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MESSAGE

This is my honor and privilege to deliver this message on behalf of Agriculture and Forestry

University for this important event of the International Conference on "Global Efforls on Agriculturc.

Forestry, Environment and Food Security (Theme: Climate Change and lts Impact) (GAFEF-2022) to hc'

held during 17"'- 19'r'September2022. With most appreciation Iam thankful to all organizers, namel-1.

Agricultural & E,nvironmental Technology Development Society (AETDS), U.S. Nagar, UttarakhanJ.

lndial Institute of Forestry, Tribhuvan University, Pokhara Campus, Pokhara, Nepal; Faculty ol'

Agriculture, Agriculture and Forestry University, Rampur, Chitwan, Nepal; Forest Research Centre lbr

Eco-rehabilitation, Prayagraj (U.P.), India; Gandaki University, Pokhara, Nepal; and in association

rvith Institute of Root Biology, Yanglze University, China and Soil, Water & E,nvironment Research

Institute, Giza, Egypt at Institute of Forestry, Tribhuvan University, Pokhara Campus Pokhara, Nepal.

The main challenge faced by the world community today is the global warming and associatcd

climate change effects. The most damaging impacts of climate change for all south Asian countries are

mostly related to water resources and agriculture. The agricultural sector is the major source of

employment for all south Asian countries and we have to carefully plan as well act for the climate

resilient agricultre. Loss of both agricultural land and production will adversely affect the livelihoods of

agricultural cotnmunities.

The Eafih, the one and only liveable habitat for humans, other animals, and plants, facirrg

problems due to climate change effects and global pandemic COVID-19. In this respect, oLrr

responsibility is to develop coping strategies on mitigation and adaptation. Limited agricultural resourccs

and continuous population increase in the south Asian countries ultimately lead to an ecological

imbalance thus aggravating the food security issues in coming decades. In addition, under the prescnt

pandemic-led circumstance under changing climatic conditions, farmers and their farming have beconl.'

more challenging and vulnerable to ensure food and nutritional security. Thus, there is a great need tilr

institLrtional efforts and people's participation to address issues related to food security, ecological safe[,

sustainable development, and conservation of natural resourcesl. The linkages between science atld

society is essential. I am sure during the three days deliberations scientists from south Asia will be able to

come up with solid recommendations and frame future strategies to improve aagricultural productivity

and sustainability in Asia. I wish the grand success of this conference.

Prof. Punya Prasad Regmi, Ph.D.

Vice Chancellor
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August 29, 2022 

MESSAGE 

I am pleased to know that 4th International Conference on �ZGlobal Agriculture, Forestry, Environment and 
Food Security (GAFEF-2022)�[ is going to be held at the one of the word�[s touristic and beauti ful city of 
Pokhara, Nepal in September 2022.  

Organizing scientific events-conference, workshop, scientific meetings and similar activities always supports 
scientific communities to move forward in the direction of research, innovation and serving to the 
humankind in the short as well as long run. I am sure, this international scientific event will  have tremendous 
importance to the all sectors of people-locally, regionally as well as globally. 

One of the important parts of scientific event is producing conference souvenir book. Under this context, I 
am much delighted to know the publication of Abstract cum Souvenir Book (Conference Proceeding) 
of the 4th International Conference on the theme stated above that all the participants will  be much 
benefitted with this collection. In this sense, hard work of organizing committee, workshop secretary and all 
other concerned stakeholders has been truly reflected in this Proceeding, and I would like to congratulate 
all team members for this achievement. 

I wish all the best and for a grand success of the conference. 

 
 
Prof. Naba Raj Devkota, PhD 
Vice-Chancellor, Gandaki University, Gandaki Province, Nepal 
Email: vc@gandakiuniversity.edu.np/ nabadevkota.gandaki@gmail.com 
Mobile: +977-9851194684 
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MESSAGE 

It gives me immense pleasure to know that the 4th �,�Q�W�H�U�Q�D�W�L�R�Q�D�O���&�R�Q�I�H�U�H�Q�F�H���R�Q���³�*�O�R�E�D�O���(�I�I�R�U�W�V��
on Agriculture, Forestry, Environment and Food Security (Theme: Climate Change and Its 
Impact) (GAFEF-�����������´���E�H�L�Q�J���M�R�L�Q�W�O�\���R�U�J�D�Q�L�]�H�G���E�\���$�J�U�L�F�X�O�W�X�U�D�O���	���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���7�H�F�K�Q�R�O�R�J�\��
Development Society (AETDS), U.S. Nagar, Uttarakhand, India, Institute of Forestry, 
Tribhuvan University, Pokhara Campus Pokhara, Nepal at Institute of Forestry, Tribhuvan 
University, Pokhara Campus Pokhara, Nepal on September 17-19, 2022, along with other 
reputed organizations around the w�R�U�O�G�����7�K�H���W�K�H�P�H���I�R�U���W�K�L�V���\�H�D�U���F�R�Q�I�H�U�H�Q�F�H���³�&�O�L�P�D�W�H���&�K�D�Q�J�H��
�D�Q�G���,�W�V���,�P�S�D�F�W�´���L�V���R�I���J�O�R�E�D�O���S�U�L�R�U�L�W�\���W�R�G�D�\�� 

�7�K�H�U�H���L�V���D���J�U�H�D�W���Q�H�H�G���I�R�U���L�Q�V�W�L�W�X�W�L�R�Q�D�O���H�I�I�R�U�W�V���D�Q�G���S�H�R�S�O�H�V�¶���S�D�U�W�L�F�L�S�D�W�L�R�Q���W�R���D�G�G�U�H�V�V���L�V�V�X�H�V���U�H�O�D�W�H�G��
to food security, environmental safety, sustainable development and preserving natural 
resources in general. To do so, the linkages between agricultural and applied sciences are 
essential. Collective efforts should be made by relevant institutions through ensuring 
participations of people from all walks. I am sure that this International Conference will focus 
on the various scientific tracks covering major areas of research on agriculture, biological and 
applied sciences and would become a platform for bringing together administrators, business 
bodies, policy makers and the members of global scientific community including scientists, 
researchers and distinguished professors to find out the key problems, challenges and pragmatic 
solutions which will help in in-depth understanding of the global food security and 
environmental safety issues in a long-lasting way. 

There is a need to reach out further and communicate globally to increase multi-sectoral policy 
prioritization, interdisciplinary engagement, and public�±private investment on the emerging 
issues. I do believe that the outcomes of this International Conference will help policy makers 
to formulate plans and take immediate actions appropriate for ensuring food and nutrition 
security and agricultural sustainability in the deprived regions of the world. I would like to 
appreciate the organizing institutes of this conference and thank the people whose dedicated 
efforts and creative plans will make the conference successful.  

Finally, I wish a grand success of 4th �,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �&�R�Q�I�H�U�H�Q�F�H�� �R�Q�� �³�*�O�R�E�D�O�� �(�I�I�R�U�W�V�� �R�Q��
Agriculture, Forestry, Environment and Food Security (Theme: Climate Change and Its 
Impact) (GAFEF-�����������´�� 
 
 
 
 

Dr. Anjani Kumar  
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From the Desk of the President AETDS, India 

On behalf of the Organizing Committee, I welcome all members to the 4th International 
�&�R�Q�I�H�U�H�Q�F�H�� �R�Q�� �´�*�O�R�E�D�O�� �(�I�I�R�U�W�V�� �R�Q�� �$�J�U�L�F�X�O�W�X�U�H���� �)�R�U�H�V�W�U�\���� �(�Q�Y�L�U�R�Q�P�H�Q�W�� �D�Q�G�� �)�R�R�G�� �6�H�F�X�U�L�W�\�� ���*�$�)�(�)-
�����������µ���� 

I am pleased to send greetings as President of AETDS and Chairperson of the International 
Conference which is going to be organized jointly by Agricultural & Environmental Technology 
Development Society (AETDS), U.S. Nagar, Uttarakhand, India; Institute of Forestry, Tribhuvan 
University, Pokhara Campus Pokhara, Nepal; Faculty of Agriculture, Agriculture and Forestry University, 
Rampur, Chitwan, Nepal; Forest Research Centre for Eco-rehabilitation, Prayagraj (U.P.), India; 
Gandaki University, Kaski, Pokhara, Nepal and in association with Institute of Root Biology, Yangtze 
University, China and Soil, Water and Environment Research Institute, Giza, Egypt at Institute of 
Forestry, Tribhuvan University, Pokhara Campus Pokhara, Nepal from September 17th-19th, 2022.  

As the ecological relationship between environment, land, food, forestry and agriculture are 
highly diversified and complex, the interactive discussions by the international scientific community on 
the issues such as food security, environmental safety, conservation of natural resources and forestry are 
the need of the day for the sustainable global growth as well as solution for global warming due to climatic 
change. Thus, the interactive sessions among the global scientists would definitely come to the conclusion 
to formulate some useful recommendations for the upliftment and growth of end users worldwide.  

�:�H�·�U�H���O�R�R�N�L�Q�J���I�R�U�Z�D�U�G��to an excellent meeting with renowned scientists, academicians, research 
scholars and youth from different countries around the world and sharing new and exciting results during 
the conference.  

 
(Prof. C. P. Singh)          
Conference Chairperson  
President, AETDS, Society, U.S. Nagar, Uttarakhand, India  
Former Prof. GBPUAT, Pantnagar, India                              
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Institute of Forestry is happy to be a part of an initiative in organizing 4th International 
�&�R�Q�I�H�U�H�Q�F�H���R�Q���³�*�O�R�E�D�O���$�J�U�L�F�X�O�W�X�U�H����Forestry, Environment and Food Security (GAFEF-����������� ́
together with Agricultural & Environmental Technology Development Society, Uttarakhand, 
India and other esteemed Universities and partners to deliberate recent advances made by the 
researchers and in shedding light on the future research needs in the thematic areas of Climate 
Change and Its Impact�����$�V���Z�H���N�Q�R�Z���W�K�D�W���L�Q���U�H�F�H�Q�W���G�H�F�D�G�H�V�¶���J�O�R�E�D�O���F�R�P�P�X�Q�L�W�\���S�D�U�W�L�F�X�O�D�U�O�\��
people residing in South Asia Regions are facing enormous problems caused due to over 
consumptions of the resources, population pressure, climate change, environmental degradation, 
and other social, political & economic inequalities. Among others, climate change has become 
the most profound threat to the security and well-being of human life and property. The shortage 
of food, fuel and the increasingly intense and more frequent occurrences of droughts, floods, 
earthquakes and hurricanes provide a grim picture of the impact of climate change. The common 
agenda for us now is to limit the impact of climate change and to cope effectively to its resultant 
impacts. Every country needs to be aware of the devastating impact of climate change and should 
be prepared to manage the situation in a systematic manner. I believe that the conference 
participants will bring forth innovative ideas to enlighten us and our collaborative efforts will 
help not only to generate the evidence based scientific knowledge but also contribute in finding 
solutions of the major problems caused due to climate change in the region.  
 
�)�L�Q�D�O�O�\�����,���Z�R�X�O�G���O�L�N�H���W�R���Z�L�V�K���D���J�U�D�Q�G���V�X�F�F�H�V�V���R�I���W�K�H���W�K�U�H�H���G�D�\�V�¶���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���F�R�Q�I�H�U�H�Q�F�H�����,���D�O�V�R��
would like to thank the distinguished guests and participants for sparing their valuable time for 
this conference and wish all your pleasant and fruitful stay at Pokhara.  
 
Thank you ! 
 

 

  
�«�«�«�«�«�«�«�«�«�«�«�«�«�«�« .. 
Prof. Bir Bahadur Khanal Chhetri, PhD 
                  Dean  



 

 

          

MESSAGE 

I am glad to know that the Agricultural and Environmental Technology Development 
Society and Institute of Forestry, Tribhuvan University, Pokhara, Nepal, is organizing a 
4th International Conference on �³�*�O�R�E�D�O�� �(�I�I�R�U�W�V�� �R�Q�� �$�J�U�L�F�X�O�W�X�U�H���� �)�R�U�H�V�W�U�\���� �(�Q�Y�L�U�R�Q�P�H�Q�W��
and Food Security (GAFEF-2022) from September 17-19, 2022. 

Our planet is blessed with abundant natural resources, however, the growing 
population and unabated and careless misuse of these resources is posing a serious threat to 
their sustainability. It is high time for us to take necessary measures for the preservation and 
protection of these natural resources which otherwise may risk the existence of our future 
generations. 

This event provides a common platform and witnesses with the participation of 
scientists working in different fields of Agriculture, Forestry, Environment, and Food 
Security. I strongly believe that the conference will result in concrete output in support of its 
topics. The conference will also provide a platform for brighter minds to get together and 
ponder on many global issues and suggest innovative actions to meet the challenges. 

It is indeed a laudable endeavor on the part of AETDS, to organize the conference on 
such a large scale and provide a gathering of more than 1000 participants all around the 
globe. 

I hope all the participants will enjoy this academic fest. 

I wish the conference a grand success.  

 

(R. A. Marathe) 
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Message 
 
With great immense, I am pleased and honored to extend to you a warm invitation to attend 4th 
International Conference on “Global Efforts on Agriculture, Forestry, Environment and Food 
Security (GAFEF-2022)”  to be held on 17-19 September 2022 at Tribhuvan University, Institute 
of Forestry, Pokhara Campus, Pokhara, Nepal. 
 
I am sure that this conference will provide a forum to national and international researchers, 
academicians, students, and development workers to interact and involve in research and innovation 
to widen the horizons of their knowledge and work experience in the field of Agriculture, Forestry, 
Environment and Food Security with focus on climate change and its impacts. 
 
I hope the conference will strive to offer plenty of networking opportunities, providing you with the 
opportunity to meet and interact with the leading scientists and researchers, friends and colleagues.  
I also expect you to take a little extra time to enjoy the spectacular and unique beauty of spectacular 
Pokhara city. 
 
I sincerely appreciate the humble and joint efforts of the organizing partners in providing a platform 
for students, academicians, researchers and development workers to share their ideas and research 
outcome through the forum of this conference. I give my best wishes to all delegates and organizing 
committee to make this event a grand success. 

 

 
 

. 
Prof. Binod Prasad Heyojoo 
Campus Chief  
 



 

 

 

Arjun Prasad Bastola, PhD  
Associate Professor  

Tribhuvan University, Institute of Forestry  
Pokhara Campus  Pokhara - 33700, Nepal  

Conference Director (GAFEF -2022)  
Email: arjun.bastola@pc.tu.edu.np , Cell: +977 9845025781  

 
Message from Conference Director  

It gives me immense pleasure to be Conference Director and welcome you to the fourth 
International Conference �³Global Efforts on Agriculture Forestry, Environment and Food 
Security (GAFEF; 2022)�  ́ from 17th to 19th September; 2022 at the Institute of Forestry 
Tribhuvan University, Pokhara Campus, Pokhara, Nepal. The event is jointly organised by 
Agricultural & Environmental Technology Development Society (AETDS) US Nagar, 
Uttarakhand, India; Institute of Forestry, Tribhuvan University, Nepal; Faculty of Agriculture 
(FOA), Agriculture and Forestry University, Chitwan, Nepal; Forest Research Centre of Eco-
rehabilitation, Payagraj, Uttar Pradesh, India; Gandaki University (GU), Pokhara, Nepal; in 
association with, Institute of Root Biology, Yangtze University, China; Soil, Water and 
Environmental Research Institute (SWERI), Agriculture Research Center (ARC), Giza, Egypt. 

The COVID-19 pandemic is still on-going. During the last couple of years, the world has 
experienced and realized how whimsical the nature could be at times and how badly the 
consequences could affect the entire mankind for food, treatment and shelters. As we know this 
world is still the one and only liveable habitat for human, other animals and plants which is 
facing tremendous environmental pressures in recent years due to regular advent of natural 
disasters. Limited agricultural resources and continuous population increase in developing 
countries ultimately leading to an environmental imbalance thus aggravating the food security 
issues in coming decades. In addition, under the present pandemic circumstance, farmers and 
their farming have become more challenging and vulnerable to ensure food and nutritional 
se�F�X�U�L�W�\���� �+�R�Z�H�Y�H�U���� �W�R�� �F�R�P�S�O�\�� �Z�L�W�K�� �W�K�H�� �6�'�*�V�¶���������� �Z�H�� �Q�H�H�G�� �W�R�� �Q�X�U�W�X�U�H�� �R�X�U�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O��
resources in a sustainable way giving emphasis on sourcing renewable energies. 

As a Director of the Organizing Committee, I am grateful to the researchers and academicians of 
national and international level and others who have offered their collaboration by submitting 
constructive papers and abstracts for this conference. Finally, I wish the conference an eminent 
accomplishment in achieving its goal towards food security, environmental safety and 
sustainable development thus enlightening global innovative in agricultural, forestry and applied 
sciences. 

  



 

Dr. Sanjay -Swami , Professor (S SAC) 
& Organizing Convener : GAFEF-2022 
School of Natural Resource Management, 
College of Post Graduate Studies in 
Agricultural Sciences (CPGS-AS) 
(Central Agricultural University) 
Umiam -793 103 Meghalaya , India  
E-Mail: sanjayswamionline@gmail.com  

   Cell: + 91 -9419157291 
  

 

 

MESSAGE 

 It is indeed a matter of great pride for me in organizing the 4th International Conference �³Global 
Efforts on Agriculture, Forestry, Environment and Food Security� ́ (GAFEF-2022) organized by the 
Agricultural & Environmental Technology Development Society (AETDS), U.S. Nagar, UK, India in 
association with many other reputed organizations at Institute of Forestry, Tribhuvan University, Pokhra 
Campus, Pokhra, Nepal from 17th to 19th September 2022 to address the global issues of climate change 
and its impacts. 

As you are aware, climate change has already caused significant impacts on agriculture, natural 
resources, food security and human health throughout the world. With nearly 690 million people facing 
hunger, agri-food systems emitting one third of global anthropogenic GHG emissions and a growing public 
demand for climate action, it is pressing to achieve food security while adapting to - and mitigating - climate 
change.  

The studies on climate change impacts and adaptation strategies are increasingly becoming major 
areas of scientific concern and the results of the published research on climate change reveal a regional 
specificity that is difficult to be extrapolated on a global scale to predict the response of climate change 
across ecosystems. The challenges and problems are complex, trans-boundary and difficult to be resolved 
by a single country, a single discipline, or single institution. There is a need to reach out further and 
communicate globally to increase multi-sectoral policy prioritization, interdisciplinary engagement, and 
public�±private investment on the emerging issues.  

I am confident that this International Conference will provide a right platform to the learned 
researchers from various backgrounds to deliberate on the risks associated with climate change, and will 
come-up with some concrete recommendations to face the challenges ahead. 

I wish the International Conference a grand success. 
  

 

Dated: 17-09-2022                   (Sanjay Swami) 

 

 

 



        

    

 

 

Prof. Dr. Qiang-Sheng Wu 
Institute of Root Biology, Yangtze University 
College of Horticulture and Gardening, Yangtze University, Jingzhou, 
Hubei 434025, China. E-mail:  wuqiangsh@163.com 
Personal Web Links: orcid.org/0000-0002-3405-8409; 
https://www.researchgate.net/profile/Qiang_Sheng_Wu 
 

          

 

 

 

 

 

MESSAGE 

It gives me great pleasure to congratulate it on the convening of the 4th International 
�&�R�Q�I�H�U�H�Q�F�H�� �R�Q�� �³�*�O�R�E�D�O�� �(�I�I�R�U�W�V�� �R�Q�� �$�J�U�L�F�X�O�W�X�U�H���� �)�R�U�H�V�W�U�\���� �(�Q�Y�L�U�R�Q�P�H�Q�W�� �D�Q�G�� �)�R�R�G��
Security (GAFEF-2022) organized by Agricultural and Environmental Technology 
Development Society and Institute of Forestry, Tribhuvan University, Pokhara, Nepal, on 
September 17-19, 2022. 

As we all know, agriculture, forestry, environment and food are important resources 
for the survival of life on Earth, including human beings. Excessive exploitation and 
utilization, without attention to safety and sustainable development, will lead to the 
deterioration of the global climate, the destruction of the human living environment, and 
irreversible damage to various ecosystems. This will threaten our resources for the survival of 
future generations. 

The upcoming convening of GAFEF-2022 provides a platform for scholars to 
communicate with each other, so that relevant opinions can be fully expressed in the 
conference. The results of such a meeting will also provide a lot of reference for relevant 
governments to make policy. 

I believe this meeting will be held in two organizing committees (Agricultural and 
Environmental Technology Development Society and Institute of Forestry, Tribhuvan 
University), which arranged and organized the successful convening of the conference. 

I also congratulate the conference on achieving its intended purpose and great 
success. 

 

 



Agricultural & Environmental Technology Development 
Society  (Regd.) AETDS, U.S. Nagar, UK, India 

(Registration No. UK06708052019001367, Under the Registration Act No. 21, 1860) 
www.agetds.com, Email: humanazscientist@gmail.com Mob: +91 95576 97271 

 
Ref: AETDS/SO/410                                                                                                                      Date: 01.09.2022 

 

Message from Managing Chairman�¶�V���'�H�V�N 

The members of the organizing committee and I are very proud to present the 4th International 
�&�R�Q�I�H�U�H�Q�F�H���R�Q���³�*�O�R�E�D�O���(�I�I�R�U�W�V���R�Q���$�J�U�L�F�X�O�W�X�U�H�����)�R�U�H�V�W�U�\�� Environment and Food Security (GAFEF-
2022)� ,́ welcoming all participants to Pokhra, Nepal from 17th to 19th of September 2022.    

It gives me immense pleasure to welcome you all as a Managing Chairman of the International 
Conference that is being jointly organized by Agricultural & Environmental Technology 
Development Society (AETDS), U.S. Nagar, Uttarakhand, India, Institute of Forestry, Tribhuvan 
University, Pokhara Campus Pokhara, Nepal, Faculty of Agriculture, Agriculture and Forestry 
University, Rampur, Chitwan, Nepal, Forest Research Centre for Eco-rehabilitation, Prayagraj 
(U.P.), India, Gandaki University, Kaski, Pokhara, Nepal & in association with Institute of Root 
Biology, Yangtze University, China and Soil, Water & Environment Research Institute. Giza, 
Egypt at Institute of Forestry, Tribhuvan University, Pokhara Campus Pokhara, Nepal. The 
conference aimed at expanding the program by including all aspects related to protected agriculture, 
forest, food, and greenhouse farming developing and integrating components for production and 
protection as a multidisciplinary approach for essential sustainable management. The various 
subthemes of the conference will offer many opportunities to delegate to learn new things and apply 
the same in their respective workplace. It will also be a platform to strengthen the friendship and 
collaboration among scientists, academia, and institutes. The diversity of specializations and 
related themes will enable us to achieve our targeted mandate and vision. Authors and attendees, 
from different continents including unique Key Note speakers, will show us their recent 
developments in varied fields in the world of agriculture, environment and food. The hard work 
and dedication of all the members of the organizing, scientific, technical, and financial committees 
during the preparation for this conference is highly appreciated. Without them, the event would not 
have been possible.  

My personal respect goes out to all of you.  
I look forward to welcoming all of you at GAFEF-2022. 
 

 

(Dr. Huma Naz) 

Managing Chairman (AETDS) 



 

Er. Jeetendra Kumar ,  
Organizing Co-Convener : GAFEF-2022 
Krishi  Vigyan Kendra, Jehanabad 
(Bihar  Agricultural University, Sabour) 
Bihar-804432, India 
E-Mail: jeetkjeet2004@gmail.com 
Cell: + 91-9472362336 
 

 
 
 

MESSAGE 

 It is matter of immense pleasure in organizing the 4th International Conference on �³Global Efforts on 
Agriculture, Forestry, Environment and Food Security� ́ (GAFEF-2022) organized by Agricultural & 
Environmental Technology Development Society (AETDS), U.S. Nagar, UK, India in association with many 
national and international organizations of repute at Institute of Forestry, Tribhuvan University, Pokhra 
Campus, Pokhra, Nepal from 17th to 19th September 2022 to address the global issues of climate change 
and its impacts. 

Climate change refers to long-term change in temperatures and other weather parameters that may 
be natural or human made. It affects quantity as well as frequency of rainfall and also causes heat/cold wave 
that directly affects agricultural production. As climate change has great impacts on farming as well as natural 
resources, it affects food security and human health. Major population of not only Asian continent but the 
whole world is facing tragedy of global warming. GHG emissions and other concerns of climate change 
impacts have to be minimizing though development and implementation of suitable agricultural interventions 
to achieve food security.  

Adaptation to climate change requires both short and long term strategies. In short term, one must 
use the experience and knowledge base to design and implement crop contingency plans according to 
changing weather conditions whereas in long term, strategic research are required to be developed and 
implemented for drought/flood situations. Heat tolerant crop varieties, livestock breeds as well as 
technologies for natural resources conservation are also need to be focused to sustain heat stress. Land and 
water management practices contribute to both adaptation and mitigation. Recourse management based 
strategies may include soil and water conservation, efficient use of irrigation water, use of renewable energy 
in farm operations and agro forestry system for carbon sequestration. Risk management through weather 
insurance also plays an important role in climate change adaptation for agriculture, forestry, environment and 
livestock. There is need of multidisciplinary research to resolve this problem and studies on climate change 
impacts and adaptation for any region should be shared among the researchers on a global scale to minimize 
the ill effects of climate change.  

I am confident that the conference will provide right forum to national and international researchers, 
academicians, students, entrepreneurs and farming community to interact and involve in recent research 
work and innovations to spread their knowledge and work experience in the field of Agriculture, Forestry, 
Environment and Food Security with special emphasis on climate change and its impacts. Outcomes of the 
conference will be fruitful to cope up with climate change challenges. 

I wish a grand success of the International Conference. 

                                                                                                           

Dated: 17-09-2022              (Jeetendra Kumar) 
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From the Desk of the Chief Organising Secretary 

�,�W�¶�V���L�Q�G�H�H�G���D���P�D�W�W�H�U���R�I���J�U�H�D�W���S�U�L�G�H���D�Q�G���S�U�L�Y�L�O�H�J�H���W�R���E�H��chief organising secretary and welcome you to 
the fourth International Conference �³Global Efforts on Agriculture Forestry, Environment and 
Food Security (GAFEF; 2022)�  ́from 17th to 19th September; 2022. The venue is the Institute of 
Forestry Tribhuvan University, Pokhara Campus, Pokhara, Nepal. The event is jointly organised by 
Agricultur al & Environmental Technology Development Society (AETDS) US Nagar, 
Uttarakhand, India ; Institute of Forestry, Tribhuvan University, Nepal; Faculty of Agriculture (FOA), 
Agriculture and Forestry University, Chitwan, Nepal; Forest Research Centre of Eco-rehabilitation, 
Payagraj, Uttar Pradesh, India; Gandaki University (GU), Pokhara, Nepal; in association with, Institute 
of Root Biology, Yangtze University, China; Soil, Water and Environmental Research Institute 
(SWERI), Agriculture Research Center (ARC), Giza, Egypt. 

The world faces significant challenges such as; climate change, agricultural distress, habitat and 
biodiversity loss, the Covid-19 pandemic, health, agrarian distress, deforestation, food security and 
water scarcity. However, there are more unsung challenges, such as changes in consumption patterns 
and the increasing need for agroforestry products, redefining food, nutrition and food security. 
Therefore, there is a need for interaction among experts from diverse domains worldwide to address 
these challenges. The conference attempts to bring together researchers, scientists, academicians, 
scholars, students and entrepreneurs to discuss their latest research under different thematic areas that 
create an intersection with the agriculture sector.  

I appreciate experts worldwide for their valuable time and willingness to share their wisdom through 
empirical evidence addressing different thematic areas of the conference.  

I congratulate the GAFEF-2022 team for organising the conference.  

I wish the conference a grand success.  

 

Wajid Hasan, Ph.D., PDF 
Chief Organising Secretary, GAFEF; 2022 
Secretary , Agricultural and Environmental Technology Development Society (AETDS), U. S. 
Nagar, Uttarakhand, Indi a 
Krishi Vigyan Kendra, Jahanabad , Bihar Agricultural University , Bihar, Indi a 
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A MODEL FOR IRRADIANCE RESPONSE ON PHOTOSYNTHETIC APPARATUS 
IN MANGO (Mangifera indica) LEAVES  
 
RAMWANT GUPTA 1,2 AND CHHEDI LAL VERMA 3 

1 The University of Guyana, Georgetown, Guyana, South America  
2 Fiji National University, Natabua Campus, Fiji Islands 
3 Central Soil Salinity Research Institute, Regional Research Station (CSSRI-RRS), Lucknow,  
UP, India 
 
ABSTRACT 
The development of a mathematical model describes the photosynthetic electron transport 
(PET) changes in both juvenile red and mature green mango leaves exposed to sunlight at 
different photosynthetic active radiation (PAR). This dynamic mathematical model covers the 
entire photosynthetic apparatus including the photo-systems I (PSI) and II (PSII), the electron 
carriers between the two photo-systems, the final electron acceptor complex the ferredoxin. 
The proposed mathemati�F�D�O���P�R�G�H�O���H�[�S�O�D�L�Q�H�G���W�K�H���Y�D�U�L�D�W�L�R�Q�V���R�I���)�Y���)�P�����%���(�R�������3���(�R�������/���5�R�������3�O��
abs, and PI total to PAR perfectly with r=1 and S=0 for red as well as green leaves. The integration 
of associated PET response shown segmental area follows a similar trend as that of associated 
physiological response curve while cumulative associated physiological response and 
cumulative percent of associated physiological responses have a similar S-shape trend. Since 
the correlation coefficients for the parameters is unity meaning thereby is perfect validity of 
the hypothesis and the developed model. The developed model could be useful for studying 
accumulated associated physiological responses against varying radiations. Percent radiation 
retardation or microclimatic management such as temperature and humidity control could 
better understand the trees or crops. 
Keywords: Red leaf, mango, mathematical model, PAR, photosynthetic electron transport  
 
VERMITECHNOLOGY �±AN EXCELLENT TOOL FOR ORGANIC AGRICULTURE  
 
ABDULLAH ADIL ANSARI  
Department of Biology, University of Guyana, Georgetown, Guyana 
 
ABSTRACT 
Organic farming is an important concept towards sustainable development that involves the 
use of organic input for the production of crops. Biofertilizers like vermicompost and 
vermiwash increase the organic matter content necessary for the maintenance of soil properties, 
which is beneficial for long-term sustainability and crop productivity. Biofertilizers are 
enriched with micronutrients and beneficial microbes that enhance the soil quality and aid in 
slow release of nutrients required for the healthy growth of plants. Various small- and large-
scale experiments on field crops like wheat, sugarcane, paddy along with vegetables like 
tomato, okra and eggplant have been successful in terms of productivity and quality of produce. 
These technologies have also been adopted successfully by food growers across the globe 
resulting in substantial markets for organic produce. 
Keywords: Biofertilizer; vermicompost; vermiwash; soil improvement, crop productivity. 
 
Introduction  
Excessive use of chemical fertilizers and pesticides in agricultural lands over long period of 
time has resulted in poor soil health with combined effect on crop productionand increase 
incidences of pests and diseases. These concerns have led to greater economic impact on 
farmers.Over the last few years the problems associated with food security has led to thinking 
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in terms of organic agriculture by soil management techniques and microbial innovations. Soil 
microbiology influences above ground ecosystem by contributing to plant nutrition, health, soil 
structure and fertility. They also play a pivotal role in various biogeochemical cycles and 
cycling of organic compounds (Kirk et al., 2004). Plant growth is improved when beneficial 
microbes increases nutrient availability and stimulates plant growth (Haynes and Krause, 
2011). Biofertilizers, referred to the use of soil microorganisms to increase the availability and 
uptake of mineral nutrients for plant (Ansari, 2008), they are substance added to the soil to 
enhance the microorganisms, in order to increase the nutrient status. Vermicompost is one of 
the biofertilizersthat helps to promote humification, increased microbial activity and enzyme 
production, which subsequently helps to increase the aggregate stability of soil particles 
resulting in better aeration when applied to the soil. The material has excellent structure, 
porosity, aeration drainage and moisture holding capacity, and helps to improve the physical, 
chemical and biological properties of the soil (Ansari, 2008).  
The biocomposting method is made up of two phases (breakdown and buildup phase). In the 
breakdown phase biodegradable wastes are decomposed into smaller particles. Proteins are 
broken down into amino acids and finally to ammonia, nitrates and free nitrogen. Similarly, 
urea, uric acids and other non-protein nitrogen-containing compounds are reduced to form 
different plant nutrients. In the build-up phase, there is the re-synthesis of simple compounds 
into complex humic substances. The organisms responsible for transformation to humus are 
aerobic and facultative aerobic, sporing and non-sporing and nitrogen fixing bacteria of the 
Azotobacter and Nitrosomonasgroup. Actinomycetes also play an important role. There are two 
major reasons why vermicomposting is better. Waste is converted faster. Conventional 
composting takes weeks to months to convert organic matter to compost and are very labor 
intensive. By using earthworms, waste is rapidly turned into vermicompost. The vermicompost 
is far superior to conventional compost. The worm castings in the vermicompost have nutrients 
that are highly utilizable by plants and the castings have a mucous coating which allows the 
nutrients to "time release". Vermicompost forms fine stable granular organic matter that assist 
in the aeration, released mucus that are hygroscopic absorbs water and prevents water logging 
and improves water holding capacity. Vermicompost added to the soil releases nutrient slowly 
and consistently and enables the plant to absorb these nutrients more readily. Soils enriched 
with vermicompost provide additional substances that are not found in the chemicals (Ansari 
and Ismail, 2001; Kale,1998). Biofertilizers contribute both macro and micro nutrients in 
amounts that are required by the plant and upon application have emphatic effect on plant 
growth parameters and production.  
Organic waste possesses a serious environmental problem globally. This can be solved by 
Vermitechnology including Vermiwash and vermicompost, and also biodynamic preparation 
(500), which is essential component of biodynamic farming. Many researches over the years 
have been conducted, whereby solid waste were used and recycled to produce organic 
fertilizers using different technologies.In many developing countriesthere is a serious organic 
solid waste problem; preparing these organic fertilizers will be cost effective, and beneficial 
for farming (Ansari, 2009). The use of organic processes and materials in agriculture also helps 
to prevent environmental hazards, soil damage and nutrients loss due to the excess use of toxic 
chemical fertilizers and pesticides (Nath, et al., 2009). 
Role of earthworm in soil fertility and microbial management 
Earthworms are key to maintaining soil fertility and nutrient cycling.  Earthworms process 
organic nutrients for the efficient growth of plants. Earthworms also contribute to the physical 
and chemical changes in the soil, transforming in terms of soil fertility and affect plant growth. 
Earthworms release casts into the soil which is enriched withbeneficial microorganisms. 
Earthworms are classified into three ecological types. Epigeics (Eiseniafetida, 
Eudriluseugeniae) are surface dwellers serving as efficient agents of comminuting and 
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fragmentation of leaf litter. They are phytophagous and generally have no effect on the soil 
structure as they cannot dig into the soil. Anecics (Lampitomauritii) feed on the leaf litter mixed 
with the soil of the upper layers and are said to be geophytophagous. They may also produce 
surface casts generally depending on the bulk density of the soil. Endogeic earthworms 
(Octochaetonathurstoni) are geophagous and live within the soil deriving nutrition from the 
organically rich soil they ingest (Ismail, 2005). 
Vermitechnology as Organic farming tool 
Vermitechnology is a method of converting all the biodegradable wastes into useful product 
i.e., vermicompost, through the action of earthworms. Vermicompost is a sustainable bio-
fertilizer regenerated from organic wastes using earthworm which contains 1.2 to 6.1% more 
nitrogen, 1.8 to 2.0% more phosphate and 0.5 to 0.75% more potassium compared to farm yard 
manure. It also contains hormones like auxins and cytokinins, enzymes, vitamins and useful 
microorganisms like bacteria, actinomycetes, protozoans, fungi etc (Ansari and Ismail, 2001). 
This process of decomposition results in the production of vermicompost. Vermicompost, or 
castings, is worm manure. It is considered by many in farming arena to be the very good soil 
improver. The nutrient content of castings is dependent on the material fed to the worms-and 
worms are commonly fed materials with high nutrient content (Ismail, 1997). It is the worm 
castings that provide these nutrients in a form that is readily available to plants. The biology of 
�W�K�H���Z�R�U�P�¶�V���J�X�W���I�D�F�L�O�L�W�D�W�H�V���W�K�H���J�U�R�Z�W�K���R�I���I�X�Q�J�X�V���D�Q�G���E�D�F�W�H�U�L�D���W�K�D�W���D�U�H���E�H�Q�H�I�L�F�L�D�O���W�R���S�O�D�Q�W���J�U�R�Z�W�K�� 
Process of Vermicomposting 
Vermicomposting is a simple biotechnological process of composting, in which epigeic species 
of earthworms are used to enhance the process of waste conversion and produce a better end 
product. Vermicompost is a nutrient rich organic soil conditioner which can be applied to 
improve soil conditions for a wide range of soil types. The use of earthworms is very essential 
in this process, as the worms act for the composing of organic matter into a stable nontoxic 
material with good structure, which has a potentially high economic value and also act as soil 
conditioner for plant growth. Vermicomposting has many environmental benefits is proven to 
be an easy way of getting rid of garbage waste. This technique is also beneficial to the soil, and 
results in a lower use of synthetic fertilizers.  
Vermicompsting units 
Vermicomposting units can be set up on many ways. This system can be set up in a large box, 
a bucket, a bin, a basket and even in a pit in the soil. It is very important to keep in mind that a 
vermicomposting unit should be more than1 meters in depth, but may be as long as preferred 
in width. It is also very important to note that such a unit is set up in the shade.  Organic matter 
that is added to the unit should be dry to prevent an increase of temperature in the unit. The 
unit should be kept moist, therefore watering is very essential. The amount of materials which 
are layered during the building of the unit depends on the size of the unit which is set up. 
The basic layering in a vermicomposting bin is as following: 
 
 

       
Figure 1. Layering in the vermicomposting unit 
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The basal layer of the vermi-bed comprises of broken bricks followed by a layer of coarse sand 
(10 cm thick) in-order to ensure proper drainage. A layer (10 cm) of loamy soil should be 
placed at the top.100 locally collected earthworms were introduced into the soil. Fresh cattle 
dung is scattered over the soil and then it was covered with a 10 cm layer of dried grasses. 
Water issprinkledon the unitin-order to keep it moist. The dried grasses along with cattle dung 
is turned once a week. After 60 days, vermicompost units are regularized for the harvesting of 
vermicompost every 45 days. When the layering is completed, the unit should be covered with 
dried leaves and left for 60 days. During the period of these 60 days, organic material and cow 
dung should be added on a weekly basis, while watering every other day, depending on the 
moisture content of the material in the bin.  
Harvesting of vermicompost 
Vermicompost should be ready for harvesting in maximum 40-45 days. When the organic 
material in the unit is changed completely in structure and smells soil like, it is ready for 
harvest. The compost should be pressed in the hand to check on moisture content. Before 
harvesting, no water should be added to the unit for 3-4 days and a heap of the compost should 
be formed in the after harvesting. These actions will derive the earthworms in the deeper layers 
of the unit where the moisture content is slightly higher. The fourth day, the compost can be 
harvested and is ready to be used for agricultural purpose. This compost can be used directly 
in the soil and can be stored for 3 months if disposed well in a plastic bag.  

 
Figure 2.Vermicompost at harvest 
Benefits of vermicompost 

�x Vermicompsot has many benefits on the soil, but has also many economic benefits 
which are: 

�x Source of Plant Nutrients to the Soil 
�x Improves its physical structure. 
�x Enriches soil with micro-organisms (adding enzymes such as phosphatase and 

cellulase) 
�x Microbial activity in worm castings is 10 to 20 times higher than in the soil and organic 

matter that the worm ingests. 
�x Attracts deep-burrowing earthworms already present in the soil 
�x Improves water holding capacity. 
�x Improving Crop Growth and Yield (Plant growth) 
�x Vermicompost plays a major role in improving growth and yield of different field crops, 

vegetables, flower and fruit crops. 
�x Enhances germination, plant growth, and crop yield 
�x Improves root growth and structure (rhizosphere) 
�x Enriches soil with micro-organisms (adding plant hormones such as auxins and 

gibberellic acid) 
�x Economic Benefits 
�x Biowastes conversion reduces waste flow to landfills 
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�x Elimination of biowastes from the waste stream reduces contamination of other 
recyclables collected in a single bin (a common problem in communities practicing 
single-stream recycling). 

�x Boost to rural economy 
�x Less waste land formation 
�x Low capital investment and relatively simple technologies make vermicomposting 

practical for less-developed agricultural regions 
�x Eco-Friendly Environmental factors 
�x Good quality organic soil additives enhance the water holding capacity and nutrient 

supplying capacity of soil and also the development of resistance in plants to pests and 
diseases, thereby providing a sustainable environment in the soil 

�x Wastes create no pollution, as they become valuable raw materials for enhancing soil 
health 

�x Helps to close the "metabolic gap" through recycling waste on-site 
�x Reduction in greenhouse gas emissions such as methane and nitric oxide (produced in 

landfills or incinerators when not composted or through methane harvest) 
Vermiwash production 
�9�H�U�P�L�Z�D�V�K�� �L�V�� �R�Q�H�� �R�I�� �W�K�H�� �P�D�W�H�U�L�D�O�V�� �S�U�R�G�X�F�H�G�� �E�\�� �9�H�U�P�L�F�R�P�S�R�V�W�L�Q�J�� �Z�K�L�F�K�� �L�V�� �D�Q�� �³�(�F�R��
biotechnological process that transforms energy rich and complex organic substances in to a 
�V�W�D�E�L�O�L�]�H�G�� �Y�H�U�P�L�F�R�P�S�R�V�W�V�´�� �S�U�L�P�D�U�L�O�\�� �W�K�U�R�X�J�K�� �W�K�H�� �D�F�W�L�R�Q�� �R�I�� �H�D�U�W�K�Zorms but with support of 
other micro-organisms. Vemiwash contains the soluble nutrients that were released in the 
vermicomposting process (Nath, et al., 2009). Organic fertilizers such as Vermiwash provide 
a relatively cost effective and safe alternative to chemical fertilizers. According to Ansari and 
Sukhraj (2010), the use of chemical fertilizers, which is wide spread in many developing 
countries, can lead to soil damage and reduced soil health and production levels while 
increasing the incidence of pests and disease and environmental pollution.Vermiwash is a 
liquid that is obtained when water is left to flow slowelythrough a vermicomposting like unit. 
Vermiwash has fertilizing abilities and has also proven to have a pesticidal action when applied 
as a foliar spray. The layering of a vermiwash bin is the same as a vermicomposting unit, with 
the exception that this unit consists of a bucket to which a tap is attached at the lowest point to 
collect the vermiwash when ready. The organic matter that is added to this unit varies from 
ordinary grass clippings to plant material with pesticidal properties. The organic matter should 
be dried for 3 to 4 days to accelerate the composting action and regulate the temperature in the 
bin. 
 
