
Local Education Programmes and Campaigns on Climate Change at 
Manipal University Jaipur 

Manipal University Jaipur (MUJ) is committed to addressing the global challenge of climate 
change through education, awareness, and community engagement. As a leading institution, 
MUJ recognizes the importance of empowering students, faculty, and the local community with 
knowledge on climate change, its risks, impacts, and strategies for mitigation, adaptation, 
impact reduction, and early warning systems. The university has initiated several educational 
programs and campaigns that emphasize sustainable practices and equip individuals to 
contribute to climate resilience. 

Climate change education has been integrated into various academic programs at MUJ, ensuring 
that students across disciplines understand the complexities of climate science. Courses in 
environmental science, engineering, and policy studies include modules on climate change risks, 
mitigation strategies, and adaptation methods. These courses provide students with the 
scientific, technical, and socio-economic knowledge needed to address climate challenges. 
Regular workshops and seminars are organized to engage students and faculty on pressing 
climate issues. These sessions focus on topics such as the global and regional impacts of climate 
change, emerging risks, and the role of technology in mitigating its effects. Guest lectures by 
environmental experts and policymakers further enhance participants’ understanding of 
sustainable practices and the latest developments in climate science. MUJ actively conducts 
outreach programs aimed at raising climate awareness in the local community. These programs 
educate residents on the impacts of climate change on their region and offer practical guidance 
on adapting to these changes. Topics covered include water conservation, sustainable 
agriculture, and the importance of biodiversity in reducing climate risks. Through these 
initiatives, MUJ encourages community-driven action toward building climate resilience. MUJ 
regularly runs campaigns to highlight the importance of mitigating climate change and adapting 
to its inevitable impacts. The campaigns focus on promoting renewable energy use, reducing 
greenhouse gas emissions, and adopting sustainable lifestyle choices. Through campus events 
like tree-planting drives, cycling initiatives, and energy conservation challenges, students and 
staff are encouraged to take an active role in mitigating climate change. 

MUJ’s sustainable campus initiative is designed to lead by example. The university has 
implemented on-campus campaigns to reduce its carbon footprint, such as waste management, 
energy efficiency, and water conservation programs. These initiatives are tied to broader 
climate education efforts and encourage students to practice sustainability 

in their daily lives. Interactive campaigns such as “Green Campus, Clean Future” motivate 
individuals to participate in climate action by making small yet impactful changes. MUJ 
understands that tackling climate change requires collaboration with external stakeholders. 
The university partners with local government agencies, non-profit organizations, and 
international bodies to amplify its climate education efforts. By organizing conferences, public 
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forums, and joint campaigns, MUJ fosters dialogue on climate change, encouraging local 
communities to take ownership of climate action. 

MUJ also leverages digital platforms and social media to spread awareness about climate change. 
Engaging videos, infographics, and online campaigns are used to share information about 
climate risks, adaptation strategies, and environmental stewardship. These campaigns extend 
MUJ’s reach beyond the campus, engaging the wider public in climate action. 

The university’s efforts to promote climate change mitigation, adaptation, impact reduction, 
and early warning preparedness are helping to build a more informed and resilient society. 
Through these initiatives, MUJ continues to inspire positive action toward a sustainable future. 
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MUJ/Q&C/DSW/SC/1.01 

DIRECTORATE OF STUDENT’S WELFARE 

(SOCIETY CONNECT) 

And 

Faculty of Science 

Department of Chemistry 

Presents 

Plantation Drive 

OCTOBER 26, 2023 

Venue : Dabar Ki Dhani 
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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/22/F/1.01  Event Report Format 

FACULTY OF ARTS 

SCHOOL OF HUMANITIES AND SOCIAL SCIENCES 

DEPARTMENT OF ARTS 

Tree plantation Drive 

Social outreach event in collaboration with DSW and NCC 

06/09/2023 
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Page 3 of 9 Name of Event 

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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Faculty of Management and Commerce 

Department of Business Administration 

Societal Connect Activity on 

Bird Nest Installation 

 
NOVEMBER 30, 2023 
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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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FACULTY OF ARTS 

 

SCHOOL OF HUMANITIES AND SOCIAL SCIENCES 

DEPARTMENT OF ECONOMICS 

COMMUNITY OUTREACH VISIT 

 
Date of Event- October 31, 2023 
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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? 
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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 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? 
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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  

Anushri Gaur
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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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FACULTY OF ARTS 

SCHOOL OF HUMANITIES AND SOCIAL SCIENCES 

DEPARTMENT OF ARTS 

Tree plantation Drive 

Social outreach event in collaboration with DSW and NCC 

06/09/2023 
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1.  Introduction of the Event 

2. Objective of the Event 

3. Beneficiaries of the Event 

4. Details of the Guests 

5. Brief Description of the event 

6. Geo-tagged Photographs 

7. Brochure or creative of the event 

8. Schedule of the Event  

 9. Attendance of the Event  

10. News Publication 

11. Feedback of the Event 

12. Link of MUJ website   
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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 

Anushri Gaur
SDG 13
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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 

 

Anushri Gaur
SDG 13
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Faculty of Management and commer ce

School of Business and commerce

Department of Business administra tion

Prof. Chetan Singh Solanki

Time : 2pm onwards
Venue: conference hall, 2nd Floor, AB 3

6 POINTS
UNDERSTANDING OF
CLIMATE CHANGE
AND CORRECTIVE
ACTIONS

Solar Man of India

Organizing A Seminar On

 In collaboration with 

Energy Swaraj Foundation 

Convener :- Dr. Manisha Choudhary 

Student Convener :-
Arushi Mathur & Lakshya Mishra

Co-Convener :- Dr. Ankur Saharia
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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, 

OPEN

1Department of Plant and Soil Sciences, Mississippi State University, Mississippi, USA. 2Department of Economics, 
Manipal University Jaipur, Dhami Kalan, Rajasthan, India. 3Department of Agricultural Economics, Mississippi State 
University, Mississippi, USA. 4Crop Production Systems Research Unit, United States Department of Agriculture 
(USDA)-Agricultural Research Service (ARS), Stoneville, MS, USA. *email: jagman.dhillon@msstate.edu
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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.

