
ISSN: 2581 - 8317

VOLUME 04 -  ISSUE 11
NOVEMBER 2022

WWW.AGRIFOODMAGAZINE.CO.IN

AGRICULTURE & FOOD
E-NEWSLETTER



ISSN: 2581 - 8317

VOLUME 04 -  ISSUE 11
NOVEMBER 2022

WWW.AGRIFOODMAGAZINE.CO.IN

AGRICULTURE & FOOD
E-NEWSLETTER





EDITORIAL  BOARD 
www.agrifoodmagazine.co.in 

 

Editors & Reviewers 
Dr. Tanmay Kumar Koley (ICAR-EZ) Dr. Shekhar Khade (BAU) 

Dr. Manoj Kumar Mahawar (ICAR-CIPHET) Dr. Bapi Das (ICAR-NEZ) 

Prof. Umesh Thapa (BCKV) Mr. Basant Kumar  Dadarwal (BHU) 

Prof. Fatik Kr. Bauri (BCKV) Dr. Suddhasuchi  Das (KVK Malda, UBKV) 

Dr. Pynbianglang  Kharumnuid (IARI) Mr. Sourav Mondal (BCKV) 

Dr. Amit Kumar Singh (RLBCAU) Mr. Partha Mandal (BCKV) 

Dr. V.B. Rajwade (SHUATS) Dr. Ranjith  Kumar (JNKVV) 

Dr. Nagendra Kumar (DRPCAU) Dr. Sandeep Singh 

Dr. Pradip Kumar Sarkar (ICAR - EZ) Dr. Subhrajyoti Chatterjee (CUTM) 

Dr. Venkata Satish Kuchi (YSRHU) Mr. Dodla  Rajashekar  Reddy (YSRHU) 

Dr. Sujayasree O.J. (IIHR) Mr. Abhijith  M.  (KAU) 

Dr. Kariyanna B. (UAS Raichur) Dr. Smriti  Singh (GBPUAT) 

Dr. Udit Kumar (DRPCAU) Dr. Atul Yadav (SHUATS) 

Dr. K Prasad (DRPCAU) Dr.  M.  Ananthi  (TNAU) 

Dr. Chandan Karak (BCKV) Mr. Alamuru  Krishna   Chaitanya 

Dr. Vivek Kumar Singh (DDA - GOI) Dr. Sukamal  Sarkar (ADA - GoWB) 

Dr. Rekha Rani (SHUATS) Dr. Manali  Chakraborty (CUH)  

Dr. Gopal Shukla (UBKV) Dr. Kamal  Ravi  Sharma (BHU) 

Dr. Nirmal Kumar Meena (AUK) Dr. Lovekesh Sawle (Sage UI) 

Dr. K. Rama Krishna (CUTN) Dr. Sanjay  Kumar  Gupta (IARI) 

Dr. Anil Kumar (SRI - DRPCAU) Dr. Ravindra Singh Chouhan (SUI) 

Dr. V.  Kasthuri  Thilagam   (ICAR-IISWC) Mr. Khiromani  Nag (IGKV) 

Dr. Apurba Pal  (BAU - Ranchi) Dr. Pedda  Nagi  Reddy  Pocha (ANGRAU) 

Dr. Amit Kumar Barman (WBUAFS) Dr. Bhagwat Saran (GBPUAT) 

Dr. Arun Kumar Tiwary (BAU, Ranchi) Dr. Ipsita  Samal (IARI) 

Dr. S.B Satpute (MGM NKCA, Aurangabad) Dr. Vishakha Singh (AAU) 

Dr. Prasanna Pal (NDRI) Dr. Sudhir Mishra (UP) 

Dr. K. Venkata Subbaiah (YSRHU) Dr. Samrat Adhikary (BCKV) 

Dr.  Monika  Ray  (OUAT) Dr. Jyothi Reddy (SKLTSAU) 

Dr. Arunima Paliwal  (UUHF) Mr. Vijay Kamal Meena (IARI) 

Dr. A. Mohanasundaram (ICAR - IINRG) Dr. Ritesh Kumar (GBPUAT) 

Dr. Sharmistha Pal (ICAR-IISWC) Dr. Sankarganesh E. (BCKV) 

Dr. Pramod Chavan  (Parbhani) Dr. Abhisek Tripathy (OUAT) 

Dr. Shakti Kumar Tayade (MPKV) Dr. Sandeep Kumar (Kota AU) 

Dr. Jayoti Majumder (BCKV) Dr. Parmar  Vijaykumar  K.  (SDAU) 

Dr. K. Elango (TNAU) Dr. Ipsita Panigrahi (IARI) 

Dr. Nongmaithem Raju Singh (ICAR-RCER) Dr. Koyel Dey (WB-FSO) 

Dr. Pramod Govind Chavan(MGM NKCA, Aurangabad) Dr. Trisha Sinha (DRPCAU) 

Dr. Kaushik Kumar Panigrahi (OUAT)   Dr. Prashant Kalal (IIHR) 

Dr. Babita  Singh (ICAR - IARI) Dr. V.S.S.V. Prasanna (YSRHU) 

Dr. A. Thanga Hemavathy (TNAU) Dr. Shashikumar  J.N. (MPUAT) 

Dr. Arkendu Ghosh (BAU - Ranchi)  Dr. Akash Pandey (SVBUAT) 

Dr. Jyostnarani Pradhan (DRPCAU) Dr. Piyush Choudhary (MPUAT) 

Dr. Ningthoujam Peetambari  Devi (ICAR-NEH) Mr. Vishwanath  (IARI) 

Dr. Ritu Jain (ICAR - IARI) Dr. Ramesh Chand Choudhary (MPUAT) 



EDITORIAL  BOARD 
www.agrifoodmagazine.co.in 

Dr. Prativa Anand (ICAR-IARI) Dr. Tensirani  Pradhan  (GIETU, Odisha) 

Dr. Vanlalruati (IARI, New Delhi) Dr. Gayatri  Sahu  (IAS - SOA) 

Dr. G.  Venkatesh (ICAR – CRIDA) Mr. Prateek Sharma (MPUAT) 

Dr. S. AnandhaKrishna Veni  (TNAU) Mr. Artha Kundu (IARI) 

Dr. Jagadeesh Bathula, FCRI,Siddipet Dr. S.  Praveen (NDRI) 

Dr. M.K.  Mahla (MPUAT, Udaipur) Dr. Trina Adhikary (PAU) 

Dr. Vaishali Misalkar (Veterinary  College,  Karnataka) Mr. Duddukur Rajasekhar (CAU) 

Dr. Yogendra  Singh (JNKVV) Ms. Bichhinna  Maitri  Rout (IARI) 

Dr. Shiva Pujan Singh (Dr. RPCAU) Dr. Pushpendra Verty (ITM, Gwalior) 

Dr.  Dinesh Nagar (RARI, Durgapura, Jaipur) Mr. Siddhav J.  Chaudhari  (SDAU) 

Dr.  V. Anandhi (TNAU) Dr. D.  Leninraja  (TNAU) 

Dr. Sahil J. Sindhi  (JAU, Khapat- Porbandar) Dr. Varucha  Misra  (IISR, Lucknow) 

Dr. Kanchan Kumari (GNCB, Punjab) Mr. Rudra  Pratap  Subudhi  (MIPS) 

Dr. Ruchi Chauhan (IARI, Tutikandi Farm, Shimla) Ms. Arivukodi  S.   (STAC, Tamil Nadu) 

Dr. C.S. Sumathi  (TNAU) Mr. Nidheesh T.D  (GKVK, Bangalore) 

Dr. Syed Abul Hassan Hussainy (TNAU) Dr. Manishkumar J. Joshi (SDAU) 

Dr. P.M. Shanmugam (TNAU) Mr. Bhupen Kumar Sahu  (AAU, Jorhat) 

Dr. M. Rajasekar  (TNAU) Dr. M. Uma Gowri (TNAU)  

Dr. Akhouri Nishant Bhanu  (RLBCAU) Dr. R. Prabhu (TNAU) 

Dr. K. Vanitha (ICAR- DCR, Puttur) Ms. Bachu Lakshmi Manisha (ANGRAU) 

Dr. Amrit  Lal  Meena (IIFSR) Mr. Repalle Naganna (JAU, Junagadh)  

Dr. Sunil Kumar (Shri Siddhagiri - KVK, MH) Dr.  S.  Karthikeyan  (HRS, OOTY, TNAU) 

Dr. R. S.  Singh  (Dr. RPCAU, Pusa) Dr.  Debashish  Hota  (IGKV) 

Dr. Siddesh Marihonnappanavara (UAS Raichur) Dr. Karthik Nayaka V. S (IIHR) 

Dr. Ashutosh Kumar Mall  (IISR) Ms. Sritama Biswas (BCKV) 

Dr. P.G.  Chavan (VNMKV) Mr. Perminder Singh Brar (Dr. YSPUHF) 

Dr. Hardikkumar  Arvindbhai  Patel (NAU,  Navsari) Mr. Rahevar Parthsinh Mahendrasinh   (SDAU, Gujarat) 

Dr. Prashant  Joshi (PDKV, Akola) Mr. Rohit  Kumar  Nayak  (SKNAU) 

Dr. N. Senthilkumar (Annamalai University)  Dr. Kuldeep Sharma (MPUAT, Udaipur) 

Saipayan Ghosh  (Dr. RPCAU) Dr. Pramod Kumar (CSAUAT) 
 

  
 
 

 

 

 

Dr. Nityamanjari Mishra 

Editor-in-chief 

 

Mr. Shuvo Saha 

Manager  
 

Mr. Paritosh Halder 
Technical Head 

 



   INDEX 
 

Agriculture & Food: e-Newsletter                                  Volume 04 – Issue 11 – November 2022 
www.agrifoodmagazine.co.in 

 
Article 

id. 
Title of article 

Page 

no. 

38400 Pros and Cons of Drones in Agriculture 01 

38401 Drones in Agriculture 03 

38402 One Nation One Fertilizer 05 

38403 Use of Coatings in Egg 06 

38404 Recent trends of Nanotechnology in Food Processing 09 

38405 Chia Oil as a Source of Functional Food Ingredient 11 

38406 Can Harit Dhara - An Anti-Methanogenic Feed Supplement Aid in Climate Change? 12 

38407 
Advanced Greenhouse Horticulture: Potential Technology for Horticultural 
Improvement 

16 

38408 Pest Management of Pointed Gourd 21 

38409 Integrated Pest Management of Rice 24 

38410 Integrated Pest Management of Cotton 30 

38411 The Local Kashmiri Vegetable Flora- Pie Plant, Sorrel, Knapweed and Lotus Stem 33 

38412 Pests of Cucurbits and their Management 36 

38413 Importance of Forecasting Agricultural Prices Using Time Series Models 40 

38414 Height of Wisdom in the Plant Kingdom 42 

38415 Coffee Devastating Insects 44 

38416 Integrated Pest Management for Rapeseed and Mustard 47 

38417 Transgenic Fruit Crops: Revolutionizing the Improvement 51 

38418 Disease and Pest of Maize and their Management 54 

38419 Pests of Grapes: Their Biology, Damage Symptoms and Management 59 

38420 Bevameter: A Device for Measuring Soil Strength 63 

38421 Emerging Technologies in Agriculture 66 

38422 Global Positioning System (GPS) in Precision Agriculture 68 

38423 Role of Ferti-Fortification in Agriculture 70 

38424 
Award-Winning Farming System: Short Cycle Aquaculture with Diversified Fish 
Species in Manipur 

73 

38425 Modern Concept of Tillage 78 

38426 Soil and Water Conservation Practices in Dryland Areas 81 

38427 Effect of Toxic Elements on Plants and Human Health 84 

38428 Group Divisible Designs 86 

38429 A Note on Triangular Designs 89 

38430 Rectangular Association and Related PBIB Designs 91 

38431 A Small Note on Life Tables 93 

38432 CMS Based Website Development 96 

38433 Nested Block Designs 98 

38434 Metagenomics and its Application in Agriculture 100 

38435 Association Mapping 102 

38436 DNA Microarray: Agricultural Prospect 105 

38437 Protein-Protein Interaction: Properties and Detection Methods 107 

38439 Simple Sequence Repeats Markers 109 

38440 
A Comparison on Level-0 RSS Estimator with SRSWR Estimator Under Finite 
Population Framework 

111 

http://www.agrifoodmagazine.co.in/


   INDEX 
 

Agriculture & Food: e-Newsletter                                  Volume 04 – Issue 11 – November 2022 
www.agrifoodmagazine.co.in 

 
38441 Design Parameters: An R Package to Study the Parameters of Block Designs 113 

38442 OCR Tesseract: Tool to Extract Text from Images 115 

38443 Application of P-Rep Designs for Early Generation Breeding Trials 117 

38444 
Resampling Methods of Variance Estimation in Finite Population Ranked Set 
Sampling 

119 

38445 A Note on Alternative Experimental Designs for Breeding Trials 121 

38446 Sonar Based Automatic Spraying System for Orchards 123 

38447 Plant Defense Related Gene Expression in Host Plant Upon Nematode Attack 127 

38448 Soil-Salinity: A Challenge to Sustainable Wheat Production 129 

38449 Cultivation Techniques of Papaya 132 

38450 Brown Top Millet (Urochloa ramosa) – Underutilized Millet 136 

38451 Kleptoparasitism: A Peculiar Behaviour Observed in Insects 139 

38452 
Green Manuring with Dhaincha (Sesbania Aculeata): A Boon for Sustainable Rice 
Cultivation 

142 

38453 Blockchain in Modern Agriculture 144 

38454 Utilization of Pineapple Waste 146 

38456 Phytopharmacological Characteristics of Cassava (Manihot esculenta) 153 

38457 Application of Image Processing in Modern Agriculture 157 

38458 Aquaponics Flower Farming 160 

38459 Water Conservation for Potential Use of Rainfall Water 165 

38460 Livestock Farming Technology in Smart Farming 167 

38461 Management of Ventilation in Polyhouse Under Protected Cultivation 169 

38462 Dairy Business School: A Way to Build Entrepreneurship - Success Story 171 

38463 IPM Package for Cruciferous Vegetables 174 

38464 Technologies in Smart Farming 178 

38465 
A Review on Health Benefits and Bioactive Compound of Fruits and Vegetables By-
Products in India 

180 

38466 Benefits of Water Chestnut (Trapa spp.) Cultivation and Consumption 185 

38467 The Demand for Shark Fins is Devastating Shark Populations Around the World 190 

38468 
Application of Pluronic Gel for In-vitro Screening of Crop Germplasm Against 
Nematode 

193 

38469 Rice for Cancer Prevention 194 

38470 Organic Farming: Experience the Earth’s Goodness 197 

38471 Biological Agents for Nematode Management 199 

38472 Moringa: A Gift from Nature 203 

38473 Agri-Startup Ecosystem: Opportunities and Challenges 206 

38474 Doubling Swami Reddy Income - Multicropping System 211 

38475 DUS Testing: Principle & Application 214 

38476 RAD-seq: A Future Sequencing Technology 218 

38477 Major Dragon Fruit Diseases & their Current Management Strategies 220 

38478 Effect of Moisture Deficit on Physiological and Biochemical Changes in Banana Plant 223 

38479 Medicinal Plants Conservation Areas 227 

38480 Healthy Eating for Busy Lifestyles 231 

38481 Extraction of Nematodes from Soil and Plant Parts 234 

38482 Care and Management of Sustainable Apiculture 237 

http://www.agrifoodmagazine.co.in/


   INDEX 
 

Agriculture & Food: e-Newsletter                                  Volume 04 – Issue 11 – November 2022 
www.agrifoodmagazine.co.in 

 
38483 Mechanization in Sugarcane 240 

38484 
Relevance of Biochemistry to Food Science and Nutrition (Food and Nutritional 
Biochemistry) 

242 

38485 Adaptation/ Mitigation Strategies of Farmers to Overcome Climate Change 245 

38486 Seed Production Techniques for Groundnut 248 

38487 Impact of Weather Aberrations on Rice 251 

38488 Isolation of Entomopathogenic Nematodes from soil 253 

38489 Digital Ways of Marketing in Agricultural Sector 255 

38490 What is Anemia? Foods that Helps to Reduce Anemia 259 

38491 Impact of Rice Cultivation on Global Warming 262 

38492 
Different Processed Food Products from Palmyra Palm (Borassus flabellifer): A Fruit 
Tree with High Genetic Diversity 

265 

38493 Compulsion of Mobile App for Drudgery Assessment: Use of ICT 268 

38494 Physiological Disorders of Tomato 270 

38495 Hybrid Napier: A Quality Fodder Grass for Dairy Farming 273 

38496 The Miraculous Fungi “Trichoderma” 275 

38497 Sustainable Way to Augment Soil Health 277 

38498 Nutrient Budgeting 279 

38499 The Sad Story of Stray Fruits: An Untapped Potential of the Nation 282 

38500 Application of Green Technologies for Sustainable Development 284 

38501 Sustainable Farming System and Organic Fig Production 286 

38502 Carbon Trading and Agriculture 290 

38503 Hydroponics Technology in Floriculture 293 

38504 Vertical Gardens for Urban Gardening 295 

38505 Effect of Poisonous Forage on Animal Health and their Management 298 

38506 Role of Silicon in Cereal Crops 301 

38507 Kitchen Pharmacy 305 

38508 A Strategy of Site Selecting of Green House for Vegetable Production 309 

38509 Sea Weed Extract as a Bio-Stimulant in Agriculture 312 

38510 Modern Approach: Integrated Plant Disease Management 316 

38511 Effect of Gibberellic Acid on Crop Physiology and Morphology? 319 

38512 Marker Assisted Selection and its Application 323 

38513 Interaction Between Atmospheric Temperature and Insect-Pests 326 

38514 Soil Crusting: Causes, Effects and Management Strategies 330 

38515 Bioecology, Distribution and Potential Threats of Asian Hornet 334 

38516 Artificial Seeds 337 

38517 A Review on Major Insect Pests of Cucurbits and its Management Practices 340 

38518 Seed Treatments with Botanicals: Developments and Prospects 343 

38519 IOT Based: Vertical Farming 346 

38520 Variegation: Adding Colours to the Life of Plants 352 

38521 Remote Sensing in Agriculture 356 

38522 Post-Harvest Management Simplified through ICT 259 

38523 Role of Millets in Prevention of Anemia 360 

38524 
Technology to Increase Quality Production of Asian Pears under Eastern Plateau and 
Hill Regions 

362 

http://www.agrifoodmagazine.co.in/


   INDEX 
 

Agriculture & Food: e-Newsletter                                  Volume 04 – Issue 11 – November 2022 
www.agrifoodmagazine.co.in 

 
38525 Black Aromatic Rice – A Boon Superfood for Human Being 365 

38526 Potential Health Benefits of Butterfly Pea flower 368 

38527 
Elephant Foot Yam (Amorphophallus paeonifolius L.) Cultivation for Higher Return in 
Changing Climatic Scenario 

371 

38528 The Status of Microbial Biopesticides 376 

38529 Bio-Waste: An Introduction to its Management 379 

38530 
Multiple Stocking and Multiple Harvesting (MSMH) Model of Milkfish (Chanos 
chanos) Culture 

382 

38531 Constraints in Protected Cultivation 384 

38532 Protein Rich Tree Fodder for Livestock Production and Utilization of Lands 386 

38533 
Internet of Things (IOT)-Based Intelligent Agriculture System in the Current Age: 
Applications 

391 

38534 Mineralization of Soil Organic Carbon and its Effect on Yield and Soil Health 395 

38535 Soil Acidity - Its Problem and Limitation in North Eastern Region of India 398 

38536 Therapeutic Use and Cultivation of Mentha Crop 400 

38537 Anti-Viral Foods / Herbs 404 

38538 Role and Importance of Organic Farming in Indian Agriculture 406 

38539 
Highfin Barb (Oreichthys crenuchoides): A Native Ornamental Fish from Bengal 
Waters with a Promising Market 

408 

38540 
Integrated Approach for Management of Brinjal Shoot and Fruit Borer (Leucinodes 
orbonalis L.) 

411 

38541 Arecanut- Miracle Palm for Northeastern India 414 

38542 Carbon Crediting 417 

38543 Agri-Business Incubators 420 

38544 An Overview of Shade Net: Planning and Considerations 424 

38545 
Nutrigenomics – Towards Nutritional Security and Tackling Lifestyle Related 
Diseases 

427 

38546 Bioluminescent (Glowing) Plants – Living Nightlights 430 

38547 Reverse Plant Breeding: A Natural Engineering for Genetic Improvement 433 

38548 Agriculture-Related Business Concepts 435 

38549 Sustainable Agriculture and Food 439 

38550 A Key to Promoting Circular Economy is Organic Agriculture 443 

38551 An Old Tradition into Modern Agriculture is the Farmers Market 446 

38552 Agriculture Marketing's Place in Economics 450 

38553 Activities or Problems with Livestock's Behavior 453 

38554 Review of Goat Milk Production and Consumption 456 

38555 
Curative Benefits of Underutilized Jungle Jalebi (Camachile) and its Value-Added 
Products 

458 

38556 Bio-Enhancers in Agriculture 460 

38557 Millets: The Future Crop 462 

38558 Crop Pollination by Non-Bee Insect Pollinators 466 

38559 The Role of Plant Clinics in Safeguarding Crop Health 469 

38560 Insects with Potential Medicinal Significance 472 

38561 Insect Pigments 475 

38562 Sunset Moth the Most Beautiful Insect (Chrysiridia rhipheus) 479 

http://www.agrifoodmagazine.co.in/


   INDEX 
 

Agriculture & Food: e-Newsletter                                  Volume 04 – Issue 11 – November 2022 
www.agrifoodmagazine.co.in 

 

 

 

 

 

 

The articles published in this magazine are based on personal view / opinion of the authors 

Magazine does not ensure the genuinely of the facts mentioned in the articles 

Authors are solely responsible for plagiarism present in the article 

 

www.agrifoodmagazine.co.in 

 

38563 Organic Farming in Mango 483 

38564 Goat and Sheep Breeds of Karnataka 486 

38565 Bee Swarms and their Control 491 

38566 Nutricosmetics: Beauty from the Inside Out 494 

38567 Offseason Structures for Cultivation of Vegetable Crops 497 

38568 Recent Advances in Forensic Entomology 499 

38569 Dieback Disease of Sisso (Dalbergia sissoo) and their Management 503 

38570 Subsoil Acidity and its Amelioration Measures 507 

38571 Melia dubia Based Agroforestry for Uplifting Farmers Income and Livelihood 515 

38572 
Potentiality of Using Nanofertilizer and Nano Pesticitides for Boosting Global 
Horticultural Production Ensuring Nutritional Food Security 

517 

38573 Consumer Awareness Education: A Step Towards Safe Marketing Practices 520 

38574 Standardized or Certification Marks and Consumer Law: Worth Knowing 522 

38575 Role of Non-Exchangeable K in Crop Nutrition 525 

38576 DNA Bar - Coding in Plant Species Identification 528 

38577 Use of Grafting Techniques in Vegetable Crops 531 

http://www.agrifoodmagazine.co.in/


 

 
Volume 04 - Issue 11 - November 2022       1 | P a g e  
 

Pros and Cons of Drones in Agriculture 
Article ID: 38400 

Harish Nayak G.H.1, G. Avinash1 
1Division of Forecasting and Agricultural Systems Modeling, ICAR-Indian Agricultural Statistics 

Research Institute, Library Avenue, New Delhi – 110 012. 

 

 
 

Introduction 

Drone technology is here to stay in agriculture. According to recent research, the global agricultural drone 

market will grow at a 35.9% CAGR and reach $5.7 billion by 2025. This emerging technology can help 

farmers save time and increase their efficiency. Drone use in agriculture is expected to increase as the 

industry matures, so it is important to understand how to use this technology wisely. 

Advantages of Using Drones in Agriculture 

1. Soil and field analysis: Agricultural drones can be used for soil and field analysis to aid in efficient 

field planning. They can be used to mount sensors to assess soil moisture content, terrain conditions, soil 

conditions, soil erosion, nutrient content, and soil fertility. 

2. Crop monitoring: Crop surveillance is the monitoring of crop progress from the time seeds are sown 

until harvest. This includes applying fertilizer at the appropriate time, inspecting for pests, and monitoring 

the impact of weather conditions. Crop surveillance is the only way for a farmer to ensure a timely harvest, 

particularly with seasonal crops.  

Any mistakes at this stage can lead to crop failure. Crop surveillance aids in the understanding and 

planning of the upcoming farming season. Drones can assist in effective crop surveillance by inspecting the 

field with infrared cameras, and farmers can take active measures to improve the condition of plants in the 

field based on their real-time information. 

3. Plantation: Drones can assist farmers in planting trees and crops, which was previously done by hand. 

This technology will help to save not only labour but also fuel. Budget-friendly drones are expected to be 

used in the future instead of large tractors, which emit harmful gases and pollute the environment. 

4. Livestock management: Drones can be used to monitor and manage large livestock because their 

sensors have high-resolution infrared cameras that can detect a sick animal and take appropriate action. 

As a result, the impact of drones on precision dairy farming will soon become the new normal. 

5. Crop spraying: Agri-drones can spray chemicals because they have reservoirs that can be filled with 

fertilizers and pesticides for spraying on crops in much less time than traditional methods. Thus, drone 

technology has the potential to usher in a new era of precision agriculture. 

6. Check crop health: Farming is a large-scale activity that takes place across thousands of acres of land. 

Constant surveys are required to monitor the soil's health and the crop that has been planted. Manually, 

this could take days, and even then, human error is possible. Drones can accomplish the same task in a 

matter of hours. Drones can gather information about the soil and crop health using infrared mapping. 

7. Avoid overuse of chemicals: Drones have the potential to be especially effective in reducing pesticide, 

insecticide, and another chemical overuse. These chemicals do aid in crop protection. However, excessive 

use can be harmful. Drones can detect minute signs of pest attacks and provide precise data on the extent 

and scope of the attack. This can assist farmers in calculating the number of chemicals needed to protect 

crops rather than harm them. 

8. Prepare for weather glitches: Weather can be both a farmer's best friend and his worst enemy. 

Because these cannot be accurately predicted, preparing for any shift in patterns becomes extremely 

difficult. Drones can be used to predict weather patterns. Storm drones are already being used to improve 

forecasting. Farmers can use this information to be better prepared. Warning of storms or a lack of rain 

can be used to plan the crop to be planted that is best suited to the season, as well as how to care for planted 

crops later on. 
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9. Monitor growth: Even when everything is going as planned, crops must be surveyed and monitored to 

ensure that the appropriate amount of yield is available at harvest. It is also important for future planning, 

whether it is determining the best open market price or harvesting cyclical crops. Drones can provide 

accurate data on crop growth at every stage and report any variations before they become a crisis. 

Multispectral images can also provide precise information on subtle differences between healthy and 

unhealthy crops that the naked eye may miss. Stressed crops, for example, will reflect less near-infrared 

light than healthy crops. The human eye cannot always detect this difference. But drones can provide this 

information in the early stages. 

10. Geofencing: Thermal cameras mounted on drones can easily detect animals or humans. As a result, 

drones can protect fields from external damage caused by animals, particularly at night. 

Benefits of Agri-Drones 

1. Security: Drone pilots are trained to operate the aircraft. As a result, there is no possibility of them 

being abused. 

2. High efficacy: Drones have no operational delays and can work twice as fast as humans. 

3. Water-saving: Agricultural drones use ultra-low volume (ULV) spraying technology, which saves more 

water than traditional spraying methods. 

4. Low cost and simple upkeep: Agri drones are durable, inexpensive, and require little maintenance. 

Some of the key features include a detachable container, a low-cost frame, and precise pesticide spraying. 

Limitations of Agri-Drones 

1. Problems with connectivity: Online access is frequently unavailable in rural areas. In such cases, a 

farmer must invest in internet connectivity, which can become a recurring expense. 

2. Weather dependent: Drones rely heavily on favourable weather conditions. Drone flight is not 

recommended in rainy or windy conditions. 

3. Knowledge and ability: Using new technology is a refreshing change, but doing so on a daily basis 

necessitates the right set of skills and knowledge. A typical farmer may struggle to comprehend drone 

functions. He must either acquire the knowledge himself or rely on an experienced person. 

Conclusion 

Over the previous two decades, the drone market has been steadily growing, and it has brought about a 

substantial change in a variety of fields, including agriculture, industry, and the military. The research on 

the use of drones in agriculture, as well as a list of the different types of drones and their technical 

specifications, are both available. The use of more drones in agriculture will improve agricultural chores, 

leading to the best crop quality in the near future. 

References 
1. Veroustraete, F. (2015). The rise of the drones in agriculture. EC agriculture, 2(2): 325-327. 
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Introduction 

India's economy is primarily based on agriculture. Agriculture continues to be the primary source of income 

for the majority of rural households. India's economy is also heavily reliant on agricultural products, which 

account for a large portion of its exports. Despite its growing importance, agriculture is still lagging in 

technological advancements. Crop failure due to inclement weather and uncontrolled pest issues have been 

major contributors to this scenario. Furthermore, Indian farmers are still reliant on monsoon rains for 

irrigation and employ age-old farming practices. As a result, despite farmers' tireless efforts, the quality 

and quantity of agricultural produce are sometimes compromised. 

Drones and the Indian Agriculture Industry 

Drones are unmanned aerial vehicles (UAVs) that are used for surveillance in a variety of industries. They 

were previously primarily used by companies in industrial sectors such as mining and construction, the 

army, and hobbyists. 

However, drone technology is now becoming more widely available for use in a variety of agricultural 

sectors. Though the technology is still in its infancy in India, many companies are working to make it easily 

accessible to Indian farmers and ready to be used to increase agricultural productivity. 

The Rise in the Use Agri-Drones 

In India, numerous drone-based agricultural projects are underway. Consider the following real-world 

examples: 

1. The Government of India also released a certification scheme for agricultural drones on January 26th, 

2022, which can now carry a payload that does not include chemicals or other liquids used in spraying 

drones. Such liquids may be sprayed if the applicable rules and regulations are followed. 

2. On January 23, 2022, the government of India announced a 100% subsidy or 10 lakhs, whichever is less, 

up to March 2023, to Farm Machinery Training and Testing Institutes, ICAR Institutes, Krishi Vigyan 

Kendras (KVKs), and State Agriculture Universities (SAUs) to promote the use of drones for agricultural 

purposes and reduce the labour burden on farmers. 

3. A contingency fund of Rs.6000/hectare will also be established for hiring Drones from Custom Hiring 

Centres (CHC). The subsidy and contingency funds will assist farmers in gaining access to and adopting 

this extensive technology at a low cost. 

4. On November 16, 2020, the Indian government granted the International Crops Research Institute for 

Semi-Arid Tropics (ICRISAT) permission to use drones for agricultural research. The government hopes 

that by taking this step, it will encourage aspiring researchers and entrepreneurs to consider low-cost drone 

solutions for more than 6.6 lakh Indian villages. 

Even though the usage is conditional, it is a revolutionary step. Amber Dubey, Joint Secretary, Ministry of 

Civil Aviation, emphasised that drones are poised to play a significant role in agriculture, particularly in 

precision agriculture, crop yield improvement, and locust control. 

Final Thoughts 

Drone technology has the potential to transform agriculture in the future. Many Indian startups are also 

showing interest in the industry and intend to invest in low-cost drones that can assist farmers while also 

creating employment opportunities for rural youth and improving farmer knowledge. However, the 

industry requires mature reforms that take into account the growing population, farmer needs, operational 

policies, and shrinking farmlands. Furthermore, trained pilots are required to propel the still-untapped 
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drone market forward. Our farmers and drone operators are the change agents. Overall, it will be 

interesting to see how things progress and how useful drone applications prove to be in the long run. 
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The Ministry of Chemicals and Fertilisers has announced that it has been decided to implement One Nation 

One Fertiliser by introducing a “Single Brand for Fertilisers and Logo” under the fertiliser 

subsidy scheme named “Pradhanmantri Bhartiya Janurvarak Pariyojna” (PMBJP). One Nation One 

Fertiliser would begin from October 2, 2022. 

The single brand name for UREA, Di-Ammonium Phosphate DAP, Murate of potash (MOP) and Nitrogen 

Phosphorus Potassium NPK etc. would be BHARAT UREA, BHARAT DAP, BHARAT MOP and BHARAT 

NPK etc. respectively for all Fertiliser Companies, State Trading Entities (STEs) and Fertiliser Marketing 

Entities (FMEs). 

Under the scheme, all fertiliser companies, State Trading Entities (STEs) and Fertiliser Marketing Entities 

(FMEs) will be required to use a single “Bharat” brand for fertilisers and logo under the PMBJP. 

The Memo Outlines the Specifications of the New Packaging for Companies 

1. The new “Bharat” brand name and PMBJP logo will cover two-thirds of the front of the fertiliser packet 

2. The manufacturing brands can only display their name, logo, and other information on the remaining 

one-third space. 

