBA(BA), IMBA 

 

Rotary Club Jaipur Bapu Nagar 

Rotary started with the vision of one man — Paul Harris. The Chicago attorney formed the Rotary 

Club of Chicago on 23 February 1905, so professionals with diverse backgrounds could exchange 

ideas and form meaningful, lifelong friendships. 

Over time, Rotary’s reach and vision gradually extended to humanitarian service. Members have a 

long track record of addressing challenges in their communities and around the world. 

Rotary is a global network of 1.4 million neighbors, friends, leaders, and problem-solvers who see a 

world where people unite and take action to create lasting change – across the globe, in our 

communities, and in ourselves. They provide service to others, promote integrity, and advance world 

understanding, goodwill, and peace through our fellowship of business, professional, and community 

leaders. We collaborate with community leaders who want to get to work on projects that have a real, 

lasting impact on people’s lives. We connect passionate people with diverse perspectives to exchange 
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ideas, forge lifelong friendships, and, above all, take action to change the world. 

 

 

 

5. Brief Description of the event 

 
The Department of Chemistry organized a societal connect outreach activity on Plantation in collaboration 

with the Department of Student Welfare (DSW) under the supervision of Mr. Hemant Kumar (Assistant 

Director, DSW), Dr. Rahul Shrivastava (Head, Department of Chemistry) and Dr. Meenakshi Pilania 

(Departmental coordinator, DSW). The mentioned activity was held at a Govt. school, Dabar ki Dhani, near 

Manipal University Jaipur on Thursday, 26th October 2023. 

 

6. Photographs 

 

 
Image 1 : Students with faculty at School for the Career Awareness  
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Image 2: Students of school during the plantation drive  

 

 

 
Image 3: Team of MUJ Students at DABAR ki Dani School 
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7. Brochure or creative of the event 

 

 
 

 

 

8. Schedule of the Event 

The event took place on October 26, 2023 

 

 

9. Attendance of the Event (50) 

 

S. No.  Name  Registration No Name of Institution  

1 Rakshanda Singhal 211051012 Manipal University Jaipur 

2 Vartika Vaishya 211051015 Manipal University Jaipur 

3 Shakir Sisodia 201022604 Manipal University Jaipur 

4 Govind Gupta 170703601 Manipal University Jaipur 

5 Kanika Taneja 211004002 Manipal University Jaipur 

6 Avani Kothari 221004004 Manipal University Jaipur 

7 Pranjalee Ghosh 221004002 Manipal University Jaipur 

8 Kishika Arora 221004003 Manipal University Jaipur 

9 Aman Kumar 221004001 Manipal University Jaipur 
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10 Khushi Verma 211004006 Manipal University Jaipur 

11 Karunya Papney 211004004 Manipal University Jaipur 

12 Ankita Kumawat 211004003 Manipal University Jaipur 

13 Supriyo 23FS20MCH00004 Manipal University Jaipur 

14 Anjali Yadav 23FS20MCH00001 Manipal University Jaipur 

15 Divya Sharma 23FS20MCH00003 Manipal University Jaipur 

16 Vaibhav Anand 221013001 Manipal University Jaipur 

17 Dipesh Gehlot 221013002 Manipal University Jaipur 

18 Suman Yadav 221013003 Manipal University Jaipur 

19 Ashish Sharma 221013004 Manipal University Jaipur 

20 Ishan Jain 229310159 Manipal University Jaipur 

21 Ishika Jain  229310410 Manipal University Jaipur 

22 Aditi Singh Parihar  219311171 Manipal University Jaipur 

23 Utkarsh Shukla 229301763 Manipal University Jaipur 

24 Vedika  221007014 Manipal University Jaipur 

25 Honey Trivedi  229302207 Manipal University Jaipur 

26 Shaurya Nandwani 229301726 Manipal University Jaipur 

27 Shreyas Bhati 229301374 Manipal University Jaipur 

28 Aditya Mishra  229310237 Manipal University Jaipur 

29 Aaryan kale  229303031 Manipal University Jaipur 

30 Mustansir kanchwala  220903021 Manipal University Jaipur 

31 Sahil Kalra 229303321 Manipal University Jaipur 

32 Krishang Goel 229309035 Manipal University Jaipur 

33 Anand Mandlik 229310162 Manipal University Jaipur 

34 Aryan Sachdeva  229301438 Manipal University Jaipur 

35 Ansh manawat 229301712 Manipal University Jaipur 

36 Utkarsh Jha 220901009 Manipal University Jaipur 

37 ria chauhan 229301253 Manipal University Jaipur 

38 Ishita Sharma 229303237 Manipal University Jaipur 

39 Ajinkya wagh 229310003 Manipal University Jaipur 

40 Kritika Pahuja  229310048 Manipal University Jaipur 

41 Ishan Aaditya 229303314 Manipal University Jaipur 

42 Jiya Thakur 229309176 Manipal University Jaipur 

43 Utsav Acharjya 229301358 Manipal University Jaipur 

44 Kanishka Chaudhary  229202010 Manipal University Jaipur 

45 Sameeksha 229310311 Manipal University Jaipur 

46 Taarush Kathuria  229301462 Manipal University Jaipur 

47 Ankit Kumar Tiwari 229309098 Manipal University Jaipur 

48 Hanis Gori  229310131 Manipal University Jaipur 

49 Aditya Prakash Sinha  229310189 Manipal University Jaipur 

50 Lakshita Agrawal  229301455 Manipal University Jaipur 

 

 

 

 

 

 

 

 

Anushri Gaur
SDG 15



 

 

(Hemant Kumar) 

Assistant Director, Society Connect  

Directorate of Student’s Welfare 
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Societal Connect Activity on 

Bird Nest Installation 
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1. Introduction of the Event 

Introduction of the Event: School of Business and Commerce organized a activity to install bird nests in the 

nearby village on November 30, 2023. 5 students and 1 faculty member participated in the campaign. The 

event took place in nearby village of Manipal university. 

2. Objective of the Event 

The primary objective of the event was to promote environmental awareness and conservation by 

actively contributing to the well-being of local bird populations. Through the installation of bird nests, 

the aim was to create a sustainable habitat for birds in the nearby village, fostering biodiversity and 

ecological balance. 

 

3. Beneficiaries of the Event 

The beneficiaries of the event included the local bird species in the nearby village. By providing suitable 

nesting spaces, the initiative sought to enhance the living conditions for birds, contributing to the overall 

ecosystem health. Additionally, the participating students gained hands-on experience in environmental 

stewardship. 

 
4. Details of the Guests 

The event was laid by the students of BBA. 

 
 

5. Brief Description of the event 

The activity involved the installation of bird nests in the nearby village of Manipal University, with 

students and faculty members actively engaging in the process. Participants worked together to 

strategically place the nests, considering the local ecology and the needs of various bird species. The 

event not only contributed to the local environment but also provided a unique learning experience for 

the students, emphasizing the importance of hands-on conservation efforts. Overall, the initiative 

aimed to create a positive impact on the local ecosystem while instilling a sense of environmental 

responsibility among the participants. 

 
6. Photographs 
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7. Brochure or creative of the event 

 

 
 

8. Schedule of the Event 

The event took place on November 30, 2023 
 

9. Attendance of the Event 
 

Sr. No Name of Institution Registration Number/ 
Employee Code 

Attendee Name 

1 Manipal University Jaipur 
MUJ0099 Dr. Mahesh Jampala 

2 Manipal University Jaipur 
MUJ1538 Dr Rishi Vaidya 

3 Manipal University Jaipur 
MUJ0623 Dr. Nupur Ojha 

4 Manipal University Jaipur 
MUJ1490 Mr. Aditya Dhiman 

5 Manipal University Jaipur 
23FM10BBA00204 DINESH CHOUDHARY 

6 Manipal University Jaipur 
23FM10BBA00200 VANSH MULCHANDANI 

7 Manipal University Jaipur 
23FM10BBA00214 GOPAL BISHNOI 

8 Manipal University Jaipur 
23FM10BBA00215 AKSHAT SHARMA 

9 Manipal University Jaipur 
23FM10BBA00216 KHUSHWANT SANKHLA 

10 Manipal University Jaipur 
23FM10BBA00205 AYUSHMAN GUPTA 
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1. Introduction of the Event 
The practical knowledge about the subject is of immense importance for the students 

of B.A, Economics (Hons.), M.A. Economics (Hons.), and as such apart from regular 

classroom teaching there is a strong case for exposing them to innovative and practical 

outdoor sessions/visits to the nearby areas & projects. Taking this pedagogy of 

teaching, a one day visit to the renowned Laporiya village and interaction with Padma 

Shree Laxman Singh was planned to closely to observe how the water stressed 

Laporiya village became self-sufficient in water with all the efforts of Laxman Singh 

Ji. He has been awarded the Padma Shree for his significant contribution to the field of 

saving water and the environment for the last 40 years. He changed the picture of more 

than 50 villages with the technique of saving water and the campaign launched for it. 

He recharged the ponds with the Chowka technique to save water and pastures. 

 

To take insights into his dedication, efforts, and commitments, this visit was planned  

for students to interact with him so that the environmental sustainability thought 

will sustain forever with Gen-Z and they will transfer the same to Gen-Alpha. 

 
2. Objective of the Event 

Water is a finite and shared resource. As well as being a basic human right and 

fundamental to healthy ecosystems, water is vital to the functioning of the global 

economy. However, increasing demand and competition, climate change and pollution 

are putting pressure on global water resources, creating risks for business and society. 

To experience the outstanding achievements and gain practical knowledge about 

environmental economics, an academic visit to “Laporiya village, near Dudu” is 

organized for the betterment and knowledge enhancement of the students. 

 

3. Beneficiarie s of the Event 

Students and faculty members of Manipal University Jaipur. 

 
4. Details of the Guests 

The President of India has awarded Shri Laxman Singh Ji Padma Shree for his 

commendable work of reviving the Chowka system, a traditional water harvesting 

method in Rajasthan. He has founded the NGO Gram Vikas Navyuvak Mandal 

Laporiya (GVNML). The efforts of Sh. Laxman Singh Ji has borne fruits in a drought- 

ridden small village (Lapodiya), 80 km from Jaipur. 

 

5. Brief Description of the event 

It was an expert lecture on Syllogism of knowledge of economics, entrepreneurial 

and data skills: Unpack the Why? by Mr. Abhishek Jain, EY, Senior project consultant 

E & Y. The aim of the lecture is to provide economic knowledge, entrepreneurial skill with 

basic data analytics knowledge and skills when it comes to leveraging data while 

growing their businesses, regardless of their respective industries. Student’s always be 

in prisoners dilemma of  Why? 

Anushri Gaur
SDG 15



Page 4 of 9 Name of Event 

 

 

 

3 to 5 geotagged photographs of the event or screenshots of the event (if 

online) with captions 

 

Mr Laxaman Singh Ji discussing the importance of ecosystem 
 

 
Mr Laxaman Singh Ji Addressing the students 

 

 
Photographs 
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The Village well 
 

 
Taking a short break, Mr Lakshman Singh Ji, faculties and students 
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Mr Singh (centre) discussing the young mind’s learnings and impressions in his house at the end of the 

visit. 
 

 

The students, Mr Lakshman Singh (towards right in white) and Dr Shilpi Gupta, outside his house. 
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6. Brochure or creative of the event (insert in the document only) 
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7. Schedule of the event (insert in the report) 

 
Date of the event –October 31, 2023 7:30 AM 

 

 

8. Attendance of the Event (insert in the document only) 

Total attendee- 
 

Registration No. Name of the Students Column1 Column2 

211101046 Akshay P  

211101035 Anubhav p  

211101003 Dakshita P  

211101043 Gaurav basniwal P  

211101050 Gaurav kumar P  

211101013 Saarthak tiwari P  

211101042 Praseeda P  

211101004 Rishita P  

211101006 Shivangi P  

211101015 Sumriddhi P  

211101040 Yash P  

211101041 Yashi P  

211101039 Anushka P  

211101007 Utkarsh P  

211101044 Riti P  

211101021 Paritosh P  

211101028 Divya surana P  

211101025 Atharv P  

23FA20MEA00004 Santanu Bhowmick P  

23FA20MEA00007 Anubhav Joshi P  

23FA20MEA00005 Bhumita Yadav P  

23FA20MEA00006 Shweta Choudhary P  

23FA20MEA00003 Medini Choudhary A Unwell 

23FA20MEA00002 Nisha Choudhary A Unwell 

231151001 Devanshi Kapoor P  

 
Dr. Shilpi Gupta 

Associate professor - Department of 
Economics 

 
P 

 

Mr. Apoorva 
Saxena 

 
Head, community Radio Station 

 
P 

 

Mr. Parul Kanwar Jr. Assistant SHSS P  
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News Publication- News printed in newspaper or online links (if any) for 

news – insert images) 

NA 

 

 
9. Feedback report of the Event 

Students experienced Padam Shree Laxman Singh Ji’s dedication, efforts, and  

commitments, and take away from him the environmental sustainability thought 

which will sustain forever with Gen-Z and they will transfer the same to Gen-Alpha. 

 

10. Link of MUJ website stating the event is uploaded on website 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Seal and Signature of Head with date 
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1. Introduction of the Event  

The Department of Arts in collaboration with the DSW (NCC and NSS) 

organized a tree plantation drive with a number of BA(Liberal Arts) 

students. 

 

2. Objective of the Event (bullet points or about 50 words) 

      To make the students aware of the importance of tree plantation. 

 

3. Beneficiaries of the Event  

 

Government school, Begas, an adopted school of MUJ 

 

4. Brief Description of the event 

The Department of Arts in collaboration with the DSW (NCC and NSS) 

organized a tree plantation drive with a number of BA(Liberal Arts) 

students. The objective of the event was to make the students aware 

of the importance of tree plantation. 
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5. Photographs 

 

Students engaged in a tree plantation drive in the government school, Begas 
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MUJ students with the government school students 

 

 

MUJ department students during the plantation drive 

 

 

6. Brochure or creative of the event (insert in the document only ) 
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7. Schedule of the event (insert in the report) 

 

6th September, 11:00 a.m. to 12:00 p.m. 

 

8. Attendance of the Event (insert in the document only) 

Total attendee-16 

Sr. 
No 

Name of 
Institution 

Place of 
Institution  

Name of Attendee  
Name of 

Dept 

 1.  MUJ  Jaipur  Chandravardhan   Arts 

 2. 
MUJ Jaipur 

 Kumesh Mishra 
Arts 

3. 
MUJ Jaipur  Soumya Pareek 

Dhanushree 
Arts 

4. MUJ Jaipur  Arts 

5. 
MUJ Jaipur Karan Mallick 

 
Arts 

6. 
MUJ Jaipur Vanshika Agarwal 

 
Arts 

7. 
MUJ Jaipur 

Prithviraj 
Arts 

8. 
MUJ Jaipur Akshatt Singh 

 
Arts 

9. 
MUJ Jaipur 

Dhruv Nair 
Arts 

10. 

MUJ Jaipur 

Krishna 

Arts 

11. 
MUJ Jaipur 

Gaury 
Arts 

12. 
MUJ Jaipur Sudeepti 

Dhruv Dahiya 
Arts 

13. MUJ Jaipur Aditi Panigrahi Arts 

14. MUJ Jaipur Aradhya Khandelwal Arts 

15. 
MUJ Jaipur  

Komal Chadha 
Arts 

16. 
MUJ Jaipur Krritika Khandelwal 

Pragya Sharma 
Arts 

17. 
MUJ Jaipur Prachi Randhawa 

 
Arts 

18. 

MUJ Jaipur 

Gurmehr Singh 

Arts 

19. 
MUJ Jaipur 

Himmat di Charan 
Arts 

20. 
MUJ Jaipur 

Sameer Khan 
Arts 

21. 

MUJ Jaipur 

Ananya Thakur 

Arts 

22. 
MUJ Jaipur Harshita Das 

 
Arts 

23. MUJ Jaipur Manan Sharma Arts 
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24. 
MUJ Jaipur Surendra Singh 

 
Arts 

25. 
MUJ Jaipur 

Joy Tak 
Arts 

26. 
MUJ Jaipur Soumya harma 

 
Arts 

27. MUJ Jaipur Deepak Arts 

28. 
MUJ Jaipur Anup Choudhary 

 
Arts 

29. 

MUJ Jaipur 

Prithviraj Hada 

Arts 

30. 

MUJ Jaipur 

Tanisha Vashisht 

Arts 
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9. Link of MUJ website stating the event is uploaded on website 

 

https://jaipur.manipal.edu/muj/news-events/events-list.html 

 

 

 

 

 

 15.9.23 

Seal and Signature of HOD 
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COLLABORATIONS 



1

Vol.:(0123456789)

Scientific Reports |        (2023) 13:16641  | https://doi.org/10.1038/s41598-023-43528-6

www.nature.com/scientificreports

Climate trends and maize 
production nexus in Mississippi: 
empirical evidence from ARDL 
modelling
Ramandeep Kumar Sharma 1, Jagmandeep Dhillon 1*, Pushp Kumar 2, Raju Bheemanahalli 1, 
Xiaofei Li 3, Michael S. Cox 1 & Krishna N. Reddy 4

Climate change poses a significant threat to agriculture. However, climatic trends and their impact on 
Mississippi (MS) maize (Zea mays L.) are unknown. The objectives were to: (i) analyze trends in climatic 
variables (1970 to 2020) using Mann–Kendall and Sen slope method, (ii) quantify the impact of climate 
change on maize yield in short and long run using the auto-regressive distributive lag (ARDL) model, 
and (iii) categorize the critical months for maize-climate link using Pearson’s correlation matrix. The 
climatic variables considered were maximum temperature (Tmax), minimum temperature (Tmin), 
diurnal temperature range (DTR), precipitation (PT), relative humidity (RH), and carbon emissions 
 (CO2). The pre-analysis, post-analysis, and model robustness statistical tests were verified, and all 
conditions were met. A significant upward trend in Tmax (0.13 °C/decade), Tmin (0.27 °C/decade), and 
 CO2 (5.1 units/decade), and a downward trend in DTR ( − 0.15 °C/decade) were noted. The PT and RH 
insignificantly increased by 4.32 mm and 0.11% per decade, respectively. The ARDL model explained 
76.6% of the total variations in maize yield. Notably, the maize yield had a negative correlation 
with Tmax for June, and July, with PT in August, and with DTR for June, July, and August, whereas 
a positive correlation was noted with Tmin in June, July, and August. Overall, a unit change in Tmax 
reduced the maize yield by 7.39% and 26.33%, and a unit change in PT reduced it by 0.65% and 2.69% 
in the short and long run, respectively. However, a unit change in Tmin, and  CO2 emissions increased 
maize yield by 20.68% and 0.63% in the long run with no short run effect. Overall, it is imperative to 
reassess the agronomic management strategies, developing and testing cultivars adaptable to the 
revealed climatic trend, with ability to withstand severe weather conditions in ensuring sustainable 
maize production.

Maize is the most important cereal, known as the “queen of  cereals1.” The United States (US) is the leading 
producer, followed by China, Brazil, and  Argentina2. The US contributes 32% to global production, and 60% of 
total production is  exported2. Within the US, Mississippi (MS) is the state that contributes 748.3 million USD 
annually to national maize  revenue3. Mississippi has 0.64 million acres under maize  cultivation4. Mississippi 
has eight of the total twelve soil types, 60% of cropland is irrigated (by center pivot and furrow), and maize is 
grown on raised  beds5,6. Mississippi has registered its maize yield progressing at a faster annual growth rate than 
the US for the past two  decades7. As a result, MS actual maize yield surpassed the US in 2000; the current yields 
for MS and the US are 12.51 and 11.87 Mg  ha-1,  respectively4. Over the past half-century, MS has experienced a 
rapid increase (173%) in the harvested acres for maize compared to the US average (47%)4. More intriguingly, 
MS maize still has a considerable yield gap of 2 to 5.6 Mg  ha-1, or 14 to 31%, at the state level when compared to 
the highest achievable yield under best management  practices7. Closing these yield gaps is critical for economic 
benefits, reducing food prices, and consequently improving food  security8. Strategies to close existing yield gaps 
via research necessitate a broader understanding of the causal factors and their extent on variations in crop  yield9.

The factors that govern crop production and its variability include genetics, environment, and management 
such as soil properties, and agronomic management for instance fertilization, irrigation, tillage, planting dates, 
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row-to-row width, planting population, planting time, depth, etc.,10,11. However, amongst all, the climate is noted 
to be the major uncontrollable contributor affecting crop production, with the proven potential to explain up to 
or even greater than 60% of the global crop yield  variations12. Numerous studies on wheat (Triticum aestivum 
L.)13–16,  maize17–19 and rice (Oryza sativa L.)20,21 has demonstrated a consensus on crop-climate link in cereals. 
Based on region-specific studies, the crop-climate association was found to be strong, ranging 22–60%, 40–71.3%, 
and 67–92% in wheat, maize, and rice, respectively. The same has been confirmed by global studies for other crops 
as  well22–25. Specifically, in maize, Rizzo et al.26 attempted to separate climate, management, and genetic factors 
and deduced that climate change (48%) explained most of the yield variation, followed by management (39%), 
and genetics (13%). Given the alarming rate of future climate warming, almost 1.5 °C upsurge, precipitation 
(PT) irregularities (24–40%) combined with increased carbon emissions, the coefficient of yield dependability 
on climate is expected to rise further by 47% in  205027.

Climatic trends induce biotic and abiotic stresses in plants by controlling microclimates around them, and 
influence evapotranspiration, gas exchange, resource use efficiency, plant-microbe relations, phenological pro-
cesses, crop performance, and finally  yield28. The severity of crop-climate links is determined by the magnitude 
and trend of change of climatic variables, which vary by region, and such estimates for MS are  lacking29. Missis-
sippi is in a climatically vulnerable southeastern region of the US, and has a significant agroeconomic  impact30,31. 
Also, Mississippi agriculture relies on reduced capital investments and infrastructural inputs, removing several 
choices for combating climate-related negative  consequences32,33. Even so, only a few climate-crop studies were 
conducted so far for  MS34–37, and even fewer on  maize21,38,39. Therefore, the current study is aimed at calculating 
(i) the trend in climatic variables, namely, daily maximum temperature (Tmax), daily minimum temperature 
(Tmin), diurnal temperature range (DTR), precipitation (PT), carbon emissions  (CO2), and relative humidity 
(RH) in MS during 1970–2020, and (ii) impact of change in these variables on MS maize yield. The novelty of 
this study lies in investigating climatic variables other than just temperatures and PT, monthly investigations of 
trends in climatic variables, pinpointing crucial months impacting maize and employing econometric method 
for the first time to explore crop-climate link in MS.

Methodology
A detailed step-by-step outline of the various methodologies used to accomplish the study’s objectives is displayed 
in Fig. 1. The sections below provide a detailed discussion on the various methodology components, including 
data, study model specifications, and the estimation procedures involved.

Figure 1.  A step-by-step flowchart outlining the detailed methodology for the three different objectives. The 
first objective—estimating the trend for each of the six climatic variables—maximum temperature (Tmax), 
minimum temperature (Tmin), diurnal range (DTR), precipitation (PT), relative humidity (RH), and carbon 
dioxide emissions  (CO2)—is shown in blue boxes on the left, the second objective—quantifying the overall 
impact of climatic variables on maize yield—are shown in yellow boxes in the middle, and the third objective 
workflow—identifying the key months for crop-climate linkage—are shown in green boxes on the right.
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Data
The present study utilized the past 50 years of time-series dataset for MS (Fig. 2), from 1970 to 2020 similarly 
to previous  studies12,40–42.

As per World Meteorological Organization guidelines, 30 years (at minimum) dataset is recommended for 
climatic trend  computations43. The response variable was maize yield, and the explanatory variables were Tmax, 
Tmin, DTR, PT, RH and  CO2 (Fig. 1). Harvested area (HA) was included as an input control variable as sug-
gested by Jan et al.44. Moreover, following Chandio et al.40, the Tmax, Tmin, DTR, and RH were averaged, and 
PT was totaled to maize growing season (MGS) for analyzing the impact of growing season anomalies. Also, the 
monthly averaged data of each variable was utilized to compute the month-wise climatic impact on maize. The 
MGS (March-September) was taken as per the USDA harvesting and planting dates handbook. The data on  CO2 
was available on a yearly average basis. The data were gathered from the USDA-NASS repository (https:// www. 
nass. usda. gov/) for yield, National Oceanic and Atmospheric Administration (NOAA) database (https:// www. 
noaa. gov/) for Tmax, Tmin, DTR, and PT, PRISM database (https:// prism. orego nstate. edu/ compa risons/) for 
RH, and US energy information administration (https:// www. eia. gov/ envir onment/ emiss ions/ state/) for  CO2. 
There is a vast literature authenticating the use of time series data and the aforesaid data sources for crop-climate 
 estimations45–48.

Econometric model specification
The two-dimensional effects of climate change on crops include a short-term effect that is directly impacting 
the yield in the current and subsequent (residual effect)  years49,50. This immediate effect accumulates to build 
the foundation for permanent effects, referred to as long-term effects, that ultimately influence the soil-forming 
processes, soil properties, microbial buildups in the soil, and nutrient-use  abilities51–53. Therefore, the study 
evaluated both the short and long-term relationships between the variables using the widely used auto-regres-
sive distributive lag (ARDL) bound-testing  method44,54–58. The ARDL model is preferred over other statistical 
methods because it can efficiently run the analysis for both short-term and long-term relationships simultane-
ously at ceteris paribus keeping all other variables  unchanged55. Moreover, the ARDL model accounts for previ-
ous year inputs/factors influencing the current year yield, by incorporating the “lag length” component in its 
 functionality59. These factors could be residual effects of previous year fertilization especially if a granular form 
is applied, late season excessive rainfall, or maybe rollover effects of previous crop  rotation60,61. By regressing the 
lag values of the regressors against the regressand, the lag length feature statistically advises the ARDL model 
on how far back in time it needs to go to capture the residual  effect62,63. The ARDL model works well regardless 
of the integration level of the time series data i.e., level (I = 0), at first difference (I = 1), or combination of I (0), 
and I (1)56. The ARDL approach is robust against endogeneity issues, which arises when the dependent variable 
tends to correlate with the error term in the regression  model64, reducing residual correlation, and small sample 
 sizes54. The ARDL has an intrinsic feature of error correction model (ECM) that estimates the pace (% per year) 
with which the short-term effects transfer cumulatively to form permanent basis for the long-term  effects54. The 
following linear equation was used to evaluate short-term and long-term association of mentioned variables:

The natural log form variables are suggested for time series data to smoothen multicollinearity and instability 
issues if  any56.

(1)Y = f (Tmax,Tmin,DTR, Prec,RH ,CO2,HA)

(2)
lnYt =β0 + β1ln(Tmax)t + β2ln(Tmin)t + β3ln(DTR)t + β4ln(PT)t

+ β5ln(RH)t + β6ln(CO2)t + β7ln(HA)t + εt

Figure 2.  The study area (Mississippi state) highlighted on the USA map.

https://www.nass.usda.gov/
https://www.nass.usda.gov/
https://www.noaa.gov/
https://www.noaa.gov/
https://prism.oregonstate.edu/comparisons/
https://www.eia.gov/environment/emissions/state/
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where, Yt is maize yield (Mg  ha-1) in year t. Tmax, Tmin, and DTR are in (°C), PT in (mm), RH in (%),  CO2 in 
metric ton, HA is maize harvested in hectares, β0 is intercept, and β1,β2,β3,β4,β5,β6,β7 are coefficients of slopes 
in the function, and εt is error term in time t.

Auto‑regressive distributive lag (ARDL) bound test approach
The ARDL model equation adopted in similar previous  studies44,55,57, is used here as follow:

where Y is maize yield, t is the time in year, i is the lag order with n is the highest lag value, α0 is the intercept, � 
denotes the first differencing, εt is the error term, α1 to α8 represents coefficients of long term cointegration for 
different variables, γ1 to γ8 are short term coefficients for different variables, ECT is the error correction term and 
∅ is its coefficient which determines the pace (% per year) by which short term climatic impacts cumulatively 
transfer to form basis for permanent long term effects.

The first differencing, as suggested in previous  studies23,65, was applied as a technique to detrend the maize 
yield to account for the other yield impacting unobserved factors such as advancement in agricultural technology, 
progression of the adjustments in growers according to the management recommendations, and the infrastruc-
tural developments. The data on aforesaid factors was not available. Detrending is widely used in literature to 
exclude (minimize) the impact of such unobserved variables and to capture the sole impact of climate variables 
on crop  yields23,65.

Climatic trend analysis
The Mann-Kendall  test66,67 and Sen slope  method68 were employed to time series (1970–2020) data for all study 
variables to establish the trend on both monthly and growing seasonal timescale (Mar-Sep). Both these non-
parametric tests are recommended by the World Meteorological Organization for climatic trend  estimation69. 
The Kendall tau computes the direction and strength of the trend where positive sign of the coefficient indicates 
increasing (upward), negative sign signifies decreasing (downward) trend, and the magnitude of 0–0.25 (weak), 
0.26–0.50 (fair), 0.51–0.75 (moderate), and values above 0.76 (strong) signifies the strength of the  trend70–72. 
However, the Sen slope coefficient indicates the rate of change per year. For more detailed understanding on 
methodology of both these tests, readers are suggested to read Gocic and  Trajkovic73 or Gujree et al.74 procedures.

Estimation procedures
Unit tests
Units root problem arise when the mean, variances, and co-variances are time dependent or non-constant during 
the study  timeframe75. Usually, unit root problems (non-stationarity) exist with time series data, if it exists, can 
cause spurious  regression76. When a single coefficient fails to accurately reflect the true relationship between 
the study variables, false regression occurs, and the conclusions drawn may be  untrue76. Hence, the Augmented 
Dickey-Fuller (ADF)77 and the Phillips–Perron tests (PP)78 unit root tests were performed. The results revealed 
that all the variables were stationary at level or first differencing, fulfilling the assumption of ARDL bound test-
ing model (Table 1A).

Multicollinearity testing
Analyses involving multiple variables may be susceptible to multicollinearity due to the propensity of variables 
to become correlated with one  another79. To avoid overfitting in a regression model caused by multicollinearity, 
either the variables exhibiting it should be eliminated, or it needs to be verified that the data is free of multicollin-
earity, using tests such as the variance inflation factor (VIF) test and tolerance  test80. The present study performed 
both these tests and found that the VIF value (3.45) and tolerance value (0.30) were within the permissible limits 
(Table 1B); VIF < 10 and tolerance value (TOV) > 0.142,79,80, confirmed that multicollinearity was not an issue 
with the dataset (Table 1B).

(3)
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Optimum lag selection
The ARDL model can determine the number of prior years to include in the model for regressing the explanatory 
variables (including their lag values) against the regressand (current year yield) by using the optimal lag number, 
to incorporate the previous years’ residual effects on current year maize  yield55. The study used statistical tests 
such as Sequential modified likelihood ratio (SMLR) test, final prediction error (FPE) test, Akaike information 
criterion (AIC) method, Schwarz information criterion (SIC) method, and Hannan-Quinn information criterion 
(HQ) method, as guided by Agbenyo et al.57, and Warsame et al.55, to select optimum lag length for the model.

The appropriate lag length for the ARDL model was determined to be three (Table 1C), based on the mini-
mum value generated by majority of the tests (SMLR, FPE, and AIC) utilized. The lag length of three signifies 
that the previous three years data needs to be considered to regress against the regressand for capturing residual 
effects.

Cointegration testing
The Wald F-test was used for the null and alternative hypotheses testing after running a regression to check for 
the existence of cointegration between regressors and  regressand44. The two types of threshold values were pro-
duced, the upper bound threshold values were termed I (1), and the lower bound threshold values were termed I 
(0). The null hypothesis is accepted if the Wald F-statistics value is less than the lower bound (at I = 0) threshold 
value, indicating no relationship present between the regressand and  regressors41. However, the null hypothesis 
is rejected if the Wald F-statistics value is higher than the upper bound (at I = 1) threshold value, indicating the 
presence of a relationship between the regressand and  regressors41. The Wald F-test value (Table 1D) was esti-
mated as 7.228, which, at the 1% significance level, was higher than the upper critical limit (4.15). The absence 

Table 1.  Pre-analysis diagnostic testing. “***”shows the significance level at 1%. *Indicates lag order selected 
by the criterion, SMLR: sequential modified likelihood ratio test statistic, FPE: Final prediction error, AIC: 
Akaike information criterion, SC: Schwarz information criterion, HQ: Hannan-Quinn information criterion, 
and each test at 5% level of significance.

Variables

ADF PP

Level First difference Level First difference

(A) Unit root test results following Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests of variables including maxi-
mum temperature (Tmax), minimum temperature (Tmin), carbon dioxide emission  (CO2), harvested area (HA), precipitation 
(PT), and maize grain yield (Y)

Tmax  − 6.276***  − 10.036***

Tmin  − 6.340***  − 10.580***

CO2  − 2.256  − 8.400***  − 2.264  − 8.357***

HA  − 3.237  − 8.323***  − 3.170  − 10.284***

PT  − 6.317***  − 6.287***

Y  − 7.058***  − 7.054***

Variable Variance inflation factor (VIF) Tolerance value (TOV)

(B) Multicollinearity test results based on variance inflation factor (VIF) and tolerance value (TOV) tests of variables includ-
ing maximum temperature (Tmax), minimum temperature (Tmin), carbon dioxide emission  (CO2), harvested area (HA), and 
precipitation (PT)

Tmax 4.512 0.221

Tmin 4.126 0.242

CO2 3.207 0.312

PT 2.475 0.404

HA 2.937 0.340

Mean value 3.451 0.304

Lag SMLR FPE AIC SIC HQ

(C) Model’s lag selection criterion using sequential modified statistics test (SMLR), final prediction error (FPE) test, Akaike infor-
mation criterion (AIC) method, Schwarz information criterion (SIC) method, and Hannan-Quinn information criterion (HQ) 
method

0 NA 8.36e-13  − 10.783  − 10.544  − 10.693

1 177.455 4.28e-14  − 13.768  − 12.099*  − 13.142*

2 37.853 7.06e-14  − 13.350  − 10.249  − 12.188

3 26.476* 3.42e-14*  − 14.295*  − 9.7631  − 12.597

4 67.775 7.43e-14  − 13.990  − 8.0276  − 11.756

Test Statistic Value Significance (%) Level I (0) First difference I (1)

(D) The ARDL bounds cointegration test results

 F-statistic 7.228 10 2.08 3

5 2.39 3.38

1 3.06 4.15
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of cointegration was thus ruled out as the null hypothesis, and the presence of cointegration was determined at 
a 1% level of significance.

Post analysis diagnostic tests, and sensitivity/robustness check of ARDL model
After the ARDL model estimation, the study performed Breusch-Godfrey LM test (for serial correlation check), 
Breusch–Pagan–Godfrey test (for heteroscedasticity check), and cumulative sum (CUSUM) and cumulative sum 
of squares (CUSUMSQ) of recursive residuals tests (for stability check of the model coefficients), as suggested 
by the previous  studies58.

The results confirmed that the functional model was free from serial correlation and heteroskedasticity (mis-
specifications) issues (Table 2A). The CUSUM and CUSUMSQ test graphs found that the parameter plot lines 
were consistent, stable, and stayed within critical bounds at the 5% level of significance (Figs. 3 and 4). Hence, 
confirming the accuracy and stability of short and long run model coefficients that affected the MS maize yield 
from 1970 to 2020. The CUSUM test can identify systematic, whereas the CUSUMSQ test identifies rapid and 
drastic variations from the constancy of the model  coefficients81.

After confirming the ARDL model’s goodness of fit and predictive effectiveness by running post-analysis 
diagnostic tests, the sensitivity analysis was carried out using the fully modified ordinary least square (FMOLS) 
model to examine the robustness of the ARDL model functionality in long run. The FMOLS model showed that 
Tmax and PT had a negative impact on maize yield while Tmin and  CO2 had a positive impact (Table 2B). These 
results are consistent with the long-run coefficients of the ARDL model, further validating the robustness of the 
model recommendations.

Table 2.  Post analysis diagnostic testing. Tmax represents maximum temperature, Tmin: minimum 
temperature,  CO2: carbon emissions, HA: harvested acres for maize, and PT: precipitation.

Test Statistics Probability

(A) Diagnostic test results following Breusch–Pagan–Godfrey test, Breusch-Godfrey 
LM test, cumulative sum (CUSUM) and cumulative sum of squares (CUSUMSQ) of 
recursive residuals tests, for the error terms of the regression equation obtained based on 
the ARDL model output

 BPG test for Heteroskedasticity 0.532 0.919

 BG LM test for Serial Correlation 0.841 0.443

 CUSUM Stable Figure 3

 CUSUM Squares Stable Figure 4

Variable Coefficient Std. error t-Statistic Prob

(B) Results of fully modified ordinary least square (FMOLS) model for confirming the 
robustness and validation of the study model

 Tmax  − 14.133 4.073  − 3.469*** 0.001

 Tmin 7.735 2.524 3.064*** 0.004

  CO2 1.374 0.574 2.396** 0.021

 HA 0.252 0.115 2.180** 0.035

 PT  − 1.253 0.438  − 2.858*** 0.007

 C 26.614 10.959 2.429** 0.019

 R-square 0.828

 Adjusted R-square 0.808
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Figure 3.  Cumulative sum (CUSUM) plot of recursive residuals of ARDL model with 95% confidence interval 
around the null.
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Pearson’s coefficient of correlation matrix
Pearson’s coefficient of correlation between detrended (first differenced) yield and monthly averaged value of each 
climatic variable, as suggested by Eck et al.82, was calculated. Based on the strength of correlation, the months 
that had the greatest impact on maize yield were pinpointed.

Results and discussions
The final regression fit equation used by the ARDL was a reduced model, which excluded DTR and RH since 
they were found to be non-significant and reducing the overall predictive efficiency of the model. Hence, the 
pre and post diagnostic tests (Tables 1, 2)—all of which were based on the ARDL model’s assumptions—were 
only carried out for the variables that were part of the ARDL model. However, all variables were included for 
climatic trend analysis, and for calculating the Pearson’s correlation between detrended (first differenced) yield 
and monthly averaged values of climatic variables (Tables 3 and 4B).

Climatic trend analysis
Tmax increased by 0.13 °C per decade in MGS, while Tmin increased by 0.27 °C per decade, which is 107.67% 
faster than Tmax (Table 3). Other studies have found similar unsymmetric Tmin-Tmax warming  rates83–86. 
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Figure 4.  Cumulative sum (CUSUM) of squares Plot for recursive residuals of ARDL model with 95% 
confidence interval around the null.

Table 3.  The summarized results of the Mann–Kendall test and the Sen slope method for trend estimation of 
variables including maximum temperature (Tmax), minimum temperature (Tmin), diurnal temperature range 
(DTR), precipitation (PT), relative humidity (RH), and carbon dioxide emission  (CO2) in Mississippi from 
1970 to 2020. Kendall tau negative (–) value signifies downward (decreasing) trend, and positive ( +) value 
indicates upward (increasing) trend with its value ranging between -1 and 1, and its absolute value signifies 
the strength of the trend. As the absolute value of Kendall tau approach 1, the strength of the trend becomes 
strong. The Sen slope value represents the rate of change (of variable) per year. Kendall tau is a pure number 
(unitless) as it is a correlation coefficient and Sen slope units are °C/year (for Tmax, Tmin, and DTR), mm/year 
(for PT), percentage/year (for RH), and Mmt/year (for  CO2). The negative (–) value of Sen slope means the 
rate of decrease per year while the positive ( +) value represents the rate of increase per year. Significance: “*” 
p < 0.05, “**” p < 0.01, and “***” p < 0.001.