Received: 12 June 2023; Accepted: 25 September 2023

References
	 1.	 García-Lara, S., & Serna-Saldivar, S. O. Corn history and culture. Corn, 1–18 (2019).
	 2.	 FAO. FAOSTAT—Crops and Livestock Products. Food and Agriculture Organization (FAO). 2020. Available online: https://​www.​

fao.​org/​faost​at/​en/#​data/​QCL (accessed on 14 March 2023).
	 3.	 MAC 2021. https://​www.​mdac.​ms.​gov/​agency-​info/​missi​ssippi-​agric​ulture-​snaps​hot/
	 4.	 USDA-national Agricultural Statistics Service (2021) https://​www.​nass.​usda.​gov/​Publi​catio​ns/​Todays_​Repor​ts/​repor​ts/​fcdat​

e10.​pdf
	 5.	 Cox, M. S. The Lancaster soil test method as an alternative to the Mehlich 3 soil test method1. Soil Sci. 166(7), 484–489 (2001).
	 6.	 Kebede, H., Fisher, D. K., Sui, R. & Reddy, K. N. Irrigation methods and scheduling in the Delta region of Mississippi: Current 

status and strategies to improve irrigation efficiency. Am. J. Plant Sci. 5(20), 2917 (2014).
	 7.	 Dhillon, J., Li, X., Bheemanahalli, R. & Reed, V. Mississippi state and county level yield gap in corn production. Agric. Environ. 

Lett. 7(2), e20092 (2022).
	 8.	 Snyder, K. A., Miththapala, S., Sommer, R. & Braslow, J. The yield gap: Closing the gap by widening the approach. Expe. Agric. 

53(3), 445–459 (2017).
	 9.	 Licker, R. et al. Mind the gap: how do climate and agricultural management explain the ‘yield gap’of croplands around the world?. 

Global Ecol. Biogeogr. 19(6), 769–782 (2010).
	 10.	 Kukal, M. S. & Irmak, S. Climate-driven crop yield and yield variability and climate change impacts on the US Great Plains 

agricultural production. Sci. Rep. 8(1), 1–18 (2018).
	 11.	 Oglesby, C. et al. Discrepancy between the crop yield goal rate and the optimum nitrogen rates for maize production in Missis-

sippi. Agron. J. 115(1), 340–350 (2023).
	 12.	 Ray, D. K., Gerber, J. S., MacDonald, G. K. & West, P. C. Climate variation explains a third of global crop yield variability. Nat. 

Commun. 6(1), 1–9 (2015).
	 13.	 Li, S. et al. The observed relationships between wheat and climate in China. Agric. For. Meteorol. 150(11), 1412–1419 (2010).
	 14.	 de Cárcer, P. S., Sinaj, S., Santonja, M., Fossati, D. & Jeangros, B. Long-term effects of crop succession, soil tillage and climate 

on wheat yield and soil properties. Soil Tillage Res. 190, 209–219 (2019).
	 15.	 Faghih, H., Behmanesh, J., Rezaie, H. & Khalili, K. Climate and rainfed wheat yield. Theor. Appl. Climatol. 144(1), 13–24 (2021).
	 16.	 Schierhorn, F., Hofmann, M., Gagalyuk, T., Ostapchuk, I. & Müller, D. Machine learning reveals complex effects of climatic 

means and weather extremes on wheat yields during different plant developmental stages. Clim. Change 169(3), 1–19 (2021).
	 17.	 Kucharik, C. J. & Serbin, S. P. Impacts of recent climate change on Wisconsin maize and soybean yield trends. Environ. Res. Lett. 

3(3), 034003 (2008).
	 18.	 Durdu, Ö. F. Evaluation of climate change effects on future maize (Zea mays L.) yield in western Turkey. Int. J. Climatol. 33(2), 

444–456 (2013).
	 19.	 Sun, L., Li, H., Ward, M. N. & Moncunill, D. F. Climate variability and maize yields in semiarid Ceará, Brazil. J. Appl. Meteorol. 

Climatol. 46(2), 226–240 (2007).
	 20.	 Oguntunde, P. G., Lischeid, G. & Dietrich, O. Relationship between rice yield and climate variables in southwest Nigeria using 

multiple linear regression and support vector machine analysis. Int. J. Biometeorol. 62(3), 459–469 (2018).
	 21.	 Islam, A. R. M. et al. Variability of climate-induced rice yields in northwest Bangladesh using multiple statistical modeling. 

Theor. Appl. Climatol. 147(3), 1263–1276 (2022).
	 22.	 Frieler, K. et al. Understanding the weather signal in national crop-yield variability. Earth’s Future 5(6), 605–616 (2017).
	 23.	 Lobell, D. B. & Field, C. B. Global scale climate–crop yield relationships and the impacts of recent warming. Environ. Res. Lett. 

2(1), 014002 (2007).
	 24.	 Jägermeyr, J. & Frieler, K. Spatial variations in crop growing seasons pivotal to reproduce global fluctuations in maize and wheat 

yields. Sci. Adv. 4(11), eaat4517 (2018).
	 25.	 Iizumi, T. & Ramankutty, N. Changes in yield variability of major crops for 1981–2010 explained by climate change. Environ. 

Res. Lett. 11(3), 034003 (2016).
	 26.	 Rizzo, G. et al. Climate and agronomy, not genetics, underpin recent maize yield gains in favorable environments. Proc. Natl. 