The government’s logic for introducing a single ‘Bharat’ brand for all subsidised fertilisers being marketed 

by companies is as follows: 

a. The maximum retail price of urea is currently fixed by the government, which compensates 

companies for the higher cost of manufacturing or imports incurred by them. The MRPs of non-urea 

fertilisers are, on paper, decontrolled. But companies cannot avail of subsidy if they sell at MRPs 

higher than that informally indicated by the government. Simply put, there are some 26 fertilisers 

(inclusive of urea), on which government bears subsidy and also effectively decides the MRPs; 

b. Apart from subsidising and deciding at what price companies can sell, the government also 

decides where they can sell. This is done through the Fertiliser (Movement) Control Order, 1973. 

Under this, the department of fertilisers draws an agreed monthly supply plan on all subsidised 

fertilisers in consultation with manufacturers and importers. This supply plan is issued before the 

25th of each month for the following month, with the department also regularly monitoring 

movement to ensure fertiliser availability as per requirement, including remote areas. 

c. When the government is spending vast sums of money on fertiliser subsidy (the bill is likely to 

cross Rs 200,000 crore in 2022-23), plus deciding where and at what price companies can sell, it 

would obviously want to take credit and send that message to farmers. 

A Couple of Issues are Immediately Apparent 

1. It will disincentives fertiliser companies from undertaking marketing and brand promotion activities. 

They will now be reduced to contract manufacturers and importers for the government. Any company’s 

strength ultimately is its brands and farmer trust built over decades. 

2. Currently, in case of any bag or batch of fertilisers not meeting the required standards, the blame is put 

on the company. But now, that may be passed on fully to the government. Politically, the scheme might 

well boomerang rather than benefit the ruling party. 
  

https://www.drishtiias.com/daily-updates/daily-news-analysis/fertiliser-subsidy
https://www.drishtiias.com/daily-updates/daily-news-analysis/fertiliser-subsidy
https://www.drishtiias.com/daily-updates/daily-news-analysis/self-sufficiency-in-urea
https://www.drishtiias.com/daily-updates/daily-news-analysis/aatmanirbhar-in-diammonium-phosphate-dap#:~:text=DAP%20is%20the%20second%20most,source%20of%20Phosphorus%20for%20farmers.
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Introduction 

Eggs are among the most expensive consumables, and because of their many uses, the food business makes 

extensive use of them. Egg quality can be impacted by several variables, including infections, egg and bird 

age, feeding schedule, temperature, humidity, handling, and storage. Because more CO2 moves through 

the eggshell at room temperature, the interior quality of the eggs degrades more quickly the longer they 

are stored. Eggs should be kept chilled from manufacturing to eating since they are perishable. 

Eggshell washing is another element that may affect the quality of eggs. Before packing, eggs are washed 

to eliminate dirt and feces and to lessen microbial contamination of the eggshell. Washing can change the 

features of eggshells, including the thickness of the shell, the quantity of cuticle present, and the thickness 

of individual eggshell layers. Washing may also remove some or all of the cuticle. 

After washing the eggs, coatings can assist preserve the interior egg quality during prolonged storage. For 

some years, researchers have been looking into alternative strategies to increase the shelf life of eggs. A 

growing number of people are now interested in finding efficient ways to preserve the egg's interior quality. 

Edible coatings are a simple technology that is already used on many products to regulate the processes of 

oxidation, gas exchange, and humidity. Mineral oil is used in egg coating to extend shelf life. However, 

using coatings made from renewable resources can be a deliberate substitute for using feedstock with a 

fossil origin (such as petroleum products). 

Egg Quality and Shelf-Life 

A total of 7 to 17 thousand pores in the eggshell allow for the transfer of CO2 and moisture to the outside. 

There are pores in this material that range in dimension from 0.22 to 0.054 mm. Due to water loss and the 

breakdown of albumen-contained proteins, this porosity shortens the shelf life. The albumen and yolk of 

the egg continuously change physically and chemically during storage, which may affect the taste, 

freshness, and palatability of the product. The internal quality will deteriorate more quickly the longer it 

is stored. 

Several responses can be evaluated to estimate the decrease in egg quality during storage. In the studies 

considered in this review, four responses were measured in more than 60% of the studies, namely: loss of 

egg weight, Haugh unit, pH albumen, and yolk index. With a lower frequency, the variables evaluated 

were: yolk pH (26.92%), consumers' perception (19.23%), shell color - Minolta (13.46%), and yolk color – 

Minolta (9.62%). Responses such as foam stability, CO2, S-ovalbumin, and shell resistance were reported 

in less than 6% of the articles. 

The Use of the Edible Coating in Eggs 

By regulating the flow of moisture and oxygen, coatings prevent the loss of volatile components and slow 

the rate of degradation in food. Studies show that once coatings are applied, internal quality maintenance 

is improved and eggshell breaking is decreased. The industry may save a lot of money if egg cracking could 

be reduced, as greater peel strength has the potential to reduce the number of fractured eggs. 

Protein Coatings 

Proteins are macromolecules with distinct amino acid sequences and molecular structures that are 

frequently used as film-forming materials. Protein architectures can simply be changed to create the 

desired film qualities. Particularly at low relative humidity, proteins are excellent film formers, offering 
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strong barriers to oxygen, CO2, and lipids. Whey protein isolate (WPI) or concentrate (WPC), zein, and rice 

protein concentrate are the proteins that have already been researched for the production of covering eggs 

(RPC). 

Protein-based coatings are very brittle and have weak adherence. It is advised to employ plasticizers in 

these formulations to encourage food adherence. Plasticizers are non-volatile compounds that modify a 

material's mechanical and/or physical properties when introduced. A plasticizer is frequently added to the 

formulation of films or edible coatings to promote flexibility. Because they can lessen film fragility, 

plasticizers including glycerol, sorbitol, and polyethylene glycol are frequently used in formulations. The 

plasticizers might also lessen the brittleness of the covering. The usage of composite coatings also enhances 

the adhesion of coated items. The use of coatings successfully stopped weight loss. However, after 42 days 

of storage, the sorbitol showed superior egg quality. Greater water barrier qualities in the protein-based 

coating can be encouraged by plasticizers that are less hygroscopic than glycerol (such as sorbitol).  

Polysaccharide Coatings 

Although many polymers can be used to create coatings, chitosan has been the most often employed because 

of its well-established antibacterial characteristics. Shellfish waste from the food processing industry 

serves as the main industrial source of chitin, which is converted into chitosan through alkali deacetylation. 

A natural, non-allergenic, and biocompatible polymer with positive health effects is chitosan. The 10, 20, 

and 60% lysozyme-chitosan coatings demonstrated promising qualities, demonstrating the feasibility of 

producing lysozyme-chitosan coating solutions that had positive impacts on increasing the shelf life of eggs 

while being stored. Even when the eggs were held at a high temperature (23°C), the chitosan coating and 

dry ice storage method minimized moisture loss, CO2 emission, and temperature effect, retaining egg 

freshness and preventing microbial development. 

Despite the structural variations between -CH and -CH and the efficiency of emulsions of - and -chitosan 

as a coating, the coatings displayed similar protective barrier performance and could increase the shelf life 

of eggs by at least 3 weeks at 25 °C with less than 2% weight loss. 

Others found that eggs coated with yam starch had reduced albumen pH values, maintaining the quality 

of the eggs throughout storage for 28 days at room temperature (25 °C), whereas the sweet potato starch-

based coating may be effective in increasing the shelf life of eggs during storage time.  

Lipid Coatings 

Since 1807, oil has been used as a covering to protect eggs. The mineral oil coating worked well to keep the 

eggs' interior quality intact. Based on the Haugh unit and yolk index, eggs with mineral oil covering had a 

shelf life of at least 3 weeks longer at 25 °C than eggs without mineral oil coating. 

Others demonstrated that even after 15 weeks of storage, the weight loss of eggs coated with mineral oil 

was decreased. Up to five weeks, it was found that the albumen pH of eggs covered with mineral oil was 

lower than that of uncoated eggs. The internal quality of eggs (maintaining grade A) may be preserved for 

at least 4 weeks longer when coated with edible oils (coconut, palm, rice bran, and soybean). Furthermore, 

both instrumental analysis and customer evaluation revealed that oil-coated eggs were glossier than 

uncoated eggs. 

To maintain the internal quality of eggs during their five weeks of storage at 25 °C, the oil coating 

treatments (mineral oil, canola oil, corn oil, grape seed oil, olive oil, soybean oil, and sunflower oil) were 

equally successful. 

Wax-coated eggs had minimal water loss through the shell compared to 5% for uncoated eggs, and they 

kept their AA quality for at least 8 weeks. In addition, the wax-coated eggs' shell strength was 4 to 10% 

more than that of the untreated eggs.  

Bioactive Coatings 

To increase the level of protection, additional compounds can be incorporated into coatings. Propolis, a 

resinous material that comprises a complex variety of compounds created by the bees and that results from 

the collection of substances secreted by various plants, is one of the materials that may be used in coatings. 

When applied to eggs, the coating made from propolis extract produced good results. The propolis egg 
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coating method is a simple substitute that might be doable for most small producers, especially in 

alternative systems. 

In comparison to uncoated eggs, the eggs coated with rice protein and propolis preserved their quality for 

a longer period, suggesting that these coatings may be a good alternative for preserving fresh eggs' internal 

quality over extended room-temperature storage. Essential oils contain a variety of biological actions and 

are secondary metabolites of aromatic plants. These components make the essential oils suitable for usage 

in a variety of applications, including as antioxidants and antimicrobials. Essential oil-infused edible 

coatings are regarded as an effective and creative way to preserve food quality, increase its diffusion in 

environments where microbes thrive, and heighten its antibacterial action. 

Essential oils and biopolymers, which can carry oil, are combined to create coatings (protein, natural gum, 

modified starch, lipids, etc.). It can postpone food deterioration, aiding in food preservation, in addition to 

preventing the exchange of CO2, water, and oxygen. The phytochemicals, particularly carvacrol and 

eugenol, were successful in lowering the amount of Salmonella Enteritidis in eggshells when added to a 

coating made of pectin and gum arabic. 

The coating made of sweet potato starch and thyme essential oil may help increase the shelf life of eggs 

while they are being stored. The positive effects of coatings on albumen and yolks suggest that using an 

RPC-based coating combined with essential oil (such as thyme, copaiba, or tea tree) may be a good option 

for preserving the functional qualities of the eggs (HU, yolk index, and pH), which are negatively impacted 

by storage time. coatings made from cassava and yam starches, as well as blends of gelatin, vegetable oil, 

and gelling agents with cassava starch. All of the coatings produced successful egg conservation outcomes.  

Coatings Used in Eggs 

Polysaccharides Starch 

Pectin 

Chitosan/Chitin 

Proteins Soy protein 

Whey protein 

Rice protein 

Gelatin 

Zein 

Wheat gluten 

Lipids Mineral oil 

Vegetal oil 

Wax 

Resin 

Conclusion 

A staple of the human diet, eggs are eaten all across the world. However, because they are perishable goods, 

eggs lose quality if they are not handled and stored properly. One of the technologies created to increase 

the shelf life of eggs is the use of coatings.  
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Introduction 

The applications of nanotechnology in food processing are enormous, right from raw material, processing 

till the product. Most widely used in practical ways to reduce the post-harvest losses of fruits and vegetables 

and also extending shelf life of foods by different nano packaging materials. 

Broad Areas of Nanotechnology in Food Processing 

 

Nano Materials Used in Food Packaging 

1. Nano starch 

2. Nano cellulose 

3. Chitosan nanoparticles 

4. Protein nanoparticles 

5. Nano clay 

6. Carbon nanotubes 

7. Silver nanoparticles 

8. Zinc oxide nanoparticles 

9. Titanium oxide nanoparticles. 

Techniques Used for Synthesis of Nanoparticles 

There are two methods namely top down and bottom-up methods were used. 

1. Top method consists of different processes such as Nanolithography, Mechanical milling, Laser ablation, 

Sputtering, Etching, Electrospinning. 

2. Bottom-up method consists of various approaches such as Sol-gel method, Chemical vapor deposition, 

Reverse micelle method and Solvothermal and hydrothermal method. 

Conclusion 

Recent days consumers are more inclined to show their interest in foods manufactures with safety as 

highest concern. Therefore, increasing demand for different foods has increased the research and 

development in the area of food packaging. 



 

 
Volume 04 - Issue 11 - November 2022       10 | P a g e  
 

Nanotechnology has come up with excellent properties of packaging materials. Nanoparticles are also 

applied in the areas of active and intelligent packaging that has a better ability to extend the shelf life of 

food products.  
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Introduction 

Chia seed (Salvia hispanica L.) grows as an annual plant in the regions of Central America. It contains 

majorly 30% oil, 16% protein, and 34% fiber. They are also a rich source of polyunsaturated fatty acids 

(PUFA), especially ω-3 and ω-6, dietary fiber, and micronutrients such as essential amino acids, 

phytochemicals, minerals and vitamins. 

Chia oil is rich in polyunsaturated fatty acids, and can be up to 68% ω-3, α-linolenic acid and therefore, it 

can provide many health benefits against the diseases suffering with cardio-vascular patients.  

Table 1 Fatty acids profile of chia oil: 

Fatty acids Composition (%) Segura et al1 Craigy et al1 Ayerzay et al1 

Monounsaturated fatty acids (MUFA)    

C18:1 Oleic acid 2.43 ± 0.03 6.9 7.2 

C20:1 Gadoleic acid 0.03 ± 0.01  0.1 0.1 

Polyunsaturated fatty acids (PUFA)    

C18:2 Linoleic acid (ω-3) 20.40 ± 0.09 18.8 20.3 

C18:3α-Linolenic acid (ω-3) 68.52 ± 0.02 58.8 62.0 

C18:3 γ-Linolenic acid (ω-6) 0.31 ± 0.02 0.1 NA 

C20:4 Arachidonic acid 0.13 ± 0.10 NA NA 

C22:6 Docosahexaenoic acid (ω-3) 0.05 ± 0.03 NA NA 

Methods of Extraction of Chia Oil 
Various methods are available to extract the oil from chia seed: 

1. Cold press. 

2. Solvent extraction. 

3. Super critical carbon dioxide. 

4. High pressure processing. 

Recent Application of Chia Oil 
Now a days, chia oil has been used in various food applications due to presence of omega-3, 6 fatty acids. 

Incorporation of chia oil as an additive in different foods either by using microencapsulation and 

nanoemulsions. 

Food Product Additive  Method 

GA and MD  Chia seed oil & curcumin        Microencapsulation 

Milk chocolate Chia seed oil Microencapsulation 

Chia mucilage Chia seed oil   Nanoemulsions 

Conclusion 

Chia oil is a rich source of ω-fatty acids having potential health benefits leads to reduction of coronary 

heart disease, cancer and other chronic diseases. Due to presence of poly unsaturated fatty acids in chia oil 

increases their usage in food applications as an additive by various encapsulation techniques.  
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The increased frequency of floods, rise in temperatures, scanty rainfall, and recurring droughts observed 

by humans today mark the signs of climate change. Climate change is inevitable; in fact, the gradual shift 

in the climate made earth today’s habitable planet. The problem is with the pace with which it is driving 

towards the catastrophe, and the fuel for it would be unmonitored man-mediated activities. Speaking of 

climate change, another term that will be subsequently mentioned is global warming. This phenomenon is 

causing the rise in surface level temperatures by accumulating Green House Gases (GHG) that will lead to 

a chain of disrupting reactions.  

What are GHGs and their Role in Climate Change? 

The earth's atmosphere is occupied with different gases, trace elements, and dust. Few gases out there 

have this unique property of capturing the light radiation reflected from the earth’s surface back to the 

sun, causing the rise in temperatures referred to as GHGs. To enlist those gases: Carbon dioxide (CO2), 

Methane (CH4), Nitrous oxide (N2O), Hydrochlorofluorocarbons (HCFCs), Hydrofluorocarbons (HFCs), and 

Ozone (O3). The presence of these gases was never a problem, in fact, they aid in maintaining the earth's 

temperature to be optimum if not will drop and reach -18℃. With rapid industrialization, intensive food 

production systems, burning fossil fuels, and pollution, the concentration of GHGs are increasingly 

contributing to climate change. 

GHG from Agriculture 

Even the noble activity of food production (agriculture) is also a reason for significant climate change. 

Agricultural activities contribute around 19-24% of GHGs. This pollution could be in the form of excessive 

fertilizers causing soil pollution, intensive ploughing, and improper water management causing soil 

erosion. Surface runoff of chemicals, livestock waste reaching water bodies, and indiscriminate use of plant 

protection chemicals are a few more agricultural polluting sources. 

Methane from Livestock Production 

The food consumed by the animal undergoes anaerobic fermentation in the rumen part of the digestive 

system (thereby called enteric fermentation). Here the food (organic matter) is broken down into amino 

acids in the presence of the hydrolaze enzyme providing energy to animals. The microbial population 

digests the plant polymers into Volatile Fatty Acids (VFA), releasing CO2 and CH4. The VFAs make their 

way to the circulatory system through the rumen wall, whereas these gases are eructed (released out) to 

the environment. On average, adult cattle, sheep, and pigs can produce 120, 8, and 1.5 kgs, respectively, of 

methane annually. Apart from this, methane is also emitted from cattle dung. Indian cattle emit about 9.25 

million metric tonnes of enteric methane per year. 

Why the Special Focus on Methane? 

1. Methane gas, the second most crucial pollutant after CO2, has a shorter life span of 4-5 years only but is 

21 times more harmful than CO2 with its higher heat-trapping capacity. The significant methane 

production activities are lowland flooded rice production and livestock (cattle, sheep, goats). India stands 

out globally in the second position in rice cultivation, cattle and goat population, third in sheep production, 

and first in holding buffaloes. All these statistics make India the second most contributor to methane 

pollution. 
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2. Precursor of Ozone (a secondary pollutant): Tropospheric Ozone has no specific emission source 

but is formed due to methane oxidation. It proves the double impact that methane can have on the climate. 

3. The shorter life span of pollutants, therefore an immediate impact: As stated earlier, methane 

in the atmosphere can survive for 5 years only, whereas CO2 stays up to 273 years and N2O for 100 years. 

Cutting down its emissions could yield quicker visible results. 

To comply with the Paris Agreement's goal of keeping global warming far below 2 degrees Celsius (⁰C), the 

world must cut methane emissions. According to the Global Methane Assessment by the Climate and Clean 

Air Coalition (CCAC), methane emissions from human activity can be decreased by up to 45% this decade. 

This would stop global warming by 2045 by about 0.3 ⁰C (CCAC Secretariat, 2021). 

General Practices of Tackling Methane from Livestock 

1. Anaerobic digestors to produce biofuel: It is an age-old practice developed to break down bio-waste. 

With the aid of bacteria that can survive in anaerobic conditions (Navarra, 2020), agriculture waste 

(kitchen waste and cattle dung) is decomposed to produce methane and CO2, which could be directed to 

power the streetlights and cooking activities. The leftover material after biofuel generation can act as 

organic fertilizer in fields, bedding material in cattle sheds, and potting material. The individually 

maintained smaller capacity bio-reactors failed because of their tedious management, and large units often 

failed due to their discontinuous raw material (waste) supply. 

2. Encourage direct seeding varieties of rice instead of submerged: Rice is the second most 

cultivated crop in India, with 127.93 MT of production and mostly (60%) in submerged (anaerobic) 

conditions. Approximately 1 kg of rice grain production, paddy fields contribute 100 g of CH4 to the 

atmosphere (Mahabubur Rahman & Yamamoto, 2021). The absence of oxygen encourages methane-

producing bacteria in those submerged wetland conditions. Measures like direct seeding means aerobic rice 

production was suggested. But several decades-long habits of the farmers combined with the non-

availability of seed variety for direct seeding, and higher weed problems resulting in yield reduction, the 

above-suggested practice couldn't flourish. 

3. Regulation of Livestock production according to demand: Estimation of demand of livestock for 

consumption and reduction in wastage help to plan the supply. In this way, farms may become more 

profitable and emit fewer greenhouse gases if they have fewer unproductive livestock. 

4. Increase the quality of food intake of Livestock: The amount of methane production is directly 

influenced by the kind of food the animal consumes (Rahman et al., 2020). Especially in India, grazing in 

open fields and grasslands is a primary livestock feed source instead of balanced nutrition. The food with 

easy digestibility will lead to lower methane emissions. Livestock in India is more of a household activity 

than an industrial one therefore, less attention is given to the type of forage (hay, silage) and its processing. 

5. Encourage the usage of enteric methane inhibitors: Diet with nitrates, sulfates, and organic acids 

that can absorb hydrogen gas of rumen, probiotics, and finally, the feed with tannins and saponins acting 

as anti-methanogenic feed supplement has the potential to modify the rumen microbial fermentation. 

Further in this paper, we discuss the product Harit Dhara, a feed supplement to reduce methane production 

and aid in climate change. 

Livestock Feed Management for Methane Reduction 

The National Institute of Animal Nutrition and Physiology (NIANP), an ICAR institute, has developed and 

patented an anti-methanogenic feed supplement Harit Dhara (HD), to counter the methane emissions from 

livestock. Early this year, in March, initiatives were taken to commercialize this product under the brand 

name ‘Green feed,’ and a non-exclusive right of production was issued to Saideep Exports Pvt. Limited 

through AgrInnovate India (a government of India enterprise) (ICAR Website, 2022). 

Harit Dhara: How does it Work? 

Harit Dhara, a feed supplement for cattle, buffalo, and sheep, works against the methane-producing 

bacteria in the rumen, ensuring the decline of methane production. This feed rich in saponins (that have 

the ability to cause defaunation through their binding with sterols present on the protozoal surface) and 

tannins that can inactivate ruminal enzymes (Kataria, 2016). The amount of consumption will vary 
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according to the animal's type and age. An average requirement of 150-200g daily for adult cattle and 

available at rupees six per kg makes it a low-cost technology. 

Higher adoption of climate-smart technologies could only be expected when they are associated with 

economic value too. Studies show that the partial inhibition of enteric methanogenesis of HD reduces 

methane production by 17-20% and helps increase milk production. The propionic acid formed in the 

fermentation process after the consumption of HD will give more energy stimulating lactose formation and 

body weight gain. 

Other Anti-Methanogenic Feed Supplements 

Tamarin plus: Tamarind seed husk enriched complete feed block for methane amelioration developed by 

the same institute stated above, ICAR- NIANP. Studies (Poornachandra et al., 2019) also show a significant 

reduction (up to 20%) of methane when tamarind husk is included in livestock feed. 

Bovaer: A cattle feed additive developed by Dutch State Mines (DSM) promising methane reduction for 

sustainable farming. It took more than 10 years of research, around 45 on-farm trails to finally 

commercialize, proving up to a 30% reduction in methane level without causing any side effects to animals 

during consumption. Bovaer inhibits the enzyme that initiates methane generation in a cow's rumen and 

consistently lowers enteric methane emission when given to a cow once a day (a small quantity of a quarter 

teaspoon). It has an instant impact and is safely broken down into components that are already present in 

the cow's stomach mimicking regular digestion. 

Rumin8: Developed from the bioactive compound Asparagopsis extracted from seaweed, it is a West Perth, 

Australian product. Currently, under laboratory tests and optimal dosage fixation process, it ensures 

decreased methane generation by more than 90% by Day 3 and probably entirely by Day 5. Asparagopsis, 

which is volatile, was stabilized, and the pharmaceutical extraction procedure made it a scalable, low-cost, 

and efficient procedure. Now that the product is ready, the Rumin8 startup is collaborating with 

universities and departments of Agriculture and is confident that the performance will be found to be 

similar to the laboratory. 

All these above examples prove that significant research works are being performed across the globe to 

tackle the methane production that could aid in climate change. 

Conclusion 

There's a greater need to control the rapid climate change, no matter how small it is. And, methane 

emission from livestock occupies a significant portion which needs urgent attention. Working from several 

angles, scientists have found a way to address the problem at the source and came up with a solution, that 

is, anti-methanogenic feed supplements. Recently, Harit Dhara was approved for commercial use in India 

and is expected to create a difference. In light of this, it falls on the shoulders of agriculture and dairy 

extension officials to create awareness and ensure the adoption of such climate-smart technologies. 

Innovation adoption has positive relation with increasing the education level of farmers, their information 

seeking pattern that could be attained by enhancing the access to extension services. Social networks play 

a major role in technology adoption in livestock sector dairy cooperatives, milk collection centres are active 

socializing sites which need to be included. Extensive research could be funded to find other ways and 

means to increase the efficiency of methane reduction from 17-20% to more than 90%. 
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Introduction 

After the advent of green revolution, more emphasis is laid on the quality of the agricultural product along 

with the quality of production to meet the ever-growing food and nutritional requirements. Horticulture is 

characterized by a wide range of cultivation systems (i.e., open field, soilless, protected, greenhouse, 

organic, indoor) and a plethora of fruit, vegetable and ornamental species. Among these, greenhouse 

horticulture is one of the most intensive agricultural systems, focusing on the production of high-value 

products. Control of environmental parameters (temperature, light, etc.), higher efficiency of resource 

utilization (water, fertilizers, etc.) and the use of high-tech systems (hydroponic, automation, etc.) provide 

opportunities for higher yields, earliness, stability of production and better quality. Increasing demand for 

greenhouse horticultural crops could be explained by the growth of the world population as well as 

adaptation to negative environmental impacts of future water availability and climate change scenarios. 

Indian economy is principally influenced by agriculture and allied activities. After Green Revolution, 

several new biotic and abiotic stress has emerged as a great challenge. Protected cultivation technique 

reduces these stresses by providing complete controlled condition. The increasing food demand compels to 

think for protected cultivation. Greenhouse is that the most functional methodology for achieving the 

objectives of protected cultivation. Poly house-based cultivation has become a vital policy of Indian 

Agriculture. 

What is Protected Cultivation? 

Protected cultivation is a modern and scientific method of farming, under which the plants are protected 

from adverse natural conditions or unfavourable environments such as strong heat, strong cold, strong 

wind, strong light intensity, excessive rain, drought, etc. Plants are protected and provided with favourable 

conditions which help in their growth and in this way better quality and higher yields are obtained from 

them. This type of cultivation is called protected cultivation. 

1. It gives opportunities for the cultivation of horticultural crops in an entrepreneurial form for the 

upmarket in urban and semi-urban areas. 

2. At present in India, the small and medium farmers have started flower and vegetable cultivation under 

different types of modular protected structures depending upon their investment capacity and availability 

of market in their area. 

 

3. The greenhouse is one of the best examples of protected cultivation which commercially used for the 

production of non-native and off-season vegetables, flowers and quality seedlings. Through the greenhouse 

method, the economic returns of high-value agriculture products increased substantially. It used as a rain 

shelter, and suitable regions for the greenhouse are high rainfall, like North-eastern states and coastal 
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regions. In the protected cultivation, the less use of chemical pesticides and insecticides avoid their residues 

on the crop production. 

Objectives of Protected Cultivation 

1. Efficient water uses with minimum weed infestation. 

2. Enhancing productivity per unit area. 

3. Protection of plants from abiotic stress (physical or by non-living organism) such as temperature, 

excess/deficit water, hot and cold waves, and biotic factors such as pest and disease incidences, etc. 

4. Minimising the use of pesticides in crop production. 

5. Promotion of high value, quality horticultural produce. 

6. Propagation of planting material to improve germination percentage; healthy, uniform, disease free 

planting material and better hardening. 

7. Year-round and off-season production of flower, vegetable or fruit crops. 

8. Production of disease-free and genetically better transplants. 

Limitations of Protected Cultivation 

1. Lack of technical knowledge of growing crops under protected structures.  

2. All the operations are very intensive and require constant effort. 

3. High cost of initial infrastructure (capital cost). 

4. Non-availability of skilled human power and their replacement locally.  

5. Requires close supervision and monitoring. 

6. A few pests and soil-borne pathogens are difficult to manage. 

7. Repair and maintenance are major hurdles. 

8. Requires assured marketing, since the investment of resources like time, effort and finances, is expected 

to be very high. 

Total Area of Protected Cultivation Worldwide 

 

Crops which are Grown Under Protected Conditions 

Fruits  Strawberry 

Vegetables Tomato, Coloured Capsicum (Yellow and Red Bell Peppers), Cucumber, Broccoli, Red 

Cabbage, Leafy vegetables, Radish, etc. 

Flowers Chrysanthemum, Carnation, Gerbera, Rose, Lilium, Orchid, Gladiolus, etc. 

Seedling and 

Nurseries 

Vegetables, Flowers, Tissue Culture, Clonal for Forestry, Fruit Grafting (like Lemon, 

Citrus, Mango, Pomegranate, Guava, Litchi, etc.) 

Scope and Importance 

1. Cultivation in Problematic Agriculture Zones: There is about 75 mha of land in India comprising 

of such problematic conditions as barren and uncultivable, cultivable wasteland, fallow land, desert, sever 

cold. If a small portion of this area put under cultivation using greenhouse technology, then income 

generation of local habitat could be increased substantially. 
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2. Greenhouses around massive cities: The substantial demand persists for recent vegetables and 

ornamentals round the year in massive cities. Demand for off season and high price crops additionally 

exists in massive cities. Thus, greenhouse cultivation is promoted to fulfil the urban necessities. 

3. Export of farming turn out: There are decent international demands for farming produce, chiefly the 

cut flowers. Promotions of greenhouse cultivation/ protected cultivation of export homeward crops are going 

to be of definite facilitating towards export promotion. 

4. Greenhouses for plant propagation: GH technology is being now a days considered as suitable 

approach for raising of seedlings and cuttings which require control environment for their growth. GH 

facility could increase the capacity of producing the plant material. 

5. Greenhouse technology for biotechnology: Material generated through tissue culture area unit 

ought to be propagated up to speed setting. The aquiculture or Nutrient Film Technique (NFT) is needed 

controlled environmental conditions for growing plants. 

6. Greenhouse for cultivation of rare and healthful plants: India has wide variety of medicinal herbs 

and rare plants like orchids which have been identified for large scale cultivation. The greenhouse could 

provide the right type of environmental conditions for the intensive cultivation of these plants. 

Types of Greenhouses Based on Suitability and Cost 

1. Low-cost greenhouse: Low-cost polyhouse is made of 200 microns (800 gauge) transparent polythene 

sheet supported on bamboos with jute sutli (ropes) and nails. It is used for protecting the crop from high 

rainfall. The temperature within polyhouse increases by 6-10 oC more than outside. In UV stabilized plastic 

film covered pipe framed polyhouse, the day temperature is higher than the outside. The solar radiation 

entering the polyhouse is 30- 40% lower than that reaching the soil surface outside. During summers, the 

sides can be opened to moderate the temperature within the greenhouse in day time. 

 

2. Medium-cost greenhouse: This type of greenhouse is constructed using galvanized iron (G.I) pipes. 

The canopy cover is attached with structure with the help of screws. Whole structure is firmly fixed with 

the ground to withstand the disturbance against wind. Exhaust fans with thermostat are provided to 

control the temperature. Evaporative cooling pads and misting arrangements are also made to maintain a 

favourable humidity inside the greenhouse. As these systems are semi-automatic, hence, require a lot of 

attention and care, and it is very difficult and cumbersome to maintain uniform environment throughout 

the cropping period. These greenhouses are suitable for dry and composite climatic zones. 

 

3. Hi-cost greenhouse: It is constructed with iron/aluminum structure (frame) having dome or cone 

shaped design. Temperature, humidity and the light are automatically controlled as per crop requirement. 

Floor and a part of side walls are made of concrete. It is highly durable but the cost is about 5-6 times. It 

requires qualified operator, proper maintenance, care and precautions during operation. 
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4. Temporary structures: 

a. Plastic low tunnel: Low tunnels are essentially miniature versions of high tunnels, also called 

‘miniature greenhouses’, low tunnels generally cover rows of plants in field and, therefore, they are 

also known as row covers. Clean plastic films or nets are stretched over low wire hoops (arcs up to 

1.0 m high) to protect plants against frost, wind, insects and pests. The hoops are made of steel wires 

or bamboo strips or cane. These hoops are covered by polythene sheets of about 50 microns’ thickness 

and are provided with ventilation holes on the side opposite to the solar movement. The low tunnels 

permit early yield for spring crops with significantly higher yields. These tunnels are not usually 

used for growing flowers. The crops which have been generally grown commercially under low 

tunnel conditions are melons, cucumber, tomato, strawberry, pepper, beans, squash and sweet corn. 

 
Plastic low tunnel 

b. Walk in tunnels: Walk-in tunnels are basically the protected structure made from Pre-

galvanized pipe and covered with UV Stabilized Plastic Sheet. Walk-in tunnels are used for off-

season cultivation of vegetables and flower seedlings. They give an advantage of better prices of the 

off-season produce, giving more profit per unit area. Optimum size of the walking tunnel is 60–75 

sq m, with 2–2.5 m width and up to 30 m length with a 2–2.5 m central height. Overall, the height 

is enough for the worker to walk comfortably during operation. 