 
 
 
 
 
 
 
 
Figure 3. A detailed design of a vermiwash unit 
The vermiwashunit isset up using buckets. A tap is fixed on the lower side of each bucket. The 
bucket is placed on a stand to facilitate collection of vermiwash. 5 cm of broken pebbles are 
placed at the bottom of the buckets followed by 5 cm layer of coarse sand. Water is then 
allowed to flow through these layers to enable the settling of the basic filter unit. A 15 cm layer 
of loamy soil is placed on top of the filter bed. Approximately 300 earthworms are introduced 
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into the soil. Dried grass and cattle dung are placed on top of the soil. The vermiwash unit is 
left to regularize after 60 days for collection of vermiwash every day. Approximately 0.5 
litrecan be collected on a daily basis.After layering the different material to the bin, the unit is 
left for 60 days to regulate with the tap open. Organic matter and cattle dung should be added 
on a weekly basis as needed. The unit should be watered every other day depending on the 
moisture content in the bin. Access water should be left to flow through the open tap. 
Vermiwash will be ready to collect when the liquid that is flowing through the tap gets pale 
yellow in color. When the color change is seen, the tap should be closed and water should be 
allowed to drip through the unit overnight. The following day the tap should be opened and the 
vermiwash should be collected in a plastic container. The color intensity of the vermiwash will 
differ according to the organic material that is added to the bin. After the first collection, 
vermiwash can be collected on a daily basis by repeating the same process of adding water to 
the unit. The vermiwash that is collected can kept stored for 3 months in plastic 
containers.Vermiwash can be used by a dilution of 10% of the vermiwash with water and spray 
to the desired plant/crop. 
Impact of Organic inputs in the Soil 
Organic amendments like vermicompost promote humification, increased microbial activity 
and enzyme production, which, in turn, increase the aggregate stability of soil particles, 
resulting in better aeration (Tisdale and Oades, 1982; Dong et al., 1983; Haynes and Swift, 
1990; Perucci, 1990).  Organic matter has a property of binding mineral particles like calcium, 
magnesium and potassium in the form of colloids of humus and clay, facilitating stable 
aggregates of soil particles for desired porosity to sustain plant growth (Haynes, 1986). Soil 
microbial biomass and enzyme activity are important indicators of soil improvement as a result 
of addition of organic matter (Perucci, 1990). Apart from these, earthworm castings are 
reported to contain plant growth promoters, such as auxins and cytokinins (Krishnamoorthy 
and Vajranabhaiah, 1986).Vermiwash, a liquid fertilizer produced by the action of earthworms, 
contains soluble plant nutrients, some organic acids, mucus and microbes, that has proved to 
be effective, both as a biological fertiliser (as a foliar spray) as well as a pesticide (Pramoth, 
1995; Ismail, 1997; Kale, 1998). 
The high content of organic matter in compost and the resultant effects of the organic matter 
on the humic fractions and nutrients in soil effectively increase the microbial population, 
activity and enzyme production, which in turn increases aggregate stability (Tisdale and Oades, 
1982; Dong et al., 1983; Haynes and Swift, 1990; Perucci, 1990). Humic acid and fulvic acid 
are important as persistent binding agents in mineral organic complexes and 52 to 92% of soil 
organic matter may be involved in these complexes (Edwards and Bremner, 1967; Hamblin, 
1977). Increased plant litter incorporation, improved aggregation, better aeration and water 
relationships and the development of mull characteristics can be observed soils amended with 
organic inputs. These improvements in soil structure were confirmed by soil morphological 
studies as illustrated by Rogaar and Boswinkel, (1978). On the contrary there was reduction in 
organic carbon in plots treated with chemical fertilisers which may be due to negligible organic 
matter as input, moreover chemical inputs cause degradation of the soil structure resulting in 
unfavourable conditions for crop growth in an already difficult soil (Pagliaiet al., 1983a, b; 
Shipitalo and Protz, 1988). 
Vermicompost, one of the important types of compost, contains earthworm casts that are 
reported to be higher in available nitrogen (de Vleeschauwer and Lal, 1981; Satchell, 1983) 
which enhance the activity and number of microorganisms (Stewart and Chaney, 1975; Satchell 
and Martin, 1984; Satchell et al., 1984). Increase in soil nitrogen through the application of 
vermicompost is likely to be due to stimulation of microbial activity specifically through 
increase in the colonization of nitrogen fixers and actinomycetes (Kale 1998; Borkenet al., 
2002). Much of the effect of application of compost on crop yield and productivity is derived 
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from the plant nutrients, particularly nitrogen in composts (Woodbury, 1992; Maynard, 1993; 
Ozores-Hampton et al., 1994).Reports indicate that adequate quantities of phosphorus and 
potassium were supplied by compost application to the soil (Smith, 1992; Maynard, 1993; 
Ozores-Hampton, et al., 1994). Vermicompost, is reported to contain desired quantity of 
phosphorus (de Vleeschauwer and Lal, 1981; Satchell, 1983) which enhances the activity and 
number of microorganisms producing acid-phosphatases in the soil (Stewart and Chaney, 1975; 
Satchell and Martin, 1984; Satchell et al., 1984). Synergistically, these specific effects appear 
to raise phosphorus availability in soils amended with vermicompost (Buchanan and 
Gliessman, 1990). 
Vermicompost application in the wheat-paddy cropping system has been reported to increase 
crop yield (Sharma and Mittra, 1991; Ismail, 1997). This is because nutrients present in 
vermicompost are readily available to the plants (Ismail, 1995; Rajkhowaet al., 2000).The 
effect of application of organic amendments like vermicompost on crop yield and production 
is derived from the plant nutrients, particularly nitrogen (Woodbury, 1992; Maynard, 1993; 
Ozores-Hampton et al., 1994). Organic phosphorus solublized by microbial activity in 
composts like the vermicompost is more effective for plant absorption (Mishra and Banger, 
1986; Singh et al., 1987).The reduced cost of cultivation, less cost-benefit ratio and higher net 
income has been recorded in  wheat and paddy cultivation through Vermitech compared with 
the use of chemical fertilisersalong with the other economically important crops like peanut 
(Archishypogaea) and brinjal (Solanummelongena) by organic methods (Ismail, 1997). 
Organic farming has proved to be environment friendly, sustainable and cost effective 
(Reganoldet al., 2001). 
Experiments on the effect of earthworms and vermicompost on the cultivation of vegetables 
like tomato (Lycopersicumesculentum), brinjal (Solanummelongena) and okra 
(Abelmoschusesculentus) have yielded significant results (Ismail, 1997). Vermicompost as an 
organic input has been applied to grow vegetables and other crops succesfully (Ismail, 1997). 
Application of composts like vermicompost could contribute to increased availability of food 
(Ouédraogoet al., 2001).This is attributed to better growth of plants and higher yield by slow 
release of nutrients for absorption with additional nutrients like giberellin, cytokinin and 
auxins, by the application of organic inputs like vermicompost in combination with vermiwash 
(Ravivet al., 1998; Singh et al., 1998; Subleret al., 1998; Lalithaet al., 2000). The yield of 
potato and the average weight of potato tubers were significantly higher in plots treated with 
vermicompost (Table 46). This may be attributed to increased bioavailability of phosphorus by 
the application of organic amendment in the form of vermicompost (Erich et al., 2002). 
Organic manure like vermicompost and vermiwash, when added to soil, augment crop growth 
and yield (Lalithaet al., 2000). The yields of spinach and onion in response to diluted 
vermiwash along with vermicompost was highly significant which may be due to increased 
availability of more exchangeable nutrients in the soil by the application of vermiwash along 
with vermicompost (Ponomareva, 1950; Finck, 1952; Nijhawan and Kanwar, 1952; Nye, 1955; 
Atlavinyte and Vanagas, 1973, 1982; Czerwinski et al., 1974; Watanabe, 1975; Cook et al., 
1980; Tiwari et al., 1989).Concern about the environment and the economic and social impacts 
of chemical or conventional agriculture has led to many thinking groups seeking alternative 
practices that will make agriculture more suitable. Biodynamic farming practices and systems 
have shown promise in mitigating some of the detrimental effects of chemical-dependent, 
conventional agriculture on the environment (Reganoldet al. 1993). 
Conclusion  
Soils are critical to productivity of both agriculture and natural ecosystems. Soil is an integral 
system, which is to be maintained through sustainability of nutrient resources. The continuous 
worldwide soil degradation by erosion, chemicals, acidification and physical abuse requires 
management in terms of soil quality. The use of organic amendments augmented with 
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Vermitechnology could be adopted as a means for crop production and soil stability.The use 
of combinations of organic amendments such as vermiwash, andvermicompost can effectively 
bring about an improvement in soil quality, enhance microbial population and impact crop 
productivity thereby bringing about long term sustainability. Considering all aspects, such as 
studies on soil, soil health, yield of crops and cost effectiveness of Vermitechnology as a means 
of microbial innovation, it is concluded such technology could be applied for sustainable soil 
enrichment and crop productivity. 
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ASSESSMENT, REFINEMENT AND VALIDATION OF THE ECOFRIENDLY 
MANAGEMENT TECHNOLOGY FOR THE OF POD BORER,  Helicoverpa armigera 
(Hubner) IN CHICKPEA  
 
WAJID HASAN  
Krishi Vigyan Kendra, Jahanabad, Bihar Agricultural University, Sabour, Bihar, India  
 
ABSTRACT 
Pod borer Helicoverpa armigera (Hubner) is a major and most serious one threat in chickpea 
production. It can damage an average 30 to 40 per cent pod. In favorable condition pod damage 
goes 90-95 per cent. A single caterpillar of this pest can damage 25-40 pods. The On Farm 
Trials conducted at farmers field in Jehanabad district of Bihar for Assessment, refinement and 
validation of the ecofriendly management technology for the of pod borer, Helicoverpa 
armigera (Hubner) in chickpea during rabi 2020-2021 and during rabi 2021-2022.  
Results revealed that the higher yield of chickpea (15.09 q/ha) and 2.37 BC ratio with 11.78 
per cent pod infestation were recorded in plots treated with Two spray of azadirachtin 3000ppm 
@ 10 ml/ltr water followed by plots treated with Erect Bird perches @40/ha+ Pheromone trap 
@20/ha the yield (14.88 q/ha) and 2.34 BC ratio with 11.14 per cent pod infestation observed. 
Whereas plots treated with Chlorpyrifos 20 EC @ 1500ml/ha the yield (14.71 q/ha) and 2.31 
BC ratio with 12.55 per cent pod infestation were recorded during rabi 2020-2021. Whereas 
during rabi 2021-2022, the higher yield of chickpea (15.7 q/ha) and 2.47 BC ratio with 10.60 
per cent pod infestation were recorded in plots treated with Two spray of azadirachtin 3000ppm 
@ 10 ml/ltr water followed by plots treated with Erect Bird perches @40/ha+ Pheromone trap 
@20/ha the yield (15.3 q/ha) and 2.36 BC ratio with 10.86 per cent pod infestation observed. 
Whereas plots treated with Chlorpyrifos 20 EC @ 1500ml/ha the yield (15.0 q/ha) and 2.36 
BC ratio with 10.82 per cent pod infestation were recorded. Farmers was actively participated 
with adaptation of the technology during the study. 
Therefore, it can be concluded that the Ecofriendly treatment (Erect Bird perches @40/ha+ 
Pheromone trap @20/ha and two spray of azadirachtin 3000ppm @ 10 ml/ltr water) treated 
plots produce marginally higher yield and reduce Helicoverpa infestation. For Ecofriendly 
Management of pod borer, H. armigera in chickpea the technology Erect Bird perches 
@40/ha+ Pheromone trap @20/ha and two spray of azadirachtin 3000ppm @ 10 ml/ltr water 
at Pre flowering and Pod formation is recommended. 
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FEEDING PREFERENCE OF BANANA LEAF AND FRUIT SCARRING BEETLE, 
Nodostoma subcostatum (Jacoby) In Banana Germplasms 
 
FOUZIA BARI 1, WAJID HASAN 2, NILANJANA CHAUDHURY 3 AND S.K.SENAPATI4 
1, 3, 4Department of Entomology. Uttar Banga Krishi Vishwavidyalaya, Cooch Behar 736165. 
West Bengal  
2Krishi Vigyan Kendra, Jahanabad, BAU, Sabour. 804432. Bihar 
 
ABSTRACT 
India rank first in banana production and productivity. Banana leaf and fruit scarring beetle 
Nodostoma subcostatum (Jacoby) has been recognized as a most serious pest in north eastern 
region of India. Field experiment was conducted to study the feeding preference of banana leaf 
and fruit scarring beetle Nodostoma subcostatum (Jacoby) in different germplasms of banana 
namely Katchakela, Bichikela, Modhubash, Chini Malbhog, Malbhog, G9, G9 Tissue Culture, 
Red Banana, Manua, Thellachakra keli, Amrit Sagar and Amrit Sagar Tissue Culture, at 
horticultural instructional farm, UBKV by following all the recommended agronomic practice, 
uniformly keeping the plot completely free from insecticidal application during 2018-20. 
Periodical observations revealed almost all banana plants from vegetative to reproductive stage 
were found infested from Banana leaf and fruit scarring beetle Nodostoma subcostatum 
(Jacoby). Observation was recorded on the basis of no. of scars per 20 cm2 area of leaves on 
20 randomly selected young emerged leaves and fruit. Experimental result revealed that the 
maximum scars per 20 cm2 area of leaf were recorded on G9 followed by G9 Tissue Culture 
and minimum scar/cm 2 was recorded in Red Banana followed by Manua. All the data were 
recorded at weekly interval during the first week of March to last week of February in both the 
year revealed that scars reach to its peak on August and gradually decreased from November 
and again progressively increased from March. The damage done by this beetle caused 
tremendous influence on both quality and quantity of banana with special reference to scars, 
skin color and thickness, taste, smell and pulp of fruit.  
Keywords: Banana, Scarring beetle, Scar, Variety, Infestation, Malbhog. 
 
RELATIVE EFFICACY OF DIFFERENT INSECTICIDES AND BIOPESTICIDES ON 
APHID AND THEIR NATURAL ENEMIES  
 

BHAVNA VERMA 1 AND WAJID HASAN 2 
1Directorate of Plant Protection Quarantine & Storage CIPMC Indore, P.M., India 
 2Krishi Vigyan Kendra, Jahanabad, Bihar Agricultural University, Bihar, India  
 
Chilli, Capsicum annum Linnaeus belongs to the family Solanaceae is one of the important 
commercial vegetable crops grown in all over India.  Being a crop of tropical and sub-tropical 
region, it requires a warm humid climate. In India nearly 25 insects have been recorded 
attacking chilli leaves and fruits, among the plethora of constraints in chilli cultivation, the 
attack by a multitude of insect pests and mites at different crop stages is of utmost concern.  
Studies were carried out at Samajik Vigyan Kendra, Dr. B. R. Ambedkar University Rehti, 
(Village Bordi) Tehsil - Nasrullaganj, Distt- Sehore (M.P.) during Rabi, 2018-19 and 2019-20. 
�7�K�H���F�K�L�O�O�L���Y�D�U�L�H�W�\���µHPH-12�¶���U�H�F�R�P�P�H�Q�G�H�G���I�R�U���W�K�L�V���U�H�J�L�R�Q���Z�D�V���X�V�H�G���I�R�U���W�K�H���H�[�S�H�U�L�P�H�Q�W�����7�R�W�D�O��
ten treatments including untreated control were taken for test their efficacy. On the basis of 
mean per cent reduction in aphid population in all the three sprays the maximum population 
reduction percent was observed in emamectin benzoate 5 SG (79.08%) followed by 
thiamethoxam 25 WG (77.97%), spinosad 45 SC (74.36%), fipronil 5 SC (73.81%), 
carbosulfan 25 EC (73.11%), fenpropathrin 30 EC (72.04%), bifenthrin 10 EC (71.64%), 
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propalgite 57 EC (70.16%) and minimum percentage of reduction in aphid population was 
recorded in the neem (66.68). The observation during both the years of study, the Natural 
Enemies (green lace wing, coccinellids and spiders) population was observed on five randomly 
selected plants from each plot before 1st spray and 14 days after each spray. The population of 
Natural Enemies was found in the range of 3.80 to 9.04 per five plants respectively and 
showed non-significant difference. After each spray on different intervals, the population 
of Natural Enemies was almost similar in higher doses of insecticides and in untreated 
control and showed non-significant difference. The descending order of insecticides 
effective in controlling this pest and their order of efficacy was Emamectin benzoate> 
thiamethoxam> spinosad> fipronil> carbosulfan> fenpropathrin >bifenthrin >propalgite & 
neem. The maximum reduction in aphid population was recorded in the treatment of emamectin 
benzoate (79.08%), followed by thiamethoxam (77.97%), spinosad (74.36%), fipronil 
(73.81%) and carbosulfan (73.11%) and minimum reduction was recorded in the treatment of 
neem (66.68%).  The population of potential predator like Coccinellid, green lace wing and 
spiders, were recorded at different intervals. In pretreatment observations the natural enemies 
population found in the range of 3.80 to 9.04 respectively and showed non-significant 
difference. After each spray on different intervals, the population of predators was almost 
similar in higher doses of insecticides and in untreated control and showed non-significant 
difference. 
Keywords: Chilli (Capsicum annum L.), aphid, Natural Enemies, efficacy, insecticides, 
biopesticides 
 
EFFECT OF INTER ROW  SPACING WITH OR WITHOUT WEED CONTROL IN  
WHEAT (Triticum aestivum L.). 

 
F.S. ABD EL-SAMIE 1, EKRAM, A. MEGAWER 1, H.H.M. HUSSEIN2, AND SARA, M. 
MOHAMED 1 

1. Agronomy Department, Faculty of Agriculture, Fayoum University, Egypt 
2- Agronomy Department, Faculty of Agriculture, Ain  Shams University, Egypt 
 
ABSTRACT 
Two field trials were conducted during the two successive summer growing seasons of 2019 
and 2020, at the Experimental Farm, Faculty of Agriculture, Fayoum University Fayoum 
Governorate, Egypt. A split- split design with three replicates was used. The main plots were 
assigned three water stress treatments (skipping of some irrigations) as follows: normal 
irrigation (7 irrigations) i.e., control treatment, missing the 4th irrigation (64 DAP), and missing 
the 6th irrigation (78 DAP). The sub-plots were restricted to three yellow single cross hybrids 
of maize, i.e. single cross hybrid 2055, single cross hybrid 2066 and single cross hybrid 2088, 
and the sub-sub plots received three concentrations Calcium carbonate nanoparticles i.e. 500 g 
fed-1, 750 g fed-1 and 100 g fed-1. The results showed that irrigation treatment reflected positive 
significant influences on growth parameters, normal irrigation resulted in the best mean values 
of plant height, maximum number of leaves plant-1 , largest leaf area plant-1 and heaviest dry 
weight plant-1 in both seasons 65 and 80 (DAS). Irrigation treatments had a significant effect 
on number of days from sowing to 50% tasseling in the two growing seasons. The maximum 
number of days from sowing to 50% tasseling due to irrigation were produced from the normal 
irrigation compared with the other irrigation treatments {(Withholding the 4th irrigation (64 
DAP) and Withholding the 5th irrigation (78 DAP)}. Results showed that yellow single cross 
hybrids of maize were significantly differed in almost mean values of maize growth, under 
study in the both seasons. Maize hybrid of S. C. 2088 was significantly surpassed S. C. 2055 
and S. C. 2066 in mean values of all growth characters. Calcium carbonate nanoparticles 
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concentrations had a significant effect on growth parameters i. e. plant height, number of 
leaves/plant-1, dry weight plant-1, and total dry weight of plant in both seasons at 65 and 80 
DAS. Data revealed that ear characters i.e. (ear height, ear length, ear diameter, ear weight, 
number of row/ear, number of grain /row) significantly affected by different irrigation 
treatments. Normal irrigation produced the highest values. There was significant effect on ear 
characters i.e. (ear height, ear length, ear diameter, ear weight, number of row/ear, number of 
grain /row) between different yellow single cross hybrids of maize. S. C. 2088 was significantly 
surpassed S. C. 2055 and S. C. 2066 in mean values of all ear characters. Application of 
Calcium carbonate nanoparticles as nano-fertilizers was pioneer and significantly resulted in 
characters i.e. (ear height, ear length, ear diameter, ear weight, number of row/ear, number of 
grain /row), high rate of  Calcium carbonate nanoparticles produced the highest values.       
Key words: Maize, Water stress, Calcium carbonate nanoparticles, yield and its components. 
 
ASSESSING CLIMATE CHANGE POTENTIAL OF RECYCLING END -OF-LIFE  
PRODUCTS: AN LCA STUDY  
 
PRAKASH POKHREL *, SHENG-LUNG LIN  
Chaoyang University of Technology, Taichung, Taiwan (R.O.C) 
 
Purpose 
Greenhouse gases (GHG) emission, ozone layer depletion, ecological toxicity, agricultural and 
natural land transformation are the major impact categories affected recently by 
industrialization. Production of goods requires a huge amount of energy and resources which 
are converted to waste if not given second life via. recycling, reuse, or repair. Studies have 
exhibited that recycling end-of-life (EoL) product is not always environmental friendly, 
therefore it is of paramount importance to assess these impacts on the environment (Maani et 
al., 2020).  
Lifecycle assessment (LCA) is a widely used tool to assess the environmental impacts of a 
service or product during its entire lifecycle i.e. resource extraction to final fate (ISO 
14040:2006, 2006). This tool uses different methods to analyze the environmental impacts by 
quantifying the resources used (inputs) and the emissions (outputs) resulting from the process 
or serves in various impacts categories of the environment including human health.  
Methods 
An end-of-life car is taken as a sample to assess the GHG emissions, ozone depletion potential, 
and other impact categories using an LCA. SimaPro accompanied by the Ecoinvent database 
was used in the study. The input/output data were assessed from a local recycling company in 
Taichung, Taiwan dissembling a hatchback car. The ILCD 2011 Midpoint+ method was used 
to calculate the environmental performance. This method converts resource and energy used 
and pollution emissions into damage information in terms of different 16 midpoint impacts 
categories like climate change, ozone depletion, ecological toxicity, natural resources 
depletion, etc. 
Results 
The results exhibited that there is a high impact on human toxicity, freshwater ecotoxicity, and 
resource depletion however there are negligible impacts on climate change, ozone depletion, 
and photochemical ozone formation (Fig. 1). The results support recycling of EoL vehicles 
which can be an important factor in the impacts minimization especially the climate change, 
ozone depletion, and photochemical ozone formation.  
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Fig.1. Normalized value for each environmental impact category for recycling a hatchback car 
in Taiwan.  
Conclusions 
The recycling of EoL vehicles exhibited that the climate change potential can be minimized 
with a reduced amount of ozone depletion and photochemical ozone formation. Albeit few 
studies reveal that recycling can be environmental impactful with higher emission of GHGs 
and photochemical ozone formation but recycling of EoL products can reduce these impact 
potential by minimizing the emissions to the environment.  
Keywords: Lifecycle assessment (LCA), Recycling, Climate change, ozone depletion 
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AMELIORATION OF WATER STRESS BY POTASSIUM FERTILISER UNDER 
HIGH TEMPERATURES ON THE OIL PALM GROWTH, CARBON 
ASSIMILATION, AND BIOCHEMICAL CHANGES  
  
TUAN SYARIPAH NAJIHAH, MOHD HAFIZ IBRAHIM, NURUL AMALINA MOHD ZAIN, 
ROSIMAH NULIT, PUTERI EDAROYATI MEGAT WAHAB  
Universiti Sultan Zainal Abidin, Malaysia 
 
Purpose 
High temperature stress is a major environmental stress that limits plant growth and 
development. Even worse, crops routinely experience several different abiotic stress factors 
simultaneously. Thus, this research was designed to investigate the effect of elevated 
temperature on the physiology of Elaeis guineensis seedlings, to examine the combination of 
heat and water stress as well as to explore the potential of potassium (K) fertiliser in alleviating 
these stresses.  
Methods 
Three-month-old oil palm seedlings were arranged in randomised completely block design 
(RCBD) and treated with six regimes: A (well-watered + control amount of KCL + 30°C), B 
(well-watered + control amount of KCL + 32°C), C (moderate water stress + double rate of 
K2SO4 + 30°C), D (moderate water stress + double rate of K2SO4 + 32°C), E (severe water 
stress + double rate of KNO3 + 30°C) and F (severe water stress + double rate of KNO3 + 
32°C). 
Results 
The results showed heat stress decreased vegetative plant growth, plant water status, and 
increased leaf temperature. The effect is exacerbated by the combination of water stress. 
However, there was no significant effect of high temperature on the plant leaf gas exchange, 
water use efficiency, fv/fm, chlorophyll content, and biochemical properties of the palms.  
Conclusions 
The present study suggests that only the growth of oil palms seedlings is sensitive to the 2°C 
rise, but not leaf gas exchange and biochemical attributes. Potassium fertiliser can play a 
protective role during moderate water stress under ambient temperature. 
Key words: Oil palm, high temperature, water stress, potassium fertiliser, physiology 
 
IMPORTANCE OF RICE BREEDING BIOFORTIFICATION FOR GRAIN ZN 
IMPROVEMENT AND FOOD SECURITY  
 
CALLEY DEBRA YASING, LUM MOK SAM AND MD. AMIRUL ALAM  
Faculty of Sustainable Agriculture, Universiti Malaysia Sabah (UMS), Sandakan Campus, 
Sandakan, Sabah, Malaysia 
 
Summary 
Rice served as the primary source of calories and nutrition in Asian countries. However, it has 
low Zn content. It was reported that more than one billion individuals encountered health issues 
associated with zinc (Zn) deficiency, especially children and pregnant women. Moreover, Zn 
deficiency was more likely to happen in a population that depends greatly on calorie-rich diets 
and unaffordability to a diverse diet. Biofortification or also known as biological fortification 
has been reported to be a practical and economical way of enhancing the Zn content in rice. 
Hence, biofortification through rice breeding of local rice varieties with high-yielding Zn-
enriched rice can be feasible means of delivering Zn-rich rice to people. 
Review Background 
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Zinc is a crucial micronutrient in organisms as it has an important role as a catalyst, structural, 
and regulatory ion (Chasapis et al., 2012). Zn is considered a highly versatile catalytic cofactor 
in protein as it has distinct chemical properties (Stanton et al., 2022). Zn supplementation has 
a significant effect in treating COVID-19 patients which helps in improving cell-mediated and 
adaptive immunity against bacteria and virus infections (Rahman and Idid, 2021). Low intake 
of bioavailable Zn from foods is the primary cause of Zn deficiency (Lazarte et al., 2016). 
Biofortification offers a practical way to reduce malnutrition problems, especially in rural areas 
having limited access to supplements and marketed biofortified food (Singh et al., 2016). Even 
though it may not provide as high nutrition as supplements, biofortified food can help to 
address hidden hunger in the affected population (Bouis et. al. 2011). 
Conclusion 
Rice breeding biofortification is a promising and sustainable way of conveying micronutrients 
to a rice-eating population with limited diet choices.  
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TRICHODERMA: A MULTIFACETED FUNGUS FOR VERSATILE 
FUNCTIONALITIES  
BIRESWAR SINHA *, KOTA CHAKRAPANI, Ph. SHOBITA DEVI, L.N.K. SINGH  
Department of Plant Pathology, College of Agriculture, CAU, Imphal �± 795004 
ABSTRACT 
The fungal genus that harbours Trichoderma is a large that holds numerous microbes which 
plays a significant role in environment. These �P�L�F�U�R�E�H�V�¶ �S�R�V�V�H�V�¶ diverse mechanisms to 
colonise various ecological niches. Trichoderma spp. are ambiguous and are employed in 
multi-channel utilities in various fields that returns a undeniable results. Trichoderma are 
employed in Agriculture as biocontrol agent, additive that provides nutrition to plants, as a 
scavenger that clears agricultural waste by printing of various bio-chemicals that have a 
tremendous role. They are employed in industrial sector and environmental sector for 
production of various enzymes, antibiotics, metabolites that have outstanding functionalities 
and they are used for scavenging and degrading the soils that are polluted by heavy metals 
respectively. Trichoderma are used to control numerous insect pest that incur damage to both 
plant and humankind. Moreover, the genus Trichoderma comprises edible and medicinal 
mushrooms, but also the pathogens of humans. Currently, Trichoderma has entered the 
genomic era and parts of genome sequences are publicly available. This is why, Trichoderma 
fungi have the potential to be used for human needs to an even greater extent than before. 
Nevertheless, further studies are needed to increase the efficiency and safety of the application 
of these fungi. 
Keywords: Trichoderma, Agriculture, Industry, Environment, Medicinal 
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CONVERT THIS HUGE BIOMASS OF BANANA CROP RESIDUE INTO 
DIFFERENT VALUE -ADDED PRODUCTS LIKE FIBRE, LIQUID FERTILIZER 
AND VERMI -COMPOST  
 
SK SINGH* AND SHANKAR JHA**  
�³�'�H�Y�H�O�R�S�P�H�Q�W���3�U�R�M�H�F�W���R�I��Self-Reliant Banana Cultivation Module for �%�L�K�D�U�´ (Development of a 
self-�U�H�O�L�D�Q�W���E�D�Q�D�Q�D���I�D�U�P�L�Q�J���P�R�G�X�O�H���I�R�U���%�L�K�D�U���´, Dr. Rajendra Prasad Central Agricultural 
UniversityPusa-��������������, Samastipur, Bihar 
 
ABSTRACT 
According to the data for the year 2017-18, banana cultivation in Bihar is done on 31.07 
thousand hectares, and the average productivity of bananas is 44.94 metric tons/ha. Around 4 
�± 4.5 lakh people in Bihar are earning their livelihood from banana cultivation and allied 
activities. After harvesting of banana bunches, the pseudostem is thrown as such or burnt�² the 
huge biomass generated after harvesting the crop damages the environment and pollutes the 
farm ecosystem. Besides, a huge amount of money gets invested in the disposal of such waste 
materials. It has been estimated that around 10 �± 15 thousand rupees cost for disposal of such 
waste in the banana crop grown in a hectare of land. The scientific disposal of banana 
pseudostem may contribute to additional farm income apart from the bunch yield. Available 
data indicated that around 25 lakh tones of biomass are generated annually from bananas only 
in Bihar. The biggest challenge for the banana-growing community of Bihar is to convert this 
huge biomass of banana crop residue into different value-added products. Another challenge is 
to extract fibre, sap and other products from this biomass. Lastly, it is essential to persuade the 
banana growers to use the banana pseudostem sap as a growth promoter and the banana scraper 
as compost. 
Keeping an eye on the above challenges, Dr Rajendra Prasad Central Agricultural University 
started working by forming a working group under a project funded by the University. The 
results of this project were very encouraging. 
Now the findings are required to be disseminated among the farmers. Work has been started in 
this regard. Initially, it was a challenging task to change the mindset of the farmer, it was 
necessary to tell them through experiments that the banana pseudostem is none less than a gold 
mine. Banana pseudostem sap contains high valuable nutrients for the growth of various crops. 
The transportation of banana pseudostems is laborious as well as very expensive. The banana 
growers are made partner with this project. The growers can have a better profit and additional 
remuneration by forming clusters along with other farmers of that area for making fibre, sap 
and manure from the banana pseudostem. There will be a saving on the cost of disposal of 
pseudostem, organic liquid fertilizer and the use of vermi-manure/manure from the banana 
pseudostem can reduce the cost of chemical fertilizer. Employment can be generated at the 
village level through the cottage industry. Long-distance transport of banana pseudostem is not 
economically viable. It would be more economical to process the pseudostem of the banana 
and extract the fibre at the local village level. 
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PLANT GROWTH PROMOTING RHIZOBACTERIA:  MULTITASKING 
MICROBES FOR PLANT GROWTH AND DISEASE MANAGEMENT UNDER 
CHANGING CLIMATIC AND PESTICIDE SCENARIO   
 
GURURAJ SUNKAD 
Dean (Post-Graduate Studies), Directorate of Post-Graduate Studies, University of Agricultural 
Sciences, Raichur, Karnataka 
 
ABSTRACT 
At least 10% of global food production is lost due to plant diseases, representing a threat to 
food security. The prevention of diseases mainly dependent on agro�rchemicals especially from 
the past few decades. Despite the great effectiveness and ease of utilization of chemicals 
products, their use or misuse has led to hazardous effects to environment. In recent years, lot 
of research is going on for exploitation of plant growth promoting rhizobacteria (PGPR) for 
better plant growth as well as health for agricultural sustainability under changing climatic and 
indiscriminate pesticide usage scenario. Rhizosphere is the thin layer of soil surrounding the 
root zone of any plant and rich in nutrients, because of the photosynthetic exudates from the 
roots. The rhizosphere are said to be the areas of very high biological diversity teaming up with 
many different organisms, as the plant roots provide food, shelter and energy. This active 
microbial population can either exert beneficial or detrimental effects on the plant or they can 
be neutral. Some microorganisms are able to colonize the soil surrounding plant roots, the 
rhizosphere, making them come under the influence of plant roots.  
PGPR generally refers to a group of soil and rhizosphere free�rliving bacteria colonizing roots 
in a competitive environment and exerting a beneficial effect on plant growth. Microbes play 
key role not only in transforming nutrients in the soil but also giving plant protection against 
pathogens. The beneficial effect of PGPR on plant growth involves the ability to act as phyto�r
stimulators or biofertilizers. PGPR could enhance crop yield through nutrient uptake and plant 
growth regulators. PGPR could also act as bio-control agents by the production of antibiotics 
and triggering induced local or systemic resistance. The exact mechanism by which PGPR 
stimulate plant growth is not clearly established, although several hypothesis such as 
production of phytohormones, suppression of deleterious organisms, HCN and siderophore 
production, activation of phosphate solubilization, volatile compound production and 
promotion of the mineral nutrient uptake and plant growth promotion are usually believed to 
be involved. PGPR includes both free living as well asymbiotic bacteria. Several PGPR have 
been studied and commercialized. They promote growth through suppression of plant diseases 
or improved nutrition acquisition or phytohormone production. Sustainable agriculture, based 
on environmentally�rfriendly methods, tends to use PGPR as tool that could as a by�rproduct 
reduce the use of agro-chemicals. There is a great need for eco-friendly management of plant 
diseases through PGPR worldwide under changing climatic and indiscriminate pesticide usage 
scenario. 
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GENOME-WIDE ASSOCIATION STUDIES AND LINKAGE MAPPING FOR 
MAIZE IMPROVEMENT: A REVIEW  
 
NGUYEN TRUNG DUC1*, VU VAN LIET 1, PHAM QUANG TUAN 1, NGUYEN THI NGUYET 
ANH 1, NGUYEN QUOC TRUNG1 

1 Vietnam National University of Agriculture, Hanoi 131000, Vietnam 
 
ABSTRACT 
Maize (Zea mays L.) is one of the most important crops throughout the world, have used for 
many purposes such as food, feed, fibers and biofuels. Therefore, improving maize productivity 
and qualities is always needed to feeding 10 billion people by 2050, achieve food security, and 
resilience to climate change. Genome-wide association studies (GWAS) is useful tool to 
identifying natural variation significantly associated with the target trait and exploring the 
underlying candidate genes. With the decreased of sequencing cost and increased resolution of 
genotyping, GWAS and linkage mapping have been utilized in many maize researches to 
investigate and dissect the plant architecture, grain composition and disease resistance. Unlike 
linkage mapping, present the limited recombination events and allelic diversity, GWAS 
harnesses historical recombination accumulated over generations in the natural populations. 
However, Strong linkage disequilibrium between the phenotype and non-causal common 
variant from population based may interfere with the detection of the causal rare variant have 
minor allele frequencies <0.05, leading to missing heritability and synthetic associations. 
Therefore, to complement the strengths and limitation of each approach, combined use of 
GWAS and linkage mapping has been successfully used to dissect the genetic basis and 
architecture of complex traits in corn. Furthermore, after pursuing GWAS and linkage 
mapping, the causal genes and associated markers should be focused on genetic relationship, 
regulation mechanism, and validated before transfer to breeding utilization. 
Keywords: GWAS, linkage mapping, LD, natural variation, food security 
 
SUSTAINABLE DEVELOPMENT AND ENVIRONMENT OF BIOMASS FROM 
AGRICULTURE RESIDUES  
 
ABDEEN MUSTAFA OMER  
Energy Research Institute (ERI), Nottingham NG7 4EU, United Kingdom 
 
ABSTRACT 
This communication discusses a comprehensive review of biomass energy sources, 
environment and sustainable development. This includes all the biomass energy technologies, 
energy efficiency systems, energy conservation scenarios, energy savings and other mitigation 
measures necessary to reduce emissions globally. This study highlights the energy problem and 
their possible saving that can be achieved through the use of biomass energy sources. Also, this 
study clarifies the background of the study, highlights the potential energy saving that could be 
achieved. The use of biomass energy source describes the objectives, approach and scope of 
the theme. However, to be truly competitive in an open market situation, higher value products 
are required. Results suggest that biomass technology must be encouraged, promoted, invested, 
implemented, and demonstrated as a whole while especially in remote rural areas.  
Keywords: Biomass resources, wastes, woodfuel, biofuels, energy, environment 
 
Introduction  
�7�K�H�U�H���L�V���V�W�U�R�Q�J���V�F�L�H�Q�W�L�I�L�F���H�Y�L�G�H�Q�F�H���W�K�D�W���W�K�H���D�Y�H�U�D�J�H���W�H�P�S�H�U�D�W�X�U�H���R�I���W�K�H���H�D�U�W�K�¶�V���V�X�U�I�D�F�H���L�V���U�L�V�L�Q�J��
every year. This was a result of the increased concentration of carbon dioxide (CO2), and other 
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greenhouse gases (GHGs) in the atmosphere as released by burning fossil fuels [1-2]. This 
�J�O�R�E�D�O���Z�D�U�P�L�Q�J���Z�L�O�O���H�Y�H�Q�W�X�D�O�O�\���O�H�D�G���W�R���V�X�E�V�W�D�Q�W�L�D�O���F�K�D�Q�J�H�V���L�Q���W�K�H���Z�R�U�O�G�¶�V���F�O�L�P�D�W�H�����Z�K�L�F�K���Z�L�O�O����
in turn, have a major impact on human life and the environment. Energy use can be achieved 
by minimising the energy demand, by rational energy use, by recovering heat and the use of 
more green energies. This will lead to fossil fuels emission reduction. This study was a step 
towards achieving this goal. The adoption of green or sustainable approaches to the way in 
which society is run is seen as an important strategy in finding a solution to the energy problem. 
The key factors of reducing and controlling CO2, which is a major contributor to global 
warming, are the use of alternative approaches to energy generation and the exploration of how 
these alternatives are used today and may be used in the future as green energy sources. Even 
with modest assumptions about the availability of land, comprehensive fuel-wood farming 
programmes offer significant energy, economic and environmental benefits. These benefits 
would be dispersed in rural areas where they are greatly needed and can serve as linkages for 
further rural economic development. The nations as a whole would benefit from savings in 
foreign exchange, improved energy security, and socio-economic improvements. With a nine-
fold increase in forest �± �S�O�D�Q�W�D�W�L�R�Q���F�R�Y�H�U�����W�K�H���Q�D�W�L�R�Q�¶�V���U�H�V�R�X�U�F�H���E�D�V�H���Z�R�X�O�G���E�H���J�U�H�D�W�O�\���L�P�S�U�R�Y�H�G����
The non-technical issues, which have recently gained attention, include:  
Environmental and ecological factors, e.g., carbon sequestration, reforestation and 
revegetation.  
Renewables as a CO2 neutral replacement for fossil fuels. 
Greater recognition of the importance of renewable energy, particularly modern biomass 
energy carriers, at the policy and planning levels.  
Greater recognition of the difficulties of gathering good and reliable biomass energy data, and 
efforts to improve it.  
Studies on the detrimental health efforts of biomass energy particularly from traditional energy 
users.  
There is a need for some further development to suit local conditions, to minimise spares 
holdings, to maximise interchangeability both of engine parts and of the engine application. 
Emphasis should be placed on full local manufacture [3]. Energy is an essential factor in 
development since it stimulates, and supports economic growth and development. Fossil fuels, 
especially oil and natural gas, are finite in extent, and should be regarded as depleting assets, 
and efforts are oriented to search for new sources of energy. The clamour all over the world for 
the need to conserve energy and the environment has intensified as traditional energy resources 
continue to dwindle whilst the environment becomes increasingly degraded. Alternatively 
energy sources can potentially help fulfill the acute energy demand and sustain economic 
growth in many regions of the world. Bioenergy is beginning to gain importance in the global 
fight to prevent climate change. The scope for exploiting organic waste as a source of energy 
is not limited to direct incineration or burning refuse-derived fuels. Biogas, biofuels and woody 
biomass are other forms of energy sources that can be derived from organic waste materials. 
These biomass energy sources have significant potential in the fight against climate change [4]. 
Conservation of energy and rationing in some form will however have to be practised by most 
countries, to reduce oil imports and redress balance of payments positions. Meanwhile 
development and application of nuclear power and some of the traditional solar, wind, biomass 
and water energy alternatives must be set in hand to supplement what remains of the fossil 
fuels. The encouragement of greater energy use is an essential component of development. In 
the short-term it requires mechanisms to enable the rapid increase in energy/capita, and in the 
long-term we should be working towards a way of life, which makes use of energy efficiency 
and without the impairment of the environment or of causing safety problems [5]. 
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The objective of this article is to highlight problems related to biomass applications and suggest 
methods to overcome these problems. This will be achieved through a comprehensive literature 
review of biomass, their application and the related problems.  
The current literature is reviewed regarding the ecological, social, cultural and economic 
impacts of biomass technology. This study gives an overview of present and future use of 
biomass as an industrial feedstock for production of fuels, chemicals and other materials 
Materials and Methods 
The aim of any modern biomass energy systems must be: 
To maximise yields with minimum inputs. 
Utilisation and selection of adequate plant materials and processes. 
Optimum use of land, water, and fertiliser. 
Create an adequate infrastructure and strong R and D base. 
Different techniques and methods employed to maintain and provide specific environments in 
bioenergy will also be assessed. In order to evaluate the effectiveness of the suggested methods, 
a literature review is compiled and presented. Determine the suitability of biomass technology 
for heating, cooling and other applications. Verify and document the savings in energy use and 
demand that biomass may be expected to achieve.  
 
2.1. Bioenergy Development 
Bioenergy is energy from the sun stored in materials of biological origin. This includes plant 
matter and animal waste, known as biomass. Plants store solar energy through photosynthesis 
in cellulose and lignin, whereas animals store energy as fats. When burned, these sugars break 
down and release energy exothermically, releasing carbon dioxide (CO2), heat and steam. The 
by-products of this reaction can be captured and manipulated to create power, commonly called 
bioenergy. Biomass is considered renewable because the carbon (C) is taken out of the 
atmosphere and replenished more quickly than the millions of years required for fossil fuels to 
form. The use of biofuels to replace fossil fuels contributes to a reduction in the overall release 
of carbon dioxide into the atmosphere and hence helps to tackle global warming [6].  
Table 1. Sources of energy [7] 
Energy source Energy carrier Energy end-use 
Vegetation Fuel-wood Cooking 

Water heating 
Building materials 
Animal fodder preparation 

Oil Kerosene Lighting 
Ignition fires 

Dry cells Dry cell batteries Lighting 
Small appliances 

Muscle power Animal power Transport 
Land preparation for farming 
Food preparation (threshing) 

Muscle power Human power Transport 
Land preparation for farming 
Food preparation (threshing) 

 
Table 2. Renewable applications [8] 
Systems Applications 
Water supply 
Wastes disposal 
Cooking 

Rain collection, purification, storage and recycling 
Anaerobic digestion (CH4) 
Methane 
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Food 
Electrical demands 
Space heating 
Water heating 
Control system 
Building fabric 

Cultivate the 1 hectare plot and greenhouse for four people 
Wind generator 
Solar collectors 
Solar collectors and excess wind energy 
Ultimately hardware 
Integration of subsystems to cut costs  

The biomass energy resources are particularly suited for the provision of rural power supplies 
and a major advantage is that equipment such as flat plate solar driers, wind machines, etc., can 
be constructed using local resources and without the high capital cost of more conventional 
equipment. Further advantage results from the feasibility of local maintenance and the general 
encouragement such local manufacture gives to the build up of small-scale rural based industry. 
�7�D�E�O�H������ �O�L�V�W�V���W�K�H���H�Q�H�U�J�\�� �V�R�X�U�F�H�V���D�Y�D�L�O�D�E�O�H�����&�X�U�U�H�Q�W�O�\���W�K�H���µ�Q�R�Q-�F�R�P�P�H�U�F�L�D�O�¶���I�X�H�O�V���Z�R�R�G�����F�U�R�S��
residues and animal dung are used in large amounts in the rural areas of developing countries, 
principally for heating and cooking; the method of use is highly inefficient. Table 2, 3 and 4 
presented some renewable applications, the most important of energy needs and methods of 
energy conversion respectively. 
Considerations when selecting power plant include the following: 
Power level- whether continuous or discontinuous.  
Cost- initial cost, total running cost including fuel, maintenance and capital amortised over life. 
Complexity of operation. 
Maintenance and availability of spares. 
Life and suitability for local manufacture.  
 