Acad. Sci. 119(4), e2113629119 (2022).
	 27.	 Urban, D., Roberts, M. J., Schlenker, W. & Lobell, D. B. Projected temperature changes indicate significant increase in interan-

nual variability of US maize yields. Clim. Change 112(2), 525–533 (2012).
	 28.	 Shen, X., Liu, B., Henderson, M., Wang, L., Jiang, M., & Lu, X. Vegetation greening, extended growing seasons, and temperature 

feedbacks in warming temperate grasslands of China. J. Clim., 1–51 (2022).
	 29.	 Apata, T. G. Effects of global climate change on Nigerian agriculture: An empirical analysis. CBN J. Appl. Stat. 2(1), 31–50 (2011).
	 30.	 Asseng, S. (2013). Agriculture and climate change in the southeast USA. In Climate of the Southeast United States (pp. 128–164). 

Island Press, Washington, DC.
	 31.	 Sharma, R. K., Dhillon, J., Kumar, S., Vatta, K. & Reddy, K. N. Crop-climate link in the southeastern USA: A case study on Oats 

and Sorghum. J. Agric. Food Res. 12, 100626 (2023).
	 32.	 Ciscel, D. H. Creating economic growth in rural Mississippi Delta Counties. Federal Reserve Bank of St. Louis (1999).
	 33.	 Sobel, R. S., & Hall, J. C. The sources of economic growth. Promot. Prosper. Mississippi, 15 (2018).
	 34.	 Reddy, K. R. et al. Simulating the impacts of climate change on cotton production in the Mississippi Delta. Clim. Res. 22(3), 

271–281 (2002).
	 35.	 Anapalli, S. S. et al. Vulnerabilities and adapting irrigated and rainfed cotton to climate change in the Lower Mississippi Delta 

Region. Climate 4(4), 55 (2016).
	 36.	 Shammi, S. A. & Meng, Q. Modeling the Impact of Climate Changes on Crop Yield: Irrigated vs Non-Irrigated Zones in Mis-

sissippi. Remote Sens 13(12), 2249 (2021).

https://www.fao.org/faostat/en/#data/QCL
https://www.fao.org/faostat/en/#data/QCL
https://www.mdac.ms.gov/agency-info/mississippi-agriculture-snapshot/
https://www.nass.usda.gov/Publications/Todays_Reports/reports/fcdate10.pdf
https://www.nass.usda.gov/Publications/Todays_Reports/reports/fcdate10.pdf


13

Vol.:(0123456789)

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

www.nature.com/scientificreports/

	 37.	 Sun, W. et al. Evaluation of models for simulating soybean growth and climate sensitivity in the US Mississippi Delta. Eur. J. 
Agron. 140, 126610 (2022).

	 38.	 Anapalli, S. S., Pinnamaneni, S. R., Fisher, D. K. & Reddy, K. N. Vulnerabilities of irrigated and rainfed maize to climate change 
in a humid climate in the lower Mississippi delta. Clim. Change 164(1), 1–18 (2021).

	 39.	 Parajuli, P. B., Jayakody, P., Sassenrath, G. F. & Ouyang, Y. Assessing the impacts of climate change and tillage practices on stream 
flow, crop and sediment yields from the Mississippi River Basin. Agric. Water Manag. 168, 112–124 (2016).

	 40.	 Chandio, A. A., Jiang, Y., Fatima, T., Ahmad, F., Ahmad, M., & Li, J. (2022). Assessing the impacts of climate change on cereal 
production in Bangladesh: evidence from ARDL modeling approach. International Journal of Climate Change Strategies and 
Management.

	 41.	 Ranghuwal, S. et al. Quantifying the energy use efficiency and greenhouse emissions in Punjab agriculture India. Energy Nexus 
11, 100238 (2023).

	 42.	 Singh, P., Arora, K., Kumar, S., Gohain, N. & Sharma, R. K. Indian millets trade potential-cum-performance: Economic perspec-
tive. Indian J. Agric. Sci. 93(2), 200–204 (2023).

	 43.	 Burroughs, W., & Burroughs, W. S. (Eds.). Climate: Into the 21st century. Cambridge University Press (2003).
	 44.	 Jan, I., Ashfaq, M. & Chandio, A. A. Impacts of climate change on yield of cereal crops in northern climatic region of Pakistan. 

Environ. Sci. Pollut. Res. 28(42), 60235–60245 (2021).
	 45.	 Daly, C. et al. Physiographically sensitive mapping of climatological temperature and precipitation across the conterminous 

United States. Int. J. Climatol.: A J. Royal Meteorol. Soc. 28(15), 2031–2064 (2008).
	 46.	 Yun, S. D. & Gramig, B. M. Agro-climatic data by county: A spatially and temporally consistent US dataset for agricultural yields, 

weather and soils. Data 4(2), 66 (2019).
	 47.	 Marshall, M. et al. Field-level crop yield estimation with PRISMA and Sentinel-2. ISPRS J. Photogramm. Remote Sens 187, 

191–210 (2022).
	 48.	 Duan, L., Petroski, R., Wood, L. & Caldeira, K. Stylized least-cost analysis of flexible nuclear power in deeply decarbonized 

electricity systems considering wind and solar resources worldwide. Nat. Energy 7(3), 260–269 (2022).
	 49.	 Adams, R. M., Hurd, B. H., Lenhart, S. & Leary, N. Effects of global climate change on agriculture: An interpretative review. 