 
Walk-in tunnel 

c. Wire rope net house: Uses of Wire Rope Net House: 

i. Lower cost high strength structure. 

ii. Helps in cultivation of flower plants, foliage plants, medicinal plants, vegetables and 

spices. 

iii. Used for fruit and vegetable nurseries as well as for raising of forest species etc. 

iv. Helps in quality drying of various Agro products. 
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v. Used to protect against pest attack. 

vi. Protects from natural weather disturbances such as wind, rain, hail and frost. 

vii. Used in production of graft saplings and reducing its mortality during hot summer days. 

viii. Used for hardening tissue culture planets. 
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Abstract 

Vegetables play an important role in human nutrition. Pointed gourd (Trichosanthes dioica) is one of the 

important vegetable crops that can be grown profitably for 7-8 months (April-November) in India. It is a 

dioecious semi-perennial creeper and is one of the most nutritive, wholesome and highly accepted vegetable. 

Among the various biotic problem that constrain the production of pointed gourd, different insect pest and 

diseases are responsible for economic losses in production of pointed gourd. Like other cucurbits, pointed 

gourd is also being subjected to damage by wide array of insect and non-insect pests like, fruit fly 

(Bactrocera cucurbitae), red pumpkin beetle (Aulacophora foveicollis), leaf miner, aphids, whitefly (Bemisia 

tabaci), lear roller (Diaphania indica) and mites right from the initial stages of the crop to harvest of the 

products in India. Other than these, attack of acharines (Chintha et al., 2002) and root knot nematodes. 

Keywords: Pointed gourd, Pest, Management. 

Introduction 

The Pointed gourd (Trichosanthes dioica Roxb.) commonly knownas ‘Parwal’, holds a best position in the 

vegetable marketin India, is a dioecious semi-perennial creeper. It is one of the most wholesome, healthy, 

and well-liked vegetables. The crop is widely grown in eastern India, particularly in West Bengal, Uttar 

Pradesh, Bihar, and Odisha, as well as to a lesser extent in north-eastern regions like Assam and Tripura. 

Similar to other cucurbits, pointed gourds are harmed by a variety of insect and non-insect pests, the most 

common of which being fruit flies, red pumpkin beetles, leaf miners, aphids, whiteflies, and mites. 

Fruit Flies (Bactrocera cucurbitae) 

The fruit fly that eats melon Bactrocera cucurbitae is a dipteran insect, that appears yellowish-brown. It is 

native to India and is widely distributed throughout the tropical, subtropical, and temperate zones of the 

globe. The melon fruit fly consumes approximately 125 different plant species, the majority of which are 

cucurbits, such as pointed gourds and other gourds, cucumbers, pumpkins, squash, and other crops such 

as tomatoes, green beans, egg plants, and so on. The female adult punctures the delicate fruits with her 

powerful, pointed ovipositor, laying eggs just beneath the epidermis of the fruits. After hatching, the 

maggots start eating inside the fruit pulp. Because of larval feeding, fruits become soft and swollen. These 

punctures and feeding tunnels serve as entry points for different bacteria and fungus, due to 

which decaying, distorting, and malforming of fruits occurs. 

Management: Cultural methods like Field sanitation, is the most effective method for melon fruit 

fly management. By removing and destroying infected fruit from the field every day, as well as 

burying damaged fruit 0.46 m deep in the soil, it should be done to lessen pest activity and disrupt 

the life cycle. Fruit fly is also controlled by biological method like, A major parasite of 

Bactrocera cucurbitae is Opius fletcheri. After six days of exposure of O. flatcheri on B. cucurbitae it 

parasitises the   host in between range of 0.2% to 1.9%. Chemical Control is most effective method 

to control infestation of fruit fly, insecticides like Spinosad, parathion, malathion, and pyrethrin are 

a few synthetic pyrethroids that have been discovered to be effective against severe pest infestations 

when administered topically. 

White Fly (Bemicia tabaci) 
Whiteflies are small insects that range in size from one to five millimetres. On older leaves, nymphs are 

more common, while on younger leaves, adults and eggs are more common. A female lays approximately 

300 oval-shaped eggs by making a slit in a leaf. initially eggs are white later turning brown, and it takes 8 

to 10 days for them to hatch. The subsequent instars, however, are sessile and finish their life cycle at the 
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same feeding location. The crawler, or first instar, prowls around looking for places to eat. The underside 

of newly forming leaves turn white as a result of the poison that the silverleaf whitefly injects into the 

plant. Compared to older plants, younger plants are more vulnerable to severe damage. whiteflies emit 

honeydew, which encourages the development of sooty mould on leaves and valuable plant parts. 

Management: Crop rotation, mulching, floating row covers, non-infested transplants, cover crops, 

and adequate field cleanliness are some common cultural practises to prevent the accumulation of 

whiteflies. it is observed that soil ground covers like, synthetic mulches can reduce the incidence of 

whitefly. Natural enemies can also be utilised to control the white fly population. Products derived 

from entomopathogenic fungi, such as verticillium lecanii and B. bassiana, are particularly effective 

at controlling the white fly population in both fields and greenhouses. insecticides such as 

imidachloprid or thiomethoxam when applied to soil at the time of planting reduces the whiteflies 

infestation. 

Pumpkin Beetles (Aulacophora foveicollis) 
Pumpkin Beetles infest pointed gourd, bittergourd, snakegourd, melons, pumpkin, coccinia etc. R. 

foveicollis has reddish brown elytra. Beetles cause greater damage. They feed on flowers and also make 

hole on leaves. Beetles damage the foliage and flowers by making holes into them. Numerous holes of V 

shapes are formed by the damage of beetle on leaves. Each female lay between 150 and 300 brownish, 

elongate eggs in the soil, either singly or in clusters of 8 or 9 close to the base of plants.Duration of Egg is 

5-8 days. Mainly Grubs feeds on stem, roots and fruits touching the soil, while Adult feeds on leaf and 

flowers. Grubs are creamy white colour with darker oval shield on their back. period of grub is 13-25 days. 

Pupate in an earthen cocoon. Pupal duration is 7-17 days. Total life cycle completed in 26-27 days. In a 

year, there are 5 to 8 generations. 

Management: The grubs and pupa are exposed to their natural enemies by deep summer 

ploughing. Collection and destruction of adults. Dusting the plants with ash temporarily deters 

beetles from visiting them. using carbaryl 10D/, endosulfan 4D to sprinkle the ground and 

vegetation. spraying the foliage with methyl or 3g/l carbaryl. Kill the grubs by drenching the soil at 

the root zone with malathion (2 ml/l), dimethoate (2 ml/l), or parathion (2 ml/l) solutions. Synthetic 

pyrethroids exhibit phytotoxic symptoms that cause the foliage to become white. 

Leaf Roller (Diaphania indica) 
Diaphania indica, sometimes referred to as the pumpkin caterpillar, is one of the most destructive pests to 

most cucurbits worldwide. Also attacked on pointed gourd. they laid eggs On the underside of leaves, leaf 

buds, and young stems, singly or in tiny clusters. The eggs were tiny, rounded, and yellow in colour. Larvae 

feed on leaves after hatching, and also clustering, folding, and weaving the leaves together. Additionally, 

they have the ability to pierce the skin of fruits, particularly those that touch leaves, and feed on young 

fruits. According to reports, the pointed gourd leaves only sustained 25 to 30% of the damage caused by 

larvae. 

Management: Collection of larva by hands and kill them, Quinalphos 2 ml/l or endosulfan 2 ml/l 

foliar sprays are also efficient. 

Epilachna Beetle (Epilachna dodecastigma) 
The epilachna beetle (Henosepilachna septima, Dieke; Coccinellidae: Coleoptera), a notorious pest of 

pointed gourd, feeds on the leaves throughoraut the growth phases, skeletonizing leaves and seriously 

harming the crop. The grubs scraping the epidermis, but the adults make semicircular cuts in rows show 

how they feed. 

Epilachna beetle population has seen to be active in the months of March, April, and May. Additionally, it 

infests Datura, Physalis, tomato, and bittergourd. The beetle is a tiny, rounded to slightly oblong that is 

around 5 mm long and 3.5 mm wide. It has a pro notum and elytra covered in 12-28 tiny black dots and is 

a pale brick red or pinkish colour. Adults have lifespans of one to two months. The yellow elliptical eggs 

are typically laid in batches of hundreds, on under surface of leaf in a vertical orientation. They hatch in 3 

to 4 days. The tiny grubs damage the plant as soon as they hatch by eating the fresh material on the leaf 

surface and leaving veins and veinlets. When fully grown, the newly hatched grub changes from a yellowish 

colour to a cream colour. The adult grubs develop into voracious feeders and are seen in groups. Both grubs 
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and adults normally confined their feeding activity to the underside of leaves. The beetle is more active on 

the lower leaves, which causes damaged leaves to seem lace-like as the green tissue between the veins is 

eaten away (skeletonization of leaves). The larval stage lasts between 10 and 35 days. pupation occurs on 

the surface of the leaf.   The pupa is developed inside the last larval skin that splits on the dorsal side and 

is attached to the leaf surface by the fully grown grub via a sticky secretion. The pupal stage is between 3 

and 6 days after that adult emerge out. The length of the life cycle is 17 to 50 days. 

Management: The beetles are sluggish in the morning; thus, hand picking will work well. if 

operational area is small, Collect and destruct the egg masses. Plant-derived organic molecules are 

efficient. Foliar spray with DDVP 1 ml/ or carbaryl 3 g/l or profenofos 2ml/l or quinalphos 2 ml/l. 

Two Spotted Red Spider Mite (Tetranichus urticae) 

Two spotted Red spider mite is a polyphagous pest, it feeds on many crops majority of vegetables and food 

crops, including peppers, tomatoes, potatoes, pepinos, pointed gourds, and ornamental plants like roses. 

laying its eggs on the leaves, it threatens host plants by sucking cell contents from the leaves cell by cell, 

destroying the green epidermal cells, leaving tiny pale scars or patches. Despite the fact that the individual 

lesions are so small, an attack by hundreds or thousands of spider mites can result in thousands of lesions, 

which greatly reduces the of chloroplasts by feeding on cell that are penetrated by a mouthpart resembling 

a stylet and have their contents taken. 

Management: One of the predatory mites that prey mostly on spider mites is the mite's natural 

predator, Phytoseiulus persimilis, which is frequently utilised as a biological control agent. 

Conclusion 

Pointed gourd suffers from significant losses due to pest attacks. As a result of depending more on chemicals 

for reducing the pest infestation, there will be disturbance in the balance between pests and their enemies. 

For minimizing the damage which results due to use of chemical pesticides an approach incorporating 

cultural methods, physical methods and biocontrol tactics should be followed. 
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Abstract 

Insect pests and disease infestations are the primary constraints in rice (Oryza sativa) production systems. 

The rice stem borer and brown plant hopper have the largest share. Concerns about the sustainability of 

conventional agriculture have prompted widespread introduction of integrated pest management, an 

ecologically-based approach to control of harmful insects and pests. Integrated pest management is 

intended to reduce ecological and health damage from chemical pesticides by using natural parasites and 

predators to control pest populations. The main points of this review are: (1) integrated pest management 

(IPM) practices in rice have been developed in different ways in many countries of the world, but these 

practices vary with the socioeconomic and environmental characteristics of each country. (2) Integrated 

pest management has been a valuable model for organizing research and extension efforts worldwide. (3) 

Biological control relies on the interaction of organisms with the target pests and the environment. It is 

therefore more complex than certain traditional pest control practices such as the use of chemical 

pesticides. (4) Destruction of natural enemies by certain insecticides supports the contention that 

insecticide use, especially early in the crop season, upsets natural enemy control of insects such as Brown 

plant hopper and also creates heavy selection pressure for strains of pests that can overcome previously 

resistant rice cultivars. (5) Overall, results show the superiority of integrated pest management over 

chemical method or farmers’ own practices as indicated by the yield data and economic analysis.  

Keyword: Rice, Ipm, Stem borer, Brown plant hopper, biological control. 

Introduction 

Integral India has the world's biggest rice agricultural area (44.6 million hectares) and ranks second in 

output (104.31million tonnes in 2011-12). Rice is farmed in India in a variety of agro-ecological 

circumstances, including waterlogging, deep water, hills, high humidity, high temperatures, salt, 

alkalinity, and flood-prone locations. Cropping intensity varies by environment, with a maximum of three 

rice growing seasons per year in fertile deltaic regions due to the availability of continuous irrigation. Due 

to the assault of various pests such as insects, nematodes, illnesses, weeds, and rodents, the rice crop is 

prone to stress during the crop growth cycle. Adopting integrated pest management (IPM) tactics is the 

most effective way to combat pest problems. The rice crop is prone to stress throughout the crop growth 

period due to on slaught from different pests such as insects, nematodes, diseases, weeds and rats. Adoption 

of integrated pest management (IPM) strategies is the best solution to tackle the pest problems. Rice IPM 

provides a framework for integrating knowledge, skills and information on rice pest management. An IPM 

practice in rice production initiatives includes regular pest monitoring, research on the optimal use of 

pesticides, complementary weed control strategies, and alternative cultural and biological controls. In this 

regard, several efforts have been made to develop, verify, demonstrate and document location specific IPM 

technologies suited to different ecosystems. Since IPM is a dynamic process, therefore, it needs continuous 

up gradation of the technology as per the changing pest scenario. To achieve the target of increasing the 

productivity levels to meet the future demand, it requires adoption of modern and intensive agricultural 

practices by the farmers. However, concomitant with the practice of intensive agriculture, there is 

aggravation of biotic constraints like insect pests, diseases and weeds. More than 100 species of insects 

have been recorded as pest of rice, of which about a dozen are of significance. 

1. National Importance Yellow stem borer, Brown plant hopper, and White backed plant hopper are all 

examples of plant hoppers. Leaflet folder The Gundhi bug Midge Gall. 
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2.2. Regional Importance of Major Insect Pests –Termite, The caterpillars are swarming, Hispanic rice, 

Armyworm/Climbing Cutworm/Rice Ear Cutting Caterpillar, Caseworm, Thrips - Thrips may be found in 

upland rice in Odisha, Andhra Pradesh, Madhya Pradesh, Punjab, Haryana, Assam, and Tamil Nadu, 

Upland rice in Uttar Pradesh, Bihar, West Bengal, Odisha, Madhya Pradesh, Tamil Nadu, Kerala, 

Pondicherry, and Karnataka is infested with the Mealy bug (Brevennia rehi Lindinger).Panicle mites 

(Steneotarsonemus spinki Smiley) are found in Andhra Pradesh, Odisha, West Bengal, Gujarat, and 

Western Uttar Pradesh, and Leaf mites (Oligonychus oryzae Hirst) are found in Eastern India and Andhra 

Pradesh. Haryana, Punjab, and Tamil Nadu are affected by the root weevil (Echinochemus oryzae 

Marshall). Hill rice. White grub (Holotrichia spp.) Scotinophara coaractata Fabricius - Andhra Pradesh. 

Rice Stem Borer 

Damage Symptoms- The presence of a dark egg clump at the leaf tip. A caterpillar bores into the center 

shoot of a paddy seedling and tiller, causing drying of the central shoot known as "dead heart. Plants were 

readily plucked by hand. 

Non chemical Management: Summer ploughing exposes insect resting stages to the heat of the sun and 

predators. Monocropping should be avoided. Stem borer resistant/tolerant varieties include Ratna, Jaya, 

TKM 6, IR 20, and IR 26, as well as Khandagiri, Ghanteswari, Udayagiri, Lalitagiri, Sidhant, Konark, 

Kharvela, Gajapati, Surendra, Pratikshya, and Manika. Because the eggs of Scirpophaga incertulas are 

placed near the tip of the leaf blade, the leaves are clipped. Early and synchronised planting Early on, avoid 

dense planting and continuous water stagnation. Apply a well-balanced fertiliser application. Excessive N 

fertiliser use should be avoided. Trap planting of transplanted rice with Basmati rice (9:1). Strict pest and 

defence surveillance in rice fields Setting up bird perches at a rate of 20–25 per acre . 

Biological method-Telenomus, Tetrastichus, and Trichogramma are the three most significant egg 

parasitoids. Tetrastichus wasps have lengthy ovipositors and can lay their eggs in stem borer eggs that are 

wrapped in a hair mat. Several predators feed on egg masses as well. Conocephalus longipennis, a long-

horned grasshopper, feeds voraciously on yellow stem borer eggs. Crickets, carabid beetles, coccinellid 

beetles, and other insects are also predators of the stem borer.Remarks: Silicon increases resistance to 

stem borers. The silica particles in the plant interfere with larval feeding, often causing excessive mandible 

wear. Zinc reduces stem borer damage 

Chemical Management: Spray with fipronil (Regent) at 25g/kg seed or carbofuran at 33g/ha in the main 

field. If the pest has an economic threshold level (ETL), i.e., 1 egg mass per m2, then apply cartap 

hydrochloride 4G @ 20kg/ha. If it has an ETL above 0.5% dead heart (DH), then apply carbosulfan 6G @ 

16Kg of soil. 

Gall midge:  

2.Gall midge Orseolia oryzae (Diptera: Cecidomyiidae) 

Distribution: The paddy gall fly is found in most of the paddy growing areas, particularly in the southern 

and eastern states of India 

Host Plant: Paddy is the main host but grasses like Cynodon dactylon and wild grass form alternative 

host and therefore should be removed 

Ecological condition: It is only a nuisance during the Kharif season. Its intensity is quite low during the 

summer or Rabi crop. The pest population thrives in humid, overcast climates with constant rain. For fly 

growth, the ideal temperature and relative humidity are 26-30 °C and 82-88% RH. 

 Damage symptoms: Feeding the maggot at the expanding primordia inside the growing stem and 

injecting a poison known as "cecidogen" results in a hollow tubular gall known as a "silver shoot" that looks 

like an onion leaf. Affected tillers lack panicles. Early infection promotes profuse tillering, and these tillers 

are likewise infected, resulting in limited plant development. In the long-duration variety, infection during 

the late vegetative phase results in branching of tillers that bear ears, which compensates for the yield loss 

to some extent. Damage ranges from 8% to 50%. 

Non chemical Management: It is advised to plough fields after harvest and preserve fallow areas free of 

off-season alternative host plants. Monocropping should be avoided. Encourage agricultural planting to 

begin as soon as possible. Use fast-growing cultivars. 

 Chemical Management: Sprouted seed treated in imidacloprid 200SL @ 0.05% (2.5ml/lit) for 3 hours, 

then shade dried and dispersed on a raised nursery bed, provides gall midge protection. When the pest 

crosses the ETL, it produces 1 silver shoot (SS)/m2 in endemic regions and 5% SS in non-endemic regions. 
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Biological control: At 10 DAT, release larval parasitoids: Platygaster oryzae through parasitized galls at 

a rate of 1 per 10 m2 in the main field. Ophionia indica, a carabid beetle, is a formidable predator. Save 

spider predators such as Tetragnatha, Argiope catenulata, and Neoscona theisi in rice ecosystems to feast 

on adult midges. 

3. Brown planthopper: Nilaparvata lugens (Hemiptera:Delphacidae) 

Distribution: Orissa, A.P, T.N, Haryana, Punjab, Karnatak, W.B, Maharastra, M.P, U.P 

Alternate host : Wild sp. of Oryza only 

Ecological condition: Rainfall has been demonstrated in studies to have a significant impact on BPH 

buildup by providing a favourable high humidity at the crop base. During kharif, BPH populations in 

September are projected to be low if cumulative rainfall in August is 100mm, moderate if about 200mm, 

and an outbreak of BPH is expected if rainfall exceeds 300-400mm. 

Damage & Symptoms: Adults and nymphs both consume phloem sap from plant tissues. During feeding, 

the insect secretes a solid feeding sheath into the plant tissue, resulting in the formation of a feeding tube. 

This feeding sheath prevents plant sap from flowing. The removal of surplus sap and the obstruction of 

vascular bundles limit the plant's vitality, growth, and vigour.  

Non chemical Management: maintaining alleyways in BPH endemic locations, i.e., providing 30 cm 

rogue spacing every 3 m to limit pest incidence. Use rice cultivars that are resistant or tolerant, such as 

Sebati, Konark, Surendra, Tapaswini, Meher, Vijeta, Durga, Rambha, Kanchan, IR 36, IR 72, and others. 

Strict pest and defence surveillance in rice fields (mirid bugs and spiders). 

Chemical Management: Resurgence-causing pesticides such as quinalphos, chlorpyriphos, methyl 

parathion, deltamethrin, and cypermethrin should not be used. When the BPH population crosses the ETL 

(5–10 insects/hill), use foliar sprays of any of the following insecticides (Flonicamide 50 WG @ 60g/ac, 

Pymetrozine 50 WG @ 120g/ac, thiamethoxam-100g/ha, imidacloprid-125ml/ha, ethiprole 10EC-500ml/ha, 

clothianidin 50WDG-60g. 

4.White-backed planthopper: Sogatella furcifera 

Damage: The plant becomes yellow and withers as a result of a caterpillar and nymph infestation. Because 

of the existence of shooty moult, which is followed by a withering phase, the crop does not expand as quickly. 

Because of the high population, enough sap is removed from the plants, causing the leaves to dry and turn 

brown, resulting in hopper burn. 

  Management-The plant becomes yellow and withers as a result of a caterpillar and nymph infestation. 

Because of the existence of shooty moult, which is followed by a withering phase, the crop does not expand 

as quickly. Because of the high population, enough sap is removed from the plants, causing the leaves to 

dry and turn brown, resulting in hopper burn. 

5.Green leafhopper: Nephotettix virescens ( Hemiptera : Cicadellidae) 

                               N. nigropictus, N. malayanus, N. cincticeps 

                                Zig-Zag leaf hopper – Recilia dorsalis 

                                Rice white leaf hopper- Cofna spectra 

                               Blue leaf hopper – Typhlocyha maculifrons 

Alternate host: Weed spp 

Distribution: Occur in all rice growing areas of the country 

Damage: Hopper burn symptoms  

 

Name of the vector                 Virus transmitted 

N. virescens                 Tungro, Yellow dwarf, Transitory yellow 

N. nigropictus              Tungro, Yellow dwarf, Transitory yellow, Dwarf virus 

N. cincticeps                Yellow dwarf, Transitory yellow, Dwarf virus 

N. malayanus               Rice tungro virus 

Recilia dorsalis            Dwarf orange leaf, Tungro, Yellow orange dwarf 

 Management: Use cultivars that are resistant or tolerant, such as Heera, Pathara, Badami, IR-36, Navin, 

Lalat, Rambha, Kanchan, Parijat, Srabani, Moti, Tulasi, and others. Others are the same as non-chemical 

treatment for BPH. When the GLH population crosses the ETL (5–10 insects per hill, 2 insects per hill in 

Tungro endemic regions), use any of the pesticides recommended for BPH. 

6.Leaf-folder: Cnaphalocrocis medinalis (Lepidoptera: Pyralidae) 

Alternate host : Grasses of various spp 



 

 
Volume 04 - Issue 11 - November 2022       27 | P a g e  
 

Distribution: All paddy growing areas 

Ecological Condition: Use of high level of nitrogen and cloudy weather with low sunlight  

Damage: Young larvae feed on the unopened tissues of the youngest leaves, while older larvae feed inside 

the feeding chamber created by anchoring the longitudinal border of leaves or the bent tip of a leaf down. 

They eat by scraping the leftover green materials inside the leaf fold. A larva's removal of leaf tissue within 

a feeding chamber results in longitudinal white and translucent streaks on the leaf blade. 

Non chemical Management:. Trim the bunds and eliminate grassy plants to keep them tidy. 

Monocropping should be avoided. It is advisable to apply nitrogenous fertiliser sparingly in split 

applications. Strict pest and disease control in rice crops. Mechanically killing leaf folder (LF) larvae by 

gathering and destroying afflicted leaves.  

Chemical Management: Apply monocrotophos/phosalone/triazophos (Karate) -175ml/ha or 

indoxacarb14.5SC-200ml/ha, chlorantraniliprole 18.5% SC @ 60g/ac when the pest crosses ETL, i.e., 2 

freshly damaged leaves/hill. Avoid using pesticides that cause resurgence, such as carbofuran 3G and 

phorate 10G. 

7.Case worm: Nymphula depunctalis (Lepidoptera: Pyralidae) 

Alternate host: Various aquatic grasses 

Distribution: All over India except H.P, Jammu and Kasmir 

Damage: Larvae of case worms attack leaves leaving them with a ladder-like appearance, leaving the top 

epidermis relatively papery. The cases float in water, causing the assault to spread to other plants in the 

same area. Case worm damage can be distinguished from other pests in two ways. 

 

Non chemical Management: Cultivators can use a variety of techniques to control rice caseworm larvae, 

such as using 200 kg/ha of "karada" (Cleistanthus collinus) leaves in the field. Larval parasitoids such as 

Elasmus sp., Apanteles sp., Bracon sp., and Hormiues sp. should be released. 

Chemical Management: When the pest crosses ETL i.e. 1-2 cases/hill give foliar sprays with 

Triazophos/Profenphos/Nuvan/ monocrotophos / chlorpyriphos 50% + cypermethrin 5% @ 1 lit./ha. 

 

8.Gundhi Bug: Leptocorisa acuta (Hemiptera: Coreidae) 

Alternate host: Various spp. of wild grasses 

Distribution: Widely distributed in India 

Damage: During the milky stage, the nymphs and adults are active in the early morning and late 

afternoon. The region around the puncture site darkens. Affected panicle grains become chaffy. An attack 

during the dough stage results in shrivelled grains that shatter during grinding. 

Non chemical Management: Keep fermented snail or crab bait at 20–25/ha to attract and deter pests 

from sucking milk from rice grain. 80% of gundhi bugs are controlled by spraying 2.5kg of garlic extract 

and 500g of tobacco leaves over a one-hectare area during the milky stage of rice. Spiders consume both 

nymphs and adults.The eggs were parasitized by a scelonid wasp. 

Chemical Management: When the pest crosses ETL i.e. 1 bug/ hill then give spray with DDVP – 

500ml/ha/ carbaryl – 2 kg/ha/ abamectin – 500ml/ha/ phosphamidon 40SP –1 lit/ha or dusting with 

malathion 5%D @ 25kg/ha. 

9.Mealy Bug: Brevenia rehi (Hemiptera, Coccidae) When transplanted rice fields remain dry, it becomes 

a significant problem. Females are soft-bodied, wingless, pink insects coated in a white waxy, mealy 

substance. Males are smaller and yellowish white in colour, with a single pair of wings and a waxy, style-

like protrusion at the end of their abdomen, but no mouthparts. Parthenogenetic reproduction occurs, and 

females are exceedingly prolific, laying eggs and depositing nymphs at the same time. 

Damage  

Both nymphs and adults suck plant sap remaining stationary on the stem beneath the leaf sheath at the 

base of the plants. As a result the plants turn yellow and become stunted. Damage occurs in patches since 

the young nymphs have rather limited migrating ability with yellowish curled up leaves and chaffy 

earheads.  

Non chemical Management: Continuous flooding of the field at 5-cm depth throughout the crop growth 

period is a good way to control the mealybug. Lady beetles such as Coccinella repanda, Menochilus 

sexmaculatus, and Harmonia octomaculata are the main natural enemies of the plant. Removal and 

destruction of plants at the first sign of infestation is essential. 
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Chemical Management: Give foliar spray of Dimethoate – 1 litre or thiamethoxam – 100g/ha or 

imidacloprid –125ml/ha. Granular insecticides are effective in fields with standing water. Foliar sprays are 

effective if the nozzle is directed to the bases of plants. 

10.Swarming caterpillar (Army worm): Spodoptera mauritia (Lepidoptera: Noctuidae) 

Distribution: Orissa, Chhatisgarh, Jharkhand and Bihar 

Alternate host: Different kinds of grasses and occasionally on maize, oat and sorghum 

Swarming caterpillars are cut worms which appear in wetland rice after the floods recede. Adult is a stout, 

medium-sized grey brown moth with black spots on the fore wings. The caterpillar is light brown in colour 

with three longitudinal pale brown or yellowish red stripes. 

Control measures: 

a. Cultural control- 

 Deep ploughing the field exposes the larvae and pupae to avian predation. Crop rotation is beneficial in 

endemic pockets. If ducks are let in the field, they will eat the caterpillars. To inhibit caterpillar migration, 

dig a trench around the contaminated field. 

b. Mechanical 

S.mauritia  inability to The ability of mauritia larvae to swim in water is a limitation, as they are compelled 

to stay on the plants in flooded fields. Malathion dust or chlorpyriphos dust applied along the field bunds 

kills the bug. Light traps may also be used to catch moths in large numb 

Management: Strict monitoring of rice fields for the appearance of pests. If the population is fewer than 

1 larva/hill, spray with Beauveria bassiana product (Boverin, Biopower, Ankush, Daman, Biorin) @ 1kg/ha 

or (ii) Bt-based biopesticides available in the market @ 1kg or 1lit/ha or (iii) foliar spray with NSKE @5% 

or neem oil 0.5% or neem-based bio-pesticides 300ppm @ 

11.Rice Hispa : Dicladispa armigera (Coleoptera: Chrysomelidae) 

Alternate host: Various grass spp 

Damage: The destruction began in the nurseries and proceeded to the rice fields. Both the adult and the 

grub eat rice leaves. Grub tunnelling between the two epidermal layers leads in irregular transparent white 

patches that stretch from ovipositional locations near the leaf tip to the base of the leaf blades. 

Management:The pest is suppressed if the infested leaf tips are clipped off and destroyed, while 

transplanting Manual collection and killing of beetles with hand nets may help in reducing the population 

of the pest. Excess N application should be avoided. Early planting escape the hispa build up .Spray at 

economic threshold level(1 adult or 1-2 damaged leaves / hill) with chlorpyriphos / triazophos/ profenophos 

–1 lit/ha 

12.Rice skipper: Pelopidas mathias 

Damage: Rice skipper produce damage similar to that caused by the green horned caterpillar. Larvae are 

eaten away at parallel to the mid rib. Sometime leaf rolling occur. 

Management: No effective cultural control methods.Eggs are parasitized by trichogrammatids wasps, 

larvae are parasitized by ichneumonid, braconid, chalcid wasp. Larvae also preyed upon by ear-wing and 

reduvid bug ,Spider feed on adults .Chemical spraying: Spraying of contact insecticides like chlorpyriphos 

/ triazophos/ profenophos –1 lit/ha 

 

13.Rice whorl Maggot: Hydrill philippina (Diptera: Ephydridae) 

Damage: Larvae rasp plant tissue with their hardened mouth hooks. They eat the tissue of unopened 

leaves. When the leaves grown out the damage becomes visible. Damaged leaves have white or transparent 

patches near the edge after they unfold.  

Management:  

Cultural Method:Because adults are attracted to standing water, the water at intervals during the 1st 

day after transplanting reduces egg laying.Direct-seeded rice is not as attractive to adults as a transplanted 

rice crop is .Fields with higher plant density suffers less damage .Transplanting older seedlings .Azolla 

covering the water surface prevents infestation from W.M 

Biological Control:Trichogramatids wasp parasitize the egg and eulophid and braconide parasitize the 

larvae 

Chemical Control:Soil incorporation of systemic granules during last harrowing before 

transplanting.Soaking seedling in systemic insecticide solution for an over night .Foliar spray : Spraying 

of contact insecticides like chlorpyriphos / triazophos/ profenophos –1 lit/ha 
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14.Rice thrips: Stenchaetothrips biformis , Thripidae: Thysanoptera 

Pest status: Out breaks are normally small, plants can recover from damage. More abundant in dry 

weather. 

Damage: The larvae and adults have rasping type of mouth parts with one mandible they puncture the 

tissue and they suck the leaf sap. Damaged leaves have silvery streaks. The extensive removal of green 

leaf tissue cause only a translucent epidermic to remain. Damage leaf curl inwards longitudinally from the 

edges forming a protective chamber for adults and nymphs. Leaf tips then dry up. 

Management: Flooding the field to submerge plants for 2 days effectively controlled thrips. 

Foliar spray (thiamethoxam – 100g/ha, imidacloprid –125ml/ha, clothianidin 50WDG – 60g/ha 

15.Rice grass hoppers:  

Small grass hopper – Oxya japonica japonica 

Big grass hopper: Hieroglyphus banian 

(Orthoptera: Acrididae) 

Pest status: Grass hoppers are localized in dry regions and can be readily controlled with insecticides. The 

small grass hoppers are sporadic importance. 

Damage: Symptom of damage  -Irregular feeding on seedlings and leaf blade .Cutting of stem at panicle 

stage .Completely defoliate the plants leaving only the mid ribs  

Management:  Bund trimming.Biological Control: Diff. Scelionid parasitic wasp can locate G. H eggs in 

the soil or on the plants. Nymphs and adults are killed by parasitic flies, Nematodes and fungal pathogens. 