Series\test

Tmax Tmin DTR PT RH CO2

Kendall tau Sen slope Kendall tau Sen slope Kendall tau Sen slope Kendall tau Sen slope Kendall tau Sen slope Kendall tau Sen slope

March 0.139 0.032 0.146 0.030 0.012 0.001  − 0.095  − 0.193 0.047 0.021 – –

April 0.014 0.003 0.101 0.015  − 0.078  − 0.008 0.090 0.194 0.157 0.060 – –

May 0.103 0.012 0.178 0.022  − 0.092  − 0.009  − 0.087  − 0.183 0.003 0.000 – –

June 0.051* 0.007* 0.373*** 0.035***  − 0.261**  − 0.028** 0.095 0.163 0.125 0.036 – –

July  − 0.006  − 0.001 0.262** 0.024**  − 0.401***  − 0.031*** 0.119 0.147 0.068 0.022 – –

August 0.066* 0.009* 0.299** 0.027**  − 0.201*  − 0.019* 0.158 0.269  − 0.009  − 0.004 – –

September 0.143 0.021 0.183 0.027 0.006 0.001  − 0.063  − 0.112  − 0.110  − 0.060 – –

MGS 0.176* 0.013* 0.422*** 0.027***  − 0.252**  − 0.015** 0.057 0.432 0.027 0.011 0.669*** 0.514***

Mean 28.56 °C 16.02 °C 12.54 °C 48.49 mm 66.73% 53.58 million metric tons 
(Mmt)
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There was an upward trend for Tmax for MGS, specifically for June and August, but it was weak, as magnitude 
of correlation strength was less than 0.25 (Fig. 5A; Table 3). July was the only month that experienced a Tmax 
decreasing trend (Fig. 5A), yet non-significant (Table 3).

In contrast, MGS shows an upward trend for Tmin, increasing by 0.27 °C per decade in the last five decades 
(Fig. 5B; Table 3). Tmin warming rates ranged between 0.24 and 0.35 °C per decade in June, July, and August 
of MGS (Table 3). June, Tmin had the greatest rise, adding 0.35 °C per decade to global warming (Table 3). The 
equivalent rising trends were seen by Eck et al.82 and Sharma et al.87 in MGSs in the southeastern part of the US.

In recent years, the DTR (Tmax-Tmin) has been recognized as another climatic variable that is essential for 
diagnosis, particularly under rising unsymmetrical warming  scenarios88,89. There was a downward trend for DTR 
in June, July, and MGS, and a weak trend for August (Fig. 5C). In MGS, the DTR decreased by 0.15 °C per decade, 
but in June, July, and August, it decreased by 0.19–0.31 °C per decade (Table 3). These rates are comparable with 
the computations of Sun et al.90 for the other maize-growing regions.

Precipitation and RH, neither for MGS nor for any other month were found to indicate a significant trend 
line (Figs. 5D, 6A), although numerically, a negative trend was noted in March, May, and September for PT and 
August and September for RH (Table 3).

A moderately strong and significant upward trend and an annual increase rate of 0.51 units was noted for  CO2 
(Fig. 6B; Table 3). The same is corroborated by  Rahman91 and Wu et al.92 previously in the context of direction 
and strength, and by Ainsworth et al.93 in the context of rate of increase.

The climatic impact on maize
The Tmax was found to have a significant negative effect on maize yield in both the short and long run (Table 4A). 
More specifically, every 1 °C rise in Tmax reduced the maize yield by 7.39% and 26.33% in the short and long 
run, respectively (Table 4A).

On further downscaling the analysis to monthly basis to capture the effect of within season variability, it was 
noted that the monthly averaged Tmax of June and July had a significantly negative correlation with maize yield 
(Table 4B). This indicates that Tmax in June and July (reproductive-early grain filling stages) contributed the 

Table 4.  Impact of climate change on maize yield. “*” p < 0.05, “**” p < 0.01, and “***” p < 0.001. Tmax 
represents maximum temperature, Tmin: minimum temperature, DTR: diurnal temperature range,  CO2: 
carbon emissions, HA: harvested acres for maize, PT: precipitation, and ECM: error correction model. 
Significance codes: “*” p < 0.05, “**” p < 0.01, and “***” p < 0.001.

Variable Coefficient Std. Error t-Statistic Prob

(A) Calculated ARDL model estimates for short and long run effects of Tmax, Tmin,  CO2, 
HA, and PT on maize yield (dependent variable)

ARDL model long run effects

 Tmax  − 26.330 9.169  − 2.872*** 0.008

 Tmin 20.684 6.731 3.073*** 0.005

  CO2 0.629 0.976 0.644** 0.032

 HA 0.155 0.154 1.007 0.323

 PT  − 2.696 0.983  − 2.742** 0.011

ARDL model short run effects

 Tmax  − 7.392 2.074  − 3.563*** 0.001

 Tmin 2.361 1.340 1.760 0.091

  CO2  − 0.061 0.623 -0.098 0.922

 HA 0.018 0.093 0.198 0.844

 PT  − 0.645 0.249  − 2.587** 0.016

 C 44.329 25.660 1.728** 0.096

 ECM  − 0.302 0.038  − 7.892*** 0.000

 R square 0.834

 Adjusted R square 0.766

Growing season months

Climatic variables

Tmax Tmin DTR PT RH

(B) Pearson’s correlation matrix between the first differenced (detrended) yield and climatic 
variables (Tmax, Tmin, DTR, PT, RH) based on each month of MGS

 March 0.248 0.228 0.013  − 0.251 0.103

 April 0.062 0.129  − 0.107 0.024 0.248

 May 0.173 0.240  − 0.123  − 0.143  − 0.024

 June  − 0.001** 0.485***  − 0.420** 0.267 0.226

 July  − 0.159*** 0.314*  − 0.472*** 0.132 0.190

 August  − 0.000 0.354**  − 0.319*  − 0.323* 0.022

 September 0.213 0.231  − 0.019  − 0.098  − 0.126
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Figure 5.  Trend lines for Tmax (A), Tmin (B), DTR (C), and precipitation (D) for maize growing season (MGS) 
and its individual months from 1970 to 2020 in Mississippi. Each figure is faceted by months from March to 
September and average of all months all together in MGS.

Figure 6.  (A) Trend lines for relative humidity for maize growing season (MGS) and its individual months 
from 1970 to 2020 in Mississippi. (B)Trend line for  CO2 emissions for years from 1970 to 2020 in Mississippi. 
Figure A is faceted by months from March to September and average of all months all together in MGS.
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most to yield loss in MS. This is because in reproductive stage, stress-induced plant dysfunction has irreparable 
harm on kernel development and yield which is not the case with the vegetative  phase94,95. These findings are 
consistent with those of Kucharik and  Serbin17 in the context of highly correlated months with respect to maize 
growing season and to those of Lobell and  Field23, and Wu et al.92 in the context of Tmax’s adverse effects. Hu and 
 Buyanovsky96 reported that maize needs both a warming trend with temperatures higher than average in April 
and May to provide better conditions for germination and emergence and a cooling trend with temperatures 
lower than average in June-August to promote reproductive success and, consequently, yield. This statement 
is largely agreed with by Lobell and  Asner97 as well. However, MS had not seen any significant warming trend 
in April and May; instead, it showed an unfavorable significant warming trend in June and August (Table 3). 
Contrary to favorable conditions, MS was observed to have temperatures that were below average (28.56 °C) in 
April (24.24 °C) and May (28.13 °C) and above average in June (31.66 °C) and August (32.78 °C) (Table 3). The 
Mid-MGS (i.e., the beginning reproductive stage) coincides with June and July (hotter climate), which affects 
tasseling and grain filling, thereby yield, and is sensitive to additional  warming98,99. Furthermore, the average 
Tmax (28.56 °C) noted in MS for MGS (Table 3) has already surpassed the optimal temperature (26.40 °C) for 
 maize100, and is rapidly approaching 29 °C, which is damaging to  maize101. The main reason is that after surpass-
ing 29 °C101,102 or 30 °C103, processes such as anthesis-silking, assimilates production, translocation of resources 
during reproductive and grain filling are hampered. Temperature beyond this range has been linked to impaired 
pollen structure, decreased sugar (energy) levels upon anthesis, and retarded pollen shedding, all of which 
negatively affect pollen germination ability and  fertilization104. More recent studies found that short duration 
of Tmax episodes during anthesis can cause significant reduction in pollen germination (30%), kernel number 
(72%), kernel weight (10%), and stomatal conductivity (52%) in  maize105,106. Further at the biochemical level, the 
activity of the enzymes involved in converting atmospheric  CO2 to glucose or other key photosynthesis-related 
molecules were found to be disrupted by elevated  temperatures107. In worst case scenario at higher temperatures, 
a yield loss could reach 34–80%87,108.

A 1°C rise in Tmin increased maize productivity by 20.68% over the long run, indicating a significant and 
positive effect on maize yield in MS (Table 4A). Several other maize-growing regions have shown that yields 
respond to  Tmin87,109–111. Tmin warming was also shown to be advantageous to maize yield in the short run, 
while the impact was not significant (Table 4A). Although there has not yet been an agreement regarding the 
physiological effects of Tmin on plants as there is an inclination of the crop-climate research towards the Tmax or 
Tavg and overlooking the  Tmin112,113. The current study’s findings on the positive association of Tmin and maize 
yield were supported by evidence from the literature, which included studies using statistical  modeling87,114–121 
as well as simulation-based  studies122,123. This is attributable to the fact that the increased Tmin speeds up night-
time respiration, resulting in carbohydrates  losses124. However, this carbon starvation enhances the following day 
photosynthetic rate to more than make up for the losses brought on by the accelerated night-time respiration, 
increasing overall plant  productivity125,126. Consequently, the amassed dry matter from various plant tissues starts 
remobilizing toward grain, increasing maize kernel weight, and hence, the  yield127. Also, the increased Tmin 
is believed to impart conducive conditions for germination, emergence, seedling growth, grain filling (during 
night-time), and milk-maturity stage in  maize110. More importantly, according to Badu-Apraku et al.127, Cairns 
et al.128, and Sanchez et al.100, all the beneficial mechanisms of Tmin mentioned above only prevail when the 
Tavg is below 25 °C or 26.40 °C. The Tavg for the current study was found to be 22.29 °C (Table 3). Furthermore, 
a similar case of Tavg of less than 25 °C was observed in all studies that supported the current findings, specifi-
cally at 21.2 °C and 24.4 °C in Liu et al.116 and Shammi and  Meng36. Contrarily, the studies that found negative 
effects of Tmin on maize yield were all found to have been carried out at Tavg of more than 25 °C129. For example, 
Wang et al.130 tested at Tavg (27-31 °C), Liu et al.131 tested at Tavg (25–35 °C), Suwa et al.132 at Tavg (31 °C), and 
Wilhelm et al.133 at 29.5 °C and observed negative Tmin-yield impact in maize. Furthermore, it was noted that 
June, July, and August demonstrated a significant and positive correlation between Tmin and detrended yield 
(Table 4B). This suggests that warmer nights in June, July, and August are beneficial for maize yields in MS, but 
there is no evidence that this beneficial effect offsets the detrimental effect of Tmax during the same months. 
Chen et al.110 also noted 1 °C Tmin warming during May/September improved maize yield by 303/284 kg  ha-1. 
 Reilly134, Izaurralde et al.135, and Reilly et al.136 also realized the positive effects of warming on maize yield. Also, 
according to Schlenker and  Roberts137, Lobell et al.138, and Lobell et al.139, yield reductions are expected when 
temperature surpasses 30 °C, which was not the case with this study (Table 3). So far, the curve of Tmin has never 
reached the point at which it can cause the Tavg to pass above the optimal range and negatively affect maize yield.

According to the model’s long-run estimation, the rising trend in  CO2 emissions had a positive and significant 
impact on maize yield (Table 4A). Ahsan et al.140 and Chandio et al.40 also realized similar yield improvements due 
to  CO2 emissions. However, it was discovered that the impact of  CO2 emissions on maize yield in the short run 
was not significant (Table 4A), and this is consistent with Warsame et al.55 and Anapalli et al.38 studies, focused 
on MS. Specifically, every unit increase in  CO2 emissions resulted in a long-term improvement in maize yield 
of 0.62% (Table 4A). Similar reports of 0.23% and 0.70% yield increases were noted by Asfew and  Bedemo56 
and  Mahrous141 where they quantified the positive effects of increased  CO2 emissions. However, Islam et al.142 
estimated that under current climate change scenarios, these  CO2 emissions-driven yield increments might 
reach 3.5 to 12.8% at the rate of 1.80% every  decade143. The upsides of elevated  CO2 on maize yield are due to its 
effects on plant physiology, growth, and biochemistry, through diminished stomatal conductivity and enhanced 
photosynthetic  rates144–147. The decreased stomatal conductance reduces water loss thereby increasing water use 
efficiency, especially in drought-stress  conditions148,149. The rise in atmospheric  CO2 levels increases the intercel-
lular  CO2 concentration (Ci) and thus, photosynthetic rate (A)150. However, maize has a lower carbon saturation 
point than C3 plants like  soybean151 due to the high affinity (to  CO2) of the key enzyme, phosphoenolpyru-
vate  carboxylase152,153. These physiological and biochemical responses of maize to  CO2 indicated that further 
increases in  CO2 levels may not increase assimilation  production150,151. Increased  CO2 level have been shown 
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to benefit other  crops154–157. However, the response of C4 plants (maize) to elevated  CO2 levels is complex, as it 
is influenced by various factors such as air temperature, water availability, light intensity, vapor pressures, and 
nitrogen  availability158,159. Nevertheless, predicted rise in  CO2 levels by the years 2050 and 2100 may diminish 
the beneficial effect of  CO2 in row crops, like  maize150,151. Further research is therefore required to determine 
the influence of elevated  CO2 in C4 plants at different growth  stages150,152,160,161

Even though PT is a crucial crop growth factor, the current findings revealed that, at a 1% level of significance, 
PT patterns were determined to pose a negative and significant effect on maize yields in both the short- and 
long-term (Table 4A). More specifically, every 1 mm change in PT had reduced maize yield in the short- and 
long-term, by 0.64% and 2.70%, respectively (Table 4A). These results are consistent with the observations of 
Rosenzweig et al.162, Chen et al.163, and Xiang and  Solaymani58 who also noted the negative effect of the ongoing 
PT trends on maize yield. A crop yield decline due to prevailing PT trends was also documented in the study by 
Shammi and  Meng36 in MS. These results are attributable to the excessive PT (1504.44 mm annually) in  MS164. 
Excessive PT, in addition to directly or physically harming the crop, results in prolonged wet conditions that 
lead the soil saturation and are averse to crop development, particularly in conditions of inadequate  drainage165. 
This yield-reducing effect of excess moisture is attributable to (i) root growth hindrance impairing plants ability 
of nutrients and water  uptake166,167, (ii) increased nitrate leaching, leading to nutrient  depletion168, (iii) anoxic 
conditions in soil, leading to the risk of toxic substances development, diseases, and insect  infestation169, and (iv) 
delayed planting or harvesting, owing to the difficulty of driving the machinery in wet  fields149,170,171. On account 
of the aforementioned factors, the US as a whole suffers a 3% yield loss  annually162,172, and significant yield decline 
has been seen over the past two decades in various parts of the US i.e.,  Iowa173,174. When the analysis was further 
scaled down to a monthly level, it was discovered that the most significant month correlated with the MS maize 
yield was August, and the association was negative (Table 4B). This indicates that the August PT had the most 
significant negative effect on MS maize, and Eck et al.82 also deduced similar results documenting increased PT 
to be detrimental in the latter part of the MGS. This is because the uptake of nitrogen, phosphorus, and potas-
sium in maize plants continues up until the R3-R4 stage in August, when the plant can still transpire to the 
extent of 0.25–0.30 inches of water, according to  Lauer175, who claimed that by this time, the two (ear and kernel 
number) of three key yield parameters are determined, but the kernel size/weight is still yet to be determined. 
Furthermore, low PT is required during the ripening period (August) of  maize96; nonetheless, the current study 
found that the MGS month with the highest PT growth rate (2.69 mm/decade) was August (Table 3). However, 
Rosenzweig et al.162 had a different perspective on the negative association of August-maize yield, according to 
them it probably has less to do with plant itself and more primarily linked with the harvesting challenges aris-
ing from overly moist conditions, for growers. Delayed harvesting degrades the quality of maize, rendering it 
unsalvageable, in some instances, due to rotting in the  field82. Overall, such scenarios of delayed harvesting could 
lead to a yield loss to the extent of 10%149.

Pearson’s correlation matrix revealed that the RH of any month of MGS had no correlation but DTR of June, 
July, and August months had negative and strong correlation with the maize yield (Table 4B). These results are 
consistent with those of Muhammad et al.176 who found a weak correlation of RH and HA with yields, as well as 
with that of  Lobell89 who examined the impact of DTR on maize yield.

The coefficient of ECM was determined to be  − 0.302 (Table 4A), which signifies that every year, 30.20% of 
the immediate climatic impact cumulatively transfers to form the permanent basis for the long-term effects. A 
30.20% is equivalent to the results of Warsame et al.55 and Jan et al.44. The ARDL model estimated the adjusted 
 R2 value of 0.766, indicating that 76.60% of the total variations in maize yield due to the studied variables are 
explained by the study model.

Study limitations
Each research has its unique set of limitations, which forms the base for further advancement in the research 
field. The factors such as maize evapotranspiration, sunshine durations/hours, irrigation intensity, and vapor 
pressure deficit that could interact to determine the climatic effects for better insights on crop-climate link, were 
not included in the present study due to data unavailability. Hence, future research is suggested incorporating 
the aforesaid variables along with the variables considered in the present study for more practicable and accurate 
estimations.

Concluding remarks
This study demonstrated a markedly rising trend in Tmax, Tmin, and  CO2, with Tmin majorly contributing to 
the overall warming trend in the MGS of MS. The Tmin progressed at a faster rate (0.14°C  decade-1) than the 
Tmax, causing a considerably lowering trend in the DTR. The month-wise analysis determined the most corre-
lated month for Tmax (June and July), Tmin and DTR (June, July, and August), and PT (August) in significantly 
impacting maize yield in MS, indicating the varied sensitivity of maize yield to within season variability for 
different climatic parameters. The crop-climate link assessment revealed a significantly negative effect of Tmax 
and PT on maize yield in both short and long run, whereas Tmin and  CO2 emissions posed a significantly posi-
tive effect on maize yield in long run and no effect in short run. Overall, the study model explained the 76.60% 
variations in maize yield due to climate change in MS. As shown by the ECM coefficient of the study model, the 
short-term immediate climatic effects on maize progressively transfer to permanent long-term effects by 30.2% 
every year, making the crop-climate link more prominent in the long run than in the short run. As the water 
and nutrient usage efficiencies are climate driven and based on the current findings, it is suggested to reassess 
the agronomic optimum management strategies in the face of MS crop-climate link. Also, the research efforts 
need to be intensified to test crop varieties that might be more resistant to elevated Tmax, perform better under 
delayed planting circumstances, and continue to interact favorably with elevated  CO2 and Tmin scenarios under 
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the local climatic conditions of the MS. Moreover, it is recommended to test current findings at the field or in 
controlled settings using the locally prevalent climatic indices with a focus on agronomic optimum management 
strategies as they react to the climatic variations.

Data availability
The data used in this study is accessed from National Agricultural Statistics Service’s repository (USDA-NASS), 
US Climate Divisional Database (NOAA), PRISM database, and US energy information administration. The 
online links for these data sources are mentioned in Section “Data” (data) of methodology chapter. However, 
for more information on data, rs2564@msstate.edu (Ramandeep Kumar Sharma) can be contacted. No separate 
field study on plants was carried out because all the data used in the study was accessible online.
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1. Introduction 

Globally, the coronavirus COVID-19 has spread. There are numerous mathematical 
models available for analysing the patterns and rough solutions to this epidemic. This 
virus originated in Wuhan, China, as is well known. The worldometer website, which is 
accessible online, states that the number of infected people in China is at an all-time 
high in the month of May. There are over 4 million instances of the coronavirus in the 
final week of May. Cherniha [1] proposed a Mathematical Model for the Corona. 

The first model of this pandemic is known as the SIR (Susceptible-Infectious-Recovered) 
model which includes three ODE's is the most common model defined by Cooper [2.] 

and the dynamic chart of the behaviour is given in Figure 1. After this model [3] gives the 
SEIR model for the outbreak of COVID-19 with the appropriate parameters as shown in 
Figure 2. In the continuation of getting the approximate solutions of the COVID-19 
model, Pang [4] studied SEIQRD Model (Susceptible-Exposed-Infectious-Quarantine
Recovered-Death) with the more generalization of types of infected people as given in 
Figure 3. Similarly, Cherniha [1] proposed the SEAIRQF (Susceptible-Exposed
Asymptomatic-lnfectious-Recovered-Quarantined-Fatility class) Model using the 
asymptomatic exposed behaviour given in Figure 4. Anirudh [.5.] described the outcome 
and the challenges of these models mentioned above using the study of corona 
behaviour. 

Figure 1. The progression of the dynamic of SIR model. 
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Figure 3. The progression of the dynamic of SEIQDR model. 
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Figure 4. The progression of the dynamic of SEAIQRF model. 
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The flow chart of these mathematical models is given as: 

In the year of 2020, Nisar [.6.,ZJ studied a Bats-hosts-reservoir People transmission 

fractional order COVID-19 model which was controlled and measured by the 

government. 

Also, Thabet [8] proposed a mathematical model of COVID-19 under nonsingular 

derivative of fractional order. 

For the prediction of this pandemic in different states of India, Jaspreet [2] also gave a 

preprint-based mathematical model of prediction of COVID-19. In May 2020, Ning [1.Q] 

developed reliable epidemiological models to forecast the evolution of the virus and 

estimate the effectiveness of various intervention measures and their impacts on the 

economy. This was the first model based on the impact on economic conditions. 

The numerical solution using Runge Kutta fourth-order method for this epidemic [11] 

gave a mathematical model with a nonstandard finite difference (NSFD) scheme and the 

wavelet based 'numerical scheme for fractional order SEIR epidemic is discussed by 

Kumar et al. [12]. 

Ali et al. [Ll.] also introduced a mathematical model for the study of the HIV-1 virus. 



In the same manner, lzhan [14] used a hybrid model and a hybrid model and Ghosh et 

al. [15.] studied the fractional model for population dynamics. 

In the fractional order analysis with the comparison of this work in COVID, more study 

was also done [16-18]. 

The relationship of the mentioned model with the literature and comparison results are 
also reflected in the papers, in which Yavuz et al. studied about diabetes and hereditary 

and COVID-1 O treatment rate [18-20]. 

Also in the cure of cancer, Altun [21] analysed Quantitative and numerical simulation. In 

the field of plant-pathogen herbivore interaction, Rahman [22] did a piecewise fractional 

analysis of the migration effect. In a similar manner, Joshi [1.ZJ analysed the stability of a 
non-singular fractional-order COVID-19 model with nonlinear incidence and treatment 

rate and Laxmi [16] studied on the vaccinational model for incorporating environmental 

transmission. 

For the loss of immunity and quarantined class, Arif [23] gave models and numerical 

simulations and non-linear Burgers' equations via a semi-analytical technique [24]. 

A Modified Homotopy Perturbation Transform Method (Fractional-Order Newell
Whitehead-Segel Equation) is also analysed by N. Iqbal, A.M. Albalahi, M.S. Abdo and W. 

Mohammed [25]. 

In this direction the studies are also relatable to the comparison of this method given by 

Zeb et al. [26], Evirgin et al. [27], Ozkose [28], Jha [29]. Naik [18,30] 

In this paper, we applied the first nontrivial biological model (Logistic model) given by 

Verhulst [.31] in the proposition of COVID-19 mathematical model by two smooth 

function ( ( r) (total arised cases) and <p ( r) (total deaths) so that the study of 
behaviour of these graphs with the comparison of fractional order, Integer order and 

exact solution could be analysed. 

The flow chart of this model is given in Figure 5. 

Figure 5. Flow chart of total cases ( ( r) including total recovered a ( r) and deaths 
~ f - \ 
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2. Methodology 

2.1. Homotopy decomposition method and modified homotopy 

perturbation method 

It is the most practical technique to utilize recently in fractional calculus. This method of 

fractional derivatives provides numerous general instances of the fractional derivative 

model. Its use in the area of fractional calculus in applied mathematics is therefore 
more pertinent. 

Atangana and Botha (2012) were the first to develop the Homotopy Decomposition 

Method (HDM) to solve partial differential equations, which are frequently encountered 

in problems involving heat diffusion, time fraction, groundwater flow, etc. 

Since the modified Homotopy perturbation method is used in this paper along with 

Adomian polynomials, it is technically a modified Homotopy perturbation approach. 

Baleanu et al. [32] also presented a fractional order model. 



2.2. The mathematical model 

In 1838, Verhulst [31] developed the first nontrivial biological model. This model is also 
known as the Logistic Model. The ODE of this model is given by 
�: = 'P ( 1 - 'P), 'P ( O) = 'P0 . (1) It is the classical example of Mathematical Biology. 

The exact solution of this model is 

'P (r) = 4't' ) . (2) Its curve is sigmoid (logistic) and useful for fractional value 
1 + 4'o e' - 1 

'Po < 1 / 2. In this paper, we used HDM to find the approximate solution for the total 
people and death people and compare to integer and fractional order solution with the 
general function ( ( r) that denotes the number of the Corona cases identifying to day r 
(for some integer). The initial cases at r = 0 is ( ( O) = ( 

0
. Now let the general equation 

of this model be 
:: = ( ( a - b(r), ( ( O) = ( 

0 
> 0. (3) a and bare here positive constants and r is the 

exponent which confirms the number of Corona cases that bounds in time r. 

Ayala, Gilpin and Ehrenfeld in Ref. [33] introduced nonlinearity of (3.) for describing the 
competition between species, while the logistic equation here shows some common 
assumptions by Brauer [34]. There are two possibilities for the infected person during 
the epidemic first one is cp which shows the population of dead persons and the other 
one is a which represents the population of recovered persons from the corona. 
( = <p +CJ. (4) Now the' which is directly proportional to total number ( is 

�: = k ( r) (, <p ( O) = <p0 > 0. (5) Where k ( r) is the effectiveness coefficient of the 

system of health care in the process of epidemic and related to the expression 
k ( r) = k0exp ( - sr), s > 0.AII the parameters and defined functions are listed in Table 
1: 

Table 1. Table 1 . 

l Display Table 

The model (3.)-(5.) is used under essential simplifications of the epidemic process where 
it is assumed that ( >> <p Also, it is known that this pandemic is so severe that the rate 



this epidemic not useful. For example, v ~ 0.14u in Italy [35]. In that type of case, the 
above-mentioned mathematical model (.3.)-(.5.) would be more specified using the 
difference factor (( - ¢) [since ( >> <p] instead of a single function as follows 

:� = ( \ - q,) ( a - b ( \ -q, ) y). \ ( 0) = \ 0 , (6) 

�: = k(r)(\ - q,). q,(o) = q,
0 • 

(7) Now from (4]it is clear thatcr =  (s - q,) , so 

�; = :� - !:, (8) using (.6) and (Z) in (.8.), we get 

:� = o- ( a - bo-Y) . ( ( 0) = ( 
O' (9) And 

!: = k ( r) a, <p ( O) = <p
0

. (1 O) This equation (2) is called Bernoulli equation. 

These Equations (2) and (1.Q) are time evolution equations of total cases and dead 
people. Now our aim is to compare these equations solutions by plotting the graphs 
between integer and fractional order. 

For this first of all applying fractional order derivative [36] on (2) and (1.Q) 

D� [ ( ( T) ] = O" ( T) [ a - bo- ( T) Y], (11) 

vn <p ( r) ] = k ( r) a ( r) . (12) And the solutions are given by 

\ ( r) = \ ( O) + r ( �) J; ( r - 0) " - 1 H 0) [ a - her ( 0) r]] d0, (13) 

q, ( r) = q, ( 0) + r /� ) J; ( r - 0 ) " -+ ( 0) er ( 0) ] d0 • (14) Here the sets of 

kernels are 

k1 ( r, () = o- ( r) [ a - bo- ( r) r], and 
kz ( T, <p ) = k ( T) O" ( T) . 

2.3. Existence and uniqueness of model solution 
The Lipschitz conditions give the existence and uniqueness condition for mathematical 
models, which are studied by Moore et al. [37] for HIV/AIDS, which is given with a 
treatment compartment. 

In this section, we studied the existence and uniqueness condition by applying Caputo
Fabrizio fractional operators in (11) and (12.) on both sides, we get 

( ( T) - ( ( 0) = CF [�
1 [ O" ( T) a - bo- ( T) y], (15) 



<p ( r) - <p ( O) = CF li2 [ K ( r) a ( r)] . (16) Where CF I'; is defined as the Caputo

fractional operator [38]. 

Then for simplicity, we define two kernels as follows: 

k 1 
( r, () = a ( r) [ a - ba ( r) r], and 

k2 ( r, <p) = k ( r) a ( r) . For proving the theorems, we will suppose that ( and cp are 
nonnegative bounded functions, that means II ( ( r) II < 0i , II <p ( r) II � 02 • Where 01 and 

02 are positive constants. Now represent 
r 1 = a - ba ( r) r, r 2 = K ( r) . (17) Applying the definition of the Caputo-Fabrizio 

fractional integral in (11) and (12.), we get 

s ( r) - s ( o) = n ( p 1 ) k1 ( r, s) + w ( p1 ) J; k1 ( y, s) cty, 
<p ( r) - <p ( O) = n ( p2 ) kz ( r, <p) + w ( p2 ) J; kz ( y, <p) dy. 

(18) where the integral 

function is defined as: 

n(p) = (2
2�:J:i

p ) ' and 

w ( p) = ( 2 _ P
2) M (P ) • (19) in which p is known as the order para meter. 

2.4. Theorem 1 

If the following inequality holds 

o < M = max ( r i, r 2) < 1 .  (20) Then the kernels ki , and k2 satisfy Lipschitz cond itions 

and are contraction mappings. 

Proof: We consider the kernels k 1 . Let ( and ( 
1 

are any two functions, then we have 

llk1 ( r,() - k1 ( r,(1 ) II= lla[a ( r) - a1 ( r) ] - b[a( T) r - a1 ( T) r] 11 · (21) With the 

help of the norms of triangle inequality on the right side of the above equation, we get 

II k1 ( r, () - k1 ( r, ( 1 ) II � II a[ a ( r) - a 1 ( r) ] II + II b [ a ( r) r - a 1 ( r) r] II 

Similarly, we can get 

< ( a - ba ( r) r) II ( ( r) - ( 1 ( r) II (22) 

= r 1 II s ( r) - s 1 ( r) II -

II kz ( r, <p) - kz ( r, <p2 ) II � rz II <p ( r) - <p2 
( r) II - (23) where r 1 and r2 are defined in ( 

1.Z). Therefore for k1 and k2 the Lipschitz conditions are satisfied . From (19) the variables 
are written in kernel terms as follows: 



((r) =((o) +n(p1)k 1(r,() +w(p1) J;k 1(Y,()dy, 

<p ( r) = <p ( O) + n ( p2) k 2 ( r, <p) + w ( p2) J; k 2 ( y, <p) dy. 

equations, the following recursive formulas be: 

(n(r) =n(P1)k 1(r,(n - 1) +w(P1) J;k 1(Y,(n - 1)dy, 

<pn ( r) = n ( p2) k2 ( r, <pn - 1) + w ( p2) J; k 2 ( y, <pn _ 1) dy. 

are as follows: 

(24) From these 

(25) The initial conditions 

( 0 ( r) = ( ( O), <p0 
( r) = <p ( O) . (26) In the recursive formulae, the differences 

between the successive terms are given as: 

ct>n(r) =(n(r)-(n - 1(r) =il(P1)[k 1(r,(n - 1)-k 1(r,(n - 2)] 

+w(p1) J;[k 1(Y,(n - 1)-k 1(Y,(n - 2)]cty, (27) 

1Pn(r) =<pn(r)-<pn - 1(-r) =il(P2)[k 2(r,<pn - 1)-k 2(r,<pn - 2)] 

+ w ( P2) J; [ k 2 ( y, <pn -l) -k 2 ( y, <pn _ 2) ]cty. (28) It is noticeable that: 

( n ( r) = L� = 1 cl> i ( r) , ({J n ( r) = L� = 1 1/J i ( r) · (29) 

Next, we arrange the recursive inequalities of the differences cl>n ( r) ,1/Jn ( r) as follows: 

get 

II cl>n ( T) II = II (n ( T) -(n - 1 ( T) II 

= II n ( p1) ( k 1 ( r, (n - 1) -k 1 ( r, (n - 2) ) (30) solving the last equation, we 

+w(p 1) J; (k 1(Y,(n - 1) -k 1(Y,(n -2) )ctyll · 

ll(n( r) -(n - 1 ( r) II< n(P1) llk 1 ( r,(n - 1) -k 1 ( r,(n - 2) II 
Then, since the 

+w(p 1) J; llk 1(Y,(n - 1) -k 1(Y,(n -2) llcty. 

Lipschitz condition is satisfied by the kernel k 1 with Lipschitz constant r i, we have 

ll(n(r)-(n - 1(r)II <n(P1)r 1 ll(n - 1-(n - 2II 
• Hence we get 

+w(P1)r 1 fo ll(n - 1-(n -2 llcty. 

II cl>n ( r) II < n ( P1) r 1 II cl>n -l ( r) II + w ( P1) r 1 J� II cl>n - 1 ( y) II dy, (31) similarly, the 

second result would be 

II1/Jn( r) II< n(p2)r2 lll/Jn -l ( r) II+ w(p2)r2 J� II1/Jn -l (y) llcty. (32) Hence the 

existence and similarly the uniqueness is governed by these equations. 

2.5. Solution by modified homotopy perturbation method 



Writing these variables in summation form and using the Homotopy Perturbation 

Method (HPM) [.32] steps: 

(33) 

ntt\O{) = \0( 
O) + r r�) I: ( T- 0/-+(0) 

n
tt""(0) ld0. (34) Where 

O < a < 1, O < � ::s; 1. On computing the coefficient of the same powers of, we get the 

following integral equations 

p
o
: ( o ( r) = ( ( 0) = ( O' 

(35) Similarly, 
p

o
: <fJo (tr) = <p ( 0) = <fJo. 

p
1
: ( 1 ( T) = r ( � ) J: ( r -0 ) a -'[er O ( a -bcri] d0, 

(36) And, 

p
1
:\01 (r) = rt�) J; (r-0) P-+(0 )cr0]ct0. 

p
2
: ( 2 ( r) = r ( � ) J; ( r -0 ) a -'[er 1 ( 0) ( a -bcrf ( 0) ] d0, 

p
2
: \D{) = r t�) J; ( r -0 ) P -+ ( r) ", ( 0)] ct0 • 

(37) Continuing this 

process up ton times, we get 

p": (n(r) = r (�) J; (r-0) "-+n-
1 (0 )(a-bcr�-{)]ct0, 

p": \0 n ( T) = r t� ) J; ( T - 0 ) P -1 [ k ( 0) er n -1 ( 0) ] d0 • 

(38) Now since the 

Bernoulli equation gives the general form of the equation by taking the exponent of 
bounciness y = 1, so on solving the last set of equations 

( {) = r ( :•: l) ; a' = cro ( a -hero). (39) 

\01 ( r) = r ( :
·: 

1) ; �· = kcro. (40) Similarly, in solving 

1 ( /\ = _l_ r· ( r -A'\ a - 1 r 1 (A\ -m (A\ H n -hr 1 (A) -m (A) l Lrn ;1ftpr 



\2 (r) = (a - b )[rc ;::,i - re:':P+:,iJ· (41) and 

<fl2 ( r) = rc'p) s; ( r - 0) P - 1k [ \ 1 ( 0) - <fl, ( 0) ]do. after simplification 

q.>2 ( r) = k [ r ( ;·:•P+: 1 ) - r ( ::: 1 ) ] • (42) Finally, the generalized series solution is given 

by 

( ( r) = ( 0 + ( 1 
( r) + ( 2 ( r) + ••• and 

<p ( r) = <p0 + <p1 
( r) + <p2 ( r) + ••• Putting the above values, we get 

( ) a' .a 

( ) [ a' .za �, .a + P l 
( r =(o + r(a+l) + a - b r(2a+ 1) - r(a+�+l) + ••• (43) and 

<fl ( r) = <flo + r(:·: 1 ) + k [ r( :·:P+: 1 ) - r(:;: 1 ) ] + ••• (44) 

2.6. Fractional order (0.5) 
For this putting a = � = l / 2 Also the required coefficient in the case of China 
Population [35] the following data are helpful 

7 = 571 • m = 1 7· a = 28· b = 3 5 * 1 0-6• k ~ k = 0 0094· '> o ' -ro ' ' • ' ~ 0 • ' From these 
a-0 = (

0 
- <p0 

= 571 - 1 7 = 554. 

a' = a-0 [ a - ba-0 ] = 554[ 0.28 - 554 ( 3.5 * 1 0-6)]. Hence a' = 1 54. 04 and similarly 

�, = 5.2076 Using all these coefficients in (39) and (40), we get 
7( ) = 571 154.o4 1 12 ( o 2799) [ 154.04 1 12 - 5.2076 1 12] 1 12 . . .  Which in '> r + r(3/ 2) r + • r(2) r r(2) r r + 

simplification gives 
( ( r) = 571 + ( 1 73. 86) r1 12 

+ ( 41 . 6581 ) r + ••• (45) and 

(r) = 1 7  + 
5•2076 r1/2 

+ (0. 0094) [� - �Jr+ <p r(3/ 2) r(z) r(z) 

<p ( r) =1 7+ ( 5. 8776) r
1 12

+ ( 1 . 399O) r+ ••• (46) 

2. 7. Fractional order (0. 9) 

•·· which in simplification gives 

For this putting a = � = 0. 9 and remaining all the same data and simplifying, we get 

( ( T) = 571 + ( 1 54. 03) r0•9
 + ( 20. 81 76) Tl .S + ··· (47) 

(fJ ( T) = 1 7  + ( 5.2075) r0•9 + ( 0. 5978) Tl .S + (48) 

2.8. Integer order (1) 
For this outtinQ a = R = 1 and remaininQ all the same data and simolifvinQ. we Qet 



<p ( r )  = 1 7 + ( 5 . 2 076 ) r +  ( 0. 69951 ) r2 + • • •  (50) 

3. Conclusion 

Figure 6 from the graphical study illustrates how the graph varies in integer order versus 

fractional order. In fractional order (p = 0 .9), the total number of cases starts at 571  and 

rises to 2500 (about) after 60 days (here, x stands for time r), which is more important 

and treatable than in integer order, where the cases rise to more than 80000 after 60 

days. Figure 7 depicts how the graph's integer-order changes about fractional order. In 

fractional order (p = 0 .9), the overall death toll starts at 1 7, and after 60 days (here, x 

stands for time r), it rises to 70 (about). This is more significant and results in fewer 

deaths than in integer order (p = 0.9), where the cases rise to more than 3000 after 60 

days. The data leads to the conclusion that fractional order performs better than integer 

order. This type of analysis will be more useful for the analysis and prediction of further 

improvements and future studies of such types of pandemics and diseases. 