Clim. Res. 11(1), 19–30 (1998).
	 50.	 Ahmed, M. et al. Impact of climate change on dryland agricultural systems: A review of current status, potentials, and further 

work need. Int. J. Plant Prod. 16(3), 341–363 (2022).
	 51.	 West, J. S., Townsend, J. A., Stevens, M. & Fitt, B. D. Comparative biology of different plant pathogens to estimate effects of 

climate change on crop diseases in Europe. Eur. J. Plant Pathol. 133, 315–331 (2012).
	 52.	 Brevik, E. C. The potential impact of climate change on soil properties and processes and corresponding influence on food 

security. Agriculture 3(3), 398–417 (2013).
	 53.	 Schneider, L., Rebetez, M., & Rasmann, S. The effect of climate change on invasive crop pests across biomes. Current Opinion 

Insect Sci., 100895 (2022).
	 54.	 Pesaran, M. H., Shin, Y. & Smith, R. J. Bounds testing approaches to the analysis of level relationships. J. Appl. Econom. 16(3), 

289–326 (2001).
	 55.	 Warsame, A. A., Sheik-Ali, I. A., Ali, A. O. & Sarkodie, S. A. Climate change and crop production nexus in Somalia: Empirical 

evidence from ARDL technique. Environ. Sci. Pollut. Res. 28(16), 19838–19850 (2021).
	 56.	 Asfew, M., & Bedemo, A. (2022). Impact of climate change on cereal crops production in Ethiopia. Adv. Agric., 2022.
	 57.	 Agbenyo, W., Jiang, Y., Ding, Z., Titriku, J. K. & Ntim-Amo, G. Impact of climate change on cocoa production in Africa: An 

approach of cross-sectional ARDL. Int. J. Environ. Res. 16(5), 1–12 (2022).
	 58.	 Xiang, X. & Solaymani, S. Change in cereal production caused by climate change in Malaysia. Ecolog. Inform. 70, 101741 (2022).
	 59.	 Nkoro, E. & Uko, A. K. Autoregressive Distributed Lag (ARDL) cointegration technique: application and interpretation. J. Stat. 

Econom. Methods 5(4), 63–91 (2016).
	 60.	 Babhulkar, P. S., Wandile, R. M., Badole, W. P. & Balpande, S. S. Residual effect of long-term application of FYM and fertilizers 

on soil properties (Vertisols) and yield of soybean. J. Indian Soc. Soil Sci. 48(1), 89–92 (2000).
	 61.	 Sieling, K., Brase, T. & Svib, V. Residual effects of different N fertilizer treatments on growth, N uptake and yield of oilseed rape, 

wheat and barley. European J. Agron. 25(1), 40–48 (2006).
	 62.	 Chandio, A. A. et al. Assessment of formal credit and climate change impact on agricultural production in Pakistan: A time 

series ARDL modeling approach. Sustainability 12(13), 5241 (2020).
	 63.	 Waiswa, D. Climate change and production of cereal crops in East Africa: Role of temperature, Precipitation, Ecol. Carbon 

Footprint (2023).
	 64.	 Nakamura, A. & Nakamura, M. Model specification and endogeneity. J. Econom. 83(1–2), 213–237 (1998).
	 65.	 Wang, F., Zhan, C. & Zou, L. Risk of crop yield reduction in China under 15°C and 2°C global warming from CMIP6 models. 

Foods 12(2), 413 (2023).
	 66.	 Mann, H. B. Nonparametric tests against trend. Econom. J. Econom. Soc., 245–259 (1945).
	 67.	 Kendall, M. G. Rank correlation methods; Griffin: London, UK, 1975. Google Scholar (1975).
	 68.	 Sen, P. K. Estimates of the regression coefficient based on Kendall’s tau. J. Am. Stat. Assoc. 63(324), 1379–1389 (1968).
	 69.	 WMO. World Meteorological Organization 2018 Guide to climatological practices, second edition (2018).
	 70.	 Portney, L. G. Correlation. Foundations of Clinical Research (2000).
	 71.	 Raina, K. D., Callaway, C., Rittenberger, J. C. & Holm, M. B. Neurological and functional status following cardiac arrest: Method 

and tool utility. Resuscitation 79(2), 249–256 (2008).
	 72.	 Prematunga, R. K. Correlational analysis. Aust. Crit. Care 25(3), 195–199 (2012).
	 73.	 Gocic, M. & Trajkovic, S. Analysis of changes in meteorological variables using Mann-Kendall and Sen’s slope estimator statistical 

tests in Serbia. Global Planet. Change 100, 172–182 (2013).
	 74.	 Gujree, I., Ahmad, I., Zhang, F. & Arshad, A. Innovative trend analysis of high-altitude climatology of Kashmir Valley North-

West Himalayas. Atmosphere 13(5), 764 (2022).
	 75.	 DeJong, D. N., Nankervis, J. C., Savin, N. E. & Whiteman, C. H. The power problems of unit root test in time series with autore-

gressive errors. J. Econom. 53(1–3), 323–343 (1992).
	 76.	 Patterson, K. Unit root tests in time series volume 1: Key concepts and problems. Springer (2011).
	 77.	 Dickey, D. A. & Fuller, W. A. Distribution of the estimators for autoregressive time series with a unit root. J Am. Stat. Assoc. 

74(366a), 427–431 (1979).
	 78.	 Phillips, P. C. & Perron, P. Testing for a unit root in time series regression. Biometrika 75(2), 335–346 (1988).
	 79.	 Gujarati, D., & Porter, D. (2003). Multicollinearity: What happens if the regressors are correlated. Basic Econometr., 363.
	 80.	 Daoud, J. I. (2017). Multicollinearity and regression analysis. In Journal of Physics: Conference Series (Vol. 949, No. 1, p. 012009). 

IOP Publishing.
	 81.	 Brown, R. L., Durbin, J. & Evans, J. M. Techniques for testing the constancy of regression relationships over time. J. Royal Stat. 

Soc. Ser. B (Methodol.) 37(2), 149–163 (1975).
	 82.	 Eck, M. A., Murray, A. R., Ward, A. R. & Konrad, C. E. Influence of growing season temperature and precipitation anomalies 

on crop yield in the southeastern United States. Agric. For. Meteorol. 291, 108053 (2020).