Birds, frogs and web spinning spider are major predators. Chemical Control: Granules are not effective 

against G.H. Hence spraying or dusting of chlorpyriphos, malathion are recommended. 

Conclusion 

This study demonstrates that indiscriminate pesticide usage is damaging to human health and the 

environment. Excessive pesticide usage kills beneficial insects and creates pest outbreaks. As a result, 

Integrated Pest Management is the greatest pesticide-free choice for pest management in paddy fields. FFS 

has proven to be the most successful method of increasing farmer awareness of IPM equipment and 

procedures. IPM combines several pest controls approaches such as physical, biological, cultural, usage of 

resistant cultivars, and chemical practises in the paddy field. Although some farmers throughout the world 

have discovered the economic and ecological benefits of IPM, there are still many rice farmers who are left 

to suffer. 
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Abstract 

Utilizing every method possible to control pest populations, integrated pest management (IPM) for cotton 

aims to minimise the need for pesticides while preserving crop viability, productivity, and fibre quality. 

IPM is a practise for enhancing environmental quality, and the effectiveness of an IPM programme is based 

on how environmentally friendly it is. Good integrated crop management would inevitably follow from a 

good IPM programme. The IPM framework is extremely flexible in terms of aims and objectives and 

embraces holistic thinking by continuously upgrading the technical inputs in addition to fixing the flaws 

in existing plant protection techniques. 

Introduction 

In India, cotton takes up 5% of the total cropped land that is divided among three different agroclimatic 

zones. Cotton uses 55% of the nation's pesticides, which accounts for 40% of all production expenditures. 

This information illustrates how pesticide use has increased and how insect pests have an impact on cotton 

production. 

Since the 1980s, concern over the effects of agrochemicals on human health, the environment, and insect 

resistance to pesticides has been a cornerstone. IPM has been in use for almost 15 years, but aside from 

the realization that natural controls are already in place, their conservation and augmentation, better 

cultural practices, the use of resistant cultivars, established monitoring and scouting based economic 

threshold levels (ETLs), and alternative pest control methods like matting disruption through pheromones, 

use of botanicals, and insect pathogens, there hasn't been much of a drop in pesticide use. 

The Status of Cotton Insect Pest 

The uncertain growth characteristics of the cotton crop, both directly and indirectly, provide a wider class 

of Insects with food and shelter. If higher cotton yields are to be attained, management of the more than 

130 insect pest species that affect Indian cotton is necessary. Alliances between already existing insect pest 

species appear to both limit competition between one another and to accord with the phenology of cotton 

growth. Sucking pests like jassid (Amrasca biguttula biguttula Ishida), aphids (Aphis gossypii Glover), 

whiteflies (Bemisia tabaci Gennadius), and thrips (Thrips tabaci Lindeman) have a negative impact on the 

growth and development of cotton. All of these pests have the potential to grow to dangerous proportions 

due to the cotton plant. 

The abundance of alternative hosts, particularly the ongoing production of vegetables in addition to wild 

hosts, makes it easier for them to survive without cotton. While poor crop stand and yield reduction are the 

direct effects of sucking pests during the early season, their attack in the late season (particularly from 

aphids and whiteflies) indirectly lowers the quality of cotton fiber due to honey dew deposits on lint. 

Whiteflies also spread the sickness caused by the leaf curl virus in addition to lint contamination. 

Damage from the Earias, Helicoverpa, and Pectinophora bollworm complex, which consists of three 

bollworm taxa, is incurred on the reproductive period of cotton crop growth. Two species of the former 

genera, E.insulana (Boisd) and E.vittella (F), and one species of the last two genera, H.armigera (Hubner) 

and P.gossypiella, are associated with cotton (Saunders). Malvales are the primary alternate host plants of 

Earias and Pectinophora, whereas Helicoverpa is polyphagous and has emerged as a significant cotton 

bollworm due to the increased intensity of attack in virtually all cotton-growing regions of the nation. 

Lepidopterans, particularly the semilooper Anomis flava (Fabricius), Spodoptera litura (Fabricius), and 
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leaf roller Syllepte derogate (Fabricius), are significant leaf feeders, however grasshoppers and ash weevils 

also eat or notch off the leaves. 

Major Insect Pests of Cotton and their Damage Symptoms 

Sl. No Insect Pest Scientific Name Damage Symptoms 

1 Jassids Amrasca bigutulla 

bigutulla 

Downward curling of leaves, yellowing 

and hopper burn symptoms 

2 Aphids Aphis gossypi Downward curling of leaves and sticky 

bolls due to honey dew deposition 

3 Whiteflies Bemisia tabaci Distorted and wrinkled leaves with shiny 

white patches 

4 Spotted and spiny 

bollworm 

Earias vitellla and 

Earias insulana 
Boremark in the main shoot, feeding holes 

in floral buds and bolls blocked by 

excrement 

5 American bollworm Helicoverpa armigera Little webbing on squares, squares flare 

up, excessive shedding of bolls and buds. 

6 Pink bollworm Pectinophora gossypiella Rosseted bolls with inter loci movement 

7 Semi looper Anomis flava Significant loss of leaf area 

Current Practices in IPM of Cotton 

Cotton pest management strategies must deal with a complex of pests, so the choice of insecticides and 

other tactics will be determined by the pests in question and their relative importance as members of the 

complex. 

Sucking pests during the early stages of crop growth and bollworms during the mid and late seasons are 

the most important pests to control for good cotton crop production. IPM is a necessary component of a 

sustainable cotton production system that consists of two essential elements. The first consists of a series 

of measures that aid in keeping insect pests below economic threshold levels (ETL). Natural control agents, 

host plant resistance, manipulation of agronomic factors such as rotations, spacings, time of sowing, and 

fertilizer applications, in addition to biological control and botanical use, are examples of such control 

methods. 

Natural Control 
Chilomenes sexmaculatus (Fab.) and Chrysoperla carnea (Steph.) are two naturally occurring native 

predators that provide significant control of early season sucking pests. In the presence of coccinellids and 

chrysopids, a predatory prey ratio of 1.5 for jassids and 0.1 for aphids was found to be optimal for natural 

control. Because the use of broad-spectrum insecticides such as organophosphorus components for sucking 

pest control eliminates these natural enemies, a strategy of using sucking pest tolerant genotypes in 

combination with natural enemy exploitation is advocated. 

Resistance of Host Plants 

Cotton's insect resistance is relative. Cotton cultivar differences can thus be used to growers' advantage. 

The most valuable contribution of host plant resistance is pest avoidance or escape by early maturing and 

rapid fruiting cultivars. Jassid resistance is achieved by using hairy cultivars (e.g., PKV 081, NHH 44, PKV 

Hy2, etc.). Glabrous plant types are resistant to aphids, whiteflies, and Helicoverpa; fregobract plants are 

resistant to Helicoverpa and pink bollworm. 

Cultural Control 
Cotton stubbles should be removed and destroyed as soon as possible, followed by deep ploughing to expose 

the carry-over population of bollworms, crop rotation with cereals or pulses, and early sowing of cotton on 

ridges and furrows. The best times to plant in each zone are as follows: northern zone-mid May; central 

zone-15th to 25th May (irrigated), 25th June-8th July (rainfed); southern zone-August. For effective pest 

management, varieties and hybrids should be spaced at least 60 x 30 cm and 90 x 60 cm, respectively. 
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Biological Management 

The use of mass-produced bioagents is widely regarded as a supplement to IPM aimed at reducing over-

reliance on insecticides and their negative consequences. Trichogramma chilonis @ 1,50,000 six times 

starting after six weeks of germination at weekly intervals supplemented with two to three releases Bracon 

brevicornis @ 15000 starting after second release of T.chilonis against spotted bollworm, continuing weekly 

releases of T.chilonis against pink bollworm, and release of T.chilonis Bio C1 or C3 @ 1,50,000 six to eight 

times after 60 days of germination. 

Botanical Management 

Antifeedent / deterrent properties of neem seed kernel extract at 5%, neem formulations at 21/ha, and neem 

or karanj oil at 1% are recommended against sucking pests and bollworms. All botanicals serve similar 

functions as biocontrol agents in terms of conservation of native as well as augmented bioagents and 

reduction in insecticide use in relation to pest population selection pressure. Their high photoinstability, 

suspect quality, and inconsistent pest control efficiency are serious issues that require research and 

demonstration before they can be used as an effective component of IPM. 

Chemical Control 
In areas where H.armigera is a major pest with resistance, strategies for efficient insecticide use are 

imposed, with a strong emphasis on insecticide resistance management, in addition to IPM technologies 

involving other methods of control. Growing sucking pest tolerant genotypes to allow for no spray situation 

up to 60 days followed by endosulfan against H.armigera populations is recommended when resistance 

levels are lower (i.e., up to 90 days after sowing). Later, the recommended insecticide sequence includes 

biorationals such as HaNPV, Bt, and neem. Based on economic thresholds of insect pests, 

organophosphorus insecticides and pyrethroids are recommended at 80-90, 90-110, and 110-130 days of 

crop growth. As a result, insecticide use is restricted to windows associated with crop development stages. 

Conclusion 

The history of cotton production will be difficult to integrate. The impact of IPM programmes varies due to 

regional, time, and crop type heterogeneity. While IPM can be successful when applied over a large area, 

Indian farm holdings are fragmented, making it difficult to measure the benefits of IPM. The success of 

IPM is also dependent on research programmes. IPM practices currently in use include making control 

decisions based on ETL of single pests. However, in order to address multiple pest problems and benefit 

from computer decision models through quantification of pest interactions, estimation of ETLs for 

concurrent multiple pests is required and holds promise for the future.  Also increasing understanding of 

the biology and population dynamics of the pests and beneficials, improves our ability to introduce 

preventive measures to keep pests below damage thresholds- but this work proceeds at a much slower pace 

than development of control techniques. Pest management options should be arrived in consonance with 

weed and alternate hosts of pests, in addition to climatic factors. Further, forewarning systems are a must 

for effective decision making in pest management. With improved information technologies, regional 

advisory services should gear up to guide farmers for situations ranging from “spray or no spray” to “grow 

or don’t grow cotton” decisions. 
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Vegetables occupy an important place among the food crops as these provide adequate amounts of vitamins 

and minerals and improve human health. In nature, there are many underutilized greens of great nutritive 

value, which can nourish the increasing human population. They are rich source of proteins, vitamins and 

minerals. 

Many of them are naturally growing in Kashmir valley and are resilient, adaptive and tolerant to adverse 

climatic conditions and their taste is acceptable to the local population. They often have medicinal 

properties and provide options for improved incomes to the poor. Some of the underutilized vegetables that 

are popular in Kashmir are mentioned and briefly discussed below. 

Pie-Plant/ Rhubarb 

Rhubarb, Rheum rhabarbarum belonging to family Polygonaceae is known as Pambh haakh in Kashmiri. 

It grows mostly under shady areas and moist soils. The genus Rheum includes perennial plants that grow 

from thick short rhizomes. The plants have large leaves that are somewhat triangular in shape with long 

fleshy petioles. The flowers are small, greenish-white to rose-red. Rhubarb cooked with fish is a delicacy in 

Kashmir. In 5-star hotels, Rhubarb is used in making pie which is a hit among the foreign tourists. The 

roots and stems are rich in anthraquinones, such as emodin and rhein. These substances are cathartic and 

laxative, because of which this plant has slimming effect. Rhubarb is also used for its astringent effect on 

the mucous membranes of the mouth and the nasal cavity. 

 
The Kashmiri Pamb Haakh 

Sorrel 
Rumex obtusifolius of the family Polygonaceae is popularly known as Abuj in the local language here in 

Kashmir where it is found as an occasional weed in the fields and vegetable growing areas. It grows under 

shady places. The genus Rumex has plants that are erect, usually with long tap roots. The fleshy to leathery 

leaves form a basal rosette. The leaf blade margins are entire or crenate. The flowers and seeds grow on 

long clusters at the top of a stalk emerging from the basal rosette, in many species the flowers are green, 

but in some the flowers and their stems may be brick-red. The leaves of most species contain oxalic 

acid and tannin, and many have astringent and slightly purgative qualities. Rumex acetosella, common 

sorrel is grown as garden herbs for their acidic taste.  The leaves are a traditional remedy for the sting 

of nettles which are said to be cured by vigorously rubbing a sorrel leaf onto the affected area. 
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The Kashmiri Abuj 

Knapweed/ Star-Thistle 

Knapweed known as Kretchh in Kashmiri belongs to family Asteraceae and botanically is Centauria iberica 

which is a common weed of fallow lands, orchards, roadsides and grasslands. It is an annual or biennial 

robust herbaceous weed which is rich in Vitamin A. The local goldsmiths and artisans of Kashmir consume 

this vegetable with the aim of improving their vision. The plants have erect stem. In some species, the 

leaves are spiny and deeply divided into elongated lobes. The colour of flowers ranges from intense blues, 

reds and yellows to any mixture of these and lighter shades towards white. The seeds sprout in early spring 

and flowering and fruiting lasts from July to September. 

 
The Kashmiri Kretch 

Lotus Stem 

Botanically Nelumbo nucifera locally called Nadru in Kashmiri belongs to family Nelumbonaceae. It is an 

aquatic perennial. In Kashmir Lotus is found in the waters of Dal Lake, Anchar Lake and Mansbal Lake. 

The Nadru/ Lotus stem of Dal Lake is famous for its taste. The roots of Lotus are planted in the soil of the 

pond or river bottom, while the leaves float on top of the water surface. The flowers are usually found on 

thick stems rising several centimeters above the water. Boiled, sliced lotus roots are used in various Asian 

cuisines. The seeds, stem and roots/rhizomes are all edible. The distinctive dried seed heads or nuts locally 

known as “Phambach” are sold in valley and can be eaten raw, either fresh or dried. The Nadru has a 

crunchy texture. In Kashmiri cuisine, it is popularly cooked with fish and also with yoghurt which is locally 

called Nadru Yakhni. Lotus roots have been found to be rich in dietary fiber, vitamin C, potassium, 

thiamine, riboflavin, vitamin B6, phosphorus, copper, and manganese, while very low in saturated fat. Most 

importantly it contains iodine and is used for curing goiter/ hypothyroidism, while the seed heads are used 

for curing intestinal disorders. 
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Abstract 

Cucurbits are the vegetables which are members of the Cucurbitaceae family, which is predominantly made 

up of species that are eaten as food on a global scale. From seedling until harvest, different insect pests 

target these vegetables. Cucurbit insect pest infestations result in significant financial losses for farmers 

due to decreased yield, increased production costs, and decreased product quality. Use of cultural, 

mechanical, biological, and chemical techniques is necessary for effective, economical, and sustainable pest 

management. IPM includes the strategic use of pest-resistant cultivars, tracking the prevalence of pests, 

cultural practises, mechanical pest removal, biological management, and the application of selected 

insecticides when needed.  The goal of the pest management programme for cucurbits is to create a routine 

scouting schedule to gather data on insect pest populations that will be used to decide whether insecticide 

applications are required. Most of the varieties of cucurbits share a few extremely significant pests like 

beetles, bugs, mites, and aphids. Some pests are more particular than others, such as the vine borer, which 

targets pumpkins and squash. The cucurbits aphid (Aphis gossypii), leaf-eating caterpillar (Diaphania 

indica), hadda beetle (Epilachna vigintiopunctata) and cucurbit fruit fly (Bactrocera cucurbitae) were all 

successfully eliminated using the organic and inorganic technique. 

Keywords: Cucurbits, pest, identification and management. 

Introduction 

Cucurbits are members of the Cucurbitaceae family, which has 825 species and 118 genera. In most of the 

world, cucurbits like cucumbers, melons, watermelons, squash, gourds, and pumpkins are frequently 

farmed. From sowing to harvest, a number of insect pests attack these crops. Although there are a large 

variety of cucurbits most have a few very important pests in common such as cucumber beetles, squash 

bugs, mites and aphids. Despite the wide range of cucurbits, the most of them are susceptible to a few 

highly serious pests including cucumber beetles, squash bugs, mites, and aphids. Certain pests are more 

specialised, such as the squash vine borer, which mostly targets pumpkins and squash but infrequently 

targets watermelons, cucumbers. The secret to any effective pest management programme is to create a 

routine scouting schedule to gather data on insect pest numbers and evaluate whether pesticide 

applications are necessary. The availability of novel control technologies has increased significantly in 

recent years, making management of insect pests in cucurbits a continual task for growers. In comparison 

to the earlier, broad-spectrum compounds, the new insecticides typically function against a smaller variety 

of pest species. As a result, it's essential to correctly identify the pest that needs to be controlled and assess 

its damage potential. 

Melon Fruit Fly, (Bactrocera cucurbitae) 

The melon fruit fly, Bactrocera cucurbitae, is a dipteran insect with a yellowish-brown colour. It is 

indigenous to India and is widely dispersed throughout the world's tropical, subtropical, and temperate 

regions. The melon fruit fly feeds on about 125 different plant species, predominantly cucurbits like gourds, 

cucumber, pumpkin, squash, and other crops like tomato, green beans, egg plants, etc. With the help of her 

strong, pointed ovipositor, the female adult punctures the delicate and delicate fruits, laying eggs just below 

the fruits' skin. The maggots begin feeding inside the fruit pulp after they hatch. A water-soaked 

appearance of fruits develops as a result of larval feeding, these punctures and feeding tunnels provide 

entry points for various bacteria and fungi and result of this, the infested fruit start rotting, distorted and 

malformed fruits from plants pre-maturely. About 1000 white colour eggs in the batches of 1-40 slender (2 

mm long) are laid by a single female. Dirty white coloured apodous maggots are cylindrical, elongate (7-12 
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cm). The maggot developmental period is 3 to 21 days depending on the temperature and host. Pupation 

occurs in the soil at the depth of 0.5 to 15 cm, pupal period is about 7-13 days depending on host and 

temperature. Adults are long lived about 150 days. Melon fruit fly can destroy fruit completely in all types 

of cucurbits. 

Management: We cannot rely on insecticides to manage this pest since cucurbit fruits are plucked at 

irregular intervals for marketing and self-consumption. However, in cases of severe infestation, it is vital 

to employ low residual toxic pesticides with short waiting periods. Therefore, a variety of strategies should 

be utilised to manage fruit flies in light of the importance of crops and this pest. These strategies are as 

follows. 

Cultural methods: The best strategy for controlling melon fruit flies is field sanitation. By removing and 

destroying infested fruits daily from the field and burying the dam-aged fruits 0.46 m deep into the soil, it 

should be done to reduce pest intensity and break the reproduction cycle. Bagging of cucumber fruits after 

3 days of anthesis and bag should be kept for 5 days for effective control. 

Biological control: Opius fletcheri is a prominent parasite of B. cucurbitae.  The parasitization rate of B. 

cucurbitae by O. flatcheri in M. charantia ranges from 0.2% to 1.9%. After 6 days of exposure, a nematode 

known as Steinernema carpocapsae Weiser (Neoaplectana carpocapsae) has been observed to produce 0-

86% mortality in melon fruit flies. The fungus Gliocladium virens has been discovered to be effective against 

adult flies, and the culture filtrate of Rhizoctonia solani acts as an efficient bio-agent against maggots. 

Trichoderma viridae Pers., G. virens, and R. solani culture filtrates negatively impact B. cucurbitae 

ovulation and development. 

Chemical Control: Some synthetic pyrethroids, spinosad, parathion, malathion, and pyrethrin, have been 

found to be effective against severe pest infestations when applied topically. 

Striped and Spotted Cucumber Beetles (D. undecimpunctata) 
On all cucurbit crops, the striped cucumber beetle and the spotted cucumber beetle are the most frequent 

insect pests. From the development of new seedlings until fruit ripening, they seriously harm the 

environment. The rind of maturing fruits is consumed by the second generation of these insects, which may 

appear just before harvest. The larva of the spotted cucumber beetle (D. undecimpunctata) is 0.6-1.2 cm 

long (1.9 cm at full size), yellowish white with a brown head, and has a brown spot at the tail end. The 

adult, which is about 6 mm long and has a yellow-green body with 12 black dots from which its popular 

name is derived, has a black head with black antennae. Powdery mildew, black rot, and Fusarium wilt can 

all be made more common by cucumber beetles, who also spread squash mosaic virus and bacterial wilt. 

By eating on the roots, stems, leaves, and fruits of plants, they also directly harm the plants. They serve 

as an alternative vector for spreading the squash mosaic virus from one plant to another. 

Management: The cucumber beetle is challenging to manage. Early intervention is essential for its 

management in large-scale commercial cucurbit production. Adult beetles must be the target of pesticide 

applications. Spotted cucumber bug larvae grow outside of cucumber fields, but striped cucumber beetle 

larvae are found on the roots where control is challenging.Techniques for population monitoring are 

frequently employed, such as crop scouting and sticky traps. After planting or as soon as seedlings appear, 

monitoring should continue through the fruiting stage. The undersides of the leaves and plants at the field's 

corners require special attention. The average number of beetles per plant is calculated using population 

counts. 

Squash Bug (Anasa tristis): Although it has been claimed that the squash bug attacks almost all 

cucurbits, oviposition, high rates of reproduction, and survival are most common on squash and pumpkin. 

It severely harms cucurbits by injecting the plant with highly toxic saliva. The main area of infestation is 

on the wilting, blackening, and dying foliage. Moreover, the fruits are contaminated. The term "anasa wilt" 

is sometimes used to describe plant withering. The vector for the yellow vine decline disease, which affects 

melons, watermelons, and pumpkins, is this bug, which is more significant. 

Management: Row covers (made of plastic and spun-bonded materials) should be applied after planting 

and gradually removed at the start of bloom, or earlier if necessary. By giving ground beetles, a major pest 

of squash bug eggs, cover and an alternate food source, straw mulch aids in the management of squash 

bugs. The direct advantages of squash bugs themselves may not always outweigh the indirect advantages 
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of mulching caused by improved biological control. Because they are the most popular crops, pumpkin, 

watermelon, and squash suffer significant harm, whereas zucchini is less vulnerable. Squash planting can 

be utilised as a trap crop near other cucurbits due to its preference for squash, and the trap crop can be 

sprayed with an insecticide to manage the infestation. There are several known natural enemies of squash 

bugs, but wasp egg parasitoids are the main ones (Hymenoptera, Encyrtidae, and Scelionidae). Trichopoda 

pennipes, a common parasitoid, is the most well-known natural adversary. 

Aphid (Myzus persicae) 
Many species can be found in a cucurbit field, but the most destructive species present are the melon and 

green peach. Small, soft-bodied insects known as aphids come in a variety of hues, including pale yellow, 

red, green, and even black, depending on the host plant, the aphid species (some aphids can have many 

colours), and the season. Aphids rarely cause harm by direct feeding that is severe enough to kill plants. 

They penetrate plant tissue with needle-like mouthparts, which may cause blossoms to fall off or new 

growth to coil or be stunted. They also create honeydew, a sticky substance that is a substrate for the sooty 

mould fungus and is difficult to remove off fruit, rendering the fruit unusable. The pear-shaped melon 

aphid (Aphis gossypii), which can range in colour from yellow to green to deeper shades, always has dark 

cornicles (slender tailpipe-like appendages, red arrows). 

The pear-shaped green peach aphid (Myzus persicae) has a pale yellow to green colour and green cornicles. 

Nymphs, or live young, are born to adult females. Nymphs resemble adults in terms of colour and structure 

although being a little smaller. The host range of cotton aphid, often referred to as melon aphid, is 

enormous. The green peach aphid spreads viruses as it feeds from one plant to another and enters melon 

fields in large numbers from the surrounding vegetation. 

Management: Aphid populations are greatly impacted by biological management by natural enemies such 

as predators, parasitoids, and diseases. Plants with light to moderate aphid infestations attract beneficial 

insects. Aphids may be devoured in great quantities by these natural enemies. However, because aphids 

have such a high capacity for reproduction, the effect of their natural enemies could not be enough to control 

aphid populations at or below acceptable levels. Petroleum oil, primicarb, and potassium soap are examples 

of organic chemical controls. It is advised to use Endosulfan, Dimethoate, Lannate, Fulfill, and Actara to 

control aphids. Before eliminating old crops, kill aphids with a detergent and vegetable oil solution to 

prevent winged virus-infected aphids from spreading to nearby crops. Aphids can be controlled using 

cyclomethrin (0.01%), acetamiprid (0.01%), bifenthrin (0.01%), or malathion (0.05%). 

White Fly (Trialeurodes vaporariorum) 
Whiteflies are tiny insects that are between one and five millimetres long. The adult's body and wings are 

covered in a fine, whitish powdered wax. Nymphs are prevalent on older leaves, while adults and eggs are 

typically found on younger leaves. A female deposit about 300 oval-shaped eggs, which are laid by cutting 

a slit in a leaf. The eggs are white at first, turning brown, and hatching takes 8 to 10 days. While the 

remaining instars are sessile and complete their life cycle on the same feeding site, the first instar, known 

as the crawler, wanders around to hunt for feeding locations. The toxin that the silverleaf whitefly injects 

into the plant causes the underside of freshly developing leaves to become white. Younger plants are more 

susceptible to severe harm than older plants. By eating on the cucurbits and serving as a virus vector, 

whiteflies directly impact them. White flies are the only vectors of the viruses that cause cucurbit yellow 

stunting disorder, cucurbit chlorotic yellow virus, beet pseudo yellow virus, and lettuce infectious yellows 

virus in cucurbits cultivated in fields and greenhouses. Whiteflies also excrete honeydew which promotes 

the growth of sooty mould on leaves and economic plant parts. 

Management: Some typical cultural practises to stop the accumulation of whiteflies include crop rotation, 

mulching, floating row covers, non-infested transplants, cover crops, and proper field hygiene. Infestation 

intensity may be reduced by postponing planting or using host-free times as temperature and rainfall affect 

the dynamics of the whitefly population. It has been discovered that soil ground covers, such as live or 

synthetic mulches, can reduce the prevalence of whiteflies. Natural enemies can also use to reduce the 

white fly infestation, Natural enemies like Encarsia Formosa and Entomopathogenic Fungi based products 

like verticillium lecanii, B.bassiana are very useful to supress the white fly infestation both in field and 
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green house. Neonicotiniod insecticides like imidachloprid or thiomethoxam when applied to soil at the 

time of planting reduces the whiteflies infestation. 

Conclusion 

Cucurbits suffer substantial production and quality losses as a result of insect pest attacks. A significant 

portion of the fresh market vegetable crops are of the cucurbitaceous variety. The majority of contemporary 

pest control still relies on chemical pesticides, and an over-reliance on chemicals results in environmental 

pollution, a return of pests, a rise in pest resistance, and a disruption of the equilibrium between pests and 

their natural enemies. As insecticide residue remains in these veggies for longer periods of time, there are 

also genuine and significant hazards to human health and the environment. In order to reduce the risk 

associated with chemical pesticides, an integrated approach that incorporates pest monitoring, cultural 

methods like field rotation, the use of mulches and trap crops, and shifting planting dates, resistant 

cultivars, biological control, botanicals and biopesticides, and the prudent use of chemicals is recommended. 

The treatment of these pest issues with cucurbits requires an efficient integrated pest management 

approach. Sustainable cucurbit production can be achieved by paying close attention and implementing 

IPM strategies. 

References 
1. Pandey KK, Pandey PK, Satpathy S. Integrated management of diseases and insects of tomato, chilli and cole crops Tech. 

Bull. Indian Institute of Vegetable Research, Varanasi, 2002; 9:1-22. 

2. Magallona ED. Studies for the control of insect pests of cruciferous vegetables with emphasis on Plutella xylostella Linn. Ann. 

Rep. (1976-77), UPLB-PCARR 1977; 207:35. 

3. Capinera JL. Spotted cucumber beetle or southern corn rootworm, Diabrotica undecimpunctata Mannerheim (Coleoptera: 

Chrysomelidae). Encyclopedia of Entomology. Capinera, J.L. (ed.). 2ndEdition. Springer, the Netherlands. 2008, 3519-3522. 

4. Diver S. (Updated by Tammy Hinman). Cucumber beetles: Organic and biorational integrated pest management. ATTRA 

Publication, 2008. #IP212. http://attra.ncat.org/attra-pub/PDF/cucumberbeetle.pdf. 

  



 

 
Volume 04 - Issue 11 - November 2022       40 | P a g e  
 

Importance of Forecasting Agricultural Prices Using 

Time Series Models 
Article ID: 38413 

Harish Nayak G. H.1, G. Avinash1 
1Division of Forecasting and Agricultural Systems Modeling, ICAR-Indian Agricultural Statistics 

Research Institute, Library Avenue, New Delhi – 110 012. 

 

 
 

Introduction 

Agriculture is at the heart of the Indian economy, and any significant changes in the sector have a 

multiplier effect on the entire economy. It employs more than 50% of the workforce and contributes 

approximately 17% to the Gross Domestic Product (GDP). The country's largest industries, such as sugar, 

textiles, and food processing, rely on agriculture and allied services for raw materials. Paddy, wheat, pulses, 

edible oil, and horticulture are among the major crops grown in India. Other important allied services 

include poultry, fishery, and animal husbandry. Despite robust demand, attractive opportunities, and 

policy support, the sector is plagued by high price volatility, low farmer income, skewed MSP rates, and a 

lack of credit facilities. As a result, a long-term strategy for assessing demand and supply and forecasting 

crop prices is required. 

Crops of Importance 

In cereal-centric agriculture, the prices of paddy, wheat, and pulses are critical. Prices of vegetables such 

as potatoes, tomatoes, and onions must also be closely monitored because they affect the country's food 

inflation rates. Furthermore, under the MSP regime, the prices of 24 commodities, including 8 oil seeds, 

raw cotton, raw jute, and copra, are critical in determining minimum support prices as well as procurement 

prices for the Public Distribution System (PDS). As a result, agricultural prices have a direct impact on 

producer income and the nation's food security. 

Data Sources 

The Ministry of Agriculture's Directorate of Economics and Statistics, Agriculture (DESAg) is the primary 

source of agricultural statistics. Other data sources include the National Sample Survey Organization 

(NSSO), the State Directorate of Economics and Statistics (DES), and the Central Statistical Organization. 

A significant portion of this data is time series data, which measures agricultural prices at various time 

intervals - yearly, monthly, quarterly, or daily. These price series demonstrate trends, as well as the 

seasonality and cyclical nature of agricultural prices. 

These agricultural price time series data can be used to forecast short-term and long-term price estimates. 

It can aid in identifying price patterns and seasonal variations, particularly concerning production during 

the Kharif, rabi, and Zaid seasons. Agricultural price forecasting is also important for determining subsidy 

rates, minimum support prices, export prices, and so on. 

Thus, agricultural price volatility is being monitored and controlled, and policies to mitigate any adverse 

situations are being planned. Crop price time series can also aid in understanding, interpreting, and 

explaining instances of the economic crisis in the agricultural sector. 

Such time series intervention analysis can also help us understand the impact of sudden price changes on 

other sectors and the overall economy. 

Time Series Models 

There are several time series models available in the literature to analyse the agricultural price series 

(time series data). Statistical models such as Autoregressive Moving Average (ARMA), Autoregressive 

Integrated Moving Average (ARIMA), Seasonal ARIMA (SARIMA), and others, as well as recently 

developed machine learning models such as Artificial Neural Network (ANN), Support Vector Machine 

(SVM), and others, can be used to efficiently predict time series data and make accurate forecasts. 
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Conclusion 

Forecasting future values using historical data and appropriate models is extremely useful in assisting 

farmers and policymakers in making sound decisions. This article emphasizes the significance of 

forecasting agricultural prices. 
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Summary 

Plants are thought to be inactive beings and their growth and survival are believed to be an equally 

complicated process as that of any eukaryotic organism. They don’t appear to have any behavior or 

intelligence as there isn’t any visible movement in them. The plant kingdom covers almost more than half 

of the earth’s biomass. Therefore, to have such a wide establishment and adaptation they must have an 

efficient mechanism equivalent to the human brain to remember and analyze past experiences and to 

improve their fitness and adaptation. Indirectly their ability to cope with the environmental conditions and 

the mechanism they adopt to withstand any stressful situation can be termed their intelligence. It is 

interesting to know that plants can sense smell and respond to sound and also can communicate with 

neighboring plants and transmit warning signals. Plants also keep memory generally called priming. 

Introduction 

It is interesting to learn that plants like animals are also very well aware of their environment, in other 

ways we can say plants are also conscious of their surroundings. If intelligence is measured as an ability 

to unravel problems or act in a smarter way to overcome the stress condition, then yes plants are so 

intelligent. Intelligence is nothing but a smart choice. Everything needs to be chosen between options of 

various kinds. Plants do make intelligent choices for their survival. For example, which host plant to climb 

for better nutrition, which direction it should grow, at what season it should shed leaves, etc. To carry out 

this complex process of decision making it need complex signal generation and transmissions. In humans, 

it is done by well-developed neurons and neurotransmitters. But plants cannot get away from danger or 

walk away from sun or rain so they develop special ways to sense the world. This ability of the plant to 

sense its environment ie., space and position is termed proprioception.  