Figure 6. Graphs of ( ( r )  fractional order (0.9) [green], integer order ( 1 ) [red] , and exact 

solution [blue] with respect to time r (x-axis). 
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Date: 31 Oct 23 

 

TO WHOMSOEVER IS CONCERN 

 

Rotaract Club, Directorate of Students’ Welfare along with Rotary Club 

Jaipur, Bapu Nagar conducted a Awareness on Environmental Protection 

at Dehmi Kalan Village by planting the 15 plants in village on 31st Oct 

2023. It was a physical activity involving the students from NSS, DSW and 

the Rotaract Club MUJ. Event was well coordinated by the  Department of 

Business Administration 
 We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our gratitude 

towards them.  

 
 

 
 

Regards 
 

      
 
Rtn Meeta Mathur 
Secretary 
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Date: 03/10/23 

 

TO WHOMSOEVER IS CONCERN 

 

Rotaract Club, Directorate of Students’ Welfare along with Rotary Club 

Jaipur, Bapu Nagar conducted a Plantation Drive at Mahatma Gandhi 

Government School (English Medium), Begas on 3rd  October 2023. It was 

a physical activity involving the students from NSS, DSW and the Rotaract 

Club MUJ.  

We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our 

gratitude towards them.  
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Rtn Meeta Mathur 
Secretary 
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Date: 26 Oct 23 

 

TO WHOMSOEVER IS CONCERN 

 

Dept of Chemistry and Rotaract Club, Directorate of Students’ Welfare 

along with Rotary Club Jaipur, Bapu Nagar conducted Plantation Drive at 

Dadar ki Dhani Village. Event was well coordinated by the  Department of 

Chemistry and DSW. 
 We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our gratitude 

towards them.  

 
 

 
 

Regards 
 

      
 
Rtn Meeta Mathur 
Secretary 
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Date: 06/09/23 

 

TO WHOMSOEVER IS CONCERN 

 

Rotaract Club, Directorate of Students’ Welfare along with Rotary Club 

Jaipur, Bapu Nagar conducted a Plantation Drive at Mahatma Gandhi 

Government School (English Medium), Begas on 6th September 2023. It 

was a physical activity involving the students from NSS, DSW and the 

Rotaract Club MUJ. Event was well coordinated, where more then 30 

samplings of plants were planted in the schools.  

We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our 

gratitude towards them.  

 
 

 
 

Regards 
 

      
 
Rtn Meeta Mathur 
Secretary 
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Date: 25 Oct 23 

 

TO WHOMSOEVER IS CONCERN 

 

Rotaract Club, Directorate of Students’ Welfare along with Rotary Club 

Jaipur, Bapu Nagar conducted campaign on Swach Bharat Abhiyan on 

October 25 2023 at Dehmi Kalan. An awareness session is taken by Team 

MUJ physically involving the students from NSS, DSW and the Rotaract 

Club MUJ. Event was well coordinated by the  Department of Business 

Administration. 
We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our 

gratitude towards them.  

 
 

 
 

Regards 
 

      
 
Rtn Meeta Mathur 
Secretary 
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Date: 24/08/23 

 

TO WHOMSOEVER IS CONCERN 

 

Rotaract Club, Directorate of Students’ Welfare along with Rotary Club 

Jaipur, Bapu Nagar conducted a Plantation Drive at Mahatma Gandhi 

Government School (English Medium), Dehmi Kalan on 24th August 2023. 

It was a physical activity involving the students from NSS, DSW and the 

Rotaract Club MUJ.  

We would like to appreciate Rotaract Club, Directorate of Students’ 

Welfare, Manipal University Jaipur for the efforts and express our 

gratitude towards them.  

 
 

 
 

Regards 
 

      
 
Rtn Meeta Mathur 
Secretary 
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1. Introduction of the Event  

The conference is inspired from the critical challenge of human, environmental, 

heritage and built sustainability concerning the present and future generations in a 

global-scale context. This theme emphasizes the strong foundation that is provided 

by using research to inform our everyday practices, policies, and analytical 

approaches. This interdisciplinary forum is for scholars, teachers, and practitioners 

from the built environment professional discipline who share an interest in—and 

concern for— sustainability in an holistic perspective, where environmental, cultural, 

economic and social concerns intersect. It will provide a platform for various 

individuals to connect the past and present and develop solutions to a more universal 

and environmentally friendly approach towards built environment. 

The conference will include topics such as 

(i)Sustainable approach to design in built environment, 

(ii)Sustainability & built Heritage, 

(iii)Conserving Built Heritage, 

(iv)Sustainable Policies for Environmental and Infrastructure Planning, 

(v)Earth and Environmental Planning & Design 

2. Objective of the Event  

This conference was a gathering of minds dedicated to addressing the pressing 

challenges of sustainability that affect our world today and tomorrow. It recognized 

that sustainability is a multifaceted concept that requires interdisciplinary 

collaboration and rigorous research. By bringing together scholars, educators, and 

practitioners, the conference facilitated the exchange of ideas and the development 

of solutions that promote a more sustainable, resilient, and environmentally friendly 

built environment.  

 

3. Beneficiary of the event 
This interdisciplinary forum is for scholars, teachers, and practitioners from the 

built environment professional discipline who share an interest in—and concern 

for— sustainability in an holistic perspective, where environmental, cultural, 

economic and social concerns intersect. 
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4. Brief Description of the event  

The conference was hosted by Department of Interior Design and School of Architecture 

and Design, Faculty of Design at Manipal University Jaipur. This interactive and engaging 

event is tailored exclusively for our researchers, as part of our commitment to foster 

continuous learning,future research opportunities. The presentations focused on 

sustainability as the prime agenda and paved way for the researchers to present their 

work at an international level. 

5. Photographs of the Event              

 

 

Snippets of the Conference 
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6. Poster of the event 
 

 

 

7. Schedule of the event 

 

Time Event  Speaker 

11:00 – 11:30 AM Opening speech  Dr Richa 

Jagatramka 

11: 30 – 11:35 AM       Welcome address       
 

Dr Madhura Yadav 

11: 35 – 11:45 AM Introduction of international speaker Ar Himangshu 

Kedia 

11: 45 AM – 12:45 

PM 

Presentation by Dr Muge   Dr Muge 

12: 45 – 01:00 PM Q & A session  

01:00 – 01:05PM Vote of Thanks Ar. Himangshu 

Kedia 
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Meeting Link :  

https://teams.microsoft.com/l/meetup-

join/19%3ameeting_MmRjNjZiN2ItMTc1NS00YmJlLTkwMTItMzBiYTVjNTI0YTRh

%40thread.v2/0?context=%7b%22Tid%22%3a%227d0726e8-bf4b-4ac1-

99f1-010fb11f1d3f%22%2c%22Oid%22%3a%2216be8839-914f-456c-

9836-e6b3ba8fa2f9%22%7d 

8. Attendance of the Event  

Total attendees – 28 participants from MUJ and outside 

Sl.no Name Organisation 

1 Dr. Richa Jagatramka FOD 

2 Megha Prabhu K  FOD 

3 Dr. Sampath Kumar Padmanabha 
Jinka 

FOD 

4 Dr. Madhura Yadav  FOD 

5 Dr. Anantkumar Dada Ozarkar  FOD 

6 Dr. Subhash Chandra Devrath  FOD 

7 Nisha Nelson  FOD 

8 Preethi Agrawal  Practicing Architect and PhD scholar 

9 NITIKA TORVI Christ University 

10 Subhadha B Christ University 

11 Himangshu Kedia  FOD 

12 Rushikesh Kolte MNIT 

13 Dr. Sunanda Kapoor FOD 

14 Ananya Tripathi  AKTU - GCA 

15 Kinzalk Chauhan FOD 

16 Ritu Sharma  FOS – Phd Scholar 

17 Rimjhim Swami  FOD 

18 Ayushi Sharma  FOD 

19 Apoorva Agarwal FOD 

20 Muge Fialho Leandro Alves Teixeira QUT Australia 

21 Deeksha MNIT 

22 Siddharth Mishra FOD 

23 Akshay Gupta FOD 

24 Ritu Sharma  FOD 

25 Neha Saxena  FOD 

26 Antima Kuda MAHE Dubai 

27 Raunak Prasad FOD 

28 Ashutosh Saini FOD 
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A B S T R A C T   

Lignin is a significant renewable carbon source that needs to be exploited to manufacture bio-ethanol and 
chemical feedstocks. Lignin mimicking methylene blue (MB) dye is widely used in industries and causes water 
pollution. Using kraft lignin, methylene blue, and guaiacol as a full carbon source, 27 lignin-degrading bacteria 
(LDB) were isolated from 12 distinct traditional organic manures for the current investigation. The ligninolytic 
potential of 27 lignin-degrading bacteria was assessed by qualitative and quantitative assay. In a qualitative plate 
assay, the LDB-25 strain produced the largest zone, measuring 6.32 ± 0.297, on MSM-L-kraft lignin plates, while 
the LDB-23 strain produced the largest zone, measuring 3.44 ± 0.413, on MSM-L-Guaiacol plates. The LDB-9 
strain in MSM-L-kraft lignin broth was able to decolorize lignin to a maximum of 38.327 ± 0.011% in a 
quantitative lignin degradation assay, which was later verified by FTIR assay. In contrast, LDB-20 produced the 
highest decolorization (49.633 ± 0.017%) in the MSM-L-Methylene blue broth. The highest manganese perox-
idase enzyme activity, measuring 6322.314 ± 0.034 U L− 1, was found in the LDB-25 strain, while the highest 
laccase enzyme activity, measuring 1.5105 ± 0.017 U L− 1, was found in the LDB-23 strain. A preliminary ex-
amination into the biodegradation of rice straw using effective LDB was carried out, and efficient lignin- 
degrading bacteria were identified using 16SrDNA sequencing. SEM investigations also supported lignin 
degradation. LDB-8 strain had the highest percentage of lignin degradation (52.86%), followed by LDB-25, LDB- 
20, and LDB-9. These lignin-degrading bacteria have the ability to significantly reduce lignin and lignin-analog 
environmental contaminants, therefore they can be further researched for effective bio-waste management 
mediated breakdown.   

1. Introduction 

Plant biomass naturally decomposes over time and is mostly trig-
gered by enzymatic activity of neighboring bacterial and fungal species 
(Janusz et al., 2017; da Costa et al., 2018; Jimenez et al., 2018; Lee et al., 
2019; Riyadi et al., 2020). Numerous microorganisms, such as bacteria 
and fungi, have been the focus of the most thorough investigations on 
lignin alteration and breakdown (Lee et al., 2019; Atiwesh et al., 2022). 
When lignocellulosic organic wastes are processed for use in the 

production of bioethanol and the paper industry, respectively, powerful 
lignin-degrading microorganisms or their ligninolytic enzymes can be 
used successfully (Fang et al., 2018; Brink et al., 2019; Li et al., 2022). 
Plants’ rigidity and tensile strength come from lignin, a complex, 
chemically heterogeneous polymer made up of 4-hydroxyl phenyl-
propanoid units (Hasanin et al., 2018). Biomass is essentially resistant 
because lignin acts as a physical barrier to stop cellulose from being 
hydrolyzed by biological or chemical processes (Wu et al., 2022). 

For the production of biofuels, lignocellulosic biomass is highly 
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desirable as a raw component (Malode et al., 2021). Lignin and cellulose 
make up the majority of 80% of crop residue/biomass (Chen et al., 
2018). Large volumes of lignocellulosic waste are produced by forestry 
and agricultural activities, paper-pulp companies, wood industries etc. 
and burning is a common method of decreasing this waste, which 
otherwise may contribute to pollution (Haile et al., 2021). Therefore, 
enhancing lignin breakdown has enormous promise to save the envi-
ronment and build new beneficial products (Gupta et al., 2022). 
Chemical contaminants like synthetic dyes are significant contributors 
to water pollution. Methylene blue (MB) dye is one of these and is 
frequently used in various industries such as dyeing, textile, tannery, 
and paper, etc. (Bhat et al., 2022; Pham et al., 2022). Using promising 
microbial isolates, a biological strategy giving a more affordable and 
sustainable alternative method has been used to remove MB. Microor-
ganisms, which can degrade MB, come from a wide range of taxa, 
including Acinetobacter, Aspergillus, Bacillus, Pseudomonas, Staphylo-
coccus etc. (Eslami et al., 2017; Karim et al., 2018; Bharti et al., 2019; 
Ogunlaja et al., 2020; Kishor et al., 2021b; Haque et al., 2021). To 
participate in central carbon metabolism, bacteria that degrade lignin 
and lignin-imitating dyes secrete extracellular enzymes that break down 
lignin into smaller components (Beckham et al., 2016). A range of 
extracellular oxidative enzymes, such as laccases, lignin peroxidases 
(LiPs), manganese peroxidases (MnPs), and multifunctional peroxidases, 
are released by the lignin-degrading organisms (Kumar and Chandra, 
2020). 

Several bacteria, in addition to wood-rot fungus, can degrade lignin 
(Haq et al., 2022). Pretreatments may become economically viable if 
lignin is removed selectively using lignin-degrading enzymes (Lee et al., 
2019; Wu et al., 2022). A biological (or primarily biological) approach 
to removing lignin could overcome these limitations, enabling the 
generation of bio-fuel at a cheaper cost and with less impact on the 
environment. Microorganisms can produce metabolites and enzymes 
that hasten the breakdown of organic waste and raise the caliber of soil 
humus (Singh et al., 2017). 

The breakdown of rice straw into smaller products so they can be 
digested by microorganisms occurs through a microbial process 
(Goodman, 2020). In the past, the majority of these lignin-degrading 
bacteria were found in soil and the intestines of insects that fed wood 
(Zhang et al., 2021). This research was focused on identifying and 
characterizing the microbial inoculants that causes rice straw to break 
down so quickly. In this study, we identify new lignin-degrading bac-
teria from a variety of organic sources, characterize them, and assess 
their potential for lignin degradation. 

2. Material and methods 

2.1. Isolation and screening of lignin-degrading bacteria 

The isolation of LDB was carried out using the method reported by 
Rahman et al. (2013). The minimal salt media-Luria agar (MSM-L agar) 
medium supplemented with 1% Kraft lignin (KL) as the primary carbon 
and energy source was used for the isolation of ligninolytic bacteria from 
freshly prepared organic manures (Jain et al., 2021) (Table 1). The 
bacterial strains that showed proper growth were purified on fresh 
MSM-L agar plates and stored at 4 ◦C. Screening of LDB was carried out 
on MSM-L agar plate containing Kraft lignin (0.5%) (Chen et al., 2012b) 
and guaiacol (10%) (Atalla et al., 2010) and methylene blue indicator 
dye (50 mg/L) (Bandounas et al., 2011) and incubated at 30 ± 20 C for 
4–5 days for the development of the de-colorization zone. After growth, 
the plates were taken out and flooded with 10 ml of a ferric chlor-
ide/potassium ferricyanide solution [1% (w/v)]. After 10 min, the so-
lution was drained off, leaving the agar where the aromatic compounds 
were present stained blue or green. It was assumed that a yellowish zone 
where growth had been eradicated was proof of lignin breakdown 
(McCarthy and Broda, 1984). The degrading of indicator dye is 
considered a positive test for lignin degradation (Bandounas et al., 

2011). 

3. Ligninolytic enzyme activity assay 

A 50 ml conical flask filled with MSM-L medium was used to inoc-
ulate the chosen positive isolates for screening assays. These inoculated 
flasks were incubated for 6 days per the procedures outlined by Rahman 
et al. (2013), during which time culture samples were collected for 
manganese peroxidase (MnP) and laccase activity were assessed using 
the oxidation of Guaiacol (2-methoxyphenol) and ABTS (2, 2′-azinobi-
s-(3-ethylbenzethiazoline-6-sulphonate) method respectively (Rahman 
et al., 2013; Bourbonnais et al., 1995). 

Table 1 
Determination of lignolytic activities of lignin degrading bacteria isolated from 
traditional organic manures.  

S. 
N. 

Source Strain 
Name 

Growth and de-colorization of 
ligninolytic substrates 

Kraft 
Lignin 

Guaiacol Methylene 
blue 

1 JeevaAmrat SBD- 
LDB-1 

+ + - 

2 BhabhutAmritPani SBD- 
LDB-2 

+ + +

3 PanchGavya SBD- 
LDB-3 

+ + +

4 MatkaKhad SBD- 
LDB-4 

+ + +

5 Vermiwash 
(Silica enriched) 

SBD- 
LDB-5 

+ + - 

6 BeejaAmrat SBD- 
LDB-6 

+ - +

7 Vermi Wash SBD- 
LDB-7 

+ + +

8 Silica enriched 
Compost tea 

SBD- 
LDB-8 

+ + +

9 Compost Tea SBD- 
LDB-9 

+ + +

10 BD500 SBD- 
LDB-10 

+ + - 

11 BD500 SBD- 
LDB-11 

+ + +

12 JeevaAmrat SBD- 
LDB-12 

+ + - 

13 BhabhutAmritPani SBD- 
LDB-14 

+ + +

14 PanchGavya SBD- 
LDB-15 

+ + - 

15 MatkaKhad SBD- 
LDB-16 

+ + - 

16 Silica enriched vermi 
wash 

SBD- 
LDB-17 

+ + - 

17 BeejaAmrat SBD- 
LDB-18 

+ - - 

18 Vermi Wash SBD- 
LDB-19 

+ + +

19 Compost tea 
(Silica enriched) 

SBD- 
LDB-20 

+ + +

20 Compost Tea SBD- 
LDB-21 

+ - - 

21 BD 501 SBD- 
LDB-22 

+ + +

22 BD 501 SBD- 
LDB-23 

+ + +

23 PanchGavya SBD- 
LDB-24 

+ + +

24 MatkaKhad SBD- 
LDB-25 

+ + +

25 Silica enriched vermi 
wash 

SBD- 
LDB-26 

+ + +

26 BeejaAmrat SBD- 
LDB-28 

+ + - 

27 Vermi Wash SBD- 
LDB-29 

+ + +
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3.1. Decolorization activity of bacteria on liquid MSM containing MB dye 
and Kraft lignin 

Decolorization of lignin-mimicking dyes i.e. Methylene Blue (MB) 
was assessed in test tubes as liquid-phase assays. For broth assays, the 
individual bacterial strains were grown in MSM containing methylene 
blue indicator dye (50 mg/L) at 30 ◦C with shaking at 200 rpm. Control 
without inoculation was also maintained. The samples were centrifuged 
and dye de-colorization was absorbance was measured at λ663 (Saratale 
et al., 2009). 

All the test bacterial cultures were inoculated in 10 ml of MSM-L agar 
medium containing 0.5% lignin in 25 ml capacity screwed cap tubes 
with the maintenance of un-inoculated control for comparison. All the 
tubes were incubated at 30 ± 20 C at 120 rpm for 5 days in a shaker 
incubator and color change was measured by spectrophotometer on the 
5th day at 465 nm. The decolorization percentage of 0.5% lignin by 
respective bacteria was calculated using the formula given by (Sani and 
Banerjee, 1999). 

% decolorization = Initial absorbance− observed absorbance
Initial absorbance × 100 

Additionally, Fourier transform infrared (FTIR) spectroscopy study 
was done to verify that the isolates had degraded and depolymerized 
kraft lignin (Khan et al., 2022). 

3.2. In vitro efficacy of ligninolytic bacteria for degradation of agro-waste 
residues 

After being treated with 1% NaOH for 24 h at room temperature, 
deionized water was used to adjust the pH to 7, and then the rice straw 
was dried at 80 ◦C (Yu et al., 2009). The 3 g quantity of pretreated rice 
straw was immersed in 100 ml flasks in triplicate and steam sterilized 
and then 5 ml of selected lignin-degrading bacteria were inoculated in 
each flask incubated for 21 days at ambient temperature (room tem-
perature) and assayed for lignin degradation and the observations of 
weight reduction and consistency were also monitored (Bakar et al., 
2018). After the end of the incubation period, the acid detergent fiber 
(ADF) and acid detergent lignin (ADL) methods (Thimmaiah, 2009) 
were used to determine the amount of lignin in rice straw. 

4. Effects of bio-pretreatment on the structure of the rice straw 

Using a freeze drier, untreated and bio-pretreated rice straw was 
dehydrated. Using a scanning electron microscope (SEM), the various 
surface morphologies of the untreated and bio-pretreated rice stover 
were observed (Dong et al., 2019). 

5. Sequencing and Phylogenetic Analysis of 16 S rDNA of Potent 
LDB Isolates 

The five most effective LDB isolates’ PCR-amplified 16 S rDNA re-
gion was sequenced using an automated DNA sequencer (ABI model 
377, Applied Biosystems, USA) in accordance with the normal technique 
utilizing universal 16 S rDNA primers (27 F and 1492 R; amplicons size 
≈ 1465 bp). Prior to BLAST, the 16 S rDNA sequences were modified 
using the Bio Edit software. Utilizing the nucleotide BLASTn pro-
gramme, the sequences collected during the investigation were 
compared to previously submitted sequences in the nucleotide database 
GenBank at the National Center for Biotechnology (NCBI) (Altschul 
et al., 1990). The online programme CLUSTAL-W was used to align the 
16 S rDNA consensus sequences (Thompson et al., 1994). Phylogenetic 
trees were constructed using this alignment and the greatest likelihood 
technique using MEGA 6.06 software (Tamura et al., 2013). 

6. Statistical analyses 

Using SPSS-20, the statistical analysis known as the standard 

deviation (SD) was performed on all the observed data. Additionally, 
correlation functional interaction between all chosen bacterial isolates’ 
production of the enzymes that break down Kraft lignin and Methylene 
Blue was performed using Past3 software, and correlation heat maps 
were created using TB tools. 

7. Result and discussion 

7.1. Isolation and screening of lignin degrading bacteria 

The isolation and screening of lignin-degrading bacteria were carried 
out on the MSM-L agar medium supplemented with Kraft lignin (0.5%), 
Guaiacol (10%), and Methylene blue (50 mg/L). In the present study, 27 
lignin-degrading bacteria were isolated and purified from 12 different 
organic produces and are summarized in Table 1. All the strains were 
able to grow on MSM-L containing Kraft lignin (0.5%), whereas 24 
strains and 18 strains were able to grow and utilize Guaiacol (10%) and 
Methylene blue (50 mg/L) respectively. The 16 strains along with the 
positive culture showed positive growth and de-colorization on all three 
different ligninolytic substrates. The decolorization zone was measured 
to determine the lignin degradation index (LDI), and the findings are 
shown in Table 2. This is the first report that we are aware of lignin- 
degrading microbial strains being isolated from conventional liquid 
organic manures. 

The various lignin-degrading bacteria were identified in rotting oil 
palm, empty fruit bunches, rotten wood, textile effluent, and sludge etc. 
(Faisal et al., 2021; Kishor et al., 2021a). While Harith et al. (2014) 
isolated 8 strains with lignin degradation ability from agro-industrial 
waste, Sharifi-Yazdi et al. (2001) isolated 22 LDB strains from decayed 
plants, Falade et al. (2017) isolated 30 potential strains of ligninolytic 
bacteria from water and sediment samples, and Couger et al. (2020) 
isolated lignin-degrading bacteria from the termite gut. Nahrowi et al. 
(2018) previously reported a correlation between ligninolytic activities 
of bacterial isolates and the lignin degradation index (LDI), and they 

Table 2 
Determination of lignolytic activities of lignin degrading bacteria using plate 
assay by measuring decolourisation zone.  

S.NO Strain Name Lignin degradation index by measuring decolourisation 
zone after 72 h 

Kraft Lignin (0.5%) Guaiacol (10%) 

1 SBD-LDB-1 3.24 ± 0.035 2.86 ± 0.125 
2 SBD-LDB-2 2.1 ± 0.10 2.21 ± 0.257 
3 SBD-LDB-3 3.6 ± 0.200 2.28 ± 0.145 
4 SBD-LDB-4 3.46 ± 0.351 1.31 ± 0.162 
5 SBD-LDB-5 1.01 ± 0.11 1.83 ± 0.175 
6 SBD-LDB-6 1.04 ± 0.12 ND 
7 SBD-LDB-7 3.38 ± 0.325 1.63 ± 0.126 
8 SBD-LDB-8 5.23 ± 0.321 3.01 ± 0.225 
9 SBD-LDB-9 5.47 ± 0.240 3.21 ± 0.256 
10 SBD-LDB-10 3.48 ± 0.141 1.65 ± 0.200 
11 SBD-LDB-11 4.53 ± 0.251 3.02 ± 0.087 
12 SBD-LDB-12 5.15 ± 0.160 2.21 ± 0.256 
13 SBD-LDB-14 2.35 ± 0.100 2.01 ± 0.225 
14 SBD-LDB-15 0.94 ± 0.18 1.78 ± 0.257 
15 SBD-LDB-16 4.32 ± 0.192 2.26 ± 0.205 
16 SBD-LDB-17 5.57 ± 0.222 2.41 ± 0.272 
17 SBD-LDB-18 0.98 ± 0.08 ND 
18 SBD-LDB-19 1.24 ± 0.250 1.52 ± 0.087 
19 SBD-LDB-20 5.17 ± 0.210 3.30 ± 0.174 
20 SBD-LDB-21 0.84 ± 0.14 ND 
21 SBD-LDB-22 3.34 ± 0.262 2.36 ± 0.127 
22 SBD-LDB-23 6.14 ± 0161 3.44 ± 0.413 
23 SBD-LDB-24 6.31 ± 0.298 2.88 ± 0.247 
24 SBD-LDB-25 6.32 ± 0.297 3.29 ± 0.187 
25 SBD-LDB-26 3.61 ± 0.135 2.09 ± 0.085 
26 SBD-LDB-28 1.04 ± 0.13 1.93 ± 0.081 
27 SBD-LDB-29 3.42 ± 0.186 2.84 ± 0.177 

*ND: Not Detected; Data (Mean of triplicate value ± SD) 
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demonstrated that lignin-degrading bacterial isolates had LDI values 
ranging from 2.6 to 1.22, validating the results of the Lignin degradation 
index by lignin-degrading bacterial strains. Falade et al. (2017) assessed 
the lignin-degrading activity of bacterial strains using guaiacol decol-
orization and found that only 5 strains out of 30 displayed decoloriza-
tion zone, which validates our current findings. 

8. Ligninolytic enzyme activity assay 

The quantification of ligninolytic enzymes viz. Manganese peroxi-
dase enzyme and Laccase enzyme in the lignin-degrading bacteria were 
conducted further to understand the mechanism of their ligninolytic 
activities. The results of the Manganese peroxidase enzyme and Laccase 
enzyme were summarized in Fig. 1. 

Fig. 1 shows the correlation between the percentage of KL and MB 
elimination and the bacterial enzymes (MnP and laccase). The lines in 
the graph below indicate the ligninolytic bacteria, while the columns 
stand in for the enzymes. The level of enzymatic activity was indicated 
by the colour of the tiles. The bacterial strains SBD-LDB-9, SBD-LDB-8, 
SBD-LDB-20, SBD-LDB-23, and SBD-LDB-25 that significantly reduce KL 
and MB were determined to have the highest enzymatic activity, as 
depicted in Fig. 1. 

The highest Manganese peroxidase enzyme activity of 6322.314 
± 0.034 U L− 1 was observed in the strain SBD-LDB-25 whereas the 
minimum activity of 2630.854 ± 0.031 U L− 1 was observed in SBD- 
LDB-3 strain. In the case of Laccase enzyme, the maximum degrada-
tion activity was observed in SBD-LDB-23 strain of 1.510 
± 0.017 U ml− 1 whereas minimum activity was reported in SBD-LDB-18 

strain of 0.825 ± 0.026 U ml− 1. Shamseldin and Abdelkhalek (2015) 
studied Manganese peroxidase enzyme activities and reported that MnP 
activity was found as 1720 U L− 1 and 1750 U L− 1 after the third day 
whereas the Laccase enzymes were found as 810 U L− 1 and 
915 U L− 1after six days in two examined LDB strains. The enzyme ac-
tivities reported by Shamseldin, Abdelkhalek (2015) were lower 
compared to the results obtained in the present studies. The results 
observed by Chen et al. (2012a) and Yang et al. (2017) were in close 
agreement with the result obtained in the present study. Chen et al. 
(2012b) revealed the maximum Manganese peroxidase activity was 
3229.8 U L− 1 on the 4th day and the highest Laccase activity of 
1275 U L− 1 was recorded at the 5th day of the growth of the bacteria. 
Yang et al. (2017) reported that the Laccase activity of most LDB 
increased significantly from 24 to 48 h, with a maximum of 2250 U L− 1 

in the bacterial strain H2 at 60 h incubation. In the case of the Manga-
nese peroxidase enzyme, the highest activity of 1119 U L− 1 was 
observed in strain J12 at 24 h. 

8.1. Decolorization activity of bacteria on liquid MSM containing MB dye 
and Kraft lignin 

The quantitative determination of the ligninolytic activities of the 
LDB was identified by measuring of percent decolorization of MSM-L 
broth medium supplemented with kraft lignin (0.5%) and Methylene 
blue indicator dye (50 mg/L) after 72hrs of incubation. All the strains 
showed significant activity and the results of the % degradation of Kraft 
lignin and methylene blue indicator dye were summarized in Table 3. 

The data of the % decolorization is displayed in heat map graph 
format in Fig. 1. It is a method of condensing information, with the lines 
denoting the investigated ligninolytic bacteria and the columns denot-
ing Kraft Lignin and Methylene Blue decolorization. The degree of the % 
decolorization is shown by the colored tiles. Fig. 1 demonstrates that the 
bacterial strains SBD-LDB-9, SBD-LDB-8, SBD-LDB-20, SBD-LDB-23, and 
SBD-LDB-25 achieved the highest % decolorization. 

The maximum percent decolorization of 38.327 ± 0.011% was 
observed by the SBD-LDB-9 strain in MSM-L broth containing Kraft 

Fig. 1. Heatmap correlation analysis of the percentage of KL (Kraft Lignin) and 
MB (Methylene Blue) removed by several bacterial isolates producing the en-
zymes MnP and laccase. 

Table 3 
Quantitative determination of Ligninolytic activity of bacteria.  

S.N. Percent decolourisation 

Strain Name Kraft lignin (0.25%) Methylene blue (50 mg/L) 

1 SBD-LDB-1 19.566 ± 0.010 17.866 ± 0.013 
2 SBD-LDB-2 21.025 ± 0.005 30.250 ± 0.016 
3 SBD-LDB-3 23.587 ± 0.025 23.495 ± 0.018 
4 SBD-LDB-4 19.771 ± 0.027 21.684 ± 0.012 
5 SBD-LDB-5 19.809 ± 0.012 22.222 ± 0.017 
6 SBD-LDB-6 24.429 ± 0.021 26.383 ± 0.015 
7 SBD-LDB-7 23.419 ± 0.020 28.732 ± 0.012 
8 SBD-LDB-8 37.298 ± 0.013 46.256 ± 0.020 
9 SBD-LDB-9 38.327 ± 0.011 48.458 ± 0.015 
10 SBD-LDB-10 24.317 ± 0.021 29.613 ± 0.007 
11 SBD-LDB-11 20.819 ± 0.014 30.886 ± 0.016 
12 SBD-LDB-12 30.134 ± 0.028 38.228 ± 0.017 
13 SBD-LDB-14 22.409 ± 0.031 29.662 ± 0.019 
14 SBD-LDB-15 19.0422 ± 0.012 21.390 ± 0.013 
15 SBD-LDB-16 22.858 ± 0.011 23.201 ± 0.014 
16 SBD-LDB-17 29.985 ± 0.012 44.542 ± 0.019 
17 SBD-LDB-18 17.385 ± 0.015 22.663 ± 0.014 
18 SBD-LDB-19 18.387 ± 0.011 30.299 ± 0.012 
19 SBD-LDB-20 35.185 ± 0.030 49.633 ± 0.017 
20 SBD-LDB-21 23.943 ± 0.016 29.075 ± 0.012 
21 SBD-LDB-22 23.228 ± 0.007 32.795 ± 0.006 
22 SBD-LDB-23 35.652 ± 0.005 46.941 ± 0.022 
23 SBD-LDB-24 22.521 ± 0.019 31.082 ± 0.012 
24 SBD-LDB-25 33.558 ± 0.017 47.969 ± 0.007 
25 SBD-LDB-26 25.065 ± 0.009 39.452 ± 0.020 
26 SBD-LDB-28 16.666 ± 0.009 26.258 ± 0.017 
27 SBD-LDB-29 23.251 ± 0.014 30.299 ± 0.010 

Data (Mean of triplicate value ± SD) 
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lignin whereas the minimum activity was observed in the SBD-LDB-28 
strain with 16.666 ± 0.009% decolonization. A similar percent decol-
orization was observed in MSM-L broth containing Methylene blue dye 
and after 72 hrs incubation, the maximum percent decolorization 
(49.633 ± 0.017%) was observed in the SBD-LDB-20 strain whereas the 
minimum percent decolorization (17.866 ± 0.013%) was observed in 
SBD-LDB-1 strain. It has been speculated that the depolymerization of 
lignin polymers by bacterial ligninolytic systems, which consists of 
several enzymes secreted by these bacteria, is what causes the reduction 
in a color that results from lignin biodegradation. Bacillus amylolique-
faciens (SL-7) bacteria produced manganese peroxidase, lignin peroxi-
dase, Laccase activity, and degraded 28.55% of tobacco straw lignin 
(Mei et al., 2020). Xiong et al. (2013) reported that Panteoa spp. strain 
Sd-1effectively reduced lignin color (52.4%) after 4 days of incubation. 
The ligninolytic bacterial strain, Bacillus velezensis, was used by Verma 
et al. (2020) and found that under ideal conditions, this strain had a 
maximum capacity for KL decolorization and degradation of 56.16% 
and 40.39%, respectively. These findings were in close agreement with 
those of the current study. 

9. FTIR analysis 

The lignin-degrading bacterial isolates were evaluated using FT-IR to 
determine how they had altered the structural and chemical properties 
of kraft lignin (Fig. 2). Lignin degradation was evident from the FTIR 
spectra of untreated and treated kraft lignin using lignin degrading 
bacteria depicted discrete changes, especially in the FTIR absorbance 
range from 1350 to 1715 cm− 1 correlated to the stretching of C––C 
bonds in the aromatic skeleton of lignin when incubated in the broth for 
5 days (Wang et al., 2021). The C––C bonds in the aromatic skeleton of 
lignin are the primary targets of the ligninolytic enzymes, resulting in 
lignin structural depolymerization (Zeng et al., 2014). Further, the 
decrease in absorbance around wave number 3500–3000 cm− 1 corre-
sponds to –OH bonds in alcohol and phenol in lignin in treated samples 
also indicating lignin degradation (Khan et al., 2022). Kraft lignin’s FTIR 
spectrum underwent significant changesat 3210 cm− 1 (OH stretching 

vibration), 2927 cm− 1 (stretching vibration of C–H band in CH2, CH3, 
and CH3O groups of the lignin structure), 2860 cm− 1 (C–H stretching in 
aromatic methoxyl groups), 1715 cm− 1 (C––O stretching), 1650 cm− 1 

(Absorbed O–H and conjugated C–O), 1635 cm− 1 (C––C stretching vi-
bration in benzene ring), 1580 cm− 1, 1511 cm− 1 (attributed to the 
stretching vibration of aromatic rings), 1420 cm− 1 (O-CH3 stretching 
vibration), 1330 cm− 1 (-CH stretching vibration), 1042 cm− 1 (C–O vi-
brations) and 618 cm− 1 (stretching vibrations of the C–S bond linked to 
the aromatic ring) (Kumar et al., 2015; Xu et al., 2018; Ma et al., 2021). 
The absorbance at 1335 cm− 1 (S) significantly decreased during 
biodegradation, but the absorbance at 1275 cm− 1 (G) barely changed. 
Significant differences between the FTIR spectra of the treated samples 
and the control samples showed that the lignin structure was largely 
destroyed by the different enzymes secreted by LDB used in the present 
study. 

9.1. In vitro screening of lignin-degrading bacteria using rice straw bio- 
waste as substrate 

Furthermore, research was conducted to determine the optimal 
strain for in vitro degradation of agricultural waste. The consistency of 
rice straw altered when the lignin content in the straw was broken down 
by lignin-degrading bacteria, as shown in Fig. 3. The results of the 
decomposition of rice straw by using lignin degrading bacteria were 
summarized in Table 4. In rice straw that had been exposed to lignin- 
degrading bacteria, the amount of lignin was substantially reduced 
after 20 days after inoculation compared to the control rice straw. 
Among all LDB strains, the maximum percent lignin degradation were 
obtained in the SBD-LDB-8 strain (52.86%) followed by SBD-LDB-25 
(52.69%), and SBD-LDB-20 (48.01%) and SBD-LDB-9 (45.99%) 
whereas the minimum percent lignin degradation was observed in SBD- 
LDB-17 strain (17.98%). 

In a comparison of three bacterial isolates for lignin degradation on 
rice straw, Bakar et al. (2018) found that the rice straw treated with the 
AMB1 bacterial strain had significantly less lignin, at 4.97% compared 
to the lignin content of the control which was 8.89 ± 1.0. Similarly, 

Fig. 2. FTIR spectrum of LDB treated and untreated kraft lignin.  
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Ochrobactrum oryzae BMP03 strain-treated rice straw’s chemical 
makeup was investigated by Tsegaye et al. (2018) and reported that the 
BMP03 treatment degraded and mineralized 53.74% lignin after 14 days 
of pretreatment. According to Chandra et al. (2007), Novosphingobium 
sp. B-7 bacteria were responsible for 37% of the breakdown of Kraft 
lignin. Shi et al. (2017) found that after 7 days of pretreatment with the 
Cupriavidus basilensis B-8 bacterial strain, 41.5% of kraft lignin was 
eliminated, which was quite similar to the findings of the current study. 

9.2. Effects of bio-pretreatment on the structure of the rice straw using 
SEM 

The morphological modification of the rice straw that was treated by 
lignin-degrading bacterial isolates was analysed by scanning electron 
microscopy. The original rice straw displayed smooth, well-organized, 
and complete frameworks (Fig. 4). It was noticed that the surface was 
fairly smooth. It became fragmented and porous after being treated with 
lignin-degrading bacterial isolates. The rice straw developed some holes. 
After bacterial treatment, the rice straw’s morphology showed that its 
linkages had been broken, and its lignin contents had been noticeably 
reduced. Various researchers observed the change in morphology of 
lignin using SEM which confirm the degradation of lignin visually (Xu 
et al., 2018; Ma et al., 2021). Dong et al. (2019) analyzes the lignin 
degradation by SEM technique and they observed that the microbial 
treated lignin sample became cracked and porous as compared to 

ordered and intact structures of untreated lignin samples which further 
supports the observation in the present study. 

9.3. Sequencing and phylogenetic analysis of 16 S rDNA of potent LDB 
isolates 

Based on in vitro rice straw degradation efficacy, the comprehensive 
sequences of the 16 S rDNA genes of the most effective lignin-degrading 
bacterial strains were sequenced and examined using the nucleotide 
BLASTn programme. These strains were identified as LDB-8: Entero-
bacter ludwigii (MW264070), LDB-25: Klebsiella variicola (MW265009), 
LDB-20: Rahnella aquatilis (MW264333), LDB-9: Bacillus paramycoides 
(MW264994), and LDB-23: Bacillus paramycoides (MW423733) as 
shown in Fig. 5. Table 5 lists the molecular details and NCBI GeneBank 
accession number associated with these strains. Similar approach was 
adopted by Upadhyay et al. (2009, 2011) for identification of salt 
tolerant rhizobacterial isolates. Rahman et al. (2013) characterized 
lignin-degrading bacteria using 16 SrRNA gene sequencing analysis and 
identified the bacterial strains as Bacillus sp., Ochrobactrum sp., and 
Leucobactersp., with 99% sequence similarity to the strains from 
NCBI-Gene bank databases. El-Hanafy et al. (2008) isolated two 
lignin-degrading bacterial strains from Egyptian soils and identified 
them as Bacillus sp. (EU344809) and Bacillus subtilis based on the partial 
16 S rRNA sequencing (EU344808). From a decomposing empty fruit 
bunch of an oil palm, Riyadi et al. (2020) isolated and described a 
lignin-degrading bacterial strain. Based on 16S rDNA sequencing, the 
isolated strain was identified as Streptomyces sp. S6. 