14

Vol:.(1234567890)

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

www.nature.com/scientificreports/

	 83.	 Rosenzweig, C. & Tubiello, F. N. Effects of changes in minimum and maximum temperature on wheat yields in the central USA 
simulation study. Agric. For. Meteorol. 80(2–4), 215–230 (1996).

	 84.	 Peng, S. et al. Asymmetric effects of daytime and night-time warming on Northern Hemisphere vegetation. Nature 501(7465), 
88–92 (2013).

	 85.	 Screen, J. A. Arctic amplification decreases temperature variance in northern mid-to high-latitudes. Nat. Clim. Change 4(7), 
577–582 (2014).

	 86.	 Sharma, R. K., Kumar, S., Vatta, K., Dhillon, J. & Reddy, K. N. Impact of recent climate change on cotton and soybean yields in 
the southeastern United States. J. Agric. Food Res. 9, 100348 (2022).

	 87.	 Sharma, R. K. et al. Impact of recent climate change on maize, rice, and wheat in southeastern USA. Sci. Rep. 12(1), 1–14 (2022).
	 88.	 Braganza, K., Karoly, D. J., & Arblaster, J. M. (2004). Diurnal temperature range as an index of global climate change during the 

twentieth century. Geophys. Res. Lett., 31(13).
	 89.	 Lobell, D. B. Changes in diurnal temperature range and national cereal yields. Agric. For. Meteorol. 145(3–4), 229–238 (2007).
	 90.	 Sun, X. et al. Global diurnal temperature range (DTR) changes since 1901. Clim. Dynam. 52(5), 3343–3356 (2019).
	 91.	 Rahman, M. M. Environmental degradation: The role of electricity consumption, economic growth and globalisation. J. Environ. 

Manag. 253, 109742 (2020).
	 92.	 Wu, J. Z. et al. Impact of climate change on maize yield in China from 1979 to 2016. J. Integr. Agric. 20(1), 289–299 (2021).
	 93.	 Ainsworth, E. A., Lemonnier, P. & Wedow, J. M. The influence of rising tropospheric carbon dioxide and ozone on plant pro-

ductivity. Plant Biol. 22, 5–11 (2020).
	 94.	 Raju, B. R. et al. Root traits and cellular level tolerance hold the key in maintaining higher spikelet fertility of rice under water 

limited conditions. Funct. Plant Biol. 41(9), 930–939 (2014).
	 95.	 Chen, J. J., Zhen, S. & Sun, Y. Estimating leaf chlorophyll content of buffaloberry using normalized difference vegetation index 

sensors. HortTechnology 31(3), 297–303 (2021).
	 96.	 Hu, Q. & Buyanovsky, G. Climate effects on maize yield in Missouri. J. Appl. Meteorol. Climatol. 42(11), 1626–1635 (2003).
	 97.	 Lobell, D. B. & Asner, G. P. Climate and management contributions to recent trends in US agricultural yields. Science 299(5609), 

1032–1032 (2003).
	 98.	 Wilson, J. H., Clowes, M. S. J. & Allison, J. C. S. Growth and yield of maize at different altitudes in Rhodesia. Ann. Appl. Biol. 

73(1), 77–84 (1973).
	 99.	 Mourtzinis, S., Ortiz, B. V. & Damianidis, D. Climate change and ENSO effects on Southeastern US climate patterns and maize 

yield. Sci. Rep. 6(1), 1–7 (2016).
	100.	 Sanchez, B., Rasmussen, A. & Porter, J. R. Temperatures and the growth and development of maize and rice: a review. Global 

Change Biol. 20(2), 408–417 (2014).
	101.	 Hoffman, A. L., Kemanian, A. R. & Forest, C. E. The response of maize, sorghum, and soybean yield to growing-phase climate 

revealed with machine learning. Environ. Res. Lett. 15(9), 094013 (2020).
	102.	 Butler, E. E. & Huybers, P. Adaptation of US maize to temperature variations. Nat. Clim. Change 3(1), 68–72 (2013).
	103.	 Commuri, P. D. & Jones, R. J. High temperatures during endosperm cell division in maize: A genotypic comparison under 

in vitro and field conditions. Crop Sci. 41(4), 1122–1130 (2001).
	104.	 Begcy, K. et al. Male sterility in maize after transient heat stress during the tetrad stage of pollen development. Plant Physiol. 

181(2), 683–700 (2019).
	105.	 Bheemanahalli, R., Vennam, R. R., Ramamoorthy, P. & Reddy, K. R. Effects of post-flowering heat and drought stresses on 

physiology, yield, and quality in maize (Zea mays L.). Plant Stress 6, 100106 (2022).
	106.	 Bheemanahalli, R. et al. Effects of drought and heat stresses during reproductive stage on pollen germination, yield, and leaf 

reflectance properties in maize (Zea mays L.). Plant Direct 6(8), e434 (2022).
	107.	 Alsajri, F. A. et al. Morpho-physiological, yield, and transgenerational seed germination responses of soybean to temperature. 

Front. Plant Sci. 13, 839270 (2022).
	108.	 Hatfield, J. L. & Prueger, J. H. Temperature extremes: Effect on plant growth and development. Weather Clim. Extremes 10, 4–10 

(2015).
	109.	 Stooksbury, D. E. & Michaels, P. J. Climate change and large-area Maize Yield in the Southeastern United States. Agron. J. 86(3), 

564–569 (1994).
	110.	 Chen, C. et al. Will higher minimum temperatures increase maize production in Northeast China? An analysis of historical data 

over 1965–2008. Agric. Forest Meteorol. 151(12), 1580–1588 (2011).
	111.	 Zhang, Q., Zhang, J., Guo, E., Yan, D. & Sun, Z. The impacts of long-term and year-to-year temperature change on corn yield in 

China. Theor. Appl. Climatol. 119(1), 77–82 (2015).
	112.	 Shu, T. (2021). Soybean Phenotypic Variation Under High Night Temperature Stress.
	113.	 Song, J. et al. The positive effects of increased light intensity on growth and photosynthetic performance of tomato seedlings in 

relation to night temperature level. Agronomy 12(2), 343 (2022).
	114.	 Magrin, G. O., Travasso, M. I. & Rodríguez, G. R. Changes in climate and crop production during the 20th century in Argentina. 