Table 3. Energy needs in rural areas [8] 
Transport, e.g., small vehicles and boats 
Agricultural machinery, e.g., two-wheeled tractors 
Crop processing, e.g., milling 
Water pumping 
Small industries, e.g., workshop equipment 
Electricity generation, e.g., hospitals and schools 
Domestic, e.g., cooking, heating, and lighting 

 
Table 4. Methods of energy conversion [10] 
Muscle power 
Internal combustion engines  
Reciprocating 
 
 
Rotating 
Heat engines 
Vapour (Rankine) 
Reciprocating 
Rotating 
Gas Stirling (Reciprocating) 
Gas Brayton (Rotating) 
Electron gas 
Electromagnetic radiation  
Hydraulic engines  
Wind engines (wind machines) 
Electrical/mechanical 

Man, animals 
 
Petrol- spark ignition 
Diesel- compression ignition 
Humphrey water piston 
Gas turbines 
 
 
Steam engine 
Steam turbine 
Steam engine 
Steam turbine 
Thermionic, thermoelectric 
Photo devices 
Wheels, screws, buckets, turbines 
Vertical axis, horizontal axis 
Dynamo/alternator, motor 
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The internal combustion engine is a major contributor to rising CO2 emissions worldwide and 
some pretty dramatic new thinking is needed if our planet is to counter the effects. With its use 
increasing in developing world economies, there is something to be said for the argument that 
the vehicles we use to help keep our inner-city environments free from waste, litter and grime 
should be at the forefront of developments in low-emissions technology. Materials handled by 
waste management companies are becoming increasingly valuable. Those responsible for the 
security of facilities that treat waste or manage scrap will testify to the precautions needed to 
fight an ongoing battle against unauthorised access by criminals and crucially, to prevent the 
damage they can cause through theft, vandalism or even arson. Of particular concern is the 
escalating level of metal theft, driven by various factors including the demand for metal in 
rapidly developing economies such as India and China [9].  
There is a need for greater attention to be devoted to this field in the development of new 
designs, the dissemination of information and the encouragement of its use. International and 
government bodies and independent organisations all have a role to play in biomass energy 
technologies. Environment has no precise limits because it is in fact a part of everything. 
Indeed, environment is, as anyone probably already knows, not only flowers blossoming or 
birds singing in the spring, or a lake surrounded by beautiful mountains. It is also human 
settlements, the places where people live, work, rest, the quality of the food we eat, the noise 
or silence of the street they live in. Environment is not only the fact that our cars consume a 
good deal of energy and pollute the air, but also, that we often need them to go to work and for 
holidays. Obviously, man uses energy just as plants, bacteria, mushrooms, bees, fish and rats 
do (Figure 1). Man, largely uses solar energy- food, hydropower, wood- and thus participates 
harmoniously in the natural flow of energy through the environment. But man also uses oil, 
gas, coal and nuclear power. We always modify our environment with or without this source 
of energy [11]. Economic importance of environmental issue is increasing, and new 
technologies are expected to reduce pollution derived both from productive processes and 
products, with costs that are still unknown. This is due to market uncertainty, weak 
appropriability regime, lack of a dominant design, and difficulties in reconfiguring 
organisational routines. The degradation of the global environment is one of the most serious 
energy issues [12].  
 
3. Energy Use and the Environment 
The range of waste treatment technologies that are tailored to produce bioenergy is growing. 
There are a number of key areas of bioenergy from wastes including (but not limited to) biogas, 
biofuels and bioheat.  
Table 5. Annual GHG emissions from different types of power plants [13] 
Primary source 
of energy 

Emissions (x 103 metric tons CO2) Waste (x 103 
metric tons CO2) 

Area 
(km2) Atmosphere Water 

Coal 
Oil 
Gas 
Nuclear  

380 
70-160 
24 
6 

7-41 
3-6 
1 
21 

60-3000 
Negligible 
- 
2600 

120 
70-84 
84 
77 

 
Table 6. Energy consumption per pers on [13] 
Region Population (millions) Energy per person (Watt/m2) 
Africa 
Asia 
Central America 
North America 
South America 

820 
3780 
180 
335 
475 

0.54 
2.74 
1.44 
0.34 
0.52 
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Western Europe 
Eastern Europe 
Oceania 
Russia 

445 
130 
35 
330 

2.24 
2.57 
0.08 
0.29 

When considering using bioenergy, it is important to take into account the overall emission of 
carbon in the process of electricity production. Energy use is one of several essential 
components for every country: 
The overall situation and the implications of increased energy use in the future.  
The problem of the provision of power in rural areas, including the consideration of energy 
resources and energy conversion. In addition to the drain on resources, such an increase in 
consumption consequences, together with the increased hazards of pollution and the safety 
problems associated with a large nuclear fission programmes. It would be equally unacceptable 
to suggest that the difference in energy between the developed and developing countries and 
prudent for the developed countries to move towards a way of life which, whilst maintaining 
or even increasing quality of life, reduce significantly the energy consumption per capita. Such 
savings can be achieved in a number of ways: 
Improved efficiency of energy use, for example environmental cost of thermal insulation must 
be taken into account, energy recovery, and total energy. 
Conservation of energy resources by design for long life and recycling rather than the short life 
throwaway product and systematic replanning of our way of life, for example in the field of 
transport.  
Energy ratio (Er) is defined as the ratio of Energy content (Ec) of the food product / Energy 
input (Ei) to produce the food.  
Er = Ec/Ei  (1) 
Combined heat and power (CHP) installations are quite common in greenhouses, which grow 
high-energy, input crops (e.g., salad vegetables, pot plants, etc.). Scientific assumptions for a 
short-term energy strategy suggest that the most economically efficient way to replace the 
thermal plants is to modernise existing power plants to increase their energy efficiency and to 
improve their environmental performance (Pernille, 2004). 
 
 

 
Figure 1. Biomass utilisation cycle concepts [14]. 
 
  
Table 7. Summary of material recycling practices in the construction sector [15] 
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Construction and 
demolition 
material 

Recycling technology options Recycling product 

Asphalt 
 

Cold recycling: heat generation; 
Minnesota process; parallel drum 
process; elongated drum; 
microwave asphalt recycling 
system; finfalt; surface 
regeneration 

Recycling asphalt; asphalt 
aggregate 
 

Brick 
 

Burn to ash, crush into aggregate Slime burn ash; filling 
material; hardcore 

Concrete 
 

Crush into aggregate 
 

Recycling aggregate; cement 
replacement; protection of 
levee; backfilling; filter 

Ferrous metal Melt; reuse directly Recycled steel scrap 
Glass 
 

Reuse directly; grind to powder; 
polishing; crush into aggregate; 
burn to ash 
 

Recycled window unit; glass 
fibre; filling material; tile; 
paving block; asphalt; 
recycled aggregate; cement 
replacement; manmade soil 

Masonry 
 

Crush into aggregate; heat to 
900oC to ash 

Thermal insulating concrete; 
traditional clay 

Non-ferrous metal Melt Recycled metal 
Paper and 
cardboard 

Purification Recycled paper 

Plastic 
 
 

Convert to powder by cryogenic 
milling; clopping; crush into 
aggregate; burn to ash 

Panel; recycled plastic; 
plastic lumber; recycled 
aggregate; landfill drainage; 
asphalt; manmade soil 

Timber 
 

Reuse directly; cut into aggregate; 
blast furnace deoxidisation; 
gasification or pyrolysis; chipping; 
moulding by pressurising timber 
chip under steam and water 

Whole timber; furniture and 
kitchen utensils; lightweight 
recycled aggregate; source of 
energy; chemical production; 
wood-based panel; plastic 
lumber; geofibre; insulation 
board 

 
Combined heat and power (CHP) installations are quite common in greenhouses, which grow 
high-energy, input crops (e.g., salad vegetables, potted plants, etc.). Scientific assumptions for 
a short-term energy strategy suggest that the most economically efficient way to replace the 
thermal plants is to modernise existing power plants to increase their energy efficiency and to 
improve their environmental performance [15].However, utilisation of wind power and the 
conversion of gas-fired CHP plants to biomass would significantly reduce the dependence on 
imported fossil fuels. Although a lack of generating capacity is forecasted in the long-term, 
utilisation of the existing renewable energy potential and the huge possibilities for increasing 
energy efficiency are sufficient to meet future energy demands in the short-term [15] 
A total shift towards a sustainable energy system is a complex and long process, but is one that 
can be achieved within a period of about 20 years. Implementation will require initial 
investment, long-term national strategies and action plans. However, the changes will have a 
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number of benefits including a more stable energy supply than at present and major 
improvement in the environmental performance of the energy sector, and certain social benefits 
(Figure 2). A vision that used methodologies and calculations based on computer modelling 
can utilised: 
Data from existing governmental programmes. 
Potential renewable energy sources and energy efficiency improvements. 
Assumptions for future economy growth. 
Information from studies and surveys on the recent situation in the energy sector. 
The main advantages are related to energy, agriculture and environment problems, are 
foreseeable both at national and interenational level can be summarised as follows: 
Reduction of dependence on import of energy and related products. 
Reduction of environmental impact of energy production (greenhouse effect, air pollution, and 
waste degradation). 
Substitution of food crops and reduction of food surpluses and of related economic burdens, 
and development of new know-how and production of technological innovation. 
Utilisation of marginal lands and of set aside lands and reduction of related socio-economic 
and environmental problems (soil erosion, urbanisation, landscape deterioration, etc.). 

 
Figure 2. Schematic diagram shows methanol production [16]. 
 
In some countries, a wide range of economic incentives and other measures are already helping 
to protect the environment. These include: 
Taxes and user charges that reflect the costs of using the environment, e.g., pollution taxes and 
waste disposal charges. 
Subsidies, credits and grants that encourage environmental protection. 
Deposit-refund systems that prevent pollution on resource misuse and promote product reuse 
or recycling.  
Financial enforcement incentives, e.g., fines for non-compliance with environmental 
regulations.  
Tradable permits for activities that harm the environment. 
District Heating (DH), also known as community heating can be a key factor to achieve energy 
savings, reduce CO2 emissions and at the same time provide consumers with a high quality 
heat supply at a competitive price. The DH should generally only be considered for areas where 
the heat density is sufficiently high to make DH economical. In countries like Denmark DH 
may today be economical even to new developments with lower density areas due to the high 
level of taxation on oil and gas fuels combined with the efficient production of the DH. To 
improve the opportunity for the DH local councils can adapt the following plan: 
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Analyse the options for heat supply during local planning stage. 
In areas where DH is the least cost solution it should be made part of the infrastructure just like 
for instance water and sewage connecting all existing and new buildings. 
Where possible all public buildings should be connected to the DH. 
The government provides low interest loans or funding to minimise conversion costs for its 
citizens. 
Use other powers, for instance national legislation to ensure the most economical development 
of the heat supply and enable an obligation to connect buildings to a DH scheme. 
Denmark has broadly seen three scales of the CHP which where largely implemented in the 
following chronological order (Pernille, 2004): 
Large-scale CHP in cities (>50 MWe). 
Small (5 kWe �± 5 MWe) and medium-scale (5-50 MWe). 
Industrial and small-scale CHP. 
Combined heat and power (CHP) installations are quite common in greenhouses, which grow 
high-energy, input crops (e.g., salad vegetables, pot plants, etc.). Most of the heat is produced 
by large CHP plants (gas-fired combined cycle plants using natural gas, biomass, waste or 
biogas). DH is energy efficient because of the way the heat is produced and the required 
temperature level is an important factor. Buildings can be heated to temperature of 21oC and 
domestic hot water (DHW) can be supplied with a temperature of 55oC using energy sources 
that are most efficient when producing low temperature levels (<95oC) for the DH water. Most 
of these heat sources are CO2 neutral or emit low levels. Only a few of these sources are 
available to small individual systems at a reasonably cost, whereas DH schemes because of the 
�S�O�D�Q�W�¶�V���V�L�]�H���D�Q�G���O�R�F�D�W�L�R�Q���F�D�Q���K�D�Y�H���D�F�F�H�V�V���W�R���P�R�V�W���R�I���W�K�H���K�H�D�W���V�R�X�U�F�H�V���D�Q�G���D�W���D���O�R�Z���F�R�V�W�����/�R�Z��
temperature DH, with return temperatures of around 30-40oC can utilise the following heat 
sources: 
Efficient use of the CHP by extracting heat at low calorific value (CV). 
Efficient use of biomass or gas boilers by condensing heat in economisers (Table 8). 
Efficient utilisation of geothermal energy. 
Direct utilisation of excess low temperature heat from industrial processes. 
Efficient use of large-scale solar heating plants. 
Heat tariffs may include a number of components such as a connection charge, a fixed charge 
and a variable energy charge. Also, consumers may be incentivised to lower the return 
temperature. Hence, it is difficult to generalise but the heat practice for any DH company no 
matter what the ownership structure can be highlighted as follows: 
To develop and maintain a development plan for the connection of new consumers and to 
evaluate the options for least cost production of heat. 
To implement the most competitive solutions by signing agreements with other companies or 
by implementing own investment projects. 
To monitor all internal costs and with the help of benchmarking, and improve the efficiency of 
the company. 
To maintain a good relationship with the consumer and deliver heat supply services at a 
sufficient quality. 
 
Table 8. Final energy projections including biomass (Mtoe) [17] 

Region 2011 
 Biomass Conventional 

Energy  
Total Share of 

Biomass (%) 
Africa 205 136 341 60 
China 206 649 855 24 
East Asia 106 316 422 25 
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Latin America 73 342 415 18 
South Asia 235 188 423 56 
Total developing 
countries 

825 1632 2457 34 

Other non-OECD * 
countries 

24 1037 1061 2 

Total non-OECD* 
countries 

849 2669 3518 24 

OECD countries 81 3044 3125 3 
World 930 5713 6643 14 
Region 2020 
Africa 371 266 637 59 
China 224 1524 1748 13 
East Asia 118 813 931 13 

 
Table 8. (Continued) 
 

Region 2011 
 Biomass Conventional 

Energy  
Total Share of 

Biomass (%) 
Latin America 81 706 787 10 
South Asia 276 523 799 35 
Total developing 
countries 

1071 3825 4896 22 

Other non-OECD * 
countries 

26 1669 1695 2 

Total non-OECD* 
countries 

1097 5494 6591 17 

OECD countries 96 3872 3968 2 
World 1193 9365 10558 11 

* Organisation for Economic Co-operation and Development  
Installing DH should be pursued to meet the objectives for improving the environment through 
the improvement of energy efficiency in the heating sector. At the same time DH can serve the 
consumer with a reasonable quality of heat at the lowest possible cost. The variety of possible 
solutions combined with the collaboration between individual companies, the district heating 
association, the suppliers and consultants can, as it has been in Denmark, be the way forward 
for developing DH in the United Kingdom. Implementation will require initial investment, 
long-term national strategies and action plans. However, the changes will have a number of 
benefits including a more stable energy supply than at present and major improvement in the 
environmental performance of the energy sector, and certain social benefits (Pernille, 2004). 
4. Biomass Utilisation and Development of Conversion Technologies: Sustainable energy is 
energy that, in its production or consumption, has minimal negative impacts on human health 
and the healthy functioning of vital ecological systems, including the global environment. It is 
an accepted fact that renewable energy is a sustainable form of energy, which has attracted 
more attention during recent years. A great amount of renewable energy potential, 
environmental interest, as well as economic consideration of fossil fuel consumption and high 
emphasis of sustainable development for the future will be needed. Explanations for the use of 
inefficient agricultural-environmental polices include: the high cost of information required to 
measure benefits on a site-specific basis, information asymmetries between government 
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agencies and farm decision makers that result in high implementation costs, distribution effects 
and political considerations [18]. Achieving the aim of agric-environment schemes through: 
Sustain the beauty and diversity of the landscape. 
Improve and extend wildlife habitats. 
Conserve archaeological sites and historic features. 
Improve opportunities for countryside enjoyment. 
Restore neglected land or features, and 
Create new habitats and landscapes. 
The data required to perform the trade-off analysis simulation can be classified according to 
the divisions given in Table 9: the overall system or individual plants, and the existing situation 
or future development. The effective economic utilisations of these resources are shown in 
Table 10, but their use is hindered by many problems such as those related to harvesting, 
collection, and transportation, besides the sanitary control regulations. Biomass energy is 
experiencing a surge in an interest stemming from a combination of factors, e.g., greater 
recognition of its current role and future potential contribution as a modern fuel, global 
environmental benefits, its development and entrepreneurial opportunities, etc. Possible routes 
of biomass energy development are shown in Table 11.  
The key to successful future appears to lie with successful marketing of the treatment by 
products. There is also potential for using solid residue in the construction industry as a filling 
agent for concrete. Research suggests that the composition of the residue locks metals within 
the material, thus preventing their escape and any subsequent negative effect on the 
environment [19]. The use of biomass through direct combustion has long been, and still is, the 
most common mode of biomass utilisation as shown in Tables (9-11). Examples for dry 
(thermo-chemical) conversion processes are charcoal making from wood (slow pyrolysis), 
gasification of forest and agricultural residues (fast pyrolysis �± this is still in demonstration 
phase), and of course, direct combustion in stoves, furnaces, etc. Wet processes require 
substantial amount of water to be mixed with the biomass. Biomass technologies include: 
Briquetting.  
Improved stoves.  
Biogas.  
Improved charcoal. 
Carbonisation. 
Gasification. 
Table 9. Classifications of data requirements [20] 
Item Plant data System data 
Existing data Size 

Life 
Cost (fixed and var. O 
and M) 
Forced outage 
Maintenance 
Efficiency 
Fuel 
Emissions 

Peak load 
Load shape 
Capital costs 
Fuel costs  
Depreciation 
Rate of return 
Taxes 

Future data All of above, plus 
Capital costs 
Construction trajectory 
Date in service 

System lead 
growth 
Fuel price growth 
Fuel import limits 
Inflation 

Table 10. Agricultural residues routes for development [20] 
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Source Process Product End use 
Agricultural 
residues 

Direct 
 
 
Processing 
 
Processing 
 
Carbonisation 
Fermentation 

Combustion 
 
 
Briquettes 
 
Carbonisation 
(small-scale) 
Briquettes 
Carbonised 
Biogas 

Rural poor 
Urban household 
Industrial use 
Industrial use 
Limited household use 
Rural household (self 
sufficiency) 
Urban fuel 
Energy services 
Household 
Industry 

Agricultural, 
and animal 
residues 

Direct 
 
Briquettes 
 
Carbonisation 
Carbonisation 
Fermentation 

Combustion 
 
Direct combustion 
 
Carbonised 
Briquettes 
Biogas 

(Save or less efficiency as 
wood) 
(Similar end use devices or 
improved) 
Use 
Briquettes use 
Use 

 The increased demand for gas and petroleum, food crops, fish and large sources of 
vegetative matter mean that the global harvesting of carbon has in turn intensified. It could be 
said that mankind is mining nearly everything except its waste piles. It is simply a matter of 
time until the significant carbon stream present in municipal solid waste is fully captured. In 
the meantime, the waste industry needs to continue on the pathway to increased awareness and 
better-optimised biowaste resources. Optimisation of waste carbon may require widespread 
regulatory drivers (including strict limits on the landfilling of organic materials), public 
acceptance of the benefits of waste carbon products for soil improvements/crop enhancements 
and more investment in capital facilities [21]. In short, a significant effort will be required in 
order to capture a greater portion of the carbon stream and put it to beneficial use. From the 
standpoint of waste practitioners, further research and pilot programmes are necessary before 
the available carbon in the waste stream can be extracted in sufficient quality and quantities to 
create the desired end products. Other details need to be ironed out too, including measurement 
methods, diversion calculations, sequestration values and determination of acceptance 
contamination thresholds [22]. 
5.1. Briquette production 
 Charcoal stoves are very familiar to African society. As for the stove technology, the 
present charcoal stove can be used, and can be improved upon for better efficiency. This energy 
term will be of particular interest to both urban and rural households and all the income groups 
due to the simplicity, convenience, and lower air polluting characteristics. However, the market 
price of the fuel together with that of its end-use technology may not enhance its early high 
market penetration especially in the urban low income and rural households. 
 
Table 11. Effective biomass resource utilisation [22] 

Subject  Tools Constraints 
Utilisation and land 
clearance for agriculture 
expansion 

Stumpage fees 
Control 
Extension 
Conversion 
Technology 

Policy 
Fuel-wood planning 
Lack of extension 
Institutional 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

32 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

Utilisation of agricultural 
residues 

Briquetting 
Carbonisation 
Carbonisation and briquetting 
Fermentation 
Gasification 

Capital 
Pricing 
Policy and legislation 
Social acceptability 

 Briquetting is the formation of a charcoal (an energy-dense solid fuel source) from 
otherwise wasted agricultural and forestry residues. One of the disadvantages of wood fuel is 
that it is bulky with a low energy density and is therefore enquire to transport. Briquette 
formation allows for a more energy-dense fuel to be delivered, thus reducing the transportation 
cost and making the resource more competitive. It also adds some uniformity, which makes the 
fuel more compatible with systems that are sensitive to the specific fuel input [23]. 
5.2. Improved cook stoves 
 Traditional wood stoves can be classified into four types: three stone, metal cylindrical 
shaped, metal tripod and clay type [24]. Another area in which rural energy availability could 
be secured where woody fuels have become scarce, are the improvements of traditional cookers 
and ovens to raise the efficiency of fuel saving. Also, to provide a constant fuel supply by 
planting fast growing trees. The rural development is essential and economically important 
�V�L�Q�F�H���L�W���Z�L�O�O���H�Y�H�Q�W�X�D�O�O�\���O�H�D�G���W�R���E�H�W�W�H�U���V�W�D�Q�G�D�U�G�V���R�I���O�L�Y�L�Q�J�����S�H�R�S�O�H�¶�V���V�H�W�W�O�H�P�H�Q�W�����D�Q�G���V�H�O�I��sufficient 
in the following: 
Food and water supplies. 
Better services in education and health care. 
Good communication modes.  
5.3. Biogas technology 
Biogas technology cannot only provide fuel, but is also important for comprehensive utilisation 
of biomass forestry, animal husbandry, fishery, agricultural economy, protecting the 
environment, realising agricultural recycling, as well as improving the sanitary conditions, in 
rural areas. The introduction of biogas technology on wide scale has implications for macro 
planning such as the allocation of government investment and effects on the balance of 
payments. Factors that determine the rate of acceptance of biogas plants, such as credit facilities 
and technical backup services, are likely to have to be planned as part of general macro-policy, 
as do the allocation of research and development funds [25]. 
Biogas is a generic term for gases generated from the decomposition of organic material. As 
the material breaks down, methane (CH4) is produced as shown in Figure 3. Sources that 
generate biogas are numerous and varied. These include landfill sites, wastewater treatment 
plants and anaerobic digesters. Landfills and wastewater treatment plants emit biogas from 
decaying waste. To date, the waste industry has focused on controlling these emissions to our 
environment and in some cases, tapping this potential source of fuel to power gas turbines, thus 
generating electricity. The primary components of landfill gas are methane (CH4), carbon 
dioxide (CO2), and nitrogen (N2). The average concentration of methane is ~45%, CO2 is 
~36% and nitrogen is ~18%. Other components in the gas are oxygen (O2), water vapour and 
trace amounts of a wide range of non-methane organic compounds (NMOCs).  
For hot water and heating, renewables contributions come from biomass power and heat, 
geothermal direct heat, ground source heat pumps, and rooftop solar hot water and space 
heating systems. Solar assisted cooling makes a very small but growing contribution. When it 
comes to the installation of large amounts of the PV, the cities have several important factors 
in common. These factors include [25]: 
A strong local political commitment to the environment and sustainability. 
The presence of municipal departments or offices dedicated to the environment, and 
sustainability or renewable energy. 
Information provision about the possibilities of renewables. 
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Obligations that some or all buildings include renewable energy. 
5.4. Improved forest and tree management 
Dry cell batteries are a practical but expensive form of mobile fuel that is used by rural people 
when moving around at night and for powering radios and other small appliances. The high 
cost of dry cell batteries is financially constraining for rural households, but their popularity 
gives a good indication of how valuable a versatile fuel like electricity is in rural area. Dry cell 
batteries can constitute an environmental hazard unless they are recycled in a proper fashion. 
Direct burning of fuel-wood and crop residues constitute the main usage of biomass, as is the 
case with many developing countries. However, the direct burning of biomass in an inefficient 
manner causes economic loss and adversely affects human health. In order to address the 
problem of inefficiency, research centres around the world have investigated the viability of 
converting the resource to a more useful form, namely solid briquettes and fuel gas (Figure 4). 
Biomass resources play a significant role in energy supply in all developing countries. Biomass 
resources should be divided into residues or dedicated resources, the latter including firewood 
and charcoal can also be produced from forest residues (Table 12).  
Implementing measures for energy efficiency increase at the demand side and in the energy 
transformation sector is important. It is common practice to dispose of this waste wood in 
landfill where it slowly degraded and takes up valuable void space. This wood is a good source 
of energy and is an alternative to energy crops. Agricultural wastes are abundantly available 
globally and can be converted to energy and useful chemicals by a number of microorganisms. 
The success of promoting any technology depends on careful planning, management, 
implementation, training and monitoring. Main features of gasification project are: 
Networking and institutional development/strengthening. 
Promotion and extension. 
Construction of demonstration projects. 
Research and development, and training and monitoring. 

 
Figure 3. Biogas production process [26]. 

 
Figure 4. Biomass resources from several sources are converted into a range of products for 
use by transport, industry and building sectors [27]. 
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5.5. Gasification processes 
Gasification is based on the formation of a fuel gas (mostly CO and H2) by partially oxidising 
raw solid fuel at high temperatures in the presence of steam or air. The technology can use 
wood chips, groundnut shells, sugar cane bagasse, and other similar fuels to generate capacities 
from 3 kW to 100 kW. Three types of gasifier designs have been developed to make use of the 
diversity of fuel inputs and to meet the requirements of the product gas output (degree of 
cleanliness, composition, heating value, etc.). The requirements of gas for various purposes, 
and a comparison between biogas and various commercial fuels in terms of calorific value, and 
thermal efficiency are presented in Table 13. Sewage sludge is rich in nutrients such as nitrogen 
and phosphorous. It also contains valuable organic matter, useful for remediation of depleted 
or eroded soils. This is why untreated sludge has been used for many years as a soil fertiliser 
and for enhancing the organic matter of soil. A key concern is that treatment of sludge tends to 
concentrate heavy metals, poorly biodegradable trace organic compounds and potentially 
pathogenic organisms (viruses, bacteria and the like) present in wastewaters. These materials 
can pose a serious threat to the environment. When deposited in soils, heavy metals are passed 
through the food chain, first entering crops, and then animals that feed on the crops and 
eventually human beings, to whom they appear to be highly toxic. In addition they also leach 
from soils, getting into groundwater and further spreading contamination in an uncontrolled 
manner [28].  
Table 12. Biomass residues and current use [28] 

Type of residue Current use  
Wood industry waste Residues available 
Vegetable crop residues Animal feed 
Food processing residue Energy needs 
Sorghum, millet, and wheat residues Fodder, and building materials 
Groundnut shells Fodder, brick making, and direct fining oil 

mills 
Cotton stalks Domestic fuel considerable amounts 

available for short period 
Sugar, bagasse, and molasses Fodder, energy need, and ethanol 

production (surplus available) 
Manure Fertiliser, brick making, and plastering  

European and American markets aiming to transform various organic wastes (animal farm 
wastes, industrial and municipal wastes) into two main by-products: 
A solution of humic substances (a liquid oxidate). 
A solid residue. 
Agricultural wastes are abundantly available globally and can be converted to energy and 
useful chemicals by a number of microorganisms. The organic matter was biodegradable to 
produce biogas and the variation show a normal methanogene bacteria activity and good 
working biological process as shown in Figures 5-7. The success of promoting any technology 
depends on careful planning, management, implementation, training and monitoring. Main 
features of gasification project are: 
Networking and institutional development/strengthening. 
Promotion and extension. 
Construction of demonstration projects. 
Research and development, and training and monitoring. 
Biomass is a raw material that has been utilised for a wide variety of tasks since the dawn of 
civilisation. Important as a supply of fuel in the third world, biomass was also the first raw 
material in the production of textiles. The gasification of the carbon char with steam can make 
a large difference to the surface area of the carbon. The corresponding stream gasification 
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reactions are endothermic and demonstrate how the steam reacts with the carbon charcoal 
(Bacaoui, 1998). 
�+���2�����J���������&�[�����V�����:���+�������J���������&�2�����J���������&�[-1 (s)  (2) 
�&�2�����J���������+���2�����J�����:���&�2�������J���������+�������J����  (3) 
�&�2�������J���������&�[�����V�����:���� CO (g) + Cx-1 (s)   (4)  
 
Table 13. Comparison of various fuels [28] 

Fuel Calorific value 
(kcal) 

Burning mode Thermal efficiency 
(%) 

Electricity, kWh 880 Hot plate 70 
Coal gas, kg 4004 Standard burner 60 
Biogas, m3 5373 Standard burner 60 
Kerosene, l 9122 Pressure stove 50 
Charcoal, kg 6930 Open stove 28 
Soft coke, kg 6292 Open stove 28 
Firewood, kg 3821 Open stove 17 
Cow dung, kg 2092 Open stove 11 

 The sources to alleviate the energy situation in the world are sufficient to supply all 
foreseeable needs. Conservation of energy and rationing in some form will however have to be 
practised by most countries, to reduce oil imports and redress balance of payments positions. 
Meanwhile development and application of nuclear power and some of the traditional solar, 
wind and water energy alternatives must be set in hand to supplement what remains of the fossil 
fuels. 
 

 
Figure 5. Organic matters before and after treatment in digester [29]. 

 
Figure 6. Potential of hydrogen (pH) sludge before and after treatment in the digester [29]. 
The encouragement of greater energy use is an essential component of development. In the 
short-term it requires mechanisms to enable the rapid increase in energy/capita, and in the long-
term we should be working towards a way of life, which makes use of energy efficiency and 
without the impairment of the environment or of causing safety problems. Such a programme 
should as far as possible be based on renewable energy resources. 
Table 14. Biomass conversions to energy [29] 

Feedstock Crops  Conversion process End product 
Wood-
cellulosic 
biomass 
 
Vegetable oils 
 

Short rotation forest (poplar, 
willow), plant species (sorghum, 
mischantus, etc.), fibre-crops 
(cynara, kenaf, etc.) 
Oleaginous crops (rapeseed, 
soybean, sunflower, etc.) 

Direct combustion 
Gasification 
Pyrolysis 
 
Direct combustion 
Esterification 

Heat 
Methane  
Hydrogen 
Oil 
Heat 
Biodiesel 
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Sugar/starch  Cereals, root and tuber crops, 
grape, topinambour, etc. 

Fermentation 
 

Ethanol 
 

6. Bioheat 
 Bioenergy is a growing source of power that is playing an ever-increasing role in the 
provision of electricity. The potential contribution of the waste industry to bioenergy is huge 
and has the ability to account for a source of large amount of total bioenergy production. 
Woody biomass is usually converted into power through combustion or gasification. Biomass 
can be specially grown in the case of energy crops. Waste wood makes up a significant 
proportion of a variety of municipal, commercial and industrial waste streams. It is common 
practice to dispose of this waste wood in landfill where it slowly degraded and takes up valuable 
void space. This wood is a good source of energy and is an alternative to energy crops. The 
biomass directly produced by cultivation can be transformed by different processes into 
gaseous, liquid or solid fuels (Table 14). The whole process of production of methyl or ethyl 
esters (biodiesel) is summarised in Figures 8-9. 
In Figure 7 Advanced biomass power with diesel engine at equilibrium, the rate at which 
vapour is formed (determined by Q1) equals the rate at which it is removed. Therefore, both 
the heat transfer rate into the liquid (Q2) and the vapour removal rate (suction pump capacity) 
determines the pressure cooling capacity, i.e., Q3; Q4 Capacity (thermal power) (Watt); 
External heat input i.e., W1; W2 Heat (thermal energy) (J),  
 

 
Figure 7. Advanced biomass power with diesel engine [30]. 
 

 
Figure 8. Biofuel pathways for renewable alcohol fuels [30]. 
6.1. Waste policy in context 
In terms of solid waste management policy, many non-governmental organisations (NGOs) 
have changed drastically in the past ten years from a mass production and mass consumption 
�V�R�F�L�H�W�\���W�R���µ�P�D�W�H�U�L�D�O-�F�\�F�O�H���V�R�F�L�H�W�\�¶�����,�Q���D�G�G�L�W�L�R�Q���W�R���Q�D�W�L�R�Q�D�O���O�H�J�Lslation, municipalities are legally 
obliged to develop a plan for handling the municipal solid waste (MSW) generated in 
administrative areas. Such plans contain: 
Estimates of future waste volume. 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

37 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

Measures to reduce waste. 
Measures to encourage source separation. 
A framework for solid waste disposal and the construction and management of solid waste 
management facilities. 
Landfilling is in the least referred tier of the hierarchy of waste management options: waste 
minimisation, reuse and recycling, incineration with energy recovery, and optimised final 
disposal. The key elements are as follows: construction impacts, atmospheric emissions, noise, 
water quality, landscape, visual impacts, socio economics, ecological impacts, traffic, solid 
waste disposal and cultural heritage [31]. 
6.2. Energy from agricultural biomass 
The main advantages are related to energy, agriculture and environment problems, are 
foreseeable both at regional level and at worldwide level and can be summarised as follows: 
Reduction of dependence on import of energy and related products. 
Reduction of environmental impact of energy production (greenhouse effect, air pollution, and 
waste degradation). 
Substitution of food crops and reduction of food surpluses and of related economic burdens. 
Utilisation of marginal lands and of set aside lands and reduction of related socio-economic 
and environmental problems (soil erosion, urbanisation, landscape deterioration, etc.). 
Development of new know-how and production of technological innovation. 
A study (Bacaoui, 1998) individuated on the basis of botanical, genetical, physiological, 
biochemical, agronomical and technological knowledge reported in literature some 150 species 
potentially exploitable divided as reported in Table 15. 
7. Role of Chemical Engineering 
Turning to chemical engineering and the experience of the chemical process industry represents 
a wakening up but does not lead to an immediate solution to the problems. The traditional 
techniques are not very kind to biological products, which are controlled by difficulty and 
unique physico-chemical properties such as low mechanical, thermal and chemical stabilities. 
There is the question of selectivity.  
 

 
Figure 9. Flow chart of biodiesel production [32]. 
Table 15. Plant species potentially exploitable for production of agricultural biomass for energy 
or industrial utilisations [32] 
Groups of plants Number of 

species 
Plants cultivated for food purposes that can be reconverted to new uses 
Plants cultivated in the past, but not in culture any more 
Plants cultivated in other world areas 

9 
46 
46 
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Wild species, both indigenous and exotic 
Total 

47 
148 

Plant product Number of 
species 

Biomass 
Sugars and polysaccharides 
Cellulose 
Hydrocarbons 
Polymeric hydrocarbons 
Gums and resins  
Tannins and phenolic compounds 
Waxes 
Vegetable oils 
Total 

8 
38 
17 
3 
5 
12 
3 
7 
38 
131 

The fermentation broths resulting from microbial growth contain a bewildering mixture of 
many compounds closely related to the product of interests. By the standards of the process 
streams in chemical industry, fermenter is highly impure and extremely dilutes aqueous 
systems (Table 16). 
Table 16. Typical product concentrations exiting fermenters [32] 
Product Concentration (kg/m3) 
Ethanol 
Organic acids (e.g., citric) 
Vitamin B12 
Interferon 
Single-cell protein 
Antibiotics (e.g., Penicillin G) 
Enzyme protein (e.g., protease) 

70-120 
40-100 
0.02 
50-70 
30-50 
10-30 
2-5 

The disadvantages of the fermentation media are as the following: mechanically fragile, 
temperature sensitive, rapidly deteriorating quality, harmful if escaping into the environment, 
corrosive (acids, chlorides, etc.), and troublesome (solids, theological, etc.), and expensive. 
Thus, pilot plants for scale-up work must be flexible. In general, they should contain suitably 
interconnected equipment for: fermentation, primary separation, cell disruption fractionalises 
and clarifications, purification by means of high-resolution techniques and concentration and 
dry. The effects of the chlorofluorocarbons (CFCs) molecule can last for over a century. 
 
7.1. Fluidised bed drying 
An important consideration for operators of wastewater treatment plants is how to handle the 
disposal of the residual sludge in a reliable, sustainable, legal and economical way. The benefits 
of drying sludge can be seen in two main treatment options: 
Use of the dewatered sludge as a fertiliser or in fertiliser blends. 
Incineration with energy recovery. 
Use as a fertiliser takes advantage of the high organic content 40%-70% of the dewatered 
sludge and its high levels of phosphorous and other nutrients. However, there are a number of 
concerns about this route including: 
The chemical composition of the sludge (e.g., heavy metals, hormones and other 
pharmaceutical residues). 
Pathogen risk (e.g., SALMOELLA, ESCHERICHIA COLI, prionic proteins, etc.). 
Potential accumulation of heavy metals and other chemicals in the soil. 
Sludge can be applied as a fertiliser in three forms: liquid sludge, wet cake blended into 
compost, and dried granules. 
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The advantages of energy recovery sludge include: 
�7�K�H�� �X�V�H�� �R�I�� �G�H�Z�D�W�H�U�H�G�� �V�O�X�G�J�H�� �L�V�� �D�� �µ�V�L�Q�N�¶�� �I�R�U�� �S�R�O�O�X�W�D�Q�W�V�� �V�X�F�K�� �D�V�� �K�H�D�Y�\�� �P�H�W�D�O�V���� �W�R�[�L�F�� �R�U�J�D�Q�L�F��
compounds and pharmaceutical residues. Thus, offering a potential disposal route for these 
substances provided the combustion plant has adequate flue gas cleaning. 
The potential, under certain circumstances, to utilise the inorganic residue from sludge 
incineration (incinerator ash), such as in cement or gravel. 
The high calorific value (similar to lignite) of dewatered sludge. 
The use of dewatered sludge as a carbon dioxide neutral substitute for primary fuels such as 
oil, gas and coal. 
7.2. Energy efficiency 
Energy efficiency is the most cost-effective way of cutting carbon dioxide emissions and 
improvements to households and businesses. It can also have many other additional social, 
economic and health benefits, such as warmer and healthier homes, lower fuel bills and 
company running costs and, indirectly, jobs. Britain wastes 20 per cent of its fossil fuel and 
electricity use in transportation (Omer, 2006). This implies that it would be cost-effective to 
cut £10 billion a year off the collective fuel bill and reduce CO2 emissions by some 120 million 
tones CO2 [33]. Yet, due to lack of good information and advice on energy saving, along with 
the capital to finance energy efficiency improvements, this huge potential for reducing energy 
demand is not being realised. Traditionally, energy utilities have been essentially fuel providers 
and the industry has pursued profits from increased volume of sales. Institutional and market 
arrangements have favoured energy consumption rather than conservation. However, energy is 
at the centre of the sustainable development paradigm as few activities affect the environment 
as much as the continually increasing use of energy. Most of the used energy depends on finite 
resources, such as coal, oil, gas and uranium. In addition, more than three quarters of the 
�Z�R�U�O�G�¶�V�� �F�R�Q�V�X�P�S�W�L�R�Q�� �R�I�� �W�K�H�V�H�� �I�X�H�O�V�� �L�V�� �X�V�H�G�� often inefficiently, by only one quarter of the 
�Z�R�U�O�G�¶�V���S�R�S�X�O�D�W�L�R�Q�����:�L�W�K�R�X�W���H�Y�H�Q���D�G�G�U�H�V�V�L�Q�J���W�K�H�V�H���L�Q�H�T�X�L�W�L�H�V���R�U���W�K�H���S�U�H�F�L�R�X�V�����I�L�Q�L�W�H���Q�D�W�X�U�H���R�I��
these resources, the scale of environmental damage will force the reduction of the usage of 
these fuels long before they run out.  
Throughout the energy generation process there are impacts on the environment on local, 
national and international levels, from opencast mining and oil exploration to emissions of the 
potent greenhouse gas carbon dioxide in ever increasi�Q�J���F�R�Q�F�H�Q�W�U�D�W�L�R�Q�����5�H�F�H�Q�W�O�\�����W�K�H���Z�R�U�O�G�¶�V��
leading climate scientists reached an agreement that human activities, such as burning fossil 
�I�X�H�O�V�� �I�R�U�� �H�Q�H�U�J�\�� �D�Q�G�� �W�U�D�Q�V�S�R�U�W���� �D�U�H�� �F�D�X�V�L�Q�J�� �W�K�H�� �Z�R�U�O�G�¶�V�� �W�H�P�S�H�U�D�W�X�U�H�� �W�R�� �U�L�V�H���� �7�K�H��
Intergovernmental Panel on Climate Change �K�D�V�� �F�R�Q�F�O�X�G�H�G�� �W�K�D�W�� �µ�µ�W�K�H�� �E�D�O�D�Q�F�H�� �R�I�� �H�Y�L�G�H�Q�F�H��
�V�X�J�J�H�V�W�V���D���G�L�V�F�H�U�Q�L�E�O�H���K�X�P�D�Q���L�Q�I�O�X�H�Q�F�H���R�Q���J�O�R�E�D�O���F�O�L�P�D�W�H�¶�¶�����,�W���S�U�H�G�L�F�W�V���D���U�D�W�H���R�I���Z�D�U�P�L�Q�J���J�U�H�D�W�H�U��
than any one seen in the last 10,000 years, in other words, throughout human history. The exact 
impact of climate change is difficult to predict and will vary regionally. It could, however, 
include sea level rise, disrupted agriculture and food supplies and the possibility of more freak 
weather events such as hurricanes and droughts. Indeed, people already are waking up to the 
financial and social, as well as the environmental, risks of unsustainable energy generation 
methods that represent the costs of the impacts of climate change, acid rain and oil spills. The 
insurance industry, for example, concerned about the billion dollar costs of hurricanes and 
floods, has joined sides with environmentalists to lobby for greenhouse gas emissions 
reduction. Friends of the earth are campaigning for a more sustainable energy policy, guided 
by the principal of environmental protection and with the objectives of sound natural resource 
management and long-term energy security. The key priorities of such an energy policy must 
be to reduce fossil fuel use, move away from nuclear power, improve the efficiency with which 
energy is used and increase the amount of energy obtainable from sustainable and renewable 
sources. Efficient energy use has never been more crucial than it is today, particularly with the 
prospect of the imminent introduction of the climate change levy (CCL). Establishing an 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

40 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

energy use action plan is the essential foundation to the elimination of energy waste. A logical 
starting point is to carry out an energy audit that enables the assessment of the energy use and 
determine what actions to take. The actions are best categorised by splitting measures into the 
following three general groups: 
(1) High priority/low cost: 
These are normally measures, which require minimal investment and can be implemented 
quickly. The followings are some examples of such measures: 
Good housekeeping, monitoring energy use and targeting waste-fuel practices. 
Adjusting controls to match requirements. 
Improved greenhouse space utilisation. 
Small capital item time switches, thermostats, etc. 
Carrying out minor maintenance and repairs. 
Staff education and training. 
Ensuring that energy is being purchased through the most suitable tariff or contract 
arrangements. 
(2) Medium priority/medium cost: 
Measures, which, although involve little or no design, involve greater expenditure and can take 
longer to implement. Examples of such measures are listed below: 
New or replacement controls. 
Greenhouse component alteration, e.g., insulation, sealing glass joints, etc. 
Alternative equipment components, e.g., energy efficient lamps in light fittings, etc. 
(3) Long term/high cost: 
These measures require detailed study and design. They can be best represented by the 
followings: 
Replacing or upgrading of plant and equipment. 
Fundamental redesign of systems, e.g., CHP installations. 
This process can often be a complex experience and therefore the most cost-effective approach 
is to employ an energy specialist to help. 
7.3. Future recommended sustainable energy policy 
Sustainability is regarded as a major consideration for both urban and rural development. 
People have been exploiting the natural resources with no consideration to the effects, both 
short-term (environmental) and long-term (resources crunch). It is also felt that knowledge and 
technology have not been used effectively in utilising energy resources. Energy is the vital 
input for economic and social development of any country. Its sustainability is an important 
factor to be considered. The urban areas depend, to a large extent, on commercial energy 
sources. The rural areas use non-commercial sources like firewood and agricultural wastes. 
With the present day trends for improving the quality of life and sustenance of mankind, 
environmental issues are considered highly important. In this context, the term energy loss has 
no significant technical meaning. Instead, the exergy loss has to be considered, as destruction 
of exergy is possible. Hence, exergy loss minimisation will help in sustainability. In the process 
of developing, there are two options to manage energy resources: (1) End use matching/demand 
side management, which focuses on the utilities. The mode of obtaining this is decided based 
on economic terms. It is, therefore, a quantitative approach. (2) Supply side management, 
which focuses on the renewable energy resource and methods of utilising it. This is decided 
based on thermodynamic consideration having the resource-user temperature or exergy 
destruction as the objective criteria. It is, therefore, a qualitative approach. The two options are 
explained schematically in Figure 10. The exergy-based energy, developed with supply side 
perspective is shown in Figure 11. The following policy measures had been identified: 
Clear environmental and social objectives for energy market liberalisation, including a 
commitment to energy efficiency and renewables. 
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Economic, institutional and regulatory frameworks, which encourage the transition to total 
energy services. 
Economic measures to encourage utility investment in energy efficiency (e.g., levies on fuel 
bills). 
Incentives for demand side management, including grants for low-income households, expert 
advice and training, standards for appliances and buildings and tax incentives. 
Research and development funding for renewable energy technologies not yet commercially 
viable. 
Continued institutional support for new renewables (such as standard cost-reflective payments 
and obligation on utilities to buy). 
Ecological tax reform to internalise external environmental and social costs within energy 
prices. 
Planning for sensitive development and public acceptability for renewable energy. 
Energy resources are needed for societal development. Their sustainable development requires 
a supply of energy resources that are sustainably available at a reasonable cost and can cause 
no negative societal impacts. Energy resources such as fossil fuels are finite and lack 
sustainability, while renewable energy sources are sustainable over a relatively longer term. 
Environmental concerns are also a major factor in sustainable development, as activities, which 
degrade the environment, are not sustainable. Hence, as much as environmental impact is 
associated with energy, sustainable development requires the use of energy resources, which 
cause as little environmental impact as possible. One way to reduce the resource depletion 
associated with cycling is to reduce the losses that accompany the transfer of exergy to consume 
resources by increasing the efficiency of exergy transfer between resources, i.e., increasing the 
fraction of exergy removed from one resource that is transferred to another [34]. 
 