Plants possess gravity-sensing cells at the tip of the root, which contain bead-like particles called statoliths. 

These sense gravity and tell the root which way to grow. Shoot also contains similar sensing particles which 

set the shoot to grow away from gravity. The phenomenon in which plants bend towards light is called 

phototropism. The cells in the plant tip sense the light and enable the plant to grow towards the light. 

Plants can also measure the amount of light they get, this phenomenon is termed photoperiodism, using 

which plants track the seasons and controls their flowering time. 

Do Plants Smell 
The tip of growing seedlings seeks the smell and recognize volatile compounds generated by the neighboring 

plants as a signal for switching on their specific metabolic activity. They also emit several volatile organic 

compounds under threats of danger to warn the neighboring plants. These volatile organic compounds are 

generated also to attract pollinators to ensure the reproduction mechanisms. The volatile compounds are 

produced for communication between the plants as well as within the plants. Mechanical wounding in older 

leaves generates VOC as a warning signal to increase the pyrethrin content in younger intact leaves to act 

as a defense against herbivores. The tip of Cuscuta seedlings can smell the volatile compound produced 

from the tomato plant and direct their growth toward the host tomato plants. Thus, sensing the smell 

enables the plants even to find the presence of a suitable host. 

Do Plants Respond to Sound 

Plants can respond to sound vibrations. Several studies reveal the interesting note that sound waves at 

different frequencies, sound pressure and their exposure period as well as the distance from the source of 

sound influence plant growth. Scientific studies have proven that the sound waves at 1 kHz and 100 dB for 

one hour within a distance of 0.20 meter significantly promotes cell division and enhances protective 

enzyme activities. 
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Do Plants Keep the Memory 

In humans memorizing is the sole function of brains but plants lack brains and neural tissues, instead, 

they possess a sophisticated calcium-based signaling network in their cells similar to the animal memory 

process. The incidence of first stress is captured by the plant as memory, when the plant acquaints with 

the stress for the second time it can respond to the stress much faster than earlier. the learned memories 

can create behavioral differences. This mechanism in plants is also termed priming. This priming can last 

for years and in certain cases can survive meiosis, resulting in epigenetic changes. 

Conclusion 

Intelligence is generally considered property of the brain, but the studies on plant intelligence prove that 

plants even without a brain can make choices, improve their behavior, overcome stress conditions, 

memorize the learning from the past, etc. Thus, it can be said that plants too are intelligent in their way. 
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Introduction 

Coffee belongs to the family Rubiaceae, one of the largest families in the plant kingdom. It comprises almost 

500 genera and more than 6,500 species. Species in this family include trees, shrubs, and herbs. Grow 

widely in tropical and sub-tropical regions throughout the world and are found in the lower story of forests. 

Few major pests are being dealt hereunder for proper management. 

The Coffee Berry Borer 

Hypothenemus hampei (Scolytidae: Coleoptera).  

a. This is an exotic pest introduced in Tamil Nadu (Gudalur, Kilkotagiri), Kerala (Wayanad) and 

Karnataka (Kodagu).  

b. The adult is a tiny black beetle. The female beetle is 1.5-2 mm long. Its head is so defexed under 

the thorax that its mouthparts occur closer to the front legs.  

c. The female beetle makes a clean-cut circular hole (0.8 mm dia) almost always in the tip of the 

berry in the naval region and bores in for a short distance.  

d. The infested berries have a distinct blue green staining.  

e. Up to 12 larvae can be seen inside a berry. 

f. Over ripe berries has holes on the sides too.  

g. The infested berries fall.  

h. Nearly 30-80 % of the berries are damaged.  

Life cycle: 

a. The female lays about 50 eggs in the tunnel made by it on the mature berry.  

b. The eggs hatch in 5-9 days.  

c. The apodous larva with a brownish head feed on the berry making small galleries off the main 

tunnel bored by the adult.  

d. The total life cycle occupies 25-36 days.  

e. The adults live for about 5 months. The female to male ratio is 10:1. The males are not able to fly. 

Management: 

a. Destroy the infested berries by burning 

b. Use the infested berries after dipping in boiling water for 2-3 minutes. 

c. Collect the fallen berries (gleanings) thoroughly leaving none on the ground.  

d. Remove the unseasonal berries. 

e. Do not leave behind any berry on the plants after the harvest. 

f. Avoid excessive shade and regulate the shade. 
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g. Never allow the coffee plant to grow too high to reach. Remove the dead branches and prune the 

plants to facilitate better ventilation and illumination. 

h. The fungus Beauveria bassiana kills the borers when the humidity is high. 

i. The exotic parasitoids introduced from Indonesia, Sri Lanka and Brazil, namely, Cephalonomia 

stephanoderies and Prorops nasuta can be multiplied on the berries infested by the borer and 

released inundatively in the field. 

j. Crematogaster curvispinosa is predaceous on coffee berry borer. 

k. Take simultaneous plant protection in all plantations. 

l. Set up traps with ethyl: methyl alcohol (1:1) to attract adults. 

m. Spray, if necessary, endosulfan 35 EC 340 ml/200 litre 120-150 days after flowering.  

n. Follow post-harvest precautions and seed quarantine to check the spread by cross–infestation. 

o. Fumigate all gunny bags both at estate level and at curing level before filling them with berries.  

p. The beetle cannot thrive in berries that are dry enough. So, dry the berries to the prescribed 

moisture level while processing at the estate level:  

i. Arabica/robusta parchment 10 % 

ii. Arabica cherry 10.5 % 

iii. Robusta cherry 11.0 % 

The Coffee Green Scale 

Coccus viridis (Coccidae: Hemiptera) 

a. The coffee green scale is a regular pest of arabica and robusta.  

b. It occurs virtually in all countries where coffee is grown. It is found on coffee from low-lying coastal 

areas up to 1200 m.  

c. The pest occurs on a number of plants other than coffee such as cassava, citrus, guava, mango, 

tea, avocado, fig and rubber. 

Damage symptoms:  

a. The infestation by the bug has a seriously debilitating effect on the coffee plant particularly on 

young bushes.  

b. Heavy attack which occurs in dry areas arrests the growth of the bush, reduces the flowering and 

causes fruit shedding when the fruits are attacked.  

c. The damage is mainly to coffee bushes under five years of age and most severe in drought. 

Life cycle: 

a. The female insects are long, fairly flat and pale green when young but dark brown when older. 

They cluster on the shoots, leaves and green berries. Their skin is soft and the body edge very thin.  

b. The female may lay 500 to 600 eggs, which are deposited under the body. The eggs hatch within 

a few hours in to crawlers. 

c. They pass through three instars before becoming an adult female. It takes one to three months to 

complete the life cycle.  

d. The insect lives for 3 to 7 months. Reproduction goes all round the year. As no males have been 

identified, it is said to be parthenogenetic.  

e. The insect feeds on the under surface of leaves, rarely on the upper surface. They also feed on 

green shoots and occasionally on green berries. 

Management: 

a. The white halo fungus Verticillium (Cephalosporium) lecanii is the most widely distributed 

parasitic fungi. It is effective in tropical conditions of high humidity. In the rainy season it is 

particularly devasting, but in the dry conditions it is ineffective. Spray V. lecanii @ 6 x 106 spores/ml. 

b. Addition of glycerol as a humectant can increase the efficiency of the fungus, V. lecanii on C. 

viridis.  

c. The scales are parasitised by Coccophagus spp. and predated upon by Chilomenes sexmaculata 

and Chilocoris nigritus (Coccinellidae).   

d. Release the coccinellid predator, Cryptolaemus montrouzieri @ 3000 beetles/acre. 

e. Insecticides are more toxic to the natural enemies than to the pest. 
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Coffee is also infested by the red scale, Saissetia hemisphaericum; the black scale Saissetia nigra; and the 

brown scale Saissetia coffeae (Coccidae). 

The White Stem Borer 

Xyloterchus quadripes (Cerambycidae: Coleoptera) 

a. This is a major pest in south India. It attacks arabica coffee grown under inadequate shade. 

b. The grub bores into the bark and tunnels in all directions within the stem, feeding on the internal 

tissues.  The stem and branches are killed as a result. Young bushes suffer the most. The older 

plants lose their vigour and the yield gets reduced.  

c. The adult is a dark brown beetle having several white markings on the elytra and thorax. It is 8 

mm long.  

d. Eggs are laid on the stem under the bark or under the moss growing on the stem. They hatch in 

9-15 days. 

e. The pale-yellow larva burrows through the stem for about 9 months.  

f. Pupation takes place within the tunnel with an exit hole.   

g. The adult emerges in a month. 

Management: 

a. The grubs are parasitised by Metapelma sp. and Camploneurus sp.  

b. Swab the main stem and thick primary branches with lindane 20 EC dissolved in 180 litres of 

water or carbaryl 0.1 %. 

c. Padding with absorbent cotton dipped in monocrotophos 36 WSC 5 ml after making a window in 

the stem (5 cm x 5 cm) is effective. 

The Red Borer 

Zeuzera coffeae (Zeuzeridae: Lepidoptera) 

a. The red caterpillar of this white moth with spotted wings bores into the stems.  

b. The attacked plants show bore holes on the stem and accumulation of chewed fibre at the base of 

the plant.  

c. The life cycle is completed in 4-5 months. 

The Coffee Twig Borer 

Xylosandrus compactusi (Scolytidae: Coleoptera) 

a. The larva bores into the twigs of robusta coffee resulting in die–back symptoms. 

b. The pest thrives under heavy shade. 

c. Regulate the shade by pruning the branches. 

d. Spray endosulfan 35 EC 2 ml/litre. 

Conclusion 

An integrated approach of managing these pests is required to avoid pesticide residue problems since it 

becomes part of our daily consumption. 
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Abstract 

The Brassicaceae family, which contains the genus Brassica, is home to several vital plants, such as quality 

food and industrial oils, common vegetables, and weeds. The aggressive onslaught of several pests and 

diseases not only lowers crop quality but also adversely impacts many oil-producing brassica crops' oil 

content. To protect the crop from the effect of harmful diseases and insects, integrated pest management, 

is a widely used approach to supporting sustainable pest management of mustard crop. The need for 

environmentally sustainable agricultural practices is recognized worldwide given the widespread ecological 

imbalances, which are caused by highly intensive agricultural systems. To address the adverse impacts of 

chemical pesticides in the ecosystem Integrated pest management has evolved to manage the pest 

population below the economic threshold level (ETL). This article will help the reader to know, how to 

control the major and minor insect pests of rapeseed and mustard crop in a sustainable way by use of 

parasitoids, predators, and by use of biorationals pesticides. 

Introduction 

Rapeseed-mustard belonging to the family Cruciferae (syn. Brassicacae) is the third most important oilseed 

crop grown in the world after soybean (Glycine max) and palm (Elaeis guineensis). India is one of the major 

rapeseed-mustard growing countries in the world, occupying the fourth position in the area (19.8 percent) 

and production (9.8 percent) after Canada, China, and the European Union. In India, rapeseed-mustard is 

the second most important edible oilseed after groundnut, which shares 27.8% of India’s oilseed economy 

with production and productivity of 72.42mt and 1980 kg/ha respectively (Bhanu et al. 2019; Anonymous, 

2019B). The rapeseed-mustard broadly comprises Indian mustard (Brassica juncea), yellow sarson 

(Brassica rapa L. var. yellow sarson), brown sarson (Brassica rapa L. var. brown sarson) and Toria 

(Brassica rapa L. var. toria) (Bhanu et al., 2019). It is primarily cultivated in various agro-ecological 

conditions of Rajasthan, Uttar Pradesh, Madhya Pradesh, Bihar, Assam, Gujarat, Maharashtra, Haryana, 

and West Bengal (Das et al., 2019). Besides this, it is also grown in some non-traditional areas of South 

India including Andhra Pradesh, Karnataka, and Tamil Nadu (Bhanu et al., 2019). Rajasthan occupies the 

first position in terms of area (2.37 million hectares), production (4.37 million tonnes), and productivity 

(1720 kg/hectare), while Bihar produces 0.11 million tonnes from an area of 0.08 million hectares with 

average productivity of 1305 kg/hectare (Anonymous, 2019A) 

Despite the high quality of the oil content and meal, as well as its resilience to a wide range of agro-climatic 

conditions, the area, production, and productivity of rapeseed-mustard in India have fluctuated due to 

biotic factors (Kumar et al., 2008). In India, thirty-eight insect pests have been associated with the 

rapeseed-mustard crop. Based on their economic importance, the aphid, Lipaphis erysimi (Kaltenbach) is 

the key pest of the crop. Other major pests are sawfly, Athalia lugens proxima (Klug), leaf miner, 

Chromatomyia horticola (Goureau), painted bug, Bagrada cruciferarum (Kirkaldy). The crop is also 

manifested by Bihar hairy caterpillar, Diacrisia abliqua (Walker), green aphid, Myzus persicae (Seltzer), 

cabbage butterfly, Pieris brassicae (Linnaeus), flea beetle, Phyllotreta cruciferae (Goeze), etc. Recently as a 

result of climate changes infestation of pests like leaf webber, Crocidolomia binotalis (Zeller), whitefly, 

Bemisia tabaci (Gennadius) and borer, Hellula undalis (Fabricius) is also observed. Among these, the 

aphid, L. erysimi is the key pest in all the mustard-growing regions of the country (Khedkar et al., 2012). 

This pest alone causes 35.4 to 96.0 % yield loss, 30.9 percent loss in seed weight, and 2.75 percent loss in 

oil content (Sahoo, 2012). 

Chemical measures to combat the menace of mustard aphid are prone to violate the environmental quality, 

botanical insecticides of plant origin are good for keeping the pest population from reaching to the economic 

threshold level (ETL). Apart from the plant origin insecticides, bio-control agents like, coccinellids, 
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chrysopids and syrphids have been reported to be effective for controlling the aphids, L. erysimi. The 

coccinellid, Coccinella septempunctata L. has been reported as one of the potential predators of aphids 

(Jandial andMalik 2006). They are of great economic importance because a large majority of them are 

predaceous both in their grub as well as adult stages on the various small-bodied insects including aphids. 

According to Food and Agriculture Organization (FAO), IPM is defined as ‘A pest management system that 

in the context of the associated environment and the population dynamics of the pest species utilizes all 

suitable techniques and methods, in a compatible manner as possible and maintains the pest populations 

at levels below those causing economic injury. 

Integrated Pest Management Strategy for Rapeseed and Mustard 

1. Field monitoring and scouting: Surveillance of pest occurrence in the field should commence soon 

after crop establishment after transplanting and at weekly intervals thereafter. In each of the fields, s at 

each spot for recording counts of insects as per procedure finalized for individual insects. Pheromones and 

other semiochemicals offer a lot of potential when it comes to insect pest control. 

For aphids and painted bugs: Count and record the number of both nymphs and adults on five 

randomly selected leaves per plant.  

For leaf miners: Only the number of live mines on five leaves randomly selected per plant should 

be counted and recorded. 

For defoliator/ borers: Count the number of young and grown larvae on each plant and record. 

2. Threshold Level Determination: The foundation of integrated pest management as presented by 

Flint and van den Bosch (1981) is based on sampling, economic thresholds, and natural mortality in 

agroecosystems. The economic threshold level of pests of mustard crop varies from pest to pest, and on the 

bases of species on which they feed, e.g., ETL for mustard aphid in the mustard field is 22 aphids per 10 

cm length of the twig on the top portion of the central shoot or infestation of 30 percent plants (Bhanu et 

al., 2019). 

3. Cultural control measures for insect pests of mustard: Clean culture and weeding create 

conditions unfavorable for insect pest development and eliminate the alternate host of some pests of the 

mustard crop. They have been proven useful in controlling the dormant stages of pests either by burying 

them deep in the soil or exposing them to inclement weather conditions. Here are some cultural control 

practices which are being employed for the sustainable management of the mustard crop:  

Early sowing to avoid damage due to mustard aphid, use of tolerant varieties, and use of less amount of 

nitrogenous fertilizers, are some of the cultural practices for mustard aphid. While, Deep ploughing the soil 

to destroy eggs of painted bug. Irrigation of crop in 4th week after sowing to reduce pest attack and quick 

threshing of the harvested crop, are used for painted bug management. Among the cultural control 

measures early sowing is most important to prevent the loss from most of the pests like mustard aphid, 

painted bug and mustard sawfly. 

4. Mechanical and Physical control for insect pests of mustard: Removal or destruction of infested 

parts of plants and collection and destruction of insects of bigger size, generally by using manual labour. 

Installation of some mechanical devices in the field to monitor and control of insect pests is done to control 

a particular pest. Here are some mechanical practices which are done to manage the pest population below 

ETL: 

Destroying of the affected part along with aphid population in the initial stage and installation of yellow 

sticky traps are done to control aphid population. Jerking of leaves and stem is done to dislodge the bugs 

from the plant and further kill them by use of kerosene oil is done to control painted bugs. While, collection 

and destruction of Collection and destruction of larvae in the morning and evening is done for mustard 

sawfly, Bihar hairy caterpillar, and diamondback moth. Installation of pheromone traps @4 per hectare is 

done to control diamondback moth.  

5. Biological control: Bio-agents are more environmentally friendly, beneficial to plant health, and non-

hazardous to humans (Kumar and Kumar, 2016). It is not only a significant tool for sustainable agriculture, 

but it is also environmentally benign and human-safe. Natural enemies (parasitoids, predators, fungus, 

bacteria, nematodes, viruses, etc.) are introduced and proliferated artificially in this technique rather than 

relying on nature to control pests. Biocontrol is a time-consuming procedure that requires time to 
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accomplish the desired pest control. Some of the biocontrol tactics for major pests of rapeseed and mustard 

crop are discussed hereunder: 

Aphids (Liphapis erysimi): 

a. Ladybird beetles viz., Coccinella septempunctata, Menochilus sexmaculata, Hippodamia 

variegata and Cheilomones vicina are the most efficient predators of the mustard aphid. Adult beetle 

may feed an average of 10 to 15 adults/ day.  

b. Several species of syrphid /hoverfly ie., Sphaerophoria sp., Eristallis sp., Metasyrphis spp., 

Xanthogramma spp. and Syrphus spp. 

c. The braconid parasitoid, Diaeretiella rapae. 

d. The lacewing, Chrysoperla zastrowi sillemi. 

e. Predatory bird Motacilla cospica.  

f. Severalof entomopathogenic fungi, Cephalosporium spp., Entomophthora and Verticillium lecanii 

infect aphids. 

Mustard sawfly (Athalia lugens proxima): 

a. Conserve Perilissus cingulator (parasitoids of the larvae), and the bacterium Serratia marcescens 

which infect the larvae of sawfly. 

b. Use of bitter gourd seed oil emulsion as an anti- feedant. 

For painted bug (Bagrada cruciferarum): Conserve bio-control agents such as Alophora spp. (tachinid 

fl y) parasitizing eggs of painted bugs. 

Bihar hairy caterpillar (Diacrisia oblique): Conserve the natural biocontrol population of spiders, 

long-horned grasshoppers, praying mantid, robber fly, ants, green lacewing, damsel flies/dragonfly, flower 

bugs, shield bugs, ladybird beetles, ground beetle, predatory cricket, earwig, braconids, trichogrammatids, 

green muscardine fungus. 

Diamondback moth (Plutella xylostella): 

a. Conserve Cotesia plutellae, as it is an important parasitoid for the diamondback moth. 

b. Diadegma insulare is the most important parasitoid of the diamondback moth. 

6. Use of botanical insecticides: They can be as simple as pureed plant leaves, extracts of plant parts, 

or chemicals purified from plants. Pyrethrum, neem formulations, and rotenone are examples of botanicals. 

Some botanicals are broad-spectrum pesticides. Others, like ryania, are very specific. Botanicals are 

generally less harmful to the environment than synthetic pesticides because they degrade quickly, but they 

can be just as deadly to beneficial as synthetic pesticides. However, they are less hazardous to transport 

and, in some cases, can be formulated on-farm. The manufacture of botanicals generally results in fewer 

toxic by-products Neem products such as cake, oil, neem seed kernel extract (NSKE), neem seed powder 

extract (NSPE), pulverized NSPE, and soaps are being used extensively to manage crop pests of rapeseed 

and mustard. Neem extract along with other biorational insecticides proved better results than used alone 

(Singh et. al., 1988). 

Conclusion 

In conclusion, the extensive use of pesticides results in long-term inefficiency and fiscal waste. In reality, 

many pesticides successfully suppress pest populations as planned. They are a poor long-term option due 

to their harmful consequences on both human health and the environment. Additionally, the majority of 

pesticides, both natural and synthetic, are prone to losing their potency as insects develop resistance. 

Integrative pest management is therefore the only option that will work in the future. The financial gains 

and decreased social costs of these systems present a logical answer to the pest control problem. 
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Introduction 

Due to rapid increase in human population, it crates alarming situation for food shortage. It was estimated 

that by the year of 2050 the population rate may increase up to 9 billion. In Conventional breeding there 

is limited sources for improvement due to genetic restrictions. Through conventional breeding approaches 

genes can be incorporated from related species, but most of the times it does not possible due to several 

reasons. Therefore, the major aim of plant scientists to find way for improvising productivity under stress 

and in the era of increasing human population it’s more vital to enhanced nutritional value. Transgenic 

crops can prove to be wonderful complements to those produced by conventional methods for meeting the 

worldwide demand for quality foods. Crops developed by transgenes can not only be used to enhance yields 

and nutritional quality but also for increased tolerance to various biotic and abiotic stresses. This 

technology provides the means for identifying and isolating genes controlling specific characteristics in one 

kind of organism, and for moving copies of those genes into another quite different organism, which will 

then also have those characteristics. In this review, we focus on the major scenario of transgenic fruit crops. 

Features of Transgenic Plants 

Genes can be transferred into plants from a large range of organisms, including unrelavant plant species, 

microbes, animals, and from DNA synthesized from laboratory. In the year ahead, transgenic variety will 

be produced that have modification in a wide range of characters and have genetic changes not achievable 

through the conventional breeding methods. 

Advantages of Transgenic Plants 

1. Insect-pests and disease resistance 

2. Herbicide resistance 

3. Cold tolerance 

4. Drought /salinity tolerance 

5. Pharmaceuticals medicines and vaccines. 

Glimpse of Transgenic Fruits 

Papaya (Carica papaya): Dr. Dennis Gonsalves and his team conducted experiment in Papaya ring spot 

virus resistant transgenic papaya and he has been developed and commercialized in 1998 in Hawaii, USA. 

Furthermore, SunUp (SunUp x Kapoho) cultivars of transgenic papaya have been developed by cloning CP 

gene of mild strain of PRSV from Hawaii (Gonsalves et al., 1998). 

The embryogenic tissue was bombar tungsten particles coated with engineered DNA construct of the 

PRSVHA 5-1 CP gene using the gene gun. Fifteen months later, transgenic plants were obtained 

Plum (Prunus domestica): Ravelonandro et al., (1997) initiate that transgenic plums containing the PPV-

CP transgene insert proved various levels of resistance with the highest level shown by clone C5 (today 

named ‘HoneySweet’) which contained a multicopy insert and produced low levels of PPV-CP mRNA and 

no detectable PPV-CP. A result of this determination was the development of a transgenic clone designated 

as C5 (cv. Honey Sweet). 

Pear (Pyrus communis): Malnoy et al., (2005) demonstrated that Fire blight susceptibility of in vitro 

transgenic clones (9A–10Q) compared to non-transgenic ‘Passe Crassane’ (PC). Fifteen days after 

inoculation, 80% of the non-transgenic ‘Passe Crassane’ plants had the highest rating of necrosis, while 

less than 3% of the ‘OH’ shoots (resistant control) were infected with low severity. Three clones (9X, 9M, 

10M) showed a significant diminution of fire blight susceptibility compared to the non-transgenic control. 
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Pineapple (Ananas comosus): Sripaoraya et al., (2001) conducted experiment on Thai pineapple (Ananas 

comosus `Phuket') were produced following microprojectile-mediated method for herbicide tolerance, into 

leaves of micropropagated shoots. Plants sprayed with Basta containing concentrations of glufosinate 

ammonium up to 1400 mg l-1 remained healthy and retained their pigmentation. They concluded that 

generation of herbicide-tolerant pineapple will facilitate more efficient weed control in this widely 

cultivated tropical crop. Further, ACC synthase gene ACACS2 causes delayed flowering in transgenic 

pineapple and found that the delay calculated as the difference between the average flowering dates for 

the silenced transgenic plants versus TC controls was 69.4 and 52.1 days for line 1 and line 2, respectively, 

and was statistically significant. 

Apple (Malus X Domestica): Kenong et al., (2013) investigated that the relative suppression of PPO 

activities in Arctic Apples. They have reserved the two apple varieties that are Artic granny smith, Artic 

golden delicious which are transgenic they have analyzed PPO suppression in the different plant organs 

like leaves, immature fruit, mature fruit. Among these the leaves has shown suppression of about (76-82 

%), immature fruit (94%), and mature fruit (90-91%) 

Strawberry (Fragaria vesca): Silvia et al., (2002) found that external and internal firmness in controls 

and transgenic strawberry Apel plants. The main differences between Apel and control fruits were observed 

in firmness. Fifty percent of the Apel clones analyzed showed a higher external fruit firmness than fruits 

obtained from control plants. 

Khammuang et al., (2005) directed experiments on PCR analysis revealed that all seven strawberry plants, 

transformed with the pSW1 gave band coresponseding to antifreeze protein gene and all three strawberry 

plants, transformed with pBB, also produced a band corresponding to the antifreeze protein gene. There 

were no bands of the AFP gene size appearing in control, non- transformed strawberry plants. 

Mango (Mangifera indica): Chavarri et al., (2010) premeditated that PCR analysis of Mangifera indica 

L. transformed somatic embryos by wild A. rhizogenes (lanes 3, 4, 5 and 6) and non-transformed (lane 2) 

by the insertion of Agrobacterium rhizogenes rolB gene in Mango. In the agarose etidium bromide gels, the 

expected band (720bp) corresponding to the amplification of rol B gene, was observed in the transformed 

embryos, while no band was formed from non-transformed embryos. 

Banana (Musa paradisiaca): The expression of Hepatitis B surface antigen in transgenic banana plants 

and found maximum expression level of 0.7 μg g-1 (F.W of leaf) of HBsAg in pEFE HBs transformed plants 

grown in vitro (Kumar et al., 2006). Namuddu et al. (2013) studied on The Carica papaya cystatin gene 

(CpCYS-Mut89) previously modified to improve its inhibitory potential against banana pests was 

introduced into the Sukali Ndiizi (ABB) cultivar using Agrobacterium tumefaciens, strain LBA4404 and 

the gus reporter gene was used to observe successful transformation process. Out of 28 selected lines, 27 

were positive for both hpt and CpCYS-Mut89 transgenes giving 96.4% transformation efficiency 

Grape (Vitis vinifera): Elisa et al., (2007) found that the fecundity and total fruit production of Thompson 

seedless (TS) and Silcora (s) Def H9iaam lines (GM) in comparison with control. Thompson Seedless DefH9- 

iaaM line had twice as many bunches per plant than its control. 

Citrus (Citrus sinensis): Soler et al., (2012) has developed three silencing suppressor proteins acting at 

intra- (p23 and p20) and ⁄ or intercellular level (p20 and p25) to overcome host antiviral defense against 

Citrus tristeza virus (CTV). In summary, they provide the data showing that it is possible to achieve full 

resistance to CTV under controlled experimental conditions in a citrus host highly sensitive to the virus by 

RNAi targeting simultaneously the three viral silencing suppressors. 

Future Thrust Areas 

Genetic Improvement and Evaluation of Genetic Resources for Development of Improved Cultivars in 

Tropical Fruits. 

Assessment on Impact of Climatic Variation on Phenology, Productivity and Incidence of Insect Pests and 

Diseases of Fruits. 

Evaluation of Sustainable and Input Use Efficient Technologies under Different Agro-Climatic Conditions 

and Bio-Intensive and Eco-Friendly Management of Major Insect-Pests and Diseases in Fruits. 

Further, improvement of fortified varieties through we can eradicate the malnutrition issue. 
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Conclusion 

Fruits are the rich sources of vitamins and the other nutrients; these sources can be improved by the means 

of this transgenic breeding. Genetically modified crops offer dramatic promise for meeting the great 

challenges of twenty first century. Transgenic breeding help us for trait specific breeding, it can be a tool 

to increase productivity. The transgenic foods are safe to human as there is no scientific report on health 

and environmental threats, since nutritionists and scientists have taken care of protection concerns. 
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Abstract 

Field condition of maize of different cultivars and different regions shows that there are almost 164 disease 

and pest which cause yield loss in maize and due to this farmer suffers from economic crisis. Although there 

is various number of disease and pest in maize but there is only few which cause economic damage in most 

of the maize growing areas. Among the pest of maize, the Fall armyworm, spotted stem borer, pink stem 

bore are major pest and in case of disease Northern and Southern leaf blight, Charcoal rot and Bacterial 

stack rot are major disease which cause more than 50-70% damage in maiz3e field. As they are major pest 

and disease in maize their control measures are very important.   

Keywords: Maize, Disease, Pest, Management. 

Introduction 

Maize is known as the ‘Queen of Cereals’ as it provides the highest genetic production among all cereals. 

Although it is primarily a kharif season crop (82% of the country's land), it is grown there all year long. 

After rice and wheat, it is the third-most significant cereal crop in India, accounting for 10% of all food 

grains produced here. According to predictions, the demand for maize in developing nations would surpass 

that for both rice and wheat by the year 2020. To fulfil the rising demand for maize as food for humans, 

animal and poultry feed, as well as industrial processing by wet and dry millers to make value-added goods, 

this level of production must be significantly increased. In spite of the expansion of acres, maize production 

in India has essentially stagnated. One of the main obstacles to achieving the feasible yield is biotic stress 

on maize. Only a dozen of the 139 species of insect pests that infest maize can cause relatively substantial 

damage (Sarup et al., 1987; Siddiqui and Marwaha, 1993). There is a lot of evidence that pest insect 

populations are declining in polycultures (Andow, 1991; Altieri, 1994; Altieri and Letourneau, 1999). 

Increased parasitoid and predator populations as a result of greater availability of alternative prey, 

physical obstruction of pest colonisation and movement, and/or chemical repellence or masking from 

nonhost plants, which may be either other crops or weeds (Root, 1973; Risch et al., 1983; Matteson et al., 

1984; Andow, 1991; Altieri, 1994; Khan et al., 1997) may all contribute to a decrease in the number of 

insects. 

Pests of Maize 

1. Fall Army Worm: The fall armyworm (Spodoptera frugiperda) is a species of moth that belongs to the 

Lepidoptera order and is recognised by its larval stage. The word "armyworm" can refer to a variety of 

species, and it frequently describes the species' larval stage's widespread invasive nature. It is regarded as 

a pest because it can harm and kill a wide range of crops, causing significant economic harm. Because of 

the species' propensity to destroy crops, it was given the scientific name frugiperda, which is derived from 

the Latin for "lost fruit." The autumn armyworm's behaviours and potential for crop protection have been 

thoroughly examined due to its penchant for damage. Given that it currently seems to be splitting into two 

species, it is also a noteworthy case for researching sympatric speciation.  The larva's continued practise of 

cannibalism in spite of the negative effects on fitness is another intriguing characteristic. The real 

armyworm, another species of the family Noctuidae and order Lepidoptera, but of the genus Mythimna, is 

active at a different time of year than the fall armyworm. True armyworm outbreaks typically take place 

in the early summer, while autumn armyworm damage is primarily caused in the southern United States 

in the late summer and early fall. Given that it currently seems to be splitting into two species, it is also a 

noteworthy case for researching sympatric speciation. 

Symptoms: The maize crop is attacked by FAW at every step, from seedling emergence (V2) to ear 

development (R6). Young FAW larvae feed on the whorl leaves by skeletonizing the upper epidermis 
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and leaving behind a silvery, translucent membrane that develops into papery patches. Pinhole 

symptoms on the leaves are another effect of the injury. Inside the whorl, older larvae continue to 

live and feed. When late instars (4th instar and later) cause damage, the leaves are severely 

defoliated and there are copious amounts of faecal pellets present in whorls. Damage that occurs 

during the vegetative stage results in leaf damage, but damage that occurs during the reproductive 

stage may result in tassel damage or even a bore that eats away at the kernels of the corn ear. 