Clim. Change 72(1), 229–249 (2005).
	115.	 Tao, F., Yokozawa, M., Liu, J. & Zhang, Z. Climate–crop yield relationships at provincial scales in China and the impacts of recent 

climate trends. Clim. Res. 38(1), 83–94 (2008).
	116.	 Liu, Z., Yang, X., Hubbard, K. G. & Lin, X. Maize potential yields and yield gaps in the changing climate of northeast China. 

Global Change Biol. 18(11), 3441–3454 (2012).
	117.	 Ruane, A. C. et al. Multi-factor impact analysis of agricultural production in Bangladesh with climate change. Global Environ. 

Change 23(1), 338–350 (2013).
	118.	 Petersen, L. K. Impact of climate change on twenty-first century crop yields in the US. Climate 7(3), 40 (2019).
	119.	 Ding, R. & Shi, W. Contributions of climate change to cereal yields in Tibet, 1993–2017. J. Geograph. Sci. 32(1), 101–116 (2022).
	120.	 Zahoor, Z., Shahzad, K., & Mustafa, A. U. (2022). Do climate changes influence the agriculture productivity in Pakistan? Empiri-

cal Evidence from ARDL Technique. Forman J. Econ. Stud., 18(1).
	121.	 Bekuma Abdisa, T., Mamo Diga, G. & Regassa Tolessa, A. Impact of climate variability on rain-fed maize and sorghum yield 

among smallholder farmers. Cogent Food Agric. 8(1), 2057656 (2022).
	122.	 Cabas, J., Weersink, A. & Olale, E. Crop yield response to economic, site and climatic variables. Clim. Change 101(3), 599–616 

(2010).
	123.	 Gobin, A. Modelling climate impacts on crop yields in Belgium. Clim. Res. 44(1), 55–68 (2010).
	124.	 Guo, H. et al. Annual ecosystem respiration of maize was primarily driven by crop growth and soil water conditions. Agric. 

Ecosyst. Environ. 272, 254–265 (2019).
	125.	 Paul, M. J. & Foyer, C. H. Sink regulation of photosynthesis. J. Exp. Bot. 52(360), 1383–1400 (2001).
	126.	 Wan, S., Xia, J., Liu, W. & Niu, S. Photosynthetic overcompensation under nocturnal warming enhances grassland carbon 

sequestration. Ecology 90(10), 2700–2710 (2009).
	127.	 Badu-Apraku, Á., Hunter, R. B. & Tollenaar, M. Effect of temperature during grain filling on whole plant and grain yield in maize 

(Zea mays L.). Can. J. Plant Sci. 63(2), 357–363 (1983).
	128.	 Cairns, J. E. et al. Adapting maize production to climate change in sub-Saharan Africa. Food Secur. 5(3), 345–360 (2013).



15

Vol.:(0123456789)

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

www.nature.com/scientificreports/

	129.	 Kettler, B. A. et al. High night temperature during maize post-flowering increases night respiration and reduces photosynthesis, 
growth and kernel number. J. Agron. Crop Sci. 208(3), 335–347 (2022).

	130.	 Wang, Y. et al. Reduction in seed set upon exposure to high night temperature during flowering in maize. Physiologia Plantarum 
169(1), 73–82 (2020).

	131.	 Liu, M. et al. Dissecting heat tolerance and yield stability in maize from greenhouse and field experiments. J. Agron. Crop Sci. 
208(3), 348–361 (2022).

	132.	 Suwa, R. et al. High temperature effects on photosynthate partitioning and sugar metabolism during ear expansion in maize 
(Zea mays L.) genotypes. Plant Physiol. Biochem. 48(2–3), 124–130 (2010).

	133.	 Wilhelm, E. P., Mullen, R. E., Keeling, P. L. & Singletary, G. W. Heat stress during grain filling in maize: Effects on kernel growth 
and metabolism. Crop Sci. 39(6), 1733–1741 (1999).

	134.	 Reilly, J. M. (Ed.). Agriculture: The potential consequences of climate variability and change for the United States. Cambridge 
University Press (2002).

	135.	 Izaurralde, R. C., Rosenberg, N. J., Brown, R. A. & Thomson, A. M. Integrated assessment of Hadley Center (HadCM2) climate-
change impacts on agricultural productivity and irrigation water supply in the conterminous United States: Part II. Regional 
agricultural production in 2030 and 2095. Agric. For. Meteorol. 117(1–2), 97–122 (2003).

	136.	 Reilly, J. et al. US agriculture and climate change: New results. Clim. Change 57(1), 43–67 (2003).
	137.	 Schlenker, W. & Roberts, M. J. Nonlinear temperature effects indicate severe damages to US crop yields under climate change. 