 
Figure 10. Supply side and demand side management approach for energy [34]. 
 

 
Figure 11. Exergy based optimal energy model [34]. 
As explained above, exergy efficiency may be thought of as a more accurate measure of energy 
efficiency that accounts for quantity and quality aspects of energy flows. Improved exergy 
efficiency leads to reduced exergy losses. Most efficiency improvements produce direct 
environmental benefits in two ways. First, operating energy input requirements are reduced per 
unit output, and pollutants generated are correspondingly reduced. Second, consideration of 
the entire life cycle for energy resources and technologies suggests that improved efficiency 
reduces environmental impact during most stages of the life cycle. Quite often, the main 
concept of sustainability, which often inspires local and national authorities to incorporate 
environmental consideration into setting up energy programmes have different meanings in 
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different contexts though it usually embodies a long-term perspective. Future energy systems 
will largely be shaped by broad and powerful trends that have their roots in basic human needs. 
Combined with increasing world population, the need will become more apparent for 
successful implementation of sustainable development [35]. 
Heat has a lower exergy, or quality of energy, compared with work. Therefore, heat cannot be 
converted into work by 100% efficiency. Some examples of the difference between energy and 
exergy are shown in Table 17. 
Carnot Quality Factor (CQF) = (1-To/Ts)   (5) 
Exergy = Energy (transferred) x CQF   (6) 
Where To is the environment temperature (K) and Ts is the temperature of the stream (K). 
Table 17. Qualities of various energy sources [35] 

Source Energy (J) Exergy (J) CQF 
Water at 80oC 100 16 0.16 
Steam at 120oC 100 24 0.24 
Natural gas 100 99 0.99 
Electricity/work 100 100 1.00 

The terms used in Table 17 have the following meanings:  
Various parameters are essential to achieving sustainable development in a society. Some of 
them are as follows: 
Public awareness. 
Information. 
Environmental education and training. 
Innovative energy strategies. 
Renewable energy sources and cleaner technologies. 
Financing. 
Monitoring and evaluation tools. 
Improving access for rural and urban low-income areas in developing countries must be 
through energy efficiency and renewable energies. Sustainable energy is a prerequisite for 
development. Energy-based living standards in developing countries, however, are clearly 
below standards in developed countries. Low levels of access to affordable and 
environmentally sound energy in both rural and urban low-income areas are therefore a 
predominant issue in developing countries. In recent years many programmes for development 
aid or technical assistance have been focusing on improving access to sustainable energy, many 
of them with impressive results [36]. 
Apart from success stories, however, experience also shows that positive appraisals of many 
projects evaporate after completion and vanishing of the implementation expert team. 
Altogether, the diffusion of sustainable technologies such as energy efficiency and renewable 
energies for cooking, heating, lighting, electrical appliances and building insulation in 
developing countries has been slow. Energy efficiency and renewable energy programmes 
could be more sustainable and pilot studies more effective and pulse releasing if the entire 
policy and implementation process was considered and redesigned from the outset. New 
financing and implementation processes are needed which allow reallocating financial 
resources and thus enabling countries themselves to achieve a sustainable energy infrastructure. 
The links between the energy policy framework, financing and implementation of renewable 
energy and energy efficiency projects have to be strengthened and capacity building efforts are 
required.  
Results and Discussions 
The presented study is general review on the potential and use of bioenergy. It highlights some 
assets and disadvantages of this type of energy source focusing on sustainability aspects [37-
38]. Also, the following action areas for producers were recommended: 
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Management and measurement tools- adopting environmental management systems 
appropriate for the business. 
Performance assessment tools- making use of benchmarking to identify scope for impact 
reduction and greater eco-efficiency in all aspects of the business. 
Best practice tools- making use of free help and advice from government best practice 
programmes (energy efficiency, environmental technology, and resource savings). 
Innovation and ecodesign- �U�H�W�K�L�Q�N�L�Q�J�� �W�K�H�� �G�H�O�L�Y�H�U�\�� �R�I�� �µ�Y�D�O�X�H�� �D�G�G�H�G�¶�� �E�\�� �W�K�H�� �E�X�V�L�Q�H�V�V���� �V�R�� �W�K�D�W��
impact reduction and resource efficiency are firmly built in at the design stage. 
Cleaner, leaner production processes- pursuing improvements and savings in waste 
minimisation, energy and water consumption, transport and distribution, as well as reduced 
emissions.  
Supply chain management- specifying more demanding standards of sustainability from 
�µ�X�S�V�W�U�H�D�P�¶���V�X�S�S�O�L�H�U�V�����Z�K�L�O�H���V�X�S�S�R�U�W�L�Q�J���V�P�Dller firms to meet those higher standards. 
Product stewardship- �W�D�N�L�Q�J�� �W�K�H�� �E�U�R�D�G�H�V�W�� �Y�L�H�Z�� �R�I�� �µ�S�U�R�G�X�F�H�U�� �U�H�V�S�R�Q�V�L�E�L�O�L�W�\�¶�� �D�Q�G�� �Z�R�U�N�L�Q�J�� �W�R��
�U�H�G�X�F�H���D�O�O���W�K�H���µ�G�R�Z�Q�V�W�U�H�D�P�¶���H�I�I�H�F�W�V���R�I���S�U�R�G�X�F�W�V���D�I�W�H�U���W�K�H�\���K�D�Y�H���E�H�H�Q���V�R�O�G���R�Q���W�R���F�X�V�W�R�P�H�U�V�� 
Openness and transparency- publicly reporting on environmental performance against 
meaningful targets; actively using clear labels and declarations so that customers are fully 
informed; building stakeholder confidence by communicating sustainability aims to the 
workforce, the shareholders and the local community (Figure 12). 

 
Figure 12. Link between resources and productivity [39]. 
 
Table 18. The basket of indicators for sustainable consumption and production [39] 
Economy-wide decoupling indicators 
 
1. Greenhouse gas emissions 
2. Air pollution 
3. Water pollution (river water quality) 
4. Commercial and industrial waste arisings and household waste not cycled 
 
Resource use indicators 
 
5. Material use 
6. Water abstraction 
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7. Homes built on land not previously developed, and number of households 
 
Decoupling indicators for specific sectors 
 
8. Emissions from electricity generation 
9. Motor vehicle kilometres and related emissions 
10. Agricultural output, fertiliser use, methane emissions and farmland bird populations 
11. Manufacturing output, energy consumption and related emissions 
12. Household consumption, expenditure energy, water consumption and waste generated 

Alternatively energy sources can potentially help fulfill the acute energy demand and sustain 
economic growth in many regions of the world. Bioenergy is beginning to gain importance in 
the global fight to prevent climate change. The scope for exploiting organic waste as a source 
of energy is not limited to direct incineration or burning refuse-derived fuels. Biogas, biofuels 
and woody biomass are other forms of energy sources that can be derived from organic waste 
materials. These biomass energy sources have significant potential in the fight against climate 
change. Recently, there are many studies on modern biomass energy technology systems 
published [40]. 
This is the step in a long journey to encourage a progressive economy, which continues to 
provide people with high living standards, but at the same time helps reduce pollution, waste 
mountains, other environmental degradation, and environmental rationale for future policy-
making and intervention to improve market mechanisms. This vision will be accomplished by: 
�µ�'�H�F�R�X�S�O�L�Q�J�¶�� �H�F�R�Q�R�P�L�F�� �J�U�R�Z�W�K�� �D�Q�G�� �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�� �G�H�J�U�D�G�D�W�L�R�Q���� �7�K�H�� �E�D�V�N�H�W�� �R�I�� �L�Q�G�L�F�D�W�R�U�V��
illustrated shows the progress being made (Table 18). Decoupling air and water pollution from 
growth, making good headway with CO2 emissions from energy, and transport. The 
environmental impact of our own individual behaviour is more closely linked to consumption 
expenditure than the economy as a whole. 
Focusing policy on the most important environmental impacts associated with the use of 
particular resources, rather than on the total level of all resource use. 
Increasing the productivity of material and energy use that are economically efficient by 
encouraging patterns of supply and demand, which are more efficient in the use of natural 
resources. The aim is to promote innovation and competitiveness. Investment in areas like 
energy efficiency, water efficiency and waste minimisation. 
Encouraging and enabling active and informed individual and corporate consumers.  
Vegetation and in particular forests, can be managed to sequester carbon. Management options 
have been identified to conserve and sequester up to 90 Pg C in the forest sector in the next 
century, through global afforestation [41]. For efficient use of bioenergy resources, it is 
essential to take account of the intrinsic energy potential. Despite the availability of basic 
statistics, many differences have been observed between the previous assessments of bioenergy 
potential [41]. 
On some climate change issues (such as global warming), there is no disagreement among the 
scientists. The greenhouse effect is unquestionably real; it is essential for life on earth. Water 
vapour is the most important GHG; followed by carbon dioxide (CO2). Without a natural 
�J�U�H�H�Q�K�R�X�V�H�� �H�I�I�H�F�W���� �V�F�L�H�Q�W�L�V�W�V�� �H�V�W�L�P�D�W�H�� �W�K�D�W�� �W�K�H�� �H�D�U�W�K�¶�V�� �D�Y�H�U�D�J�H�� �W�H�P�S�H�U�D�W�X�U�H�� �Z�R�X�O�G�� �E�H���±18oC 
instead of its present 14oC [41]. There is also no scientific debate over the fact that human 
activity has increased the concentration of the GHGs in the atmosphere (especially CO2 from 
combustion of coal, oil and gas). The greenhouse effect is also being amplified by increased 
concentrations of other gases, such as methane, nitrous oxide, and CFCs as a result of human 
emissions. Most scientists predict that rising global temperatures will raise the sea level and 
increase the frequency of intense rain or snowstorms (Andrea, and Fernando, 2012). 
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Globally, buildings are responsible for approximately 40% of the total world annual energy 
consumption. Most of this energy is for the provision of lighting, heating, cooling, and air 
conditioning. Increasing awareness of the environmental impact of CO2, NOx and CFCs 
emissions triggered a renewed interest in environmentally friendly cooling, and heating 
technologies. Under the 1997 Montreal Protocol, governments agreed to phase out chemicals 
used as refrigerants that have the potential to destroy stratospheric ozone. It was therefore 
considered desirable to reduce energy consumption and decrease the rate of depletion of world 
energy reserves and pollution of the environment. One way of reducing building energy 
consumption is to design buildings, which are more economical in their use of energy for 
heating, lighting, cooling, ventilation and hot water supply. Passive measures, particularly 
natural or hybrid ventilation rather than air-conditioning, can dramatically reduce primary 
energy consumption. However, exploitation of renewable energy in buildings and agricultural 
greenhouses can, also, significantly contribute towards reducing dependency on fossil fuels. 
Therefore, promoting innovative renewable applications and reinforcing the renewable energy 
market will contribute to preservation of the ecosystem by reducing emissions at local and 
global levels [42]. 
The adoption of green or sustainable approaches to the way in which society is run is seen as 
an important strategy in finding a solution to the energy problem. The key factors to reducing 
and controlling CO2, which is the major contributor to global warming, are the use of 
alternative approaches to energy generation and the exploration of how these alternatives are 
used today and may be used in the future as green energy sources. Even with modest 
assumptions about the availability of land, comprehensive fuel-wood farming programmes 
offer significant energy, economic and environmental benefits. These benefits would be 
dispersed in rural areas where they are greatly needed and can serve as linkages for further 
rural economic development. The nations as a whole would benefit from savings in foreign 
exchange, improved energy security, and socio-economic improvements. With a nine-fold 
increase in forest �± �S�O�D�Q�W�D�W�L�R�Q���F�R�Y�H�U�����D���Q�D�W�L�R�Q�¶�V���U�H�V�R�X�U�F�H���E�D�V�H���Z�R�X�O�G���E�H���Jreatly improved. The 
international community would benefit from pollution reduction, climate mitigation, and the 
increased trading opportunities that arise from new income sources.  
Conclusion 
Even with modest assumptions about the availability of land, comprehensive fuel-wood 
farming programmes offer significant energy, economic and environmental benefits. These 
benefits would be dispersed in rural areas where they are greatly needed and can serve as 
linkages for further rural economic development. The nations, as a whole would benefit from 
savings in foreign exchange, improved energy security, and socio-economic improvements. 
With a nine-fold increase in forest �± �S�O�D�Q�W�D�W�L�R�Q�� �F�R�Y�H�U���� �W�K�H�� �Q�D�W�L�R�Q�¶�V�� �U�H�V�R�X�U�F�H�� �E�D�V�H�� �Z�R�X�O�G�� �E�H��
greatly improved. The international community would benefit from pollution reduction, 
climate mitigation, and the increased trading opportunities that arise from new income sources. 
Furthermore, investigating the potential is needed to make use of more and more of its waste. 
Household waste, vegetable market waste, and waste from the cotton stalks, leather, and pulp; 
and paper industries can be used to produce useful energy either by direct incineration, 
gasification, digestion (biogas production), fermentation, or cogeneration. Therefore, effort has 
to be made to reduce fossil energy use and to promote green energies, particularly in the 
building sector. Energy use reductions can be achieved by minimising the energy demand, by 
rational energy use, by recovering heat and the use of more green energies. This study was a 
step towards achieving that goal.  
Acknowledgments  
The financial support for this research work from the Energy Research Institute is gratefully 
acknowledged. I am grateful to my wife Kawthar Abdelhai Ali for standing beside me. 
 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

46 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

References 
[1] Abdeen M. O. (2015). Utilisation of biomass for renewable bioenergy development, 
International Journal of Comprehensive Research in Biological Science, Vol.2, No.1, p. 1-28, 
India, January 2015. 
[2] Abdeen, M. O. (2008a). Renewable building energy systems and passive human comfort 
solutions. Renewable and Sustainable Energy Reviews, 12(6), 1562-1587.  
[2] Abdeen, M. O. (2008b). People, power and pollution. Renewable and Sustainable Energy 
Reviews, 12(7), 1864-1889.  
[4] Abdeen, M. O. (2008c). Energy, environment and sustainable development. Renewable and 
Sustainable Energy Reviews, 12(9), 2265-2300.  
[5] Abdeen, M. O. (2008d). Focus on low carbon technologies: The positive solution. 
Renewable and Sustainable Energy Reviews, 12(9), 2331-2357.  
[6] Abdeen, M. O. (2008e). Chapter 10: Development of integrated bioenergy for improvement 
of quality of life of poor people in developing countries. In F. L. Magnusson & O. W. 
Bengtsson (Eds.), Energy in Europe: Economics, policy and strategy (pp. 341-373). New York, 
NY: NOVA Science Publishers. 
[7] Abdeen, M. O. (2009a). Environmental and socio-economic aspect of possible development 
in renewable energy use. In Proceedings of the 4th International Symposium on Environment, 
Athens, Greece, 21-24 May 2009.  
[8] Abdeen, M. O. (2009b). Energy use, environment and sustainable development. In 
Proceedings of the 3rd International Conference on Sustainable Energy and Environmental 
Protection (SEEP 2009), Paper No.1011, Dublin, Republic of Ireland, 12-15 August 2009. 
[9] Abdeen, M. O. (2009c). Energy use and environmental: Impacts: A general review. Journal 
of Renewable and Sustainable Energy, 1(5), 1-29. 
[10] Abdeen, M. O. (2009d). Chapter 3: Energy use, environment and sustainable development. 
In R. T. Mancuso (Ed.), Environmental cost management, (pp. 129-166). New York, NY: 
NOVA Science Publishers. 
[11] Aladjadjiyan, A., and Kakanakov, R. (2008). The role of RES in future power supply of 
Bulgaria. 7th Balkan Power Conference, Sibenik, Croatia, 10-12 September 2008, Proceedings, 
ISBN 987-243-091-7, Published by University of Ljubljana, Ed. Andrej Gubina. 
[12] Aladjadjiyan, A., Kakanakov, R. and Zahariev, A. (2010). Biomass energy resources in 
estimation and sustainable incorporation of biomass and other RES in municipal and national 
strategies for energy development, Scopie, 4.10.2010. Proceedings, pp 88-95. 
[13] Aleksandar Z., Dimo, P., Anna, A. (2014). Biogas from animal manure-perspectives and 
barriers in Bulgaria, Annual Research and Review in Biology, 4(5): 709-719. 
[14] Andrea, S., and Fernando, R. (2012). Identifying, developing, and moving sustainable 
communities through renewable energy, World Journal of Science, Technology and 
Sustainable Development, 9(4): 273-281. 
[15] Aroyeun, S. O. (2009). Reduction of aflatoxin B1 and Ochratoxin A in cocoa beans 
infected with Aspergillus via Ergosterol Value. World Review of Science, Technology and 
Sustainable Development, 6(1), 75-90. 
[16] Bacaoui, A., Yaacoubi, A., Dahbi, C., Bennouna, J., and Mazet, A. (1998). Activated 
carbon production from Moroccan olive wastes-influence of some factors. Environmental 
Technology 19: 1203-1212.  
[17] Barton A. L. (2007). Focus on sustainable development research advances, (pp. 189-205). 
New York, NY: NOVA Science Publishers, Inc. 
[18] Bessou, S. (2009). Biofuels, greenhouse gases and climate change. Agronomy for 
Sustainable Development, DOI: 10. 1051/agro/2009039. 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

47 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

[19] Bhutto A, Bazmi A, Zahwdi G (2011) Greener energy: issues and challenges for Pakistan 
�± Biomass energy prospective. Renewable and Sustainable Energy Reviews, 15 (6): 3207-32-
19. 
[20] Brain, G., & Mark, S. (2007). Garbage in, energy out: Landfill gas opportunities for CHP 
projects. Cogeneration and On-Site Power, 8(5), 37-45. 
[21] Cheng, R. (2010). Advanced biofuel technologies: status and barriers. World Bank Report, 
WPS5411. 
[22] Cihan G, Dursun B, Bora A, Erkan S (2009) Importance of biomass energy as alternative 
to other sources in Turkey. Energy Policy, 37 (2): 424-431. 
�>�����@���'�¶�$�S�R�W�H�����6���/���������������������,�(�$���E�L�Rmass energy analysis and projections. In: Proceedings of 
Biomass Energy Conference: Data, analysis and Trends, Paris: OECD; 23-24 March 1998. 
[24] Duku, B. (2009). Comprehensive review of biomass resources and biofuels potential in 
Ghana. Renewable and Sustainable Energy Review, 15: 404-415. 
[25] Erlich, P. (1991). Forward facing up to climate change, in Global Climate Change and 
Life on Earth. R.C. Wyman (Ed), Chapman and Hall, London.  
[26] Hall O. and Scrase J. (1998). Will biomass be the environmentally friendly fuel of the 
future? Biomass and Bioenergy 15: 357-67. 
[27] Jeremy, L. (2005). The energy crisis, global warming and the role of renewables. 
Renewable Energy World, 8(2). 
[28] Kothari, D. P., Singal, K. C., Rakesh, Ranjan (2011). Renewable energy sources and 
emerging technologies, 2nd Edition, Private Ltd, New Delhi, 2011. 
[29] Lattimore, B. (2009). Environmental factors in woodfuel production- opportunities, risks, 
and criteria and indicators for sustainable practices, Biomass and Bioenergy, 33: 1321-1342. 
[30] Levine, M., & Hirose, M. (2005). Energy efficiency improvement utilising high 
technology: An assessment of energy use in industry and buildings. Report and Case Studies. 
London, UK: World Energy Council.  
[31] Omer, A.M. (2006). Review: Organic waste treatment for power production and energy 
supply. Cells and Animal Biology 1 (2): 34-47. 
[32] Omer, A.M. (2007). Renewable energy resources for electricity generation in Sudan. 
Renewable and Sustainable Energy Reviews 11: 1481-1497.  
[33] Omer, A.M. (2008). Green energies and environment. Renewable and Sustainable Energy 
Reviews 12: 1789-1821.  
[34] Omer, A.M., Yemen, F. (2003). Biogas energy technology in Sudan. Renewable Energy, 
28 (3): 499-507.  
[35] Pernille, M. (2004). Feature: Danish lessons on district heating. Energy Resource 
Sustainable Management and Environmental March/April 2004: 16-17. 
[36] Robinson, G. (2007). Changes in construction waste management. Waste Management 
World, pp. 43-49. May-June 2007. 
[37] Rossi, S., Arnone, S., Lai, A�������/�D�S�H�Q�W�D�����(�������D�Q�G���6�R�Q�Q�L�Q�R�����$���������������������(�1�(�$�¶�V���D�F�W�L�Y�L�W�L�H�V���I�R�U��
developing new crops for energy and industry. In: Biomass for Energy and Industry (G. Grassi, 
G. Gosse, G. dos Santos Eds.). Vol.1, pp.107-113, Elsevier Applied Science, London and New 
York.  
[38] Rural Industries Research and Development Corporation (RIRDC). (2009). Sustainability 
production of bioenergy: a review of global bioenergy sustainability frameworks and 
assessment systems. 
[39] Sims, R.H. (2007). Not too late: IPCC identifies renewable energy as a key measure to 
limit climate change. Renewable Energy World 10 (4): 31-39.  
[40] Singh, A. (2008). Biomass conversion to energy in India: a critique. Renewable and 
Sustainable Energy Review, 14: 1367-1378. 
 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

48 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

DOUBLING THE FARMERS INCOME THROUGH INDO - ISRAEL CITRUS 
PRODUCTION TECHNOLOGY  
 
D.M.PANCHBHAI*, R.P.GAJBHIYE, Y.R.KHOBRAGADE, V.U.RAUT  
* Faculty of Horticulture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola 
 
ABSTRACT 
Nagpur Mandarin is an important and major fruit crop grown in Central India and area under 
this crop is 1.47 lakh hectares. The average productivity of the Citrus in India is around 11.08 
t ha-1. The major component of limiting the productivity of citrus in India viz. quality planting 
materials, planting on raised bed, high density planting, use of pruning, use of drip irrigation 
and fertigation. For the standardization of high density planting four spacing viz, 6mx6m, 
6mx4m, 6mx3m, and 6mx2 m spacing were tried and at the same time seven model 
demonstration farm were developed in high density planting system along with traditional 
planting system. Among the all spacing 6mx3mx spacing was found most suitable for Nagpur 
mandarin in Vidarbha region. Pruning of Nagpur mandarin crop is an essential for canopy 
management and for improving the quality production. Mechanical citrus pruning machine is 
used first time in Central India for pruning of Nagpur mandarin orchards. For standardization 
of pruning time and severity of pruning, tractor drawn pruning machine was used during 
December-January for Ambia bahar on five year old high density (6m X 3m spacing) Nagpur 
mandarin orchard.  Ambia bahar fruits of Nagpur mandarin are harvested up to last week of 
November. December and January is a rest period and again ambia bahar flowering are emerge 
during February. For the standardization of time and severity of pruning, three pruning time 
(First week of December, third week of December and first week of January) and four pruning 
levels (8ft from ground level, 10 ft from ground level, 12 ft from ground level and no 
pruning)was tested during 2013-14. From the result it is revealed that flowering was observed 
in all treatments. Significantly higher fruit yield (28.91 t ha-1 ) was recorded in treatment 
pruning performed at 10 ft height from ground level. Time of pruning also had significant result 
in case on fruit yield and fruit size. Pruning performed during third week of December resulted 
significantly maximum yield per ha(25.33t ha-1). As regards the fruit size, significantly 
maximum fruit weight was recorded when pruning was performed during third week of 
December, However, significantly maximum fruit diameter was recorded in  first week of 
December. Two to three fold increase in fruit yield and two to two and half fold increase in 
income to the citrus growers. In addition to the fruit yield and quality, number of branches and 
leaves were increased in pruned plants as compared to the un-pruned plants. Staking with 
bamboo is required in un-pruned plants whereas no staking is required in pruned plants. Fruit 
development was observed inside the canopy and hence it was uniform and bigger size and 
fruits are protected from sun burn in pruned plants as compared to the un-pruned plants. 

 
Introduction  
Nagpur Mandarin is an important and major fruit crop grown in Central India and area under 
this crop is 1.47 lakh hectares in Vidarbha. The average productivity of the Citrus in India is 
around 11.08 t ha-1 and 9.16 t ha-1 in Maharashtra state. The major component of limiting the 
productivity of citrus in India and in Vidarbha region viz. quality planting materials, infestation 
of phytophthora,  planting on raised bed, high density planting, use of pruning, use of drip 
irrigation and fertigation. Use of good horticultural practices like use of quality planting 
materials, high density planting, planting on raised bed, provision of drainage around orchards, 
canopy management, drip irrigatin and fertigation are most essential for increasing the 
productivity of citrus and arrest the infestation of phytophthora. Area under high density 
planting of Nagpur mandarin is increasing day by day. At present Nagpur mandarin is 
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commercially cultivated on flat bed with 6 X 6m spacing. However, productivity is low with 
this spacing and incidence of Phytophthora disease is predominant in the region. Planting of 
Nagpur mandarin on ridges may helpful for better drainage and minimizing incidence of 
Phytophthora disease. Most of the planting materials are prepared by traditional system on 
ground on same land and hence planting material is infected with phytophthora from nursery 
stage itself and it spread in main field due to which declining is observed from initial stage of 
plant growth. This is very limiting factor for lowering the productivity of Nagpur mandarin in 
India in general and Vidarbha in particular. Quality and disease free planting material of citrus 
crop play an important for developing healthy orchard and hence containerised nursery are 
required for production of quality and guanine planting material.  
Citrus is a major fruit crop grown in Vidarbha region on 1.47 lakh hectare area with 9.16 metric 
tonne productivity. This productivity of citrus is very low and hence to increase the productivity 
of citrus crop, Government of India decided to have collaborative project with Israel 
government as a co-operation for increasing the productivity of citrus by using different 
technology.  
As a result of interaction with Israeli experts during their visit to India as well as discussion 
with various experts in Israel, the following are the technologies/ activities identified to be 
taken up to improve the quality and productivity of Citrus in Maharashtra state.  
 
Objectives 

�x Production of disease free planting material of Nagpur mandarin 
�x To develop good agricultural practices (Planting on raised bed, high density planting, 

pruning) for increasing the productivity of Nagpur mandarin. 
�x To conduct trainings for farmers regarding adoption of good agriculture practices 

(GAP) for improving the yield and quality. 
Component:  

�x Establishment of Model Nursery for Quality Planting Material. 
�x High Density Planting 
�x Mechanical Pruning  
�x Planting on Ridges 
�x Micro irrigation & Fertigation management  

Establishment of model nursery for citrus 
�x Infrastructures required for nursery are developed and initiated the citrus nursery.  
�x Net houses for primary nursery (1000sq.m.) and secondary nursery (5000 sq.m.) are 

established. 
�x Developed the mother block for scion and rootstock.  
�x Established the Solarization unit for nursery.  
�x Initiated the nursery activity for citrus.  
�x Standardized the protocol for production of quality planting materials of Nagpur 

mandarin 
�x Producing 40-50 thousand quality planting materials of Nagpur mandarin. 
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Model Nursery for production of quality planting materials. 
�x Net houses and cage house 

are installed. 

 
�x Primary nursery is initiated.  

 

 
�x Secondary nursery.  

 

 
 
 
Varietal mother block  

�x Varietal block of Nagpur mandarin (Nagpur mandarin and Nagpur seedless) and Sweet 
orange (Nuecellar and Katol gold) is established.  
 

Establishment of Citrus Rootstock block 
 

�x Rootstock blocks of Rangpur lime  and rough lemon is established 
 
Demonstration block  

�x Raised bed as per required are prepared with help of JCB and tractor. Size of raised bed 
is 3 m width at bottom, 2m width at top and 50cm height. 

�x Direction of the bed should be North �±South.  
�x Established the demonstration block on raised bed and flat bed with different spacing 

(6X6m, 6X4m, 6X3m, 6X2m). 
�x Vegetative growth on raised bed is comparatively more as compared to flat bed. 
�x No any symptom of phytophthora is seen in both the system of planting. 
�x Nagpur mandarin on Rangpur lime and rough lemon rootstock are planted on both the 

planting system i.e. raised bed and flat bed along with different spacing. 
�x Use of Drip irrigation and fertigation  
�x Growth of the plant was found significantly superior on raised bed as compared with 

the flat bed system. 
 

 
 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

51 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

�0�R�G�H�O���G�H�P�R�Q�V�W�U�D�W�L�R�Q���I�D�U�P���D�W���I�R�O�O�R�Z�L�Q�J���I�D�U�P�H�U�¶�V���I�L�H�O�G 
Sr. No.  Name  Address Dist.  Area  
1 Ku. Kranti. A. Gharad,  Nimaji, Kalmeshwar Nagpur 1.00 ha 
2 Sh. Niraj Junghare  Hatala, Katol Nagpur 1.00 ha 
3 Sh. Ashok Ridhorkar,  Ladgaon, Katol Nagpur 1.00 ha 
4 Sh. Manoj Jawanjal Katol Nagpur 1.00 ha 
5 Sh Anil Lekurwade,  S, ghat, Warud Amravati 1.00 ha 
6 Sh. Ramesh Jichkar,  Nagziri., Warud Amravati 1.00 ha 
7 Sh.Manoj Pelagade, Jamgaon, Warud Amravati 1.00 ha 
  Total area  7.00ha 

 
�x In addition to the above farmers, more than 500 farmers adopted the same technology 

as a impact of training and demonstration of planting on raised bed with 6 X 3m 
spacing.  

�x Model plot of 
Nagpur mandarin at 
6mX3m on raised 
bed. 

 
 
Use of Drip and fertigation 
Since the first year of plantation double 16mm in line lateral of 4lph having 50 cm distance 
between the two drippers were used.  Uniform and timely irrigation through drip have given in 
both the planting system. It is clearly seen that 30 % more vegetative growth of the plants was 
noticed on raised bed as compared to traditional system of planting. Following fertigation 
protocol was developed for Nagpur mandarin. 
Nitrogen application for New / young plants (Spacing 6X3m) 
Age 
in 

year 

Urea in gram per 
ha at every four 

day(g) 

Interval of 
fertigation 

Time of fertigation 
 

Total quantity of 
Urea required(Kg) 

1 1932 4 day Jan-May, Sept-Dec 130 
2 3865 4 day Jan-May, Sept-Dec 260 
3 5798 4 day Jan-May, Sept-Dec 392 
4 7730 4 day Jan-May, Sept-Dec 522 

 
Phosphorus application for new / young plants (Spacing 6X3m) 
Age SSP per ha at 

every 45 days 
(Kg) 

Interval of 
fertigation 

Time of fertigation 
 

Total quantity of 
SSP required(Kg) 

1 31.25 45 day Jan-May, Sept-Dec 187.6 
2 62.50 45day Jan-May, Sept-Dec 375.2 
3 93.75 45day Jan-May, Sept-Dec 562.8 
4 125.00 45 day Jan-May, Sept-Dec 750.4 

 
Potash application for new / young plants (Spacing 6X3m) 
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Age MOP per ha at 
every 45 days 

(Kg) 

Interval of 
fertigation 

Time of fertigation 
 

Total quantity of 
MOP 

required(Kg) 
1 16.66 45 day Jan-May, Sept-Dec 100 
2 33.33 45day Jan-May, Sept-Dec 200 
3 49.98 45day Jan-May, Sept-Dec 300 
4 66.64 45 day Jan-May, Sept-Dec 400 

Note:  SSP:- First year: 56 g per plant at 45 days interval through soil application  
MOP: First year: 30 g per plant at 45 days interval through soil application  
          (During Jan-June & Sept-Dec.) 

Fertilizer application for bearing plants (Spacing 6X3m) 
Age Quarter for 

fertigation 
Days of 
quarter 

Fertigation 
interval (days) 

Quantity of urea 
required per 

fetigation(Kg/ha) 

Total qt of 
Urea/ha/quarter 

(Kg/ha) 
 1 40 12  40.8 135.9 

2 20 12 81.5 135.9 
3 50 12 45.7 190.2 
4 20 12 48.9 81.5 

 
 Total dose of NPK in Kg per year per ha. : 250, 125, 250 
Sr. 
No.  

Quarter Stage Duration Urea(kg/ha) SSP(kg/ha) MOP(kg/ha) 

1 1st quarter Blossom 40 135.9 234.4 104.2 
2 2nd quarter Fruit set 20 135.9 234.4 104.2 
3 3rd quarter Fruit growth stage -1 50 190.2 156.3 145.8 
4 4th quarter Fruit growth stage -2 20 81.5 156.3 62.5 
  Total  130 543.5 781.3 416.7 
  No. of bag  10.9 15.6 8.3 

Note: Urea may give through drip and SSP and MOP through soil application manually as 
per quarter.  
Pruning component 
�x For the pruning of citrus, tractor drawn pruning machine is procured from Italy during 

March, 2013.  
�x Demonstration regarding mechanical pruning to the citrus growers of Nagpur and Amravati 

districts was undertaken.  
�x Pruning intensity was decided as per the condition of orchard condition. However, 1.00m 

to 1.5m branches cutted from the top in old orchard and pruning was done at 3m (10 feet) 
from ground layer was done in regular orchards.  
Pruning for Ambia bahar 

Sr. No. Time of pruning District No. of plants pruned 
1 Dec- 2013 �± Jan-2014 Nagpur and Amravati  8953 
2 Dec- 2014 �± Jan-2015 Nagpur and Amravati  8200 
3 Dec- 2015 �± Jan-2016 Nagpur and Amravati  10560 

 
Pruning for Mrig bahar 

Sr. No. Time of pruning District No. of plants pruned 
1 June, 2013 Amravati  6345 
3 June, 2014 Nagpur and Amravati 5600 
4 June, 2015 Nagpur and Amravati 8230 
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Fruit yield of Nagpur mandarin as influenced by time and severity of pruning under 
high density planting at early stage of fruiting. (Pooled mean of three years) 
Severity of 
pruning(P) 

Time of pruning(T) 
T1-First week 

of Dec. 
T2-Third week 

of Dec 
T3 First week 

of Jan. 
Mean 

P1- No pruning 20.23 19.50 18.27 19.33 
P2- pruning at 8 
ft height 26.97 27.55 26.66 26.93 
P3-pruning at 
10 ft height 28.48 31.07 27.19 28.91 
P4-pruning at 
12 ft height 23.31 23.21 22.53 23.02 
Mean 24.74 25.33 23.66  
 Factor A 

Severity of 
pruning 

Factor B 
Time of 
pruning 

A x B  

F test Sig Sig. Sig  
SE m+ 0.21 0.18 0.44  
CD at 5% 0.61 0.53 1.30  

 
Effect of Severity of pruning (Pooled yield ha-1) 

Data in respect of yield ha- 1 is revealed that, the yield ha- 1 was significantly influenced 
by severity of pruning. Significantly maximum yield ha- 1 (28.91 t) was recorded in pruning at 
10 ft height (P3). However, minimum yield ha-1 (19.33 t) was recorded in No pruning treatment. 
Effect of Time of pruning 
 Data in respect of yield of fruits ha- 1 is revealed that, the yield ha- 1 was significantly 
influenced by time of pruning. Significantly maximum yield ha- 1 (25.33 t) was recorded when 
pruning was performed in third week of December (T2). However, minimum yield ha- 1 (23.66 
t) was recorded when pruning was performed in first week of January (T3).  
Interaction effect of severity and time of pruning 

Interaction effect of severity and time of pruning was found significant. Significantly 
maximum yield ha- 1 (31.07 t) was recorded in interaction effect P3T2 (pruning at 10 ft height 
and third week of December). However, minimum yield ha- 1 (18.27 t) was recorded in 
interaction effect P1T3 (No pruning). 

Benefits of pruning 
�x Pruning is most useful for Nagpur mandarin during December- January for ambia 

bahar fruits and June for mrig bahar. 
�x Pruning intensity may be decided as per the orchard conditions.  
�x Medium type of pruning (removing 90-100cm branches from top) found most suitable 

for Nagpur mandarin.  
�x Pruning helps to rejuvenate the orchard and increase the productive life of mandarin 

orchards. 
�x Fruit size is increase due to pruning as fruit bears in plant canopy.  
�x No. of branches and foliage is increase due to pruning and hence improve the quality 

of fruits and prevent from sun burning.  
�x Increased grade-A fruits upto 80 % and hence fetches more price in market.  
�x Pruning helps in increasing the fruit yield ranging from 20.77 to 44.32 t ha-1. 
�x Staking is not required after pruning. 
�x Fruit drop are also minimize due to pruning. 
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�x Mechanical tree pruner is useful for commercial and timely pruning in citrus. 
 

Pruning technology for citrus 

 
Pruning with pruning machine 

 
After pruning  

 
After pruning  

 
Fruiting after pruning  

 
View of orchard after pruning 

 
Fruiting after pruning  

 
Staking is required without pruning 

 
No staking required after pruning  

 
During, 2016 two recommendations are given to the state government.  

1. Indo-Israel citrus production technology,  
 Recommendation  
   High density planting at 6mX3m on raised bed (Indo-Israel Citrus 
Production Technology) is recommended for obtaining better growth, yield and quality fruits 
of Nagpur Mandarin.  
Indo-Israel Citrus production Technology 

�x Provision of Drainage at field (Drainage line of one meter width and one 
meter depth ) 
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�x Planting on raised bed(Bed size: Three meter width and 50cm height, bed 
direction : North- South) 

�x Hi-density planting on 6mX3m. 
�x Provision of drip irrigation system(double lateral) 
�x Fertilizer application through drip. 
�x Use of pruning technology for canopy management.  
�x Timely control of pest and diseases.  

2. Pruning technology for citrus. 
Recommendation: 

Pruning during third week of December at 10ft height is recommended for 
obtaining higher and better quality yield of Ambia bahar in Nagpur 
mandarin under high density planting at 6m x 3m. 

Training Component 
�x State level workshop was organized. 
�x On farm trainings to the state Agricultural Officers and citrus growers were organized 

in Nagpur and Amravati division regarding bed preparation, planting, irrigation 
management, fertigation, pruning, plant protection etc along with Israeli citrus Expert.  

�x Delivered the lecturers on high density planting and citrus technology in workshop, 
Kisan melas, and Sheti shala through which 27436 officials and farmers are benefited. 

�x National level seminar organized for all Centre of Excellence for Citrus established 
under Indo-Israel project at CEF, Mangiana, Haryana, CEF, Hoshiyarpur(Punjab) and 
CEC, Kota(Rajasthan). 

�x International seminar on Citrus production technology was organized during December 
2014. 

Future prospects 
�x Indo-Israel Citrus Production technology is included in state government fruit 

plantation scheme.  
�x MNREGA also initiated this activity in their programme for new plantation of citrus.  
�x Citrus growers are more interested procurement of quality planting materials, high 

density planting and canopy management through mechanical pruning as the results 
of pruning have very good impact.  

�x Manual pruning require trained man power and it should be completed within one 
month and it is very difficult to complete within stipulated period due to trained 
labour constrains.  

�x Hence, mechanical pruner will be helpful for citrus grower. 
Acknowledgement:  
Thanks to Mission for Integrated Development of Horticulture for providing financial support, 
Embassy of Israel for providing technical support and Dr. Panjabrao Deshmukh Krishi 
Vidyapeeth, Akola for providing support for effective implementation of the project. 
Literature cited 

1. Wheaton T. Adher, Castle W.A., Tucker D.P.H., Whitney J.D. (1978): Higher density 
planting in Florida citrus- concepts. Proc. Flo. State Hort. Soc.91:27-33. 

2. Tucker D.P.H. and Wheaton T. Adher, (1978): Trends in Higher citrus planding 
densities. Proc. Flo. State Hort. Soc.91:36-40. 

3. Aubert B. (1990): High density planting (HDP) of Jiaogan mandarin in the lowland area 
of Shantaou (Guangdong China) and implications for greening control. Proceeding of 
the 4th International Asia Pacific Conference on Citrus rehabilitation. Chiang Mai, 
Thailand, 4-10th Feb, 1990. 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

56 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

4. Wheaton T.A., Whitney J.D., Castle W.S., Muraro R.P., Browning H.W. and Tucker 
D.P.H. (1995): Citrus scion and rootstock, topping height and tree spacing affect tree 
size, yield, fruit quality and economic return. J. Amer. Soc. Hort. Sci. 120(5). 

5. Muhammad Azher Nawaz, Waqar Ahmed, Jahid Iqbal and Muhammad Mumtaz Khan 
(2007): Evaluation of high-density plantation on vigor and yield in Kinnow mandarin 
(Citrus reticulata Blanco). Proc. Int. Sym. on Prospects of Hort. Industry in Pakistan. 
28-30 March,2007. 

6. Waqas Ahmed Dogar, Arshad Ali Khan, Saeed Ahmed, Sudheer Tariq, Mukhtar 
Ahmad, Muhammad Imran, Muhammad Noman, and Naddem Khan (2017): Study to 
determine the effect of high-density plantation on growth, aand yield of citrus. Sarhad 
j. Agriculture, 33(2): 315-319. 