10. Conclusion 

The current investigation was based on the isolation of 27 lignin- 
degrading bacteria from 12 conventional manures. These strains were 
strong in ligninolytic enzymes such laccase and MnP, which can degrade 
KL and MB. SBD-LDB-8, SBD-LDB-25, SBD-LDB-20, SBD-LDB-9, and 
SBD-LDB-23 were shown to be the best LDB isolates based on their in 
vitro lignin degradation capacity using rice straw as the substrate. SEM 
images indicating changes in surface morphological properties linked 
with lignin breakdown backed up this claim. Despite tremendous 
progress in the isolation and characterization of lignin-degrading mi-
crobes to date, appropriate and effective formulations for waste break-
down and biodegradation of synthetic dyes like MB must be developed. 
According to these results, the isolated LDB strains from the current 
study would make a good choice for lignin valorization. Therefore, more 
thorough research is needed to establish their capacity to degrade waste 
biomass on the ground and in certain environmental conditions. 

Fig. 3. In vitro efficacy evaluation of lignin degrading bacteria for rice-straw degradation.  

Table 4 
Effect of effective lignin degrading bacteria pretreatment on the composition of 
rice straw.  

Strain Name ADF %* ADL %* * ASH % Lignin% % Lignin 
degradation 

CONTROL  88.04  25.35  7 18.35 ± 0.014  100 
SBD-LDB-8  68.43  13.98  5.3 8.65 ± 0.018  52.86 
SBD-LDB-9  69.55  13.91  4 9.91 ± 0.016  45.99 
SBD-LDB-11  76.03  18.73  4.6 14.06 ± 0.044  23.37 
SBD-LDB-12  74.06  15.03  4 11.03 ± 0.027  39.89 
SBD-LDB-16  75.44  16.55  4.6 11.08 ± 0.045  39.61 
SBD-LDB-17  78.14  18.72  3.6 15.05 ± 0.023  17.98 
SBD-LDB-20  72.46  13.87  4.3 9.54 ± 0.023  48.01 
SBD-LDB-22  77.72  17.73  4.6 13.06 ± 0.015  28.82 
SBD-LDB-23  69.42  13.57  3.6 9.91 ± 0.008  45.99 
SBD-LDB-25  66.53  12.02  3.3 8.68 ± 0.038  52.69 
SBD-LDB-26  76.16  16.78  4 12.78 ± 0.016  30.35 

* *Acid Detergent Lignin: Lignin+Ash (Data recorded after 21 days pre- 
treatment) 

* Acid Detergent Fiber (Cellulose+Hemi-cellulose+Lignin+Mineral); 
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Fig. 4. Scanning electron micrographs of the control and LDB treated rice straw for 21 days.  
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Abstract
Sclerotium rolfsii Sacc. is one of the important soil borne pathogen causing stem rot of groundnut prevalent in all growing 
area worldwide. The present study aimed on the identification of native Trichoderma isolates, and its efficacy against the stem 
rot pathogen in groundnut at field level. Thirty-five isolates of Trichoderma spp. isolated from the groundnut rhizosphere 
were comparatively evaluated for their biocontrol potential against S. rolfsii Sacc. and growth promoting traits in groundnut. 
The morphological studies of the 35 isolates were supported molecularly by amplifying of ITS region and classified into 
four species namely, T. asperellum, T. citrinoviride, T. longibrachiatum and T. harzianum which were further subjected to 
biocontrol efficacy tests. The highly efficient representative isolates namely, T. harzianum Thar23, T. asperellum Tasp49, T. 
longibrachiatum Tlongi5 and T. citrinoviride Tcitri2 were evaluated to produce lytic enzymes and growth promoting traits. 
The comparative study of these isolates revealed that, T. harzianum Thar23 produced significant (P < 0.05) amount of lytic 
enzymes viz., chitinase (31.36 U/ml), β 1, 3 glucanase (4.1 U/ml) and protease (2.76 U/ml). T. harzianum Thar23 promotes 
plant growth traits namely germination efficacy (31.48%), increase in the shoot length (42%) and root length (42.43%), 
improved vigor index, and increased relative water content (25.56%). Soil application, seed treatment and drenching with the 
powder formulation of Thar23 in field for the years 2019 and 2020 significantly (P < 0.05) reduced stem rot disease incidence 
to 59.45% and 53.79% and increased pod yield to 2.85 t/ha and 2.68 t/ha respectively. T. harzianum isolate Thar23 will help 
the groundnut growers for eco-friendly management of stem rot disease and increased yield.

Keywords Groundnut · Lytic enzymes · S. rolfsii · Stem rot · Trichoderma spp.

Introduction

Groundnut (Arachis hypogaea L.) is an important food and 
oil seed crop due to its high protein and oil content. Sev-
eral biotic and abiotic factors are responsible for dismal 

productivity. Diseases like stem rot, collar rot, root rot, 
leaf spot, bud necrosis, etc., are critical. Stem rot is also 
known as sclerotium blight caused by soil borne fungi S. 
rolfsii causes yield loss over 20–25 percent (Annual Report 
2015–16). Under warm and high moisture conditions, white 
mycelium spread over the plant debris, soil and infect the 
host. The dark brown sclerotia of the pathogen are hard, 
spherical and 0.5–1.5 mm in size often found in the infected 
are of host and soil (Aycock 1966). Though fungicides are 
effective against pathogens, but they cause adverse effect on 
the environment thus can be replaced by biocontrol agents.

Trichoderma spp. (Teleomorph: Hypocrea) is an omni-
present ascomycetous fungus known for its biocontrol and 
industrial properties. This fungi were named Trichoderma 
in 1794 (Persoon 1794) and years later in 1865, the sex-
ual stage Hypocrea species was suggested (Tulasne and 
Tulasne 1865). Diverse species of Trichoderma namely, T. 
harzianum, T. asperellum, T. viride, T. virens, T. hamatum 
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and T. atroviride have been reported as biocontrol agents. 
T. reesei, T. parareesei and T. longibracheatum are known 
for industrial enzyme production. Trichoderma species are 
widely present in the soil rhizosphere and documented 
for symbiotic relationship with the host roots. Due to the 
importance of the application of Trichoderma spp. as bio-
control agent in field condition, it is necessary to explore 
its biogeography. There are different studies conducted 
by the researchers to decipher the diversity of the native 
Trichoderma spp. and its application against major plant 
pathogens at national (Kumar et al. 2012; Agrawal and 
Kotasthane 2012; Devi et al. 2021; Manzar et al. 2021; 
Jambhulkar et al. 2022) and global (Li et al. 2016; Boat 
et al. 2020; Ma et al. 2020; Nofal et al. 2021). However, 
there is a need to explore the diversity of the native spe-
cies at groundnut growing area of Jaipur, a semi-arid east-
ern plain zone of Rajasthan (Agro-climatic Zone- III-A), 
India.

There are various biocontrol mechanisms viz., myco-
parasitism, antibiosis, induced systemic resistance in 
Trichoderma spp. and also known for production of many 
lytic enzymes viz., chitinases, glucanases, xylanase and 
proteases etc., as their primary weapons against the fungal 
pathogens (Sharma et al. 2014) and induce the systemic 
defence response by activating defence enzymes like per-
oxidases (PODs), polyphenol oxidases (PPO) and pheny-
lalanine ammonia lyase (PAL) (Malolepsza et al. 2017). 
Plant growth promotion is crucial component of Tricho-
derma spp. which helps in improvement of plant growth 
in terms of increased plant biomass, root and shoot length 
and grain yield. Trichoderma colonizes fully on root tis-
sues and triggers various mechanisms which induce plant 
growth promotion, facilitate nutrient uptake, induce plant 
defence mechanisms, helps in rhizosphere construction, 
increase carbohydrate metabolism, induce of phytohor-
mones, root exudates and photosynthesis in host (Sallam 
et al. 2019). Among the genus of Trichoderma spp., T. har-
zianum is the most researched biocontrol species followed 
by others such as T. viride, T. asperellum, T. hamatum, T. 
virens and T. koningii (Keswani et al. 2014). Species like 
T. longibrachiatum and T. citrinoviride needs to be studied 
for its biocontrol and plant growth promoting capabilities. 
Therefore, the comparative evaluation of biocontrol effi-
cacy and plant growth promoting traits of native isolates 
of Trichoderma spp. will be helpful in the characterization 
of biocontrol control agents and potential strains can be 
utilized at field conditions.

In the present study, we have isolated and character-
ized native isolates of Trichoderma from groundnut rhizo-
sphere and potent isolates were comparatively evaluated 
to assess biocontrol and plant growth promoting potential 
against groundnut stem rot pathogen S. rolfsii under field 
conditions.

Materials and methods

Collection and isolation of Trichoderma isolates

The 60 rhizospheric soil samples were collected from 
groundnut growing areas of Jaipur (Agro-climatic Zone- III-
A), a semi-arid eastern plain zone of Rajasthan, India. The 
longitude and latitude of collection locations were recorded 
and are given Table 1. For the isolation of Trichoderma 
spp., the rhizospheric soil samples were serially diluted on 
Trichoderma selective medium (TSM) (Elad et al. 1981) and 
incubated at 28 °C ± 1 °C for 4 days. The newly emerging 
mycelia of fungal colonies were subcultured to fresh potato 
dextrose agar (PDA) plates and incubated at 28 °C ± 1 °C 
for 7 days and maintained in potato dextrose agar (PDA) 
slants at 4 °C for further use in experiment. Culture of S. 
rolfsii was available at Department of Plant Pathology, SKN 
Agriculture University, Jobner- Jaipur.

Identification of Trichoderma isolates

Morphological identification

The purified 35 isolates were identified based on the differ-
ent morphological characters viz., cultural characters like 
colour, growth and texture, microscopic features branching 
of conidiophores, phialides disposition, size and shape of 
conidia were identified based on the Rifai (1969), Bissett 
(1984) and Samuels et al. (1999).

Molecular identification

Actively growing Trichoderma isolates (5 mm disc) were 
inoculated into 50 mL potato dextrose broth (PDB) (HIME-
DIA Labs, India) and incubated at 28 ± 2 °C for 5–6 days at 
180 rpm. The fungal mycelia were harvested using What-
man No. 1 filter paper and washed three times with sterile 
distilled water. Collected mycelium was grounded finely 
with liquid nitrogen and stored at − 80 °C till further use. 
Cetyltrimethyl ammonium bromide (CTAB) method was fol-
lowed for total fungal DNA extraction (Culling 1992). The 
internal transcribed spacer (ITS) region was amplified by 
using universal primers ITS1 (5′-TCC GTA GGT GAA CCT 
GCG G-3′)/ITS4 (5′-TCC TCC GCT TAT TGA TAT GC3′) 
(White et al. 1990).

PCR reaction mixture was prepared in the final volume 
of 25 µl containing 2.5 µl of 10X PCR buffer with  MgCl2, 
1 µl of forward and reverse primer each (10 pM), 0.5 µl of 
10 mM dNTP’s, 0.5 µl of DyNAzyme II DNA Polymerase 
(2 U/µl), 2 µl of genomic DNA (50 ng/µl) and 17.5 µl of 
Molecular biology grade water and amplified by following 
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Table 1  List of Trichoderma isolates along with NCBI accession numbers and morphological specifications

S. no. Isolate code Location Latitude and longitude NCBI 
accession 
number

Trichoderma spp. Morphological characteristics

1 Tasp1 Jobner, Jaipur 26° 58′ 33.6″ N 75° 22′ 
10.7″ E

KT426888 Group I—Trichoderma 
asperellum

Colony: dark green
Conidiophores: regularly 

branched, with lateral 
branches and paired

Phialides: whorls of 2–4 
phialides, straight, slightly 
wider in middle than base 
and ampulliform

Conidia: globose to subglo-
bose

2 Tasp2 Durgapura, Jaipur 26° 50′ 41.0″ N 75° 46′ 
52.5″ E

KT426889

3 Tasp3 Bagru, Jaipur 26° 49′ 02.3″ N 75° 33′ 
09.8″ E

KT426890

4 Tasp4 Samod Jaipur 27° 14′ 01.5″ N 75° 46′ 
53.1″ E

KT426891

5 Tasp5 Sambhar, Jaipur 27° 00′ 12.3″ N 75° 11′ 
24.7″ E

KT426892

6 Tasp6 Chaksu Jaipur 26° 35′ 55.6″ N 75° 56′ 
27.1″ E

KU170973

7 Tasp46 Jobner, Jaipur 26° 58′ 59.3″ N 75° 32′ 
35.1″ E

MT065825

8 Tasp47 Chaksu Jaipur 26° 36′ 14.7″ N 75° 55′ 
33.1″ E

MT065826

9 Tasp48 Durgapura, Jaipur 26° 55′ 51.8″ N 75° 45′ 
14.2″ E

MT065827

10 Tasp49 Samod Jaipur 27° 12′ 32.6″ N 75° 46′ 
57.5″ E

MT065828

11 Tasp50 Jobner, Jaipur 26° 59′ 54.9″ N 75° 22′ 
06.5″ E

MT065829

12 Tasp51 Bagru, Jaipur 26° 50′ 08.7″ N 75° 33′ 
19.1″ E

MT065830

13 Thar1 Durgapura, Jaipur 26° 55′ 35.0″ N 75° 42′ 
06.1″ E

KT426893 Group II—Trichoderma 
harzianum

Colony: whitish green to pale 
green

Conidiophores: flexuous, 
branches almost right 
angled

Phialides: whorls of 2–6, 
ampulliform to laginiform, 
subulate, short, skittle-
shaped, narrower at the 
base

Conidia: globose to subglo-
bose to short obovoid

14 Thar2 Samod Jaipur 27° 11′ 08.5″ N 75° 46′ 
59.9″ E

KT426894

15 Thar3 Jobner, Jaipur 26° 57′ 56.3″ N 75° 22′ 
35.9″ E

KT426895

16 Thar4 Durgapura, Jaipur 26° 50′ 30.0″ N 75° 47′ 
00.2″ E

KT426896

17 Thar5 Jobner, Jaipur 26° 58′ 46.2″ N 75° 22′ 
21.1″ E

KT426897

18 Thar20 Samod Jaipur 27° 11′ 08.5″ N 75° 46′ 
59.9″ E

MT065754

19 Thar21 Durgapura, Jaipur 26° 50′ 46.1″ N 75° 46′ 
46.4″ E

MT065755

20 Thar22 Bagru, Jaipur 26° 50′ 08.7″ N 75° 33′ 
19.1″ E

MT065756

21 Thar23 Jobner, Jaipur 26° 58′ 33.6″ N 75° 22′ 
10.7″ E

MT065757

22 Thar24 Sambhar, Jaipur 26° 52′ 26.2″ N 75° 07′ 
38.4″ E

MT065758

23 Thar25 Chaksu Jaipur 26° 35′ 55.6″ N 75° 56′ 
27.1″ E

MT065759
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protocol: initial denaturation for 1 min at 95 °C, 30 cycles 
of denaturation for 30 s at 95 °C, primer annealing for 1 min 
at 60 °C, extension at 72 °C for 1 min and a final exten-
sion period for 7 min at 72 °C. The amplified PCR products 
were electrophoretically separated using 1.2% agarose gel 
in 1X TAE buffer at 80 V for 1 h. Amplified PCR frag-
ments were visualized in UV light and gel documented. The 
desired amplified products were gel eluted (GeneJET Gel 
Extraction Kit, Thermo Scientific™, USA) and sequenced 
through the Sanger sequencing method (Eurofins Pvt. Ltd). 
The sequence contig was prepared using CAP3 sequence 
assembly program and aligned sequence were confirmed 
with nBLAST (www. ncbi. nlm. nih. gov/ BLAST) and sub-
mitted to NCBI (http:// www. ncbi. nlm. nih. gov/).

Phylogenetic analysis

The phylogenetic tree was constructed by aligning the gener-
ated sequences using ClustalW multiple sequence alignment 
program (Thompson et al. 1994) and MEGA7 software pro-
gram (Kumar et al. 2016). Maximum Composite Likelihood 
(MCL) method was used to estimate the pairwise distances 
and bootstrap method was used to study the nodal robust-
ness with a replication of 1000. The Kimura 2-parameter 

distance model (Kimura 1980) was used for the construction 
of maximum-likelihood (ML) tree (Kumar et al. 2016).

Screening for antagonistic activity of Trichoderma 
isolates

Antagonistic activity of different 35Trichoderma isolates 
against groundnut stem rot pathogen S. rolfsii was done by 
dual culture plate method (Dennis and Webster 1971). Seven 
days old actively growing mycelial disc (5 mm) of Tricho-
derma isolates and S. rolfsii were placed on PDA plates 
opposite from the periphery and plates without Trichoderma 
served as a control and plates were incubated at 28 ± 2 °C 
for 5–7 days. The percentage of inhibition was calculated by 
following formula

where ‘C’ is the radial growth of pathogen in the control 
PDA plate in cm and ‘T’ is the radial growth pathogen in 
test plate in cm.

The antagonism level of these isolates was evaluated 
according to Bell et al. (1982). Trichoderma isolates with 
significant antagonistic potential against S. rolfsii were 

Percentage of inhibition (PI) =
C−T

C
× 100

Table 1  (continued)

S. no. Isolate code Location Latitude and longitude NCBI 
accession 
number

Trichoderma spp. Morphological characteristics

24 Tlongi1 Jobner, Jaipur 26° 93′ 21.6″ N75° 37′ 
73.1″ E

KT426898 Group III—Trichoderma 
longibrachiatum

Colony: dark olive green 
with yellow tinge

Conidiophores: long main 
branches produce only a 
few side short branches

Phialides: laginiform or bot-
tle shaped

Conidia: sub-cylindrical with 
distinct truncate base

25 Tlongi2 Bagru, Jaipur 26° 49′ 02.3″ N 75° 33′ 
09.8″ E

KT426899

26 Tlongi3 Chaksu Jaipur 26° 36′ 14.7″ N 75° 55′ 
33.1″ E

KT426900

27 Tlongi4 Samod Jaipur 27° 12′ 32.7″ N 75° 51′ 
31.3″ E

KT426901

28 Tlongi5 Sambhar, Jaipur 27° 00′ 12.3″ N 75° 11′ 
24.7″ E

KT426902

29 Tlongi25 Durgapura, Jaipur 26° 55′ 35.0″ N 75° 42′ 
06.1″ E

MT052706

30 Tcitri1 Bagru, Jaipur 26° 48′ 20.4″ N 75° 33′ 
05.6″ E

MT065795 Group IV—Trichoderma 
citrinoviride

Colony: dusky yellowish 
green

Conidiophores: main 
branches long and rela-
tively straight

Phialides: more elongate, 
lageniform or narrowly 
shaped

Conidia: less ellipsoidal, 
apex broadly rounded

31 Tcitri2 Chaksu Jaipur 26° 34′ 58.2″ N 75° 59′ 
48.2″ E

MT065796

32 Tcitri3 Samod Jaipur 27° 12′ 32.7″ N 75° 51′ 
31.3″ E

MT065797

33 Tcitri4 Sambhar, Jaipur 27° 01′ 58.6″ N 75° 18′ 
48.0″ E

MT065798

34 Tcitri5 Jobner, Jaipur 26° 59′ 40.4″ N 75° 20′ 
49.4″ E

MT065799

35 Tcitri6 Durgapura, Jaipur 26° 50′ 24.1″ N 75° 46′ 
51.2″ E

MT065800

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/
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evaluated for production of lytic enzymes and plant growth 
promoting traits in groundnut.

Lytic enzymes assay of selected isolates of four 
Trichoderma spp.

Preparation of cell‑free culture filtrate

The cell-free culture filtrate from selected isolates T. har-
zianum Thar23, T. asperellum Tasp49, T. longibrachiatum 
Tlongi5 and T. citrinoviride Tcitri2were prepared using 
freeze-dried mycelia of S. rolfsii as a sole carbon source. 
Actively grown mycelial mat of S. rolfsii was harvested 
from 7 days old PDB broth and homogenized by using liq-
uid nitrogen. The freeze dried pathogen mycelial powder 
was stored at − 20 °C. A 5 mm mycelial disc of actively 
growing selected Trichoderma isolates was inoculated in 
autoclaved 250 ml of minimal synthetic broth (MSB) con-
taining (g/l)  FeSO4-0.01,  MnSO4-0.01,  ZnSO4- 0.01, KCl-
0.5,  MgSO4-0.5,  K2HPO4-1.0,  NaNO3-3.0; pH 5.5 amended 
with 1% freeze dried mycelia of S. rolfsii and flasks were 
kept at 28 ± 2 °C at 180 rpm and filtered through Whatman 
no. 1 filter paper at different time interval from day 1 to 10.

Estimation of chitinase (EC 3.2.1.14)

Dinitrosalicylic acid (DNSA) method was used to estimate 
the chitinase production from Trichoderma isolates. One 
millilitre of culture filtrate with 0.5 ml of colloidal chitin 
and 0.5 ml of 1 M sodium acetate buffer was mixed and 
incubated at 40 °C for 6 h and centrifuged at 12,000 rpm 
for 5 min at 4 °C. One millilitre of supernatant was mixed 
with 0.5 ml of DNSA in 1 M NaOH and 0.1 ml of 10 M 
NaOH and kept at 100 °C for 5 min. The assay mixture was 
recorded spectrophotometrically at 582 nm and N-acetyl-
glucosamine (GlcNAc) was used as standard. Specific chi-
tinolytic activity was defined as unit of GlcNAc released by 
1 ml of enzyme solution under assay conditions.

Estimation of β‑1,3‑glucanase (EC 3.2.1.39)

β-1,3-Glucanase activity was determined using laminarin 
as a substrate. The assay mixture contains 0.5 ml of culture 
filtrate with 1 ml of laminarin in 50 mM acetate buffer (pH 
4.8) and was incubated at 50 °C for 10 min. One ml of dini-
trosalicylic acid was added to the reaction mixture and kept 
at 95 °C for 5 min and total amount of reducing sugar was 
recorded at 540 nm. One unit of β-1,3-glucanase activity 
was defined as the amount of enzyme required to release one 
µmol of reducing sugar per minute.

Estimation of protease (EC 3.4.21.4)

Protease activity was determined using 1% casein as sub-
strate in 50 mM phosphate buffer (pH 7.0) was denatured at 
100 °C for 15 min in the water bath. The reaction mixture 
containing 1 ml of casein substrate was added with 3 ml 
of 10% tricholoroacetic acid (TCA) and kept at 4 °C for 
1 h. This mixture was centrifuged at 8000 rpm for 15 min 
at 4 °C, and supernatant was recorded at 280 nm. One unit 
of protease activity was defined as the amount of enzyme 
solution equivalent to release 1 µmol of tyrosine under assay 
conditions.

Plant growth promoting traits of selected isolates 
of four Trichoderma spp. in groundnut

The plant growth promoting ability of the selected Tricho-
derma isolates in groundnut (RG-510 Spreading variety) was 
studied under pot conditions. Groundnut seeds were treated 
with spore suspensions of each selected Trichoderma iso-
lates containing 2 ×  108spores  ml−1and were soaked for one 
hour. Spore suspensions from selected isolates were pre-
pared from PDA plates containing 7 days old cultures of 
Trichoderma by scraping gently on the surface of the plates 
with sterile distilled water containing 0.01% Tween 20 and 
filtered through two layers of sterile muslin cloth. The spore 
concentration was adjusted with the aid of haemocytometer.

Efficacy on seed germination, root, and shoot length 
and relative water content (RWC)

The germination efficacy of selected Trichoderma isolates in 
groundnut seeds was studied by treating with Trichoderma 
spore suspension (2 ×  108 spores  ml−1) and transferred to 
respective pots containing sterile soil along with farm yard 
manure (FYM) in 10:1 ratio. Seeds treated with sterile water 
served as control. After 10 days, the number of germinated 
seedlings in each replication was counted and the germination 
was calculated and expressed by using the following formula

Groundnut plants (30 days old) were harvested from each 
treatment and washed three times with sterile distilled water. 
The root and shoot length were observed and based on the 
root and shoot length with germination percentage, the vig-
our index was calculated by using formula given by Abdul 
Baki and Anderson (1973).

Germination percentage (%)

=
Number of germinated seeds

Total number of seeds
× 100
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To determine relative water content, the harvested plants 
were air dried and weighed (fresh weight). For dry weight, 
the plants were kept in hot air oven at 100 °C for 20 min, 
and then kept at 80 °C for 24 h at oven then weighed and 
recorded (Tian et al. 2015). Each control and treatment were 
repeated three times. The following formula was used to 
determine RWC of shoots and roots.

where, RWC is relative water content, FW: fresh weight, and 
DW: dry weight.

Groundnut stem rot management by application 
of selected isolates of four Trichoderma spp. 
under field conditions

The field experiment was conducted in the randomized block 
design with three replications in the kharif season of 2019 
and 2020 at Agronomy Farm, S.K.N. College of Agriculture, 
Jobner situated 260 05′ N-latitude and 750 28′ E-longitudes 
and at an altitude of 427 m above mean sea level in Jaipur 
district of Rajasthan. The region falls in agroclimatic zone 
III-a (semi-arid eastern plain), and variety RG 510 was used 
for both experimental years. The seeds were treated with 
talc-based bioformulation of different Trichoderma isolates 
at 8 g/kg. The spore concentration of the bioformulation 
was maintained 2 ×  108 CFU/g. The treatment schedule is 
as follows.

T1—Soil application with T. asperellum Tasp49 enriched 
FYM (10: 200) + seed treatment with T. asperellum Tasp49 
at 8 g/kg seeds + drenching with T. asperellum Tasp49 at 
8 ml/l at 40 days after sowing.

T2—Soil application with T. harzianum Thar23 enriched 
FYM (10: 200) + seed treatment with T. harzianum Thar23 
at 8 g/kg seeds + drenching with T. harzianum Thar23 at 
8 ml/l at 40 days after sowing.

T3—Soil application with T. longibrachiatum Tlongi5 
enriched FYM (10: 200) + seed treatment with T. longibra-
chiatum Tlongi5 at 8 g/kg seeds + drenching with T. longi-
brachiatum Tlongi5 at 8 ml/l at 40 days after sowing.

T4—Soil application with T. citrinoviride  Tcitri2 
enriched FYM (10: 200) + seed treatment with T. citrino-
viride Tcitri2 at 8 g/kg seeds + drenching with T. citrino-
viride Tcitri2 at 8 ml/l at 40 days after sowing.

T5—Untreated control.
Disease incidence was monitored on a weekly basis by 

observation of symptoms and was calculated by the follow-
ing formula

Vigour Index (VI) = (Mean shoot length + Mean root length)

× Germination (%)

RWC (%)=
FW - DW

FW
× 100

Shelling of the well dried 100 g pods from each treatment 
was done and recorded weight of kernels and the shelling 
percentage was calculated by following formula

The pod yield was calculated from each treatment sepa-
rately after threshing, winnowing, and cleaning the produce 
was weighed and converted in terms of Tones/ha.

Statistical analysis

The normality of the data was checked and found that data 
are treatment-wise normally distributed. All the treatments 
replicated thrice in a completely randomized design and 
the descriptive statistics of the data are presented as mean 
value ± SD. Significance of mycelial growth inhibition, 
enzyme production and growth promotion were tested by 
a one-way analysis of variance (ANOVA). The data were 
analysed by ANOVA using R-programming language and 
treatment means were compared using Fisher’s Protected 
LSD test at p = 0.05 (Gomez and Gomez 1984).

Results

Morphological characteristics of Trichoderma 
isolates

Thirty-five isolates of Trichoderma spp. were collected from 
the rhizospheric soil of groundnut growing area of Jaipur 
District (26.9706° N, 75.3791° E) of Rajasthan, India, which 
were further morphologically characterized through micro-
scopic studies. Based on morphological features the iso-
lates were classified into four groups I T. asperellum, group 
II T. harzianum, group III T. longibrachiatum and group 
IV T. citrinoviride (Table 1).The group I consisted of 12 
isolates of T. asperellum showed dark green and compact 
colonies on PDA medium with the typically paired and reg-
ularly branched conidiophores(Table 1). The conidia were 
globose to sub-globose in shape with the size of 2.5–3 µm 
(Fig. 1). A total of 11 isolates of T. harzianum in grouped 
exhibited whitish green to pale green on PDA surface with 
short branched and irregular conidiophores at right angle. 
The shape of conidia was globose to sub-globose to short 
obovoid with size of 1.5–2 µm (Fig. 1). The 6 isolates of 
group III were yellowish green or dark olive green on PDA 
plates with short, branched conidiophores, laginiform or bot-
tle shaped conidia on long main branches with the size of 

Disease incidence (DI) (%) =
Number of infected plants

Total number of plants
× 100

Shelling percentage =
Kernel weight

Pod weight
× 100



Indian Phytopathology 

1 3

2–2.5 µm were classified as T. longibrachiatum. The group 
IV was classified as T. citrinoviride consisted of 6 isolates 
which showed dusky yellowish green colony on PDA with 
less ellipsoidal, broadly rounded apex conidia with size of 
2–2.5 µm, with relatively straight long branched conidi-
ophores, relatively elongate, lageniform or narrowly shaped 
phialides (Fig. 1).

Molecular characterization of Trichoderma isolates 
and phylogenetic analysis

A single amplified product around 550-650 bp of all 35 iso-
lates of Trichoderma spp. were sequenced and confirmed 
with BLAST search tool and submitted to NCBI (Table 1). 
The BLAST analysis was differentiating at species level with 
homology percentage of 95–99%, and results obtained from 
phylogenetic analysis of ITS sequences showed that the 35 
Trichoderma isolates can be separated into four different 
species with three distinct clades of Trichoderma namely 
(Fig.  2), the Pachybasium A clade (T. asperellum), the 

Harzianum clade (T. harzianum), and the Longibrachiatum 
clade (T. longibrachiatum and T. citrinoviride). The Pachy-
basium A clade consists of 12 isolates of T. asperellum with 
a bootstrap value of 98%, the clade Harzianum consisting of 
11 isolates of T. harzianum supported by bootstrap value of 
81%. The closely associated species both T. longibrachiatum 
(6 isolates) and T. citrinoviride (6 isolates), fall in the section 
Longibrachiatum clade with 96% bootstrap value indicating 
the close relationship of both species (Fig. 2).

Antagonistic activity of Trichoderma isolates 
against S. rolfsii

The antagonistic activity of 35 isolates of Trichoderma spp. 
against S. rolfsii was evaluated by dual culture assay. Two 
groups of T. asperellum and T. harzianum exhibited higher 
antagonistic activity with the range of 62% to 81.7% against 
S. rolfsii. Group III T. longibrachiatum and Group IV T. 
citrinoviride recorded moderate or lower mycelial inhibition 
from 51.43 to 67.5% (Fig. 3).The degree of antagonism was 

Fig. 1  PDA culture plates showing 7 days old representative isolates 
of Trichoderma spp. a, e, i Showing the growth on PDA, branch-
ing pattern of phialides and conidia of T. asperellum Tasp49. b, f, j 
Showing the growth on PDA, branching pattern of phialides and 

conidia of T. harzianum Thar23. c, f, k Showing growth on PDA, 
branching pattern of phialides and conidia of T. longibrachiatum 
Tlongi5. d, h, l Showing growth on PDA, branching pattern of phial-
ides and conidia of T. citrinoviride Tcitri2 (scale bar 10 µm)
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measured by the scale described by Bell et al. (1982). Iso-
lates from T. asperellum group namely Tasp1, Tasp3, Tasp6, 
Tasp46 and Tasp49, from T. harzianum group namely, 
Thar1, Thar3, Thar4, Thar5, Thar20, Thar21, Thar22, 
Thar23, Thar24 and Thar25 exhibited class 1 level of antag-
onism, whereas isolates like Tasp2, Tasp4, Tasp5, Tasp47, 
Tasp48, Tasp50 and Tasp51 from T. asperellum group, one 

isolate from T. harzianum Thar2, some of the isolates from 
T. longibrachiatum group namely Tlongi1, Tlongi2, Tlongi4, 
Tlongi5and Tcitri2, Tcitri4 and Tcitri6 from T. citrinoviride 
group expressed the class 2 level of antagonism. Class 3 
level of antagonism was observed in Tlongi3 and Tlongi25 
from T. longibrachiatum and Tcitri1, Tcitri3 and Tcitri5 
from T. citrinoviride against S. rolfsii. Among 35 isolates, 

Fig. 2  Phylogenetic relation-
ships of Trichoderma isolates 
inferred by analysis of ITS 
region and constructed using 
two parameter model imple-
mented in the MEGA7 inferred 
by using the Maximum Likeli-
hood method and Tamura-Nei 
model. Analysis was conducted 
in MEGA 7 and the percent-
age of replicate trees in which 
the associated taxa clustered 
together in the bootstrap test
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the potential isolate from each group namely T. asperellum 
Tasp49 from group I, T. harzianum Thar23 from group II, 
T. longibrachiatum Tlongi5 from group III and T. citrino-
viride Tcitri2 from group IV were selected for the study of 
lytic enzyme production and plant growth promoting traits 
in groundnut.

Lytic enzymes assay of selected isolates of four 
Trichoderma spp.

The lytic enzymes like chitinase, β-1,3-glucanase and pro-
tease from selected Trichoderma isolates were studied by 
using freeze dried mycelia of S. rolfsii in MSB as a source 
of enzyme production. The enzyme activity from the isolates 
were gradually increased from day 1 to 7 for chitinase and 
day 1–6 for β-1,3-glucanase and protease and decreased after 
day 7. Among the selected isolates, T. harzianum Thar23 
(31.36 U/ml) significantly produced higher amount of chi-
tinase on day 7 followed by T. asperellum Tasp49 (25.26 U/
ml) (Fig. 4). The other selected isolates T. longibrachiatum 
Tlongi5 (20.1 U/ml) and T. citrinoviride Tcitri2 (17.3 U/

ml) exhibited lesser amount of chitinase enzyme activity 
as compared to other isolates (Fig. 4). Similarly, another 
lytic enzymes β -1, 3-glucanase and protease are also pro-
duced significantly higher 4.1 U/ml and 2.76 U/ml on day 6 
by T. harzianum Thar23 followed by T. asperellum Tasp49 
(2.6 U/ml and 2.13 U/ml). The other two selected isolates 
T. longibrachiatum Tlongi5 (1.33 U/ml and 1.16 U/ml) and 
T. citrinoviride Tcitri2 (0.8 U/ml and 0.83 U/ml) showed 
lesser production of these enzymes compared to other iso-
lates (Fig. 4).

Plant growth promoting traits of selected isolates 
of four Trichoderma spp. in groundnut

The selected isolates were comparatively tested for their 
growth promoting ability in groundnut under greenhouse 
conditions. The seeds treated with T. harzianum Thar23 and 
T. asperellumTasp49 significantly increased the germination 
efficacy to 31.48 and 24.47% and increased the shoot length 
by 42 and 21.44% and root length by 73.72 and 62.76% com-
pared to control with vigour index of 3598.25 and 3030.65 

Fig. 3  Per cent mycelial inhibition of S. rolfsi by different Trichoderma isolates in dual culture assay. Treatment means were compared using 
Fisher’s Protected LSD test (p = 0.05)

Fig. 4  Lytic enzymes a chitinase, b β-1,3-glucanase and c protease secretion (U/ml) from selected Trichoderma isolates at different time inter-
vals
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(Table 2) and increase in plant biomass in terms of the fresh 
and dry weight of shoot and root. The RWC of shoot and 
root treated with Thar23 shown higher (81.23%) than con-
trol (60.65%) (Table 2). However, the moderate effect on 
germination efficacy and plant growth promoting traits was 
observed in seed treatment with T. citrinoviride Tcitri2 as 
compared to other selected isolates (Table 2).

Groundnut stem rot management by application 
of selected isolates of four Trichoderma spp. 
under field conditions

Field experiments were conducted to evaluate the efficacy of 
native Trichoderma isolates on stem rot disease incidence, 
shelling percent and pod yield for the year of 2019 and 2020 
kharif season. Soil application, seed treatment and drench-
ing with T. harzianum Thar23 and T. asperellum Tasp49 
significantly (P < 0.05) reduced stem rot disease incidence 
up to 59.45%, 52.01% in 2019 and 53.79%, 48.74% for the 
year of 2020 and increased pod yield in T. harzianum Thar23 
(2.85 t/ha and 2.68 t/ha) and T. asperellum Tasp49 (2.62 t/
ha and 2.55 t/ha) treated plots with increased shelling per 
cent (Table 3). However, treatment with T. longibrachiatum 
Tlongi5 and T. citrinoviride Tcitri2 shows moderate reduc-
tion in disease incidence up to 35.11%, 34.16% in 2019 and 
34.16%, 33.21% in 2020 with pod yield of 2.13 t/ha, 2.05 
t/ha in 2019 and 2.05 t/ha and 1.95 t/ha in 2020 (Table 3). 
The results obtained from field experiments that indicate the 
effect of application of T. harzianum Thar23 in improvement 
of the pod yield up to 51.59% and 38.58% during 2019 and 
2020 kharif seasons, respectively.