Management: The fall armyworm is targeted by fly and wasp parasitoids, most frequently by 

Archytas marmoratus, Cotesia marginiventris, and Chelonus texanus. The armyworm is additionally 

susceptible to several parasitoids depending on its environment. Army worm eggs are attacked in 

East Africa by egg parasitoid wasps of the genera Telenomus and Trichogramma in 2018. Another 

African braconid wasp suitable for biologically controlling this lepidoptera is Cotesia icipe. Fall 

armyworm can be controlled by intercropping crops like Desmodium and Napier grass using the 

"push-pull" method. Plantwise partners advise planting short-maturing and types of some crops, 

such as wheat, sorghum, millet, and rice, that S. frugiperda does not appreciate. Crops can also be 

planted earlier to avoid the armyworm population growth that occurs as the summer 

advances.  Farmers in South Africa are trapping and getting rid of male armyworms using 

pheromone lures and a combination of Dichlorvos blocks in an effort to stop mating cycles.  Forward 

genetics is being used by CIMMYT and its collaborators to breed maize with increased S. frugiperda 

resistance. 

2. Spotted stem borer: The spotted stalk borer or spotted stem borer, Chilo partellus, is a moth belonging 

to the Crambidae family. Charles Swinhoe first characterised it in 1885. In addition to Mayotte, it can be 

found in India, Pakistan, Iran, Ethiopia, Lesotho, Madagascar, Malawi, South Africa, Sudan, Tanzania, 

and Uganda. Pest C. partellus was probably brought to Africa from India at the beginning of the 20th 

century. It first appeared in Africa and has since spread to almost all of the eastern and southern African 

nations. It is also thought to be migrating to western Africa. Originally from Asia, C. partellus spread to 

eastern Africa in the early 1930s. C. partellus is one of the pests that causes the most economic harm in 

Asia and Africa, attacking all the plant except roots. C. partellus has rapidly colonised a considerable area 

of land and has established itself as a highly effective coloniser and destructive pest wherever it may exist. 

C. partellus often lives in warmer climates and low to mid-elevations (less than 1500 m). But now they can 

be found at higher altitudes, such Ethiopia at 2088 m. Due to its strong invasiveness, C. partellus has the 

potential to completely or partially replace native stemborer species like Busseola fusca and Chilo 

orichalcociliellus. The persistence and establishment of adult C. partellus in new ecological niches can be 

significantly influenced by temperature and humidity.  

Symptoms: For egg laying, the spotted stem borer adult moth favours maize at the 3-5 leaf stage. 

Typically, eggs are placed on the underside of leaves. The freshly hatched larvae crawl inside the 

leaf whorl and eat in groups after the eggs hatch in 3–4 days. The first signs of a spotted stem borer 

assault are succession of pinholes and papery windows that appear when the coiled leaves of a whorl 

unfurl. Larvae leave the whorl after one week and bore up the growing stalk, frequently reaching 

the meristem. When the meristem is consumed, the leaf whorl dries up and becomes known as "dead 

heart," and the plant typically dies and frequently produces tillers as a result. 

Management: Management can done by various tactics like when strolling through crops, search 

for the physical signs of a damaged host plant, such as the presence of deadhearts, to identify C. 

partellus infestations. Caterpillars and pupae can be found inside samples of infected stems, 

however it is best to raise these until they are adults to make sure they are C. partellus pests. The 

population of C. partellus can be decreased by intercropping or combining maize with non-host crops 

like cassava. You can also utilise trap plants like Napier grass (Pennisetum purpureum). More eggs 

are placed on the trap plant than on the host plant crop as a result of these plants' ability to attract 

the adult female away from the crop, which results in poor larval development. "Push-pull" is 

another name for this approach. Cotesia flavipes and Xanthopimpla stemmator, two parasitic wasps, 

can attack and eliminate pests of C. partellus. These parasitic wasps can lay eggs within C. partellus 

(X. stemmator on the pupae and C. flavipes on the adult), and once the eggs hatch, they feed on the 

pest internally. After leaving, they spin cocoons. Therefore, management of environments that 

support the survival of these parasitic wasps may also result in a drop in the numbers of C. partellus. 

Early larval instars could be killed by applying granules or dust to the leaf whorl early in crop 
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growth. However, once the larvae have drilled into the stem, this is only partially successful. 

Additionally, research show that nitrogen fertiliser can be used as an integrated pest management 

strategy to prevent the spread of the C. partellus pest and its infestation of maize crops.  

3. Pink Stem Borer: Sesamia inferens is moth belonging to the family Noctuidae, also known as the 

Asiatic pink stem borer, gramineous stem borer, pink borer, pink rice borer, pink rice stem borer, pink stem 

borer, purple borer, purple stem borer, or purplish stem borer. Francis Walker published the first 

description of the species in 1856. From Pakistan, India, Sri Lanka, Myanmar, Japan, and the Solomon 

Islands, it can be found. Being polyphagous, it is a serious pest in numerous crops all over the world. It has 

a 28 mm wingspan, about. Veins 3 and 4 on the hind wings emerge from the cell. Female antennae are 

simple and ciliated in males. Body is ochre. Reddish-brown suffusion along the median nerve and veins 2 

to 5 of the forewings. There is a sub-marginal dark line. Cilia lighter. Whitened are the hindwings. Larvae 

are sleek and smooth, with no noticeable hairs or patterns. Variable in colour, but typically cream white 

with an eye-catching pink suffusion. The prothoracic shield and skull are both brown. The last abdominal 

segment bearing the anus has a golden-brown dorsal portion. 30–40 mm long, pink with buff and pink 

dorsal markings, and with a brown head, mature larvae are described as being. 

Symptoms: The caterpillars primarily burrow into the panicle's base or the stems of the rice plants. 

Deadheart results from the stem being wilted after infection. When the panicle is cut during a 

panicle attack, the condition known as a whitehead results. Since the symptoms are typically 

identical to those of other stem borers, further investigation is necessary to stop the attack. 

Management: Pheromone traps and hand picking are utilised in mechanical control. Cultural 

approaches employed in controlling include crop rotation techniques and water level reduction. 

Natural enemies like parasitoids are powerful and environmentally friendly control agents. 

Sturmiopsis inferens, a tachinid fly, was originally employed as well, but is no longer efficient due 

to its low abundance. Sprays of BHC, DDT, fenthion, fenitrothion, quinalphos, phosphamidon, and 

lindane granules are employed in chemical control. Introduce Trichogramma minutum and 

Telenomeus species to get rid of eggs. To combat caterpillars, employ Apanteles flavipes, Bracon 

chinensis, and Sturmiopsis inferens; for pupal stages, use Xanthopinpla species and Tetrastichus 

aygari. 

4. Shoot Fly: According to reports, the shoot fly, Atherigona spp., is a major pest of spring maize that, if 

sowed between the third and first weeks of February, causes significant plant loss. Punjab, Haryana, 

Uttarakhand, and Uttar Pradesh are among the states in India's north-western plains that grow spring 

maize. It was estimated to result in up to 60% plant loss and a loss of about 21% in grain output. Atherigona 

naqvii is the species found in Punjab, but A. soccata and/or A. orientalis predominate in the region 

bordering Haryana, Delhi, Uttarakhand, and Uttar Pradesh, where the proportion of A. naqvii is still to be 

determined. 

Symptom: From two days after seedling emergence to three weeks following emergence, Atherigona 

spp. infests maize by ovipositing eggs on the abaxial surface of the basal leaves, shoots, and soil very 

near the base of the plant. Within two weeks following germination, a central shoot known as the 

dead heart begins to wither as a result of maggots boring into the shoot while feeding, progressively 

killing the growth point. 

Management: Sowing must be finished by the first two weeks of February. Treatment of seeds with 

Thiamethoxam 30 FS @ 8.0 ml/kg seed or Imidacloprid 600 FS @ 6 ml/kg seed. Taking out and 

destroying dead hearts. Predators include ear wigs, coccinellids, spiders, robber flies, and 

pentatomid bugs. 

Diseases of Maize 

1. Bacterial Stack Rot of Maize: 

Causal organism: Erwinia carotovora, Erwinia chrysanthemi 

Symptoms: The basal internodes become softly rotted and appear to be submerged in water. Such 

decay is accompanied by a soft, pleasant fermenting odour. Affected plants usually lodge or fall over 

a few days after the infection, and leaves occasionally display signs of withering or water loss.The 

shank and ears could also be rotten. They stop growing, and the plant's ears are all that dangle 

down. 
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Management: Use of disease resistance varieties, i.e. Hybrids Ganga Safed-2, DHM 103, show 

significantly less disease incidence than other hybrids. Avoid waterlogging and poor drainage. 

2) Charcole Rot: 

Causal organism: Macrophamina phaseolina 

Symptom: As the plants get closer to maturity, the disease's recognisable signs start to show. After 

blossoming, the ailment typically first manifests itself. M. phaseolina-affected plants exhibit signs 

of an early ripening. Lower internodes' exterior surfaces take on a straw colour. The pith 

deteriorates severely. A mass of fibres may form when the diseased stalks split longitudinally. The 

presence of tiny black sclerotia in the pith of the diseased stalks is a defining feature of the condition. 

Additionally, roots are infected and have black sclerotia in the disordered tissue. 

Management: It is important to provide regular irrigations, especially during the blossoming 

season. Avoid sowing susceptible types like DHM 105 and instead use resistant cultivars like Ganga 

Safed - 2 and DHM 103. Effective seed treatment uses 3g/kg of carbendazim or thiram. Crop rotation 

and field sanitation should be practised. 

3. Northern Corn Leaf Blight: 

Causal organism: Exserohilum turcicum 

Symptom: Cigar-shaped or elliptical necrotic gray-green lesions on the leaves that are one to seven 

inches long are the most typical diagnostic sign of the disease in corn. These lesions may initially 

appear as thin, parallel-to-the-leaf-veins tan streaks. Due to spore (conidia) development, fully 

formed lesions frequently acquire a sooty look in humid conditions. Large patches of dead leaf tissue 

are produced as the disease advances and the lesions cluster together. If the leaves above the ear 

are infected during or soon after the plant flowers, the Northern corn leaf blight lesions become 

more severe. Lesions can also be seen on the husk of the ears or the leaf sheaths of vulnerable corn 

hybrids. Due to less spore production, these lesions are typically smaller in partially resistant 

hybrids. Only tiny yellow dots may be present as disease symptoms in highly resistant hybrids. 

Management: According to research, employing fungicides to prevent disease in the top 75% of the 

leaf canopy for three quarters of the grain-filling phase will result in zero yield loss . Fungicides 

should be applied on the day that significant conidial dispersal is anticipated in order to protect 

newly emerging leaf tissue from infection before the plants reach tassel. Reducing the quantity of 

infected residue left on a field, managing weeds to increase ventilation and decrease humidity, and 

promoting residue decomposition with tillage are some farming techniques that can be changed to 

prevent the disease. The race-specific Ht1, Ht2, Ht3, and HtN genes are the major sources of 

(vertical) resistance in corn hybrids, with the Ht1 gene being the most common. 

4. Southern Corn Leaf Blight: 

Causal Organism: Bipolaris maydis 

Symptom: When Race O is present, lesions have borders that are tan in hue and buff to brown. 

They start out as little diamond-shaped lesions and enlarge and become rectangular as they extend 

within the veins. Lesions from Race O are still present in the maize plant's leaves.  Sizes of lesions 

range from 3 to 22 millimetres in length and 2 to 6 millimetres in width. Race T lesions have yellow-

green or chlorotic haloes and are tan in colour. Later, lesions develop red to dark brown borders and 

have the potential to spread to every other part of the plant that is above ground, such as the stem, 

sheath, and ear. Lesions can be larger than those brought on by Race O and have an oval or spindle 

shape. They can measure 6 to 12 millimetres in width and 6 to 27 millimetres in length. Seedlings 

with race T infection begin to wilt and eventually perish after three to four weeks. Race C causes 5-

millimeter-long necrotic lesions that are necrotic in nature. They commonly lead to wilt as well. To 

sum up, B. maydis can infect the leaves, sheaths, husks, and stalks as well as the ears and cobs. 

The ear may die before its time if the underlying infection develops early enough, which would result 

in the ear dropping. SCLB-affected kernels will have a felty, black mould covering them, which could 

lead to cob rot. With Race Ton corn of cms-T cytoplasm, the ear rot is more severe. Within a few 

weeks of the planting date, infected seedlings may wilt and die. 

Management: Breeding for host resistance is the most effective method of controlling southern 

corn leaf blight. There are both single-gene and polygene origins of resistance. Race O is more 

common because normal cytoplasm maize can withstand both Races T and C. There may be flecking 



 

 
Volume 04 - Issue 11 - November 2022       58 | P a g e  
 

in certain resistant hybrids, but this is merely a response to resistance and won't have any negative 

economic effects. The spread of all races can be stopped via alternative control measures. In order 

to prevent B. maydis from overwintering in agricultural debris, it is crucial to control crop debris 

between growing seasons.  Tillage can be employed to encourage the breakdown of any material 

that is still present. As opposed to minimum tillage, which can leave residue on the soil surface, it 

has been found that burying residues through ploughing has decreased the incidence of SCLB.  Crop 

rotation with non-host crops is another method of cultural control used to lessen southern corn leaf 

blight. Foliar fungicides are another option. From 14 days prior to tasseling to 21 days following, 

when leaf blight damage is most likely to occur, foliar disease control is essential. 
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Abstract 

In the present world there is a need for production of highest quantity of food produce, whether it is fruit, 

vegetable, cereals, pulses or any other. But so many biotic and abiotic obstacles are challenging the 

production of food products. Grapes is one of the major fruit crops on which major human population is 

depended for several uses like preparation of wine, for table consumption, for raisins etc. But so many biotic 

and abiotic factors become challenge for the crop production. Among them, insect pests play a very 

important role. In this review some of the major and minor insect pests are listed and the management 

practices for some of the major pests are described. 

Keywords: Grapes, Pests, Management, Damage. 

Introduction 

Grapes are botanically berries, produced by the woody, deciduous vines of the flowering plant genus Vitis. 

Grapes are a non-climacteric type of fruit, generally occurring in clusters. Both in terms of human 

nourishment and cultural value, grapes have long been significant. They can be consumed fresh, dried (as 

raisins, currants, and sultanas), or used to make wine, jam, juice, vinegar, oil, and other goods. According 

to the Food and Agriculture Organization (FAO), 75,866 square kilometres of the world are devoted to 

grapes. Around 71% of the grapes grown in the globe are used to make wine, 27% as fresh fruit, and 2% as 

dried fruit. Vineyard space is expanding by 2% year on average. In India, it is mainly grown in states like 

Maharashtra (48%), Karnataka (18%), Andhra Pradesh (14%), Punjab (6%) and Tamil Nadu (4%) 

accounting to nearly 90% of the total production. With 29,800 ha, Maharashtra is the largest producer, 

followed by Karnataka, which has 8200 ha and produces 7,79 and 2,28 lakh tonnes per annum, respectively. 

As every other crops, Grapes crop is also facing more problems because of pest incidence. The climate in 

India is favourable for a large production of table grapes and, as a result, an increase in the prevalence of 

insect pests. From Kashmir to Kanyakumari, so many insects were reported, irrespective of either majorly 

or minorly infecting the crop (Table1). Mealybugs, thrips, hoppers, etc. and beetle pests such flea beetles, 

stem borer, stem girdler, chafer beetles, shot hole borer, and several lepidopteran, mites, nematodes, and 

vertebrate pests all inflict significant harm to grapes both qualitatively and quantitatively. In this review, 

the major insect pests of Grapes which became nightmare to the Indian farmers are focused along with 

their management strategies. 

Table 1:  Major and minor pests of Grapes reported in India: 

Insect Pest Scientific name Family Order 

Stem girdler Sthenias grisator Cerambycidae Coleoptera 

Flea beetle   Scelodonta strigicollis Coleoptera Chrysomelidae 

 Mealy bug Maconellicoccus hirsutus 

Nipaecoccus viridis 

Ferrisia virgata 

Planococcus citri 

Pseudococcus longispinus 

 Hemiptera 

https://en.wikipedia.org/wiki/Climacteric_(botany)
https://en.wikipedia.org/wiki/Food_and_Agriculture_Organization
http://www.agritech.tnau.ac.in/crop_protection/grapes_pest/grapes_3.html
http://www.agritech.tnau.ac.in/crop_protection/grapes_pest/grapes_8.html
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 Thrips Rhipiphorothrips cruentatus 

Scirtothrips dorsalis 

Thrips hawaiiensis 

 Thysanoptera 

 Berry plume moth Oxyptilus regulus Pterophoridae Lepidoptera 

Grape stem borer Coelosterna scabrator Cerambycidae Coleoptera 

Leafhopper Arboridia viniferata 

Typhalocyba sp.,  

Empoasca (Chlorita) lybica  

Empoasca minor  

Flata ferrugata  

Unna intracta  

Amrasca biguttula biguttula 

 Hemiptera 

Shot hole borer Xylosandrus (Xyleborus) 

crassiusculus 
Scolytidae Coleoptera 

Mites Tetranychus urticae 

Calepitrimerus vitis 

Colomerus vitis 

 Arachnida 

(Class) 

Soft Scales Pulvinaria maxima  

Lecanium longulum  

Ceroplastes actiniformis 

Parthenolecanium corni 

Coccidae Homoptera 

Hard Scales Hemiberlesia lataniae 

Aspidiotus lataniae  

Aspidiotus cydoniae  

Aspidiotus transparens  

Diaspididae Homoptera 

Aphids Aphis gossypii Aphididae Homoptera 

Whitefly Aleurocanthus spiniferus  

Aleurodicus disperses 
Aleyrodidae Hemiptera 

Gram Caterpillar Helicoverpa armigera Noctuidae Lepidoptera 

Tobacco Caterpillar Spodoptera spp Noctuidae Lepidoptera 

Leaf Roller/Folder Sylepta lunalis Pyralidae Lepidoptera 

Castor Capsule Borer Conogethes punctiferalis Pyralidae Lepidoptera 

Bark-Eating 

Caterpillar 

Indarbela sp Metarbelidae Lepidoptera 

Termites Odontotermes obesus Termitidae Isoptera 

Major Insect Pests of Grapes, their Damage Symptoms, Biology and Management 

1. Stem girdler (Sthenias grisator): 

Damage symptoms: Wilting of branches and then the entire vine. 

Biology: 

a. Grub - Head is dark brown colour, pair of strong mandibles. 

b. Adult – Medium sized, grey coloured with a white spot in the center of each elytra. 

Management: 

a. Remove loose bark at the time of pruning to prevent egg laying. 

b. Collect and destroy damaged plant parts. 

c. Swab trunk with carbaryl 50 WP 2g/ lit. 

d. Spray application of insecticides like Phosalone 35 EC 0.07% or Quinalphos 25 EC 0.05% 

or Carbaryl 50 WP 0.1%, first round immediately after pruning and repeat it 2-3 times. 

2. Grape Stem borer (Coelosterna scabrator): 

Biology: 

a. Egg: Capsule shaped eggs are laid singly in each of the slits and the slits are covered with 

a hard gummy substance. 

http://www.agritech.tnau.ac.in/crop_protection/grapes_pest/grapes_6.html
https://en.wikipedia.org/wiki/Thysanoptera
http://www.agritech.tnau.ac.in/crop_protection/grapes_pest/grapes_9.html
https://en.wikipedia.org/wiki/Pterophoridae
https://ceb.wikipedia.org/wiki/Hemiptera
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b. Larva: Newly hatched flat-headed cream-coloured grubs burrow into the trunk or arms 

and feed inside and make them hollow. 

c. Pupa: Larvae pupate within 3-5 days, dark brown in colour. 

d. Adult: An adult beetle is about 4 cm long and dull yellow with minute spots. They remain 

inside the vine up to May. Thereafter, they pupate inside the tunnel made in the vine. The 

insect is a borer, the grub of which bores in to stem and branches and causes drying and 

withering of affected branches. 

e. The adult beetles start emerging from the vines during July to September by making a 

round hole on the vine. Female beetles make conspicuous slits on the bark of the trunk and 

arms of the vine. 

Damage symptoms: 

a. Presence of saw dust like substance under the vine indicates the damage done by the grub. 

Damaged vines get weakened and growth gets affected. 

b. The maturity of berries is also delayed which ultimately affects the grape production in 

terms of both yield and quality. 

Management: 

a. Collection and destruction of affected parts with grubs and pupae. 

b. Spray application of Carbaryl 0.1% or Chloropyriphos 0.05% during January-March. 

3. Mealy bug (Ferrisia virgata): 

Damage symptoms: Premature dropping of fruit. 

Biology: 

a. Nymph - Yellowish to pale white. 

b. Adult - long, slender covered with white waxy secretions. 

Management: 

a. Debark vines and branches and apply methyl parathion paste. 

b. Collect damaged bark, leaves, twigs and stems. 

c. Use sticky traps  on fruit – bearing shoots at a length of 5 cm. 

d. Use dichlorvos 76 WSC 0.15% in combination with fish oil rosin soap (25g/lit). 

e. Insecticides; Dimethoate 30 EC plus kerosene oil at 150 ml plus 250 ml in 100 ml of water 

or apply quinalphos dust in the soil at 25 kg/ ha to kill ants or release exotic 

predator, Cryptolaemus montrouzieri @ 10 beetles/vine or field release of 

parasitoids - Anagrus dactylopii, Gyanusoidea mirzai. 

4. Flea beetle (Scelodonta strigicollis): 

Damage symptoms: 

a. Caused two type of damages. 

b. Larvae and adults feed on the upper and lower leaf surfaces – leaf injury. 

c. Adult feed on swollen grape buds. 

d. Chew holes in the sides of the newly developing grape buds. 

e. Small holes on tender leaves by adult. 

f. Root damage by grub. 

Biology: 

a. Adult - Reddish brown, shiny with six spots on elytra. 

b. Grub – brown in colour and black colour head. 

Management: 

a. Remove the loose bark at the time of pruning to prevent egg laying. 

b. Shake vines to dislodge adult beetles. 

c. Collect into trays containing kerosenated water and destroy them. 

d. Insecticide: phosalone 35 EC 0.07% after pruning. 

5. Thrips (Rhipiphorothrips cruentatus): 

Damage symptoms: 

a. Presence of silvery white scorchy patches on the leaves. 

b. Veins without fruits. 

c. Premature fruit drop. 

http://www.agritech.tnau.ac.in/crop_protection/grapes_pest/grapes_6.html
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Biology: 

a. Nymphs - yellowish brown colour and red colour abdomen. 

b. Adult - black brownish abdomen and yellowish wings. 

Management: 

a. Collect and destroy damaged leaves, fruits and flowers. 

b. Insecticides: methyl demeton 25 EC 0.05% or dimethoate 30 EC 0.06%. 

6. Berry plume moth (Oxyptilus regulus): 

Symptoms of damage: 

a. Early instar larvae web the flower buds. 

b. Matured larvae attack bunch of fruit. 

c. Caterpillar bore into green berry fruit and tunneling 

d. Feeds on internal content. 

e. Affected berries – known as “stung berries” 

Biology: 

a. Larva - Small, pale green or pink with median red line. 

b. Adult - Small moth. 

Management: 

a. Collect and destroy the infested leaves and buried with soil. 

b. Summer ploughing – kill the pupae. 

c. Use pheromone trap to attract male and kill the adult. 

d. Spot application of bubrofezin and acetemprid for effectively manage this pest. 
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Introduction 

The driving performance of vehicle is determined by its driving force, which is determined by its engine 

and strength of surface. For on-road vehicle, the thrust is determined by engine and road surface whereas 

for off-road vehicle, thrust is determined by strength of soil. Researchers have designed and developed 

equipment that measures soil strength which includes direct shear test, tri-axial shear test, cone 

penetrometer and vane test (Okello, 1991). The cone penetrometer is most frequently used in the field. The 

cone penetrometer is the primary instrument for measuring soil strength which determines relationship 

between compression and shear properties, these parameters cannot be separated. Thus, bevameter was 

developed to compensate for shortcoming of cone penetrometer and to study relationship between driving 

device and supporting soil. Bevameter consists of pressure-sinkage test device and shear test device.  

Normal stress leads to the soil compaction in soil. Bekker (1969) studied the pressure sinkage relationship 

for vertical deformation of soil caused by normal pressure using different shape and size of plates and given 

his equation. Shear stress leads to shear deformation. Shear stress is depending on normal load, cohesion 

and internal friction of soil. Mohr-Coloumb (1900) theory talks about the failure in soil strength due to 

shear stress. Janosi (1961) gave shear stress-slip displacement equation for soil hardening behavior and 

Wong and Preston (1983) derives shear stress-slip displacement characteristics equation for soil softening 

behavior. 

Types of Stress 

There are various types of stress observed in the operation of soil mechanics those are Normal stress and 

Shear stress where normal stress is a force acts perpendicular to the surface of an object and makes impact 

on surface whereas shear stress is force acting in direction that’s parallel to the surface or cross-section of 

a body. 

Soil Strength Measuring Devices 

There are various soil strength measuring devices those are as follows: 

1. Direct shear test apparatus: The direct shear test measures the force and horizontal displacement of 

a representative soil specimen that is sheared along a controlled horizontal plane at a constant rate of 

deformation. 

2. Tri-axial test apparatus: The Triaxial Testing Apparatus consists of a 50 KN capacity Load Frame, 

Platen adaptors, dial gauge or digital transducer assembly, Triaxial Cell, Base and pressure system.  

3. Vane shear test apparatus: It measures shear strength of cohesive soils and is particularly useful for 

soils with low shear strength. Vane shear testing is a fast and economical method of measuring shear 

strength of clay compared with elaborate tri-axial shear or direct shear tests. 

4. Cone penetrometer: The cone penetrometer provides an accurate and continuous profile of soil 

stratification. This tool provides valuable information about granular and cohesive soils. In cohesive soils, 

cone data provides a continuous profile of shear strength and eliminates strength anomalies caused by the 

sampling process.  

4. Need of bevameter: Cone index denotes relationship between compression and shear properties and 

these parameters cannot be separated, so it is inapplicable for predicting performance of driving device. 

Cone penetrometer measurement value depend on operator’s proficiency also at high density we cannot use 

vane shear test. Vane shear test is not suitable for clay contains sand or silt lamination in it, therefore to 

overcome all these problems there is need of bevameter. 
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Bevameter 

It is the device which uses flat pressure plate and shearing plate with lugs to test properties of soil surface. 

Shear test supports prediction of surface traction of the wheel. Penetration test support prediction of load 

bearing capacity. Bevameter measures multiple soil values to predict tire or track soil interaction. 

Parts of bevameter: There are different parts working in bevameter are as follows: 

1. Pressure-sinkage device test 

a. Three-point hitch- The bevameter is connected to tractor by 3-point linkage. 

b. Piston- Its one end was connected to the hydraulic cylinder and another end was connected to 

the plate and was lowered by hydraulic pressure supplied from the tractor. 

c. Hydraulic cylinder- It is used to generate hydraulic pressure through which piston can make 

vertical movement. 

d. Load cell- The load acting on the plate is measured by a load cell. The measured load is converted 

into pressure according to the area of the plate. 

e. LVDT- The sinkage of the plate is measured with a linear variable differential transformer. 

f. Plate- The plate connected to one end of the piston sinks into the soil. 

Shear test parts of bevameter: 

a. Shear ring- The shear ring is rotated at a constant angular speed and a constant normal rotate 

the shear ring with a worm gear. 

b. Grouser- It is connected to the shear ring to make shear displacement in soil. 

c. Hand wheel- It is used to rotate worm gear. 

d. Worm gear (gear ratio 30:1) - It is used to rotate the shaft connected to the shear ring. 

e. Shaft- It is connected by worm gear and another end by shear ring and used to rotate shear ring 

and can also move in vertical direction when weight is added to shear ring. 

f. Rotary encoder- It is used to measure angular displacement of shear ring. 

g. Torque meter- It is used to measure torque required to move shear ring. 

h. Laser displacement sensor- The slip sinkage is measured with the shear test device by a laser 

displacement sensor. 

 
Fig. 1 Schematic view of the bevameter (Reference: Kim et al. (2021)) 

Application of Bevameter 

1. It is used in important mission like Mars mission. 

2. It use in design of off-road vehicle mobility. 

3. Use in study of mechanical properties of soil by researchers. 

4. It can also be used to study mechanical property of snow. 

Construction Detail 
1. Pressure-sinkage test device: The pressure-sinkage test device measures the normal pressure of the 

soil by sinking plates of different sizes into the soil surface. The piston connected to the hydraulic cylinder 

is lowered by hydraulic pressure supplied from the tractor. When the plate connected to one end of the 

piston sinks into the soil, the load acting on the plate is measured by a load cell, and the sinkage of the 

plate is measured with a linear variable differential transformer (LVDT). The measured load is converted 
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into pressure according to the area of the plate, and the pressure-sinkage parameter of the soil can be 

derived from the soil pressure-sinkage characteristic equation proposed by Bekker equation: 

nC zφK
b

K
p 








+=

 
Where, 

 Kc =   Cohesive modulus of deformation, Nmn+1, 

 Kφ =   Frictional modulus of deformation, Nmn+1 

 b =   Dimension of plate (m), p = pressure (kPa), z = sinkage (m) 

  
Fig. 2 Pressuret-sinkage test bevameter Fig. 3 Shear test type bevameter 

2. Shear test device: The shear test device measures the shear stress of the soil according to slip 

displacement while the shear ring is rotated at a constant angular speed and a constant normal pressure 

is applied to the shear ring. The shear test device is designed to rotate the shear ring with a worm gear 

and hand wheel at a gear ratio of 30:1. The worm gear can be rotated by the hand wheel to rotate the shaft 

connected to the shear ring. As the shear ring rotates, the angular displacement and torque are measured 

with a rotary encoder attached to the shear ring and torque meter. The angular displacement and torque 

a can be calculated from the slip displacement and shear stress according to the dimensions of the shear 

ring. The slip sinkage is measured with the shear test device by a laser displacement sensor. The measured 

shear stress-slip displacement is used to derive the shear stress parameters, and the shear stress and 

vehicle parameters are used to predict the propulsion of a vehicle on the soil surface. The measured slip 

sinkage and slip displacement are used to predict the additional sinkage and motion resistance of a vehicle 

on the soil surface. 

Conclusion 

Bevameter is the best technique for measuring top layer of soil strength surface also it can measure normal 

load and shear load individually. It measures soil strength parameters which is not possible by cone 

penetrometer. Soil parameters for off road vehicle mobility can be measure very precisely. For future work, 

bevameter device can be used to determine a new correlation for load-bearing capacity of soil considering 

finite thickness. 
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Importance 

By 2050, there will be 9 billion people on the planet, which would result in an uptick in the demand for food 

of up to 102%. Consequently, to secure the availability of raw materials for food, feed, and fibre, agricultural 

productivity must also rise by 60% to 70%. To ensure a sustainable future, each actor in the food system 

must make a personal commitment to developing and enforcing practices that will reduce the use of natural 

resources when feasible and reuse, recycle, and repurpose them in all other circumstances. This is true 

despite the sustained and intensified pressure on global resources that exists today. Governmental 

organizations can support these initiatives by putting in place national and local policies and strategies for 

effective resource management. 

Global adoption of sustainable farming methods helps the agroecosystem meet the world's present food 

needs while also assuring that future generations can do the same with the meagre resources they will 

have. These approaches also emphasize holistic development, which includes the three main pillars of 

sustainable development-environmental, social, and economic sustainability. 

Technological Developments 

Today, technological developments are essential to achieving agricultural sustainability goals. Precision 

agriculture is made possible by satellite and GPS technologies, sensors, intelligent irrigation, drones, and 

automation, to name a few. This furthers the efficient use of resources. They both aid in the conservation 

of non-renewable resources and the reduction of the usage of toxic agrochemicals. They also assist farmers 

in making days-ahead preparations for unseasonal or extreme weather events, which minimizes crop losses 

during such situations. 

Biotechnology, controlled environmental agriculture (CEA), blockchain technologies, and 3D printing, 

which enable the production of food products while conserving time and energy, are additional technologies 

that show promise for promoting sustainability. CEA improves food safety through greater transparency. 

Farmers may now use the finest practices of both conventional and technologically-driven agricultural 

production to produce crops that are nutritious, high-yielding, and cost-effective while still inflicting the 

least amount of environmental harm feasible. Even rural farmers who are located far away can adopt 

climate-resilient, sustainable farming methods that can yield financial rewards if they have access to 

sufficient and timely information. 

Stakeholders can achieve economic sustainability in several ways, one of which is by obtaining optimal 

output levels at lower production costs. To optimize agricultural operations and use the fewest resources 

possible, data from satellite photos, sensors, and IoT devices helps decision-makers make more informed 

choices. It also helps to reduce risks to achieve the highest crop yields. Traceability solutions give 

stakeholders greater control over operations and quality compliance while increasing the transparency of 

agro supply chains. It enables them to notice problems and take action, such as food loss or waste, as well 

as chances to make operations more affordable. Additionally, they speed up the stakeholders' response to 

food crises, preventing losses of up to millions of dollars. 

The Technology of the Present for the Future 

The agroecosystem is embracing technology quickly, but its full potential has not yet been realized. 