 
EXPLORING THE DYNAMIC INTERACTION OF INSECT VECTOR AND PLANT 
VIRUSES ON MOLECULAR PRINCIPLES  
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ABSTRACT 
Insect mediated plant viruses and phytoplasma diseases are emerging as a serious threat in 
relation productivity of horticultural crops. Various environmental factors including climate 
change, migration and agronomic practices are considered to play an important role in the 
emergence of viral diseases of plants. The insect vector interactions with plant viruses vary in 
duration and specificity but some plant viruses encode structural proteins on the surface of the 
virion that are essential for transmission, and also additional non-structural helper proteins that 
act to bridge the virion to the vector binding site. Moreover, viruses can also bind to specific 
sites in or on the insect vectors and are remain there until they are transmitted to their plant 
host. Plant viruses tend to rely on their vectors for rupturing the plant cell wall to be delivered 
directly into the cytoplasm. Mostly, viral capsid or membrane glycoproteins are the specific 
proteins that are required for virus transmission and determining the specificity of vector. 
Specific molecules responsible for virus transmission in vectors also interact with the virus. 
There are several identified and non-identified receptors for viral molecules recognition which 
needs to be explore in insect vector and virus interaction phenomenon. Specificity of virus 
transmission by particular vectors, is a defined step that represent targets for interdiction 
strategies to disrupt the disease cycle through transmission. New technologies aimed to disrupt 
the virus�±vector interaction can be investigated to understand the importance of integration of 
these technologies with advance methods for viral disease management in plants. Scientific 
evidences shows that plant viruses can influence physiology and behaviour of insect vector to 
increase the probability of transmission, either directly or through modification in metabolism 
of host plant. In contrast, less literature is found on the study of possible reciprocal interaction 
of insect vector and their significant impact on the behavior and/or phenotype of plant viruses 
within the infected plants, on its population genetics and its evolution. On the basis of previous 
studies, viruses can induce changes in insect vector behavior, physiology and population 
dynamics. The feeding habits of insect vectors can impact the evolution of plant viruses. 
Further study on all these aspects can strengthen the evidence related to possibility that stress 
�L�P�S�R�V�H�G���G�X�H���W�R���L�Q�V�H�F�W���Y�H�F�W�R�U���F�R�X�O�G���L�Q�G�X�F�H���P�D�M�R�U���V�Z�L�W�F�K�H�V���L�Q���W�K�H���µ�E�H�K�D�Y�L�R�U�¶���R�I���Y�L�U�Xses in plants. 
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EFFECT OF DIFFERENT BLENDS OF AROMATIC POWDERS ON QUALITY OF 
DRUMSTICK LEAF GREEN TEA POWDER  
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* Dept. of Postharvest Management, College of Horticulture, Bagalkot, Karnataka and  
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ABSTRACT 
Drumstick (Moringa oleifera Lam.) is an under exploited perennial vegetable species of 
Moringaceae family, native to the Sub-Himalayan tracts of India, Pakistan, Bangladesh and 
Afghanistan. This rapidly growing tree is also known as the horseradish tree, drumstick tree, 
benzolive tree, kelor, marango, mlonge, moonga, mulangay, nebeday, saijhan, sajna or ben oil 
tree�����'�U�X�P�V�W�L�F�N���O�H�D�I���L�V���W�K�H���P�R�V�W���S�R�W�H�Q�W���S�D�U�W���R�I���W�K�H���S�O�D�Q�W�����,�Q�G�L�D�¶�V���D�Q�F�L�H�Q�W���W�U�D�G�L�W�L�R�Q���R�I���$�\�X�U�Y�H�G�D��
medicine sites 300 diseases that are treated with the powdered leaf of the moringa tree. Pure 
powdered capsules are organic and absolutely safe. It is one of the most secret performance 
enhancing products taken by athletes. Drumstick leaves have been reported to be rich sources 
of several antioxidants such as polyphenols and carotenoids which may be beneficial for the 
prevention of several chronic degenerative disorders (CDDs). The leaf powder can provide 14 
per cent of the protein, 40 per cent of the calcium, 23 per cent of the iron and most of the 
vitamin A needs of one to three year old children. Six tablespoons of leaf powder is reported 
to �S�U�R�Y�L�G�H�� �Q�H�D�U�O�\�� �D�O�O�� �R�I�� �W�K�H�� �Z�R�P�D�Q�¶�V�� �G�D�L�O�\�� �L�U�R�Q�� �D�Q�G�� �F�D�O�F�L�X�P�� �Q�H�H�G�V�� �G�X�U�L�Q�J�� �S�U�H�J�Q�D�Q�F�\�� �D�Q�G��
breastfeeding (Martin, 1985). Moringa is especially promising as a food source in the tropics 
because the tree is in full leaf at the end of the dry season when the other foods are typically 
scarce. Drumstick leaves are found to be a potential source of natural antioxidants due to their 
marked antioxidant activity. Antioxidants neutralize free radicals in the body, maintain healthy 
vision and may reduce risk of cancer (colon, prostate, skin), cognitive impairment, immune 
dysfunction and cardiovascular diseases.  
Green tea has been described as a revelation for people looking for a healthy yet great-tasting 
drink. It is a natural source of antioxidants that may help to protect the body from damage 
caused by free radicals and is naturally low in calories when served without milk or sugar. 
These characteristics make green tea an ideal accompaniment for people wanting a healthy 
lifestyle today.  Thus, an attempt was made to know the effect of different blends of aromatic 
powders on quality of drumstick leaf tea powder to extend post harvest useful life span and to 
optimize conditions in the production of drumstick leaves tea powder. 
Methodology 
Bagalkot is situated in the northern dry zone (Zone-3) of Karnataka. The centre is located at 
75° 42' East longitude and 16° 10' North latitude with an altitude of 542.00 m above Mean Sea 
Level (MSL). The leaves of KDM-01 (Bhagya) a newly released variety of University of 
Horticultural Sciences was used for the study. This variety grows best in tropical and 
subtropical regions. It grows up to 2.5 to 3.0 m height, having average pod length of 65 to 70 
cm and leaves are rich source of �E- carotene, vitamin C and iron.  Drumstick leaves dried in 
electric tray drier at 60°C for 17 hrs was scored highest and it was used for powder preparation 
by hand crushing and passing leaves through 0.5 mm mesh sieve. The prepared drumstick 
leaves tea powder was blended with Tulsi powder (var. Krishna), Ginger powder and 
lemongrass powder at different percentage as mention in treatment details. The experiment was 
laid out in a completely randomized design with 10 treatments and three replications.  
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Treatment details: 
Treatments    Proportion of  different blends of drumstick tea powder 

T1 :   Drumstick leaf powder (98%) + Tulsi leaf powder (2%) 

T2 :   Drumstick leaf powder (96%) + Tulsi leaf powder (4%) 

T3 :   Drumstick leaf powder (94%) + Tulsi leaf powder (6%) 

T4 :   Drumstick leaf powder (98%) + Ginger powder (2%) 
T5 :   Drumstick leaf powder (96%) + Ginger powder (4%) 
T6 :   Drumstick leaf powder (94%) + Ginger powder (6%) 
T7 :   Drumstick leaf powder (98%) + Lemongrass powder (2%) 
T8 :   Drumstick leaf powder (96%) + Lemongrass powder (4%) 

T9 :   Drumstick leaf powder (94%) + Lemongrass powder (6%) 

T10 :   Drumstick leaf powder (Control) 
 
A known weight of fresh drumstick leaves was dried in hot air oven at 55°C temperature till a 
constant weight to obtain moisture content. Total ash content was determined by burning the 
drumstick leaf powder in pre-weighed crucible in a muffle furnace at 550°C for 6 hours (Rao 
and Bingren, 2009). Total phenol content in the sample was estimated as per the Folin 
Ciocalteau Reagent (FCR) method (Sadasivam and Manickam, 2005). Samples of the 
drumstick leaf were analysed for their ascorbic acid content using 2, 6-dichlorophenol 
Indophenol method (Anon., 1975). Chlorophyll a, chlorophyll b and total chlorophyll contents 
were determined by following the dimethyl sulfoxide (DMSO) method described by Nanja et 
al. (1990). Water extractives of the drumstick leaf powder was determined as per the method 
of Kirk and Sawyer  (1997).The percentage of 2,2-diphenyl-1- picrylhydrazyl (DPPH) radical 
scavenging activity of the samples was determined by a method described by Eghdami and 
Sadeghi (2010). Sensory evaluation of drumstick leaves tea was carried out by a panel of semi-
trained judges consisting of Teachers and Post-Graduate students of College of Horticulture, 
Bagalkot. The sensory characters like colour and appearance, taste and flavour, mouth feel 
(texture) and overall acceptability were evaluated on a 9 point Hedonic scale using the score 
card. 
Results  
The moisture content of drumstick leaf tea powder is usually used as an indicator of quality. It 
is important to measure the moisture content because of its potential impact on the sensory, 
physical and microbial properties of the drumstick leaf tea powder. In the present study among 
the treatments, the moisture content was reported to be non significant. However, minimum 
moisture content (7.69 %) was recorded in T9 (Drumstick leaf powder + 6 % lemongrass 
powder) and T8 (Drumstick leaf powder + 4 % lemongrass powder) and the highest moisture 
content (7.90%) was recorded in T10 (Control).  
The dry matter and ash content in drumstick leaves tea powder was found to be higher in T9 
(Drumstick leaves powder + 6 % lemongrass powder) and T8 (Drumstick leaves powder + 4 % 
lemongrass powder). Other aromatic plants like tulasi and ginger have showed less dry matter 
and ash content than lemongrass. Total chlorophyll consists of chlorophyll a and chlorophyll 
b. Total chlorophyll content of drumstick leaves powder blended with different concentration 
of aromatic powder has shown a significant differences among treatments. In the present study 
the drumstick tea powder blended with lemongrass powder was recorded highest chlorophyll 
content (31.93 mg/g) followed by drumstick tea powder blended with tulasi (29.80 mg/g) and 
ginger (26.04 mg/g).  
Ascorbic acid is one of the important components of the product from nutritional point of view 
and phenols are the group of chemicals responsible for astringent taste of teas. The total 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

59 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

ascorbic acid and total phenol content of drumstick leaf tea powder was found significantly 
different among the treatments due to the use of different concentration of aromatic powders. 
The maximum level of both ascorbic acid and phenolic content was recorded in T9 (Drumstick 
leaves powder + 6 % lemongrass powder) and T8 (Drumstick leaves powder + 4 % lemongrass 
powder). The highest concentration of ascorbic acid and phenolic content was recorded in T9. 
The minimum concentration of ascorbic acid and phenolic compounds was observed in T10 
(control) because this treatment includes drumstick leaves alone.  
Water soluble extractives (WSE) indicate percentage of extractive that can be dissolved during 
the brewing of the tea. In the present study, the WSE was reported maximum in T9 (6.93%). 
The higher concentration of lemongrass powder, higher the WSE was observed in the 
treatment. Herbal plants are known to contain a variety of antioxidants. Numerous substances 
have been suggested to serve as antioxidants. In the present investigation, the lemongrass 
blended with drumstick leaves powder has recorded highest antioxidant activity. Evaluation of 
�V�H�Q�V�R�U�\���T�X�D�O�L�W�L�H�V���R�I���D���I�R�R�G���S�U�R�G�X�F�W���L�V���D�Q���L�P�S�R�U�W�D�Q�W���W�R�R�O���L�Q���G�H�F�L�G�L�Q�J���W�K�H���F�R�Q�V�X�P�H�U�¶�V���D�F�F�H�S�W�D�E�L�O�L�W�\��
besides its nutritional qualities. The aromatic powder blended drumstick leaves tea powder 
developed by incorporating different concentration of lemongrass, tulasi and ginger had 
significant variations with respect to all the aspects of sensory quality. The maximum score 
(8.70) for appearance in terms of colour was recorded in T9 (Drumstick leaf powder blended 
with 6 % lemongrass powder). More quantity of lemongrass powder in treatment T9 imparted 
more natural green colour to the drumstick tea powder which attracted the sensory panel 
resulting in maximum score.  
Maximum score (7.90) for taste and flavour was in T9. This may be attributed to the individual 
perception by the panel as optimum with respect to the proportion of various aromatic powder 
used in this treatment. The minimum score for taste and flavour was recorded in T10 (6.55). 
The higher concentration of lemongrass powder in T9 might have contributed to appreciable 
mouth feel (7.63) followed by T8 (7.44).  In total, significantly maximum score for overall 
acceptability (Fig. 7) was recorded in T9 (7.82) and minimum score was recorded in T10 (6.23) 
clearly indicates judges ability in differentiating sensorial quality of the product.  
Conclusion 
Among the three aromatic blends viz., tulsi, ginger and lemon grass in the preparation of 
drumstick leaves green tea powder,  the blending composed of higher concentration of lemon 
grass treatment T9 (Drumstick leaf powder + 6 % lemongrass powder) was found optimum by 
scoring maximum for organoleptic properties and was also found nutritionally superior. 
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VARIETAL EVALUATION OF STRAWBERRY IN INDO GANGETIC PLANE OF 
BIHAR  
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KARUNA AND PAWAN KUMAR  
Department of Horticulture (Fruit& Fruit Tech.), BAU, Sabour  
 
Strawberry is considered as temperate fruit and considered as short-day plant. It is very 
nutritive fruit with high antioxidant property. Thus, demand of fruits are increasing day by day. 
With advent of new day neutral varieties and technologies strawberry can be grown in 
subtropical climate also. In view of the increasing demand of strawberry fruits its cultivation 
is now increasing in agroclimatic condition of Bihar, India. But selection of good variety is 
essential to fetch higher income with better yield and quality. Thus, in order to test the 
feasibility of different varieties in the state an experiment was conducted to evaluate the 
performance of nineteen strawberry varieties in Bihar condition. 
Methodology:  
The experiment was conducted in experimental plot of BAU Sabour for two consecutive years 
during 2017-18 with nineteen strawberry varieties laid out in RBD with three replications.  
Plants were planted in first fortnight of October in both the years on raised bed at a planting 
distance of 25 cm. Observations were taken on plant growth yield and quality parameters. 
Standard methods were adopted for quality analysis of fruits. 
Results: 
The significant difference among varieties was noted for plant growth, flowering, fruit set , 
yield parameters and fruit quality of strawberry during both the years. Significant effect of 
years was also noted due to variation in weather parameters in both the years. The maximum 
plant growth in terms of plant height, spread and leaf number per plant was observed in variety 
Nabila, Sabrina, Festival and Crystal. Similarly, number of flowers were maximum in var. 
Fortuna (29.05 flowers /plant) which was at par with Sweet Charlie, Douglas, Nabila and 
Chandler followed by Winter Dawn and Elyana. The minimum number of flowers was noted 
in Missionary (14.28 flowers/plant). The maximum number of fruits per plant was recorded in 
variety Nabila (18.98 fruits/plant) which was at par with Festival, Sweet Charlie, Cama Rosa 
Hadar, Douglas and winter Dawn and the minimum flowers number of 11.48 per plant   in 
Sweet Catrin. Significantly highest fruit weight (15.47g) was also recorded in variety Nabila 
and it was followed by variety Crystal, Fortuna, Festival. Similarly the highest yield per plant 
was recorded in variety Nabila (291.71 g/plant) followed by Festival, Cama Rosa , Sweet 
Charlie and minimum yield of 72.15g per plant was noted in variety Sweet Catrin. The varietal 
difference in plant growth and yield in strawberry has also been reported by Muzaffar et al 
(2021) and Ikegaya et al (2021) in different agroclimatic conditions. The fruit quality in terms 
of maximum TSS (11.97-degree B) was measured in Nabila and it was at par with Festival, 
Sweet Charlie and Fortuna. Significant difference among varieties was noted with respect to 
acidity content also. 
Conclusion: 
On the basis of above findings, it can be concluded that variety Nabila, Festival, Sweet Charlie, 
Cama Rosa and Fortuna were the suitable for growing in Bihar condition. 
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Ikegaya ,Atsushi, Seiji Ohba, Tomoyasu Toyoizumi & Eiko Arai (2021) Quality Evaluation of 
Strawberries Grown in Various Regions by Singaporeans and Japanese, International Journal 
of Fruit Science, 21:1, 883-895 
Muzafar,Mir, Jamwal Sudhir, Gupta Ajay, Hassan G.I., Sharma Rakesh, Guroo Mushtaq, Slat
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Table: Growth and yield parameters of different strawberry varieties 
 Plant 

Height 
(cm) 

Plant 
Sprea
d 
(cm) 

Leaf 
no./p
lant 

No. of 
flowers 
/plant 

No of 
fruits/
plant 

Fruit 
weight
(g)  

Yield/
plant(
g) 

TSS(d
egree 
brix) 

Acidit
y (%) 

Came Rosa  23.68 34.56 34.3
0 

24.52 17.50 13.20 231.82 9.90 0.453 

Chandler  31.14 37.20 32.1
3 

27.62 16.46 11.65 191.77 10.02 0.368 

Crystal  34.66 36.90 34.3
3 

23.18 13.72 14.08 193.85 11.10 0.487 

Douglas   23.80 30.40 35.2
0 

28.10 16.80 9.36 157.30 8.85 0.625 

Elyana 29.20 26.50 31.6
0 

27.05 16.89 10.16 171.60 8.92 0.584 

Festival   34.56 37.61 36.4
9 

25.27 18.30 13.80 248.90 11.82 0.447 

Fortuna  31.15 31.41 37.1
0 

29.05 15.49 14.02 217.10 11.22 0.510 

Missionary  19.10 27.35 26.1
5 

14.28 11.48 8.90 102.15 7.13 0.652 

Ofra  32.60 36.50 37.2
0 

18.10 11.92 13.59 161.93 9.71 0.421 

Sabrina 37.90 43.56 37.9
0 

18.63 13.76 13.52 180.61 11.20 0.369 

Safari 19.71 22.75 21.1
0 

22.70 12.71 7.11 90.36 9.32 0.625 

Senga 
sengana  

23.89 32.40 22.7
0 

23.68 14.06 9.52 133.86 8.22 0.425 

Sweet catrin 20.01 25.37 18.1
5 

19.15 12.21 7.07 72.15 7.41 0.654 

Sweet 
Charlie   

30.10 37.80 27.2
5 

28.92 17.88 12.38 221.40 11.68 0.560 

Winter 
Dawn  

27.80 33.68 35.5
0 

27.32 16.72 12.47 208.50 10.82 0.425 

Barak 33.22 36.80 37.1
0 

25.70 15.72 11.50 174.56 9.93 0.502 

Gili  26.50 33.90 34.5
6 

25.85 15.86 12.01 190.50 10.20 0.513 

Hadar 29.36 36.85 34.2
0 

26.70 17.31 12.16 210.56 8.91 0.541 

Nabila 37.72 36.20 38.9
0 

28.10 18.98 15.37 291.71 11.97 0.471 

C.D(P=0.05) 0.58 0.73 1.89 1.46 0.85 0.48 12.58 0.25 0.054 
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NEW RECORD OF Metanastria hyrtaca (Cramer, 1779) (Lepidoptera: Lasiocampidae), 
A DEFOLIATOR PEST, FROM TIUNI, DEHRA DUN, UTTARAKHAND (INDIA) 
WITH HOST PLANTS AND CONTROL MEASURES  
 
1AKHLAQ HUSAIN,  2WAJID HASAN AND RAJESH PANWAR3 
1Zoological Survey of India (former Scientist-E) 
41, Hari Vihar, Vijay Park, Chakrata Road, Dehra Dun - 248001, Uttarakhand, India 
2Krishi Vigyan Kendra, Jahanabad - 804432, Bihar, India 
3Govt. Higher Secondary School, Maindrath, Tiuni- 248199, Dehra Dun, Uttarakhand, India 
 
ABSTRACT 
Metanastria hyrtaca (Cramer, 1779), being a sporadic lepidopteran pest, its caterpillars 
congregate on the trunks of isolated host plants and feed voraciously on their tender foliage 
and other leaves, �G�H�I�R�O�L�D�W�L�Q�J�� �W�K�H�P�� �E�D�G�O�\�� �V�R�� �D�O�V�R�� �F�D�O�O�H�G�� �µ�G�H�I�R�O�L�D�W�L�Q�J�� �F�D�W�H�U�S�L�O�O�D�U�V�¶���� �5�H�F�H�Q�W�O�\�� �D��
group of its larvae were sighted in a school campus at village Maindrath near Tiuni, Dehra Dun 
district, Uttarakhand (India) and recorded here as new to the area with its systematic account, 
larval host plants and control measures. 
Keywords: new record, Metanastria hyrtaca, Tiuni, Dehra Dun. 
 
MINING AND LAND DEGRADATION IN COAL MINED LANDSCAPE: 
RESTORATION PATHWAYS FOR DEVELOPMENT OF RESILIENT 
ECOSYSTEMS IN CENTRAL INDIA  
 
SL SWAMY 1;  
1Indira Gandhi Agricultural University, Raipur (CG) India  
 
Land degradation has become a serious problem creating multifaceted environmental, 
economic and social challenges before planners, policy makers and scientific communities to 
leverage technologies leading to land degradation neutrality (LDN). About 23% of the land 
resources of the world are by and large affected by degradation and further expanding at the 
rate of 5 to 10 million ha per annum (Stavi and Lal, 2014), while 44% of the India�¶�V���O�D�Q�G�P�D�V�V��
is degraded owing to deforestation, inappropriate land use, soil erosion, water logging, 
industrial expansion, infrastructure, excessive mining etc. Coal mining is the major industrial 
activity in Central India is key for the thermal power production. It is estimated more than 150 
million tonnes of coal produced from Chhattisgarh alone leaving Madhya Pradesh and 
Maharashtra.  Nevertheless, coal mining, especially the open cast mining is most disastrous 
often associated with undesirable land use changes, environmental degradation, biodiversity 
losses, health hazards, disruption of livelihoods culminating with long-term socio-economic 
and ecological consequences. Understanding how the coal mining activities increase the risk 
and vulnerability of land degradation in different land uses is therefore essential to devise site-
specific restoration plans for complementing the national targets of land degradation neutrality 
(LDN). The present study has been conducted in three coal mining areas in Central India using 
geospatial techniques.  Landsat TM and OLI Satellite data corresponding to the last three 
decades were digitally analysed using supervised classification employing maximum 
likelihood algorithm in ERDAS Imagine and Arc-GIS platforms. Spatial and temporal analysis 
of satellite data revealed that the study area has undergone a remarkable change in land use and 
land cover changes due to coal mining and associated activities at three sites. The forest and 
agriculture lands were mostly destructed in all three sites, while the area mining was unevenly 
expanded.  Mining has also resulted in increase of the built up area and also network of roads 
for disposal of coal. The area under waterbodies lost for these anthropogenic disturbances. 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

63 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

Diversion of productive lands due to mining resulted in severe land degradation, further 
selective logging, intensive agriculture and overgrazing exacerbated degradation. The mining 
disturbances degenerated the soil health, where pH, organic carbon (SOC) and available N 
drastically reduced the soil quality under mined and degraded lands. Land degradation 
vulnerability index (LDVI) were developed by integrating the biophysical, soil and 
meteorological factors under ArcGIS.   The LDVI map shows that mined areas were was highly 
vulnerable followed by barren wasteland, agriculture and forest, while destructive mining and 
other associated activities in the past 20 years converted the 50% of the landscape became 
vulnerable to degradation.  The strategic interventions for eco restoration of the degraded 
landscapes in mined environs were evolved to repair the vulnerable ecosystems.   The extreme 
to high vulnerability zones could be placed on top priority for treatment followed by 
moderately vulnerable zones for counteracting the process of degradation. While, these zones 
in proximity to mined areas and its surroundings need rather special attention, conserving 
gentle slopes near the human settlements with discouraging over grazing and logging. The top 
soil of dumps need to be stabilized and reconstructed for fostering biological reclamation, while 
the preference will be given rejuvenating indigenous grasses, shrubs and hardy over exotics 
because they are likely to yield positive results. Similarly, in agricultural landscapes, it is 
suggested to adopt sustainable land management (SLM) practices like agroforestry, crop 
rotation, organic farming, cover crops, residue mulching, biochar application, vegetative strips, 
conservation tillage, contour, strip farming along with suitable mechanical soil and water 
conservation measures for bringing resilience in degraded agroecosystem. Overgrazing 
practices systems prevalent in the region could be replaced with rotational grazing to halt 
degradation of rangelands and planting of nutritive and high productive forage grasses, legumes 
and fodder trees could be encouraged to ensure the fodder available in different seasons. Unlike 
agriculture, degradation of forested landscape was quite enormous which has been increased 
with continuous deforestation due to mining, it has been advocated to protect and conserve the 
remnant forests especially on vulnerable sites to reduce and reverse the land degradation 
process which could improve regeneration and development of forest. Afforestation and 
reforestation with native species along with soil conservation measures in moderately degraded 
forests, while the temporary closures and erosion control measures in highly degraded forest 
lands and plantations could nurture forest landscape restoration. The comprehensive site 
specific biological restoration plans in accordance with land use patterns were suggested to 
reclaim the degraded ecosystems in a mined environment to supplement the national goal of 
achieving net zero land degradation by 2030 under the ambitious programmes of UNCCD. 
Keywords: AHP; Energy crisis; Geospatial techniques; Multi Criteria Decisions; LDVI; LDN; 
ZNLD 
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STRATEGIES TO COMBAT CLIMATE CHANGE FOR PULSE PRODUCTION  
 
ANITA BABBAR, PRINCIPAL SCIENTIST (PULSE BREEDING)  
Department of Plant Breeding and Genetics, JNKVV, Jabalpur, M.P.  
 
Agriculture globally must meet the challenge of feeding a growing population while 
minimizing its environmental impacts. Global food production needs to be doubled by 50% by 
the middle of 21st century to ensure the food and nutritional security for 9 billion people 
explicitly in the challenging scenarios such as land degradation, water scarcity and 
environmental pollution. The population of India will peak at 1.6 billion in 2048. For India, 
there is an additional challenge of making farming profitable for small landholders. Low-input 
both in terms of natural resources and monetary inputs should be taken into account for 
profitable agriculture. Input, output analysis shows that bringing about low-input, high-output 
agriculture which would require curbing the over-exploitation of groundwater resources, soil 
analysis-based use of fertilizers, conservation agriculture, crop diversification, and doubling of 
the crop and livestock productivity. Crops need to be protected from pests and pathogens, and 
abiotic stresses. 
World witnessed a rise in global average temperature and atmospheric CO 2 concentration by 
0.2 °C and 20% over the last five years (2015�±19), respectively as compared to 2011�±15 ( 
WMO, 2019 ). Increasing concentration of greenhouse gases (GHGs) [carbon dioxide (CO 2 ), 
methane (CH 4 ) and nitrous oxide (N 2 O)] act as catalyst on enhancing global temperature 
which in term affecting heat-sensitive pulse crops. 
Food production, food security and climate change are intrinsically linked. Climate change 
impacts several aspects of agricultural production systems including alteration in flowering 
phenology, water availability, soil fertility and erosion, increase in pathogen spread and host 
susceptibility (Rosenzweig and Hillel, 1995 ). Climate change is likely to exacerbate regional 
and global water scarcity to a great extent. These climate change induced vulnerabilities 
possess a serious threat to the global food and nutritional security. There is an urgent need to 
identify crops that can mitigate the threats of climate change. Grain legumes can emerge as one 
such suitable group of crops having prospects for future. 
Pulses provide protein of high biological value in vegetarian diets overcoming malnutrition in 
masses. In rotation with cereal crops, pulses not only serve in nitrogen economy but also enrich 
soil health as major portion of leaves fall in the field adding organic carbon and most of 
micronutrients. Inclusion of pulses in daily diet prevents numerous health problems like 
cardiovascular diseases, type 2 diabetes and some forms of cancer. Grain legumes also help to 
reduce the risk of obesity (Burstin et al., 2011 ). They play a vital role in maintaining soil 
fertility by fixing atmospheric nitrogen. India, the largest producer of pulses over the world 
with 25% share in global pulse production is largely dependent on pulses that grow in rainfed 
areas. As a result, climate change is predicted to be more pronounced in these crops.  
Climatic Constraints of Pulse Production 
Shift in monsoon and erratic rainfall causes delayed sowing/transplanting of Kharif crops (e.g. 
late transplanting in Kharif Rice), for which the sowing of Rabi crops, such as pulses, also get 
�G�H�O�D�\�H�G���� �'�H�O�D�\�H�G�� �V�R�Z�Q�� �F�U�R�S�V�� �I�D�F�H�� �W�H�U�P�L�Q�D�O�� �K�H�D�W�� �D�Q�G�� �G�U�R�X�J�K�W�� �V�W�U�H�V�V�� �G�X�U�L�Q�J�� �L�W�¶�V�� �S�K�H�Q�R�O�R�J�L�F�D�O��
growth period which reduces its potential yield, cause forced maturity without even completing 
the vegetative growth properly that ultimately hampers crop yield. Heat and drought are 
undoubtedly the two most important stresses having huge impact on growth and productivity 
of the crops. Increasing post-monsoon rainfall during the month of  January and February act 
as detrimental factor for Rabi pulses particularly, during its reproductive period. Major pulses 
such as chickpea, pigeon pea, lentil grown under rainfed conditions are subjected to multiple 
stresses viz., drought, high and low temperatures, high solar radiation, salinity and 
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waterlogging. In order to cope up with these adverse abiotic factors, pulses have wide adaptive 
mechanisms such as very deep rooting system in pigeon pea and chickpea, high degree of 
dehydration tolerance, phenotypic plasticity, wide ranging sensitivity towards photo thermo 
periods and higher moisture retention capacity. 
Pulses Diseases  
The major pulse diseases are anthracnose (Collectrotrichum lindemuthianum), dry root rot 
(Rhizoctonia bataticola), Alternaria leaf spot (Alternaria alternata), Wilts (Fusarium spp.), 
phytophthora blight (Phytophthora cajani), MYMV and leaf crinkle. Stem rot (Sclerotium 
rolfsii) resistance in groundnut is temperature-dependent. Dry root rot (Rhizoctonia bataticola) 
in chickpea and charcoal rot (Macrophomina phaseolina) increased many folds due to high 
temperature and prolonged moisture stress. Prolonged moisture may create a new scenario of 
potential diseases in such as anthracnose, collar rot, wet root rot and stunt diseases in chickpea; 
Phytophthora blight and Alternaria blight in pigeonpea, leaf spots and rusts in groundnut 
indicated that outbreak of Phytophthora blight of pigeonpea (Phythophthora drechsleri f. sp. 
cajani) in last 5 years may be attributed to high intermittent rain (>350 mm in 6�±7 days) in 
July�±August. The high temperature tolerant fungal and MYMV disease will be increased 
because favorable condition for increased the vectors will be occurred in future. 
Pulses Pest 
Global warming and climate change will influence activity, diversity, distribution and 
population dynamics of insect pests including the grain legumes. Several insect pests damage 
grain legume crops, of which the pod borer, Helicoverpa armigera; spotted pod borer, Maruca 
vitrata; spiny pod borer, Etiella zinckenella; pod fly, Melanagromyza obtusa; aphid, Aphis 
craccivora; defoliators, Spodoptera litura and S. exigua; thrips, Megaleurothrips usitatus and 
Caliothrips indicus and the bruchid, Callasobruchus chinensis cause extensive losses in grain 
legumes. The incidence and extent of losses due to these pests varies across seasons, locations, 
and cropping systems. The pest spectrum on grain legumes will change considerably due to 
impending global warming and climate change. The geographical distribution of some of the 
pests might extend to temperate regions in Europe and America, while the outbreaks of some 
other pests will become more frequent. 
Several outbreaks of pod borer, H. armigera and spotted pod borer, M. vitrata have been 
recorded on grain legumes in India, which at times have resulted in complete crop loss. The 
scale insect, Ceroplastodes cajani in pigeonpea and beet armyworm, Spodoptera exigua, mealy 
bug, Ferrisia virgata, and white fly, Bemisia tabaci in chickpea have emerged as new pests; 
while leaf miner, Porphyrosela neodoxa, mealy bugs, Drepanococcus cajani, and 
Coccidohystrix insolita are some of the emerging pest problems in pigeonpea in India. In 
addition, there will be greater genotype x environment interactions for expression of resistance 
to insect pests, and this warrants a greater effort for identification of diverse sources of 
resistance and need for integrated pest management packages that will be effective under global 
warming and climate change. 
Effect of Abiotic Stress for low productivity  
Soil: Change in climate will affect the groundwater recharge, soil moisture, and frequency of 
drought or flood, and groundwater level in different areas. Increased soil temperature may also 
lead to an increase in autotrophic CO2 losses from the soil caused by root respiration, root 
exudates, and fine-root turnover 
Temperatures: High temperature and water deficit decrease net photosynthesis during the 
period of the constraint, resulting in a reduction of plant growth rate. The reproductive parts 
and grain-filling process are extremely sensitive to chilling and high temperature. The 
combined effect of heat and drought is more detrimental than effect of drought and heat alone, 
as a result productivity further decreases .Increasing temperature above 23°C results in a 
decrease in the rate of nitrogen remobilization from vegetative parts to growing seeds 
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(Pellissier et al. 2007; Ito et al. 2009).Lowering temperature from 23°C to 13°C with 
maintained radiation results in an increase in carbon assimilate availability allowing new 
vegetative sinks to grow. Day-time maximum air temperature beyond 40°C during 
reproductive phase in winter pulses results in complete failure of anthesis, pod setting and 
induces hardening of seeds.High temperature caused a reduction of 16% for grain set compared 
with the ambient control, whereas individual grain weight increased by 5% under high 
temperature. High temperature also caused a decrease in harvest index of 10%. 
Water:  There is now a great worry about a decline in soil fertility, raising salinity, change in 
the water table, degradation of irrigation water quality and resistance to many pesticides in 
north-western India. 
Impact of climate change on nodulation :Below ground parameters (root growth, nodulation 
and plant-microbes interaction) responded variably with elevated CO2 and elevated 
temperature.Elevated CO2 increases carbon assimilation that had considerable effect on root 
morphology and architecture, symbiotic relationship with mycorrhizal fungi, modification in 
pH and redox potential in rhizosphere.Different experimental evidences reported 2�±2.5 times 
more proteoid root and 3�±3.5 cm more increase in lateral root in growth chamber under higher 
elevated CO2 with sub-optimal dose of phosphorus.The OTC experiment by Srinivasarao et al. 
(2016) reported that, root biomass was higher by 27, 15, and 22% under 500 ppm and 56, 43 
and 112% under 700 ppm of CO2 than ambient condition in groundnut, blackgram and 
pigeonpea, respectively. Nodule number and biomass of several leguminous plant species, such 
as soybean, bean, field pea, alfa-alfa and lentil remarkably increased at elevated CO2 
exposureElevated CO2 have favorable impact on root exudates secretion that significantly 
aided rhizobium to infect and colonise and form nodule. 
Mitigation strategies 
Agricultural practices that are more efficient can considerably reduce greenhouse gas 
emissions, which in turn will reduce the need for fertilizers, and pulses play an important role 
in this context. Along with the better management of fertilizers, including integrated nutrient 
management, better timing of fertilization and precision farming; pulses have a very important 
role to play in climate change mitigation. The inclusion of pulses in crop rotations utilizes 
symbiotic bacteria to fix nitrogen, which is partly transferred to subsequent crops, increasing 
their yields. An adaptation to the changing climate impacts the cultivation of pulses globally 
has been growing and mostly the grown pulses include dry pea, lentil and chickpea which are 
largely and globally grown in semi-arid areas. These pulse crops have been much preferred due 
�W�R���W�K�H�L�U���V�X�L�W�D�E�L�O�L�W�\���L�Q���U�H�V�S�R�Q�G�L�Q�J���G�L�I�I�H�U�H�Q�W�O�\���L�Q���W�K�H���J�U�R�Z�L�Q�J���V�H�D�V�R�Q�¶�V���U�D�L�Q�I�D�O�O���D�Q�G���W�H�P�S�H�U�D�W�X�U�H��
patterns as well pulses tend to increases cereal production when grown in rotation. In several 
regions pulses have been grown in rotation with maize, wheat and rice.  
Pulses have been assuring global food security and enhancing the affordable attainment of 
protein among poor rural societies in which the level of protein contained in chickpea is 
estimated to be the same as the protein offered by meat. It is globally within the context of 
climate change; pulses have shown a promising role in meeting world protein demand and food 
security. Also, when intercropped or rotated, pulses have ensured the attainment of food 
varieties and increased soil productivity through nitrogen fixation. Chickpea are mostly 
preferred recently due to their ability of the root trait variability in stress tolerance. Under 
climate change impacts, pulses particularly chickpea and lentils respond positively as an 
outcome of fertilization effects due to elevated CO2 related to the lowering of leaf stomata 
conductance and a decreasing rate of transpiration leading to enhanced water use efficiency. 
To respond to the impacts of climate change, the adaptation strategies have been developed in 
different areas including rainfed areas of central zone where one among them is the cultivation 
of chickpea which is heat tolerant with short maturity period. 
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Introduction  
Intergovernmental Panel on Climate Change (IPCC) concluded that the climate system 
warming is unequivocal and observed the increase global average ocean temperature and 
average air, melting of the ice and snow, and rising sea level. Day by day, the impact of climate 
change is increasingly affecting agriculture worldwide as agriculture is susceptible to climate 
change and variability, particularly in respect of temperature, daylight, rainfall, and other 
extreme events in the weather. Crop yield reduction due to climate change is assessed under 
different climate models. For example, an increase of 1°C temperature can decrease the yield 
of 5-10 per cent of cereals (Lobell and Field, 2007; Hatfield et al., 2009). The higher 
temperature above 30°C damage the physical portions of the plant; when it is more than 37°C 
can destroy the storage quality of seeds (Wahid, 2007). 
Climate change and variability in Bangladesh 
Climate change also increases the intensity and probability of diseases, insects and weeds 
(Faurès et al. 2013). Climate change has been decreasing all significant crop yields in 
Bangladesh. An increase of 5.320C temperature in 2100 in Bangladesh will reduce the yield of 
potato, rice, and wheat by nearly 38.6, 67.8, and 47.6 per cent, respectively (Rahman et al. 
2018). In addition, the coastal area of Bangladesh is seriously affected by salinity intrusion. If 
the climate change impact on agriculture continues, soon Bangladesh will be unable to produce 
food for itself. 
Bangladesh is often regarded as one of the most vulnerable countries to the effects of global 
warming and climate change. This is owing to its unusual geographical location, floodplain 
domination, low elevation above sea level, high human density, and excessive reliance on 
nature. It was rated eighth in the list of countries most affected by climate disasters from 1999 
to 2018 in Germanwatch's Climate Risk Index for 2020. Crop cultivation in Bangladesh plays 
the most important role; on the other hand, it faces various obstacles each year. Between 1983 
and 1996, Bangladesh lost roughly 1 million hectares of arable land. 
A 4°C rise in temperature as a result of climate change will have a significant impact on food 
production in Bangladesh. Poor credit support to farmers, Unfair prices of produce, and 
insufficient research investment are among the significant challenges. The climate of 
Bangladesh has been divided into seven climatic sub-regions. Summers are becoming hotter, 
monsoons are becoming more irregular, and erratic rainfall in the dry season, resulting in water 
logging and landslides. Climate anomalies and their repercussions on Bangladesh were 
documented with high confidence in the IPCC's AR4 report. 
Bangladesh's average annual temperatures are anticipated to climb from 1.0°C to 1.5°C by 
2050 if no action is taken. The World Bank was one of the first development partners to assist 
Bangladesh after its independence. To combat climate change, the country must concentrate 
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on developing jobs outside of agriculture and strengthening its governance structures. Rainfall 
in Bangladesh ranges from 1527 mm in the west to 4197mm in the east, with a mean of 2488 
mm. The rainfall gradient is roughly 7 mm /km from west to east. 
Average yearly humidity fluctuated during the previous 57 years (1960-2017) when we 
examined the average humidity data. The average annual relative humidity varies from 78.5% 
to 80% from June to September. January through March are the least humid months in the 
eastern states, while April and May are the most humid. During the winter season, a centre of 
high cold pressure is created over the northern section of India. A chilly air stream rushes 
eastward from this high pressure, entering the country's northeast corner. 
This is the part of South Asian subcontinent's winter monsoon circulation. During the summer 
season, an area of low pressure develops over the west-central part of India and warm, moist 
air from the Bay of Bengal flows through Bangladesh. As a result, during the summer, the 
prevailing wind direction in Bangladesh is generally southerly (south, southwest or southeast). 
Impacts of Climate Change on Agriculture in Bangladesh  
The impact of climate change is a significant concern for Bangladesh, where lives and 
livelihoods depend mainly on agriculture. Incidences of floods, droughts, high temperatures, 
flash floods and floods, etc., are predicted to be more frequent and intense. Agricultural 
productivity depends on climatic factors like temperature, rainfall, light intensity, radiation, 
and sunshine duration, which are very erratic. Temperature and rainfall fluctuations have 
affected crop production in many parts of Bangladesh. A 4°C increase will occur due to climate 
change, resulting in a severe impact on food production in Bangladesh. 
Climate change generates irregular and heavy rainfall and flood and flash flood severity and 
frequency in Bangladesh. Salinity levels are rising, resulting in a significant lack of irrigation 
water for rice production. Sea level rise cause inundation of more area, which scientist have 
already reported. Damage to crops will be more in future (MoEF, 2020). 
Adaptation/Mitigation Strategies 
The government established the Climate Change Unit (CCU) in June 2010 as a node inside the 
Ministry of Environment and Forests (MoEF), administering the MoEF's budget for climate-
related initiatives and providing technical and subject-matter support. The CCU is also incharge 
of administering finances connected to climate change, creating connections amongst sectoral 
organizations, and generating an information base for NGO activities on climate change-related 
topics. The GoB has also established the following funds to carry out the aims and initiatives 
outlined in NAPA (The National Adaptation Programme of Action 2005) and BCCSAP 
(Bangladesh Climate Change Strategy and Action Plan 2009): Adaptive crop agriculture 
includes innovative farming practices in the Haor Basin andCoastal Zones, crop Insurance as 
a risk management strategy, climate change, gender and vulnerable groups. According to a 
study, Bangladeshi farmers gradually shift from climate-sensitive crops to climate-insensitive 
ones. Farmers are also practicing integrated farming systemswhere they raise animals, fish, and 
many types of crops on the same piece of land. 
Conclusion 
Climate change adaptation through crop switching can play an essential role in ensuring food 
security in the country. IPCC estimates that by 2050, rice production in Bangladesh could 
decline by 8% and wheat by 32%. Therefore, crops and varieties adapting to climate change 
should be emphasized. Public awareness is also important in respect of impacts climate change 
and adaptation mechanisms. However, planning, policy formulation, and implement adaptation 
strategies for climate change are still developing in Bangladesh.  
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UAS, Dharwad. -580005.  
 
ABSTRACT 
Agriculture continues to be the most important sector of Indian Economy. Research, extension 
and farmers efforts have all contributed significantly to increase in food production. 
Agricultural extension in India has evolved through different phases from Community 
�'�H�Y�H�O�R�S�P�H�Q�W���3�U�R�J�U�D�P�P�H���L�Q�������������W�K�U�R�X�J�K���7�U�D�L�Q�L�Q�J���D�Q�G���9�L�V�L�W���V�\�V�W�H�P���L�Q�����������¶�V���	���W�K�H���U�H�F�H�Q�W��
Agricultural Technology Management Agency (ATMA) which emphasizes on involvement of 
all stakeholders in the production process. But seeing into the constraints of Human resource 
changing technologies & reforms in IT sector. IT enabled extension services is slowly gaining 
importance in wake of the Telecom revolution in order to speed up the delivery of the 
agricultural advisory services. The initiatives have come from the Central Government, State 
�*�R�Y�H�U�Q�P�H�Q�W���� �&�R�U�S�R�U�D�W�H�� �V�H�F�W�R�U���� �1�*�2�¶�V�� �	�� �3�U�L�Y�D�W�H�� �$�J�H�Q�F�L�H�V���� �$�F�F�R�U�G�L�Q�J�� �R�I�� �7�H�O�H�S�K�R�Q�H��
Regulatory Authority of India (2017), there are 431.21million internet users in India & slowly 
the rural sector is catching up from 48 million users in 2012 to 371 million mobile internet 
users at present. e-�6�D�J�X�¶�� �Z�K�L�F�K�� �Z�D�V�� �L�P�S�O�H�P�H�Q�W�H�G�� �L�Q�� ��������-05 aimed to develop a model for 
providing personalized agricultural advice to farmers for major crops such as paddy, cotton, 
maize, chilli, castor, red gram, ground-nut. An Information and Communication Technology 
���,�&�7�����E�D�V�H�G���H�[�W�H�Q�V�L�R�Q���P�R�G�H�O���F�D�O�O�H�G���µ�H-�9�H�O�D�Q�P�D�L�¶�����P�H�D�Q�V���H-agriculture) for dissemination of 
farm specific agricultural technologies from the agricultural scientists to the needed farmers 
was initiated in the selected command areas of Tamil Nadu state. e- Sap has been successfully 
built & tested and deployed by UAS, Raichur in association with Tene agriculture solution 
pvt.ltd, Bangalore. e- SAP is novel ICT platform and dedicated field device capable of making 
two way exchange of information in real time. ICT system dedicated for crop health 
management. Insect pests, microbial diseases, nutritional deficiencies and weed problems. It 
enumerates different species of natural enemies, which has gained importance during recent 
times. There is provision to capture the history of plant protection measures that have 
previously been adopted by the farmer while raising the current crop. 
Key Words �± e- Sagu, e- Velanmai and e- SAP 
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DIVERSIFICATION OF AGRICULTURE ON FOOD, NUTRITION AND HEALTH 
SECURITY 
 
VIJAYAKHADER,   
Faculty of Home Science, Former Dean, Acharya N.G. Ranga Agricultural University, 
Rajendranagar, Hyderabad-500030, India 
 
Intervention of various viable technologies to improve the food & nutritional status of the 
population proved the following facts: Promotion of malt based small scale food provides 
opportunity for rural women to develop entrepreneurship and employment. It also provides 
food and nutritional security through additional income. Several technologies like value 
addition to fish & prawn products, artificial pearl culture, processing of salted fish were 
developed under National Agricultural Technological Project which helped the self-help group 
women of Andhra Pradesh, Karnataka, Kerala and Tamil Nadu to improve their economic 
status. Received two patents for fabricating I) Low Cost Ice Cream Freezer ( to prepare ice 
cream with small quantity of milk in rural area )  and II) Fresh Fish Vending and Display 
Table  (which helped the fisher  women to reduce their drudgery and also preserve the fresh 
fish for a longer time without getting spoiled ) The technology was  licensed twice. Food 
Product development can be taken as an income generating activity in the rural areas by the 
illiterate women which can be included in supplementary feeding programs mainly to improve 
the nutritional status of the children .The horse gram which is commonly used for cattle feed 
can be diversified for human consumption with less investment. Mothers as well as Anganwadi 
workers preferred amylase rich supplementary foods preferred as these supplementary foods 
better as compared to earlier supplied food i.e. ready to eat food. Introducing red palm oil is 
beneficial to overcome vitamin A deficiency. The supplementary income of women has a 
positive impact on the nutritional status of the family.  
Keywords: Technology Intervention, Nutrition Security, Health Security and Economic 
Empowerment. 
 