Discussion

The present study was focused on morphological and molec-
ular characterization, antagonistic ability, and plant growth 
promoting traits in the potential native Trichoderma isolates 
tested against stem rot pathogen S. rolfsii of groundnut. The 
isolates from rhizosphere soil of groundnut were collected 

and characterized based on the morphological characteris-
tics to identify the species level by using the reference of 
Rifai (1969), Bissett (1984) and Samuels et al. (1999) and 
classified in to four groups, namely T. asperellum (12), T. 
harzianum (11), T. longibrachiatum (6) and T. citrinoviride 
(6). Morphological characterization of native Trichoderma 
isolates has earlier been taken up by several researchers 
(Rifai 1969; Bissett 1984; Pandian et al. 2016; Devi et al. 
2021; Jambhulkar et al. 2022). In addition to supporting the 
reliability of morphological identification, isolates were fur-
ther characterized molecularly by amplifying ITS region. 
Kullnig-Gradinger et al. (2002) described the multigene 
phylogeny approaches for the evolution of Trichoderma 
spp. by using the ITS1 and ITS2, 28S rDNA, mitSSU, tef 1 
and ech42 genes. Indian researchers have widely surveyed 
in different locations of the country and have reported 
from the different geographical locations like New Delhi 
(Muthu and Sharma 2011), South Andaman Island (Kumar 
et al. 2012), Chhattisgarh (Agrawal and Kotasthane 2012), 
Manipur (Kamala et al. 2015) and Uttarakhand (Manzar 
et al. 2021), different states of India (Devi et al. 2021).
The present study revealed the presence of diverse Tricho-
derma spp. in the rhizosphere of groundnut growing area of 
Jaipur District of Rajasthan. Mainly T. asperellum and T. 
harzianum were found to be dominant species with greater 
antagonistic potential against a wide range of phytopatho-
gens. Till now, 375 species of Trichoderma spp. have been 
identified and their DNA barcoding information was depos-
ited in the International Subcommission on Taxonomy of 
Trichoderma (ICTT) (http:// www. trich oderma. info). The 
modern Trichoderma taxonomy methods help in the pre-
cise identification and reorganization of 50 new species of 
Trichoderma per year (Cai and Druzhinina 2021). Similar 
studies by Manzar et al. (2021) highlighted the phylogenetic 
relationship among the Trichoderma spp. based on the ITS 
and tef-1α sequences. Out of 20 isolates, nineteen isolates 
belonged to T. asperellum as compared to T. harzianum 
(one isolate). With the upcoming trend of development of 
potential native strains of Trichoderma spp. characterization 

Table 2  Plant growth promoting efficacy of selected Trichoderma isolates in groundnut under glasshouse conditions

Values given in the column are the average of three replications followed by standard deviation. The different small letters (a–e) superscripts 
within the column are significantly difference at P ≤ 0.05

Tricho-
derma 
isolates

Shoot length (in cm) Root length (in cm) Germination (%) Plant vigour index Relative water con-
tent of shoot (%)

Relative water 
content of root 
(%)

Tasp49 22.27 ± 1.36c 15.3 ± 0.1c 80.67 ± 0.29d 3030.65 ± 128.31d 75.77 ± 0.02d 77.73 ± 2.38d

Thar23 26.03 ± 0.71d 16.33 ± 0.23d 85.2 ± 0.2e 3598.25 ± 58.05e 78.36 ± 0.27e 81.23 ± 0.59e

Tlongi5 20.36 ± 0.47b 10.8 ± 0.26b 70.33 ± 0.42c 2191.98 ± 35.51c 71.40 ± 0.84c 70.47 ± 0.82c

Tcitri2 19.4 ± 0.46ab 9.37 ± 0.15a 68.23 ± 0.25b 1962.78 ± 20.64b 67.55 ± 0.77b 67.25 ± 1.02b

Control 18.33 ± 0.21a 9.4 ± 0.17a 64.8 ± 0.529a 1797.17 ± 26.98a 66.46 ± 0.64a 60.65 ± 2.71a

http://www.trichoderma.info
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through molecular and morphological tools have become 
very important step in research.

To further utilize the native strains for biological control, 
antagonism tests are required to understand the mechanism 
under in vitro and in vivo conditions. The antagonistic abil-
ity of the Trichoderma isolates was tested against S. rolf-
sii showed significant reduction in the mycelial growth of 
pathogen. Significant variation was observed in the isolates 
from T. asperellum and T. harzianum while T. longibrachia-
tum and T. citrinoviride exhibited moderate efficacy. The 
CWDEs are specialized group (glycosyl-hydrolases, oxi-
doreductases, lyases, and esterases) of enzymes produced 
by Trichoderma spp. which are key component against wide 
range of phytopathogens. Recently Kaur et al. 2021 reported 
purified proteins both endochitinase and β-1,3-glucanase 
from T. viride isolate T1#3 degrade the hyphae of R. solani 
causing sheath blight in rice. Several research findings 
stated that the genus of Trichoderma is known to produce 
CDWs like chitinase, β-1,3-glucanase and protease are play-
ing key role in the suppression of the growth of major soil 
borne pathogens (Guigon-Lopez et al. 2015; Li et al. 2016; 
Elamathi et al. 2018; Boat et al. 2020; Macena et al.2020). 
In recent years, green synthesis of nanoparticles by these 
species made an impact in the agricultural and food sec-
tor due to the secretion of bioactive enzymes, metabolites 
and accumulation of metals are responsible for reduction of 
metal ions and helping in the formation nanoparticles. Raja 
et al. 2021 reported that biologically synthesized nanopar-
ticles by using cell free culture filtrate of T. harzianum Th3 
inhibits the mycelial growth of groundnut root rot complex 
pathogens by 60–65%. Production of secondary metabolites 
during mycoparasitism also a pivotal key of Trichoderma 
spp. in the antagonistic mechanism. For example, second-
ary metabolites like harzianic acid (HA), 6-pentyl-α-pyrone 
(6PP), koninginin, harzianopyridone and etc. can be corre-
lated with biocontrol mechanisms (Vinale and Sivasitham-
param 2020).

Plant growth promoting fungi (PGPF) are majorly associ-
ated with wide range of hosts and helps in transformation of 
soil nutrients, alter the niche of rhizosphere, elucidate the 
systemic resistance, and improve the plant growth. Tricho-
derma spp. are one of major beneficial fungal community 
present in the soil environment which directly create an 
impact on plants such as increased in number lateral roots 
and length, cumulative root length and root tips, germination 
efficacy and seeding growth, improved surface area of roots 
and leaves, wet and dry weight of plant biomass, and positive 
effect on flowering. And also responsible for elucidation of 
plant immunity through increasing jasmonic acid (JA), sali-
cylic acid (SA), ethylene (ET), phytoalexin levels and root 
exudates in plants, soil nutrients solubilization, and nutri-
ent uptake. Some of the Trichoderma spp. are rhizospheric 
competent in nature that can be able to colonize the plant Ta
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roots and enter the epidermis and outer cortex of root system 
(Harman et al. 2004). Recently Nofal et al. (2021) reported 
that seedling treatment with 10% cell free culture filtrate 
of T. atroviride from rhizosphere of tomato could improve 
the plant growth and decreased wilt incidence percentage 
(8%) caused by Fusarium oxysporum f. sp. lycopersici. The 
current study also revealed the impact of seed inoculation 
with selected native Trichoderma isolates which helps in 
improvement of germination efficacy, root, and shoot length 
in groundnut. The RWC of the root and shoot in treated 
plants has been increased which indicates the acceleration 
in the plant growth. Based on the obtained results, the highly 
efficient strain T. harzianum Thar23 exhibits excellent myce-
lial growth inhibition of pathogen, lytic enzymes production 
and improve the plant growth could be used against biotic 
and abiotic stress at greenhouse and field level in pest man-
agement practices.

Performance of microbial antagonistic under field con-
dition is one of the important key factors in commerciali-
zation of the product at market level. The present findings 
were in accordance with several research findings stated 
that the importance of performance of Trichoderma spp. 
against reduction of different pathogen population at field 
level (Sharma et al. 2012; Jambhulkar et al. 2022). In this 
present study, there are differences in performance of Tricho-
derma isolates, however treatment with T. harzianum Thar23 
enhanced groundnut growth, reduction in S. rolfsii disease 
incidence, significant increase in shelling percentage and 
pod yield among other isolates.

Conclusion

Based on morpho and molecular characterization 35 native 
Trichoderma isolates were grouped into four different 
Trichoderma spp. namely, T. asperellum (12), T. harzianum 
(11), T. Longibrachiatum (6) and T. citrinoviride (6) from 
rhizosphere of groundnut and screened based on the antago-
nistic activity against S. rolfsii. The potential isolates from 
each group viz., T. harzianum Thar23, T. asperellum Tasp49, 
T. longibrachiatum Tlongi5 and T. citrinoviride Tcitri2 were 
selected for lytic enzyme production and plant growth pro-
moting studies in groundnut. The highly efficient isolate T. 
harzianum Thar23 exhibits excellent mycelial growth inhi-
bition of pathogen, lytic enzymes production and improves 
the plant growth which could be used in biotic and abiotic 
stress management in groundnut at both green house and 
field level.
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Copper oxide nanoparticles (CuO-NPs) have piqued the interest of agricultural
researchers due to their potential application as fungicides, insecticides, and
fertilizers. The Serratia sp. ZTB29 strain, which has the NCBI accession number
MK773873, was a novel isolate used in this investigation that produced CuO-NPs.
This strain can survive concentrations of copper as high as 22.5 mM and can also
remove copper by synthesizing pure CuO-NPs. UV-VIS spectroscopy, DLS, Zeta
potential, FTIR, TEM, and XRD techniques were used to investigate the pure form
of CuO-NPs. The synthesized CuO-NPs were crystalline in nature (average size of
22 nm) with a monoclinic phase according to the XRD pattern. CuO-NPs were
found to be polydisperse, spherical, and agglomeration-free. According to TEM
and DLS inspection, they ranged in size from 20 to 40 nm, with a typical particle
size of 28 nm. CuO-NPs were extremely stable, as demonstrated by their zeta
potential of −15.4 mV. The ester (C=O), carboxyl (C=O), amine (NH), thiol (S-H),
hydroxyl (OH), alkyne (C-H), and aromatic amine (C-N) groups from bacterial
secretion were primarily responsible for reduction and stabilization of CuO-NPs
revealed in an FTIR analysis. CuO-NPs at concentrations of 50 μg mL−1 and
200 μg mL−1 displayed antibacterial and antifungal activity against the plant
pathogenic bacteria Xanthomonas sp. and pathogenic fungus Alternaria sp.,
respectively. The results of this investigation support the claims that CuO-NPs
can be used as an efficient antimicrobial agent and nano-fertilizer, since,
compared to the control and higher concentrations of CuO-NPs (100mg L−1)
considerably improved the growth characteristics of maize plants.

KEYWORDS

novel bacterial isolate, 16s-rDNA sequencing, CuO-NPs-green synthesis, confirmatory
tests, antimicrobial and plant growth-promoting activity

OPEN ACCESS

EDITED BY

Sirikanjana Thongmee,
Kasetsart University, Thailand

REVIEWED BY

Ramzan Ahmed,
University of Science and Technology,
Meghalaya, India
Mithun Kumar Ghosh,
Govt College Hatta, India

*CORRESPONDENCE

Devendra Jain,
devroshan@gmail.com,
devendrajain@mpuat.ac.in

SPECIALTY SECTION

This article was submitted to
Nanoscience,
a section of the journal
Frontiers in Chemistry

RECEIVED 30 January 2023
ACCEPTED 23 March 2023
PUBLISHED 07 April 2023

CITATION

Singh D, Jain D, Rajpurohit D, Jat G,
Kushwaha HS, Singh A, Mohanty SR,
Al-Sadoon MK, Zaman W and
Upadhyay SK (2023), Bacteria assisted
green synthesis of copper oxide
nanoparticles and their potential
applications as antimicrobial agents and
plant growth stimulants.
Front. Chem. 11:1154128.
doi: 10.3389/fchem.2023.1154128

COPYRIGHT

© 2023 Singh, Jain, Rajpurohit, Jat,
Kushwaha, Singh, Mohanty, Al-Sadoon,
Zaman and Upadhyay. This is an open-
access article distributed under the terms
of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original author(s)
and the copyright owner(s) are credited
and that the original publication in this
journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Chemistry frontiersin.org01

TYPE Original Research
PUBLISHED 07 April 2023
DOI 10.3389/fchem.2023.1154128

https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fchem.2023.1154128&domain=pdf&date_stamp=2023-04-07
mailto:devroshan@gmail.com
mailto:devroshan@gmail.com
mailto:devendrajain@mpuat.ac.in
mailto:devendrajain@mpuat.ac.in
https://doi.org/10.3389/fchem.2023.1154128
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org/journals/chemistry#editorial-board
https://www.frontiersin.org/journals/chemistry#editorial-board
https://doi.org/10.3389/fchem.2023.1154128
rohitj
Highlight

rohitj
Highlight

rohitj
Highlight

rohitj
Highlight

rohitj
Highlight

rohitj
Highlight



1 Introduction

Nanotechnology research is the most active research region in
contemporary materials science (Singh et al., 2018; Rajput et al.,
2021a; Bhavyasree and Xavier, 2022). Nanomaterials synthesis through
conventional physical and chemical methods has several adverse features
viz., critically high pressure and temperature conditions, utilization of
expensive and hazardous chemicals, a longer reaction time and
absorbance of toxic by-products on nanomaterial surface (Buazar
et al., 2019; Sukumar et al., 2020). Properties of NPs determined by
their size, shape, composition, crystalline, and structure (Sharma et al.,
2020; Hidangmayum et al., 2022; Rajput et al., 2022). Recent years have
seen a significant increase in the significance of green synthesis techniques
for nanomaterials, making it one of the very popular methods in modern
material sciences (Sukhwal et al., 2017; Mahboub et al., 2022).

Green synthesis has become one of the most preferred methods
to overcome the adverse effects physical and chemical synthesis such
as critical conditions of temperature and pressure, expensive and
toxic chemicals, long reflux time of reaction, toxic by-products etc.
(Sukhwal et al., 2017; Jain et al., 2020). Metal-tolerant bacteria are
important nano-factories that not only accumulates and also
detoxify heavy metals due to the various mechanism, i.e.,
reductase enzymes, EPS, etc., to reduce metal salts to
nanomaterials (Jain et al., 2012; Jain et al., 2020; Garg et al.,
2022). The nanomaterial synthesis using plant extracts may be
easier than microbial synthesis however the microbial synthesis is
more cost-effective and freer from any seasonal and plant growth
stage variation.

Inorganic metal oxide NPs, viz., CuO, ZnO, MgO, TiO2, SiO2,
etc., with significant antimicrobial features as well as their selective
toxicity, point to potential applications of these materials in medical
devices and diagnostics, therapeutics, and nanomedicine against
human pathogens (Mohsen and Zahra, 2008; Sobha et al., 2010; Jain
D. et al., 2022). These inorganic oxide NPs are beneficial as
antibacterial agents because they are more effective against
resistant pathogens. According to Makhluf et al. (2005),
crystalline structure and particle shape of nanomaterials have
relatively little effect on antibacterial behavior, but a high
concentration of smaller-size nanoparticles with a higher surface
area does.

The simplest copper compound in the family is copper oxide,
which has a variety of possibly practical physical characteristics
(Buazar et al., 2019). Copper oxide (CuO) has drawn more interest
than other nanomaterials because of its distinctive qualities, which
include stability, conductivity, catalytic activity, and anticancer and
antibacterial activities. Copper oxide nanoparticles (CuO-NPs) are
receiving more attention owing to their availability and lower cost
when compared to more costly and noble metals like gold and silver,
as well as their effective potential for application as microbial agents
(Sankar et al., 2014). Among them, CuO-NPs has drawn a lot of
attention in research areas including solar cells, biodiesel,
photocatalysis, water pollutant removal, supercapacitors, and
electrocatalysis owing to their desired qualities, such as cheap
cost, non-toxicity, and ease of manufacturing (Grigore et al., 2016).

By preventing the growth of bacteria, fungi, viruses, and algae,
CuO-NPs have important antimicrobial qualities (Amin et al., 2021;
Bukhari et al., 2021). Furthermore, compared to other organic
antimicrobials like silver and gold, nanoscale copper oxide has a

longer shelf life. According to Keabadile et al. (2020) green synthesis
of CuO-NPs with acceptable physio-chemical characteristics has
previously been performed with several microbial precursors as
reductants. However, very little study has been done on the
synthesis of CuO-NPs employing bacteria that are copper-resistant.
Hence, the current investigation was conducted to tackle this issue and
build a bacteria-assisted synthesis of CuO-NPs and assessment of their
antimicrobial and plant growth stimulating activities.

2 Materials and methods

2.1 Source, minimum inhibitory
concentration, and molecular identification
of copper-tolerant bacteria

The maximum copper tolerance concentration (MTC) was
determined on LB agar medium (in triplicate) having an
increased concentration of CuSO4 (2.5–25 mM), and the MTCs
were noted from the concentration of CuSO4 at which the isolate
failed to demonstrate growth. The different bacterial isolates were
utilized in this study taken from our lab, which were isolated from
Zn-Pb ore mine tailings areas of Zawar mines in Udaipur, Rajasthan,
India (Jain et al., 2020). According to a previously illustrated
method, the 16S rDNA region was amplified and sequenced to
perform molecular characterization of copper-tolerant bacteria
(Janda and Abbott, 2007).

2.2 Bacterial-assisted synthesis of copper
oxide nanoparticles

The synthesis of CuO-NPs was borne out by using copper (Cu)
tolerant bacterial isolate (ZTB29) with little modification technique
of earlier published (John et al., 2021). The bacterial strain that
showed the highest tolerance against copper ion, was inoculated in
LB medium (100 mL) and incubated at 28°C with 150 rpm. After
24 h, 5 mMCuSO4.5H2O was dropped into the bacterial culture and
incubated for 48 h at 28°C until the solution color changed from blue
to green. This combination was then centrifuged at 4,000 rpm for
20 min at 4°C to separate the bacterial cell pellet, and the CuO-NPs
were produced by centrifuging the residual supernatant at
14,000 rpm for 15 min at 4°C. The obtained CuO-NP pellet was
washed twice with deionized water, dried at 80°C in an oven and
used for further characterization. A control experiment without
copper-tolerant bacteria was also done and upon inclusion of 5 mM
CuSO4.5H2O, the color change was not seen which states no
nanoparticles formation.

2.3 Characterization of CuO-NPs

CuO-NPs were primarily characterized using UV-Vis absorption
scanning at 200–1,000 nm using a nanophotometer (Make: Implen,
Germany) as the method outlined by Davaeifar et al. (2019). Dynamic
Light Scattering (DLS) and Zeta potential were performed by the earlier
described method (Rajput et al., 2021b) by using Malvern zeta-sizer
nanoseries (United Kingdom). The FTIR spectroscopy (Perkin Elmer)
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was performed for Cuo-NPs (in KBr pellets) in the 4,100–400 cm−1

range (Garg et al., 2022). Around 10 µL of CuO-NPs dispersed in milli
Q water were placed onto carbon-coated copper TEM grid for
transmission electron microscopy (Tecnai G220 (FEI) S-Twin
200kv) (Sukhwal et al., 2017). The dried powder of CuO-NPs was
further characterized by XRD (X’Pert Pro X-ray diffractometer, PAN
analytical BV) with Cu Kα radiation set with 40 kV and 30 mA
(Sukhwal et al., 2017).

2.4 Antimicrobial activities of CuO
nanoparticles

Antibacterial activities of bacterial-assisted CuO-NPs were studied
by both disc diffusionmethod and well diffusion using LB agarmedium
against plant pathogenic bacteria Xanthomonas sp. Briefly, 1 mL
bacterial suspension (>107 CFUmL−1) was spread by spreader on LB
agar Petri-plates, and in disc diffusion method, the sterile filter paper
disk, dipped in a known concentration of CuO-NPs was placed on LB
agar plates whereas, in well diffusion method, 5 mm wells (prepared by
sterile cork-borer on LB agar Petri-plates) were loaded with CuO-NPs
and incubated for inhibition zone development (Jain et al., 2020). The
antifungal activities of CuO-NPs were investigated by using the
poisoned food technique and spore germination test. The radial
mycelia growth of test fungi Alternaria sp. was recorded on PDA
containing different concentrations of CuO-NPs (50, 75, 100, 150, and
200 μg mL−1). PDA plates without CuO-NPs were used as a control.
These plates were kept for incubation at 25°C until full radical growth
was observed in the control. The different concentration of CuO-NPs
was used as per the CRD design in triplicate and the significant
difference among treatment were determined by Turkey–Kramer
HSD test at p = 0.05.

2.5 In vitro studies of CuO-NPs on the
growth of maize

The experimental pot was filled with agricultural soil supplemented
with sterile plantingmixture, seeded with maize seed (PRATAP-3), and
placed inside the plant growth chamber (humidity: 60%, light intensity:
750 μmol/m2s with 15 h light and 9 h dark conditions at 25°C–20°C).
Seven days old maize seedlings were treated with CuO-NPs
concentrations viz.0, 25, 50, 75, 100, 200, and 300 mg L−1 (in
Hoagland solution) as foliar spry. The shoot length (cm), root
length (cm), chlorophyll content (SPAD-502 + Chlorophyll Meter,
Spectrum Technologies, India), Copper content [atomic absorption
spectroscopy (AAS), Make: Electronics co. India Ltd. Modal no.
AAS4141] was studied in 21 days old seedlings (Garg et al., 2022).

3 Result

3.1 Source, screening of MTC against copper
and molecular identification of potent
copper-tolerant bacteria

The bacterial isolates ZTB15, ZTB24, ZTB28, and ZTB29 were
tested for their maximum copper (CuSO4) tolerance levels in

nutritional broth and observed Minimum inhibitory
concentration (MIC). The bacterial isolate ZTB29 had a very
maximum MIC of 22.5 mM copper in the medium and was able
to withstand high doses of copper in the current experiment
(Supplementary Table S1). A further selection of the
ZTB29 strain was made for the bacterially aided synthesis of
copper oxide CuO-NPs. The ZTB-29 isolate’s 16S rRNA gene
was sequenced in its entirety and put into nucleotide-nucleotide
BLAST analysis. The strains’ similarity and matches to previously
published bacterial rDNA sequences allowed scientists to identify
them as Serratia sp. (Figure 1). The ZTB29 nucleotide sequence was
deposited to NCBI with the accession MK773873. The detailed
biochemical, plant growth promoting and other physiological
attributes of the ZTB29 strain were summarized in
(Supplementary Table S2) which enables the ZTB29 strain to not
only bioremediate excess copper but also to promote plant growth.

3.2 ZTB29 assisted copper oxide
nanoparticles synthesis and its confirmatory
examination

The easily observed synthetic bacterial growth in the bottom of
the flask demonstrated the reaction between the bacterium and
copper sulfate, the precursor salt. The starting solution’s color
changed from light blue to green when 5 mM copper sulfate was
added drop by drop to the bacterial suspension, indicating the
production of CuO-NPs. The greatest absorbance of 285 nm by
using UV-visible spectroscopy was observed, indicating that copper
sulfate (which does not produce any absorbance at 285 nm:
Supplementary Figure S1), the starting material, was converted to
CuO-NPs, as shown in (Figure 2).

The surface charge, size distribution, and potential stability of
the nanoparticles contained in a liquid were characterized using
dynamic light scattering (DLS) and zeta potential, respectively.
Particles in the solution ranged in size from 15 nm to 30 nm and
were homogeneous in size. The average CuO-NPs particle size was
21 ± 5.4 nm which was created with a homogenous dispersion
(Figure 3A). The TEM investigations provided strong support for
the DLS findings. The presence of bacterial cell artifacts or the
agglomeration of nanoparticles may be responsible for the second
large-size distribution peak at about 1,000 nm. The zeta potential’s
magnitude (−30 mV to +30 mV) determines the stability and
primarily depends upon the surface charge of the generated
nanomaterials. The produced nanoparticles have a Zeta potential
of −15.4 mV, which demonstrates that they were quite stable at
ambient temperature (Figure 3B). The similar zeta potential value
was observed even after 1 year of synthesis with CuO-NPs
suggesting CuO-NPs were stable for 1 year or more. Zeta
potential with a negative value indicates a strong repelling force
between the particles, which inhibits agglomeration.

Fourier transform infrared spectroscopy (FTIR) technique was
utilized to recognize the occurrence of different functional groups
found in a sample. Depending on the infrared absorption range
600–4,000 cm−1 in FTIR analysis, the absorbance range
3,200–3,550 cm−1 is indicated for O-H stretching, 2,371 cm−1

observance for O=C=O stretching, 1,624 cm−1 observance for
C=C stretching, 1,058 cm−1 observance for C-OH stretching,
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1,377 cm−1 observance for the existence of CO2 when compared with
the standard database. The 608 cm−1 vibration attributed to CuO
formation confirms the synthesis of pure CuO nanostructures. FTIR
study revealed that the carboxyl (C=O), hydroxyl (OH), amine
(NH), alkyne (C-H), thiol (S-H), ester (C=O) and aromatic
amine (C-N) groups from the bacterial secretion are responsible
for the copper reduction and CuO-NPs stabilization (Figure 4). The
details of the different FTIR peaks observed in bacteria assisted
CuO-NPs and the bacterial extract used for CuO-NPs synthesis were
described in the Supplementary Table S3 and Supplementary Figure
S2. The CuO-NP’s size and shape were studied using TEM. TEM
analysis revealed the formation of different shapes of copper oxide
nanostructures (Figure 5). It was evident from TEM studies that
CuO-NPs were polydisperse and spherical which were free from
agglomeration. The particles were in the size range of 20–40 nmwith
28 nm average particles size.

X-ray diffraction (XRD) was performed to study the phase
(structure) and purity (composition) of the biosynthesized CuO-
NPs using copper-tolerant bacteria. The XRD pattern (Figure 6)
depicted the creation of pure and crystalline CuO-NPs. The peaks at
2 = 32.548, 35.466, and 38.769 were assigned to the (110) (002) and
(111) reflection lines of monoclinic CuO-NPs compared to JCPDS
file No. 01-080-1268. The average crystallite size calculated based on
the Scherrer technique for synthesized CuO-NP was 22 nm.

3.3 Antimicrobial activities of CuO-NPs

The CuO-NPs (50 μg mL−1) showed significant antibacterial
activity by generating an inhibition zone in well diffusion assay
(Figure 7A). The disc contacting 50 μg mL−1 CuO-NPs
demonstrated antibacterial activity against Xanthomonas sp. as it
showed a clear inhibition zone (Figure 7B), which was higher
compare to Neomycin (30 μg mL−1) and lower compare to
Rifampicin (5 μg mL−1). The highest inhibition of 91% in fungal
mycelia and 88% spore germination was detected at the 200 μg mL−1

CuO-NPs concentration (Table 1). The rate of mycelia inhibition
and spore germination was proportional to CuO-NPs concentration
(Figure 8). The results observed in the present study revealed CuO-
NP scan be used as an efficient nano fungicide against soil-born
fungus.

3.4 Influence of CuO-NPs onmaize seedling

The shoot and root length, plant biomass, total chlorophyll and
copper content were considerably high in the maize plantlet (21 days
old) compared to the untreated control plantlet (Table 2). The
maximum shoot and root length, biomass and chlorophyll content
were observed in 100 mg L−1 CuO-NPs application and contributed
to plant growth significantly as efficient nano-fertilizers. The CuO-
NPs (<100 mg L−1) caused significant toxicity to maize seedlings and
resulted in decreased growth parameters.

FIGURE 1
Neighbourhood joining tree showing the polygenetic relationship of copper tolerant bacterial strain ZTB29 Serratia sp. (NCBI Accession: MK773873).

FIGURE 2
UV-Vis absorption spectrum of biogenic CuO nanoparticles.
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4 Discussions

The new study could pave the way for bioprospecting for metal-
tolerantmicroorganisms for the quick and easy synthesis of nanoparticles
with a variety of applications (Jain et al., 2012; Jain et al., 2020). John et al.
(2021) investigated bacterial strain copper tolerance at various CuSO4

concentrations, and the bacterial strain Marinomonas, which tolerated
5mM CuSO4, was employed to produce copper and CuO-NPs. Similar
findings were found in the current investigation. Tiwari et al. (2016)
synthesized CuO-NPs from a copper-resistant Bacillus cereus isolate that
tolerated >10mM of copper. The B. cereus isolate was able to and was
identified asB. cereus using 16S rDNA amplification and sequencing. The
change of color depends on the surface plasmon vibration of the

nanoparticles (Abdulhameed et al., 2019). Shantkriti and Rani (2014)
observed that the color of the reaction changed from blue to dark green
when CuSO4 was added to the Pseudomonas fluorescens solution, which
corroborated the findings. The bacteria-assisted green synthesis of metal
and metal oxide nanoparticles is dependent on the bacteria’s ability to
remediate harmful metal concentrations by reducing metal ions to
nanoparticles (Jain et al., 2020). As a result, copper-tolerant bacteria
produce copper and copper oxide nanomaterials by mimicking the
natural biomineralization processes that these microbes have adapted
to under dangerous copper concentrations (John et al., 2021).

UV-visible absorption spectroscopy can be used to characterize
metallic nanoparticles based on surface plasmon resonance (SPR)
(Upadhyay et al., 2023). UV-visible spectroscopy (wavelength scan

FIGURE 3
(A) Particle size determination using dynamic light scattering (B) Zeta potential analysis of bacterial assisted CuO nanoparticles.

FIGURE 4
FTIR analysis of biogenic CuO nanoparticles.
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between 200 and 1,000 nm) was used to observe the solution resulting
from the bluish-to-greenish color alterations of copper-tolerant bacteria
(Zhao et al., 2022). The spectra of CuO-NPs generated employing copper-
tolerant bacteria showed pronounced absorption at 285 nm wavelength,
confirming the conversion of the starting material (copper sulfate) to the
final product (CuO nanoparticles) as shown in Figure 3. Tshireletso et al.
(2021) revealed that the UV-VIS absorption spectra of green-produced
CuO-NPs from citrus peel extracts resulted in a notable absorbance at
290 nm.Due to surface plasmon resonance, Sankar et al. (2014) found that
the UV-Vis spectra of papaya leaf extract medicated CuO-NPs spanned
between 250–300 nm. In contrast, the different experiments revealed
distinct absorption peaks and spectrums, which could be attributable to
different forms of copper and copper oxide nanomaterials and the
technology employed for nanomaterial fabrication.

DLS confirmed that the produced CuO-NPs had a homogeneous
particle size distribution (15 nm–30 nm) and an average particle size of
21 ± 5.4 nm (Figure 4A), which TEM investigations also validated. The
CuO-NPs’ −15.4 mV zeta value clearly demonstrated their fairly stable
character, as illustrated in Figure 4B. Nardella et al. (2022) conductedDLS
investigations of biosynthesized CuO-NPs and reported a 24.4 nm
Z-average diameter, while the zeta potential value, which frequently
analyses the stability of nanoparticles, was found to be −16.1 mV,
confirming the nanoparticles’ stability. Nagaraj et al. (2019) reported

the Pterolobium hexapetalum leaf extract-mediated synthesized CuO-
NPs and the synthesized nanoparticles were extensively distributed and
highly dispersed in the 10–76 nm size range, however, the associated zeta
potential was −27.6 mV attributed to moderate stability of nanoparticles.

FTIR study indicated the presence of different compounds from the
bacterial secretion involved in the reduction and stabilization of CuO-
NPs. Amin et al. (2021) observed the FTIR peaks at 518.4 and
600.1 cm−1 (formation of CuO nanostructure and Cu–O stretching),
1,021.14 and 800.58 cm−1 (assigned to C–O and C–H bending) and
1,412.3 and 1,636.4 cm−1(O–Hbending and C=C stretching). John et al.
(2021) studied FTIR spectroscopy of CuO-NPs synthesized from
marine bacteria indicating the presence of -C=O, –OH, –NH,
–CH2scissor vibrations of aliphatic compounds and C=C bonds
inside the biomolecules suggesting the interaction of these
biomolecules with CuO-NPs also observed in the present study.

TEM analysis revealed the formation of polydisperse and roughly
spherical CuO-NPS which were free from agglomeration with the
20–40 nm size range (average particle size is 28 nm). The CuO-NPs
aswater suspension are slightly agglomerated due to their interactionwith
water and due to such inter-particle interactions viz. van der Waals,
electrostatic and magnetic forces, etc. Previously, similar results of
biogenic CuO-NPs were reported by several studies (Ida et al., 2010;
Cheng and Walker, 2010; Chandra et al., 2014; Sagadevan and
Koteeswari, 2015; Kimber et al., 2020; Singh et al., 2019) as observed
in TEM. John et al. (2021) reported the TEM micrographs of CuO-NPs
from marine bacteria and reported the synthesis of monodispersed,
spherical/ovoidal NPs of 10 nm–70 nm size with ~40 nm average size.
The irregular shape can be attributed to bacterial metabolites on the
surface of nanoparticles as stabilizing and reducing agents. Bukhari et al.
(2021) reported the Streptomyces sp. mediated Cu-NPs synthesis of
uniform and spherical nanoparticles (1.72–13.49 nm) in the TEM

FIGURE 5
TEM analysis of biogenic CuO nanoparticles.

FIGURE 6
XRD analysis of bacterial assisted CuO nanoparticles.

FIGURE 7
Antibacterial activities of biogenic CuO nanoparticles at
50 μg mL−1 the concentrationagainst (A) Xanthomonas Sp. (B) E. coli
using (a) well diffusion method (b) disc diffusion method along with
Rifampicin 5 μg mL−1 and Neomycin 30 μg mL−1.
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images. Krishna et al. (2020) synthesized CuO nanoparticles
from Cinnamomum malabatrum aqueous leaf extract and the
TEM revealed spherically shaped CuO-NPs with 11 nm–24 nm
size range which was also in close agreement with the present
study.

The XRD pattern revealed the pure CuO-NPs were crystalline in
nature. Ali et al. (2021) performed XRD of CuO-NPs and the
detected peaks in their study confirmed the monoclinic phase of
CuO compared to JCPDS card 000021040 which was also seen in the
present study. Further, the characteristic crystallite size measured

TABLE 1 Effect of varying concentrations of CuO nanoparticles on in vitro mycelial growth and spore germination of phytopathogenic fungi Alternaria sp.

Treatment (CuO nanoparticles) Percent inhibition mycelia growth Percent inhibition spore germination

Control 0.0 ± 0.0A 5.33 ± 1.52A

50 μg mL−1 15.0 ± 1.53B 15.0 ± 2.0B

75 μg mL−1 70.0 ± 1.53C 55.0 ± 2.0C

100 μg mL−1 77.0 ± 5.7CD 64.3 ± 2.51D

150 μg mL−1 81.0 ± 2.0D 74.0 ± 1.0E

200 μg mL−1 91.0 ± 1.52E 88.0 ± 2.0F

aEach value is mean of 3 replicates from 2 experiments. Mean ± SE, followed by same letter in column of each treatment is not significant difference at p = 0.05 by Tukey–Kramer HSD, test, %

inhibition rate was calculated compared to the germination of the control (0%).

FIGURE 8
Antifungal activity of CuO nanoparticles against Alternariasp. on (A) mycelial growth inhibition by poisoned food technique (A) Control (B)
50 μg mL−1 (C) 75 μg mL−1 (D) 100 μg mL−1 (E) 150 μg mL−1 and (F) 200 μg mL−1CuO nanoparticles (B) Spore germination inhibition by (A)Pour plate
technique C1 - Crude spore suspension and T1 - 200 μg mL−1CuO nanoparticles (B) Microscopic studies C2: Control, T2: 200 μg mL−1CuO
nanoparticles.

TABLE 2 In vitro studies on the effect of CuO-NPs on growth of maize seedling (Data are means of three replicates ±SD. Data are recorded after 21 days of
germination).

Treatment Average shoot
length (cm)

Shoot dry
weight g)

Average root
length (cm)

Chlorophyll index
(SPAD)

Copper content in maize
seedling (ppm)

Control 18.4 ± 1.7 4.4 ± 1.1 12.8 ± 2.1 10.03 ± 2.11 0.041 ± 0.02

T 1 24.5 ± 2.4 7.8 ± 2.3 14.8 ± 3.2 12.33 ± 2.65 0.055 ± 0.08

T 2 28.8 ± 2.8 8.3 ± 1.6 21.6 ± 2.4 13.63 ± 2.49 0.088 ± 0.06

T 3 32.4 ± 2.2 8.4 ± 2.1 24.1 ± 1.9 14.14 ± 2.43 0.092 ± 0.08

T 4 34.2 ± 3.1 10.6 ± 1.8 24.8 ± 2.3 16.86 ± 4.5 0.098 ± 0.09

T 5 29.4 ± 2.3 9.1 ± 1.5 22.7 ± 2.1 13.93 ± 2.8 0.012 ± 0.05

T 6 21.1 ± 1.9 7.5 ± 1.2 15.1 ± 1.7 11.26 ± 2.3 0.015 ± 0.05
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using the Scherrer equation was found to be 24.7 nm also supports
the finding of the present study. Buazaret al. (2019) reported that
clear and sharp peaks in XRD can be ascribed to the highly
crystalline structure of nanomaterials. Similar results of the
crystallite size of CuO-NPs in the range of 9–23 nm were solely
dependent on the precursor conditions (Tavakoli et al., 2019).

The CuO-NPs exhibited superior antimicrobial activities and have a
significant potential to control phytopathogens. Krishna et al. (2020)
reported significant antibacterial activities of CuO-NPs against human
pathogenic bacteria viz., Escherichia coli, Staphylococcus aureus,
Pseudomonas aeruginosa and Proteus mirabilis using well diffusion
method and similar results were also observed against plant
pathogenic bacteria in the present study. Abboud et al. (2014)
reported significant antimicrobial activities of CuO-NPs synthesized
from the alga extract against Enterobacter aerogenes and S. aureus and
the observed radial diameter of the inhibition zone was 14 and 16mm,
respectively. Bhavyasree and Xavier (2022) extensively reviewed the
copper and CuO nanomaterial and their antimicrobial properties and
demonstrated the mechanism of antibacterial action which includes
mechanical damage, gene toxicity, and oxidative stress injury. The
bio-molecules absorbed on the surface may also help in the
antimicrobial activities of CuO-NPs.

The CuO-NPs (200 g mL−1 concentration) exhibited superior
antifungal activities. Qamar et al. (2020) showed reasonable results
for the antifungal activity of CuO-NPs against Trichophyton rubrum.
Rabiee et al. (2020) synthesized Achillea millefolium extract-mediated
CuO-NPs and reported significant in vitro antifungal activities against
four different fungi. The biosynthesized CuO-NPs showed effective
antifungal activities owing to the entering of CuO-NPs on fungal
membranes and negatively effect the cell divisions via strong
interaction on the respiratory chains.

The use of CuO-NPs (100mg L−1) resulted in the improvement of
plant growth attributes as copper-based nano-fertilizer. The specific doses
of CuO-NPs can play a remarkable role in plant growth promotion are
advocated by several researchers (Singh et al., 2018; Rajput et al., 2022)
due to the increase bio-availability of Cu2+ which led to accelerating the
mobilization of food reserves during germination, greater activation of
copper enzymes such as cytochrome C oxidase, etc. CuO-NPs in the
optimum dose can significantly influence the plant growth and act as
efficient nano-fertilizers.

5 Conclusion

In conclusion, we present a straightforward, quick, and
environmentally friendly method for producing CuO-NPs with
exceptional antibacterial properties. Different approaches have been
applied to clarify the size, shape, composition, and stability, and the
findings demonstrate that the synthesized nanoparticles are very stable and
monoclinic, with the largest particles falling within the size range of 28 nm
in diameter. The CuO-NPs may function as a potent bactericide and
fungicide that may be employed to combat plant infections as a result of
the positive results. With the right toxicological information, the greenly
producedCuO-NPs have a large potential andmay be used for a variety of
tasks, including food processing and control, biomedical forms, product
packaging, and more. According to the observations of this study, CuO-
NPs are a novel class of antimicrobial agents that may be developed and
applied in sustainable agriculture.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found below: https://www.ncbi.nlm.nih.gov/-,
MK773873.

Author contributions

DJ designed the research. DS, DR, GJ performed the
experiments. SM, SU interpreted the data. HK and AS performed
TEM, DLS, Zeta, FTIR and XRD. DJ and SU wrote manuscript. MS
andWZ revised and proofread manuscript. All authors reviewed the
manuscript.

Funding

Gratefully acknowledge the support by Researchers Supporting
Project Number (RSP2023R410), King Saud University, Riyadh,
Saudi Arabia. The financial assistance from All India Network
Project on soil biodiversity and Bio-fertilizer project and
MPUAT, India.