Proc. Natl. Acad. Sci. 106(37), 15594–15598 (2009).
	138.	 Lobell, D. B., Bänziger, M., Magorokosho, C. & Vivek, B. Nonlinear heat effects on African maize as evidenced by historical yield 

trials. Nat. Clim. Change 1(1), 42–45 (2011).
	139.	 Lobell, D. B. et al. The critical role of extreme heat for maize production in the United States. Nat. Clim. Change 3(5), 497–501 

(2013).
	140.	 Ahsan, F., Chandio, A. A. & Fang, W. Climate change impacts on cereal crops production in Pakistan: Evidence from cointegra-

tion analysis. Int. J. Clim. Change Strateg. Manag. 12(2), 257–269 (2020).
	141.	 Mahrous, W. Dynamic impacts of climate change on cereal yield in egypt: An ARDL model. J. Econ. Financ. Res. 5(1), 886–908 

(2018).
	142.	 Islam, A. et al. Modeling the impacts of climate change on irrigated maize production in the central great plains. Agric. Water 

Manag. 110, 94–108 (2012).
	143.	 Lobell, D. B. & Gourdji, S. M. The influence of climate change on global crop productivity. Plant Physiol. 160(4), 1686–1697 

(2012).
	144.	 Kimball, B. A. et al. Productivity and water use of wheat under free-air CO2 enrichment. Global Change Biol. 1, 429–442 (1995).
	145.	 Tubiello, F. N. & Ewert, F. Simulating the effects of elevated CO2 on crops: Approaches and applications for climate change. Eur. 

J. Agron. 18, 57–74 (2002).
	146.	 Ziska, L. H. Rising atmospheric carbon dioxide and plant biology: the overlooked paradigm. DNA Cell Biol. 27(4), 165–172 

(2008).
	147.	 DaMatta, F. M., Grandis, A., Arenque, B. C. & Buckeridge, M. S. Impacts of climate changes on crop physiology and food quality. 

Food Res. Int. 43(7), 1814–1823 (2010).
	148.	 Hatfield, J. L. & Dold, C. Water-use efficiency: Advances and challenges in a changing climate. Front. Plant Sci. 10, 103 (2019).
	149.	 Urban, D. W., Sheffield, J. & Lobell, D. B. The impacts of future climate and carbon dioxide changes on the average and variability 

of US maize yields under two emission scenarios. Environ. Res. Lett. 10(4), 045003 (2015).
	150.	 Leakey, A. D. et al. Elevated CO2 effects on plant carbon, nitrogen, and water relations: Six important lessons from FACE. J. 

Exp. Bot. 60(10), 2859–2876 (2009).
	151.	 Von Caemmerer, S. & Furbank, R. T. The C 4 pathway: An efficient CO2 pump. Photosynth. Res. 77, 191–207 (2003).
	152.	 Bowes, G. Photosynthetic responses to changing atmospheric carbon dioxide concentration. Photosynth. Environ., 387–407 

(1996).
	153.	 Wedin, D. A. C4 grasses: Resource use, ecology, and global change. Warm‐season (C4) Grasses, 45, 15–50 (2004).
	154.	 Kimball, B. A. Carbon dioxide and agricultural yield: An assemblage and analysis of 430 prior observations 1. Agron. J. 75(5), 

779–788 (1983).
	155.	 Ejemeyovwi, J., Obindah, G. & Doyah, T. Carbon dioxide emissions and crop production: Finding a sustainable balance. Int. J. 

Energy Econ. Policy 8(4), 303 (2018).
	156.	 Ahmed, M., & Ahmad, S. Carbon dioxide enrichment and crop productivity. Agronomic Crops: Volume 2: Management Prac-

tices, 31–46 (2019).
	157.	 Rehman, A., Ma, H. & Ozturk, I. Decoupling the climatic and carbon dioxide emission influence to maize crop production in 

Pakistan. Air Qual., Atmos. Health 13, 695–707 (2020).
	158.	 Seneweera, S. P., Ghannoum, O. & Conroy, J. High vapour pressure deficit and low soil water availability enhance shoot growth 

responses of a C4 grass (Panicum coloratum cv. Bambatsi) to CO2 enrichment. Funct. Plant Biol. 25(3), 287–292 (1998).
	159.	 Ghannoum, O. & Conroy, J. P. Nitrogen deficiency precludes a growth response to CO2 enrichment in C3 and C4 Panicum 

grasses. Funct. Plant Biol. 25(5), 627–636 (1998).
	160.	 Ghannoum, O., Caemmerer, S. V., Ziska, L. H. & Conroy, J. P. The growth response of C4 plants to rising atmospheric CO2 

partial pressure: A reassessment. Plant, Cell Environ. 23(9), 931–942 (2000).
	161.	 Ziska, L. H., & Bunce, J. A. Plant responses to rising atmospheric carbon dioxide. Plant Growth Clim. Change, 17–47 (2006).
	162.	 Rosenzweig, C., Tubiello, F. N., Goldberg, R., Mills, E. & Bloomfield, J. Increased crop damage in the US from excess precipita-

tion under climate change. Global Environ. Change 12(3), 197–202 (2002).
	163.	 Chen, C., Baethgen, W. E. & Robertson, A. Contributions of individual variation in temperature, solar radiation and precipita-

tion to crop yield in the North China Plain, 1961–2003. Clim. Change 116(3), 767–788 (2013).
	164.	 MPR. (http://​coolw​eather.​net/​state​rainf​all/​missi​ssippi.​htm) (2022).
	165.	 Li, Y., Guan, K., Schnitkey, G. D., DeLucia, E. & Peng, B. Excessive rainfall leads to maize yield loss of a comparable magnitude 

to extreme drought in the United States. Global Change Biol. 25(7), 2325–2337 (2019).
	166.	 Wenkert, W., Fausey, N. R. & Watters, H. D. Flooding responses in Zea mays L. Plant Soil 62(3), 351–366 (1981).
	167.	 Parent, C., Capelli, N., Berger, A., Crèvecoeur, M. & Dat, J. F. An overview of plant responses to soil waterlogging. Plant Stress 