Introduction:  Food processing   has huge potential to improve rural livelihoods by raising 
farm income through value addition in agricultural produce. Rural employment opportunities 
should be increased by promoting post-harvest opportunities and value addition, 
entrepreneurship at the village level and this will increase the net income of the farmers. The 
promotion of agriculture, small scale rural industry, the rural economy gets a big boost and 
also corrects the rural- urban imbalance and prevents migration. 
Methodology: Surveys, Chemical analysis, Biochemical estimations, Product development, 
value addition, bio-availability studies on rats as well as human subjects; clinical observations 
were used as per the study design.  
Results: 
Research carried by Vijaya khader on impact of diversification of agriculture on food, nutrition 
and health security is discussed under Diversification of Agriculture; Horticulture; 
Mushrooms; Fisheries; Value addition and Economic Empowerment of Women  

A) Crop diversification / cropping systems: 
 Intercropping of ragi and red gram in 8:2 ratio gave additional income of Rs.5, 500/- 
ha compared to single crop of ragi. Ground nut intercropped with either red gram or 
castor in 7:1 ration recorded maximum. Red gram based cropping systems with cluster 
bean in 1:7 ratio gave highest. Among different alternate crops tried to groundnut 
during late rabi, black gram recorded maximum net returns (Rs.26801 /ha) and followed 
by sesasum (Rs.20697 /ha). Cluster bean and field bean are excellent alternative crops 
for rain fed crops. 
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B) Horticulture intervention:  

This focused on increasing the supply of micronutrient rich crops through the 
promotion of home gardening or Nutrition Garden. Horticulture intervention will 
involve the Ministry of Agriculture for the supply of seeds, extension sercices, and 
storage support. Vitamin A and Iron Nutritional status of nutritionally vulnerable 
segments of population subsisting on Horticulture crops and dairy farming in East 
Godavari district of A.P.(Aruna,1997) showed very significant improvement in their 
nutritional status. Significant impact of Nutrition Garden / Home garden reflected on 
Iron & Vitamin status of the families under study. 
Operational feasibility of Red Palm Oil (RPO):  Vitamin A deficiency causes many 
health problems especially among children. A study was undertaken to screen the effect 
of supplementation of RPO obtained from the fruits of tree Leis guineensis Jac.The oil 
is rich in B-carotene, a precursor of Vitamin A .Supplementation of crude RPO to 
Anganwadi Children increased the attendance of children, increase in heights and 
weights of children was observed. Decrease in Grade 1V and Grade 111 malnutrition 
was also observed in boys as well as girls (Vijayakhader and Aruna, 2008) . 

C) Mushroom cultivation:   
Every woman is an entrepreneur as she manages, organizes and assures responsibility for 
running her house.  It has been increasingly realized that women possess entrepreneurial 
talent which can be harnessed to create employment opportunities. In the rural areas a 
woman can easily manage 4-10 beds depending on the space available, helping them to 
earn Rs.180 to Rs.450 per month. The results revealed that  spawn multiplication can be 
done by women as a co-operative venture and mushroom cultivation can be undertaken 
at household level as an income-generating activity(Vijaya Khader, 1994)  . 
D) Studies on Intervention of Fisheries: 

To elicit the information on the food consumption of preschool children population of 
2203 (1072�ƒ:1131�‚ ) were selected in the 28 coastal villages of 13 districts spread over 
4 states viz. Andhra Pradesh, Karnataka, Kerala and Tamil Nadu with a total of 5744 
Households. A detail information on the food consumed, frequency and amount 
purchased were noted and the total amounts of each food consumed for a period of one 
month was noted. This was divided by per Consumption unit  (C.U.) to get the food 
consumption / C.U. / day.24 hour recall method combined with one day weighment was 
employed to assess the nutritional status of preschool children (1-5years). The purpose 
of diet survey was explained thoroughly. i.e., food items served in plate before eating. 
The cooked ingredients were measured through cups and were then converted to raw 
ingredients. 
Fisher women in Coastal Eco-System of Andhra Pradesh, Karnataka, Kerala and Tamil 
Nadu. (Vijaya Khader, R.Sathiadas and H.Mohamad Kasim , 2005) reveal fish eaters 
in the study area comprise 47 per cent of the total population ranging from 23.7 per cent 
in Tamil Nadu to 85 per cent in Kerala.  Though the position of Tamil Nadu is high in 
terms of number of coastal districts and possession of coast line including the number 
of landing centers, the number of fish eaters in the state is minimal.  Andhra Pradesh 
employs 32 per cent of its fisherwomen in fish curing/drying/net making and 27 per 
cent in processing plant works. 
Two Equipments namely I) Low-Cost Ice Cream Freezer, II) Fresh Fish Vending and 
Display Table have been fabricated and received Patents and the technology was 
licensed to a woman entrepreneur for manufacturing these two equipments for a period 
of two years (Vijaya Khader, et.al. 2004) .  After expiry of two years the technology on 
low cost ice cream freezer was licensed second time to other women for a period of 6 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

72 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

years. These equipments were fabricated mainly to improve the Health & Nutrition 
Security. 
Nutritional status of preschool children in coastal fishing villages of South India 
Andhra Pradesh, Karnataka, Kerala and Tamil Nadu: The consumption of 
vegetables, fruits was found to be low, milk consumption was fairly low among the 
preschool children & fish consumption was found to be 34 gm/ CU. The intake of 
nutrients in case of preschool children was found to be less than the RDA. It was 
observed that macro nutrient intake was fairly better when compared to the micro 
nutrient intake .31 % of preschool children were anemic. The other clinical symptoms 
like angular stomatitis, chelosis & dryness of skin  were 35 % on an average .The reason 
for high anemic might be due to low consumption of iron rich foods, poor health 
,hygiene & sanitation and also might be due to lack of nutritional awareness 
(Vijayakhader, et.al, 2005) 

Success Stories: 
The National Agricultural Technology Project entitled Studies on Fisherwomen in coastal 
ecosystem of    Andhra Pradesh, Karnataka, Tamilnadu and Kerala explored the socio-
economic status of fisherwomen and found the families wherein women are actively involved 
in one or other occupation has flourished and achieved all round development.  Seven 
Fisherwomen (3 from Kerala ;2 from Karnataka and 2 from A.P) have attained the Training 
and Awareness from National Agricultural Technology Project, implemented in their places 
and enhanced their socio-economic status through various skill oriented training 
programmes and continuous day-to-day discussions with the Scientists.  

 
E) Value addition:  

1) Low-cost energy protein rich preparations using Horse gram: The horse gram 
which is commonly used for cattle feed can be diversified for human consumption 
with less investment. Processed horse gram flour was prepared using Puffing and 
Roasting, Processed Soya bean flour was prepared by Dehulling and Roasting.  The 
low cost energy protein rich products namely RAGINA and EPRF were prepared 
using the simple home scale processing methods like germination, roasting and 
puffing, to improve the nutritional status. Horse gram has been identified as 
potential food resource for the tropics and also occupies an important place among 
pulses because of its ability to resist severe drought conditions.  Soya bean (Glycine 
max) is one of the best vegetable proteins and has tremendous potential to meet the 
protein deficiency in the cereal based Indian Diets at a low cost. Product 
development can be taken as income generating activity in the rural areas by the 
illiterate women.  Products can be included in supplementary feeding programs in 
order to improve the nutritional status of the vulnerable groups of the population 
(Vijayakhader & P. Ashlesh, 1998) 

 
2) Effect of feeding malted food on the nutritional status of vulnerable groups 

(Vijayakhader & Umamaheswari, 2012) Amylase Rich Malted Mixes (ARMM) 
two types were formulated using Ragi / Wheat and suitable products namely Laddu, 
Roti, Kheer, and Porridge were prepared using formulated malted mix.  The 
�$�5�0�0�¶�V���I�R�X�Q�G���W�R���E�H���Q�X�W�U�L�W�L�R�Q�D�O���G�H�Q�V�H�������)�R�U���W�K�H���V�X�S�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���P�D�O�W�H�G���P�L�[�H�V��
8 villages of Lepakshi Mandal, Ananthapur District was selected.  Preschool 
children (400), pregnant women (100) and Lactating women (100) were selected 
and fed with two types of malted mixes (Ragi / Wheat) for a period of 3 months. 
Anthropometric data, Food intake showed a significant increase in the preschoolers, 
pregnant women and Lactating mothers.  Clinical assessment showed considerable 
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reduction i.e. (50%) in nutritional deficiency symptoms and morbidity rate of all 
the subjects. Training programmes were conducted to 40 members by lecture and 
method demonstrations using developed education material such as Posters, Flip 
book, Manual and CD-Rom.  After the training 60-70% improvement was observed 
in Knowledge, Attitude and Practices scores of the trainees, project profile for bulk 
�S�U�R�G�X�F�W�L�R�Q���Z�D�V���D�O�V�R���G�H�Y�H�O�R�S�H�G�������6�X�S�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���$�5�0�0�¶�V���K�H�O�S�H�G���W�R���L�P�S�U�R�Y�H��
the nutritional status of the vulnerable groups of population in rural areas especially 
with regard to protein, energy, iron, and calcium and B-complex vitamins. 
Promotion of malt based small scale food industry not only provides opportunity 
for rural women to develop entrepreneurship and employment but also provided 
Food and Nutritional Security through income generation.  

 
3) Therapeutic food supplementation in ICDS projects of Andhra Pradesh 

(Yasoda Devi & Vijayakhader, 2004)Total 2267 children of age range of 1-3 years 
were selected (892 children from rural ICDS project, Saravakota; 507 children from 
new ICDS project, Kottem; and 778 children from tribal ICDS project, Seethapeta) 
for a period of 1 year.  The three types of supplements were prepared and distributed 
by A.P. Foods, Hyderabad.  The supplements were distributed either in the form of 
Laddu or as in the form of powder.  Nutritive value of 100g of supplements provides 
400 to 480 Kcal 12.5 to 13.8 g proteins.It was very encouraging to note that 92% of 
grade III children showed improvement in their weight and height; 80% of 
moderately malnourished; 42% of mildly malnourished and 44% with normal 
grade showed improvement.  It was also observed that there was positive 
correlation between the calorie and protein intake and also improvement in weight 
and height.  All 100% of mothers as well as Anganwadi workers preferred these 
supplementary foods better as compared to earlier supplied food i.e. ready to eat 
food. 

F) Economic Empowerment Of women: 
Family income and nutritional status of pre-�V�F�K�R�O�D�U�V�¶�� �L�Q�� �U�X�U�D�O�� �D�U�H�D�V�� �R�I�� �7�H�Q�D�O�L��
division (Vijayakhader & Kavitha, 1993)The increase in the annual per capita income 
of the family increased slightly the nutritional status of pre-scholars .The results also 
reveal that no significant difference was observed between the body weight of children 
and income of the parents in all the age group. In spite of having high purchasing power, 
lower educational status of the mothers and also low nutritional awareness, majority 
of the children are in Grade 1 degree malnutrition. 
�,�P�S�D�F�W���R�I���Z�R�P�H�Q�¶�V���V�X�S�S�O�H�P�H�Q�W�D�U�\���L�Q�F�R�P�H���R�Q���I�D�P�L�O�L�H�V�¶���Q�X�W�U�L�W�L�R�Q�D�O���V�W�D�W�X�V�����9�L�M�D�\�D��
Khader, 1999) 
The study was carried in 4 villages of Rajendarnagar Mandal & Ranga Reddy District 
on vegetable vendera, Shop Keepers, Washers, Fruit venders, Tea & Snack Venders. 
The results reveal that the supplementary income of women has a positive impact on 
food & nutrient intake of the family. 

 
Conclusion: The impact of intervention of various viable technologies improved the food & 
Nutrient intake of the family contributing towards Food & Nutrition security. 

 
Acknowledgments: Sincere thanks to World Bank, ICAR, NATP, ICMR, DBT and ANGRAU 
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SPATIO-TEMPORAL DISTRIBUTION OF DENGUE VECTOR AND ITS 
VULNERABILITY USING GIS:   A CASE STUDY OF JAIPUR CITY, INDIA  
 
#PRAVEEN KUMAR RAI 1, PRIYANKA ROY 2, SURAJ KUMAR SINGH 2, SHRUTI SINGH2 
1Department of Geography, KMC Language University, Lucknow, U.P., India 
2Centre for Climate Change and Water Research, Suresh Gyan Vihar University, Jaipur, 
Rajasthan, India 
 
ABSTRACT  
Vector-borne diseases (VBD) like Malaria, Dengue, Japanese encephalitis (JE), Kala-azar, 
Lymphatic Filariasis, and Chikungunya are common in India. There are many different kinds 
of vectors, such as mosquitoes, aquatic snails, blackflies, fleas, lice, sandflies, ticks, etc. most 
of these vectors are common in India. India is a tropical country, which makes it a good place 
for pathogens and parasites to grow and spread and for vectors to live. One of the characteristics 
that aid in vertical disease transmission is population distribution and makeup. Individuals and 
governments alike pay a high price for vector-borne illnesses. Individuals and their families 
may incur costs such as the purchase of treatments and preventive measures, missed work days, 
and funeral costs in the event of death. The supply and staffing of health facilities, public health 
initiatives, and missed possibilities for economic growth and tourism are all costs to 
governments. The city of Jaipur is a major tourist destination, with a constant growth rate of 
3% and a population density of 6,500 people per square kilometre, as per latest surveys (Indian 
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Census web site). Henceforth, this study was to assess the vulnerability of the urban Jaipur 
population to dengue virus infection. The proximity and exposure, to vector habitat and 
climatic parameters such as temperature and precipitation were evaluated and assimilation of 
aspects of vulnerability the (total population, ward wise population density, Literacy rate, social 
and cultural practises, waste management) as significant factors ambulating weightage for 
vulnerability indicators. The total population of the urban Jaipur depicts span of people that 
might fall prey to dengue infection, the density of population portrays the rate of vertical 
transmission of the virus among the populace, literacy rate displays that the high education 
relates to the awareness for precaution and technique to control vector breading and 
transmission, working class population depicts the exposure to viral transmission. Along with 
these paradigm vector prevalence and habitat directly relates to the Dengue Virus Transmission 
consequently exposing large share of vulnerable urban population. 
Based on assimilation of all the determining factors the outcome of the study depicts that the 
dense populace areas. The male population contributes to 67% of the total dengue cases where 
as only 33 % of female population, of which the 15 to 24 age group manifest the dengue virus 
infection in both male and female population.  This dengue cases reports are cyclic in nature 
with the precipitation and temperature ranging between 25 to 30degree. The entire north and 
north-western area of the urban Jaipur is Vulnerable to dengue during monsoon and post 
monsoon season. 
Key words: GIS, Vector Born Disease, Dengue, Remote Sensing, Jaipur. 
 
DESIGNING OF INTEGRATED FARMING SYSTEMS USING MULTI -
CRITERIA DECISION MAKING AND OPTIMIZATION METHODOLOGY   
FOR SUSTAINABLE DEVELOPMENT OF SMALL AND MARGINAL 
FARMERS OF ASIA  
 
U.K. BEHERA 1, PRATISHRUTI  BEHERA 2 AND BUSSA BHARGAVI 3 ,  
College of Agriculture, Central Agricultural University, Kyrdemkulai, Meghalaya -793105 
2 Department of Agronomy, Assam Agriculture University, Jorhat-785013, Assam 
3 Scientist, Division of Agronomy, Indian Council of Agricultural Research (ICAR)- Central 
Institute for Cotton Research, Nagpur 440010, India 
 
In order to meet the multiple objectives of poverty reduction, food security, 
competitiveness and sustainability several researchers have recommended to adopt 
integrated farming systems (IFS). Integrated farming system is an approach in which 
different land-based enterprises viz. crop, live stock, mushroom, apiary, fishery etc. are 
integrated within the bio-physical and socio-economic situations taking farmers 
preference and goal in to consideration. Farming system research/IFS is considered as a 
powerful tool for management of vast natural and human resources in developing 
countries. This is a multi-disciplinary approach and very effective for solving the 
problems of small and marginal farmers (Gangwar, 1993). Under the gradual shrinking 
of land holding in India and other developing countries, it is necessary to go for IFS to 
make farming more profitable and sustainable. 
In agricultural research and development activities in India and other developing 
countries, the major emphasis is given to component and commodity based research 
projects involving developing animal breed, farm implement, crop variety and farm 
machinery, mostly conducted in isolation and at the institute. This component, 
commodity and discipline-based research have proved largely inadequate in addressing 
the multifarious problems of small farmers (Jha, 2003). Due to this, there has been a 
demand for holistic approach for technology generation and dissemination instead of 
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traditional component approach in piecemeal and isolation. However, mechanisms are 
lacking to provide  the whole farm picture or model of outcome of the farm activities 
before the farmers taking into consideration of various farm resources, viz. land, labour, 
capital, management; constraints, viz. physical, bio-physical, ecological, socio-economic 
etc.;  and enterprise combinations in IFS perspectives,  viz. crop, dairy, fishery, poultry, 
apiary, mushroom etc. 
Providing such a picture in the context of a farm or village or a region is a tedious process 
and difficult to calculate by human mind since number of factors are involved. Such 
problems can be overcome by the bio-economic modelling approaches.  
The research in integrated farming systems (IFS) for the last few decades  reveals that the 
enterprise planning and implementation are usually in component approach and in 
isolation, needs scientific and systematic approach. In this situation, optimization 
techniques are useful for resource allocation and designing of IFS in a scientific basis 
(Mahapatra and Behera, 2004). Farming system studies involving a number of enterprises 
and taking the physical, socio-economic and bio-physical environments into 
consideration are complicated, expensive and time-consuming (Mahapatra and Behera, 
2004). There exists a chain of interactions among the components within the farming 
systems, and it becomes difficult to deal with such inter-linking complex systems 
manually. This is one of the reasons for slow progress in the field of farming systems 
research in India and elsewhere (Jha, 2003).  This problem could be overcome by 
construction and application of suitable whole farm models (Dent, 1990). On the other 
hand, optimization techniques such as linear programming, goal programming and 
compromise programming proved useful for efficient resource allocation under various 
constraints (Taha, 2005). Optimization models optimize the use of farm resources, and 
can analyse farm response to policy change in an effective way (Loucks et al, 1981). 
Among available, linear programming (LP) is one of the most applied solution 
methodology in agricultural planning to determine the optimal policy (Loucks et al., 
1981) in single and multiple objective framework. In this paper different bio-economic 
modelling techniques, which can help for optimal combination of the enterprises within 
the farming systems by taking farmers single and multi-objectives into consideration as 
�Z�H�O�O���D�V�����D�Q���D�G�Y�D�Q�F�H�G���P�R�G�H�O�O�L�Q�J�����W�R�R�O���³�0�2�'�$�0�´���Z�K�L�F�K�����K�D�V���S�R�W�H�Q�W�L�D�O�L�W�\���W�R���L�Q�W�H�J�U�D�W�H�����W�K�H��
environment and ecological goal  with economic goal in the context of a farm/society or 
region  are discussed briefly. 
Integrated farming systems in single objective frame work 
Decision making is the most important aspect of any business and industry. Farming is a 
business and agriculture is also an industry. Hence, decision making plays an important role 
with regard to the problems concerning production of commodities. The main questions before 
the producer or the production manager/farmer are: (i) What to produce, (ii) How to produce, 
and (iii) How much to produce. In a integrated farming system, farmers face the similar 
problems with respect to production of different commodities/enterprises at the farm level. 
Linear programming is a modelling tool that can assist in the solution of many problems in 
agriculture. In particular linear programming is useful in selecting the best alternative from a 
�Q�X�P�E�H�U���R�I���D�Y�D�L�O�D�E�O�H���F�R�X�U�V�H�V���R�I���D�F�W�L�R�Q�����/�3���P�R�G�H�O���D�U�H���G�H�V�L�J�Q�H�G���W�R���³�R�S�W�L�P�L�]�H�´���D���V�S�H�F�L�I�L�F���R�E�M�H�F�W�L�Y�H��
criterion subject to a set of constraints, the quality of the resulting solution depends on the 
completeness of the model in representing the real system. 
 Integrated farming systems in multi -objectives frame work 
In real world IFS situations farmers face the difficulty of considering several objectives 
simultaneously, which are conflicting in nature such as farm return, capital requirement and 
labour employment. In addition farmers like to produce enough food for the farm family by 
utilizing his resources effectively including land.  For this, compromise programming method 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

77 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

can be effectively employed for achieving a practical and compromise solution in such situation 
(Behera et al., 2008). 
In the traditional mathematical programming approach to modeling agricultural decision 
making, the decision maker seeks to optimize a well-defined single objective. In reality, this is 
not always the case as the decision maker is often seeking an optimal compromise among 
several objectives, many of which can be in conflict, or trying to achieve satisfying levels of 
his goals (Romeo & Rehman 1989). Two multi-criteria programming techniques, goal 
programming and compromise programming (both variants of linear programming), were used 
in a study of small-scale dairy farms in central Mexico by Val-Arreola et al. (2006). 
Compromise Programming (CP) is used to provide more insight into the problem which caters 
multiobjective needs of the farmers. Linear and nonlinear programming methodologies can be 
�H�P�S�O�R�\�H�G�� �L�Q�� �&�3�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �W�R�� �G�U�D�Z�� �G�L�I�I�H�U�H�Q�W�� �V�F�H�Q�D�U�L�R�V�¶�� �I�Rr comparison. This enables in 
developing holistic model. Compromise Programming methodology has been demonstrated for 
designing integrated farming system (Behera et al., 2008). 
 
 Multi -objective decision support tool for agro-ecosystem management (MODAM)  
There is a need for a modelling tool to analyse agricultural sustainability as a combination of 
economic and ecological objectives. This model should be able to: (i)  simulate effects of 
political and economic conditions on decisions about agricultural land use at farm level; (ii)  
screen current and new production technologies in a standardised form and show their effects 
on defined indicators of sustainability; and (iii)  allow economic and ecological evaluation of 
production techniques at regional scale, including trade-offs among ecological and economic 
goals with respect to one farm or to a group of several farm types (regional approach). 
 Keeping above aspects in to considerations, a powerful bio-economic modelling tool was 
developed at ZALF, Germany (Zander and Kachele, 1999) which has the potentiality to 
simulate/combine/integrate various aspects of farming systems for agricultural decisions of 
economic and environment consequences due to certain level of management. In the bio-
economic model MODAM, several farms are aggregated to regional model to evaluate the 
effects of different protection strategies and the methodology of developing region-farms. The 
model makes highly detailed studies and is used for verification of the economic aspects of the 
farm which is linked to the regional level. Model allows to draw different scenarios of 
agronomic and ecological and political decision making. 
In summary,  MODAM  is  an interactive modelling system, generating trade-off functions 
between ecological and economic objectives  and  helpful from the points of view:  (i) 
interactive experimentation  with the model increases knowledge and understanding of the 
behaviour of the real system, but also the understanding of conflicting positions of interest 
groups in land use ;  (ii) it allows analysis of the maximum goal achievement possible under 
given conditions and, hence, defines the boundaries of the multidimensional solution space ; 
(iii)   trade-off functions will  show areas where a small decreases in achievement of the goal 
leads to much large realisation for another goal; this will allow simplification of the bargaining 
procedure by showing the consequences changing preferences: movement of indifference 
curve and new transaction ; (iv)  sensitivity analysis of the model will show where further 
research is necessary ; and  (v) scenarios of different conditions will help political decision 
makers to identify the most efficient instruments to realise the desired goal achievement in 
practise. The model, therefore is useful tool in an interactive procedure for the definition of 
sustainability criteria. 
 Description of the model 
The Model show hierarchical linkage between the economic and ecological parts of the model. 
Where maps in the geographical information system (GIS) are available, the result of the model 
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in the form of crop rotations and their technical, economic, and ecological coefficients can be 
transferred to the GIS for the graphical presentations.  
 The structure of the model 
The complexity of the selected system leads to a hierarchical structure of the economic and 
ecological modules that can also be applied to derive optimal solutions, if all possibilities are 
taken into accounts (Wossink et al., 1992). The model is based on the multiple goal linear 
programming approach. It consists of five levels of the hierarchically linked modules. The first 
level of the modules generates the technical coefficients. The second level calculates the 
economic coefficients of site-specific production techniques. The third evaluates the ecological 
effects of theses production techniques, and the fourth generates the linear programming 
model. The fifth level of models starts the subprogram which solves the equation system, 
analyses the results and prepares the transfer of data to the Geographical Information System 
(Fig. 1).  
 
 
 

Fig.1. Iterative definition of goals in the modules of MODAM 
Conclusion 
In extension and developmental programmes in most of the developing countries, the 
respective agencies generally go to farmers and give a variety of advice in an ad hoc manner. 
A few appears to put a clear-cut whole farm scenario forward for consideration.  In the context 
of present challenges to make small farms profitable not only in India, but also in most of the 
Asian and other developing countries, it is necessary to place an overall scenario for farm 
income and employment generation and other associated benefits before the  farmers  in village,  
regional and country level in  order to motivate them towards farming. Placing such pictures 
before farmers will aid their confidence to adopt new technologies in an integrated manner for 
enhancing farm income and sustainability, thereby helping to improve the livelihoods of the 
farmers. Research programme must acknowledge current concerns on poverty elimination, 
food security, environment, equity gender and sustainability. Bio-economic modelling 
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methodology can prove as a potential approach for providing the whole farm picture by 
considering economic and ecological consequences. The modelling system, MODAM, is 
suitable for interactive research on multi-objective land use issues. MODAM is an instrument 
that can serve to mediate in conflicts among competing groups of land uses, by generating 
information about economic and ecological effects of the particular decisions. The modular 
structure permits linkage of additional economic and ecological modules and facilitates 
inclusion of the new scientific knowledge. This will be useful for interdisciplinary research. 
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ABSTRACT 
Clean and safe water is a basic human requirement for the multifaceted development of society 
and a thriving economy. Rapid population growth, expanding industrialization, urbanisation, 
and extensive agricultural practises have resulted in the generation of wastewater, which has 
rendered the water not only dirty or polluted, but also lethal. Every year, millions of people die 
as a result of diseases transmitted through the consumption of contaminated water. Although 
various methods for wastewater treatment have been investigated in recent decades, their use 
is limited by a number of constraints, including the use of chemicals, the formation of 
disinfection by-products, time consumption, and cost. Nanotechnology, defined as the 
manipulation of matter at the molecular or atomic level in order to create new structures, 
devices, and systems with superior electronic, optical, magnetic, conductive, and mechanical 
properties, is emerging as a promising technology that has demonstrated remarkable feats in a 
variety of fields, including wastewater treatment. Nanomaterials have a high surface-to-volume 
ratio, high sensitivity and reactivity, high adsorption capacity, and ease of functionalization, 
making them ideal for wastewater treatment. We reviewed the techniques being developed for 
wastewater treatment using nanotechnology, including adsorption and biosorption, 
nanofiltration, photocatalysis, disinfection, and sensing technology. This extend talk, we will 
discusses the fate of nanomaterials in wastewater treatment, as well as the risks associated with 
their use. 
 
UNDERSTANDING STRATEGIC WEED MANAGEMENT IN DIRECT SEEDED 
RICE - A REVIEW  
 
R R UPASANI* AND SHEELA BARLA**   
Department of Agronomy, Birsa Agricultural University, Ranchi- 834006 
 
Rice (Oryza sativa �/�������L�V���R�Q�H���R�I���W�K�H���Z�R�U�O�G�¶�V���P�R�V�W���L�P�S�R�U�W�D�Q�W���V�W�D�S�O�H���I�R�R�G���F�U�R�S�V�����,�W���L�V���W�K�H���S�U�L�P�D�U�\��
source of income and employment for the majority of the population in Asia in general and 
India in particular. Rice has wider climatic adaptability, under both the lower and upper limits 
of climatic variables with average growing temperature (17�±33 ºC), annual rainfall (100�±5100 
mm), and solar radiation (25�±95% of potential) during the main rice season (Zhao, 2006) grows 
well all over the world ranging from the flood plains of Bangladesh to the Himalayan foothills 
of Nepal, and from the rain forests of Indonesia to the desert plains of Australia (IRRI, 1995; 
Maclean et al., 2002; Kumar and Ladha, 2011) covering nearly 161 million hectares (m ha) in 
114 countries. Asia alone contributes more than 90% of global production (143 m ha area; 612 
m tons production) and consumption (FAO,2009) as it is the principal cereal food of the main 
diet of 3.5 billion people, and due to burgeoning population, there is still need of about 70% 
additional rice by 2025 (Kim and Krishnan, 2002).   
Pros and cons of transplanted rice: 
Transplanting in puddled soils (intensive tillage in ponded conditions) with continuous 
flooding is the most common method of rice crop establishment in Asia (Singh et al., 2006; 
Kumar and Ladha, 2011). However, the most important problem associated with transplanted 
rice is that change in soil aggregates and development of hardpan below the soil surface caused 
due to flooding and puddling, which is not desirable for following wheat crop. Although, this 
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is advantageous for effective weed control in the transplanted rice field (Bhagat et al., 1999; 
Kumar et al., 2008). The technique of flooding the field with water is not only very laborious, 
tidy, and cumbersome but also very expensive, and time-consuming (Timsina and Connor, 
2001; Rajkumara et al., 2003; Soomro,2004; Sahrawat et al., 2010). Manual transplanting of 
the seedling is often delayed because all fields are not transplanted simultaneously, thus the 
seedling age surpasses that of optimum age of 21 to 25 days thus fewer tillers develop reducing 
the crop yield. (Khaliq and Matloob, 2011) Many times it has been observed that hired laborers 
are not committed to fair and good transplanting of seedlings, this way the average number of 
plants population (<250,000 plants ha_l) per unit area is reduced  (Baloch et al., 2000). Nursery 
raising for transplanted rice cultivation is not only a risky matter but it also involves energy, is 
time-consuming, and is also expensive. The risky in sense, that many times after raising 
�Q�X�U�V�H�U�\�����W�K�H���P�D�L�Q���I�L�H�O�G���G�R�H�V�Q�¶�W���J�H�W���S�U�H�S�D�U�H�G���G�X�H���W�R���G�H�O�D�\�H�G���P�R�Q�V�R�R�Q���U�D�L�Q���W�K�X�V���V�H�H�G�O�L�Q�J�V���J�H�W��
overage. Decreasing rice yield due to reduced tillering (Ghosh and Singh, 1994).  
Transplanted rice is a mammoth water user (Barker et al., 1998; Kumar and Ladha, 2011), as 
it utilizes almost three times more water consumption than usually that of other upland crops 
and also it usually requires a huge quantity of water when the reservoirs and ponds are still 
filled low in the water. Unless and until these reservoirs are filled with sufficient water for 
puddling, the farmers are not able to prepare the field which subsequently delays rice 
transplanting. Therefore, it is imperative to switch over from traditional transplanting for 
economic gain.   
WHY Direct Seeded Rice (DSR): 
The direct seeding of rice seems to be the only viable alternative to liberate farmers (Farooq et 
al., 2011; Kumar and Ladha, 2011; Nie et al., 2012).  Dawe, (2005) emphasized that 5 persons 
�±day per ha are required under DSR while it counts about 25-30 person-day per ha under 
conventional method of transplanting.  
However, weeds are the main biological constraint in DSR.  A worldwide survey in several 
rice producing countries revealed that weed infestation was the serious biological constraint 
limiting the productivity of rice fields (Johnson, 1996).  According to Tomita et al., 2003a,b; 
Rao et al., 2007, the diverse  weed flora are found under DSR which has been identified in 
severe reduction in rice yield under DSR. While the rice seedlings under transplant condition 
suppress early emerging weeds due to anaerobic condition developed by water logged 
condition which is absent under DSR. Hence weed control in DSR is a cumbersome practice 
as they compete with rice seedlings right from beginning as emerging simultaneously with rice 
seedlings.  
Weed Dynamics in DSR: As mentioned earlier, weeds are dynamic in nature, and the 
composition of weed communities in rice fields is influenced by cultural, mechanical, 
chemical, and environmental factors. As the weeds in DSR, emerge simultaneously with 
germination of rice seedlings, invite tough competition, stating from very early in the life of 
the crop and hence require early weed control. Thus it can be inferred that there is enough room 
left for developing strategies for effective weed management to harness good rice yield. 
. How to develop strategies for weed management in DSR: 
1. Prevention: 

�x Prevention of weed introduction and spread is the most important strategy in managing 
weeds regardless of crop, establishment method, and ecosystem.  

2.  Land Preparation: 
�x It has been reported that in DSR, density, and persistence of weeds in soil are influenced 

by the method of cultivation, its depth, and frequency of tillage ((Mohler, 1993, Mohler 
and Galford, 1997). The composition of weed communities is more pronounced on the 
topsoil surface layer (0-15 cm) as under no-till condition seasonal weeds seeds lie 
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undisturbed on soil surface than under conventional tillage (Barberi and Lo Cascio, 
2001).  

�x Stale bed methods in which weeds are allowed to emerge before preparation of final 
seedbed, and are destroyed chemically or mechanically, the suppression of weeds was 
found to be the extent of 56% (Singh et al., 2009). Effective weed suppression under 
DSR was also demonstrated by Renu et al., (2000) by combining stale bed method and 
application of nonselective herbicides than mechanical weeding.  

3. Effect of sowing time on weed dynamics: 
�x It has also been reported that more yield losses occur when weeds emerge earlier or at 

the same time when crop seeds germinate (Aldrich, 1987). While the reduction in weed 
pressure was observed more by late planting than early in crops   (Buhler and Gunsolus, 
1996) for crops such as barley and oat (Lég_ere, 1997), faba bean (Grenz et al., 2005), 
corn (Williams, 2006), soybean (Buhler and Gunsolus, 1996), and wheat (Zafar, 2012).  

4. Impact of planting density on weed dynamics:  
�x Report of the dominance of cyperus rotundus under dry season tillage and dominance 

of grasses such as Digitaria sanguinalis and Echinochloa colona after tillage at the start 
of the rainy season was suggested by (Castin and Moody, 1980). 
Tillage in the dry season resulted in increased dominance of Cyperus rotundus, whereas 
grasses such as Digitaria spp. and E. indica dominated after tillage at the beginning of 
the rainy season 

�x  Delayed planting reduced the yield loss associated with weeds in soybean (Buhler and 
Gunsolus, 1996) and corn (Gower et al., 2002) due to increased weed seedling 
mortality. 

5. Impact of row Spacing: The appropriate manipulation of in-row spacing and its orientation 
will reduce light interception by weeds. For direct-seeded rice, a narrow spacing is 
desirable for having a competitive edge by a crop over weeds. Chauhan and Johnson, 2010 
observed reduced weed biomass and density of E. colona and E. crusgalli when rice was 
sown at narrow spacing than a wider one.  

6. Mechanical Weed Control: Usually mechanical weeding in DSR is not desirable owing 
continuous rain makes the soil not fit for mechanical weeding by wheel hoe, grubber, and 
hand hoe due to wet soil condition and also it hampers the satisfactory result of herbicide 
application due to soil disturbance by exposing weeds to conducive germinating 
environment seeds located under deeper layer of soil surface. 

7. Nutrient Management: There is a direct relationship of weed dynamics with the nutrient 
status of the soil. Weeds being nutrifillic, utilize nutrients more compared to crop plants, 
thus posing a competitive edge over crop plants in absence of good weed control measures 
(Mahajan and Timsina, 2011).  

8. Water Management:  Already discussed that in transplanted rice weed density and biomass 
is reduced owing to continuous submergence with water compared to DSR. However, 
flooding in DSR is done immediately after the emergence of rice seeds as rice seeds do not 
germinate under flooded conditions.  

9. Chemical Weed Control: The hand pulling of weeds like E. colona, and E. crusgalli is very 
difficult to be uprooted by hand due to smaller in size as well as they mimic with rice 
seedlings to be separated for identification. The use of chemical herbicides in DSR is going 
on increasing due to escalating labour wages accompanied with non availability of labour 
for hand as well as for mechanical weeding. 
Under DSR a gap of nearly 4 to 6 weeks to make field permanently flooded, give rise ample 
opportunity to weeds   to emerge and infest the field. Thus to have a good rice yield, pre 
and post application of appropriate herbicides should be applied.  For control of grassy and 
broad-leaved weeds pendimethalin, benthiocarb, and quinclorac can be having residual 
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activity in soil can be applied at 0-3 DAS before rice and weed emergence and also field 
has sufficient moisture in field.  

10. Integrated weed management: For satisfactory and effective weed control in DSR, single 
method of weed control is not sufficient unless and until it is combined with other methods. 
As suggested along with application of herbicides some preventive measures and cultural 
methods as mentioned above should be integrated for long term suppression of weeds.  
Conclusion: Based on above facts it can be concluded that DSR is becoming popular 
among farmers, however the weed management is a big issue which rests primarily upon 
herbicide application but associated problems of prolonged use of single herbicide on same 
land will call other problem of development of herbicide resistance in weeds. Hence, 
integrated approach is best option to follow in addition to adopt all preventive and 
appropriate cultural methods like maintain time of sowing, seed rate, stale bed methods, 
crop residue management, minimum or zero tillage in order to put weed population at 
minimum level. 

 
RESILIENT PRACTICES FOR USE OF RENEWAL ENERGY TO NATURAL 
RESOURCE MANAGING AS BIO GAS PLANT TO SELF-RELIANT INDIA  
 
R.K. PRAJAPATI, B.S. KIRAR, U.S. DHAKAD, I.D. SINGH AND JAIPAL CHHIGARHA  

J.N.K.V.V., Krishi Vigyan Kendra, Tikamgarh (M.P.) 472001 
 
Globalization and global warming argue it creates global competition, resulting in a boost in 
economic activities that deplete the environment and its natural resources. The increased 
economic activity leads to greater emissions of industrial pollutants and more environmental 
degradation. As we can look the world now facing Covid-19 pandemic and population is 
threatening to setting on edge of death. As per the FAO estimation the global population will 
be nearly 10 billion people, 34 percent higher than today. This population increase will occur 
in developing countries on Earth by 2050 about 3 billion more mouths to feed. As incomes rise, 
people will increasingly consume more resource-intensive, animal-based foods. At the same 
time, we urgently need to cut greenhouse gas (GHG) emissions from agricultural production 
and stop conversion of remaining forests to agricultural land. India is ranked first in animal 
population with 987.5 million of livestock which is 30.7% of the world live stock. The china 
was initiated biogas programme in 1920 and production now biogas 30 megawatt 44 billion 
cubic meter biogas while even having a large number of live stocks in India produced biogas 
only 500 million tones. Andhra Pradesh first in rank with set up 5.5. lacs biogas plants while 
in Madhya Pradesh 3.7 lacs biogas plants were set up 2019-20.  National Innovations on 
Climate Resilient Agriculture (NICRA) was a network project of the Indian Council of 
Agricultural Research (ICAR) New Delhi, Govt. of India which was launched in February, 
2011. The project aims to enhance resilience of Indian agriculture to climate change and 
climate vulnerability through strategic research and technology demonstration. The KVK 
Tikamgarh (M.P.) was implemented the NICRA project in 2011-12 through adaptive NICRA 
village as Kanti of district- Tikamgarh which situated under Bundelkhand Agro-climatic zone 
of Madhya Pradesh In Kanti-village there was using FYM as for cooking purpose. In this 
connection biogas plant were established since 2011 to 2021 in adopted village as per the 
availability of FYM due to large number of live stock population. The total 188-biogas plants 
were established in Kanti with convergence and the subsidy of Rs. 13500/- from the Central 
Government, State Government department and IFFCO unit. The motivation and technological 
back-stopping were carried out through KVK scientists. Alternate sources of energy- Bio-gas, 
Hydro-carbons and can produce heat and energy when burnt. Chemically the gas is termed as 
methane gas. Bio-gas is produced through a bio-chemical process. Bacteria convert the 
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biological wastes into useful methane through chemical interaction. Such methane gas is 
renewable through continuous feeding of biological wastes and which are available the main 
constituent. Biogas slurry contains-N (0.5-1.6), P (0.23-1.4), K (0.8-1.2) while (FYM 
NPK,0.5:0.2:0.5), Compost (NPK,1.5,1.0,1.5). 1 kg of dry (95%) cattle dung will produced 2.5 
kWh (energy). Slurry contains 10% dry matter; thus 1 litre can generate 0.263 kWh. 62% 
efficiency and the other 38% energy remains in the slurry. Microorganisms need N (nitrogen) 
and C (carbon) for their metabolism. Now 165-biogas plants are smoothly working after 10-
years. The 165-farmer families each families size about 5-person who were cooking their food 
and saving Rs 887/ per month which was cost of one LPG gas cylinder and total money saving 
in village about Rs. 146355 while in district this biogas plant was promoted in these since 2011 
to 2021 and established about 800 biogas plant through convergence with allied department 
and NGOs were generated revenue up to Rs. 709600/month, from the health point of view 
reduced in diseases were recorded in farm women as in cough 27.78%, headache 23.08%, 
respiratory 18.18% and eye infection 28.57%. Each family earlier were used 5-kg dry 
wood/day for cooking which were collected from near forest, therefore the total 825 kg dry 
wood save each day which valued of Rs. 16500/day @ Rs.20/kg dry wood. By burning of one 
kg dry wood 200 gm Co2 and 70 g methane produced which are harmful for degrading ozone 
layer. Through establishment of biogas plant the total 165000 gm Co2 and 57750 gm 
methane/day were checked to originate in village.  Secondly conservation of green forest also 
increased because reduction in use of wood for cooking. Bio-gas slurry obtained 25 kg/biogas 
plant/day and total 4125 kg from 165-biogas plant were increased nutrient and carbon ration in 
village soil and increase vegetables production saving Rs. 4000/crop/season as reduction of use 
of chemical fertilizer and boosting the production of vegetable 20% proving extra return Rs. 
6000/crop/season/biogas plant. Before installation of biogas plants all households used animal 
dung for domestic purpose as cakes whereas 36.67% of the household sold anima�O�¶s dung as 
waste/fuel/manure, only 16.67% of villagers have adequate knowledge of biogas technology 
before installation of biogas plants at their household. The biogas plants have been providing 
per day 3 cubic meter biogas/plant. The life expectancy saving 8.8-month/house wife from 
used of biogas which was deteriorated due to smoke of cooking. The coming time in future for 
ourInidan to be self-reliant the biogas plant could be better option as natural resource managing 
by using of renewal energy source     
Keywords: Resilient practice, Biogas, Renewal energy, Natural Resource Management 
 
EXPLORING SOCIAL ENGINEERING FOR INNOVATIVE   PEST 
MANAGEMENT  

 
BADAL BHATTACHARYYA  
Assam Agricultural University, Jorhat -785013, Assam, India  
 
Social engineering is a data-based scientific system used to develop a sustainable design so as 
to achieve the intelligent management of resources and capital with the highest levels of 
freedom, prosperity and happiness within a population. A participatory approach, tends to focus 
initially on small numbers of clients participatory and is location specific in nature. Rather than 
�³�S�D�V�V�L�Y�H���S�D�U�W�L�F�L�S�D�W�L�R�Q���´���L�W���L�V���D�L�P�H�G���W�R���L�Q�V�S�L�U�H���³�V�H�O�I-�P�R�E�L�O�L�]�D�W�L�R�Q�´����where communities organize 
and take initiatives independently to solve their problems/issues. Community mobilization is 
the process of engaging communities to identify community priorities, resources, needs and 
solutions in such a way as to promote representative participation, good governance, 
accountability, peaceful change and achieving the objectives. Being a group approach, this 
concept profoundly relies on all the members coming together to achieve a common goal, 
finding technical solutions and building capacities in the extension system and bridge the gaps 
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in knowledge and technology dissemination. An underlying purpose of participatory 
approaches is the 'empowerment' of disadvantaged groups (Farrington and Martin, 1988; 
Tavernier, 2006) where large  community mobilization can effectively and intelligently be 
explored in solving some crucial constraints related to agriculture and allied sciences. Such 
type of approaches not only improves crop productivity and livelihood but also tremendously 
improves overall knowledge contents and capacity building of the farming community (Deka 
et al., 2018). Most of such approaches are ecofriendly, economical and sustainable. One major 
�E�H�Q�H�I�L�W���R�I���Z�R�U�N�L�Q�J���W�K�U�R�X�J�K���I�D�U�P�H�U�V�¶���J�U�R�X�S���L�V���W�K�D�W���I�D�U�P�H�U�V���V�X�S�S�R�U�W���H�D�F�K���R�W�K�H�U���W�R���O�H�Drn and adapt 
(Akinnagbe and Ajayi, 2010) and it also reduces the cost of public extension services (Conroy, 
2003). The visibilities of extension programmes as well as accountability are also become more 
vibrant. Under the aegis of All India Network Project on Soil Arthropod Pests, a group based 
research and extension programme was embraced to tackle a highly endemic and severe key 
pest species of white grub (Lepidiota mansueta) in Majuli river island of Assam, India. The 
�L�V�O�D�Q�G���L�V���D���³�%�L�R-�G�L�Y�H�U�V�L�W�\���K�R�W�V�S�R�W�´��and has rich ecology with rare breeds of flora and fauna and 
is a part of a major path for many species of migratory birds. Of late, this island is trying to get 
�W�K�H���W�D�J���³�:�R�U�O�G���+�H�U�L�W�D�J�H���6�L�W�H�´���I�U�R�P���8�1�(�6�&�2���E�H�F�D�X�V�H���R�I���L�W�V���X�Q�L�T�X�H���K�L�V�W�R�U�L�F���L�P�S�R�U�W�D�Q�F�H�����U�L�F�K��
biodiversity and co-existence of various cultures. 
The white grub, L. mansueta �Z�D�V���I�L�U�V�W���G�H�W�H�F�W�H�G���L�Q���2�F�W�R�E�H�U�������������L�Q���W�K�H���I�D�U�P�H�U�V�¶���I�L�H�O�G���R�I���0�D�M�X�O�L����
Field surveys conducted during 2005-2009 revealed that L. mansueta had appeared as an 
extremely severe key pest and the most severely affected crops were potato, sugarcane, 
Colocasia and green gram and the extent of damage varied from 42-48, 15-20, 35-40 and 30-
35%,  respectively (Bhattacharyya et al., 2013). Realizing the seriousness of the problem, the 
seasonal lif e cycle and biology of L. mansueta were studied in crop fields of Majuli and in the 
laboratory of AINP on Soil Arthropod Pests, AAU, Jorhat during 2005-2009. L. mansueta has 
a biennial life cycle, which is the first of its kind from North East India. It is a unique biennial 
species, spending its entire life cycle under the ground except for a very short period during 
which adults come out of the ground for mating. Grubs are voracious feeders. However, there 
is no evidence showing that the adults fed on any plants either in the field or laboratory and 
hence this species has the unique distinction as the first Indian phytophagous white grub species 
with nonfeeding adults (Bhattacharyya et al., 2015). The probable reasons of 
endemism/outbreak due to the high organic carbon content of the soil (0.75-1.00%) and 
presence of abundant thatch zone (dead grass, stems and other organic debris) in the endemic 
pockets. Other reasons may be nonarrival for last several years of the migratory bird Siberian 
crane (Grus leucogeranus), a seasonal predator of the grubs in Majuli probably because of the 
changing climate with erratic rainfall and early onset of summer in the riverine island. 
Moreover, conversion of virgin low grass lands (sand bars) by the flood and erosion affected 
people without taking any grub management measures is also responsible for the outbreak of 
the species in massive proportions.  
  After unravelling the seasonal cycle and biology, few vital tipoffs worthy of 
managing the beetles were learned as mentioned below: 

�x Rush of adult emergence took place for a short period of time in the evening during 
April-May, except for this short aerial life for nuptial activity, the species lives a 
subterranean life. 