Acknowledgments

The authors would like to extend their sincere appreciation to
the Researchers Supporting Project Number (RSP2023R410), King
Saud University, Riyadh, Saudi Arabia. The financial assistance from
All India Network Project on soil biodiversity & Bio-fertilizer project
and the equipment support from IDP, NAHEP project are gratefully
acknowledged.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/
full#supplementary-material

Frontiers in Chemistry frontiersin.org08

Singh et al. 10.3389/fchem.2023.1154128

https://www.ncbi.nlm.nih.gov/
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fchem.2023.1154128/full#supplementary-material
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1154128


References

Abboud, Y., Saffaj, T., Chagraoui, A., Bouari, A. El., Brouzi, K., and Tanane, O. (2014).
Biosynthesis, characterization and antimicrobial activity of copper oxide nanoparticles
(CONPs) produced using Brown alga extract (Bifurcariabifurcata). Appl. Nanosci. 4,
571–576. doi:10.1007/s13204-013-0233-x

Abdulhameed, A. S., Jawad, A. H., and Mohammad, A. K. T. (2019). Synthesis of
chitosan-ethylene glycol diglycidyl ether/TiO2 nanoparticles for adsorption of reactive
orange 16 dye using a response surface methodology approach. Bioresour. Technol. 293,
122071. doi:10.1016/j.biortech.2019.122071

Ali, M., Ijaz, M., Ikram, M., Ul-Hamid, A., Avais, M., and Anjum, A. A. (2021).
Biogenic synthesis, characterization and antibacterial potential evaluation of copper
oxide nanoparticles against Escherichia coli. Nanoscale Res. Lett. 16, 148. doi:10.1186/
s11671-021-03605-z

Amin, F., Khattak, B., Alotaibi, A., Qasim, M., Ahmad, I., Ullah, R., et al. (2021).
Green synthesis of copper oxide nanoparticles using Aervajavanica leaf extract and their
characterization and investigation of invitro antimicrobial potential and cytotoxic
activities. Evidence-Based Complemet. Altern. Med. 5589703, 1–12. doi:10.1155/2021/
5589703

Bhavyasree, P. G., and Xavier, T. S. (2022). Green synthesised copper and copper
oxide-based nanomaterials using plant extracts and their application in antimicrobial
activity: Review. Curr. Res. Green Sustain. Chem. 5, 100249. doi:10.1016/j.crgsc.2021.
100249

Buazar, F., Sweidi, S., Badri, M., and Kroushawi, F. (2019). Biofabrication of highly
pure copper oxide nanoparticles using wheat seed extract and their catalytic activity: A
mechanistic approach. Green Process. Synthesis 8, 691–702. doi:10.1515/gps-2019-0040

Bukhari, S. I., Hamed, M. M., Al-Agamy, M. H., Gazwi, H. S. S., Radwan, H. H., and
Youssif, A. M. (2021). Biosynthesis of copper oxide nanoparticles using Streptomyces
MHM38 and its biological applications. Hindawi J. Nanomater. 6693302, 1–16. doi:10.
1155/2021/6693302

Chandra, S., Kumar, A., and Kumar, T. (2014). Synthesis and characterization of
copper nanoparticles by reducing agent. J. Saudi Chem. Soc. 18 (2), 149–153. doi:10.
1016/j.jscs.2011.06.009

Cheng, G., and Walker, A. R. H. (2010). Transmission electron microscopy
characterization of colloidal copper nanoparticles and their chemical reactivity.
Anal. Bioanal. Chem. 396, 1057–1069. doi:10.1007/s00216-009-3203-0

Davaeifar, S., Modarresi, M. H., Mohammadi, M., Hashemi, E., Shafiei, M., Maleki,
H., et al. (2019). Synthesizing, characterizing, and toxicity evaluating of phycocyanin-
ZnO nanorod composites: A back to nature approaches. Colloids Surfaces B
Biointerfaces B 175, 221–230. doi:10.1016/j.colsurfb.2018.12.002

Garg, K. K., Jain, D., Rajpurohit, D., Kushwaha, H. S., Daima, H. K., Stephen, B. J.,
et al. (2022). Agricultural significance of silica nanoparticles synthesized from a silica
SolubilizingBacteria. Comments Inorg. Chem. 42 (4), 209–225. doi:10.1080/02603594.
2021.1999234

Grigore, M. E., Biscu, E. R., Holban, A. M., Gestal, M. C., and Grumezescu, A. M.
(2016). Methods of synthesis, properties and biomedical applications of CuO
nanoparticles. Pharm. (Basel) 9 (4), 75. doi:10.3390/ph9040075

Hidangmayum, A., Debnath, A., Guru, A., Singh, B. N., Upadhyay, S. K., and Dwivedi,
P. (2022). Mechanistic and recent updates in nano-bioremediation for developing green
technology to alleviate agricultural contaminants. Int. J. Environ. Sci. Techno., 1–26.
doi:10.1007/s13762-022-04560-7

Ida, K., Sugiyama, Y., YukiChujyo, Y., Tomonari, M., Tomoharu Tokunaga, T.,
Sasaki, K., et al. (2010). In-situ TEM studies of the sintering behavior of copper
nanoparticles covered by biopolymer nanoskin. J. Electron Microsc. 59, 75–80. doi:10.
1093/jmicro/dfq055

Jain, N., Bhargava, A., Tarafdar, J. C., Singh, S. K., and Panwar, J. (2012). A
biomimetic approach towards synthesis of zinc oxide nanoparticles. Appl. Microbiol.
Biotechnol. 97 (2), 859–869. doi:10.1007/s00253-012-3934-2

Jain, D., Kour, R., Bhojiya, A. A., Meena, R. H., Singh, A., Mohanty, S. R., et al. (2020).
Zinc tolerant plant growth promoting bacteria alleviates phytotoxic effects of zinc on
maize through zinc immobilization. Sci. Rep. 10, 13865. doi:10.1038/s41598-020-
70846-w

Jain, D., Kushwaha, H. S., Rathore, K. S., Stephen, B. J., Daima, H. K., Jain, R., et al.
(2022). Fabrication of iron oxide nanoparticles from ammonia vapor and their
importance in plant growth and dye degradation. Part. Sci. Technol. 40, 97–103.
doi:10.1080/02726351.2021.1929601

Jain, R., Bohra, N., Singh, R. K., Upadhyay, S. K., Srivastava, A. K., and Rajput, V. D.
(2022). “Nanomaterials for plants: From ecophysiology to signaling mechanisms and
nutrient uptake,” in The role of nanoparticles in plant nutrition under soil pollution.
Sustainable plant nutrition in a changing world. Editors V. D. Rajput, K. K. Verma,
N. Sharma, and T. Minkina (Cham: Springer). doi:10.1007/978-3-030-97389-6-8

Janda, J. M., and Abbott, S. L. (2007). 16S rRNA gene sequencing for bacterial
identification in the diagnostic laboratory: Pluses, perils, and pitfalls. J. Clin. Microbiol.
45 (9), 2761–2764. doi:10.1128/JCM.01228-07

John, M. S., Nagoth, J. A., Zannotti, M., Giovannetti, R., Mancini, A., Ramasamy, K.,
P., et al. (2021). Biogenic synthesis of copper nanoparticles using bacterial strains

isolated from an antarctic consortium associated to a psychrophilic marine ciliate:
Characterization and potential application as antimicrobial agents. Mar. Drugs 19 (5),
263. doi:10.3390/md19050263

Keabadile, O. P., Aremu, A. O., Elugoke, S. E., and Fayemi, O. E. (2020). Green and
traditional synthesis of copper oxide nanoparticles-comparative study. Nanomater.
(Basel) 10 (12), 2502. doi:10.3390/nano10122502

Kimber, R. L., Bagshaw, H., Smith, K., Buchanan, D. M., Coker, V. S., Cavet, J. S., et al.
(2020). Biomineralization of Cu 2S nanoparticles by geobactersulfurreducens. Appl.
Environ.Microbiol. 86, 009677–e1020. doi:10.1128/AEM.00967-20

Krishna, B. A., Kumar, P. N., and Prema, P. (2020). Green synthesis of copper oxide
nanoparticles using Cinnamomummalabatrum leaf extract and its antibacterial activity.
Indian J. Chem. Technol. 27, 525–530.

Mahboub, H. H., Rashidian, G., Hoseinifar, S. H., Kamel, S., Zare, M., Ghafarifarsani,
H., et al. (2022). Protective effects of Allium hirtifolium extract against foodborne
toxicity of Zinc oxide nanoparticles in Common carp (Cyprinus carpio).
Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 257, 109345. doi:10.1016/j.cbpc.
2022.109345

Makhluf, S., Dror, R., Nitzan, Y., Abramovich, R. J., and Gedanken, A. (2005).
Microwave-assisted synthesis of nanocrystalline MgO and its use as a bacteriocide. Adv.
Funct. Mater. 15, 1708–1715. doi:10.1002/adfm.200500029

Mohsen, J., and Zahra, B. (2008). Protein nanoparticle: A unique system as drug
delivery vehicles. Afr. J. Biotechnol. 7, 4926.

Nagaraj, E., Karuppannan, K., Shanmugam, P., and Venugopal, S. (2019). Exploration
of biosynthesized copper oxide nanoparticles using pterolobiumhexapetalum leaf
extract by photocatalytic activity and biological evaluations. J. Clust. Sci. 30,
1157–1168. doi:10.1007/s10876-019-01579-8

Nardella, M. I., Fortino, M., Barbanente, A., Natile, G., Pietropaolo, A., and Arnesano,
F. (2022). Multinuclear metal-binding ability of the N-terminal region of human copper
transporter Ctr1: Dependence upon pH and metal oxidation state. Front. Mol. Biosci. 9,
897621. doi:10.3389/fmolb.2022.897621

Qamar, H., Rehman, S., Chauhan, D. K., Tiwari, A. K., and Upmanyu, V. (2020).
Green synthesis, characterization and antimicrobial activity of copper oxide
nanomaterial derived from momordica charantia. Int. J. Nanomed. 15, 2541–2553.
doi:10.2147/IJN.S240232

Rabiee, N., Bagherzadeh, M., Kiani, M., Ghadiri, A. M., Etessamifar, F., Jaberizadeh,
A. H., et al. (2020). Biosynthesis of copper oxide nanoparticles with potential biomedical
applications. Int. J. Nanomed. 15, 3983–3999. doi:10.2147/IJN.S255398

Rajput, V. D., Minkina, T., Fedorenko, A., Chernikova, N., Hassan, T., Mandzhieva,
S., et al. (2021a). Effects of zinc oxide nanoparticles on physiological and anatomical
indices in spring barley tissues. Nanomaterials 11, 1722. doi:10.3390/nano11071722

Rajput, V. D., Singh, A., Minkina, T., Rawat, S., Mandzhieva, S., Sushkova, S., et al.
(2021b). Nano-enabled products:challenges and opportunities for sustainable
agriculture. Plants 10, 2727. doi:10.3390/plants10122727

Rajput, V. D., Minkina, T., Upadhyay, S. K., Kumari, A., Ranjan, A., Mandzhieva, S.,
et al. (2022). Nanotechnology in the restoration of polluted soil. Nanomaterials 12, 769.
doi:10.3390/nano12050769

Sagadevan, S., and Koteeswari, P. (2015). Analysis of structure, surface morphology,
optical and electrical properties of copper nanoparticles. J. Nanomed. Res. 2 (5),
133–136. doi:10.15406/jnmr.2015.02.00040

Sankar, R., Manikandan, P., Malarvizhi, V., Fathima, T., and
ShivashangariRavikumar, K. S,V. (2014). Green synthesis of colloidal copper oxide
nanoparticles using Carica papaya and its application in photocatalytic dye degradation.
Spectrochim. Acta Part A Mol. Biomol. Spectrosc. 121, 746–750. doi:10.1016/j.saa.2013.
12.020

Shantkriti, S., and Rani, P. (2014). Biological synthesis of Copper nanoparticles using
Pseudomonas. fluorescens. Int. J. Curr. Microbiol. Appl. Sci. 3 (9), 374–383.

Sharma, M., Sharma, A., and Majumder, S. (2020). Synthesis, microbial susceptibility
and anti-cancerous properties of copper oxide nanoparticles-review. Nano Expres 1 (1),
012003. doi:10.1088/2632-959x/ab9241

Singh, J., Dutta, T., Kim, K. H., Rawat, M., Samddar, P., and Kumar, P. (2018). ’Green’
synthesis of metals and their oxide nanoparticles: Applications for environmental
remediation. J. Nanobiotechnol. 16 (1), 84. doi:10.1186/s12951-018-0408-4

Singh, J., Kumar, V., Kim, K. H., and Rawat, M. (2019). Biogenic synthesis of copper
oxide nanoparticles using plant extract and its prodigious potential for photocatalytic
degradation of dyes. Environ. Res. 177, 108569. doi:10.1016/j.envres.2019.108569

Sobha, K., Surendranath, K., Meena, V. K., Jwala, T., Swetha, N., and Latha, K. S. M.
(2010). Emerging trends in nanobiotechnology. J. Biotechnol. Mol. Rev. 5, 01–12.

Sukhwal, A., Jain, D., Joshi, A., Rawal, P., and Kushwaha, H. S. (2017). Biosynthesized
silver nanoparticles using aqueous leaf extract of Tagetuspatula L. and evaluation of
their antifungal activity against phytopathogenic fungi. IET Nanobiotechnol. 11,
531–537. doi:10.1049/iet-nbt.2016.0175

Sukumar, S., Rudrasenan, A., and PadmanabhanNambiar, D. (2020). Green-
Synthesized rice-shaped copper oxide nanoparticles using Caesalpinia bonducella

Frontiers in Chemistry frontiersin.org09

Singh et al. 10.3389/fchem.2023.1154128

https://doi.org/10.1007/s13204-013-0233-x
https://doi.org/10.1016/j.biortech.2019.122071
https://doi.org/10.1186/s11671-021-03605-z
https://doi.org/10.1186/s11671-021-03605-z
https://doi.org/10.1155/2021/5589703
https://doi.org/10.1155/2021/5589703
https://doi.org/10.1016/j.crgsc.2021.100249
https://doi.org/10.1016/j.crgsc.2021.100249
https://doi.org/10.1515/gps-2019-0040
https://doi.org/10.1155/2021/6693302
https://doi.org/10.1155/2021/6693302
https://doi.org/10.1016/j.jscs.2011.06.009
https://doi.org/10.1016/j.jscs.2011.06.009
https://doi.org/10.1007/s00216-009-3203-0
https://doi.org/10.1016/j.colsurfb.2018.12.002
https://doi.org/10.1080/02603594.2021.1999234
https://doi.org/10.1080/02603594.2021.1999234
https://doi.org/10.3390/ph9040075
https://doi.org/10.1007/s13762-022-04560-7
https://doi.org/10.1093/jmicro/dfq055
https://doi.org/10.1093/jmicro/dfq055
https://doi.org/10.1007/s00253-012-3934-2
https://doi.org/10.1038/s41598-020-70846-w
https://doi.org/10.1038/s41598-020-70846-w
https://doi.org/10.1080/02726351.2021.1929601
https://doi.org/10.1007/978-3-030-97389-6-8
https://doi.org/10.1128/JCM.01228-07
https://doi.org/10.3390/md19050263
https://doi.org/10.3390/nano10122502
https://doi.org/10.1128/AEM.00967-20
https://doi.org/10.1016/j.cbpc.2022.109345
https://doi.org/10.1016/j.cbpc.2022.109345
https://doi.org/10.1002/adfm.200500029
https://doi.org/10.1007/s10876-019-01579-8
https://doi.org/10.3389/fmolb.2022.897621
https://doi.org/10.2147/IJN.S240232
https://doi.org/10.2147/IJN.S255398
https://doi.org/10.3390/nano11071722
https://doi.org/10.3390/plants10122727
https://doi.org/10.3390/nano12050769
https://doi.org/10.15406/jnmr.2015.02.00040
https://doi.org/10.1016/j.saa.2013.12.020
https://doi.org/10.1016/j.saa.2013.12.020
https://doi.org/10.1088/2632-959x/ab9241
https://doi.org/10.1186/s12951-018-0408-4
https://doi.org/10.1016/j.envres.2019.108569
https://doi.org/10.1049/iet-nbt.2016.0175
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1154128


seed extract and their applications. ACS-Omega 5 (2), 1040–1051. doi:10.1021/
acsomega.9b02857

Tavakoli, S., Kharaziha, M., and Ahmadi, S. (2019). Green synthesis and morphology
dependent antibacterial activity of copper oxide nanoparticles. J. Nanostruct. 9 (1),
163–171. doi:10.22052/JNS.2019.01.018

Tiwari, M., Jain, P., Hariharapura, R., Kashinathan, N., Bhat, B., Nayanabhirama, U.,
et al. (2016). Biosynthesis of copper nanoparticles using copper-resistant Bacillus
cereus, a soil isolate. Process Biochem. 51, 1348–1356. doi:10.1016/j.procbio.2016.08.008

Tshireletso, P., Ateba, C. N., and Fayemi, O. E. (2021). Spectroscopic and
antibacterial properties of CuONPs from orange, lemon and tangerine peel

extracts: Potential for combating bacterial resistance. Molecules 26, 586. doi:10.
3390/molecules26030586

Upadhyay, S. K., Devi, P., Kumar, V., Pathak, H. K., Kumar, P., Rajput, V. D., et al.
(2023). Efficient removal of total arsenic (As3+/5+) from contaminated water by novel
strategies mediated iron and plant extract activated waste flowers of marigold.
Chemosphere 313, 137551. doi:10.1016/j.chemosphere.2022.137551

Zhao, H., Maruthupandy, M., Al-mekhlafi, F. A., Chackaravarthi, G., Ramachandran, G.,
and Chelliah, C. K. (2022). Biological synthesis of copper oxide nanoparticles using marine
endophytic actinomycetes and evaluation of biofilm producing bacteria andA549 lung cancer
cells. J. King Saud Univ. - Sci. 34 (3), 101866. doi:10.1016/j.jksus.2022.101866

Frontiers in Chemistry frontiersin.org10

Singh et al. 10.3389/fchem.2023.1154128

https://doi.org/10.1021/acsomega.9b02857
https://doi.org/10.1021/acsomega.9b02857
https://doi.org/10.22052/JNS.2019.01.018
https://doi.org/10.1016/j.procbio.2016.08.008
https://doi.org/10.3390/molecules26030586
https://doi.org/10.3390/molecules26030586
https://doi.org/10.1016/j.chemosphere.2022.137551
https://doi.org/10.1016/j.jksus.2022.101866
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1154128


R E S E A R CH A R T I C L E

Efficacy evaluation of newly isolated zinc solubilizing bacteria
for their potential effect on maize (Zea mays L.) under zinc
deficient soil conditions

Aradhana Sukhwal1 | Devendra Jain1,2 | Vimal Sharma1 | S. N. Ojha3 |

Gajanand Jat4 | Sudhir K. Mohanty5 | Abhijeet Singh6 | Santosh Ranjan Mohanty7

1Department of Molecular Biology and

Biotechnology, Rajasthan College of

Agriculture, Maharana Pratap University of

Agriculture and Technology, Udaipur, India

2Southern Insect Management Research Unit,

USDA-ARS, Stoneville, MS, USA

3Department of Extension Education,

Rajasthan College of Agriculture, Maharana

Pratap University of Agriculture and

Technology, Udaipur, India

4Department of Soil Science and Agricultural

Chemistry, Rajasthan College of Agriculture,

Maharana Pratap University of Agriculture and

Technology, Udaipur, India

5Department of Environmental Science, V. B.

S. Purvanchal University, Jaunpur, India

6Department of Biosciences, Manipal

University Jaipur, Jaipur, India

7All India Network Project on Soil Biodiversity-

Biofertilizers, ICAR-Indian Institute of Soil

Science, Bhopal, India

Correspondence

Devendra Jain, Department of Molecular

Biology and Biotechnology, Rajasthan College

of Agriculture, Maharana Pratap University of

Agriculture and Technology, Udaipur-313001,

India.

Email: devendrajain@mpuat.ac.in and

devroshan@gmail.com

Abstract

Zinc solubilizing bacteria (ZSB) induces the conversion of fixed and unavailable soil

zinc to readily available zinc contributes plant zinc nutrition and fortification. The pre-

sent research intended to determine the screening of plant growth-promoting (PGP)

traits of potent ZSB, biochemical and molecular characterization of ZSB, and assess-

ment of potent ZSB for crop yield at the field level. Therefore, in the present study,

molecular and functional characterization of native ZSB isolates was done to examine

their response to plant growth performance and yield, mobilization of zinc, and acqui-

sition by maize plants. Zinc solubilizing bacterial isolates namely, ZSB1, and ZSB

17 were solubilized insoluble zinc namely, ZnCO3, ZnO, Zn3(PO4)2 and significantly

induced growth performance of maize crop at field conditions. A biochemical study

revealed that both ZSB isolates were positive for catalase and urease production.

Isolates ZSB1 & ZSB17 showed different PGP attributes like production of Indole-

3-acetic acid (IAA), siderophore, NH3, and HCN. Both isolates were solubilized phos-

phate, potassium, and silica and showed 1-aminocyclopropane-1-carboxylate (ACC)-

deaminase activity. 16S rRNA amplification and sequence study of ZSB1 and ZSB17

revealed that both the isolates were Cupriavidus sp. and Pantoea agglomerans, respec-

tively, and novel. The results elucidated from pot studies demonstrated that both

ZSB1 & ZSB17 were the more suitable isolates than other ZSB isolates, and these

isolates were further tested for field studies. Cupriavidus sp. and Pantoea agglomerans

strains increased Zn-translocation toward grains and yield of Maize (cv: P3441) by

19.01% and 17.64%, respectively. We conclude that the novel indigenous ZSB strains

substantially heightened zinc mobilization, the yield of maize crop, restore soil health,

and can be suitable for biofortification and biofertilizers technology.

K E YWORD S

16S rDNA sequencing, field experiment, PGP attributes, zinc solubilizing bacteria, zinc
translocation index

1 | INTRODUCTION

The availability of plant necessary elements has a direct impact on soil

fertility and agricultural crop productivity. The availability of plant

essential elements may change as a result of the buildup of higher

concentrations of metals and metalloids in contaminated soil

(Alengebawy et al., 2021). A mediated metabolic pathway requires

minimal metalloids and heavy metals at appropriate concentrations
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for root microbiota, soil fertility, and plant growth (Barra & Terenzi,

2021; Upadhyay et al., 2022). Few metalloids and heavy metals, on

the other hand, are even at low concentrations hazardous to plant

development and soil fertility (Chibuike & Obiora, 2014). Man-made

activities such as mining, developing industrial zones, chemicals and

pesticides, waste disposal, and so forth are increasing the prevalence

of these contaminants (Alengebawy et al., 2021; Upadhyay &

Edrisi, 2021).

Essential elements such as Zn (zinc), Cu (copper), Fe (iron), Mg

(magnesium), and so forth are necessary to plant growth at an opti-

mum concentration (White & Brown, 2010). Plant growth and soil fer-

tility are also reduced by (i) a higher concentration of essential

elements, and (ii) incompatible form of essential elements in the soil

(Baldantoni et al., 2019), hence optimum concentration of essential

micronutrients is required for soil productivity. Microbes can mobilize

or solubilize trapped essential elements in contaminated soil by releas-

ing extra-cellular enzymes; these enzymes may be facilitated by redox

reactions (Garcia-Arellano et al., 2004).

Plant growth promoting rhizobacteria (PGPR) plays remarkable

and promising role in phyto-stimulation by releasing plant hormones

like Indole-3-acetic acid (IAA), Gibberellins and so forth (Upadhyay &

Chauhan, 2022), and other solubilized trapped essential elements of

soil and increasing essential element uptake in plants (Singh

et al., 2022; Upadhyay et al., 2009). These procedures are known as

PGPR direct mechanisms (Mahmud et al., 2021; Singh et al., 2022).

The production of exo-polysaccharides (Upadhyay et al., 2011), antibi-

otics, antioxidants (Upadhyay & Singh, 2015), biocontrol action to

reduce phytopathogens, and so forth are indirect mechanisms of

PGPRs (Mahmud et al., 2021). Mobilization and solubilization

of trapped essential elements by rhizobacteria can be effective sus-

tainable approaches to improving plant growth performance and

enhancing soil fertility in zinc-contaminated soil (Bhojiya et al., 2022).

The ZSB (zinc solubilizing bacteria) are renowned for their effec-

tiveness in the solubilization of zinc when combined with plant root

exudates, which function as a chemo-attractant and improve the

availability of native rhizobacteria promotes plant growth (Upadhyay

et al., 2022). ZSB thus facilitate native zinc for plant assimilation, lead-

ing to plant growth promotion (Shakeel et al., 2015). Previously, stud-

ies on the utilization of ZSB to enhance the Zn acquisition in crops

such as wheat, mung-bean etc. and correcting Zn deficiency in soil by

increasing over 50% available Zn levels in the harvest soil samples has

been reported (Dinesh et al., 2018; Mumtaz et al., 2017; Sirohi

et al., 2015). In more than 300 enzymes, zinc and zinc ion plays a vital

biological role by maintaining protein structure & stability and is found

in many metalloenzymes as essential cofactor (Sarathambal

et al., 2010).

Zinc deficiency leads to biomass and fertility reduction directly

reduces crop plant yield, chlorosis in leaves which negatively impact

photosynthesis, increased iron accumulation causing cellular toxicity,

and increased oxidative stress with reduced Cu/Zn SOD activities

(Thiébaut & Hanikenne, 2022). Zinc deficiency in maize is very likely

to result in stunting, acute chlorosis, reduced pollen viability, and male

sterility (Brown, 2008). Due to the selective cultivation of high-yield

maize varieties with synthetic fertilizers to boost cropping and quality

over the past few decades, zinc deficiency has ravaged into the soil-

crop environment, making maize the most susceptible cereal crop to

Zn deficiency (Fageria et al., 2002).

Fifty percent of global and Indian soils are zinc deficient which is

projected to increase to an estimated 63% by 2025 leading to reduc-

tions not only in crop yield but also in food quality (Hussain

et al., 2022; Shukla et al., 2021). In India, 51.2% soils from the states

Andhra Pradesh, Assam, Bihar, Chhattisgarh, Goa, Gujarat, Karnataka,

Madhya Pradesh, Maharashtra, Odisha, Rajasthan, Telangana, and

Uttar Pradesh were deficient in available Zn (Shukla et al., 2021). Zn

solubilization and mobilization by soil microbes has sustainable per-

spectives in comparison to chemical fertilizers. Therefore, the intent

of current investigation was focused on (i) isolation and screening of

potent ZSB and its plant growth-promoting (PGP) attributes,

(ii) 16SrRNA characterization of potent screened bacterial isolates,

(iii) Influence of potent isolates on plant growth and soil health in zinc

infested soil at field level.

2 | MATERIALS AND METHODS

2.1 | Physico-chemical properties of rhizospheric
soil samples

The rhizospheric soils of chickpea plant were obtained from the Dun-

garpur (23.85
�
N; 73.68

�
E) and Pratapgarh (23.56� N;73.74� E) dis-

tricts of Rajasthan (Figure 1), both the sites were adjacent to ZAWAR

mines (Latit-24.3540034; Long-73.733064). Physico-chemical proper-

ties such as EC (Electrical conductivity), OC (Organic Carbon), Av. N

(available nitrogen), Av. P (available phosphorus), Av. K (available

potassium), and diethylenetriaminepentaacetic acid (DTPA) extracted

zinc were analyzed as per standard procedures (Jain, Kour,

et al., 2020; Vance et al., 1987).

2.2 | Isolation of ZSB and screening of its zinc
solubilizing potential

The ZSB isolation was done with serial dilution plate method on spe-

cific media namely, Mineral salt media (Saravanan et al., 2007) and

Bunt & Rovira medium (Bunt & Rovira, 1955) supplemented with dif-

ferent insoluble zinc source such as ZnO, ZnCO3, and Zn3(PO4)2 to

produce a clear halo zone after 48 h incubation at 28�C ± 2�C were

purified and considered as ZSB. To evaluate zinc solubilization effi-

ciency of the isolates, the halo zone forming bacterial isolates were

put on Bunt and Rovira agar and MSM media plates with a 0.1% insol-

uble zinc-source and at 28�C ± 2�C plates were incubated for 48 h.

Zn solubilization efficiency was calculated as given equation.

Solubilization efficiency¼ Zone diameter
Diameter of colony growth

�100

Further, for quantitative estimation (broth assay) of zinc solubiliz-

ing potential of ZSB strains were determined by following Gandhi
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et al. (2014). Briefly, the available zinc concentration was measured

using atomic absorption spectrophotometer (AAS 4141 model, Elec-

tronics Corp. of India Ltd., India) in the culture filtrate of ZSB grown in

MSM broth containing different insoluble zinc source (0.1%) at 4th,

8th, and 16th day of incubation (Gandhi et al., 2014). The pH shift of

culture filtrate and uninoculated medium were also analyzed using pH

meter.

2.3 | Morphological, biochemical, and molecular
identification of potent ZSB

Morphological characteristics namely, form, elevation, margin, cell

form, colony color, appearance colony morphology, growth, Gram

staining (Gram, 1884) and basic biochemical test namely, Catalase

test, Urease test, and Gelatin Liquification test were studied using the

standard procedure (Blazevic & Ederer, 1975). Molecular identification

of the screened ZSB isolates was carried out through 16S rRNA PCR

amplification by using universal primers according to Weisburg et al.

(1991) and Jain, Sanadhya, et al. (2020) and sequenced. The 16S

rDNA sequences of ZSB isolates were subjected to a BLAST analysis

(Altschul et al., 1990) in order to retrieve closely related sequences of

type strains and further aligned using online tool CLUSTAL-W

(Thompson et al., 1994). The MEGA 6.06 software was employed to

construct phylogenetic tree (Tamura et al., 2013).

2.4 | HPLC and GCMS analysis for gluconic acid

The production of gluconic acid by ZSB isolates were tested by inject-

ing the 5 days pre incubated culture filtrate in to a RP-HPLC (Agillent)

having C18 column and the mobile phase acetonitrile: water (30:70 v/

v) with a flow-rate @ 1.0 mL/min was used with an isocratic flow to

detect gluconic acid at 210 nm through UV/Vis-detector (Jain, Kour,

et al., 2020). The culture filtrates were further evaluated for the pres-

ence of various organic acids and other moieties using GCMC

(GCMSQP2020, Shimadzu). Briefly, the methanol extracts (500 μL) of

lyophilized culture filtrate 100 μL of N-Methyl-N-(trimethylsilyl) tri-

fluoroacetamide and 100 μL of pyridine were added and the reactions

were heated (60�C for 30 min gently) in a water bath and left 12 h for

stabilization. These processed samples were analyzed through GC–

MS (source temperature 200�C, ionizing voltage 70 eV) and operated

with scan mode (50–700 m/z) with temperature ranged 70–260�C

and data was compared with NIST library.

2.5 | Physiological and PGP attributes of
potent ZSB

Physiological attributes of potent ZSB isolates such as tolerance of pH

(Graham, 1992), tolerance of salinity (Upadhyay et al., 2009) tolerance

of temperature (Graham, 1992), tolerance of drought (Abolhasani

F IGURE 1 Map of the state of Rajasthan showing the geographic locations of collection of soil samples for the isolation of zinc solubilizing
bacteria. [Colour figure can be viewed at wileyonlinelibrary.com]
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et al., 2010), antibiotic resistance (Li & Ramakrishna, 2011) was per-

formed by using standard protocols. Zinc solubilizing bacterial isolates

were examined for their multiple PGP traits such as production of

IAA, siderophore-production, 1-aminocyclopropane-1-carboxylate

(ACC) deaminase activity, phosphate-solubilization, potassium and sil-

ica solubilization, HCN, ammonia and exopolysaccharides production

with standard published methodologies (Jain, Kour, et al., 2020;

Naureen et al., 2015; Siddiqui et al., 2021; Upadhyay et al., 2011;

Yadav et al., 2022). Hydrolytic enzymes (αamylase, cellulase, pecti-

nase, and protease) was measured by the method of Cappuccino and

Sherman (1992) & lipase (Ertugrul et al., 2007), chitinase activity

(Kumar et al., 2012), and glucanase activity (Fawzy and Monaim,

2016) were screened by using standard protocols.

2.6 | Bio efficacy evaluation of potent ZSB

2.6.1 | Pot experiment

Bio efficacy and plant growth promotion ability of selected ZSB1 and

ZSB17 strains as liquid microbial inoculants was evaluated under pot

culture in triplicate following complete randomized design according to

our previously published research (Jain et al., 2021). The maize seeds

(5–10) were treated with ZSB liquid inoculants (>8.5–�108 cfu mL�1)

and placed in 4.0–5.0 cm deep in each pot. All the pots were given uni-

form recommended dose of fertilizers (RDF) namely, N (@ 120 kg N:

P@ 60 kg P2O5 and K @ 40 kg K2Oha�1; Omara et al., 2016). After

30 days of sowing, plant growth parameters namely, average shoots,

root-length, root-number, leaf-number, and leaf chlorophyll content

(Ronen & Galun, 1984) were analyzed using standard protocols.

2.6.2 | Field experiment

The field studies were undertaken at Krishi Vigyan Kendra, Dungarpur

and Instructional farm, Rajasthan College of Agriculture (RCA), (com-

posite soil analysis reports of both experimental fields were summa-

rized in Supplementary data sheet Table S1.1), where the DTPA

extractable zinc content is low (<0.6 PPM) in 2 years of kharif seasons

to differentiate the effect of two ZSB isolates on growth and yield of

Maize variety P3441. The field experiment was laid out in a RBD (ran-

domized block design) with 15 treatments in three replications includ-

ing two ZSB isolates and uninoculated control (S1: 100% RDF, T1:

ZSB1 ONLY, T2: ZSB1+ 100% RDF, T3: ZSB1 + 75% RDF, T4:

ZSB1 + 50% RDF, T5: ZSB1 + 100% RDF + ZnSO4, T6: ZSB1 + 75%

RDF + ZnSO4, T7: ZSB1 + 50% RDF + ZnSO4, T8: ZSB17 ONLY, T9:

ZSB17 + 100% RDF, T10: ZSB17 + 75% RDF, T11: ZSB17 + 50%

RDF, T12: ZSB17 + 100% RDF + ZnSO4, T13: ZSB17 + 75% RDF

+ ZnSO4, T14: ZSB17 + 50% RDF + ZnSO4) as similar approach was

adopted by earlier reported work of Upadhyay et al. (2019). The sow-

ing was done by manual dibbling the seeds at a distance of

60 cm � 40 cm row to plant (Fahad et al., 2016).

ZSB liquid biofertilizer @ 5 mL kg�1treated to seed before

sowing. To enhance the health of cropping over the crop season,

all recommended agronomical practices namely, sowing, weeding,

manuring, harvesting, and so forth were taken. Ten plants were

randomly selected from every plot at physiological maturity of the

crop (106–110 days from sowing), the parameters of yield and

harvest including cob length (cm); number of grains per row; num-

ber of rows per cob; weight of cobs per plot; weight of grain (g);

thousand grain weight (g); biological yield per plot (g); harvest

index (%) were evaluated manually (Supplementary data sheet:

experimental details) (Gheith et al., 2022). Data analysis was

accomplished by using the analysis of variance determining levels

of significance.

2.7 | Analysis of Zn-content and Zn-translocation
index (ZTI)

The powdered sample (shoot and grain) from all 15 treatments were

digested using a triacid mixture (HNO3: H2SO4: HClO3 in the ratio of

9:2:1) and the Zn-content were measured using AAS to quantify the

Zn translocation index (ZTI) (Rengel & Graham, 1996).

ZTI¼Znconcentration in grains
Zn concentration in shoot

�100

3 | RESULTS

In the present study, the physico-chemical characteristics of Dungar-

pur and Pratapgarh soil samples are described in Table S1.2. The soil

samples textured with clay loam and sandy loam, while the soil pH

ranged from acidic to neutral. The rhizospheric soils contains moder-

ate to high range of ECe, OC, Av. N, Av. P, and Av. K. The DTPA

extractable concentrations of Zn-soil (available Zn) were observed as

0.572 and 0.686 ppm.

3.1 | Isolation and assay (qualitative and
quantitative) for zinc solubilization by ZSB

Microorganisms have varied solubilization response with different

insoluble form of zinc hence, in the present study, ZSB isolates ZSB1

and ZSB17 were selected based on their capabilities in solubilizing

multiple forms of insoluble zinc namely, ZnO, ZnPO4, and ZnCO3 in

plate assay. Qualitative screening of zinc solubilization was carried out

in MSM media and R&B media plates supplemented with different

insoluble Zn compounds (Table 1). Zn solubilization zone with ZSB1

was observed in MSM media plates was 3.78 mm, 5.46 mm and

4.10 mm with ZnCO3, ZnO, and Zn3(PO4)2, respectively, and by

ZSB17 was 3.09 mm, 3.79 mm, and 6.56 mm with ZnCO3, ZnO, and

Zn3 (PO4)2, respectively whereas in R&B media maximum zone of sol-

ubilization was observed with ZSB1 was 3.78 mm, 5.43 mm, and

4.10 mm with ZnCO3, ZnO, and Zn3(PO4)2, respectively, and by

ZSB17 (3.09 mm, 2.85 mm, and 6.56 mm with ZnCO3, ZnO, and

Zn3(PO4)2, respectively). Higher solubilization of Zn was observed in

plates containing MSM media.
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Both ZSB strains were further evaluated for quantitative Zn-

solubilization at different time intervals in MSM broth (broth assay).

The results raveled that the amount of Zn solubilized from insoluble

zinc-oxide, zinc-carbonate, and zinc-phosphate by both the ZSB iso-

lates, and Zn solubilization rate was proportional with incubation time

(Table 1). Maximum available Zn registered by ZSB1 was 5.18 μg mL�1

on the fourth day, which peaked to 14.57 μg mL�1 during the eighth

day, followed by 17.30 μg mL�1 during the 16th day whereas zinc sol-

ubilization by ZSB17 was 6.11 μg mL�1 on the 4th day, which peaked

to 14.25 μg mL�1 during the eighth day, followed by 14.65 μg mL�1

during the 16th day. Zn solubilization and reduction in pH of the cul-

ture medium showed positive correlation for both the ZSB isolates.

3.2 | Morphological, biochemical, and molecular
characterization of ZSB isolates

The shape of ZSB1 and ZSB17 isolate was rod and cocci respectively,

while both were gram negative. Colony characteristics as colony color,

form, elevation, margin and appearance were also noted along with key

biochemical tests and described in Supplementary data sheet Table S2.

Biochemical analysis revealed that both ZSB isolates were negative for

gelatin liquification test, while both were positive for catalase and ure-

ase production. The 16S rRNA gene sequence of isolate ZSB1 showed

95.49% homology with 16S rRNA sequence of Cupriavidus campinensis

strain BT HNGU56 (Accession number KY010351) already submitted

to GenBank data repository of the NCBI. The sequence of 16S rRNA

gene of isolate ZSB17 showed 99.68% homology with 16S rRNA

sequence of Pantoea sp. strain AS-43 (Accession number OL604306)

already submitted to GenBank data repository of the NCBI [ZSB1:

Cupriavidus sp. (Accession number: KY244144); ZSB17: Pantoea

agglomerans strain ZSB17 (Accession number: MK773870)]. The phylo-

genetic position of the species is shown in Figure 2.

3.3 | Gluconic acid production by potent ZSB
isolates

The reduction of pH from in broth assays was validated by measuring

gluconic acid from the chosen ZSB isolates using HPLC

(Supplementary data sheet Figure S1). Both the ZSB isolates showed

the secretion of gluconic acid on comparison with the standard gluco-

nic acid and ZSB 1 and ZSB17 produced 286.14 and 102.74 mg/mL

gluconic acid respectively after 5 days of incubation in Zn-

supplemented MSM media. Further the culture filtrates were sub-

jected to GCMS analysis which also revealed the secretion of different

organic acids (Supplementary data sheet Figures S2 and S3).