Agriculture has seen a profound transition over the past 50 years as a result of digitalization, which has 

increased its worldwide speed, size, and productivity. With the advent of Agriculture 4.0, the fourth 

agricultural revolution, agri-stakeholders now have a wide range of technological options at their disposal 

to assist them in achieving their objectives, including connected sensors, IoT, remote sensing, GPS, 



 

 
Volume 04 - Issue 11 - November 2022       67 | P a g e  
 

artificial intelligence, and machine learning. Scientists' perspectives on how we farm today are changing 

due to growing environmental concerns. 
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Introduction 

Precision agriculture, also known as site-specific farming, has been made possible by combining the Global 

Positioning System (GPS) and geographic information systems (GIS). These technologies enable the 

simultaneous collection of real-time data and accurate position information, resulting in the efficient 

manipulation and analysis of large amounts of geospatial data. Precision farming uses GPS-based 

applications for farm planning, field mapping, soil sampling, tractor guidance, crop scouting, variable rate 

applications, and yield mapping. Farmers can use GPS to work in low-visibility field conditions such as 

rain, dust, fog, and darkness. 

Precision Agriculture 

Farmers used to struggle to correlate production techniques and crop yields with land variability. This 

hampered their ability to devise the most effective soil/plant treatment strategies, which could have 

increased their output. Precision agriculture allows for more precise application of pesticides, herbicides, 

and fertilizers, as well as better control of chemical dispersion, lowering costs, increasing yield, and creating 

a more environmentally friendly farm. 

Precision agriculture is altering how farmers and agribusinesses view the land from which they profit. 

Precision agriculture is the collection of timely geospatial information on soil-plant-animal requirements, 

as well as the prescription and application of site-specific treatments, to increase agricultural production 

while protecting the environment. Farmers who previously treated their fields uniformly are now reaping 

the benefits of micromanaging their fields. Precision agriculture is becoming more popular, owing to the 

introduction of high-tech tools into the agricultural community that is more accurate, cost-effective, and 

user-friendly. The integration of onboard computers, data collection sensors, and GPS time and position 

reference systems is at the heart of many of the innovations. 

Many people believe that the benefits of precision agriculture can only be realized on large farms with large 

capital investments and information technology experience. This is not true. There are low-cost, simple 

methods and techniques that can be developed for use by all farmers. Information needed to improve land 

and water use can be collected using GPS, GIS, and remote sensing. Farmers can gain even more benefits 

by combining better fertilizer and soil amendment utilization, determining the economic threshold for 

treating pest and weed infestations, and protecting natural resources for future use. 

Applications of GPS 

Several tools have been developed by GPS equipment manufacturers to assist farmers and agribusinesses 

in becoming more productive and efficient in their precision farming activities. Many farmers now use GPS-

derived products to improve their farming operations. GPS receivers collect location data to map field 

boundaries, roads, irrigation systems, and problem areas in crops such as weeds or disease. Farmers can 

create farm maps with precise acreage for field areas, road locations, and distances between points of 

interest thanks to GPS accuracy. Year after year, GPS allows farmers to precisely navigate to specific 

locations in the field to collect soil samples or monitor crop conditions. 

Crop advisors map pest, insect, and weed infestations in the field using rugged data collection devices with 

GPS for precise positioning. Crop pest problem areas can be identified and mapped for future management 

decisions and input recommendations. The same field data can be used by aircraft sprayers, allowing for 

accurate swathing of fields without the use of human "flaggers." Crop dusters equipped with GPS can fly 



 

 
Volume 04 - Issue 11 - November 2022       69 | P a g e  
 

precise swaths across the field, applying chemicals only where they are needed, minimizing chemical drift, 

and reducing the number of chemicals required, benefiting the environment. Pilots can also provide farmers 

with accurate maps thanks to GPS. 

Conclusion 

Farmers and agricultural service providers can expect even more advancements as GPS technology evolves. 

Technology is transforming nearly every aspect of our modern lives, and farming is no exception. The 

produce on your table tonight will have gotten there faster, fresher, and more cost-effectively thanks to 

leading-edge technology in agriculture. Agriculture technology will become ever more computerized in the 

decades ahead. 
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Abstract 

Biofortification is the process of improving or enhancing the nutritional quality of food crops. There are 

three methods for biofortification purpose namely through agronomic practices, conventional breeding or 

biotechnology-based approaches like genetic engineering and genome editing. Various strategies have been 

implemented for the overcoming or preventing the problem of micronutrient deficiencies including the 

micronutrient supplements distribution in pharmacological preparations and other is food fortification, 

with having less investment as compare to in dietary diversification strategies. For this very purpose, there 

are so many l advantages and limitations of using biofortification as a micronutrient mediation. 

Introduction 

Bio-fortification is a combination of two words “bios” means “life” and “fortificare” means “make strong”. It 

is a process involving breeding nutrients into various food crops leads to sustainable, cost- effective, and 

delivering many micronutrients in long-term means.  

Simply, it is a method to increase nutritional value in various crops in terms of vitamins and minerals for 

the people having diet involving micronutrient-poor staple food crops. Bio-fortification involves the process 

of finding crop varieties which contain high densities of certain micronutrients naturally. Use of these 

varieties by plant breeders naturally for development of productive, new, and ‘biofortified’ crop lines for 

farmers to their growing, market and consumption purposes.  

This particular approach leads to lowering the severely malnourished people who have not a wide access 

to market fortified foods and its supplements by maintaining their nutritional status. Biofortified staple 

foods could not give the more vitamins and minerals than industrial fortified food but could increase the 

daily intake of adequate nutrients throughout the life. 

History 

1. By the time of the Green Revolution (1966–1985), the concept of biofortification has been there.  

2. In the early 1990s, Howarth Bouis, an economist started working on biofortification for the solution of 

micronutrient malnutrition.  

3. In 2001, Steve Beebe, the bean researcher coined the term ‘biofortification’.  

4. In 2003, CGIAR's Biofortification Challenge Program was renamed HarvestPlus.  

5. Between 2009 and 2013, the breeding of the first wave of biofortified crops was done and national varietal 

release committees approved it for release, nutritional efficacy trials were then carried out and 

development of delivery plans.  

6. Since 2014, scaling of the delivery of biofortified crops has been done and there were more than 140 

varieties of ten crops were biofortified with iron, provitamin A and zinc have been released in thirty 

countries and were grown and tested in total sixty countries. 

Goal of Bio-Fortification 

The goal of bio-fortification involves the reduction of high existence of specific nutritional deficiencies, 

including iron, zinc and vitamin A, mainly occur in economically low-income populations.  

This purpose is to be achieved by enhancing the micronutrient efficiencies and densities of various staple 

food crops for the production and consumption by these populations and therefore, if bioavailability is 

exhibited, the adequacy of micronutrient intakes is increased.  

By covering all household members, bio-fortification would contribute to overcome the micronutrient 

deficiencies. 
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Fortification vs Bio-Fortification 

1. Fortification involves the process of enhancing the content of an essential micronutrient deliberately in 

a food e.g., vitamins and minerals (including trace elements), so for betterment of the nutritional quality 

of the food and leads to a minimal risk to health i.e., public health benefit.  

2. While, Bio-fortification is the process in which improvement of nutritional quality of food crops done by 

conventional plant breeding, agronomic practices, or modern biotechnology. Bio-fortification is different 

from conventional fortification because bio-fortification objective is to enhance the nutrient levels in crops 

during growth of plants in spite of manual means during crop processing. Bio-fortification, hence exhibit 

the way to cover the populations where conventional fortification and supplementation would be limited or 

difficult to implement. 

Breeding Target 

Breeding Target is defined as the amount of iron, zinc and vitamin A needed in a bio-fortified crop for 

significant influence on nutritional status. 

Methods of Biofortification 

1. Conventional bio-fortification  

2. Agronomic bio-fortification  

3. Transgenic bio-fortification  

Conventional bio-fortification is an excellent tool to overcome the malnutrition problem is the plant 

breeding by use of varieties for development of crop lines that are new, productive and ‘bio-fortified’ for the 

farmers to grow. These techniques are useful to find varieties with high level of desired nutrients. By 

crossing and individual plants selection, the transfer of this characteristic into cultivated varieties for the 

desired characteristics. Breeding approach are useful for development of bio-fortified varieties with high 

micronutrient levels such as zinc or beta-carotene etc. As for example, rice variety, the IR68144, developed 

by crossing in between IR8 and Taichung (Native)-1. This IR68144 is a semi-dwarf variety and has high 

yielding properties, giving the 21 μg/g of Fe concentration in brown rice and keeping about 80% of its Fe 

concentration after polishing as compared to other control varieties.  

Agronomic bio-fortification – includes the use of sprays or fertilizers (micronutrient‐rich) which are 

taken up by the edible portion of the crop temporarily.  

Transgenic bio-fortification – In the particular crop this leads to inserting the genes required for the 

accumulation of a micronutrient which do not exist in that particular crop (not either at all, or in a bio-

available form). 

Biofortification through Genetic Engineering 

The genetic engineering technique permits the transfer of traits that are heritable in between completely 

diverse species and leads to introduction of new traits into the commercially important plants that could 

not be attained by the traditional breeding. For successful genetic transformation of crop plants, several 

factors of conventional plant breeding methods are there namely tissue culture and regeneration methods, 

Gene constructs preparation with suitable promoters, transformation techniques, multiplication and 

recovery of transgenic plants, characterization of transgenic plants for the introduced traits and transfer 

of transgenes into elite cultivars. But the genetic engineering methods are now a days used for enhancing 

the nutrients like targeted gene editing technologies using artificial nucleases, transcription activator-like 

effector nucleases (TALENs), zinc finger nucleases (ZFNs) and the clustered regularly interspaced short 

palindromic repeat (CRISPR)/CRISPR-associated protein 9 (Cas9) system (CRISPR/Cas9) leads to the 

possibility of precisely modifying genes of interest and hence used for crop improvement. 

1. These techniques have been widely used in various crops including rice, wheat tomatoes amd others.  

2. Recently, in Glycine max and Medicago truncatula, CRISPR/Cas9 and TALENs technologies were used 

to produce mutant lines for genes involved in small RNA processing.  

3. In cowpeas, CRISPR/Cas9-mediated genome editing technology was done for disruption of symbiotic 

nitrogen fixation (SNF) gene activation.  

4. The very popular example of Golden Rice in the year 2000. 
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Advantages and Disadvantages of Biofortification 

Advantages:  

a. Capitalizes the daily regular intake of food staples in low-income households.  

b. Recurrent costs are low after the one-time investment to develop Biofortified seeds.  

c. It is highly sustainable approach.  

d. Biofortified seed not incur a yield penalty. May have important indirect effects in increasing farm 

productivity by helping plants resist to disease and other environmental stresses.  

e. In human beings, for overcoming the mal-nutritions problems.  

f. Increase of nutritional quality in daily diets.  

g. Betterment of crop quality and increase of variability in germplasm.  

Disadvantages: Large amount of investment by developers needed for Bio-fortification for breeding and 

testing purposes. 
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Introduction 

Water availability for aquaculture has already become a severe constraint in several parts of Asia, 

including Manipur and the northeastern states of India, and climatic shifts caused by climate changes are 

likely to impair the impacts. During the summer months, the low availability of water in the culture ponds 

leads to an increase in pollution beyond the tolerable limits of the cultured organisms. Since climate change 

is expected to affect the availability of freshwater and the flow in rivers, it is essential to address the water 

budgeting, lower water availability and quality, and zero water exchange farming system issues. With view 

scarcity of water and unpredictable climate change, short-term fish rearing was conducted in different agro-

climatic conditions of Manipur. Subsequently, the Fishery Division of ICAR Research Complex for NEH 

Region, Manipur Centre, has taken up the development of short-duration aquaculture using indigenous 

carps such as Bangana dero and Osteobrama belangeri farming with different IMC & exotic carp species 

in collaboration with farmers from different locations of Manipur. 

Selection of Ponds 

The main criteria to be kept in mind while selecting the pond for short-duration aquaculture are that the 

soil should be water retentive, an adequate supply of water is assured, and the pond is not in a flood-prone 

area. Derelict, semi-derelict or swampy ponds can be renovated for fish culture by dewatering, de-

silting, repair of the embankments, and provision of inlet and outlets. The required steps of pond 

development are as follows: 

1. De-silting of existing ponds 

2. Deepening of shallow ponds. 

3. Excavation of new ponds (2.0-meter water depth ponds) 

4. Impoundment of marginal areas of water bodies. 

5. Construction/repairs of Embankments. 

6. Construction of Inlets/outlets (if facilities are available). 

Pond Management 

Pond Management plays a very important role in short-duration fish farming before and after the stocking 

of fish seed. Various measures that are required to be undertaken in pre- and post-stocking practices are 

tabulated below:  

Pre-stocking: Proper preparation of ponds to remove unwanted aquatic weeds and predators to ensure 

good growth and to create ready availability of natural food in sufficient quantity and quality for the 

fingerlings to be stocked.  Liming Ponds @250-300 kg/ha depending on the soil and water pH. As in water, 

pH of soil is also one of the critical factors affecting pond productivity. Under anaerobic condition,s the 

decomposition of organic matter is slow, and the products of decompositions are mainly reduced compounds 

and short-chain fatty acids, thus making the soil strongly acidic. Soil pH also influences the transformation 

of phosphorus into available forms and controls the adsorption and release of essential nutrients at the 

soil-water interface. Both for soil and water, a slightly alkaline pH is considered favourable for fish ponds. 

In stocking ponds, a combination of organic and inorganic fertilizers is considered more effective. Generally, 

raw cow dung (RCD) @ 2000kg/ha is applied. Initial manuring with organic manure at the rate of 20% of 

the total requirement is done 15 days prior to stocking and the remaining 80% of the organic manure is 

applied in equal monthly installments during the rearing period. 

Water quality: Water quality is the most important factor affecting fish health and performance in 

aquaculture production systems. Fish growth and health depend on the water quality of the culture ponds; 
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different fish species require a specific range of water. Fishes are cold-blooded animals and hence water 

temperature effect on the level of feeding, growth and reproduction. The optimum water temperature is 24-

28°C. Agricultural lime should be applied 250-300kg/ha.to keep the water near neutral to little bit alkaline. 

Half of the dose should be applied before stocking of fish and the remaining half should be applied in 4-5 

installments regularly during the culture period. Dissolved oxygen of the pond water should be kept high, 

in the range of 5-8ppm. Un-ionized ammonia (NH3) concentration should be kept below 0.5ppm. Ponds 

should be protected from substances like herbicides, insecticides and other chemicals. 

Stocking 

After proper preparation, the pond should be stocked with 100–120 mm long 10-30g weight fingerlings of 

desired carp species Bangana dero, Oseobrama belangeri, Catla catla, Labeo rohita, Cirrhinus mrigala, 

Hypophthalmichthys molitrix and Ctenopharygodon idellus. In case the fingerlings are not available, the 

pond can also be stocked with advanced fry or early fingerlings. In this short-duration culture system, one 

can stock 35,000-40,000 fish fingerlings/ha. The composition of fish in short duration, one can select four 

species combinations, six species combinations, including Bangana dero. The composition for short-

duration aquaculture is as follows: 

Table 8. Fish composition for stocking in short-duration aquaculture: 

Feeding area Percentage of fish stock (%) Recommended Fish stock 

Surface Feeder 25-30 Catla catla, Hypophthalmichthys molitrix 

Column feeder 30-35 Labeo rohita, Osteobrama belangeri,  

Bottom feeder 30-35 Bangana dero, Labeo bata, Cirrhinus 

mrigala  

Weed control 5-10 Ctenopharyngodon idella 

Osteobrama belangeri can be made the whole column feeder component of the fish stock composition of this 

short-duration culture method, while Bangana dero or Labeo bata can be made the whole bottom feeder 

component.  

Post-stocking management involves harnessing the pond productivity in the form of natural fish food, 

maintaining of pond environment congenial to the cultivated fish and fish husbandry, mainly feeding and 

health care. 

Feeding 

Soon after stocking, the fishes start grazing the natural food available in the pond, irrespective of their 

stage of the life cycle. Therefore, immediate steps must be taken to provide supplementary feed having 25-

30% crude protein, 3-4% crude fat content diet two to three times a day @ 3-5% body rate per day. The 

standing crop of fish is estimated every month on the basis of sample netting for growth and health check 

and feeding schedule is adjusted accordingly. Periodical netting should be done strictly on a monthly, the 

average weight of each species recorded and feeding rate adjusted accordingly.  

Apart from feeds and water space, water quality particularly dissolved oxygen is the major factor affecting 

the fish health. The DO in pond water is closely related to the growth and survival of the fish. Oxygen 

demand varies with species, age, sizes of fish and water temperature. Hence water quality parameter 

should be maintained at as follows; temperature; 25±3.0°C; dissolved oxygen, 6.0±2.0 ppm; pH, 7.5±0.2; 

Carbon dioxide, 0.00 -0.2ppm, ammonia,0.00-0.03ppm, nitrate 0.00-0.5ppm and total alkalinity at 50-

110ppm.  

Harvesting: After 6-7 months period of culture the fishes attained good size for marketing Bangana dero 

(100-110g), Osteobrama belangeri (180-350g), Rohu (500-650g), Grass carp 2-2.5 kg), Mrigal (300-550g), 

Catla 1.5-2.5kg) can be harvested by using either drag net or by draining the pond water using pump. 

Production of 5-6t/ha/7 months can be achieved in this culture technique 

Occurrence of diseases: Maintaining of good water quality is one of the parameters of this short-duration 

culture system. The prevalence of infections in fish is less compared to other culture systems. Inadequate 

water quality and bad seed quality may lead to many diseases. Rough handling and stresses while sampling 

also may induced to many diseases. 
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Benefits / Utility of the Technology Preferably including Economics: The duration of fish 

production under this technology is concise. The fishes were stocked in the month of March-April and 

harvested in the month of October. Fish survival and growth rate is higher than the traditional fish 

farming. Being Bangana dero and Osteobrama belangeri are indigenous fishes the survival rate was higher 

than the IMCs. The fish Yield in this technology are in the ranges 5200-6800kg/ha in 7 months. Good 

growth of Grass carp and Catla components can be achieved in this culture. Their benefit cost ratio are 

found to be 4 to 6.5. The profit much higher when a greater number of indigenous carps viz. Bangana dero 

and Osteobrama belangeri are included in thefish stocking component. Being Bangana dero and 

Osteobrama belangeri are esteemed fishes, the net return became three to five times of Indian major carps 

and other exotic carps. 

Precaution with the Technology 

For this technology the following precaution are indispensable: 

1. One should have good knowledge of fish husbandry practices 

2. Good water quality should be maintained throughout the culture period. 

3. Water depth should be kept at 2.0 meters. 

4. Diseases free good quality fish seed should be stocked 

5. Proper feeding with a well-balanced fish diet having 28-30% crude protein @3-5% body weight per day. 

Technology Validation Details: The technology was developed under the institutional project of ICAR 

Research Complex for NEH Region, validated in five different ago climatic conditions of Manipur under 

the sponsored programme of DST, Government of India,” MASTEC-ICAR Joint Venture Project on 

Pisciculture and its Allied Activities for Socio-Economic Development in Manipur in 2015-16. 

Impact of the Technology, including Technology Spread: First of all, the technology was adopted by 

two educated unemployed youths Shri Konthoujam Leghachandra Singh, Khabi Village and Shri 

Laishangbam Dhanachandra Singh, Khabam Bamdiar Imphal west district. The fishes were stocked in the 

last week of April and harvested in the month of October. Fishes were fed with pellet feeds having 28% CP. 

The good survival rates of Pengba and Bangana dero were observed 87-90% in all the locations. The fish 

productions ranged 5200-6800kg/ha in 7 months. The average C:B ratio was 5.2 

Impact: Fish production can be increased 4-5 folds than traditional farming (800-1200kg/ha). Cultural 

duration is also short. Many people wanted to take up this technology in Manipur. Subsequently, the 

technique was copied by more than 25 neighbouring farmers and adopted in about 40 hectares of area in 

2016. Their productions also were more or less similar with the production in these two farmers. Fish 

farming for short duration in controlled conditions has become the easier way of increasing fish production 

and facilitates to get maximum fish production from a water area through utilization of available fish food 

organisms in short duration. Survival rates of Bangana dero and Osteobrama  belangeri are higher than 

IMCs and fetch higher price in the market. 

Impact of the Technology, Including Technology Spread 

First of all, the technology was adopted by two educated unemployed youths Shri Konthoujam 

Leghachandra Singh, Khabi Village, near Nambol and Shri Laishangbam Dhanachandra Singh, Khabam 

Bamdiar Imphal west district. The fishes were stocked in the last week of April and harvested in the month 

of October. Fishes were fed with pellet feeds having 28% CP. Good survival rate of Pengba and Bangana 

dero were observed 87-90% in all the locations. The fish productions were ranged 5200-6800kg/ha in 7 

months. The average C:B ratio was 5.2 

Impact: Fish production can be increased 4-5 folds than traditional farming (800-1200kg/ha). Cultural 

duration is also short. Many people wanted to take up this technology in Manipur. Subsequently, the 

technique was copied by more than 25 neighbouring farmers and adopted in about 40 hectares of area in 

2016 (Basudha, et al 2017). Their productions also were more or less similar to the production in these two 

farmers. Fish farming for a short duration in controlled conditions has become an easier way of increasing 

fish production and facilitates to get maximum fish production from a water area through the utilization 

of available fish food organisms in short duration. Survival rates of Bangana dero and Osteobrama 

belangeri are higher than IMCs and fetch higher price in the market. Toaday Manipur, a publication of 
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DIPR (2022), quoted that many farmers in Manipur have been adopted this farming method for carp 

production. 

Social Impact: The cropping intensity was increased up to 116% to 180% compared to 110% in traditional 

farming system. The farming intensity has also been increased 300 to 500%, as compared to 150-200% in 

the traditional farming systems. On average, 409-570 man-days employment was generated as compared 

to 110 days in the traditional farming system. The benefit: cost ratio of various farming the technology has 

also created a long-lasting social impact by increasing productivity as well as profitability. It ensures round-

the-year food and nutritional security, improved purchasing power of the farm families and generates 

employment for others. The additional income generated through various interventions made supported 

the farmers to spend more on purchasing essential commodities for the household. They got tremendous 

popularity and respect in their community and villages. Fellow villagers and farmers from neighboring 

villages were motivated by seeing the performance of adopted technologites and replicated the same on 

their respective farms. Systems ranged from 2.51 to 6.49. depending on their management skill. 

Awards in Fish Production 

Sl. 

No. 

Name of the Farmer and 

address 

Year  Fish 

production 

(kg) 

Prize/award category 

1   (Late) Shri  Laishangbam 

Dhanachandra, Khabam 

Bamdiar, Imphal West 

District, Manipur 

 

2018 12,875 

(1st Prize) 

First in overall fish production & 

first in Indigenous fish production 

award in  in Fish Fair cum Fish crop 

competition organized by Department 

of Fisheries, State Government of 

Manipur.  

2019 10920   

 

3rd Prize in overall fish 

production award in Fish Fair cum 

Fish crop competition organized by 

Department of Fisheries, State 

Government of Manipur. 

  Best Farmer Award-2019 from the 

state of Manipur by College of 

Fisheries, Central Agricultural 

University, Lembucherra, Tripura. 

2019 3280  First in indigenous fish 

production and third in overall 

fish production in Fish Fair cum 

Fish crop competition organized by the 

Department of Fisheries, State 

Government of Manipur 

2016 & 

2017 

1540 kg & 

2200kg 

Consolation prizes in indigenous fish 

production in Fish Fair cum Fish crop 

competition organized by Department 

of Fisheries, State Government of 

Manipur 

2 Shri. K. Laghachandra 2016 & 

2017 

1500 & 2000  Consolation prizes in indigenous fish 

production in Fish Fair cum Fish crop 

competition organized by Department 

of Fisheries, State Government of 

Manipur 

3 Shri Oinam Jenish Singh,  

Khordak, Bishnupur 

District, Manipur 

in 2020 11,120  First in overall fish production 

award in Fish Fair cum Fish crop 

competition organized by Department 
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 of Fisheries, State Government of 

Manipur.  

2022  Best Farmer Award-2021 from the 

state of Manipur by College of 

Fisheries, Central Agricultural 

University, Lembucherra, Tripura. 

4 Salam Rohendro Singh,  

 

Laphupat Tera Mayai 

Leikai, Imphal West, 

Manipur 

2021 in 25,601 First in overall fish production 

award in Fish Fair cum Fish crop 

competition organized by Department 

of Fisheries, State Government of 

Manipur 

2022 - Appreciation Award 2021-22 for 

Outstanding award by Cold Water 

Fisheries Society, India Uttarkhand. 

5 Shri Ningthoujam Milan  2019 2150  Consolation Prize in Fish Fair cum 

Fish crop competition organized by 

Department of Fisheries, State 

Government of Manipur 

Conclusion 

Short term fish farming is the process of composite fish culture technology with components of indigenous 

fish species reared in ponds for 6-7 months duration. Fish species like Bangana sps and Pengba along with 

Catla, rohu, mrigal and grass carp that can be farmed for a period of 6-7 months in ponds and harvested. 

By this farming method one can easily harvest 4000-5000 kg/ha. Being Bangana and Pengba both are high 

price fishes and has ready demand in the markets one cane make profits also. Bangana can survive wide 

range of temperature. It is detrivorous and bottom feeder. Bangana and Pengba can be stocked in place of 

the mrigal and rohu stocks respectively in this culture method.  
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Summary 

Tillage aims to create a soil environment favourable to plant growth. Definitions of tillage vary. It is defined 

as physical, chemical or biological soil manipulation to optimize conditions for germination, seedling 

establishment and crop growth. however, define it as any physical loosening of the soil carried out in a 

range of cultivation operations, either by hand or mechanized. Soil manipulation can change fertility status 

markedly and the changes may be manifested in good or poor performance of crops. In addition, tillage 

operations loosen, granulate, crush or compact soil structure, changing soil properties such as bulk density, 

pore size distribution and composition of the soil atmosphere that affect plant growth. Appropriate tillage 

practices are those that avoid the degradation of soil properties but maintain crop yields as well as 

ecosystem stability. Conservation tillage provides the best opportunity for halting degradation and for 

restoring and improving soil productivity in recent years interest in conservation tillage systems has 

increased in response to the need to limit erosion and promote water conservation. 

Introduction 

Tillage refers to the physical disturbance of soil. In tillage system soil is manipulated with tools and 

implements for to creates favourable soil environment for better crop establishment. The conventional 

tillage refers to the intensive tillage with multiple passes of tillage equipment to accomplish land 

preparation for seed sowing. Conventional tillage practices lead to change in soil structure by modifying 

soil bulk density and soil moisture content. Conventional tillage is often helpful to break plough pan, 

improve infiltration, adding of organic and chemical amendments in light textured soils. Since regular and 

continuous soil tillage strongly influence the physical, chemical and biological properties of soil. It is 

necessary to apply appropriate tillage practices that prevent soil structure degradation, maintain crop yield 

as well as ecosystem stability. Conventional agricultural system promotes the extensive soil tillage, 

burning of crop residues and external inputs such practices lead to soil degradation through loss of organic 

matter, soil erosion and compaction. This cause to no or extremely low economic returns to farmer pushing 

them into perpetual trap of poverty. It is therefor, Essential that the properly manipulated the soil 

environment for ensuring a better crop growth and improve resources use efficiency. 

 

Minimum Tillage 

Conservation agriculture (CA) consists of a range of cropping systems based on a combination of three main 

principles are: I) Minimum mechanical soil disturbance by adopting minimum or no-tillage and minimum 
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traffic for agricultural operations. II) Permanent soil organic cover this can be done by inclusion of cover 

crops and spreading of dead vegetative material, mainly from crop residue. The main aim of providing soil 

cover is to maintain a protective layer above the soil surface. and III) Rotation of crops by adoption of spatial 

and temporal crop sequence or crop rotations to derive maximum benefits from inputs and minimize 

adverse environmental impacts. The technologies of CA provide opportunities to reduce the cost of 

production, save water and nutrients, increase yields, increase crop diversification, improve efficient use of 

resources, and benefit the environment. Adoption these practices permits the management of soil for crop 

production without excessively disturbing soil. 

 

It involves considerable soil disturbance, though to a much lesser extent than that associated with 

conventional tillage. Minimum tillage is aimed at reducing tillage to the minimum necessary for ensuring 

a good seedbed, rapid germination, a satisfactory stand and favourable growing conditions. 

Tillage can be reduced in two ways: 

1. By omitting operation which do not give much benefit when compared to the cost. 

2. By combining agricultural operations like seeding and fertilizer application. 

Different Methods of Minimum Tillage Practiced 

1. Row Zone Tillage: After primary tillage with mould board plough, secondary tillage operations like 

disking and harrowing are reduced. The secondary tillage is done in the row zone only. 

2. Plough-plant Tillage: After the soil is ploughed, a special planter is used and in one run over the field, 

the row zone is' pulverised and seeds are sown. 

3. Wheel Track Planting:  Ploughing is done as usual. Tractor is used for sowing and the wheels of the 

tractor pulverise the row zone. 

Zero -Tillage / No Till 
Zero tillage or permanent bed for maize has several advantages such as prevent delay in sowing, requires 

low fuel and labour costs, requires little draft power, most suitable for coarse soils, improves soil health 

and quality, reduce erosion and conserve soil moisture with higher water use efficiency (15-20%) and yield 

enhancement. Sometimes temporary water lodged conditions affects the growth of maize crop. In bed 

planting that temporary water lodged conditions can be avoided by draining out excess water in furrows 

and better infiltration and aeration than conventional till (CT) condition. It was observed that standing 

water remains for longer time in CT due surface crust formation or soil compaction while, in ZT there is 

more infiltration rate due natural soil aggregation which helpful in avoiding anaerobic conditions due to 

water lodging. Zero till or permanent beds have better availability of water for maize especially in residue 

retained conditions. 

Zero tillage with residue covers is being advocated for soil, organic matter, water, hydrothermal regulation 

and energy management over traditional tillage practices. Zero tillage or no till referred as planting crops 

in the previously unprepared soil without any disturbance of soil by opening narrow slots and trenches of 

the smallest width and depth. It is also known as zero till, no till or direct planting. Reduced or minimum 

tillage deals with the reduction of total number of tillage operations required for sowing of a particular 

crop. Zero tillage deals with the manipulation of soil in narrow strip where seeds are placed.  All these 
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practices leave at least 30% stubbles on soil as mulch or add these into soil as source of organic matter It 

prompts minimal use of machinery and hence energy can be stored through less fuel usage. This system 

involved mixture many agricultural practices including planting, residues management, weed and pest 

control, harvesting and rotation. Zero-tillage seeding offers the benefits of retaining surface residues and 

reduces soil-water losses. With zero-tillage technology, farmers can harvest higher yields and production 

cost is reduced up to 10% with also improves soil condition and its fertility status The no-till system is a 

specialized component technology for conservation tillage consisting of a single-tractor operation by using 

specially designed seed cum fertilizer drill without any field operation due to which the soil and the surface 

residues are minimally disturbed. The surface residues of such a system are of critical importance for soil 

and water conservation. Weed control is generally achieved with herbicides or in some cases with crop 

rotation. No-tillage systems eliminate all pre-planting mechanical seedbed preparation except for the 

opening of a narrow (2-3 cm wide) strip or small hole in the ground for seed placement to ensure adequate 

seed/soil contact. 
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Water Cycle 

1. Moisture evaporates from land, plant leaves, freshwater sources and the seas to form clouds 

2. Clouds remain in the air until warm air masses meet cold air masses. 

3. Change causes water vapor to change to a liquid and fall as rain, sleet or snow. 

4. This is known as the water cycle. 

Water Cycle – cycling of water among water sources, atmosphere, and surface areas. 

Types of Erosion 

Rill erosion – loss of soil on sloping land where small channels are formed by running water. 

Sheet erosion — removal of soil from broad areas of the land. 

Gully erosion — removal of soil to form relatively narrow and deep trenches known as gullies. 

Conservation Practices 

1. Cover crop — close-growing crop planted to protect the soil and prevent erosion.  

2. Mulch — material placed on soil to break the fall of raindrops (preventing erosion), prevent weeds from 

growing, or improve the appearance of the area. 

3. No-till — seed is planted directly into the residue of the previous crop, without exposing the soil surface. 

4. Conservation tillage — techniques of soil preparation, planting, and cultivation that disturb the soil 

the least, leaving the maximum amount of plant residue on the surface. 

5. Plant residue — plant material that remains when a plant dies or is harvested. 

6. Contour practice — operations such as plowing, disking, planting, cultivating, and harvesting across 

the slope and on the level. 

7. Contour — level line around a hill. 

8. Strip cropping — alternating strips of row crops with strips of close-growing crops. 

9. Crop rotation — planting of different crops in a given field every year or every several years. 

10. Grass waterway — strip of grass growing in the low area of a field where water can gather and cause 

erosion. 

11. Terrace — soil or wall structure built across the slope to capture water and move it safely to areas 

where it will not cause erosion. 