�x Both sexes of the beetles were positively phototactic.  
�x Beetles emerged from the soil for mating during evening hours and spend almost one 

hour (6.15-7.15pm) for premating flight. Beetles could be collected in huge numbers 
by operating light traps in endemic pockets during 6.30-7.00pm. 

�x Scouting for hand collection is also effective since the mated pairs are found abundantly 
on selected sheltering plants in field during 7.00-8.30 pm. 

�x Beetles can also be used as animal feed for poultry, pigs, dogs, cats etc. 
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�x Some indigenous tribes also consume the beetles as their food. 
�x Concept of Social Engineering/Farmer�V�¶��participatory approach could be encouraged 

for the mass collection and destruction of beetles during the period after premonsoon 
showers in the endemic areas.  

A parallel planning was done to carry out both basic research as well as community action 
programmes/social engineering/farmers participatory approaches aimed at collecting adult 
beetles during evening hours (6.00-9.00pm during April-May) as a practical and cost-effective 
method of management. These extension activities were initiated from 2010 onwards in 
�F�R�O�O�D�E�R�U�D�W�L�R�Q�� �Z�L�W�K�� �G�L�I�I�H�U�H�Q�W�� �V�W�D�N�H�K�R�O�G�H�U�V�� �X�Q�G�H�U�� �W�K�H�� �W�K�H�P�H�� �³�0�D�V�V�� �F�D�P�S�D�L�J�Q�L�Q�J�� �D�J�D�L�Q�V�W��L. 
mansueta �L�Q�� �0�D�M�X�O�L�� �U�L�Y�H�U�� �L�V�O�D�Q�G�� �W�K�U�R�X�J�K�� �V�R�F�L�D�O�� �H�Q�J�L�Q�H�H�U�L�Q�J�´���� �*�U�R�X�S�� �E�D�V�H�G�� �D�S�S�U�R�D�F�K�� �I�R�U�� �W�K�H��
mass collection and destruction of beetles was given the top most priority. Each village was 
selected based on the population and extent of damages caused by the grubs, presence of 
functional farm management committee/self-�K�H�O�S�� �J�U�R�X�S�V���J�U�D�P�� �S�D�Q�F�K�D�\�D�W�V�� �D�Q�G�� �D�� �³�/�H�S�L�G�L�R�W�D��
�0�D�Q�D�J�H�P�H�Q�W���*�U�R�X�S�´���Z�D�V���I�R�U�P�H�G���L�Q���H�D�F�K���H�Q�G�H�P�L�F���Y�L�O�O�D�J�H�����W�R�W�D�O���������Y�L�O�O�D�J�H�V�����F�R�Q�V�L�V�W�L�Q�J���R�I��������
active farmers. Besides involving farmers, collaboration in this regard was sought from farm 
management committee, self-help groups, KVK, state extension staff, gram panchayat, NGOs 
and district administration, Majuli. To sensitize farmers the various tools of social engineering 
viz., smart SMSing to farmers through www.way2sms.com, video-conferencing, use of social 
networking site, use of print and electronic media, extension trainings, farmer-scientist 
interaction, field day, exhibition, awareness meeting, documentary shows, posters and banners, 
distribution of photographs/leaflets,  exposure visit, documentary show, use of public address 
system,  conducting field experiments in endemic areas, telephonic discussion, demonstration 
on collection of beetles using Solar LED light traps, demonstration on using Lepidiota beetles 
as human food/animal feed were used. This mass campaigning programme received 
overwhelming response and was exceedingly successful leading to massive collection and 
killing of about 12.35 Lakhs L. mansueta beetles in Majuli during 2010-2021. The project team 
also demonstrated the �S�R�Z�H�U���R�I���³�6�R�F�L�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�´���E�\���H�Q�W�H�U�L�Q�J���L�Q�W�R���³�,�Q�G�L�D���%�R�R�N���R�I���5�H�F�R�U�G�V�´��
by setting a national �U�H�F�R�U�G�� �R�I�� �³�P�R�V�W�� �E�H�H�W�O�H�V�� �F�R�O�O�H�F�W�H�G�� �L�Q�� �W�K�U�H�H�� �K�R�X�U�V�´�� �E�\�� �F�R�O�O�H�F�W�L�Q�J�� ��������������
white grub beetles at Majuli river island in 2018. The major advantages of such approach are-
(i) the gravid females are killed before egg laying (ii) capacity building amongst the farmers in 
white grub endemic areas and the management approach is ecofriendly and cost effective. It is 
worth mentioning that some of the local tribal people relished the cooked/fried adults of L. 
mansueta as protein rich food which opens up an avenue of further research on its 
nutritive/nutraceutical value (Bhattacharyya et al., 2018).  The other impacts of the approach 
are mentioned below: 

a) There were less emergence of beetles from soil and low population of grubs in both 
cultivated and non-cultivated fields in areas where the mass collection and destruction of 
adults by light traps and scouting were undertaken in the previous years.  

b) The crop productivity had also increased in different crops after formation of groups and 
group based activities.  

c) Farmers re-adopted the crops that were discontinued due to white grub infestation. 
d) Farmers who had the capacity to increase their area under cultivation had started to 

expand the crops due to reduction of white grub infestation. 
e) Farm income was increased after involving in group activity. 
f) The readoption of Colocasia cultivation by the farmers has restored the nutritional 

security of farmers.  
g) Some tribes relished the cooked/fried adults of L. mansueta as protein rich food which 

opens up an avenue of further research on its nutritive/nutraceutical value. Since, the 
traditional method of preparation of the beetles was somewhat crude, attempts were made 
�W�R���I�O�R�D�W���X�S���D���F�R�Q�F�H�S�W���R�I���³�%�H�H�W�O�H���)�U�\�´���D�Q�G���³�5�R�D�V�W�H�G���%�H�H�W�O�H�V�´���G�L�V�K�������%�H�H�W�O�H�V���Z�H�U�H���D�O�V�R���X�V�H�G��
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in bulk quantities as feed for pig, dog and poultry. Besides, the farmers were also 
encouraged to explore the grubs of L. mansueta as bait for fishing purpose.  

h) Even, the famers who were not included in groups showed their eagerness to form groups 
for the task due to spreading effect of group approach in a passive way.  

i) The mass collection and destruction of beetles were carried out during the evening hours 
(6-9 pm) during the months of heavy emergence of beetles i.e. April-May. Therefore, the 
farmers virtually did not lose any effective working hours/man-days.  

j) Majuli river island is organic by default. Therefore, the farmers have shown preference 
as well as adopted the technology because without applying insecticides this dreaded pest 
could be managed. Farmers were convinced and specially delighted when they could kill 
the gravid females before egg laying in their field.  

k) Others stakeholders associated with this mass campaigning have also endorsed this 
technology because a non-chemical approach of management strategy which was 
primarily based on the concept of the beetle population regulation was successfully 
implemented.  
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The climate change has become an important area of concern for India to ensure food and 
nutritional security for growing population. The impacts of climate change are global, but 
country like India is more vulnerable in view of the high population depending on agriculture. 
In India, significant negative impacts have been implied with medium-term (2010-2039) 
climate change, predicted to reduce yields by 4.5 to 9%, depending on the magnitude and 
distribution of warming. Since agriculture makes up roughly 16% of �,�Q�G�L�D�¶s GDP, a 4.5 to 9% 
negative impact on production implies a cost of climate change to be roughly up to 1.5% of 
GDP/year. National Innovations on Climate Resilient Agriculture (NICRA) was a network 
project of the Indian Council of Agricultural Research (ICAR) New Delhi, Govt. of India which 
was launched in February, 2011. The project was aims to enhance resilience of Indian 
agriculture to climate change and vulnerability through strategic research and technology 
demonstration. The KVK Tikamgarh (M.P.) was implemented the NICRA project in 2011-12 
through adaptive NICRA village as Kanti of district- Tikamgarh which situated under 
Bundelkhand Agro-climatic zone of Madhya Pradesh. The climate vulnerability of this zone is 
extremely rainfall events, prolonged dry spells, early with drawl monsoon or late 
commencement of monsoon, uneven rain fall distribution and water logging at different crop 
growth stages. The impact of climate change is evidently visible in Bundelkhand region of 
Madhya Pradesh. Climate change has hit the agriculture based livelihoods and food grain 
production in the Bundelkhand districts has decreased by 58%, it is very serious for the 
agriculture based society and economy. The farmers were sown soybean with local country 
plough or flatbed method (Broad casting) which was time and labour intensive, during extreme 
rainfall events, the crop gets affected either due to dry spells or water logging due to lack of 
proper drainage. There was a need for resilient practice i.e. in-situ soil moisture, water 
conservation and proper drainage. The resilient technology BBF (Board Bed Furrow) sowing 
method were conducted as farmer field demonstrations in light to medium and deep black soils 
among the 200-farmers of village during the rainy (Kharif) seasons since 2011 to 2020, to 
evaluate the effect of mechanization practices coupled with different in-situ rain water-
conservation resilient practices on soybean (Glycine max (L.). BBF system involves 
preparation of a broad bed of 90 cm, furrow of 45 cm and sowing of crop at a row spacing of 
30 cm above on bed. The treatments comprising complete mechanization, partial 
mechanization and traditional methods of cultivation (flat bed) were evaluated for variety JS -
9560 (short duration drought tolerant ) soybean along with sub-plot treatments of broad bed 
and furrow (BBF), ridges and furrow and flat bed. The BBF technology has many advantages 
including in-situ conservation of rain water in furrows, better drainage of excess water and 
proper aeration in the seed bed and root zone. More than 200-farmers in village adopted the 
technology. Similarly, BBF planting was promoted for cultivation of different crops in 
Tikamgarh district through convergence with allied department the horizontal spread of 
technology in 426- villages with 29820- hectares among 74550 farmers were recorded in 
soybean variety JS 9560. Complete mechanization in soybean resulted in higher seed yield 15.3 
q/ha in demonstration as compared to farmer practice 11.8 q/ha, maximum gross monetary 
returns, net monetary returns, benefit cost ratio, water use efficiency,  crop productivity were 
recorded increased as compared to control plots , BBF helpfuled only on early stage moisture 
stress or dry spell, reduced lifesaving irrigation water up to (65-70%,)  Crop was tolerant to dry 
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spell up to 10-15 days during mid-season, required lower seed rate, better, reduced the 
incidence of weed ( 15%) ,  disease ( 28%) and insect-pest (30%), crop lodging as compared 
to traditional method of cultivation were found lowest. BBF method of sowing in soybean 
proved be significantly superior to all treatment combinations. The highest energy output-input 
ratio was observed in with BBF method of sowing. BBF used for sowing but after two rains 
reduced raised bed up to 75-90% depending on rain intensive in light and medium soil. Even 
on heavy rain fall about 222 mm during maturity and harvesting stage yield saving also 
recorded on BFF method sown crops as soybean (70%), black gram (30%) and sesame (25%). 
The seed viability of these saved yield of heavy rain affected crops were recorded up to 55% 
while totally loosed seed viability found in farmers practiced  
Keywords: Resilient practice, Climate change, Broad bed and furrow, dry spell, Infiltration 
 
ROLE OF PKV MINI DAL MILL IN RURAL ENTREPRENEURSHIP 
DEVELOPMENT  
 
N.V. SHENDE, R. D. VAIDKAR, V. K. KHOBARKAR AND D. K. NEMADE  
Department of Agricultural Economics and Statistic, PGI, Dr PDKV, Akola, Maharashtra, 
India 
 
ABSTRACT 
Post-harvest processing is one of the necessary steps in conversion, value addition and 
prevention of loss of agricultural produce. It is essential operation being carried out prior to 
consumption of agro produce. Most of the post-harvest processing operations are performed at 
urban side resulting into increased cost of transportation and storage requirement besides loss 
of some important byproducts and post-harvest losses. Primary or secondary processing of 
agricultural produce at village level will help to reduce the cost of processed material, giving 
additional income source to producer, employment generation among the rural youths and in 
situ value addition. As a result, processed product will be available at lower cost for the rural 
population also. In view of this the study on economic evaluaton and impact assessment of 
PKV mini da mill was conducted at three district of Vidarbha region viz; Amravati, Akola and 
Buldhana. The primary as well as secondary data were collected for economic analysis. The 
cost and returns were estimated on the basis of primary data collected from 30 farmers. The 
breakeven point and economic impact were estimated. The study revealed that income of the 
farmers was increased and migration ceased. It can be installed at a low capital investment of 
about Rs146461/- only. The variable expenses for running PKV mini dal mill was worked out 
about Rs 25736.80/- per annum. On an average the quantity of raw material processed 
accounted to 417 quintals within 150 days, as per raw material available. The processing cost 
per quintal of PKV mini dal mill were Rs. 450/-.The cost benefit ratio from PKV mini dal mill 
worked out to 2.81. It revealed that farmer received more than doubled income form PKV mini 
dal mill after one year of establishment. The breakeven point is 497.81 qtl. As the dal processed 
in the PKV Mini Dal mill is good in quality, hence 26 per cent farmers state that family member 
utilized as labour. The inadequate supply of electricity was the major problem faced by the 
farmers. However, 36 per cent dal mill owner facing the problem of technical knowledge about 
operating of machinery.It helps to enguage the farmers to start subsidiaery enterprise to 
doubling their income. 
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EFFECT OF ORGANIC MANURE S AND BIOFERTILIZERS ON GROWTH AND 
YIELD OF WATERMELON  (Citrullus lanatus Thunb.) 
 
ARVIND M. SONKAMBLE *, ADITYA MAPARI, SURENDRA R. PATIL AND  VISHAL D. 
TAYADE  
Department of Vegetable Science, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (M.S.) 
India 

 
ABSTRACT 
A field experiment entitled "Effect of organic manures and biofertilizers on growth and yield 
of watermelon (Citrullus lanatus Thunb.)" was conducted at Instructional Farm, Department 
of Vegetable Science, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola during summer 
season of 2019 - 2020. The experiment was laid out in Randomized Block Design (RBD) with 
three replications and nine  treatments viz.T1 (Farm Yard Manure @ 40 t ha-1), T2 (Compost 
(NADEP) @ 18 t ha-1), T3 (Vermicompost @ 13.5 t ha-1), T4 (Poultry manure @ 6.6 t ha-1) 
and T5 (Farm Yard Manure @ 40 t ha-1  + Soil application of Azotobacter+ PSB  @ 5 kg ha-1 

each), T6 (Compost (NADEP) @18 t ha-1 + Soil application of Azotobacter+ PSB  @ 5 kg ha-
1 each), T7 (Vermicompost @ 13.5 t ha-1 + Soil application of Azotobacter+ PSB  @ 5 kg ha-1 

each), T8 (Poultry manure @ 6.6 t ha-1 + Soil application of Azotobacter+ PSB  @ 5 kg ha-1 

each), T9 Control (RDF- 200:100:100 NPK Kg/ha). Observations in respect of vine growth 
and yield of watermelon were recorded periodically. From the findings, it was observed that 
the growth parameters in respect length of main vine, number of leaves, number of primary 
branches, chlorophyll index, days for first female flower appearance, internodal distance and 
male female ratio were found better with Vermicompost @ 13.5 t ha-1+ soil application of 
Azotobacter +PSB @ 5kg ha-1 each. Yield parameters i.e., days required for edible maturity, 
number of fruits per vine, average fruit weight, fruit yield per vine and fruit yield per ha-1 were 
found to be maximum with Vermicompost @ 13.5 t ha-1+ soil application of Azotobacter +PSB 
@ 5kg ha-1 each. 
Keywords: Watermelon, organic manures, biofertilizers, growth and yield 
 
DOMESTICATION OF NATIVE WILD FRUITS FOR DIVERSIFICATION IN 
MAHARASHTRA REGION OF INDIA  
 
SURENDRA R. PATIL 1, ARVIND M. SONKAMBLE 2 AND ABHAY P. GEDAM 3 
Department of Fruit Science, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (MS) India 
 
ABSTRACT 
Wild edible plants (WEPs) are the species those are neither cultivated nor domesticated but 
growing wild and are however edible (Beluhan and Ranogajec, 2010). Different wild edible 
plants have played a significant role in all geographical regions of world throughout human 
history (Sekeroglu et al., 2006). Poor communities through the world are dependent on these 
wild plants for their food, nutrition, subsistence needs and improving rural livelihoods as well 
(Sundriyal et al., 2003). Even nutritional superiority of some of the wild edibles was also 
reported over the cultivated ones (Burlingame, 2000). The traditional consumption of WEP is 
still supplemented today with staple crop plants staple crop plants by most agrarian societies 
throughout the world (Lulekal et al., 2011). The role of WEPs in ensuring food and nutritional 
security to the rural or indigenous communities is now widely recognized. Unfortunately data 
available on their identification, composition or nutritional properties, use and management or 
�X�V�H�U�¶�V���S�U�H�I�H�U�H�Q�F�H�V���L�V���V�F�D�Q�W�\���R�U���O�H�V�V���G�R�F�Xmented (Frison et al., 2006; Vincetti et al., 2008). 
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Maharashtra is one of the rich states in terms of floristic and ethnic diversity in India. Vartak 
and Gadgil (1980) reported 120 wild food plants from Maharashtra and Goa out of which the 
six wild edible plants from Maharashtra i.e. Diospyros peregrina, Grewewiatillifolia, Optunia 
elatior, Capparis zeylanica, Flacourtia indica, Elaeagnus conferta found potential for 
commercial exploitation. These wild edible plants are rich in nutrients, vitamins and fibers. 
These plants may become the supplementary source of food for common peoples if brought 
under cultivation. Such edible plants and wild relatives of the established crop plants are 
reservoirs of important desirable genes for resistance against fungal, bacterial and especially 
viral pathogens. They also harbor resistant genes for adverse climatic conditions such as 
drought, frost, water lodging, etc. Such resources could be used to broaden the gene pool of 
crop plants. 
Domestication of wild relative plants can broaden genetic diversity which will help to fight 
against the pest, diseases and also the climate change.Wild edible plants can be grown in the 
areas where traditional crops are failed.Wild edible plants are hardy and can grow in adverse 
conditions with minimum inputs.Need to aware farmers consumers about the importance and 
potentiality of wild edible plants.Converting the wild edible plant into crop plant is not always 
easy as domestication of wild edible fruit plant the time-consuming process. 
 
CITR US DECLINE IN HILL AND MOUNTAINOUS ECOSYSTEM OF WEST 
BENGAL  
 
SAJEED ALI, B. R. SHARMA, T.S. GHIMIRAY, S. GURUNG, H. K. TARAFDER, S. 
BASKEY, BISWAJIT PATRA, BANDAN THAPA AND ANWESH RAI  
Regional Research Station (Hill Zone), Uttar Banga Krishi Viswavidyalaya, Kalimpong, West 
Bengal. 

 
Hill and mountainous eco-system of West Bengal is situated between 27o13' and 26o31' North 
and 88o53' and 87o59' East, and receives 2500mm to 3000mm of rainfall annually. These 
weather conditions are ideal for growing citrus species, particularly Mandarin oranges (Citrus 
reticulata Blanco.). It has been grown in this region for many years and is one of the most 
significant fruit crops with a strong demand in both domestic and foreign trade. However, the 
production of Mandarin is currently suffering on both a quantitative and qualitative level, this 
bottleneck in citrus industry is known as citrus decline. There are many factors associated with 
this malady, in this summery, an attempt has been made to describe these factors.�� 
Diseases and insect-pest 
Among the fungal diseases, Foot rot and gummosis caused by Phytopthora species is most 
destructive, the disease is characterised by rotting of the bark at the stem and collar, followed 
by yellowing and blighting. Later, the gum clusters in the bark break apart and expose the wood 
to secondary infection. Then trunk shows girdling character but prior to death, the infected tree 
blossoms heavily and die before fruits mature. Other fungal disease like, Powdery mildew, felt, 
Ganoderma Root Rot, Diplodia gummosis, twig blight also plays important role in Citrus 
Decline.  
Similarly, the Greening is one of the most devastating bacterial diseases affecting mandarin. 
Ahlawat observed localised Citrus greening disease infection in Darjeeling in 1997, and Das 
claimed that it infected 10�±20 percent of Darjeeling mandarin in 2008. The disease is caused 
by fastidious, phloem-limited bacterium Candidatus Liberibacter asiaticus  transmitted by 
Asian citrus psyllid, Diaphorina citri. The main characteristic symptoms are leaf chlorosis, 
premature defoliation, emergence profuse small leaves, die-back of twigs, the fruits are 
irregularly shaped, pale, thick jacketed and aborted.  
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Besides, fungus and bacteria, Mandarin is also host of several viruses which directly 
contributes to its decline. Among the virus diseases, Citrus Tristeza Virus (CTV) is most 
widespread in Darjeeling hills (Biswas, 2008; Biswas, et al. 2014; Ghosh 2014 et al. 2014; 
Palchoudary et al., 2017). The development of deficiency-like symptoms in leaves, dieback of 
twigs and stem pitting, reduced yield are the main symptoms of CTV. It is transmitted by Citrus 
aphid Toxoptera citricidus.   
Among the Insect-pest, Trunk borer (Anoplophora versteegi) and Fruit flies (Bactrocera 
minax and B. dorsalis) are most destructive. Hundred percent infestations of Trunk borer have 
been observed in some orchards. The feeding by larvae of Trunk borer disrupts the 
translocation of water and food materials resulting dying of trees. On the other hand, maggots 
of fruit flies feeds on the fruit pulp, the affected fruits rot and fall down along with maggots.  
Besides trunk borer and fruit flies, other insect-pests like leaf miner (Phyllocnistis citrella), 
aphids (Toxoptera sp., Aphis pomi and Myzus persicae), scale pests (Mytilococcus sp.) red 
mites (Panonychus citri), mealy bug (Planococcus citri), lemon butterfly (Papilio demoleus), 
top shoot borer, bark eating caterpillar, blackfly (Aleurocanthus woglumi), Fruit sucking moth 
(Otheris spp.) and nematode (Tylenchulus Semipenetrans) also contributes to the Citrus 
decline. 
Poly-embryony 
In mandarin, there are production of two types of seedlings i.e Nucellar and Zygotic. Zygotic 
seedling bears the characters of both parents. But the nucellar seedlings produce true to the 
type progeny. Planting of of nucellar seedling is essential for uniformity and yield consistency. 
Initially the zygotic seedlings are good in vigour and health compared to nucellar, thus the 
growers opt for the zygotic seedlings instead of nucellar, resulting high degree of genetic 
diversity among the population 
Inter -cropping or Mixed-cropping 
Mandarin growers of Darjeeling and Kalimpong hills intercrop mandarin with crops like 
ginger, maize, potato, cucurbits etc. for additional revenue. This exercise of intercropping 
mandarin with nutrient exhaustive crops and creeping type vegetables aggravates the problem 
further.  
Poor nutrient status of soil:  
It is a well-known fact that the soils Darjeeling and Kalimpong hills are sandy loam in texture 
with acidic reaction with very low in micro and macro-nutrient contents. This poor nutrient 
status of soil coupled with very low rate of nutrient application by the farmer makes the soil 
unsuitable for good harvest of mandarin.   
Socio-economic factors 
The technology driven youth of this generation do not prefer farming but jobs in government 
or corporate sectors resulting rural migration. In Darjeeling and Kalimpong hills, a significant 
number of people migrated to big cities for better employment opportunities and livelihood. 
This migration has caused a serious threat to agriculture in general. 
Conclusion:  
There are several of factors associated with citrus.  Among them, Diseases, insect-pest, highly 
acidic soil, low organic matter content in soil, faulty practices and socio-economic factors are 
vital. However, the technologies to combat this malady have been generated by research 
institute and extension agencies to foster the lost glory of Darjeeling Mandarin. 
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WEED CROPS TO FOOD CROPS; A TIMELY NEED APPROACH TO ACHIEVE 
FUTURE FOOD SECURITY AND SUSTAINABILITY  
 
MD. AMIRUL ALAM, NADIRAH T. A . AND SALLEH, M.  
Faculty of Sustainable Agriculture (FPL), Universiti Malaysia Sabah (UMS), Sandakan 
Campus, Sandakan, Sabah 
 
Purpose 
Weeds are the costliest category of agricultural pests. Worldwide, weeds cause more yield loss 
�D�Q�G�� �D�G�G�� �P�R�U�H�� �W�R�� �I�D�U�P�H�U�V�¶�� �S�U�R�G�X�F�W�L�R�Q�� �F�R�V�W�V�� �W�K�D�Q�� �L�Q�V�H�F�W�� �S�H�V�W�V���� �F�U�R�S�� �S�D�W�K�R�J�H�Q�V���� �U�R�R�W-feeding 
nematodes, or warm-blooded pests (Schonbeck, 2013). The plants we call weeds do a vital job 
in ecosystems: they quickly establish in, protect, and restore soil that has been left exposed by 
natural and human-caused disturbances (Schonbeck, 2013). On the contrary weeds are also 
more tolerant to biotic and abiotic stresses over cultivated crop species. So, consumption of 
edible weeds community will be the best economic weed management practices adding new 
members with the crop lists with additional advantages of using uncultivable/fallow lands. In 
this universe one plant in every ten plants is a weed meaning is that there are approximately 
30000 weed species globally, among which 89% are edible and many of these weed species 
have a high nutritional value with medicinal properties (Duke, 1992; Rapoport et al., 1995). 
Yet, humankind has, over time, used more than 7,000 edible species. Of particular concern, 
wild and feral crop relatives are the original source of raw genetic material from which all 
modern crop varieties were first developed, but these reservoirs of natural variation have not 
been well studied. Undoubtedly this will greatly contribute to the global food security. 
Methods 
In this experiment several weeds were evaluated for the important antioxidant compounds, 
antioxidant activities and major micro and macro minerals like; Portulaca oleracea L., 
Peperomia pellucida L., Trianthema portulacastrum L., Amaranthus viridis L., Ipomea 
aquatica Forssk. and Centella asiatica L. were investigated. �7�K�H���V�H�H�G�O�L�Q�J�V���R�I���3�����R�O�H�U�D�F�H�D�����7����
�S�R�U�W�X�O�D�F�D�V�W�U�X�P�����3���� �S�H�O�O�X�F�L�G�D���� �$���� �Y�L�U�L�G�L�V���� �,���� �D�T�X�D�W�L�F�D�� �D�Q�G�� �&���� �D�V�L�D�W�L�F�D���Z�H�U�H�� �F�R�O�O�H�F�W�H�G�� �I�U�R�P��
�V�X�U�U�R�X�Q�G�L�Q�J���D�U�H�D���D�Q�G���W�U�D�Q�V�S�O�D�Q�W�H�G���L�Q�W�R���S�O�D�V�W�L�F���S�R�W�V�����������F�P���[���������F�P�����I�L�O�O�H�G���Z�L�W�K���S�U�H�S�D�U�H�G���V�R�L�O��
�#���W�K�H���U�D�W�L�R���R�I���������������P�L�[�L�Q�J���W�R�S���V�R�L�O�����V�D�Q�G���D�Q�G���R�U�J�D�Q�L�F���P�D�W�W�H�U�����U�H�V�S�H�F�W�L�Y�H�O�\���Z�L�W�K���W�K�U�H�H���U�H�S�O�L�F�D�W�H�V��
�I�R�O�O�R�Z�L�Q�J���5�D�Q�G�R�P�L�]�H�G���&�R�P�S�O�H�W�H���%�O�R�F�N���'�H�V�L�J�Q�����5�&�%�'�������6�K�R�R�W�V���D�Q�G���O�H�D�Y�H�V���I�U�R�P���H�D�F�K���S�O�D�Q�W��
�Z�D�V���F�R�O�O�H�F�W�H�G���E�H�I�R�U�H���I�O�R�Z�H�U�L�Q�J���I�R�U���W�K�H���G�H�W�D�L�O�H�G���D�Q�D�O�\�V�L�V���P�H�Q�W�L�R�Q�H�G���D�E�R�Y�H�����$�P�U�D�Q�W�K�X�V���W�U�L�F�R�O�R�U 
was taken as control to compare with all these weed crops. Sample extraction was done 
following the methods of Alam et al. (2015) from the oven dried blended plant samples. �7�R�W�D�O��
�3�K�H�Q�R�O�L�F���&�R�P�S�R�X�Q�G�V�����7�3�&�����G�H�W�H�U�P�L�Q�D�W�L�R�Q��was done following Folin-Ciocalteu method (Alam 
et al., 2015); �7�R�W�D�O���I�O�D�Y�R�Q�R�L�G���F�R�Q�W�H�Q�W�����7�)�&�����Z�D�V���T�X�D�Q�W�L�I�L�H�G���X�V�L�Q�J���F�R�O�R�U�L�P�H�W�U�L�F���D�Q�D�O�\�V�L�V�����$�E�X��
�%�D�N�D�U���H�W���D�O���������������������7�R�W�D�O���F�D�U�R�W�H�Q�R�L�G���F�R�Q�W�H�Q�W�����7�&�&�����Z�D�V���P�H�D�V�X�U�H�G���I�R�O�O�R�Z�L�Q�J���W�K�H���P�H�W�K�R�G�V���R�I��
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Alam et al. (2015); �‰���F�D�U�R�W�H�Q�H���F�R�Q�W�H�Q�W���Z�D�V���P�H�D�V�X�U�H�G���I�R�O�O�R�Z�L�Q�J���$�2�$�&���L�Q�W�H�U�Q�D�W�L�R�Q�D�O���V�W�D�Q�G�D�U�G��
�P�H�W�K�R�G�R�O�R�J�\���� �)�5�$�3�� ���)�H�U�U�L�F�� �U�H�G�X�F�L�Q�J�� �D�Q�W�L�R�[�L�G�D�Q�W�� �S�R�Z�H�U�� �D�V�V�D�\���� �D�Q�G�� �I�U�H�H�� �U�D�G�L�F�D�O�� �V�F�D�Y�H�Q�J�L�Q�J��
�D�F�W�L�Y�L�W�\�� �D�Q�W�L�R�[�L�G�D�Q�W�� �D�F�W�L�Y�L�W�\�� �Z�D�V�� �G�H�W�H�U�P�L�Q�H�G�� �X�V�L�Q�J�� �'�3�3�+�������������'�L�S�K�H�Q�\�O�������3�L�F�U�\�O�K�\�G�U�D�]�\�O����
�D�V�V�D�\�� �I�R�O�O�R�Z�L�Q�J���W�K�H�� �P�H�W�K�R�G�V�� �X�V�H�G�� �E�\��Alam et al. (2015). �$�P�R�Q�J�� �W�K�H�� �P�D�M�R�U�� �P�L�F�U�R���P�D�F�U�R��
�P�L�Q�H�U�D�O�V���&�D�O�F�L�X�P�����3�R�W�D�V�V�L�X�P�����3�K�R�V�S�K�R�U�X�V�����0�D�J�Q�H�V�L�X�P���D�Q�G���1�L�W�U�R�J�H�Q���Z�D�V���G�H�W�H�U�P�L�Q�H�G���X�V�L�Q�J���G�U�\��
�D�V�K�L�Q�J�� �P�H�W�K�R�G���� �7�K�H�� �H�[�W�U�D�F�W�H�G�� �V�D�P�S�O�H�� �Z�D�V�� �H�[�D�P�L�Q�H�G�� �E�\�� �D�S�S�O�\�L�Q�J�� �,�&�3���2�(�6�������,�Q�G�X�F�W�L�Y�H�O�\��
�&�R�X�S�O�H�G���3�O�D�V�P�D���2�S�W�L�F�D�O���(�P�L�V�V�L�R�Q���6�S�H�F�W�U�R�P�H�W�U�\�����7�K�H���D�Q�D�O�\�V�L�V���R�I���H�Y�H�U�\���V�D�P�S�O�H���Z�D�V���U�H�S�H�D�W�H�G��
�W�K�U�H�H���W�L�P�H�V�� 
Results  
Total phenolic contents significantly varied (p < 0.05) among the three species being the 
highest in T. portulacastrum (2.67±0.45 mg g-1) followed by P. pellucida (1.96±0.08 mg/g) 
and P. oleracea (1.63±0.22 mg/g), respectively (Fig. 1). The total phenolic content in T. 
portulacastrum was about 163% higher than P. oleracea and about 136% higher than that of 
P. pellucida. On the other hand, P. pellucida had 120% higher content of TPC over P. oleracea. 
TFC in T. portulacastrum was remarkably and significantly (p �”���������������K�L�J�K�H�U�������������“�����������P�J��
g-1) compared to the other two species (Fig. 1b). TFC in P. pellucida and P. oleracea were 
statistically similar (around 0.10 mg g-1). The TFC in T. portulacastrum had about more than 
340% over the other two species. Among the three species, the highest amount of total 
carotenoid content (0.047 ± 0.003 mg g-1) was recorded in T. portulacastrum (Fig. 1c). 
Statistically similar Carotenoid contents was detected both in P. oleracea (0.024 ± 0.07 mg g-
1) and P. pellucida (0.021 ± 0.002 mg g-1), but T. portulacastrum showed significantly (�S���” 
0.05) lower TCC compared to other two species. The ß-carotene contents significantly (p < 
0.05) varied between the three species being the highest in T. portulacastrum (1.9 ± 0.10 mg 
g-1), followed by Peperomia pellucida (1.48 ± 0.005 mg g-1). Significant and remarkably lowest 
content of ß-carotene was recorded in P. oleracea (0.11 ± 0.06 mg g-1). ß-carotene in T. 
portulacastrum, species was about 17- and 13-folds higher compared to P. pellucida and P. 
oleracea respectively.  
The FRAP values significantly (p < 0.05) and greatly varied between the three species. T. 
portulacastrum had the highest FRAP value (20.63 ± 0.01 mg/g) followed by Peperomia 
pellucida (6.14 ± 0.01 mg/g) and P. oleracea (1.61 ± 0.05 mg/g; Fig. 5). Among the three 
species, T. portulacastrum had 3- and 20-fold higher FRAP activity compared to P. pellucida 
and P. oleracea species, respectively. �7�K�H�� �P�D�[�L�P�X�P�� �'�3�3�+�� �D�F�W�L�Y�L�W�\�� �Z�D�V�� �H�[�S�R�V�H�G�� �E�\�� �W�K�H��
�H�[�W�U�D�F�W�H�G���V�D�P�S�O�H���R�I���3�����S�H�O�O�X�F�L�G�D�����,�&������� �������—�J���P�/�������I�R�O�O�R�Z�H�G���E�\���7�����S�R�U�W�X�O�D�F�D�V�W�U�X�P�����,�&������� ��������
�—�J���P�/�������3�����R�O�H�U�D�F�H�D���V�K�R�Z�H�G���W�K�H���O�R�Z�H�V�W���'�3�3�+���D�F�W�L�Y�L�W�\�����,�&������� ���������—�J���P�/������Fig. 3)�����$�P�R�Q�J���W�K�H��
�W�K�U�H�H���V�S�H�F�L�H�V���W�K�H���Y�D�U�L�D�W�L�R�Q���I�R�U���,�&�������Y�D�O�X�H�V���Z�H�U�H���K�L�J�K�O�\���V�L�J�Q�L�I�L�F�D�Q�W�����S�”�����������D�Q�G���W�K�H���O�R�Z�H�V�W���W�K�H��
�,�&�������Y�D�O�X�H���U�H�S�U�H�V�H�Q�W�V���W�K�H���K�L�J�K�H�V�W���'�3�3�+���D�F�W�L�Y�L�W�\�����7�K�H���D�E�L�O�L�W�\���R�I���W�H�V�W�H�G���F�R�P�S�R�V�L�W�H�V���W�R���V�F�D�Y�H�Q�J�H��
�W�K�H���U�D�G�L�F�D�O�V���L�Q�G�H�S�H�Q�G�H�Q�W�O�\���I�U�R�P���D�Q�\���H�Q�]�\�P�D�W�L�F���D�F�W�L�Y�L�W�\���L�V���W�K�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���W�K�H���E�O�H�D�F�K�L�Q�J��
�R�I���'�3�3�+���D�E�V�R�U�S�W�L�R�Q�����7�K�H���P�D�F�U�R���P�L�F�U�R���P�L�Q�H�U�D�O�V���D�Q�D�O�\�V�H�V���U�H�V�X�O�W�V���U�H�Y�H�D�O�H�G���V�L�J�Q�L�I�L�F�D�Q�W�����S������������������
�D�Q�G�� �U�H�P�D�U�N�D�E�O�H�� �Y�D�U�L�D�W�L�R�Q�V�� �L�Q�� �P�D�F�U�R���P�L�Q�H�U�D�O�V�� ���3���� �.���� �&�D���� �1�D���D�Q�G�� �0�J���� �D�P�R�Q�J�� �W�K�H�� �W�K�U�H�H��
�X�Q�G�H�U�X�W�L�O�L�]�H�G���P�H�G�L�F�L�Q�D�O���K�H�U�E�V�����+�R�Z�H�Y�H�U�����P�L�F�U�R���P�L�Q�H�U�D�O�V�����)�H�����=�Q���D�Q�G���0�Q�����G�L�I�I�H�U�H�Q�F�H�V���Z�H�U�H���Q�R�W��
�V�L�J�Q�L�I�L�F�D�Q�W���� �3�K�R�V�S�K�R�U�X�V�� �F�R�Q�W�H�Q�W�V�� �U�D�Q�J�H�G�� �E�H�W�Z�H�H�Q�� ������������������������g/kg being the highest in P. 
pellucida (8.89 g/kg) followed by P. oleracea (7.97 g/kg). Around 2-fold K content was 
recorded in P. oleracea (55.47 g/kg) compared to other two species. Calcium content was the 
highest in P. pellucida (0.25 g/kg) followed by T. portulacastrum (0.13 g/kg). P. oleracea had 
the lowest content of Ca (0.09 g/kg). Remarkable differences (0.23 �± 23.87 g/kg) in Na contents 
were observed among the three species being the highest in T. portulacastrum (23.87 g/kg) and 
the lowest in P. oleracea (0.23 g/kg).  P. pellucida had significant and remarkably higher 
amount of Mg (8.89 g/kg) �F�R�P�S�D�U�H�G�� �W�R�� �W�K�H�� �R�W�K�H�U�� �W�Z�R�� �V�S�H�F�L�H�V����T. portulacastrum and P. 
oleracea had respectively 2.26 and 1.94 g/kg Mg contents which were significantly (�S��������������) 
different. 
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Conclusions 
�7�K�L�V���V�W�X�G�\���G�H�P�R�Q�V�W�U�D�W�H�G���W�K�D�W���D�O�O���W�K�H�V�H���X�Q�G�H�U�X�W�L�O�L�]�H�G���Z�H�H�G�V���K�D�G���V�L�J�Q�L�I�L�F�D�Q�W���D�P�R�X�Q�W�V���R�I���Y�D�U�L�H�G��
�D�Q�W�L�R�[�L�G�D�Q�W���F�R�P�S�R�X�Q�G�V�����D�Q�W�L�R�[�L�G�D�Q�W���D�F�W�L�Y�L�W�L�H�V���D�Q�G���P�D�M�R�U���P�D�F�U�R���D�Q�G���P�L�F�U�R���P�L�Q�H�U�D�O�V�����2�Y�H�U�D�O�O���7����
�S�R�U�W�X�O�D�F�D�V�W�U�X�P���F�R�Q�W�D�L�Q�H�G�� �W�K�H�� �P�D�[�L�P�X�P�� �7�3�&���� �7�)�&���� �7�&�&�� �D�Q�G�� �E�H�W�D���F�D�U�R�W�H�Q�H�� �F�R�Q�W�H�Q�W�V�� �L�Q��
�F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���W�K�H���R�W�K�H�U���W�Z�R���V�S�H�F�L�H�V���R�Z�L�Q�J���W�R���W�K�H���K�L�J�K�H�U���F�R�Q�W�H�Q�W�V���R�I���S�K�H�Q�R�O�L�F���F�R�P�S�R�X�Q�G�V���L�Q��
�7���� �S�R�U�W�X�O�D�F�D�V�W�U�X�P���� �� �+�R�Z�H�Y�H�U���� �U�H�J�D�U�G�L�Q�J�� �D�Q�W�L�R�[�L�G�D�Q�W�� �D�F�W�L�Y�L�W�\���� �W�K�H�� �K�L�J�K�H�V�W�� �'�3�3�+�� �D�F�W�L�Y�L�W�\�� �Z�D�V��
�G�H�W�H�F�W�H�G���L�Q���3�����S�H�O�O�X�F�L�G�D���Z�K�L�O�H���W�K�H���K�L�J�K�H�V�W���)�5�$�3���D�F�W�L�Y�L�W�\���Z�D�V���G�H�W�H�U�P�L�Q�H�G���L�Q���7�����S�R�U�W�X�O�D�F�D�V�W�U�X�P������
�$���F�O�H�D�U���S�R�V�L�W�L�Y�H���F�R�U�U�H�O�D�W�L�R�Q���Z�D�V���Q�R�W�L�F�H�G���E�H�W�Z�H�H�Q���'�3�3�+���L�Q�K�L�E�L�W�L�R�Q���S�H�U�F�H�Q�W�D�J�H�����������D�Q�G���F�R�Q�W�H�Q�W�V��
�R�I���7�3�&�����$�V���W�K�H���W�R�W�D�O���S�K�H�Q�R�O�L�F���F�R�Q�W�H�Q�W���L�Q�F�U�H�D�V�H�G�����W�K�H���L�Q�K�L�E�L�W�L�R�Q���S�H�U�F�H�Q�W�D�J�H�����������R�I���'�3�3�+���I�U�H�H��
�U�D�G�L�F�D�O���L�Q�F�U�H�D�V�H�G�����5�H�J�D�U�G�L�Q�J���P�L�Q�H�U�D�O���F�R�Q�V�W�L�W�X�H�Q�W�V�����3�����R�O�H�U�D�F�H�D���F�R�Q�W�D�L�Q�H�G���W�K�H���K�L�J�K�H�V�W���D�P�R�X�Q�W���R�I��
�.�����Z�K�H�U�H�D�V���3�����S�H�O�O�X�F�L�G�D���K�D�G���W�K�H���K�L�J�K�H�V�W���P�R�V�W���R�W�K�H�U���P�D�F�U�R���P�L�F�U�R���P�L�Q�H�U�D�O�V���F�R�Q�W�H�Q�W���F�R�P�S�D�U�H�G���W�R��
�W�K�H���R�W�K�H�U���W�Z�R���V�S�H�F�L�H�V�����7�D�N�H�Q���W�R�J�H�W�K�H�U�����W�K�H���I�L�Q�G�L�Q�J�V���V�X�J�J�H�V�W�H�G���W�K�D�W���D�O�O���W�K�H�V�H���Z�H�H�G���F�U�R�S�V���F�D�Q���E�H��
�U�H�F�R�P�P�H�Q�G�H�G���I�R�U���K�X�P�D�Q���F�R�Q�V�X�P�S�W�L�R�Q���D�V���U�L�F�K���V�R�X�U�F�H�V���R�I���Q�D�W�X�U�D�O���D�Q�W�L�R�[�L�G�D�Q�W�V���D�Q�G���P�L�Q�H�U�D�O�V���D�Q�G��
�F�D�Q���H�D�V�L�O�\���E�H���V�X�E�V�W�L�W�X�W�H�G���W�R���P�D�Q�\���F�R�P�P�R�Q�O�\���F�X�O�W�L�Y�D�W�H�G���Y�H�J�H�W�D�E�O�H���F�U�R�S�V���W�R���H�Q�V�X�U�H���I�X�W�X�U�H���I�R�R�G��
�V�H�F�X�U�L�W�\���D�Q�G���V�X�V�W�D�L�Q�D�E�L�O�L�W�\�������� 
Keywords: �3�K�H�Q�R�O�L�F�� �F�R�Q�W�H�Q�W�V���� �I�O�D�Y�R�Q�R�L�G�� �F�R�Q�W�H�Q�W�V���� ��-carotene contents. FRAP assay, DPPH 
assay, micro-macro minerals. 
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ABSTRACT 
With remarkable research interventions, India not only achieved food security but have 
overflowing foodgrains in godowns. Now there is clarion call to re-orient our research 
strategies to nutritional security of masses.  
Maize (Zea mays L.) is one of the most important crops worldwide serving as food, livestock 
feed, and component of industrial products. With its high content of carbohydrates, fats, 
proteins, some of the important vitamins and minerals, maize acquired a well-deserved 
reputati�R�Q���D�V���D���µ�S�R�R�U���P�D�Q�¶�V���Q�X�W�U�L�F�H�U�H�D�O�����3�U�D�V�D�Q�Q�D���H�W���D�O���������������������7�K�H���P�D�L�]�H���J�U�D�L�Q���D�F�F�R�X�Q�W�V���I�R�U��
about 15 to 56% of the total daily calories in diets of people in about 25 developing countries, 
particularly in Asia, Africa and Latin America where animal protein is scarce and expensive 
and consequently, unavailable to a vast sector of the population. Traditionally, vitamins and 
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minerals have been added to food crops through supplementation or fortification practices. 
However, the application of dietary diversification, supplementation, and fortification have 
their own pros and cons, and a right mix of all the intervention approaches has to be employed 
to overcome the problem of hidden hunger (Gómez-Galera et al., 2010). Therefore, 
biofortification is a more sustainable �D�S�S�U�R�D�F�K�� �I�R�U�� �V�R�O�Y�L�Q�J�� �W�K�H�� �S�U�R�E�O�H�P�� �R�I�� �µ�K�L�G�G�H�Q�� �K�X�Q�J�H�U�¶��
through breeding of crops to accumulate nutritionally important compounds and thereby 
avoiding the need to fortify processed food products. Globally, nearly 200 million children 
younger than five years are undernourished for protein, leading to a number of health problems, 
including stunted growth, weakened resistance to infection and impaired intellectual 
�G�H�Y�H�O�R�S�P�H�Q�W���� �6�F�L�H�Q�F�H�� �D�Q�G�� �W�H�F�K�Q�R�O�R�J�\�� �K�D�Y�H�� �E�H�H�Q�� �L�P�P�H�Q�V�H�O�\�� �D�L�G�L�Q�J�� �P�D�Q�N�L�Q�G�¶�V�� �F�R�Q�W�L�Q�X�L�Q�J��
efforts to combat poverty, hunger and malnutrition.  
Keywords: Maize, hidden hunger, quality protein maize, waxy maize, baby corn, nutricereal 
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ASHUTOSH KUMAR5, TARANNUM ARA6, DIKSHA BHARATI7, BINIT BHASKAR8  
1,2,3,4,5,6,7,8, (Purnea University Purnea), Department of Chemistry (Purnea College Purnea) 
 