3.4 | Physiological and PGP attributes of
potent ZSB

The isolates ZSB1 and ZSB17 was screened primarily for physiological

attributes that includes pH tolerance, salinity tolerance, temperature tol-

erance, drought tolerance, antibiotic sensitivity (Supplementary data

sheet Table S3). Strain ZSB1 was able to tolerate at 1% salt concentra-

tion while ZSB17 strain were able to tolerate 2% salt concentration. Both

isolates were exposed to temperature stress and ZSB1 was able to grow

at various temperatures ranging from 25�C to�40�C while strain ZSB17

showed growth at temperature ranging from 20�C to �45�C. Further

the drought tolerant capacities of ZSB were assessed using varying con-

centration of PEG on MSM-broth and ZSB1 were able to grow upto

40% PEG whereas ZSB17 were tolerated upto 10% PEG. The zinc solu-

bilizing isolates resisted the antibiotics peniciline (μg) and ampicillin (μg)

and sensitive toward kanamycin (μg), cefixime (μg), and rifampicin (μg).

Multiple PGPR activities of both ZSB isolates (Table 2) revealed

that strain ZSB1 and ZSB17 were suitable plant growth promoting

candidates. In the presence of L-tryptophan ZSB1 and ZSB17 pro-

duced 64.49 μg/mL IAA and 66.81 μg/mL IAA respectively. Phos-

phate solubilization by strain ZSB1 was 2.63 ± 0.4 and by strain

ZSB17 2.97 ± 0.7 mm diameter around the colonies. Both ZSB iso-

lates were also found positive for potassium solubilization. Both ZSB

isolates were able to solubilize potash as forming clear zones in Alek-

sandrov agar media supplemented with mica. Zone of potash solubili-

zation by strain ZSB1 was 2.86 ± 0.3 mm and by ZSB17 was 3.53

± 0.02. Both isolates were also subjected for silica solubilization test.

Silica solubilization by ZSB1 was 3.83 ± 0.17 and by strain ZSB17

2.64 ± 0.04 mm diameter around the colonies. These selected ZSB

isolates have evaluated for different enzymes production by conduct-

ing enzyme assays. Research findings showed that both ZSB isolates

TABLE 1 Qualitative and quantitative assay for Zinc solubilization by ZSB strains on different insoluble Zn compounds.

Qualitative assay for zinc solubilization by measuring solubilizing index (SI)

SI ON R&B (ZNO) SI ON R&B (ZNC) SI ON R&B (ZNP) SI ON MSM (ZNO) SI ON MSM (ZNC) SI ON MSM (ZNP)

ZSB-1 5.43 ± 0.05 3.78 ± 0.02 4.1 ± 0.02 5.46 ± 0.05 3.78 ± 0.02 4.10 ± 0.02

ZSB-17 2.85 ± 0.04 3.09 ± 0.08 6.56 ± 0.01 3.79 ± 0.02 3.09 ± 0.08 6.56 ± 0.01

Qualitative assay (broth assay) by measuring soluble Zinc (μg/mL) using AAS

4th day (μg/mL) 8th day (μg/mL) 16th day (μg/mL) pH

ZSB-1 5.1800 ± 0.0436 14.5767 ± 0.0416 17.3033 ± 0.0603 30.2

ZSB-17 6.1100 ± 0.0201 14.2500 ± 0.0657 14.6533 ± 0.6240 40.1

Abbreviations: MSM, mineral salt media; R&B, bunt & Rovira medium; ZNO, Zinc oxide; ZNC, Zinc carbonate; ZNP, Zinc phosphate.
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were positive for amylase, lipase, protease, and cellulase production

and negative for chitinase and glucanase production with respect to

hydrolytic enzymes.

3.5 | Bio efficacy evaluation: Pot and field study

The results from pot experiments reveled that both the ZSB isolates

significantly induces maize plant growth-performance. Zinc

solubilizing isolates inoculation showed substantial growth in leaf no.,

leaf-length, shoots-length as compared to uninoculated control and

significantly enhanced the root-length, root-number, and leaf chloro-

phyll content (Supplementary data sheet Table S4). The untreated

control showed minimum value in all studied plant growth

parameters.

Field experiment was conducted following in-vitro authentication

for both selected ZSB isolates ZSB1 and ZSB17 on 13 selected

growth and yield related attributes were recorded in Table 3

F IGURE 2 Phylogenetic analysis of potent ZSB isolates.

6 SUKHWAL ET AL.



(Supplementary data sheet). In the present research, the preferred

maize variety P3441 was used with implementing all favored SAP

(standard-agronomic-practices). For field experiment 15 treatments

along with control were designed with combination of RDF and

ZnSO4. Among all the treatments, the highest biological yield (q/ha)

was observed in treatment T5 (143.82 ± 5.65q/ha) which were combi-

nation of 100% RDF, ZSB1 isolates and ZnSO4 followed by treatment

T12, T6, T13, T2, T14, T3, T7, T9, T10, T4, T11, T1, T8 over the control.

The maize plant growth and production have been significantly

increased through seed bacterization with ZSB isolates. The differ-

ence was significant on yield was recorded in treated than control.

Table 3 presents data on the parameters of crop growth and yield

trend for maize.

The impact of ZSB isolates on the maize grain Zn content & ZTI

are summarized in Table 4. In treatment T5 (ZSB1+ 100% RDF

+ ZnSO4) highest ZTI was observed (ZTI = 55.21%) followed by the

maize plants treated with treatment T12 (ZSB17 + 100% RDF

+ ZnSO4; ZTI = 53.4%). This clearly illustrates the role of ZSB isolates

in translocating Zn toward maize grains. Zinc translocation analysis

revealed that zinc acquisition in grain and shoot was significantly

enhanced with strain ZSB1 than strain ZSB17 and un-inoculated

control.

4 | DISCUSSION

The growth and productivity of crops were significantly impacted by a

zinc shortage in the soil ultimately lead to low zinc contents in crops

(Hafeez et al., 2013; Hussain et al., 2022). Following previously pub-

lished studies, the ZSB isolates were obtained from rhizospheric soil

in this research (Bhatt & Maheshwari, 2020; Sunithakumari

et al., 2016). Cupriavidus sp. and Pantoea agglomerans were identified

as the effective ZSB strains ZSB1 and ZSB17 by 16S rRNA gene

sequencing. The biochemical characterization represents the intrinsic

biochemical and structural properties of the bacteria to adopt in the

specific environment. In medium supplied with zinc phosphate and

zinc carbonate, ZSB1 shown higher solubilization efficiency, but

ZSB17 demonstrated higher solubilization in medium supplemented

with zinc oxide. Ramesh et al. (2014) showed that the findings of the

current investigation are supported by the ZSB strains MDSR7 and

MDSR14 solubilizing all three zinc compounds (zinc, zinc-phosphate,

and zinc-oxide). The current study reports that the higher Zn-

solubilization zone was observed in ZnO supplemented medium com-

pared to ZnCO3 amended medium (Goteti et al., 2013; Mishra

et al., 2017). In this work, a broth test was used to quantitatively eval-

uate the solubilization of zinc. As zinc solubilization increased over

time, the highest amount of zinc was registered in ZSB17 on day

16 at 14.65 g mL�1. Similar findings with isolated ZSB solubilized

insoluble ZnO (40.81 mL�1to 62.48 mL�1 soluble Zn) were also

reported by Mishra et al. (2017). One important mechanism for the

solubilization of metals and minerals is the secretion of OA (organic

acids) by PGPRs, and gluconic acid is thought to be the main OA

involved in the solubilization of insoluble minerals in soil

(Sunithakumari et al., 2016). This will be the primary intermediary for

solubilization due to the presence of 2-ketogluconic acid as a main

product in cultures altered with the solubilization of insoluble zinc

source (Gontia-Mishra et al., 2017) and likely as a result of increased

acidity (Dinesh et al., 2018).

More or less every organism has a different active mechanism of

zinc solubilization, which relies on the type of bacteria present. The

ability of the ZSB strains in the current study to withstand stress,

including pH, temperature, salt, and drought, is an inherent biochemi-

cal characteristic that aids in their survival in challenging rhizosphere

conditions (Upadhyay et al., 2019). If a PGPR displays a variety of

PGP properties, it might be a good candidate for microbial inoculants

(Singh et al., 2022; Upadhyay & Chauhan, 2022). The ZSB1 and

ZSB17 strains were positive for multiple PGP traits namely, ACC-

deaminase-activity, siderophore-production, HCN-production, and

ammonia-production. Rhizobacterial isolates are well established

organisms, which may be remarkable assets for plant growth promo-

tion through different mechanisms (Nadeem et al., 2010; Upadhyay

et al., 2022; Upadhyay & Singh, 2015). ACC, a precursor for the ethyl-

ene stress hormone as the only source of nitrogen plays an important

role for plant growth promotion (Mishra et al., 2017). HCN is a sec-

ondary metabolite of bacteria that inhibits growth of pathogenic

microorganisms (Siddiqui, 2006). Similarly, recently Jain et al. (2020a)

demonstrated that zinc tolerant PGPR produce siderophores and

induced growth of plants. Ramesh et al. (2014) demonstrated that

strong ammonia-producing bacterial isolates can be beneficial as a

source of nitrogen for plant growth-performance.

This study, the IAA production capacities of ZSB isolates is con-

sistent with other researchers' findings (Abaid-Ullah et al., 2015; Zhao

et al., 2011). Gandhi & Muralidharan (2016) demonstrated that

TABLE 2 PGP and hydrolytic enzyme production traits in ZSB
isolates.

Plant growth promoting traits ZSB1 ZSB17

ACC Deaminase + +

Ammonia production + +++

Sidero-phore + +

HCN + +

EPS � �
IAA (μg/mL) 640.49 668.17

P solubilization index (cm) 2.63 ± 0.04 2.97 ± 0.07

K solubilization index (cm) 2.86 ± 0.03 3.53 ± 0.02

Si solubilization index (cm) 3.8367 ± 0.17 2.6467 ± 0.04

Lipase activity + +++

Amylase activity + +

Protease activity + +

Cellulase activity + +

Chitinase activity � �
Glucanase activity � �

Note: Value (mean of triplicate) ± standard deviation.
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phytohormone IAA (auxin) was produced by AGM3 (an isolate) at

45.61 g mL�1, followed by the AGM9 37.27 g mL�1in IAA broth

medium. The capability of PGP isolates to solubilize insoluble P form

to a plant available P form significantly improves crop production

under P limiting conditions (Majeed et al., 2015).

According to the findings of an experiment performed by Dinesh

et al. (2018), B. megaterium (Strain CDK25) is capable of soluble and

mobilized phosphate, both inorganic and organic. Bacillus licheniformis

(BHU18) and Pseudomonas azotoformans (BHU21), two KSB isolates,

demonstrated noticeably higher K-solubilization than the results seen

in the current research, according to Saha et al. (2016). According to

Naureen et al. (2015), 29 out of a total of 111 bacterial isolates can

dissolve mineral silicates. Zhao et al. (2011) reported on the isolation

and characterization of ZSB strains with multiple PGP traits and stated

that Bacillus spp. exhibit numerous plant growth promoting attributes

that support plant growth, including Zn and P solubilization, IAA pro-

duction, oxidase activity, catalase activity, and phytohormone devel-

opment. The increase in plant growth could be attributed to ZSB

isolates' capacity to supply nutrients through nitrogen fixation, phos-

phate solubilization, siderophores synthesis, and the release of phyto-

hormones (Mumtaz et al., 2017; Jain et al., 2017). Amylase, lipase,

protease, and cellulase synthesis were found in zinc solubilizing iso-

lates, and these enzymes indirectly aid plant growth by controlling

soil-borne phytopathogens (Jha et al., 2012).

Zinc solubilizing isolates inoculation under pot conditions signifi-

cantly improved the root length, root no., and leaf chlorophyll con-

tent and the results were well supported by Karnwal (2021) reported

zinc solubilizing Pseudomonas spp. isolated from vermicompost signif-

icantly improves plant growth and maximum zinc content in Okra

fruit compared to uninoculated control. Application of ZSB substan-

tially improves plant growth by increasing Zn bioavailability in soil to

crop plants hence reduce the use of synthetic zinc fertilizers. The

field experiment was conducted following in vitro authentication for

ZSB1 and ZSB17 strains on 13 selected growth and yield-related

attributes, among all the treatments, the highest biological yield

(q/ha) was observed in treatment T5 (143.82 ± 5.65 q/ha) which

were a mixture of 100% RDF, ZSB1 isolates and ZnSO4. The maize

plant growth and production have been significantly increased

through seed bacterization with ZSB isolates. Hussain et al. (2015)

recorded an increase in plant growth attributes primarily shoot

length, root length, shoot fresh and dry biomass, and root fresh and

dry biomass when Zn solubilizing Bacillus sp. (AZ6) was inoculated

under field conditions. Sarathambal et al. (2010) have demonstrated

that the dry weight of the maize is increased compared with control

by the inoculation of zinc solubilizing Gluconacetobacter diazotrophi-

cus. An experiment conducted by Goteti et al. (2013) in which they

revealed that seed bacterization with zinc solubilizing PGP bacteria

facilitates the growth of plant height (root and height of the shoot);

leaf area; and dry mass.

The results of the study on the effect of ZSB isolates on zinc

translocation index (ZTI) in maize plant are presented in Table 4.

Zinc translocation index is used in this study as a similar notion to the

translocation factor (TF) that can be viewed as the ratio of an element

in a plant's shoots and roots (Upadhyay et al., 2021). The maize plant

showed the highest ZTI (55.21%) in treatment T5 (ZSB1 + 100%

RDF + ZnSO4), followed by treatment T12 (ZSB17 + 100% RDF

+ ZnSO4; 53.4%). This clearly shows ZSB isolates have role in translo-

cation of Zn toward maize grains and similar finding was earlier

TABLE 4 Effect of ZSB isolates on Zinc translocation from shoot to grain; Zinc Translocation Index.

Treatment Zn in grain Zn in Stover Zinc translocation index (%)

S1 25.93 78.60 32.9

T1 23.20 78.37 29.62

T2 35.33 68.03 51.9

T3 33.70 70.79 47.6

T4 30.30 73.47 41.14

T5 38.20 68.77 55.21

T6 34.77 70.00 49.5

T7 32.97 70.83 46.4

T8 21.47 79.00 27

T9 34.60 71.23 48.5

T10 31.83 69.80 45.5

T11 27.50 70.33 39.11

T12 35.50 66.33 53.4

T13 31.50 65.73 47.9

T14 29.17 69.03 42.1

SEm± 0.961 1.227

CD at 5% 2.777 3.543

CD at 1% 3.739 4.771

Note: The data express the pooled value of the triplicate data collected in two sessions.
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reported by Goteti et al. (2013) and Omara et al. (2016). In compari-

son to the control, the introduction of B. aryabhattai isolates to wheat

and soybean crops dramatically boosted Zn uptake as well as shoot

and seed weight (He et al., 2010). In addition to synergistic impact on

plants' growth and yield, ZSBs have a strong capacity to enhance the

Zn content of cereals which ultimately improves human health and

immunity (Abaid-Ullah et al., 2015; Wang et al., 2014). Krithika

and Balachandar (2016) reported that ZSB up-regulated the

expression of Zn-regulated transporters and iron (Fe)-regulated

transporter-like protein (ZIP) genes in rice suggested its important role

in zinc fertilization and fortification. Uptake of micronutrients (Zn) by

the plants from soil is a mutually dependent process (Bouain

et al., 2014). Using microbial tools to enhance the availability of soil

Zn to crop plants is one of the sustainable ways of reducing the Zn

deficiency and improving Zn content of food crops grain in zinc defi-

cient soils (Sirohi et al., 2015). Furthermore, such microbial tools will

improve the zinc deficient soil and restore them to healthy soil by

improving available zinc in soil. The ZSB isolates from the present

study can be used for development of liquid biofertilizers to improve

zinc acquisition in different crop plants cultivated in southern Rajas-

than based on dedicated field studies.

5 | CONCLUSION

The primary issue that inhibits plant growth performance in degraded

soil is the type of zinc that is not readily available to plants; zinc-

deficient soil is frequently observed in the current research sites. Zn is

a crucial micronutrient needed for healthy plant development and

growth, and a deficiency does more than just harm human health

and crop productivity. The findings of this research demonstrated that

two distinct native bacteria, Cupriavidus sp. and Pantoea agglomerans,

had the highest potential to solubilize insoluble zinc in the form of zinc

that was readily available and to promote maize growth at the field

level. Both isolates (Cupriavidus sp. and P. agglomerans) demonstrated

a variety of PGP properties and produced catalase and urease, both of

which promoted plant development. Cupriavidus sp. and

P. agglomerans increased the yield of maize by 19.01% and 17.64%,

respectively, and improved Zn translocation toward grains. We con-

clude that the Cupriavidus sp. and P. agglomerans, considerably

improved soil health, maize crop production, and both unique strains

could play a spectacular and promising role in bio-fertilizer technology.
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Abstract
In present study, geophysical and geostatistical variability of ground water and agricultural soil investigated in the Jaipur 
region of Rajasthan (Western India) by applying the geographic information system (GIS), vertical electrical sounding (VES) 
,and statistical analysis. Ground water and soil samples collected from different sites from the selected study area and vari-
ation pattern of quality parameters were assessed. A contour map analysis of distribution of metals and other contaminants 
in the samples was conducted using GIS. Maximum concentration of metals recorded in the soil samples in order of Fe, 
11.25 mg  kg-1 > Mn, 8.6 mg  kg-1 > Zn, 7.2 mg  kg-1 > Cu, 0.455 mg  kg-1; however, maximum concentration of metals in the 
ground water samples was found as Zn, 2.64 mg  L-1 > Cu, 0.86 mg  L-1 > Fe, 0.39 mg  L-1 > Mn, 0.18 mg  L-1 > Pb, 0.065 
mg  L-1 > Ni, 0.016 mg  L-1. Observed data emphasis variability in groundwater and soil quality parameter by PCA technique 
indicated 84.60% and 66.98% of variance, respectively. Soil quality index (SQI) value was observed as 0.482 indicating 
that 46% of soil sampling sites deteriorated and shown poor quality. Similarly, water quality index (WQI) value indicates 
good water quality at the sampling sites TW1, TW8, TW10, and TW12; however, TW3, TW4, TW6, TW19, TW20, and 
TW22 sites showed very poor water quality. The present study concludes that overexploitation of groundwater and unregu-
lated discharge of wastewater leads to depletion of water and soil quality. Further, applying geographical and geostatistical 
techniques in assessing water and soil quality could be more effective tools in environmental monitoring and management 
for environmental and health safety.

Keywords Bioaccumulation · Bioavailability · Biotransformation · Contamination · Groundwater · Metals · Principal 
component analysis (PCA) · Water quality

Introduction

Rapid urbanization leads to several environmental issues, 
including poor living conditions, changes in land use pat-
tern, overexploitation of water and soil, transportation 
congestion, resettlement, disasters, and environmental pol-
lution (Kalayci Onac et al. 2021; Aksoy et al. 2022; Tay 
and Ocansey 2022; Dogan et al. 2023). Fresh water includ-
ing ground water is one of the most important components 
of the environment and essential for human survival and 
wellbeing (Gavrilescu 2021). However, extensive exploi-
tation of water by human being leads to substantial envi-
ronmental cost due to contamination, scarcity, and deple-
tion of water resources affecting water supply and health 
safety (Tzanakakis et al. 2020; Singh et al. 2022). Scarcity 
of safe drinking water is now becoming a problem due to 
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extensive urbanisation, industrialization, agriculture, and 
climate change affecting about 40% of human population 
globally (Calzadilla et al. 2011; Bilge Ozturk et al. 2022). 
Groundwater found underground in cracks and crannies in 
rock, sand, and soil is the main source of drinking water sup-
ply. Exploitation of groundwater may result in dissolution of 
numerous contaminants as it passes through the rocks and 
soil during leaching and percolation (Saleem et al. 2018). 
Trace metals emanating from different industrial, transporta-
tion, construction, and agricultural activities affect soil and 
water quality as recalcitrant and toxic contaminants (Romic 
and Romic 2003; Cetin et al. 2022a; Sahin et al., 2022). 
Link between soil quality and socioeconomic well-being 
of humans, particularly, global food security and human 
health have been reported (Yu et al. 2018; Kopittke et al. 
2019). Soil and water contamination occurs due to various 
anthropogenic activities and geological processes releasing 
metals and other elements; therefore, assessment of soil and 
water quality is becoming more crucial in adapting appro-
priate strategies to prevent and preserve the land and water 
resources for human wellbeing (Ahmet et al. 2006; Cesur 
et al. 2021). More common metal contaminants in soil and 
water are Pb, Cr, As, Zn, V, Cd, Cu, and Sn reported with 
high levels of toxicity for biota (Yang et al. 2016; Hanfi et al. 
2020; Cetin et al. 2022b).

India is one of the emerging nations with more indus-
trial and other developmental activities having wastewater 
generation and discharge on the land and in the aquatic 
ecosystems leads to soil and water contamination (Tiwari 
et al. 2011). Metals persist in the soil and water, accumulates 
in the plants by roots uptake, and biomagnifies in the ani-
mals through food chain, which causes detrimental impact 
to the biota (Luo et al. 2012; Ali et al. 2019; Cetin and Abo 
Aisha 2023). Certain metals easily enter the food chain 
due to their bioavailability in the rhizosphere, uptake, and 
accumulation in the plants and can reach to other animals 
and humans through food (Gu et al. 2016; Rajendran et al. 
2022). It has been reported that excessive accumulation of 
trace elements like cadmium, lead, and nickel in the plants 
causes toxicity and slows down the growth and productiv-
ity (Pandey and Sharma 2002; Zouboulis et al. 2004). A 
substantial threat to aquatic and terrestrial biodiversity as 
well as health hazards for humans posed by contaminated 
water and soil (Olayinka-Olagunju et al. 2021). Types of 
rock, physicochemical characteristics of soil, atmospheric 
precipitation, and surface geochemical processes affect the 
groundwater quality parameters and contamination (Garg 
and Hassan 2007; Cesur et al. 2021). Groundwater is most 
reliable source even in India because it provides a significant 
proportion of the country’s drinking and agricultural water 
requirements (Mahmood and Kundu 2005).

Physico-chemical characteristics of soil also affects the 
water quality of groundwater at a given regions (Griffiths 

et al. 2010; Hermans et al. 2020). Different physio-chemical 
and biological indicators have been used in various studies 
to evaluate the soil quality (Filip 2002; Schloter et al. 2003). 
GIS has evolved into a trustworthy instrument for absorb-
ing, analyzing, and displaying spatial data that can be uti-
lized for environmental monitoring, planning, and resource 
management applications (Cetin 2015; Singha et al. 2015). 
The geographical information system (GIS) has become an 
important tool in research for resource management as it 
allows users to use geographical data in a variety of context 
and way in an integrated approach. Remote sensing (RS) and 
GIS studies in integration make it easier to work in relatively 
broad areas, particularly in environmental impact assess-
ment for sustainable urban planning and resource utiliza-
tion (Cetin 2019; Pekkan et al. 2021; Cetin et al. 2022c). 
Convergence of data concerning environmental assessment-
related issues as well as the manipulation of spatial data into 
various forms in response to geosocial requirements may 
be accomplished using GIS (Cetin et al. 2022d). The prin-
cipal component analysis (PCA) is a prominent statistical 
analysis tool for investigating data patterns thorough factor 
analysis approach. Basic purpose of PCA is to create new 
variables as principal components, from a set of existing 
original variables (Wu et al. 2020). Potential of geophysical 
information system-based geostatistical methodologies in 
assessing the region’s groundwater and soil quality as well 
as its susceptibility to water-borne diseases reported (Ali 
and Ahmad 2020).

The Sanganer, Jaipur region of Rajasthan, Western India, 
having more industrial activities specially printing and dye-
ing operations leads to huge amount of wastewater genera-
tion and discharge in water and agricultural soil through 
unregulated disposal and irrigation practices. Very limited 
data are available related to using geographical information 
system and geostatistical techniques in the ground water and 
soil quality assessment. Therefore, the present study was 
conducted to assess ground water and soil quality at dif-
ferent sites based on a minimal set of interconnected geo-
physical and chemical criteria at Sanganer, Jaipur region of 
Rajasthan, Western India, and apply geophysical and geosta-
tistical including GIS, VES, and PCA techniques to empha-
size the water and soil quality parameters for environmental 
monitoring and assessment.

Materials and methods

Study area

The whole study conducted in the industrial and agricul-
tural tracts in the north of Jaipur–Sanganer regions at dif-
ferent selected sampling sites, situated between 26° 49° and 
26° 51° N and 75° 46° and 75° 51° E in the Jaipur district, 
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Rajasthan, Western India (Fig. 1). One selected study site, 
the Sanganer, is famous for its hand-printed textiles have 
land size of 78.24 square kilometres, situated on NH-12, 10 
kilometres to the southwest of Jaipur City. The Sanganer is 
well-known for its distinctive type of printing “Sanganer 
Printing” basically in the small-scale industries of the 

Chippas community, involving dyeing and printing of tex-
tiles (Dadhich et al. 2016). Dyeing and printing processes 
release wastewater during water-based color fixing proce-
dure and discharged in the surrounding areas which pollutes 
water and soil. The chippas community either transport the 
textiles to a well dug on the bank of the Dravyawati River or 

Fig. 1  Sampling sites of soil and ground water selected in the study area, Sanganer, Jaipur, Rajasthan, India
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wash it at their wells in the city at various places randomly. 
Textile wastewater along with sewage from across the of 
Jaipur city discharged directly into the Dravyawati river in 
the selected study area is being polluted. Historically, San-
ganer was primarily an agricultural region; however, during 
the last decade, the textile and dying industries have dra-
matically risen in the area and encroached the previously 
untapped agricultural land. With more than 250 separate 
printing units connected, it has emerged as one of the major 
centers of the printing and dying industries nowadays today 
in India. Growing demand and low production costs leads to 
the introduction of synthetic and chemical dyes, which have 
several environmental impacts. The regions of Jaipur–San-
ganer with a high number of dyeing and printing industrial 
units releasing tonnes of waste into the aquatic environment, 
agricultural fields, and on open spaces nearby, polluting the 
water and soil (Sharma et al. 2014). Contamination of water 
and soil have negative impact on nutrition and human health 
due to deterioration of drinking water quality and food qual-
ity; however, at severe stage, poor quality may prevent soil 
from performing its natural physio-chemical and biological 
functions and deteriorate region’s overall productivity of the 
terrestrial ecosystem.

Sampling sites and sampling

One-liter capacity plastic bottle rinsed with distilled water 
used to collect the groundwater samples. Grab sampling 
conducted for groundwater water sampling and samples 
preserved in the bottles with adjusted pH 2 and stored in 
refrigerator at 4 °C with slightly acidified with nitric acid 
 (HNO3) for analysis of water quality parameters including 
metals (Mn, Cu, Ni, Zn, Pb, and Cu). In Sanganer industrial 
region, having a new industrial area (RICCO) and an indus-
trial zone (RSMDC), a quantitative soil and water sampling 
conducted to evaluate the water and soil quality parameters 
of the agricultural land as well as the degree of contamina-
tion in water due to industrial activities. Soil samples (250 g) 
taken from 30 randomly selected sites with a depth of 45 to 
60 cm within a 5-kilometer radius of the Sanganer industrial 
zone and packed in fresh plastic zip-lock bag separately to 
determine the soil quality parameters (Fig. 2). All the sam-
pling sites were precisely geotagged and labeled from S1 to 
S30 using a Garmin GPS device (model 68 s), allowing for 
the retrieval of a variety of location-specific data (Luo et al. 
2011). Description of location and sampling sites are shown 
in the Table 1. The geoelectrical resistivity approach used 
to conduct field surveys in the study region which requires 
injecting a man-made current through several electrodes 
(AB) into the subsurface medium and observing the voltage 
changes at the potential electrodes (MN) to assess the vari-
ation in the ground’s resistivity (Binley et al. 2015).

Analysis of soil and water quality parameters

Collected soil samples analyzed for 10 functional indica-
tors parameters (i.e., pH, EC, OC, P, S, K, Zn, Fe, Cu, and 
Mn) for soil quality (YanBing et al. 2009). Similarly, col-
lected water samples from different selected sites analyzed 
for water quality parameters in the laboratory. Average 
of all sets of triplicates calculated and values recorded 
into the data system (Juhos et al. 2019). All the analy-
sis conducted following the procedure established by the 
American Public Health Association (Baird and Bridge-
water 2017). A typical laboratory digital micro-processor 
pH meter used to estimate hydrogen ion concentration 
(pH) in the water samples (Salem et al. 2020). Similarly, 
electrical conductivity (EC) determined using an electrical 
conductivity meter (an EC probe and equipment that had 
been calibrated) by following the procedure of McNeill 
1992. A digital water quality test kit used to evaluate total 
dissolved solids (TDS); however, EDTA titration method 
was used to calculate total hardness in the water samples. 
An argentometric titration used to quantify the amount of 
chloride in a water sample followed by alkalinity deter-
mined using the titrimetric method. UV-visible spectro-
photometer used to determine the amount of fluoride in the 
collected water samples. Titration method used to estimate 
soil organic carbon (SOC) in the soil samples (Walkley 
and Black 1934) which involves oxidizing organic material 
in sulfuric acid with a predetermined quantity of chromate 
(Sato et al. 2014; Gelman et al. 2012). The Johnson–Nish-
ita procedure used to measure sulfur content in the soil 
samples (Dean 1966). Sulfur and other minerals present in 
soil solution specially  SO4 ions adsorbed are the principal 
source of sulfur in soil. The replacement of  SO4 ions is 
of the utmost importance, and phosphate ions substituted 
wherever possible for adsorption and monocalcium phos-
phate, or phosphate ions, are present in the soil. The  SO4 
ions are replaced with  CaCl2 ions in a more effective way 
throughout the extraction process and  SO4 extract turbu-
lence determined by using a spectrophotometer. Potash 
content in soil samples estimated using a flame photometer 
following the procedure of Brondi et al. (2016).

Metal estimation

The concentration of Fe, Cu, Zn, Ni, Mn, and Pb in 
groundwater samples, whereas the metal Fe, Zn, Cu, and 
Mn analyzed in the soil samples estimated after complete 
digestion in  HClO4 and  HNO3 (3 : 1), using hollow cathode 
lamp at a certain wavelength into an atomic absorption 
spectrophotometer (AAS, Shimadzu) in comparison to 
standard metal solutions.
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Fig. 2  Geoelectrical layers and elevation point of different sampling sites at the study area, Sanganer, Jaipur, Rajasthan, India
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Geostatistical analysis

To assess overall quality of water and soil samples collected 
from the different sites in the study area, data of soil and 
water quality parameters analysed thoroughly by applying 
geostatistical tools. Quantitative evaluation's framework 
combines geotechnical and physicochemical analysis of 
water and soil samples with descriptive statistics and statis-
tical modelling. Outcome data is gathered after the labora-
tory chemical analysis of selected soil and water samples, 
followed by review with analysis of data on SPSS software 
(version 22 for Windows). Discriminating analysis (corre-
lation) of data performed using Statistical Package for the 
Social Sciences (SPSS) for Windows, version 23.0. (Ukah 
et al. 2019, 2020). Several statistical methods used in data 

analysis and models including MV, SD, and CV (Li et al. 
2016; Zhu et al. 2019). Further, water quality index (WQI) 
and soil quality index (SQI) evaluated to assess the region’s 
overall variations and patterns of water and soil quality 
parameters using site-specific indicator evaluation outputs. 
Weighted arithmetic mean technique for WQI was used in 
this investigation (Tyagi et al. 2013).

where Wi is the unit weight of each parameter, qi is the 
0–100 subindex rating for each variable, and n is the number 

WQIA =

∑n

i=1
qi X Wi,

∑n

i=1
Wi = 1,

Table 1.  Description of sampling sites of ground water samples, soil samples and VES station selected at Sanganer study area, Jaipur 
(Rajasthan), India

Ground water sample Soil samples

Sampling site Latitudinal and longitudinal 
position

Elevation (m) Sampling site Latitudinal and longitudinal 
position

Elevation (m)

GW1 26.7929 N, 75.8113 E 357 S1 26.8010 N, 75.7960 E 354
GW2 26.8004 N, 75.7994 E 356 S2 26.8010 N, 75.7917 E 350
GW3 26.7933 N, 75.7974 E 353 S3 26.7987 N, 75.7852 E 353
GW4 26.7986 N, 75.7818 E 354 S4 26.7916 N, 75.7982 E 354
GW5 26.8181 N, 75.7904 E 353 S5 26.7912 N, 75.7962 E 378
GW6 26.8061 N, 75.7931 E 355 S6 26.7841 N, 75.8057 E 383
GW7 26.7959 N, 75.8250 E 351 S7 26.7764 N, 75.8248 E 385
GW8 26.7736 N, 75.8382 E 352 S8 26.7697 N, 75.8408 E 356
GW9 26.7837 N, 75.8251 E 354 S9 26.7832 N, 75.8650 E 366
GW10 26.7756 N, 75.8314 E 366 S10 26.7901 N, 75.8531 E 362
GW11 26.7836 N, 75.8439 E 371 S11 26.7923 N, 75.8402 E 358
GW12 26.7897 N, 75.8326 E 375 S12 26.8199 N, 75.8318 E 375
GW13 26.8323 N, 75.8193 E 365 S13 26.8022 N, 75.8324 E 368
GW14 26.8122 N, 75.8204 E 362 S14 26.8036 N, 75.8096 E 358
GW15 26.8214 N, 75.8403 E 368 S15 26.8174 N, 75.8054 E 352
GW16 26.8042 N, 75.8520 E 390 S16 26.8322 N, 75.8073 E 356
GW17 26.7865 N, 75.8632 E 378 S17 26.8129 N, 75.7795 E 355
GW18 26.7861 N, 75.7772 E 361 S18 26.7913 N, 75.7728 E 356
GW19 26.7782 N, 75.8067 E 359 S19 26.7895 N, 75.7865 E 355
GW20 26.7599 N, 75.8016 E 355 S20 26.7805 N, 75.7921 E 389
GW21 26.7669 N, 75.8239 E 356 S21 26.7753 N, 75.7782 E 378
GW22 26.7529 N, 75.8318 E 353 S22 26.7594 N, 75.7916 E 385
GW23 26.7731 N, 75.7863 E 357 S23 26.7708 N, 75.8091 E 376

S24 26.7920 N, 75.8186 E 365
VES S25 26.7538 N, 75.8164 E 353

SP1 (VES) 26.7852 N, 75.8044 E 352 S26 26.7615 N, 75.8342 E 352
SP2 (VES) 26.7629 N, 75.8191 E 353 S27 26.7621 N, 75.8491 E 350
SP3 (VES) 26.7800 N, 75.7862 E 351 S28 26.7954 N, 75.8617 E 353

S29 26.8023 N, 75.8397 E 350
S30 26.8170 N, 75.8520 E 352
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of subindices aggregated. Multivariate statistical technique, 
the principal component analysis (PCA), was used to reduce 
the dataset into new variables, create a minimum data set 
(MDS), and analyze relationships between different metal 
contents in the water and soil samples and other quality 
parameters including pH, TOC, and EC along with factor 
analysis (FA) to identify specific factor weight of a particu-
lar metal (Weissmannová and Pavlovský 2017). The SAS 
Systems for Windows 10 platform and Statistica 12.5® soft-
ware used to perform principal component analysis (PCA), 
followed by a Varimax rotation used to rotate each PCA 
component. The Varimax rotation method of factor analysis 
and the principal component primary result analysis per-
formed by following the procedure of Kaiser 1958 and Maiz 
et al. 2000. For the GIS-based evaluation, SQI and WQI 
maps, spatial distribution maps, area maps, and thematic 
maps for the region produced by using Sentinel 2 Satellite 
data (March 2021) in bands: 3, 4, 8 developed on ArcGIS 
software 10.8 (2020).

Results

Groundwater samples (23) and soil samples (30) collected 
from selected sampling sites of the study area, Jaipur regions 
of Rajasthan, Western India, analyzed for quality param-
eters. Based on the sounding data, the present study inferred 
with three geoelectrical layers comprising topsoil, unsatu-
rated, and saturated zones (Fig. 2). For all the sections top-
most layer assumed to be topsoil, above the water table and 
substantially drier more often reflects greater resistivity. Peat 
investigated in the topsoil layer by resistance correlation 
with soil lithology from neighboring boreholes. Regional 
lithology of Sanganer shown in the Table 2 which indicates 
formation depth range as alluvium, 0.0–95 m; weathered, 
0.69–128 m; and hard rock, 9.2 m. In present study, the 

third layer of all the sections represent highest concentra-
tion of geoelectrical sections with low resistivities (less than 
10 m). Values and their variation pattern of water quality 
parameters in 23 groundwater samples at different sites of 
the study area depicted in Fig. 3. Maximum values of dif-
ferent parameters of groundwater samples recorded as pH, 
8.0; electrical conductivity (EC), 3.01 S/m, TDS, 1501 mg/l; 
fluoride, 1.9 mg/l; total hardness, 273 mg/l; Ca, 88.1 mg/l; 
Mg, 12.67 mg/l; chloride, 227.42 mg/l;  HCO3, 61.87 mg/l; 
and  CO3, 58.29 mg/l. However, maximum metal concentra-
tion in groundwater samples recorded as Zn, 2.64 mg/l; Cu, 
0.862 mg/l; Fe, 0.392 mg/l; Mn, 0.181 mg/l, Pb, 0.065 mg/l; 
and Ni, 0.016 mg\l. pH and TDS level in the ground water 
samples found in the range of 7.0 to 8.0 and 559 to 1501 
mg/l, indicate that values are within the range of 6.5 to 8.5 
and 500 to 1500 mg/l, respectively, as per WHO standard of 
water quality. Similarly, for 30 soil samples, maximum val-
ues of soil quality parameters recorded as pH, 8.4; electrical 
conductivity (EC), 0.27 μS/m; organic carbon, 0.23 %; phos-
phorous, 50.23 mg/kg; potash, 786 mg/kg; sulfur, 29.68 mg/
kg. However, maximum metal concentration in the soil sam-
ples recorded as Fe, 11.25 mg/kg; Mn, 8.65 mg/kg; Zn, 7.26 
mg/kg; and Cu, 0.45 mg/kg as shown in Fig. 4. Result shows 
that none of the parameters including pH have a strong cor-
relation. Samples’ scores and loadings plots together showed 
physio-chemical characteristics of soil that affect each order 
on the score plots. Retained variables divided into groups 
using the factor analysis technique in accordance with sta-
tistical factors and correlation matrix (Table 3). As depicted 
in the Table 4, maximum WQI found in groundwater sample 
collected at sampling site TW22 and minimum in the sample 
collected from TW12. Results of PCA and FA analysis for 
groundwater revealed that the first component (PC1), which 
accounted for 39.12% of the total variance, included Mn, pH, 
and EC; however, S, OC, and P made the second component 
(PC2) with a total variance of 12.54%. Similarly, pH, Mn, 

Table 2.  Regional lithology of the study area, Sanganer, Jaipur (Rajasthan), India

Aquifers depth (m) Aquifers Geological formation Depth (m) Laboratory experiment model

0–95 Alluvium Surface soil, sandy clay 0–4

Clayey sand 4–13

Clayey kankar 13–19

0.6–128 Weathered Sandy clay with kankar 19–29

Kankar and clay 29–38

Kankar and sand 38–47

9.2 Hardrock Weathered schist 47–73

Schist 73–150
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and Cu made PC3 with a total variance of 11.42% followed 
by phosphorous made PC4 a total variance of 9.06%, while 
all four extraction factors accounted for 72.15% of the over-
all variation. However, in case for soil samples Mn, pH, and 

EC produced the first component (PC1) with 24.26% of the 
variance followed by the second component (PC2) produced 
included S, OC, and P with a total variation of 17.48%, while 
PC3 made up of pH, Cu, and Mn with a total variance of 

Fig. 3  Variations in water quality parameters of ground water samples collected from in different sites at the study area, Sanganer, Jaipur, 
Rajasthan, India
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13.65% and PC4 contained phosphorus with a total vari-
ance of 11.58% (Fig. 5A). Result shows that water quality 
of groundwater samples collected at TW1, TW8, TW10, and 
TW12 sampling sites in the Sanganer area are in very good 
quality category; however, groundwater samples from TW3, 
TW4, TW6, TW19, and TW22 sites recorded under very 
poor water quality category with high level of contaminants 
(Fig. 5B). Similarly, total 9 soil quality parameters includ-
ing pH, EC, OC, P, S, K, Zn, Fe, and Mn used to evalu-
ate the soil quality index (SQI), and an average soil quality 
index (SQI) value 0.517 recorded for the selected study area 
based on MDS, with a range of 0.341 to 0.635 (Fig. 5B). 
According to the suggested framework, the SQI values for 
the entire selected region divided into three categories viz; 
category 1 (C1), SQI value less than 0.4 (degraded); cat-
egory 2 (C2), SQI value between 0.41 and 0.5 (moderately 
degraded); and category 3 (C3), SQI value greater than 
0.51(least degraded). SQI revealed that soil samples at S19 
site showed highest SQI score, 0.636, followed by S6, S7, 
S12, S13, S15, S16, S17, S18, S20, S21, S22, S23, S25, 
S27, S29, and S30 more than average as shown in Fig. 5B. 
Data shows that 13.3% of the soil samples from the study 
area have low soil pollution with good soil health; however, 

40% of the soil samples have moderate contamination with 
SQI values in the range of 0.41 to 0.5 and 46.6% of soil 
samples shown as degraded soil under the poor-quality cat-
egory with SQI values more than 0.51. At 5 kilometers away 
from the Sanganer industrial regions, high-intensity farming 
techniques, and conventional farming practices, excessive 
fertilizer use may be responsible for the soil degradation in 
the selected sites. Based on SQI score, the S19 site showed 
highly contaminated soil in the study area; however, it is 
crucial to note that the high score may be due to increased 
chemical build-up and other components like sulfur rather 
than trace metals having low concentration; however, it 
may be useful in environmental health assessment. Results 
of the factor analysis (FA) recorded insufficient if the Kai-
ser–Meyer–Olkin (KMO) test result value found to be less 
than 0.5; however, KMO found less FA findings in the test’s 
outcome than the chemical examination of soil samples. FA 
did not alter KMO testing significantly because there is no 
related cut-off point, and the results for the sample given a 
less clear indication of the applicability of the FA as KMO 
values estimated 0.487 and 0.466 (less than 0.5) for the 
groundwater and soil samples, respectively. Percentage (%) 
of variance evaluated by placing three components out of 

Fig. 4  Variations in soil quality parameters of soil samples collected from different sites at the study area, Sanganer, Jaipur, Rajasthan, India
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the four PC ranges (component based on Jolliffe’s criterion) 
and recorded 84.60% and 66.98% for groundwater and soil 
samples, respectively (supplementary data).