2(1), 20–27 (2008).
	168.	 Jabloun, M., Schelde, K., Tao, F. & Olesen, J. E. Effect of temperature and precipitation on nitrate leaching from organic cereal 

cropping systems in Denmark. Eur. J. Agron. 62, 55–64 (2015).
	169.	 Evans, R. O. & Fausey, N. R. Effects of inadequate drainage on crop growth and yield. In Agricultural drainage Vol. Monograph 

(eds Skaggs, R. W. & van Schilfgaarde, J.) 13–54 (The American Society of Agronomy and Academic Press, 1999).
	170.	 Ashraf, M. Interactive effects of nitrate and long-term waterlogging on growth, water relations, and gaseous exchange properties 

of maize (Zea mays L.). Plant Sci. 144(1), 35–43 (1999).
	171.	 Kozdrój, J. & van Elsas, J. D. Response of the bacterial community to root exudates in soil polluted with heavy metals assessed 

by molecular and cultural approaches. Soil Biol. Biochem. 32(10), 1405–1417 (2000).
	172.	 FEMA. Federal Emergency Management Agency. https://​www.​fema.​gov/​emerg​ency-​manag​ers/​risk-​manag​ement/​risk-​capab​

ility-​asses​sment (2021).

http://coolweather.net/staterainfall/mississippi.htm
https://www.fema.gov/emergency-managers/risk-management/risk-capability-assessment
https://www.fema.gov/emergency-managers/risk-management/risk-capability-assessment


16

Vol:.(1234567890)

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

www.nature.com/scientificreports/

	173.	 Herbold, J. New approaches to agricultural insurance in developing economies. In: D. Köhn (ed.), Finance for food: Towards new 
agricultural and rural finance, pp. 199–217. https://​doi.​org/​10.​1007/​978-3-​642-​54034-9_9 (2014).

	174.	 RHIS. Rain and Hail Insurance Service, Inc. historic database, http://​www.​rainh​ail.​com 2023.
	175.	 Lauer, J. Integrated pest and crop management. News and resources for Wisconsin agriculture from the university of Wisconsin-

Madison https://​ipcm.​wisc.​edu/​blog/​2016/​08/​what-​is-​happe​ning-​in-​the-​corn-​plant-​during-​the-​month-​of-​august/ (2016).
	176.	 Muhammad, S., Alkali, M., Abdullahi, U. & Haruna, S. Exploring the effect of climate variability on the outputs of some selected 

crop in Gombe, Nigeria: A bound test approach. Int. J. Intellect. Discourse 5(2), 141–157 (2022).

Acknowledgements
Authors acknowledge Dr. Yen-Heng Lin at Mississippi State University’s Northern Gulf Institute for helping with 
the relative humidity data collection.

Author contributions
R.S.: Conceptualization; Data curation; Visualization; Writing – original draft, J.D.: Conceptualization; Funding 
acquisition; Supervision; Project administration; Writing – review & editing, P.K.: Formal analysis; Methodology; 
Writing – review & editing, RB: Writing – review & editing, X.L.: Writing – review & editing, M.C.: Writing – 
review & editing, and K.R.: Writing – review & editing.

Funding
This publication is a contribution of the Mississippi Agricultural and Forestry Experiment Station.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to J.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1007/978-3-642-54034
http://www.rainhail.com
https://ipcm.wisc.edu/blog/2016/08/what-is-happening-in-the-corn-plant-during-the-month-of-august/
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/


   

ROTARY CLUB JAIPUR BAPU NAGAR 
Club ID 73485                               R.I. District 3054                          Charter Date 21-06-2006  

(Rotary Theme 2022-23) 

Rotary International President 
Rtn Jennifer Jones 

 
District Governor 
Rtn Dr Balwant Singh Chirana 

President   
PHF Rtn Radhey Shyam Gupta 
D-13, Indra Puri Colony, Lal Kothi, 
Jaipur, Rajasthan 302015 (India) 
Mobile: +91-9414779184 
eMail: rsgupta9414@gmail.com 

Secretary  
PHF Rtn Meeta Mathur 
G-2, Janpath, Shyam Nagar,  
Jaipur Rajasthan 302019 (India) 
Mobile: +91-9982659532 
eMail: alokmeeta@yahoo.com 

Treasurer 
Rtn Brajesh Kumar Gupta 

D-28, Indra Puri Colony, Lal Kothi, 
Jaipur, Rajasthan 302015 (India) 
Mobile: +91-9829072271 
eMail: brajeshkgupta24@gmail.com 

 
Club Patron 
Maj Donor Rtn Dr Sudhir Kumar Calla 

 
President Elect (2024-25) 
PHF Rtn CFP Shalini 

 
Immediate Past President 
MPHF Rtn Er Narendra Mal Mathur 

 
Vice Presidents 
 

MPHF Rtn Adv Ashok Goyal 
 

PHF Rtn Desh Deepak Goyal 

 
Jt. Secretary 
Rtn Er Nand Kishore Maheshwari 

 
Director – Club Administration 
PHF Rtn Rajendra Tiwari 

 
Director – Service Projects 
Rtn Er Sudesh Roop Rai 

 
Director – Environment Service 
Rtn Shyam Sunder Gupta 

 
Director – Foundation 
MPHF Rtn Vipan Bahl 

 
Director – Literacy & T.E.A.C.H. 
PHF Rtn Dr Arun Kumar Arya 

 
Director – Membership 
PHF Rtn Jwala Prasad Sharma 

 
Director – Public Image & Fellowship 
PHF Rtn Chander Mohan Mahajan 

 
Director – Publications 
PHF Rtn Basant Jain 

 
Director – Youth Service 
Rtn Prof Anil Dutt Vyas 

 
Executive Secretary - I.T. 
PHF Rtn Prof Raj Kishor Pareek 

 
Club Trainer 
MPHF Rtn Ravi Shanker Sharma 

 
Sergeant at Arms 
PHF Rtn Er Satish Goyal 
 

 

 
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 
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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’ 
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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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