ABSTRACT 
A crucial challenge for humanity in coming decades is to reduce the adverse effects of climate 
change that �D�U�H���D�O�U�H�D�G�\���E�H�L�Q�J���R�E�V�H�U�Y�H�G���L�Q���R�X�U���S�O�D�Q�H�W�¶�V���H�Q�Y�L�U�R�Q�P�H�Q�W�����,�Q�G�L�D���L�V���D���G�L�Y�H�U�V�H���F�R�X�Q�W�U�\��
in terms of geographical climatic conditions and owing to this diversity each state /UTs may 
have morbidity and mortality due to health ailments like cardiovascular, respiratory problems, 
malaria and other infectious or non-infectious diseases which may occur as per climatic 
changes and conditions such as heat stress, precipitation etc. 
Growing human populations are demanding significant increase in economic development that 
accelerates climate change. Moreover, there is a clear need to substantially reduce many 
negative effects of industry and agriculture that decrease the adverse effects of climate change. 
The problem is deepening further with the increasing competition that modern human societies 
are experiencing for land, water, and energy. Consequences of climate change have several 
multifaceted effects which might lead to collapse of ecosystems, biological invasion, and loss 
of biodiversity. To provide new insights on protection, control over the populations of 
ecosystems and systematic researches on the characteristic of climate change and its impacts 
on biological dynamics are of great practical significance. 
The impacts of climate change on biological dynamics are focused on two aspects. On one 
hand, more attention should be paid to the characteristics and actual impact of climate change 
on biological and ecological systems.  On the other hand, to adapt to the varied situation caused 
by climate change, new perspective and methods should be explored and used in study on 
biodynamic systems. For example, climate change might lead to changes in immune system 
and immune function of organisms and biological systems, inducing the emergence of new 
diseases, and some variations of transmission of infectious diseases. Therefore, some previous 
methods, such as reaction diffusion equations and complex networks, need to be improved. 
Keywords - Climate change, human Health, Heat stress 
 
Introduction  
�µ�*�O�R�E�D�O���&�O�L�P�D�W�H���&�K�D�Q�J�H�
���F�R�Q�F�H�S�W���L�V���Y�H�U�\���F�R�P�S�O�L�F�D�W�H�G���S�H�R�S�O�H�¶�V���D�U�H���V�W�L�O�O���I�X�O�O�\���X�Q�D�Z�D�U�H���D�E�R�X�W���W�K�H��
risk and consequences of global climate change on human health in coming decades. Mostly 
�U�H�V�H�D�U�F�K�H�U�¶�V���G�L�V�F�X�V�V�L�R�Q���L�V���D�E�R�X�W���W�K�H���F�R�Q�V�H�T�X�H�Q�F�H�V���R�I���F�O�L�P�D�W�H���F�K�D�Q�J�H�V���D�Q�G���L�W�V���U�L�V�N���R�Q���H�F�R�Q�R�P�L�F��
conditions, assailable industries, envoi mental resources and ecosystems. It is also necessary 
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for the survival of human beings and societies but the human health is more important than 
another element of the life. We construct our societies to attain the resources, economic growth 
and security but these are the means of the survival of human beings and health. In developing 
and underdeveloped countries health sector is ignored as compare to other sectors. The 
government should be taken serious implementation steps for health Care system to cure the 
human health due to the climate change. The WHO estimates that between 2030 -2050, climate 
change is expected to cause 250000 additional deaths from malnutrition, malaria and heat 
effects. 
Health is the state of physical and psychological condition of persons. The effects of climate 
on human health are known since early years. The link between the climate and human health 
is in certain ways. Earth System Science Partnership (ESSP) and Global Environmental Change 
and Human Healt�K�� ���*�(�&�+�+���� �D�� �M�R�L�Q�W�� �S�U�R�M�H�F�W�� �R�Q�� �F�O�L�P�D�W�H�� �F�K�D�Q�J�H�� �R�E�V�H�U�Y�H�V�� �W�K�D�W���� �³�,�W�� �Z�L�G�H�O�\��
understood that human societies and the well-being and health of their populations depend on 
the flow of materials, services and cultural enrichment from the natural world. 
The World Health Day (2008) focused on to secure the health from the effects of global climate 
change. The purpose of this day is to synthesize the people about the adverse effect on health 
due to the climate change. In past century (1901-2012), the average temperature of the global 
climate has been increased by 0.6 ± 2.5 °C.  
In India, heavy rains start d immunityuring in the summer season rather than winter. Due to 
climate change, winter season is shrinking and summer season will be extended. These climate 
change would be regorously impact on the agriculture, health and economic sectors. Hence h 
&ealth risks from Environmental Change & Climate change is a complex phenomenon which 
relate to the environmental conditions and processes that can increase the health risks. There is 
a direct effect on health due to increase the extreme weather condition and it is not just only 
weather conditions but also environmental changing, ecology and social climate changes are 
resulted to effect human health. The most common events that increase the health risks are heat 
waves, storms, cyclones, fires and flood and are due to the environmental changing different 
kinds of diseases are spreading which is h armful for the human health and sometimes it 
resulted death.  
ENVIRONMENTAL HAZARDS 
Storms, scarcity and other climate threats are pretend to increase in the severity and density.  
To control this, health security plans must be prepared. Tropical Cyclones and other storms 
consequences are abrasion and deaths, damage in crops, livestock and housing. There is a 
harmful effect on the health due to the environmental disasters like storms and flood. The 
outermost layer of the earth is the Pedosphere. It is made up of soil and soil processes. 
Pedosphere is the collection of soil, water, air and all the organisms on the earth. It is consider 
as the covering of the earth. It protects the earth from the dynamic interactions happening 
between the atmosphere and other layers like biosphere and lithosphere.  
Heat Stress can cause stress especially in those peoples who have high level physical activity 
and on children and elder peoples as compare to younger peoples because they have a less 
immunity or resistant power in their body. Direct heat reduces the capacity of the people to 
work more efficiently. Peoples who work in heat like sheepshearers, cattle mutterers, fire 
fighter, mine workers and labourers are more suffer through heat. Climate change has been 
described by the WHO as the biggest threat to health in the 21st century. 
VECTOR RELATED TO INFETIOUS DISEASE 
Many infectious diseases are caused by the climate condition such as dengue virus. Dengue is 
a virus which spread due to mosquito. It is common in e sub-tropical region around the world. 
This disease may cause due to human made environments. It attacks on all ages but in children 
this disease is milder than adults. Mosquito borne disease are interrelated with climate. Dengue 
is a very serious infectious disease which causes death and mostly spread in summer season. It 
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affects body immune system. Body could not produce the enough white platelets which is 
necessary for human health that causes the death. 
FOOD BORN DISEASE 
 The symptoms of this disease are very mild but can be serious and resulted death. It is a food 
borne disease which is related to climate change.  Salmonella species bacteria is found in food 
and it is related to the temperature indicating the causes of climate change.  Staphylococcus 
aurous is a bacterium which grows in food and produces a harmful toxin which result severe 
food poisoning. The spread of these bacterium increases when the temperature of food storage 
is not sufficient or optimum and such type of food becomes more dangerous for health.  
DERMAL PROBLEM 
Heat caused skin diseases all around the world whereas direct heat effects on the skin which 
changes in texture/colour, spots on body and face, allergies, acne-vulgeris, eczema. This 
disease mostly found in younger peoples who mostly faced sun rays. These disease effects on 
sunexposed areas of the body like hands, neck, foot and face.Long-term acquaintance of heat 
becomes the cause of cancer of skin. It becomes the cause of skin changes like hyperkeratosis 
and pigmentation variations. 
Conclusion 
Health impacts due to climate change happening all over the earth but the variety of these 
impacts is found mostly in Pakistan. To control all these climate change effect on human health, 
there is diversity of methods and strategies have to apply for mitigation and prepare the people 
for the adaptation of different environmental factors. 
 Health communities and individuals should be encouraged for achieving the direct co-benefits 
to cope with environmental changes as a result of mitigation and adaptation.  
One of the most common adaptive strategies that many countries are now applying to aware 
the people about the risk of climate change and health risk associated with them. However, 
they become able to manage themselves according to that environment. They manage the crop 
according to the seasons so that they remain save from the harmful effect of climate change. 
By understanding all these factors, we can plan to minimise exposure and health risks and to 
cope with the unavoidable effects of climate change keeping in view the human population.  
References  
1. Global Environmental Change and Human Health (2007) Science Plan and Implementation 
Strategy. Earth System Science Partnership (DIVERSITAS, IGBP, IHDP, and WCRP) Report 
No. 4; Global Environmental Change and Human Health Report No.1  
2. WHO. (2008). Protecting Health from Climate Change- World Health Day 2008. Geneva. 
Switzerland. 
 3. IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, 
II and III to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change 
[Core Writing Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 
pp. [Online] Available from: http://www.ipcc.ch[Accessed on 22/03/2017] 
4. Germanwatch. (2017). Global Climate Risk Index 2017: Who suffers most from Extreme 
weather events? Weather related loss events in 2015 and 1996 to 2015. [Online] Available at: 
www.germanwatch.org [Accessed on 23/03/2017] 
 5. Maplecroft, V. (2011). Climate Change Vulnerability Index 2016. Climate Change and 
Environmental Risk Atlas. https://maplecroft.com/portfolio/countries/PK/  
6. Boden, T.A., G. Marland, and R.J. Andres. 2016. Global, Regional, and National FossilFuel 
CO2 Emissions. Carbon Dioxide Information Analysis Center, Oak Ridge National 
Laboratory, U.S. Department of Energy,Oak Ridge, Tenn., U.S.A .DOI: 
10.3334/CDIAC/00001_V2016  
7. Pakistan Economic Survey 2011-12, Ec�R�Q�R�P�L�F�� �$�G�Y�L�V�H�U�¶�V�� �:�L�Q�J���� �)�L�Q�D�Q�F�H�� �'�L�Y�L�V�L�R�Q����
Government of Pakistan, Islamabad. 



4th Internation���o�����}�v�(���Œ���v�������}�v���^Global Efforts on Agriculture, Forestry, Environment and Food Security 
(Theme: Climate Change and Its Impact) (GAFEF-�î�ì�î�î�•�_ 

99 
September 17-19, 2022                         ISBN: 978-93-5659-453-1 
 

OSCHEIUS: A NEW ENTOMOPATHOGENIC NEMATODES  
 
RASHID PERVEZ  
Division of Nematology, ICAR -Indian Agricultural Research Institute, New Delhi-110 012 
 
ABSTRACT  
A new genus Oscheius under the family Rhabditidae, sub-family Rhabditinae, with O. 
insectivorus as its type species proposed by Andrassy in 1976. Oscheius was distinguished from 
other Rhabtidinae by its unusually short buccal tube, about as long as wide, and the absence of 
median pharyngeal swelling.  Oscheius in the family Rhabditidae and divided into two groups 
based on the bursa. The first group has a leptoderan bursa and the other group has a peloderan 
bursa, which comes under insectivora and dolichura group, respectively. The Dolichura group 
comprises Oscheius guentheri, which is a species with a reduced posterior-gonadal arm, plus two 
subgroups, of which two representative species are Oscheius tipulae and O. dolichura, 
respectively. Historically, Oscheius dolichura was one of the first nematode species described to 
have an androdioceous mode of reproduction.  Nematodes can be considered entomopathogenic 
if they fulfil  the following criteria for entomopathogenicity: bearing a pathogenic bacterium 
within a dauer (also known as infective) juvenile nematode, releasing the bacterium within the 
host, active host-seeking, and -penetration by dauer juveniles, rapid insect death, nematode and 
bacterial reproduction, reassociation of the pathogenic bacteria with new generations of dauer 
juveniles; and emergence of IJs from the cadaver so that the cycle can be repeated. Oscheius is 
one of the most common nematode species in soil in India also abroad. It is mostly found in the 
dauer stage. Oscheius is an independent genus. Only seven species in Insectivora group 
including O. amsactae, O. carolinensis, O. chongminensis, O. microvilli, O. niazii, O. rugaoensis, 
O. siddiqii and one species in Dolichura group namely O. onirici were recognized as 
entomopathogenic. Phylogenetic analysis based on ribosomal DNA sequences revealed these two 
groups are monophyletic. Heterorhabditidoides was proposed as a new genus, but it was 
considered as a junior synonym of Oscheius and it is in general not accepted as a valid genus. 
Another species, Heterorhabditidoides rugaoensis, was also transferred to Oscheius. 
Keywords: Entomopathogenic nematodes, morphology, taxonomy, Oscheius 
 
HYDROPONIC FODDER AS AN ALTERNATE TO CONVENTIONAL GREEN 
FODDER FOR SUSTAINABLE RABBIT PRODUCTION  
 
SHANMUGA SUNDARAM. A, VENKATARAMANAN, R, RAJKUMAR. K, AND MEENAKSHI 
SUNDARAM. S  
Livestock Farm Complex, Tamil Nadu Veterinary and Animal Sciences University, Madhavaram 
Milk Colony, Chennai, Tamil Nadu, India �± 600 051. 
 

Ever increasing trends in human population warrants nutritional security, economic sustainability 
and food adequacy. Rabbit rearing is one of the avenues that can give livelihood and food security 
to rural people. Rabbits are the only micro livestock suitable for rearing by small farmers and 
landless agricultural labourers with simple housing and management. Quality green fodder is an 
important input for rabbit production. Cultivation is the main source of green fodder for any 
livestock enterprise. However, hydroponics, a soilless method of raising crops is used in harsh 
climates such as deserts, areas with poor soil or in urban areas where high land costs have driven 
out traditional agriculture. Hydroponic fodder production is probably best suited to semi-arid, 
arid, and drought-prone regions of the world, suffering from chronic water shortages or in areas 
where irrigation infrastructure does not exist. This technology might be very important in regions 
with limited forage production (Fazaeli et al., 2012). It is viable, farmer friendly alternative 
technology for landless farmers for fodder production (Bakshi et al., 2017). To optimize the 
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fodder production for rabbits, hydroponic cultivation is an ecofriendly method of growing fodder 
and hydroponic grown cereals, produce better quality and higher quantity of fodder than 
conventionally grown cereals (kide et al. 2015). With this background the present study was 
designed to study the effect of feeding hydroponic maize fodder as a replacement for conventional 
guinea grass in the growth and reproductive performance of Soviet Chinchilla rabbits. 

METHODOLOGY    
All experiment protocols were approved by the Tamil Nadu Veterinary and Animal Sciences 
University. An eight weeks study was carried out at Livestock Farm Complex, Madhavaram Milk 
colony, TANUVAS, Chennai-���������O�R�F�D�W�H�G���E�H�W�Z�H�H�Q���O�D�W�L�W�X�G�H�V�������ƒ�����•���D�Q�G�������ƒ�����•���1���D�Q�G���O�R�Q�J�L�W�X�G�H�V��
�����ƒ�� �����•�� �����ƒ�� �����•�� �(�� �Z�L�W�K�� �D�Q�� �D�O�W�L�W�X�G�H�� �R�I�� ������ �P�� �D�E�R�Y�H�� �0�6�/���� �6�L�[�W�H�H�Q�� �Q�X�P�E�H�U�V�� �R�I�� �6�R�Y�L�H�W�� �F�K�L�Q�Fhilla 
weaned bunnies (comprising of both sex) were selected and divided into two experimental groups. 
The first group (control) was fed with concentrate diet and guinea grass and the second group 
(Treatment) was fed with concentrate diet and hydroponic maize fodder. The experimental 
animals were fed ad libidum. All the animal were reared in three tier cages made up of galvanized 
iron weld mesh under similar management conditions. The concentrate diet was procured from 
the University feed mill and guinea grass were harvested from the farm. Hydroponic green fodder 
was produced using the TANUVAS-UIIC- Low-cost hydroponic green fodder machine 
fabricated at University Innovation and Instrumentation Centre (UIIC), TANUVAS (Rachel et 
al., 2015).  Good quality yellow maize seeds with less than 12% moisture were selected for the 
hydroponic fodder production. Seeds were washed in tap water to remove chaffs and dirt. The 
seeds were then soaked in tap water for 20 hours. Later water was drained, and the seeds were 
kept in gunny bags for 24 hours for germination. After germination, seeds were placed onto 
different trays and kept on the sprout section of hydroponic green fodder machine. Each tray in 
the sprout section is provided with two drippers and one sprinkler which sprinkle water in every 
1 hour for about 1 minute. The trays were shifted to next rack daily. On the 5th day the tray enters 
the growth cycle in which each tray is supplied with two sprinklers. After 8 days of total growth 
period the fodder was ready to feed, which was weighed and then fed to rabbits. The adaptation 
period of 15 days was provided to the rabbits and Ivermectin as prophylaxis against ecto and endo 
parasites was given during the start of the trial. Parameters such as weekly body gain and daily 
feed intake, age at first mating, age at first kindling and litter size at birth were recorded. 
�$�F�F�X�P�X�O�D�W�H�G�� �G�D�W�D�� �Z�D�V�� �D�Q�D�O�\�]�H�G�� �I�R�U�� �V�W�D�W�L�V�W�L�F�D�O�� �V�L�J�Q�L�I�L�F�D�Q�F�H�� �E�\�� �X�Q�S�D�L�U�H�G�� �µ�W�¶�� �W�H�V�W�� �X�V�L�Q�J�� �6�3�6�6��
software. 
RESULTS:  
The proximate composition of guinea grass is moisture �t 78.06 %, CP �t 14.92 %, EE �t 3.51 %, TA �t 11.89 
%, CF �t 26.36 % and NFE �t 43.32 % and proximate composition of hydroponic green fodder is moisture 
�t 82.27 %, CP �t 10.93 %, EE �t 4.38 %, TA �t 2.98 %, CF �t 9.00 % and NFE �t 72.71 %. Kide et al. (2015) and 
Naik et al. (2015) have observed the nutritional composition of hydroponic maize fodder in the ranges 
as follows; CP 13.57 -14.56%, CF 10.00 - 10.67%, EE 3.49 - 4.67%, TA 2.83 - 3.84% and NFE 66.72 - 68.47%. 
The proximate composition of hydroponic fodder observed in the current study was slightly lower with 
respect to CP and CF but higher in NFE. The variation may be due to difference in variety, geographical 
location, storage duration, irrigation and days to harvest (Jemimah et al., 2018). The treatment group 
�š�Z�}�µ�P�Z���Z�������������}�u�‰���Œ���š�]�À���o�Ç�������š�š���Œ���u�����v���À���o�µ���U���š�Z���Œ�����Á���•���v�}���•�]�P�v�]�(�]�����v�š�����]�(�(���Œ���v�������~�W�H�ì�X�ì�í�•���Á�]�š�Z���Œ���•�‰�����š��
to body weight at weaning (g), body weight at end of trial (g), total body weight gain (g) and daily body 
weight gain (g) in the control and treatment groups. The average dry matter intake (g) was significantly 
�~�W���G���ì�X�ì�í�•���Z�]�P�Z���Œ���]�v���š�Z�������}�v�š�Œ�}�o���P�Œ�}�µ�‰���]�v�����}�u�‰���Œ�]�•�}�v���Á�]�š�Z���š�Œ�����š�u���v�š���P�Œ�}�µ�‰�X�����À���v���š�Z�}�µ�P�Z���š�Z�����Z�Ç���Œ�}�‰�}�v�]����
fed group consumed less feed it could perform on par with conventional green fodder due to the 
enhanced nutritional value of sprouted grain and increase in quantity and quality of protein, sugars, 
minerals and vitamin during sprouting (Lorenz, 1980). Mean ± S.E of Age at first mating (days) was 163.00 
± 6.23 and 161.40 ± 15.06; age at first kindling (days) 193.25 ± 6.41and 192.40 ± 15.06; and number of 
young ones per kindling 2.50 ± 0.50 and  
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4.00 ± 0.32; in the control and treatment groups, respectively. Statistical analysis revealed highly 
�•�]�P�v�]�(�]�����v�š�����]�(�(���Œ���v�������~�W�G���ì�X�ì�í�•���]�v���oitter size at birth between treatment and control groups. There was 
no significant difference observed between treatment groups for other reproductive performance 
parameters like age at first mating and age at first kindling.  

Conclusion 
This experiment clearly demonstrated that feeding hydroponic maize was on par with guinea 
grass feeding in Soviet Chinchilla rabbits. The hydroponic maize fed rabbits showed similar 
body weight gain and better reproductive performance compared with the Guinea grass group. 
Thus, this study suggests that the hydroponic yellow maize fodder can be suggested as a 
replacement for conventional fodder in the diet of soviet chinchilla rabbits without any 
deleterious effect on their growth and reproduction.   
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Table 1: Growth and reproductive parameters of the soviet chinchilla rabbits (Mean ± 
S.E) 

Parameters 
Control  Treatment 

Guinea grass +  
Concentrate feed 

Hydroponic fodder maize 
+ Concentrate feed 

Body weight at weaning (g) NS 717.13 ± 59.41 751.50 ± 82.03 
Body weight at end of trial (g) NS 1563.25 ± 102.15 1792.75 ± 98.82 
Total Body weight gain (g) NS 846.13 ± 129.10 1041.25 ± 92.43 
Daily body weight gain (g) NS 11.92 ± 1.82 14.67 ± 1.30 
Average daily dry matter intake (g)** 107.12 ± 1.76 96.09 ± 0.79 
Age at first mating (days)NS 163.00 ± 6.23 161.40 ± 15.06 
Age at first kindling (days)NS 193.25 ± 6.41 192.40 ± 15.06 
Number of young ones per kindling* 2.50 ± 0.50 4.00 ± 0.32 
Mean of eight observations 
Means bearing different superscript in the same row differ significantly 
NS- Non significant, *P < 0.05 **P < 0.01 
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Fig 1 Hydroponic fodder maize production through TANUVAS �± UIIC - low-cost 

hydroponic device  
Normal maize protein possesses low nutritional significance to humans because of very limited 
amounts of major amino acids, such as lysine (1.6�±2.6%) and tryptophan (0.2�±0.6%) (Moro et 
al., 1996), which is less than half of the recommended dose specified for human nutrition. 
Vitamin A deficiency is also one of the serious health issues in developing and low-income 
countries. Further, the high carotene content of yellow grained maize is considered very useful 
in imparting yellow colour to egg yolk so is important in poultry industry. However, the 
cultivation of nutrient-rich maize would be possible only if made agronomically viable. Maize 
is a gluten free cereal and hence, suitable to produce foods addressed to celiac patients. Maize 
flour is used to make chapattis (Indian flat bread) in a few Northern states of India but maize 
chapatis (Makki di Roti) are used as a delicacy with saag in Punjab state. The utilization of 
maize for making chapattis shows difficulty as it does not form viscoelastic dough on kneading 
and hinders its extensive utilization for this purpose. The whole wheat flour supplement with 
quality protein maize (QPM) can help to combat worrisome situation of malnutrition in Indian 
masses. Many countries like Brazil, Zimbabwe, Zambia and Ghana use 10 per cent QPM flour 
in making different food products for reducing protein-energy malnutrition. Inclusion of QPM 
as alternate cereal in India's public distribution system for poverty ridden class having the least 
access to quality food,  midday meal to children in schools,  is the best platform to address 
malnutrition where maize produce can be plugged in.  A set of four PAU bred maize lines with 
high seed yield potential and of heterotic vigour were transformed into quality maize lines 
through marker assisted selection and have been registered by Plant Germplasm Registration 
Committee (PGRC) of Indian Council of Agricultural Research, India on March 29, 2022. 
Punjab Agricultural University (PAU), Ludhiana has developed a desi type composite JC 4 
through modified mass selection from local maize collections of rainfed (kandi) region of the 
state. Analysis for chapatti making parameters viz., water absorption of 100 g flour(ml); 
�U�R�O�O�D�E�L�O�L�W�\�����G�L�D�P�H�W�H�U�����F�P�������D�S�S�H�D�U�D�Q�F�H�����F�R�O�R�X�U�����I�O�D�Y�R�X�U�����W�H�[�W�X�U�H���D�Q�G�����W�D�V�W�H���U�D�W�H�G���-�&�������D�V���µ�Y�H�U�\��
�J�R�R�G�¶���Z�L�W�K���R�Y�H�U�D�O�O���D�F�F�H�S�W�D�E�L�O�L�W�\���H�L�J�K�W���R�X�W���R�I���������� 
To analyze the effect of environment on chapattii making quality of JC4, a multilocational 
experiment was conducted in kharif, 2019 at PAU, Ludhiana, Punjab (PB) and Bajaura, 
Himachal Pradesh (HP) and sampled for chapatti making quality along with local collections 
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viz., Dhubri Local, Bajaura makka, Early composite, JC14, Kesari,  Megha, Girija, Parbhat and 
Senji local. Mean sensory score for determining chapatti making quality was based on 
appearance, colour, texture, flavor and taste of chapattis. The overall acceptability score based 
on these features was the highest in JC4 amongst 10 test samples both from Punjab (8.13±0.15) 
as well as HP (8.20±0.53) samples, though was slightly higher in JC4 samples collected from 
Bajura.  Texture and taste of chappati was same but appearance and flavor was slightly higher 
in JC4 samples from HP.  Nutritional profiling recorded JC4 with 9.79% protein; 4.83 oil%; 
������������ ���� �V�W�D�U�F�K���� ���������� ��-carotene (ppm) and 0.37 Trp% protein in Punjab samples whereas 
�������������S�U�R�W�H�L�Q���������������R�L�O���������������������V�W�D�U�F�K������������������-carotene (ppm) and 0.49 trptophan% protein 
was observed in samples from HP. Under dough characterization, mixing was marked as soft 
and pliable in both PB and HP samples whereas rolling was ranked good in PB samples and 
excellent in HP samples of JC4. Mineral content profiling characterized JC4 grain samples 
with 21.1 Zn(ppm), 0.8 Cu (ppm) 5.35 Mn(ppm), 7934.5 K(ppm), 1293.1 Mg(ppm), 0.5 Se 
(ppm) and 3826.9 P(ppm) obtained from PB while 28.7 Zn(ppm), 1.0 Cu (ppm), 2.4 Mn(ppm), 
6203.8 K(ppm), 887.75 Mg(ppm), 0.15 Se (ppm) and 2806.15 P(ppm) in HP samples. With 
�K�L�J�K���V�X�L�W�D�E�L�O�L�W�\���I�R�U���F�K�D�S�D�W�W�L���P�D�N�L�Q�J�����K�L�J�K����-carotene content of orange flint grains of JC4 make 
it suitable for poultry feed industry too as this is considered very useful in imparting yellow 
colour to egg yolk.  
Maize landraces, retaining a distinct identity and subjected to selection by farmers for 
generations, are not only a reservoir of large allelic diversity but also rich resource for better 
adaptation, quality and tolerance to biotoc and abiotic stresses. Maize from hilly/kandi regions 
of India is known to harbour high quality attributes and based on certain environmental and 
cultural drivers, farmers are retaining and cultivating to some extent. The current social, 
economic and physical environments are unfavorable for landrace cultivation. We reported the 
exploration conducted to collect the land races by visiting different farmers/research stations 
of different distracts of Himachal Pradesh and efforts to harness the untapped native diversity 
to strengthen maize quality program. Collected 17 traditional varieties/land races from Hills 
(Bharmor, Chobiya, Tunda valley, Saoloni maize from Chamba) and chametli, Khandaghat of 
Solan district and 20 landraces from Kangra and Una districts of HP and 15 lines from kandi 
belt of Ropar, Hoshiarpur and SBS Nagar districts of Punjab state of India. The lines deciphered 
extensive variation for grain colour and size.  Lines also varied for early vigour, leaf 
architecture, maturity and grain yield. A selected set of 10 landraces, which exhibited high 
agronomic potential, were evaluated under organic conditions and under rainfed conditions. 
Three lines were marked for high yield potential and earliness and hence, can be used for fodder 
purpose as well.  
In legume, sulphur amino acid (Methionine and cystine) is lacking and synthetic methionine is 
again supplemented along with maize and soyabean. Cysteine (Cys) is not strictly considered 
an essential amino acid in the diets of animals because it can be synthesized from methionine, 
but in dietary situations where methionine is limited, cysteine becomes conditionally essential. 
While providing nutritional requirements to animals, this approach significantly increases the 
cost of meat production (Waldroup et al., 1981). Breeding new maize varieties with improved 
methionine levels would mitigate the high cost associated with methionine supplementation 
and provide a more nutritionally balanced feed and food source.  Methionine (Met) is also, 
an essential amino acid in humans. As the substrate for other amino acids such as cysteine 
and taurine and the important antioxidant glutathione, Met plays a critical role in the 
metabolism and health of many species, including humans. It is also an important part 
of angiogenesis, the growth of new blood vessels. Several studies showed that Met restriction 
also inhibits aging-related disease processes in mice and inhibits colon carcinogenesis in rats. 
Loss of Met has been linked to senile greying of hair. Its lack leads to a buildup of hydrogen 
peroxide in hair follicles, a reduction in tyrosinase effectiveness, and a gradual loss of hair 
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color. Breeding new maize hybrids with improved Metlevels would mitigate the high cost 
associated with Met supplementation as cost of one kg synthetic Met is around 400 Rs and to 
meet the requirement of various ages of broiler, about 100-200 g of synthetic Met is added per 
quintal of the feed thereby increases the cost of feeding by 40-80 Rs. per quintal. Punjab 
Agricultural University (PAU) harbors rich genetic reservoir of maize germplasm which 
comprises inbred lines originated and of diverse background.  Owing to strong collaboration 
with the Indian Institute of Maize Research (IIMR), Ludhiana and CIMMYT, Mexico; PAU 
also obtained a good stock of CML lines bred for quality, biotic and abiotic stresses. To 
decipher the variability of Met content in Indian germplasm, a set of 50 lines comprising 
landraces collected from farmers of different regions, parental lines from different heterotic 
pools and CIMMYT lines were characterized for methionine content. Single cross hybrids have 
been developed and analyzed for methionine content to understand the inheritance of complex 
trait. The hybrids exhibited wide array of variability for this Met content and are under multi-
site validation.   
Punjab Agricultural University, Ludhiana has developed new cytoplasmic male sterility (CMS) 
based babycorn hybrid named Punjab baby corn hybrid 1. In Feb., 2022, this hybrid has been 
approved for release by State Varietal Release Committee for kharif season in Punjab. Based 
on experimental data  in trials conducted by different research stations and KVKs of Punjab,  
this new hybrid exhibited equivalent performance for both yield and quality in comparison to 
prevalent private sector baby corn hybrid G 5417  (1.93 % yield superiority  over the check G 
5417). Like G5417, Punjab baby corn1 hybrid is also based on cytoplasmic male sterility 
(which implies that hybrid does not bear viable pollen grains). So, farmers not need to remove 
the tassels (detasseling) to get good quality ears. This saves time and labour cost incurred to 
remove the tassels (as pollination leads to seed set and make it unacceptable as baby corn) 
during flowering. This is the first CMS based maize hybrid for Punjab state by PAU. 
Waxy maize having nearly 100% amylopectin compared 75% amylopectin and 25% amylase 
in normal maize kernels, is gaining popularity as instant energy source. There is a significant 
export market for waxy maize in Europe and Asia. Waxy maize lines, developed and 
maintained at PAU, were analyzed for their heterotic behaviour and utilized for the 
development of waxy maize hybrids with starch constituting amylose content of 2.03 and 
amylopectin 59.9 content whereas normal maize with 10.35 amylose and 49.4 amylopectin 
content. Deep purple and black maize landraces collected from various origins were 
characterized for total antioxidant activity.  
Conclusion: �7�R�� �U�H�D�O�L�]�H�� �W�K�H�� �G�H�P�D�Q�G�� �G�U�L�Y�H�Q�� �S�R�W�H�Q�W�L�D�O�� �R�I�� �P�D�L�]�H�� �D�V�� �µ�W�K�H�� �I�X�W�X�U�H�� �F�H�U�H�D�O�� �F�U�R�S�¶���� �D��
dedicated effort by researchers and holistic support by policy makers is an inevitability. It is 
necessary to have coupling of strategies and interventions around technological innovations, 
policy support, marketing linkages, supporting infrastructure and strong public private 
partnership for economic viability of maize crop. Improvement in the maize value chain across 
its various stages will be extremely crucial for making Indian maize competitive international 
market both in terms of quality and prices. The technologies to utilize nutrient-rich maize grains 
should be developed and disseminated to local small-scale processors, to make functional foods 
and value-added items. The demand of such nutraceutical products is nowadays increasing with 
improving living standards, increasing health awareness and urbanization.  
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EVALUATING THE EFFECT OF COMBINATION OF ESSENTIAL OILS ON 
RUMEN METHANE PRODUCTION THROUGH IVGPT 
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GNANARAJ. P2 AND VIJAYARANI. K 3  
Department of Animal Nutrition, Madras Veterinary College, Tamil Nadu Veterinary and 
Animal Sciences University, Chennai, Tamil Nadu, India �± 600 007. 
 
Methane (CH4) is most crucial Green House Gas (GHGs) as it has soaring global warming 
potential, short half-life and loss of gross energy which otherwise can be diverted for animal 
production. Around 2-������ ���� �R�I�� �D�� �U�X�P�L�Q�D�Q�W�¶�V�� �H�Q�H�U�J�\�� �L�Q�W�D�N�H�� �L�V�� �Q�D�W�X�U�D�O�O�\�� �O�R�V�W�� �D�V�� �P�H�W�K�D�Q�H����
Ruminants mainly, cattle, buffaloes, goats, and sheep emit CH4 and altogether represent 96% 
of the global enteric fermentation source. In the process of assimilating its nutrition from 
feedstuffs animal produces large quantities of GHGs. Methane is generated by anaerobic 
fermentation, where bacteria break down organic matter producing hydrogen (H2), carbon 
dioxide (CO2) and methane (CH4). Several chemicals that inhibit methanogenesis directly have 
been evaluated for their efficacy to inhibit enteric methane production in ruminants. The 
chemicals include halogenated hydrocarbons, lipids, and plant compounds such as tannins, 
saponins and essential oils (EOs) (Hristov et al., 2013). Essential oils (or their major bioactive 
compounds) such as clove (Eugenol), cinnamon (Cinnamaldehyde), orange peel (Limonede), 
garlic (Diallyl disulfide) mint (Carvacrol) and thyme (Carvacrol, Thymol) have been evaluated 
for in vitro rumen methane reducer and associated rumen fermentation effect (Patra et al., 
2010) and in vitro anti methanogenesis bacterial agents (Ohene-Adjei et al., 2008). 
Methanogenesis decreases with the application of essential oil, especially by trimming down 
microbial populations. Many researches have tried to evaluate the effect of essential oil in 
reducing enteric methane emission individually, but only limited studies on effect of 
combination of essential oils in methane production are available. With this background the 
present study was conducted to evaluate two essential oils, garlic (Allium sativum) and 
peppermint (Mentha × piperita) for their effect on rumen fermentation characters to abate 
methane production.  
Methodology   
All experiment protocols were approved by the Tamil Nadu Veterinary and Animal Sciences 
University. This experiment dealt with of effect of combination of essential oils at identified 
level on methane production for ruminants in paddy straw-based ration by in vitro gas 
production technique (IVGPT). The experiment was conducted in two groups; one with only 
basal diet (Control) and other with basal diet and Essential oil (Garlic oil 0.65 µl + Peppermint 
oil 0.25 µl per 30 ml inoculum) (Treatment). The basal diet used for the study had roughage: 
concentrate mixture ratio of 60:40. The concentrate mixture consisted of 33.5 % maize, 19.5 % 
soya bean meal, 44.0 % deoiled rice bran, 2.0 % mineral mixture and 1.0 % common salt. The 
roughage used was paddy straw which was milled to pass through 1.0 mm sieve. The roughage: 
concentrate mixture was well mixed to form the basal diet. The invitro gas production studies 
were carried out using Hohenheim gas production technique as per the procedure of Menke and 
Steingass (1988). Methane concentration was estimated by Gas chromatography as per the 
method of Sitaula et al. (1992). The ammonia nitrogen was estimated by steam distillation as 
per the protocol of Makkar and Becker (1996). The volatile fatty acids in the fermented fluid 
were estimated as per the method of Chase (1990). The relative quantification of different 
microbial groups (Whole methanogens, Methanobacteriales, Methanomicrobiales, 
Methanosarcinales, Fibrobacter succinogens, Ruminococcus albus, Ruminococcus 
flavefaciens) was done with real time PCR using specific primers for different microbial groups 
(Denman and McSweeney, 2005). 
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Results:  
The effect of garlic oil (0.65 µl) and peppermint oil (0.25 µl) supplementation on various rumen 
fermentation characteristics with in vitro gas production technique on paddy straw-based diet 
is presented in table. There was a significant (P < 0.01) difference between control and 
treatment groups in total gas. A reduction of total gas by 16.61 % was observed in the present 
study. The reduction in methane was 39.17 % less in treatment group compared to the control. 
The mode of action of essential oils in methane reduction may result from either reduction of 
methanogens directly or reduction in hydrogen ions production due to decreased acetate and 
butyrate production (Kumar et al. 2014). There was a significant (P < 0.01) difference between 
control and treatment group in percentage of methane on total gas production, and methane 
production per 100 mg truly digested substrate. Methane production per 100 mg truly digested 
substrate depends upon the methane production and digestibility of the feed. The methane 
production reduced significantly (P < 0.01) in treatment group but digestibility did not differ. 
No significant (P > 0.01) change was observed between the control and treatment group in the 
ammonia nitrogen production by IVGPT. The ruminal ammonia concentration signifies the 
balance that is maintained between protein degradation in the rumen and loss of ammonia due 
to consumption of rumen bacteria (Nolan and Dobos, 2005). A significant (P < 0.01) decrease 
in acetate production and increased propionate production was observed in the treatment group 
compared to control. Acetate and butyrate synthesising pathways are hydrogen producers and 
propionate pathway is hydrogen consumer and therefore an increase in propionate production 
is generally associated with a decrease in methane emission (Russell, 1998). There was no 
difference in the acetate to propionate ratio of ruminal fluid between the control and treatment 
groups. There was no significant (P > 0.01) difference between control and treatment groups 
in abundance of rumen methanogens such as Methano microbiales, Methano sarcinales and 
rumen fibrolytic bacteria such as Ruminococcus flavefaciens, Fibrobacter succinogens, 
Ruminococcus albus. Essentials oils may affect methane production by directly inhibiting the 
growth and activity of methanogenic microbes or indirectly by decreasing the number of 
protozoa associated with methanogens (Cieslak et al. 2013). It has been hypothesized that some 
of the organosulfur compounds present in garlic oil may particularly inhibit SH-containing 
enzymes essential for metabolic activities, especially the synthesis of specific isoprenoid side 
chains in archaeal lipid (Busquet et al., 2006). 
Conclusion 
This IVGPT experiment clearly demonstrated that supplementation of EOs in combination of 
garlic oil and peppermint oil have potential effect on reduction of methane production. Also, 
they do not have any adverse effect on the rumen fermentation characteristics. Therefore, 
supplementation of essential oils as a methane mitigation strategy at farm level in ruminants 
could be explored with further studies on quantification, effect on productivity, cost-benefit 
ration etc.,   
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