Discussion

Collected samples from the selected study area, Jaipur 
regions of Rajasthan, Western India, evaluated for water 
and soil quality parameters which indicate slightly basic in 
nature as pH varied within the ranged of 7.0 to 8.0 in the 
samples. pH is one of the essentially functional parameters 
for evaluating the quality of soil and water (Filip 2002). 
Depending on the underlying geological units' actual resis-
tivity, the geoelectrical characteristics utilized to create 
earth models which displayed as subsurface stratigraphy 

and from which possible aquifer zones mapped for sam-
pling and assessing the groundwater quality parameters at 
different sites in the selected region (Mogaji and Omobude 
2017). Higher value of EC in groundwater samples indi-
cates impurity as compared to pure water which is not an 
excellent conductor of electricity having a lower EC than 
the groundwater. According to previous studies, groundwa-
ter exhibits low resistivities between 10 and 100 Ωm in the 
context of sedimentary (Adagunodo et al. 2018). Kaiser’s 
criterion replaced with Joliffe’s criterion since it is too high 
and allows for a graphic representation of the factor loading 
through a dipole using the first three components (Jolliffe 
1972). However, soil solutio”s EC indicates total amount of 
salts and ions present in the soil (Bronson et al. 2005; Peralta 
and Costa 2013). A significant indicator of the soil quality is 
electrical conductivity, which reflects the salinity of the soil 

Table 4.  Water quality and soil quality Index

Groundwater quality index
Parameters Quantity of sample WQI (mean) Std. deviation Std. error Maximum Minimum
pH 23 7.5522 .0035 .0020 8.0000 7.0000
EC (μS/m) 23 1.7400 .0027 .0015 3.0100 1.1100
TDS (mg/l) 23 868.7246 .7633 .4407 1501.0000 559.0000
Fluoride (mg/l) 23 1.4928 .0054 .0031 1.9000 1.1000
TH (mg/l) 23 211.1304 .5325 .3074 273.0000 163.0000
Ca (mg/l) 23 66.5043 .0035 .0020 88.1000 46.3000
Mg (mg/l) 23 10.9249 .0009 .0005 12.6700 9.7300
Cl (mg/l) 23 221.7787 .0025 .0014 277.4200 157.4400
HCO3 (mg/l) 23 41.6862 .0041 .0024 61.8700 30.9200
CO3 (mg/l) 23 54.6017 .0082 .0047 58.2900 52.6300
Na (mg/l) 23 184.0000 .6035 .3484 226.0000 161.0000
K (mg/l) 23 3.9565 .6745 .3894 8.0000 1.0000
SO4 (mg/l) 23 188.2609 .8165 .4714 256.0000 148.0000
Zn (mg/l) 23 1.5612 .0083 .0048 2.6400 1.6000
Ni (mg/l) 23 0.0098 .0010 .0006 .0160 .0011
Mn (mg/l) 23 0.1099 .0004 .0002 .1810 .0300
Cu (mg/l) 23 0.2442 .0008 .0005 .8620 .0170
Fe (mg/l) 23 0.2068 .0008 .0005 .3920 .1010
Pb (mg/l) 23 0.0456 .0008 .0004 .0650 .0240
Soil quality index
Parameters Quantity of sample SQI (mean) Std. deviation Std. error Maximum Minimum
pH 30 8.11 .0064 .0037 8.40 7.98
EC (μS/m) 30 .2240 .0008 .0005 .2760 .1580
Organic carbon (%) 30 .1793 .0061 .0035 .2300 .1400
Phosphorous (mg  kg-1) 30 38.1197 .0009 .0005 50.2310 21.0500
Sulfur (mg  kg-1) 30 24.9634 .0006 .0004 29.6810 18.3620
Potash (kg/ha) 30 607.1889 .7385 .4264 786.00 410.00
Zn (mg  kg-1) 30 5.6635 .0010 .0006 7.2630 4.0890
Fe (mg  kg-1) 30 9.0579 .0006 .0003 11.2510 7.2890
Cu (mg  kg-1) 30 .3261 .0005 .0003 .4550 .2130
Mn (mg  kg-1) 30 6.8290 .0007 .0004 8.6560 4.6810
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(Hardie and Doyle 2012). Studies revealed that low resis-
tivity values inside the underlying strata likely caused by 
high ion concentrations and fine-grained sediments like silt 
and clay (Amaya et al. 2018). Another soil quality param-
eter of soil is known as soil organic carbon (SOC) contains 
organic remains of dead animals and plants at various stages 
of decomposition which affects physicochemical character-
istics of the soil (Campbell 1978). Concentration of SOC 
in the soil samples is one of the fundamental criteria for 
soil quality (Unger 1997). Agricultural production, plant 
development, and soil fertility also depend on phosphorus 
content, which is the second-most important macronutrient 

in soil after nitrogen (Malhotra et al. 2018). Similarly, soil 
fertility, pH levels, plant development, and efficient nitro-
gen fixation processes dependent on its existence in the soil 
(Jordan and Ensminger 1959). Potash content is another 
essential macronutrient for preserving soil fertility and pH 
homeostasis. Fertilizer used usually to supplement K into 
the soil in case of its deficiency because plants require K for 
their growth and development during the life cycle (Morgan 
and Connolly 2013). However, high concentration of potash 
in soil also effects soil quality and causes soil degradation 
(Sillanpaa 1982). Water and soil quality assessment stud-
ies have sparked interest on a global scale due to growing 

Fig. 5  Component plot of 
ground water and soil samples 
(A). Soil quality index (SQI) 
and water quality index (WQI) 
of collected samples (B)

Soil samples Ground water samples
[A]

[B]
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attention on the depletion of water and soil quality to assess 
the environmental impact of anthropogenic activities for 
environmental sustainability (Raiesi and Kabiri 2016). 
Various attempts have been made to measure the quality 
of the soil and water using different indicators (Armenise 
et al. 2013; Seybold et al. 2018). Water quality index makes 
it possible to examine water quality in a variety of ways 
that affect a stream’s ability to sustain by its processes and 
to ensure sustainable use of water resources to minimize 
risks and preserve aquatic ecosystems (Akkaraboyina and 
Raju 2012). WQI is an important distinctive grade which 
summarizes overall quality of water and helps in selecting 
the most effective treatment strategy for wastewater before 
its final discharge and disposal to prevent water contamina-
tion (Tyagi et al. 2013). Status and level of contamination 
of water has been evaluated by using water quality param-
eters and quality index (Shah and Joshi 2017). The WQI 
and SQI approach is one of the best and most widely used 
techniques for assessing the quality of soil and water for 
adapting treatment and conservation strategies (Arshad 
and Martin 2002; YanBing et al. 2009). Physio-chemical 
and biological characteristics of soil indicated by the soil 
quality which is crucial to its long-term functionality and 
productivity and sustainability. An encompassing view of 
the region’s overall soil quality evaluated assessing the soil 
quality index (Bhattacharyya 2017). Similarly, minimum 
data set (MDS) for the data reflecting the soil’s functional 
capacity used in evaluating the soil quality index (Klimkow-
icz-Pawlas et al. 2019). By using multivariate geostatistical 
techniques, contemporary data analysis and metal content 
estimation of four metals (Zn, Cu, Mn, and Fe) in the soil 
and six metals (Zn, Cu, Mn, Fe, Pb, and Ni) in groundwater 
emphasis water and soil quality (Lu et al., 2010). Metals Zn, 
Ni, Mn, Cu, Fe, and Pb chosen based on PCA, FA, and CA 
investigations as reference elements for soil and groundwater 
contamination. Several studies evaluated metal contamina-
tion of soil and water in the different urban and industrial 
regions using principal component analysis (Manta et al. 
2002; Skrbic and Djurisic-Mladenovic, 2007, Guo et al., 
2013). PCA technique used to show the relationship among 
metals concentration and other parameters (pH, EC, TOC) 
in the soil and water (Weissmannová and Pavlovský 2017). 
FA produced using a constant value for all the soil and water 
quality parameters with a correlation matrix to minimize 
the effect of varying units on the variables (Lin et al. 2002). 
Kaiser–Meyer–Olkin (KMO) test used to evaluate whether 
the sample is large enough to use factor analysis (Kaiser 
1974). In principal component analysis (PCA), variables 
referred to as principal components (PC) used to illustrate 
the relation between two elements (Esbensen and Geladi 
2010). In similar study, Tripathi and Singal (2019) evaluated 
water quality of the Ganga River using PCA technique. In 
contrast, Praus (2019) used primary component weighted 

index (PCWI) for assessing the quality of both untreated 
and treated wastewater to evaluate WQI. Data indicate that 
unregulated discharge of wastewater including urban sewage 
contaminate water and soil by the process of seepage and 
leaching or irrigation with wastewater leads to depletion of 
groundwater and soil quality. High concentration of metals 
and other contaminants in the soil and groundwater may 
be due to continuous and long-term disposal of wastewa-
ter containing metals from industrial units leading to health 
hazards (Wuana and Okieimen 2011). Therefore, applying 
geographical and geostatistical techniques with an integrated 
approach could be more effective ways in environmental 
monitoring and assessment of soil and water contamination 
to ensure environmental and health safety.

Conclusion

Groundwater and soil quality parameters of water and soil 
samples varied with different sites of the selected study area, 
indicate about 13.3% of the sites found to have good soil 
health with minimum contamination level followed by 40% 
of sites with moderate contamination; however, 46.6% of 
sites shown high level of contamination of soil. Evaluat-
ing WQI and SQI values in the present study offers insight-
ful information about site-wise variation pattern of quality 
parameters including metals identifying the sites with high 
level of contamination to opt appropriate strategies and 
mitigation measures to ensure preserving groundwater and 
soil quality. Further, a study concludes that contamination 
of water and soil with metals and other contaminants leads 
to depletion of quality parameters which affects nutrients 
cycling in the aquatic and terrestrial ecosystem with more 
imbalances in availability of NPK. GIS-based WQI maps 
provide more description of sites in categorizing contami-
nated regions to ensure safe water supply and developing 
wastewater treatment facilities for sustainable urban plan-
ning. Besides, water and soil quality assessment using GIS 
and geostatistical technique provide regional and spatial 
variability of contaminants with their correlation to estab-
lish standards of soil health and drinking for effective natural 
resource management in a particular region. Therefore, the 
present study could be a new insight in in environmental 
monitoring involving quantitative and qualitative assessment 
of water and soil quality for sustainable resource utilization 
and conservation applying geographical and geostatistical 
techniques.
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Abstract: The swimming of motile gyrotactic microorgan-
ism’s phenomenon has recently become one of the most
important topics in research due to its applicability in bio-
technology, many biological systems, and numerous engi-
neering fields. The gyrotactic microorganisms improve the
stability of the nanofluids and enhance the mass/heat
transmission. This research investigates the MHD fluid
flow of a dissipative Sisko nanofluid containing microor-
ganisms moving along an exponentially stretched sheet in the
current framework. Themathematical model comprises equa-
tions that encompass the preservation of mass, momentum,
energy, nanoparticle concentration, and microorganisms. The
equations that govern are more complicated because of non-
linearity, and therefore to obtain the combination of ordinary
differential equations, similarity transformations are utilized.

The numerical results for the converted mathematical model
are carried out with the help of the bvp4c solver. The resulting
findings are compared to other studies that have already been
published, and a high level of precision is found. The graphical
explanations for velocity, temperature, and nanoparticles
volume fraction distribution are shown with physical impor-
tance. Physical characteristics like Peclet number, Sisko fluid
parameter, thermophoresis and Brownian motion parameter,
and Hartmann number are taken into consideration for their
effects. Based on the numerical outcomes, the bioconvection
Peclet number enhances the density of mobile microorgan-
isms, whereas thermal radiation contributes to an elevation in
temperature. The velocity field decreases with the enhance-
ment of magnetic parameter; however, the temperature field
increases with increased magnetic parameter and thermo-
phoresis parameter augmentation. Our numerical findings
are ground breaking and distinctive, and they are used in
microfluidic devices including micro instruments, sleeve elec-
trodes, and nerve development electrodes. This study has var-
ious applications in nanoengineering, including nanomaterial
synthesis, drug delivery systems, bioengineering, nanoscale
heat transfer, environmental engineering.

Keywords: MHD, nanofluid, Sisko model, microorganisms,
exponentially stretched sheet

Nomenclature

A material parameter (−)
B0 magnetic field strength ( − −kg s A2 1)
C concentration ( −kg m 3)
C∞ ambient concentration ( −kg m 3)
Cw sheet concentration ( −kg m 3)
cp specific heat ( − −J kg K1 1)
d chemotoxis constant (m)
DB coefficient of Brownian diffusion ( −m s2 1)
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Dm microorganism diffusion coefficient −m s2 1( )

DT coefficient of thermophoretic diffusion ( −m s2 1)
Ec Eckert number (−)
k thermal conductivity (W −m 1 −K 1)
Lb bioconvection Lewis number (−)
Le Lewis parameter (−)
M magnetic field parameter
Nb Brownian diffusion parameter
Nt thermophoresis parameter
Nux local Nusselt number
N concentration of microorganisms ( −kg  m 3)
Nw sheet concentration of microorganisms ( −kg m 3)
N∞ ambient concentration of microorgan-

isms ( −kg m 3)
Pe Peclet number
Pr Prandtl number
qr radiative heat flux (W −m 2)
R radiation parameter
Rea,Reb local Reynolds numbers
Shx Sherwood number
T fluid temperature (K)
Tw sheet temperature (K)
T∞ ambient fluid temperature (K)
u,v velocity components ( −m s 1)
Wc maximum cell swimming speed ( −m s 1)
x,y Cartesian coordinates (m)

Greek symbols

α thermal diffusivity −m  s2 1( )

δ heat source/sink parameter
η similarity parameter
θ temperature similarity function
ϕ concentration similarity function
χ microorganism similarity function
λ mixed convection parameter
ϑ kinematic viscosity −m  s2 1( )

ρ density ( −kg m 1)
τ ratio of the effective heat capacity
σ electrical conductivity (S/m)

Subscripts

∞ ambient condition
w surface condition

1 Introduction

Numerous biological, industrial, and technical processes,
such as the production of fibres, refinement of polymer,
hot roll glass blasting, heat exchangers, extrusion of aero-
dynamics, MHD power generators, domestic refrigerator-
freezers, rubber and plastic sheet manufacturing, cooling
process of reactors, improving diesel generator efficiency,
and cooling/drying of papers, the flow of nanofluid over
stretching or shrinking sheets is extremely important [1].
Nanofluids may be useful in solar energy, nuclear reactors,
medicine delivery, and cancer treatment. Nanoparticle scat-
tering in common (base) fluids yields nanofluids. Polymer
solutions can be utilized as base fluids in addition to normal
fluids including oils and lubricants. Choi et al. [2] were the
first to present the fundamental concept of such metallic
nanoparticles by presenting a comprehensive model for
improving the thermal characteristics of base fluid. Subse-
quently, Buongiorno [3] established a non-homogeneous
equilibrium model by incorporating Brownian movement
and thermophoresis properties to describe the slipmechanism
of nanoparticles. Eastman et al. [4] explored the phenomena of
heat transfer in the presence of copper oxide CuO( ) particles
made of water and Al2O3 particles made of ethylene glycol.
Since then, Sheikholeslami et al. [5] have explored the proper-
ties of nanofluids. Pourfattah et al. [6] employed two-phase
flow simulation to investigate the characteristics of micro-
channel heat sink. The processing methods and thermal char-
acteristics of oil-based nanofluid were investigated by Asadi
et al. [7]. Khan et al. [8] investigated the fluid flow of nano-
particles for the Jeffrey fluid. An experimental study on the
effects of ultra-sonication ofMWCNT-H2O nanofluid was car-
ried out by Asadi et al. [9]. Zeeshan et al. [10] conducted an
analysis on the movement of two immiscible fluids within a
lengthy, flexible tube. They formulated models for both the
core and peripheral regions, making assumptions of long
wavelength behaviour and creeping flow. Riaz et al. [11]
explored the transportation of nanosized particles through a
curved channel characterized by non-Darcy porous condi-
tions. The flow in this channel is driven by a peristaltic
wave. Riaz et al. [12] analyzed the effects of an applied mag-
netic field and entropy generation on Jeffrey nanofluid in the
annular section between two micro non-concentric pipelines,
with the inner pipe being rigid and moving at a constant
speed. The researchers discovered that the magnetic field
reduced the flow velocity and the rate of entropy production
while increasing the temperature of the nanofluid. Following
that, other researchers and technologists worked in the same
field, and numerous publications have been published that
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consider the existence of nanofluids and magnetic fields in
addition to linear and nonlinear thermal radiation, chemical
reactions, and other factors [13–15].

Bioconvection occurs when bacteria spread randomly
in a single-celled and, in certain cases, colony-like pattern.
Because of the gyrotactic microorganisms upstream, the
buoyancy of the fluid significantly increases. The flow of
microbes in nanofluids has recently drawn the attention of
researchers due to wide applications in biosensors, micro-
bial-enhanced oil recovery, engineering, biological, and che-
mical fields such as biofuels, cancer treatment, enzymes,
biotechnological applications, production and manufac-
turing, industrial level, and others. Firstly, Kuznetsov [16]
established the concept of nanofluid bioconvection. Later,
using Navier–Stokes equations, Alloui et al. [17] examined
the distribution of microorganisms in a cylinder. Waqas
et al. [18] used the magnetic dipole effect to investigate the
bioconvection effect that microbes produce in Jeffery nano-
fluid through an expanded surface. Waqas et al. [19] pre-
sented a computational investigation of nanofluid flow
(Oldroyd-B Model) with mass and heat transport, gyrotactic
microbes past a rotating disc using the MATLAB built-in
function bvp4c. Uddin et al. [20] first described the blowing
effect on bio-convection flow across a dynamic stretched
sheet. Following that, Chamkha et al. [21] described the bio-
convective fluid flow containing microbes through a
radiating stretching plate. Using the help of a nanofluid
model of Buongiorno’s and the O.-Boussinesq approxima-
tion, Rashad and Nabwey [22] examined the bio-convection
flow containing microorganisms through a cylinder placed
horizontally under convective boundaries. Alwatban et al.
[23] investigated bioconvection using slip effects of Wu’s at
the surface. Aziz et al. [24] anticipated a bioconvective flow
of microorganisms embedded in the porous medium. Shaw
et al. [25] used a spectrum relaxation technique to derive
the associated equations depicting the fluid nanoflow with
microorganisms. Rashad and Nabwey [22] and Rashad et al.
[26] recently addressed the subject of bioconvection over a
vertical thin cylinder. Elboughdiri et al. [27] investigated
radiating viscoelastic nanofluids in MHD mixed convective
flows near a sucked impermeable surface with exponen-
tially decreasing heat generation using Jeffery’s model,
convective mass transport, thermophoresis, and Brownian
diffusion under boundary layer assumptions. The influence
of nanoparticles on the thermosolutal sensitivity of non-New-
tonian fluid flow is investigated by Sharma et al. [28], with
numerical computations employing blood as the base liquid.
Wakif [29] computed the two-dimensional mixed convective
motion of a radiating mixture of an upper-convected Max-
well nanofluid and gyrotactic motile microorganisms along a
convectively heated vertical surface with a uniform magnetic

field source, revealing the non-homogeneous appearance and
dynamical properties of the system. Puneeth et al. [30] investi-
gation focuses on analysing the impact of Brownian motion
and thermophoresis on the flow of a tangent hyperbolic (pseu-
doplastic) nanofluid past a rotating cone in three-dimensional
free stream conditions.

Observations from previous studies reveal the lack of
evidence regarding the flow of dissipative magneto Sisko-
nanofluid with gyrotactic microorganisms along an expo-
nentially stretching sheet. The goal of this study is to
describe the heat transfer properties of bioconvection
flow of Sisko nanofluid along an exponential stretched
sheet. To obtain a simplified mathematical model, similarity
transformations are employed. The computational analysis
is completed using the bvp4c and coding MATLAB scripts.
Graphical analysis is used to explore the behaviour of the
relevant parameters, and results are compared with the
earlier research. For designing equipment, such as electric
ovens, electric heaters, microelectronics, and wind genera-
tors, the thermal industry uses these kinds of modelled
problems. The study aims to analyse the behaviour of the nano-
fluid flow and the influence of themotile microorganisms, with
potential applications in the field of nanoengineering.

2 Mathematical modelling

2.1 Rheological model

Consider a non-Newtonian fluid that is time independent
and follows the Sisko rheological model; the Cauchy stress
tensor for such fluids is defined as follows:

= − +pΤ I S,

where S is the extra stress tensor and is expressed as follows:

=
⎡

⎣⎢
+
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2
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where for “ >n 0 for various fluids,”a band are the physical
constants difference, = +A V Vgrad grad1

Τ( ) ( ) , V repre-
sents for the vector as velocity, and Τ stands for transposi-
tion and means the first Rivlin–Erickson tensor.

2.2 Governing equations and boundary
conditions

The flow configuration of the current investigation is illu-
strated in Figure 1, which shows the movement of a two-
dimensional laminar boundary layer dissipative Sisko
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nanofluid containing microbes across an exponentially
stretched surface, under steady conditions (independent of
time). Here, the sheet was stretched exponentially along the
x-axis with a stretching velocity =u x u e

x L

w 0
/( ) to initiate the

flow of nanofluids. The effects of viscous dissipation, magnetic
field, and Brownian motion are addressed in flow formulation.
The x and y-axes are assumed perpendicular to each other. A
fixedmagnetic field, B0, is acted parallel to the y-direction upon.
u and v represent the velocity components along the x and y
axes, respectively. Furthermore, the assumption is made that
the temperature, nanoparticle volume fraction, and density of
motile microbes on the stretchable surface are Tw, Cw, and Nw,
respectively. In addition, it is considered that these variables
remain constant as ∞T , ∞C , and ∞N whenmoving away from the
stretchable surface.

Using the assumptions stated earlier, the fundamental equa-
tions for the present investigation canbe addressed as follows [31]:
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Thermal energy equation:
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Nanoparticle concentration equation:
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Conservation equation for microorganisms:
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The corresponding boundary conditions are as follows:
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The following transformations are used to convert
the aforementioned equations into their non-dimensional
forms [32]:
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The radiative heat flux q
r
is determined using the

Rosseland diffusion approximation and is given by
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The Rosseland mean absorption coefficient is denoted as
k
⁎, and the Stefan–Boltzmann constant is represented by σ ⁎.

Assuming minimal temperature variations within the flow,
T
4 can be expressed as a linear function of temperature.

= −∞ ∞T T T4 3 .4 3 4 (10)

Using Eqs. (9) and (10)
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where η shows similarity parameter; f η( ) indicates dimen-
sionless stream function; θ η  ( ) represents dimensionless
temperature; and ′f η( ) shows the dimensionless velocity
profile (the derivative of f η( )).

By utilizing the non-dimensional similarity para-
meters given below, Eqs. (1)–(7) can be converted into

Figure 1: Physical model.
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dimensionless equations. The given equations are con-
verted into their non-dimensional forms using the fol-
lowing transformations:
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Furthermore, the boundary conditions aremodified as follows:
at

= ′ = = =

= =

η f η f η θ η

ϕ η χ η

0  :   1; 0;  1;

1; 1,

( ) ( ) ( )

( ) ( )
(16)

for

→ ∞ ′ = = = =η f η θ η ϕ η χ η :   0;  0;  0;  0.( ) ( ) ( ) ( ) (17)

In Eqs. (12)–(17), the prime indicates the differentiation
with respect to η (similarity parameter). The following non-
dimensionless parameters are used:
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2.3 Coefficients of heat and mass transport

The main objective of this analysis is to determine the
factors that engineers need to take into account when
addressing heat and nanoparticle mass transfer. Defining

these as follows: local Nusselt number = ⎛
⎝

⎞
⎠−
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transformations, these parameters will reduce to − +Re n
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3 Computational procedure

The examined physical problem is addressed by a system
of partial differential equations that are reduced to a
system of ordinary differential equations (ODEs) using
appropriate similarity transformations. Furthermore, the
converted system of nonlinear ODEs (12)–(17) is solved by
using the bvp4c function. To achieve this, the system of
ODEs (18)–(23) is converted to first-order ODEs, which
can be summed up as follows:

Solution by bvp4c:
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Using boundary conditions

= = − = − =

− = − =

η y y y

y y

at  0 : 1 0,   2 1 0,   4 1 0,

6 1 0,   8 1 0,

0 0 0
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= =

η y y y

y y

for  : 2 1,   ,   4 0,

6 0,   8 0.

1 1 1

1 1

( ) ( )

( ) ( )
(23)

The convenience with which nonlinear issues in
simple domains can be dealt with is an advantage
of this approach. The method is proven effective and
precise in a number of boundary value problems and
iteratively refined to a range of −10 5 and a step size
of 0.05.

4 Results and discussion

In this section, we will focus on explaining the flow regime,
or the conditions under which the nanofluid moves
and behaves in terms of its velocity temperature, micro-
organism profile, and nanoparticle concentration.
The scope of variables considered in this investigation
is
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4.1 Effect of A on velocity, temperature,
chemical reaction, motile density profiles

Figure 2(a) shows that the fluid velocity increases as Sisko
fluid parameter (material parameter) increases. Due to the
fact that the relationship between the material parameter
and the fluid’s viscosity is inverse. The observations from this
study indicated that when the value of A was increased, the
viscosity of the fluid decreased, leading to a subsequent

reduction in the resistance encountered during fluid motion.
The fluid velocity rises as a result. The effect of Sisko fluid
parameter A (material parameter) on fluid temperature is
shown in Figure 2(b). As the material parameter A is raised,
a drop in the fluid temperature is seen.

4.2 Effect of M on velocity, temperature,
nanoparticle concentration, and
microorganism profiles

The purpose of Figure 3(a)–(d) is to explore how the velo-
city, temperature, volume proportion of nanoparticles, and
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Figure 2: (a) f vs A′ , (b) θ vs A    , (c) ϕ vs A and (d) χ vs A.
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microorganism density curves are influenced by the mag-
netic parameter M .( ) The velocity profile is observed to
decrease as magnetic field strength estimates (M ) increase,
according to Figure 3(a), owing to the Lorentz force theorem, on
which the magnetic field is established. The greater collisional
impact between fluid atoms, as indicated by M , results in
increased fluid flow resistance. Furthermore, the Lorentz force,
which acts in opposition to the direction of flow, creates a
resistance force that contributes to the thickness of the thermal
boundary layer, as shown in Figure 3(b). The presence of a
reversing force results in a decrease in the fluid flow, leading
to a decline in the velocity field. Notably, Figure 3(c) and (d)
demonstrate that the inclusion of magnetic parameters contrib-
uted to the enhancement of temperature and volume fraction

near the surface, as well as the thicknesses of the thermal and
nanoparticle concentration boundary layers. These outcomes
can be explained by the increased heat generation associated
with higher magnetic parameter values M ,( ) which led to the
expansion of temperature, concentration, and gyrotactic micro-
organism boundary layers, as depicted in Figure 3(b)–(d).

4.3 Effect of Pr on temperature, nanoparticle
concentration profile, and microorganism
profiles

The curves for the temperature, nanoparticle volume frac-
tion, and density of the motile microorganisms are

(a) (b)

(c) (d)
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Figure 3: (a) f vs M′ , (b) θ vs M , (c) ϕ vs M and χ vs M .
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depicted in Figure 4(a)–(c), which illustrated the manner in
which the Prandtl number Pr affected these curves. The
Prandtl number had no effect on velocity, according to Eq.
(9). As shown in Figure 4(a), the temperature and thickness
of the thermal boundary layer decreased as Pr increased. In
terms of physical significance, when Pr was raised, the thermal
diffusivity dropped, leading to a reduction in the capability
of energy to transfer across the thermal boundary layer.
The thicknesses of the concentration boundary layer exhibited
an upward trend as Pr increased as shown in Figure 4(b). The
influence of the Prandtl number on the motile microorgan-
ism’s density (χ(η)) is shown in Figure 4(c), which indicates
that the density of microorganisms increased with increasing

Pr. This is due to the fact that the boundary layer thicknesses of
the motile microorganisms decreased with increasing Pr,
causing their size to decrease. In other terms, the increase in
Pr resulted in a reduction in the number of gyrotacticmicrobes.

4.4 Effect of Ec on temperature, nanoparticle
concentration profile, and microorganism
profiles

In Figure 5(a)–(c), temperature, concentration, and micro-
organism density variations are depicted for different
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Figure 4: (a) θ vs Pr, (b) ϕ vs Pr, and (c) χ vs Pr.
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Eckert number Ec( ) values. These figures illustrate that an
elevated Eckert number leads to an increase in fluid tem-
perature. This effect arises from the fact that Ec represents
the ratio between kinetic energy and enthalpy, and as Ec
increases, so does kinetic energy. Consequently, fluid par-
ticles collide more frequently, converting kinetic energy
into thermal energy and resulting in higher fluid tempera-
tures. It was observed that when Ec increased, the density
of microorganism dropped. When the Eckert number
increases in the fluid flow, it implies that there is a higher
rate of heat transfer. Elevated temperatures resulting
from increased heat transfer can be detrimental to micro-
organisms, leading to a drop in their density due to
thermal stress.

4.5 Effect of Nb on temperature,
nanoparticle concentration profile, and
microorganism profiles

Figure 6(a) and (b) depict the impact of the Nb on the tem-
perature and nanoparticle volume fraction trajectories. The
temperature boundary layer was shown to be improved as
Nb increased; however, the nanoparticle volume fraction
boundary thickness had the reverse effect. Based on the
information presented in Figure 6(b), it is evident that the
Brownianmotion parameter contributes to a decrease in the
thickness of the concentration boundary layer, leading to a
subsequent decline in the concentration. The particles travel
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Figure 5: (a) θ vs Ec, (b) ϕ vs E  c and (c) χ vs E .c
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arbitrarily as a result of the greater Brownian motion, which
is another physical explanation for the situation. This random
movement results in additional heat being emitted. Hence,
the formation of temperature curves was investigated. In
addition, Nb has no effect on the motile microbe profiles’
density and velocity.

4.6 Effect of δ on temperature, nanoparticle
concentration profile, and
microorganism profiles

Furthermore, the heat sink parameter (δ) represents the
rate of heat removal or dissipation from a system. A higher

δ signifies more efficient cooling, leading to a lower tempera-
ture (Figure 7(a)). As shown in Figure 7(b), a higher δ indi-
cates more efficient cooling and enhanced fluid motion,
resulting in better nanoparticle dispersion and reduced con-
centration. An increase in the heat sink parameter (δ) leads
to an increase in microorganism density profiles due to
improved thermal regulation (Figure 7(c)).

4.7 Effect of Le on nanoparticle concentration
profile and microorganism profiles

By analysing Figure 8(a) and (b), it was evident that
an elevated value of Le led to a decline in concentration
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Figure 6: (a) θ vs Nb, (b) ϕ vs Nb and (c) χ vs N .b

10  Yogesh Dadhich et al.



(a) (b)

(c)

0 1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(
)

=-0.1
=-0.5
=-0.7
=-1.0
=-1.2
=-1.5

n=0.7, M=0.5, A=1.2, Ec=0.2
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2
Pe=1.1, Le=1.3 , R=0.1

0 1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(
)

=-0.1
=-0.5
=-0.7
=-1.0
=-1.2
=-1.5

n=0.7, M=0.5, A=1.2, Ec=0.2
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2
Pe=1.1, Le=1.3 , R=0.1

0 1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(
)

=-0.1
=-0.5
=-0.7
=-1.0
=-1.2
=-1.5

n=0.7, M=0.5, A=1.2, Ec=0.2
Pr=1.2, Nb=0.1, Nt=0.1, Lb=1.2
Pe=1.1, Le=1.3 , R=0.1
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profile, and on the other hand, the trend was reversed for
the microorganism profile at ≈η 1.2. In the region where
<η 1.2, the increase in Le resulted in a decrease in the

thickness of the microorganism boundary layers. while,
for >η 1.2, the reverse trend was observed with increasing
Le. The effect of Le on concentration is further illustrated in
Figure 8(a), where it was observed that concentration
decreased as Le increased. The underlying explanation is
that as Le increases, mass diffusivity decreases, resulting in
a reduction in the depth of penetration of the boundary
layer.

4.8 Effect of Nt on temperature,
nanoparticle concentration profile, and
microorganism profiles

Variations in the thermophoresis parameter Nt are reflected
in Figure 9(a) and (b), illustrating the impact on the

temperature and nanoparticle fraction curves. The results
demonstrate thatNt has a significant impact on both tempera-
ture and nanoparticle fraction. This phenomenon occurs due
to the increase in the thermal boundary layer density caused
by the thermophoresis parameter. As observed in Figure 9(a),
an increase in Nt results in an increase in temperature.
The microscopic fluid particles involved in thermophoresis
activities are drawn from the warm to the cold region,
resulting in an improvement in temperature, thermal
boundary layer, and nanoparticle volume fraction pro-
files. However, Nt has no impact on velocity and density
curves of motile microorganism.

The local Nusselt number [− ′
θ (0)] for different para-

meters is compared with the results obtained by [15,33–35]
in Table 1. It demonstrates excellent agreement between
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Figure 9: (a) θ vs Nt and (b) ϕ vs Nt.

Table 1: Comparison of local Nusselt number −θ′(0) for different values
of Pr for Le = Pe = Ec = Nt =Lb = Nb = M = 0

Pr Ref. [15] Ref. [33] Ref. [34] Ref. [35] Current study

1 0.954782 0.954782 0.9547 0.954955 0.954779
1.5 1.234755 1.234823
2 1.471460 1.4714 1.471454
2.5 1.680229 1.680225
3 1.869073 1.869075 1.8691 1.869074 1.869072
5 2.500131 2.50013 2.500184 2.500139

Table 2: Comparison of Sherwood number [−ϕ′(0)] for different values
of Nb, Nt, and Pr taking Le = Pe = Ec = Lb = 0

Nb Nt Pr ==nSh 0x Shx ==n 1

Jawad
et al. [36]

Current
Study

Jawad
et al. [36]

Current
Study

0.1 0.5 1.5 −1.35820 −1.3479 −1.35938 −1.35859
0.5 −0.238811 −0.23792 −0.239002 −0.238092
1.0 −0.098888 −0.98742 −0.098954 −0.098879
1.5 0.1 0.0223188 0.022217 0.0223610 0.02228

0.5 −1.35820 −1.35789 −1.35938 −1.35876
1.0 −2.75366 −2.75306 −2.75610 −2.75532
1.5 −4.14542 −4.14483 −4.14910 −4.14725

3.0 −1.21912 −1.21754 −2.06224 −2.06212
5.0 −1.53875 −1.53779 −2.45134 −2.45124
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the current study and those obtained in the aforemen-
tioned studies.

Table 2 depicts the influence of Sherwood number due
to various parameters. It is noticed that an elevation in the
thermophoresis parameter causes an upward trend in
local Sherwood number values, whereas an elevation in
the Prandtl number results in a reduction in the Sherwood
number.

5 Conclusions

In the current framework, this study investigates the MHD
fluid flow of a dissipative Sisko nanofluid containing micro-
organisms moving along an exponentially stretched sheet.
Using the bvp4c solver, numerical results for the converted
mathematical model are calculated. The significant results
are enumerated as follows:
1) Because of the inverse relationship between the mate-

rial parameter (A) and the viscosity of the fluid.
Observations from this study revealed that as the
value of A increased, the fluid’s viscosity decreased,
resulting in a reduction in the resistance encountered
during fluid motion. As a consequence, the fluid velo-
city increases.

2) Both temperature and nanoparticle fraction are signifi-
cantly affected by the thermophoresis parameter (Nt).
This phenomenon occurs because the increase in Nt

increases the thermal boundary layer density.
3) When the Eckert number of a fluid increases, it indi-

cates a higher rate of heat transfer. Microorganisms
may experience a decrease in density as a consequence
of thermal stress when exposed to elevated tempera-
tures caused by increased heat transfer.

4) The increase in Prandtl number (Pr) resulted in a decrease
in thermal diffusivity, hence causing a decline in the
efficiency of energy transmission across the thermal
boundary layer. The thickness of the concentration
boundary layer demonstrated an increasing trend as
the Pr grew.
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