Recommended Practices to Reduce or Prevent Wind & Water Erosion 

1. Keep soil covered with growing plants 

2. Cover the soil with mulch 

3. Utilize conservation tillage methods 

4. Use contour practices in farming, nursery production and gardening 

5. Use strip cropping on hilly land 

6. Rotate crops 

7. Increase organic matter in the soil 

a. Organic matter — dead plant and animal tissue that originates from living sources such as plants, 

animals, insects, and microbes. 

8. Provide the correct balance of lime and fertilizer 

9. Establish permanent grass waterways 

10. Construct terraces 

11. Avoid overgrazing. 
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Overgrazing: Damage to plants or soil due to animals eating too much of the plants at one time or reducing 

the plant’s ability to hold soil or recover after grazing. 

a. Use land according to a conservation plan. 

Conservation plan: A plan developed by soil and water conservation specialists to use land for its 

maximum production and water conservation without unacceptable damage to the land. 

Growing of crops entirely under rainfed conditions is known as dry land agriculture.  

In Andhra Pradesh, out of 148 lakh ha. of cultivable land, nearly 105 lakh hectares -rain fed agriculture, 

with 65% -red soils and 25% -black soils. Variation in crop yields is more in dry lands due to non-receipt of 

timely rainfall and prolonged dry spells during crop periods.  

Adoption of soils and moisture conservation measures and improved management practices will help in 

getting higher yields. 

Soil and Water Conservation in Red Soils 

These soils are shallow in depth with low water holding capacity.  Rainwater is lost as runoff causing 

erosion resulting in loss of fertile top layer of the soil and nutrients. Research efforts were made to reduce 

these losses and soil conservation measures were found useful in reducing runoff and soil loss.  

When soil depth is 20 cm or more deep tillage once in three years -better infiltration of rainwater and 

reduces pest and weed problems. Cultivation across the slope reduces runoff. If slope is multiple and more 

than 2% construction of contour bunds helps in conservation of soil and water. In areas where annual 

rainfall is more than 750 mm, graded bunds are recommended.  

1. In soils where surface crusting is a major problem, application of sand @ 40 t/ha before sowing helps in 

decreasing the crust strength facilities, better infiltration of water in to the soil and improves germination 

and crop stand. 

2. Intercropping groundnut with mixed pulses like horse gram, cowpea and red gram in 11:1 ratio helps in 

reducing the runoff losses and increases net returns. 

Soil and Water Conservation in Black Soils 

1. Water holding capacity of these soils is very high, but deep cracking, low in permeability and poor 

drainage are the major problems.  

2. Soil conservation and improved management practices helps in getting higher yield of crops.  

3. Formation of graded bunds with a cross section of 0.8m2 is recommended in these soils. Formation of a 

channel with a slope of 0.1 – 0.25% along the graded bunds and merging these channels in to a grassed 

waterway help in drainage of water without any soil erosion. 

4. Formation of ridges and furrows is useful for deep black soils. Sowing should be done on the ridges. 

Furrows facilitate easy drainage of water (or) formation of raised bed with 3 m width at 20 cm height help 

in getting increased yields of crops, as the furrows facilitate better drainage of water. 

5. Application of FYM @ 20 t/ha help in better infiltration of water. 

Impact of Conservation Agriculture on Climate Change 

Problems related to climate change: 

a. Extreme precipitation  

b. Extended drought period 

c. Extreme temperature 

d. Green house gases 

e. Increase in atmospheric CO2 level. 

Solutions: 

a. No till or reduced tillage 

b. Crop rotation  

c. Crop residue   management  

d. Avoid burning of crop residue  

e. Increase in soil OM 

f. Better soil structure 
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g. To mitigate the effect of climate change, need to conserve energy and reduce emissions of CO2, 

CH4 and N2O. 

Conservation Agriculture Benefits to Farmers 

1. Reduced cultivation cost through savings in labour, time and farm power. 

2. Improved and stable yields with reduced use of inputs (fertilizers, pesticides). 

3. In case of mechanized farmers, longer life and minimum repair of tractors and less water, power and 

much lower fuel consumption. 

4. Benefits of CA come about over a period of time and in some cases, might appear less profitable in the 

initial years. 

Conservation Agriculture Benefits to Natural Resources 

1. Gradual decomposition of surface residues leading to increased organic matter and biological activity 

resulting in improved capacity of soils to retain and regulate water and nutrient availability and supply. 

2. Reduced soil degradation through reduced impact of rainfall causing structural breakdown, reduced 

erosion and runoff. 

3. Conserving Resources. Enhancing Productivity 

4. Improved biological activity and diversity in the soil including natural predators and competitors. 

5. Reduced pollution of surface and ground water from chemicals and pesticides, resulting from improved 

inputs use efficiency. 

6. Savings in non-renewable energy use and increased carbon sequestration. 
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Toxic elements and their compounds are naturally ubiquitous they are present in all components of the 

environment, all organisms, soils, rocks, water, and the atmosphere contain these elements in at least a 

trace concentration, as such, there is a universal contamination with trace (or larger) amounts of these 

potentially toxic substances. 

Toxic Elements 

The various toxic elements are: 

Heavy metals: Cadmium (Cd), Chromium (Cr), Cobalt (Co), Copper (Cu), Lead (Pb), Mercury (Hg), Nickel 

(Ni), Silver (Ag), Tin (Sn), Vanadium (V), Zinc (Zn). 

Lighter metals:  Aluminum (Al). 

Non-metallic toxic elements: Arsenic (As), Phosphorus (P), Selenium (Se). 

Cadmium:   Cd is toxic to plants & animals. In plant increasing the concentrarion of cd reucing the Ion 

uptake (No3, k) and decresing the root and shoot growth by reducing the cytokinins. 

Health effects of cadmium: Diarrhoea, stomach pains and severe vomiting, Bone fracture, Reproductive 

failure and possibly even infertility, Acute toxicity: renal failure,anemia, severe muscle pain named "Itai-

Itai" disease ("ouch, ouch") 

Chromium: Effects germination, plant growth, leaf growth and dry matter production. In humans’ cancers 

ulcers and other stomach problems, skin problems. 

Cobalt: In plants Higher concentration of cobalt leads to reduce the growth of plants by reducing the shoot 

and root length. 

Vomiting and nausea, Vision problems, Heart problems, Thyroid damage. Intentionally high uptakes of 

copper may cause liver and kidney damage and even death. 

Copper: In plants high levels of Cu normally show reduced biomass and chlorotic symptoms. 

Health effects: irritation to eyes, headaches, stomach-aches, dizziness, vomiting and diarrhea. 

Lead: 

Plant Effects: CO2 fixation, NO2 assmlation and enzymes activity reduced. 

Health effects:  Toxicity causes brain damage, esp in young, Disruption of the biosynthesis of, 

aemoglobin and anaemia, A rise in blood pressure, Kidney damage. 

Molybdenum: 

Health effects: The main features were joint pains in the knees, hands, feet, articular deformities, 

erythema, and edema of the joint areas  

Mercury: In plants reduce photosynthesis, transpiration rate, and water uptake and chlorophyll 

synthesis.  

Health effects: Disruption of the nervous system, Damage to brain functions, DNA damage and 

chromosomal damage-, Allergic reactions, resulting in skin rashes, tiredness and headaches. 

Nickel: In reducing the germination percentage, effects the root and shoot growth in plants. 

Health effects: Higher chances of development of lung cancer, nose cancer, larynx cance and 

prostate cancer, Sickness and dizziness after exposure to nickel gas, Lung embolism Respiratory 

failure. 

Silver: 

Health effects: Kidney damage, Eye damage, Lung damage, Liver damage, Anemia, Brain damage 
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Tin- Health effects: Eye and skin irritations, Headaches, Stomachaches, Sickness and dizziness, Severe 

sweating. 

Aluminum: 

Plant effects: loss of apical dominance, Al inhibits formation of microtubes, actin & microfilaments 

in root tips. 

Health effects: Damage to the central nervous system, Dementia, Loss of memory, Listlessness, 

Severe trembling. 

Arsenic: in plants Reduce photosynthesis, transpiration rate, and water uptake and chlorophyll synthesis 

in plants.  

Health effects: severe abdominal pain, fever, cardiac arrhythmia 

Selenium: Health effects: Cause dizziness, fatigue and irritations of the mucous membranes. 

Iodine- The function of the thyroid gland will than slow down and the thyroid gland will start swelling up. 

This phenomenon is called struma. 

Fluorine- Toxicity symptoms include necrosis and/or interveinal chlorosis in plants. In human’s fluorosis 

effects teeth and bones. 
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Introduction 

We are familiar with BIB designs which are introduced by Yates (1936). These designs estimate all possible 

paired comparisons with same variance and hence are variance balanced.   But BIB designs are not 

available for every parametric combination.  Also, even if a BIB design exists for a given number of 

treatments (v) and block size (k), it may require too many replications.  To overcome this problem, Bose 

and Nair (1939) introduced a class of binary, equi-replicate and proper designs, which are called partially 

balanced incomplete block (PBIB) designs.  In these designs, the variance of every estimated elementary 

contrast among treatment effects is not the same. The literature had already discussed PBIB designs based 

on 2-associate classes extensively; for a comprehensive overview of these designs, see Bose et al. (1954); 

Clatworthy (1973); Dey (1977); Sinha (1991); Ghosh and Divecha (1995); and Garg and Farooq (2014). The 

original definition of PBIB design was modified by Nair and Rao (1942) and it is based on an abstract 

relationship called the association scheme was defined by Bose and Shimamato (1952). The association 

scheme and PBIB design are defined as follows. 

Definition 1.1 

A relationship defined on 𝑣 symbols (or treatments) is called an m-class association scheme (𝑚 ≥ 2)   if the 

following conditions hold: 

1. A pair of treatments 𝛼 and 𝛽 are either 1𝑠𝑡  , 2𝑛𝑑 , … or 𝑚𝑡ℎ associates, the relation of association being 

symmetric, i.e., if 𝛼 is the ith associate of 𝛽, then so is 𝛽 of 𝛼. 

2. For a given treatment 𝛼 , the number of ith associates (1 ≤ 𝑖 ≤ 𝑚) of 𝛼  is 𝑛𝑖 , where the integer ni is 

independent of the given treatment i.e., 𝛼. 

3. Given a pair of treatments 𝛼 and 𝛽 that are mutually ith
 associates, the number of treatments that are 

simultaneously 𝑗𝑡ℎ associates of 𝛼 and 𝑘𝑡ℎ   associates of 𝛽 is 𝑝𝑗𝑘 
𝑖 , where this number does not depend on the 

particular pair of treatments chosen as long as they are mutually ith
 associates. 

The integers 𝑣 ,  𝑛𝑖 , 𝑝𝑗𝑘
𝑖  (1 ≤  𝑖, 𝑗, 𝑘 ≤ 𝑚 ) are called the parameters of m-class association scheme. The 

following relations hold among the parameters of an m-class association scheme: 

i. ∑ 𝑛𝑖
𝑚
𝑖=1 = 𝑣 − 1 

ii. ∑ 𝑃𝑗𝑘
𝑖𝑚

𝑘=1 = 𝑛𝑗 − 𝛿𝑖𝑗, where 𝛿𝑖𝑗 is the kronekar delta, i.e., 𝛿𝑖𝑗 = {
1; 𝑖𝑓 𝑖 = 𝑗
0; 𝑖𝑓 𝑖 ≠ 𝑗

 

𝑛𝑖𝑃𝑗𝑘
𝑖 = 𝑛𝑗𝑃𝑖𝑘

𝑗
= 𝑛𝑘𝑃𝑖𝑗

𝑘 

Definition 1.2 

Given an association scheme A with 𝑣 treatments and 𝑚(≥ 2) we have a PBIB design based on A if it is 

possible to arrange the 𝑣 treatments into 𝑏 blocks such that 

1. Each block has 𝑘 (< 𝑣) distinct treatments; 

2. Each of the treatments occurs in 𝑟 blocks; 

3. Given any two treatments say (𝛼, 𝛽) that are mutually 𝑖𝑡ℎ associates, then these occur together in 𝑖 

blocks where 𝑖 does not depend on the pair (𝛼, 𝛽) as long as they are mutually 𝑖𝑡ℎ associates, (1 ≤ 𝑖 ≤ 𝑚). 

Also, not all 𝑖 ’s is equal.    

The integers 𝑣, 𝑏, 𝑟, 𝑘, 𝑖 are called parameters of the PBIB design. The following relations hold among the 

parameters of the PBIB design. 
i. 𝑣𝑟 = 𝑏𝑘 

∑ 𝑛𝑖

𝑚

𝑖=1

𝑖  =  𝑟(𝑘 − 1) 
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Two-Class Association Schemes 

The various 2-class association schemes are enlisted as: 

1. Group divisible (GD) association scheme 

2. Triangular association scheme 

3. Latin square association scheme 

4. Cyclic association scheme 

5. Circular association scheme. 

Here, GD association scheme along with designs based on this scheme have been described. 

2.1.   Group-divisible association scheme and Design 

2.1.1 Association scheme: For integers 𝑚 ≥ 2 and 𝑛 ≥ 2, consider 𝑣 = 𝑚𝑛 treatments which are arranged 

in an 𝑚 × 𝑛 array, say B. A group divisible association scheme on these 𝑣 treatments is defined as follows: 

two treatments are first associates if they belong to the same row of B and are second associates otherwise. 

Here parametric relations and association matrices are; v = mn, n1 = n-1, n2 = (m-1)n,  

 

1

(n-2)      0
P   

   0      (m-1)n

 
=  

    

2

 0          (n-1)
P   

n-1     n(m-2)

 
=  

   
 

Example 2.1.1: Let m= 4 and n = 3, then the arrangement of v = 12 treatments is as shown below: 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

2.1.1 Group-divisible designs:  A PBIB design is said to be group-divisible (GD) design if it is based on 

the GD-association scheme. 

 

Types of GD designs: Let N be the incidence matrix of a GD design with parameters v=mn, b, r, k, 1, 2. 

Then the Eigen values (өi) and the corresponding multiplicities (𝛼𝑖) ∀𝑖 = 0,1,2 of the matrix NN` are given 

by 

ө0= rk,                            α0=1, 

       ө1 = r-1                         α1=m(n-1) 

   ө2   =   rk-v2              α2=m-1 

Since NN` is non-negative definite it is necessary that r ≥ 1 and rk ≥ v2. Based on the Eigen values of NN`, 

GD designs have been classified into the following three categories: 

• Singular, if r = 1 

• Semi regular, if r > 1 and rk = v2              

• Regular, if r > 1 and rk >  v2  

 

2.1.2 Construction of GD designs: 

(i) Singular GD designs: Suppose we have a BIB design with parameters v*, b*, r*, k* and *. If each 

treatment of BIB design is replaced by a group of n distinct treatments the resultant design is GD design 

with parameters v = nv*, b=b*, r=r*, k=nk*, 1=r*,  2=*, m= v*,  n=n. 

Example (i): Let we have BIBD with parameters v*=3, b*=3, r*=2, k*=2, *=1. Here each row represents 

the block; 

Now we replace each treatment by a group of 2 treatments as:1 → 1,2; 2 → 3,4; and 3 → 5,6 

By replacing group of 2 treatments following design is obtained: 

1 2 

2 3 

1 3 

1 2 3 4 

3 4 5 6 

1 2 5 6 
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Here rows represents block of the design. The above design is singular GD design with parameters v=6, 

b=3, r=2, k=4, 1=2, 2=1, m =3 and n=2. 

(ii) Semi regular GD designs: The dual of an affine resolvable BIB design with parameters 𝑣1, 𝑏1, 𝑟1, 𝑘1, 

𝜆 is a semi-regular GD design with parameters 𝑣 = 𝑏1, 𝑏 = 𝑣1, 𝑟 = 𝑘1, 𝑘 = 𝑟1, 𝜆1 = 0, 𝜆2 = 𝑘1
2/𝑣1, 𝑚 = 𝑟1, 𝑛 =

𝑏1/𝑟1. 

Example (ii): Let an affine resolvable BIB design with parameters 𝑣1 = 9, 𝑏1 = 12, 𝑟1 = 4, 𝑘1 = 3, 𝜆 = 1. 

Dual of this design gives semi regular GD design with block contents are: 

B1 1 4 7 10 

B2 1 5 8 11 

B3 1 6 9 12 

B4 2 4 8 12 

B5 2 5 9 10 

B6 2 6 7 11 

B7 3 4 9 11 

B8 3 5 7 12 

B9 3 6 8 10 

and parameters are 𝑣 = 12, 𝑏 = 9, 𝑟 = 3, 𝑘 = 4, 𝜆1 = 0, 𝜆2 = 1, 𝑚 = 4, 𝑛 = 3. 

(iii) Regular GD designs: The existence of a BIB design with parameters 𝑣1, 𝑏1, 𝑟1, 𝑘1, 𝜆 = 1 implies that 

regular GD design with parameters 𝑣 = 𝑣1 − 1, 𝑏 = 𝑏1 − 𝑟1 , 𝑟 = 𝑟1 − 1, 𝑘 = 𝑘1 , 𝜆1 = 0, 𝜆2 = 1, 𝑚 = 𝑟1 , 𝑛 =
𝑘1 − 1, if we delete the blocks containing any one of  treatments. 

Example (iii): Consider a BIB design with parameters 𝑣1 = 9, 𝑏1 = 12, 𝑟1 = 4, 𝑘1 = 3, 𝜆 = 1. Deleting the 

blocks comprising treatment number 9, we get the regular GD design with parameters 𝑣 = 8, 𝑏 = 8, 𝑟 = 3, 

𝑘 = 3, 𝜆1 = 0, 𝜆2 = 1, 𝑚 = 4, 𝑛 = 2 and block contents are: 

B1 B2 B3 B4 B5 B6 B7 B8 

1 4 1 2 2 3 1 3 

2 5 4 5 6 4 6 5 

3 6 7 8 7 8 8 7 
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Introduction 

Two class PBIB designs have been extensively studied in the literature and an exhaustive catalogue of 

these designs found in Bose et al. (1954); Clatworthy (1973); Dey (1977); Sinha (1991); Ghosh and Divecha 

(1995); and Garg and Farooq (2014). The group divisible (GD) association has already been described in an 

earlier article entitled ‘a note on GD designs’ by the same author. Further, the next immediate and 

important association scheme is triangular association and related PBIB designs are discussed along with 

numerical illustrations. 

Triangular Association Scheme and Design 

Association scheme: Let there be 𝑛(𝑛 − 1)/2 treatments arranged in a square array of size n such that 

the positions of the principal diagonal of the array are left blank, the 𝑛(𝑛 − 1)/2 positions above the 

principal diagonal are filled up by the 𝑣 treatment symbols and the positions below the principal diagonal 

are filled up by the 𝑣 symbols in such a manner that the resultant arrangement is symmetrical about the 

principal diagonal.  

Two treatments are first associates if they belong to same row or same column of the array and second 

associates, otherwise. Triangular scheme exists when 𝑛 ≥ 5 and parameters are 

𝑣 = 𝑛(𝑛 − 1)/2, 𝑛 ≥ 5, 𝑛1 = 2(𝑛 − 2),  𝑛2 = (𝑛 − 2)(𝑛 − 3)/2 

 

1

(n-2)     (n-3)
P   

(n-3)     [(n-3)(n-4)]/2

 
=  

    

2

4                  2(n-4)
P   

2(n-4)     [(n-4)(n-5)]/2

 
=  

   
 

Let N be the incidence matrix of a Triangular design with parameters v=n(n-1)/2, b, r, k, 1, 2. Then the 

Eigen values (өi) and the corresponding multiplicities (𝛼𝑖) ∀𝑖 = 0,1,2 of the matrix NN` are given by 

ө0= rk,                                                                  α0=1, 

ө1 = r+(n-4)1-(n-3) 2                           α1=n-1 

ө2   =   r-21+2                                               α2=n(n-3)/2 

 

Example 2.1: For n=5 

Table 2.1 shows the various associates of treatments 1, 2 and 8: 

Treatment 1st Associates 2nd Associates 

1 2, 3,4,5, 6,7 8,9,10, 

2 1,3,4,5, 8, 9 6,7, 10 

8 2,3,5, 6, 9,10 1,4,7 

Triangular designs: A two class association scheme is called triangular design if it is based on triangular 

association scheme. In a triangular association scheme, if we take each row as a block then the resultant 

design is triangular design with parameters v=n(n-1)/2, b=n, r=2, k=n-1, 1=1, 2= 0.  

Example 2.2: Suppose n=5, giving rise to v=10 treatments as follows: 

* 1 2 3 4 

1 * 5 6 7 

* 1 2 3 4 

1 * 5 6 7 

2 5 * 8 9 

3 6 8 * 10 

4 7 9 10 * 
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2 5 * 8 9 

3 6 8 * 10 

4 7 9 10 * 

Taking each row as block, the following triangular design is obtained: 

1 2 3 4 

1 5 6 7 

2 5 8 9 

3 6 8 10 

4 7 9 10 

Here, v = 10, b=5, r=2, k=4, 1=1, 2= 0. It is also obtained by taking dual of UR-BIBD (5, 10, 4, 2, 1). 
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Introduction 

A lot of literature is available on PBIB designs based on 3- class association schemes [Varghese et al. (2004); 

and Vinayaka and Vinaykumar (2021)]. PBIB designs based on rectangular (3-class) association scheme 

(known as rectangular designs) are an important class of block designs with factorial structure for 

experiments with two factors [see e.g., Vartak (1955, 1959); Sharma and Das (1985); Suen (1989); 

Srivastava et al. (2000); Parsad et al. (2007a, 2007b) and references cited therein]. Some of the 3-class 

association schemes are described in the sequel. 

Three-Class Association Schemes and PBIB Designs 

The various 3-class association schemes are enlisted as: 

i. Rectangular Association Scheme 

ii. Nested Group Divisible Association Scheme 

iii. Circular Lattice Association scheme 

iv. Cubic Association Scheme 

v. Extended Triangular Association Scheme 

vi. Circular(3)  Association Scheme 

vii. NC3 (cyclic) Association Scheme 

Here, rectangular association and related PBIB designs has been described along with examples: 

Rectangular Association Scheme: Let there be 𝑣 = 𝑠𝑛 treatments arranged in a rectangular array of 𝑠 

rows and 𝑛 columns. Any two treatments belonging to the same row of the array are first associates, 

whereas any two treatments belonging to the same column are second associates. Two treatments are 

mutually third associates if they neither belong to the same row nor same column of the array {Vartak, 

1955, 1959}.  

Here, v = sn, n1 = n-1, n2 = s-1, n3 = (s-1) (n-1), 

















=

2)-1)(n-(s1-s0

1-s00

002-n

  1P
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=

)1-2)(n-(s01-n

02-s0

1-n00

  2P
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=

2)-(n 2)-(s2-s2-n

2-s01

2-n10

  P3

. 

 

Example 2.1: Let s = 4 and n = 3, then the arrangement of v = 12 treatments are as shown below: 

1 2 3 

4 5 6 

7 8 9 

10 11 12 

Table 2.1 shows the various associates of treatments 1, 2, 4 and 5: 

Treatment 1st Associates 2nd Associates 3rd Associates 

1 2, 3 4, 7, 10 5, 6, 8, 9, 11, 12 

Rectangular Designs: A PBIB design with three associate classes having a rectangular association 

scheme, as defined in Section 3.1.1, is called a rectangular design (Vartak 1955, 1959). If N1 and N2 are the 

incidence matrices of two BIB designs with respective parameters v, b, r, k,  and v, b, r, k,  then 
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N = N1  N2 is the incidence matrix of a rectangular PBIB design with parameters v = vv, b = bb, r =rr, 

k = kk, 1 = r, 2 = r, 3 =, s = v, n = v, where  denotes the kronekar product of two matrices.  

Example 2.2: Let v=3=b, r=2=k, =1 and v=4, b=6, r=3, k=2, =1, then the design obtained has 

parameters v=12, b=18, r=6, k=4, 1=2, 2=3, 3=1, s=3, n=4. Its blocks are: 

B1 1 2 5 6 B10 2 3 10 11 

B2 1 3 5 7 B11 2 4 10 12 

B3 1 4 5 8 B12 3 4 11 12 

B4 2 3 6 7 B13 5 6 9 10 

B5 2 4 6 8 B14 5 7 9 11 

B6 3 4 7 8 B15 5 8 9 12 

B7 1 2 9 10 B16 6 7 10 11 

B8 1 3 9 11 B17 6 8 10 12 

B9 1 4 9 12 B18 7 8 11 12 
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Introduction 

In the analysis of mortality, the life table is the most powerful instrument used by the demographers. The 

credit of preparing the first life table goes to John Graunt. The life table has been presented in its modern 

shape by A.J. Lotka, a renowned mortality analyst. The life table is a conventional method of expressing 

the most fundamental and essential facts about the age distribution of mortality in a tabular form and is a 

powerful tool for measuring the probability of life and deaths of various age sectors. A life table provides 

answers to the following questions: 

1. How will a group of infants all born at the same time and experiencing unchanging mortality conditions 

throughout the life time, gradually die out? 

2.  When in the course of time all these infants die, what would be the average longevity per person? 

3. What is the probability that persons of specified age will survive a specified number of years?  

4. How many persons, out of selected number of persons living at some initial age, survive on the average 

to each attained age? 

The life table thus gives a summary of the mortality experience of any population group during a given 

period and is a very effective and comprehensive method for providing concise measures of the longevity 

of that population. The data for constructing a life table are the census data and death registration data. 

Life tables are generally constructed for various sections of the people in which different patterns of 

mortality i.e., life tables for different races, occupational groups, sex, etc. 

We have a detailed discussion of various terms and factors that enter in the construction of life tables. 

Notations and Terminology 

𝑙𝑥 is the number of persons living at any specified age 𝑥 in any year out of an assumed number of births, 

say, 𝑙0 usually called the radix of the life table. 𝑑𝑥 is the number of persons among the 𝑙𝑥 persons (attaining 

a precise age 𝑥) who die before reaching the age (𝑥 + 1). Obviously, we have 
𝒅𝒙 = 𝒍𝒙 − 𝒍𝒙+𝟏 

𝑛𝑃𝑥 (The suffix ‘n’ in the notation denotes the length of the age interval) is the probability that a person 

aged 𝑥 survives up to age 𝑥 + 𝑛. Thus if 𝑙𝑥+𝑛 is the number of persons living at age (𝑥 + 𝑛) in any year, then 

𝒏𝑷𝒙 =
𝒍𝒙+𝒏

𝒍𝒙
↔ 𝒍𝒙+𝒏 = 𝒍𝒙𝒏𝑷𝒙 

In particular, if 𝑛 = 1, we have,  𝒑𝒙 =
𝒍𝒙+𝟏

𝒍𝒙
  which gives the probability that a person aged 𝑥 will survive till 

his next birthday. 𝑞𝑥 = 1 − 𝑝𝑥, is the complementary probability of survival, i.e., 𝑞𝑥, is the probability that 

a person of exact age 𝑥 will die within one year following the attainment of that age. Thus, we have 𝒒𝒙 =
𝒅𝒙

𝒍𝒙
, 

also 𝒍𝒙+𝟏 = 𝒍𝒙 − 𝒅𝒙 . 𝐿𝑥  is the average size of the cohort between ages 𝑥  and (𝑥 + 1). Thus if deaths are 

assumed to be uniform distribution over the whole year that is the linearity of 𝑙𝑥+𝑡 for 𝑡 ∈ [0, 1], then we 

get 

𝑳𝒙 = ∫ 𝒍𝒙+𝒕
𝟏

𝟎
 𝒅𝒕 and 𝒍𝒙+𝒕 = 𝒍𝒙 − 𝒕𝒅𝒙, 𝑳𝒙 =

𝟏

𝟐
(𝒍𝒙 + 𝒍𝒙+𝟏). 

𝑇𝑥 is total number of years lived by 𝑙𝑥 persons of age 𝑥 or is the total future life time of the 𝑙𝑥 persons who 

reach age 𝑥. Thus, we have 
𝑻𝒙 = 𝑳𝒙 + 𝑳𝒙+𝟏 + 𝑳𝒙+𝟐 + ⋯ 

Also, 𝑻𝒙 =
𝟏

𝟐
𝒍𝒙 + 𝒍𝒙+𝟏 + 𝒍𝒙+𝟐 + ⋯ 
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Expectation of Life 

The curate expectation of life, usually denoted by 𝑒𝑥 gives the average number of complete years of life lived 

by the cohort 𝑙0 after age 𝑥 by each of the 𝑙𝑥 persons attaining that age. The complete expectation of life, 

usually denoted by 𝑒𝑥
0 measures the average number of years a person of given age 𝑥 can be expected to live 

under the prevailing mortality conditions. It gives the number of years of life entirely completed and 

includes the fraction of the year survived in the year in which death occurs, which on the average can be 

taken to be (1/2) year. Thus, we have, 𝒆𝒙
𝟎 = 𝒆𝒙 +

𝟏

𝟐
. In the usual notations, 𝑙𝑥 is the number of persons of age 

𝑥 and 𝑑𝑥 is the number of persons who die before attaining age (𝑥 + 1), i.e., 𝑑𝑥 is number of persons dying 

in the first year without completing one year of life at age 𝑥. 

∴ Total number of years lived by 𝑑𝑥 individuals = 0 × 𝑑𝑥 = 0. 

Similarly, 𝑑𝑥+1 is the number of individuals who die between the age period (𝑥 + 1, 𝑥 + 2), then total number 

of years lived by 𝑑𝑥+1 persons = 1 × 𝑑𝑥+1 = 𝑑𝑥+1. In general 𝑑𝑥+𝑖 is the number of persons dying in the age 

period ( 𝑥 + 𝑖, 𝑥 + 𝑖 + 1 ), thus the total number of years lived by 𝑑𝑥+𝑖  individuals is given by : =
𝑖 × 𝑑𝑥+𝑖(𝑖 = 0, 1, 2, … ). Thus, 𝑒𝑥 = Average number of years lived by persons of the given age 𝑥 =∑ 𝒊𝒅𝒙+𝒊

∞
𝒊=𝟎 /𝒍𝒙  

𝒆𝒙 = ∑ 𝒍𝒙+𝒏
∞
𝒏=𝟏 /𝒍𝒙 , also 𝒆𝒙

𝟎 = 𝒆𝒙 +
𝟏

𝟐
= [

𝒍𝒙+𝟏+𝒍𝒙+𝟐+𝒍𝒙+𝟑+⋯

𝒍𝒙
] +

𝟏

𝟐
 

= (
𝟏

𝟐
𝒍𝒙 + 𝒍𝒙+𝟏 + 𝒍𝒙+𝟐 + ⋯ ) 𝒍𝒙⁄  → 𝒆𝒙

𝟎 =
𝑻𝒙

𝒍𝒙
. 

Central Mortality Rate 

The central mortality or death rate is the probability that a person whose exact age is not known but lies 

between 𝑥 and (𝑥 + 1) will die within one year following the attainment of that age. It is denoted by 𝑚𝑥 and 

is given by  

𝑚𝑥 =
Number of deaths within age interval 𝑥 to (𝑥 + 1)

Average 𝑙𝑥  of the cohort in that interval
 

𝒎𝒙 =
𝒅𝒙

𝑳𝒙
=

𝒅𝒙

𝒍𝒙 −
𝟏
𝟐

𝒅𝒙

=
𝟐

𝒅𝒙
𝒍𝒙

𝟐 −
𝒅𝒙
𝒍𝒙

=
𝟐𝒒𝒙

𝟐 − 𝒒𝒙
 

Force of Mortality 

The force of mortality at age 𝑥 is defined as the ratio of instantaneous rate of decrease in 𝑙𝑥 to the value of 

𝑙𝑥. It is denoted by 𝝁𝒙 = −
𝟏

𝒍𝒙

𝒅𝒍𝒙

𝒅𝒙
= −

𝒅

𝒅𝒙
(𝐥𝐨𝐠𝒍𝒙) 

𝐥𝐢𝐦
𝒕→𝟎

𝒍𝒙 − 𝒍𝒙+𝒕

𝒕
= − 𝐥𝐢𝐦

𝒕→𝟎

𝒍𝒙+𝒕 − 𝒍𝒙

𝒕
= −

𝒅𝒍𝒙

𝒅𝒙
 

Where 
𝑑𝑙𝑥

𝑑𝑥
 is the differential coefficient of 𝑙𝑥 𝑤. 𝑟. 𝑡. 𝑥. It gives nominal annual rate of mortality that is the 

probability of age 𝑥 exactly dying within the year if the risk of dying is same at every moment of the year 

as it is during the moment following the attainment of age 𝑥. Approximate expression for 𝜇𝑥 is given by 

𝝁𝒙 =
𝒍𝒙−𝟏−𝒍𝒙+𝟏

𝟐𝒍𝒙
=

𝒅𝒙−𝟏+𝒅𝒙

𝟐𝒍𝒙
, 𝒙 ≥ 𝟏 by using Taylor’s series. 

Assumptions for Construction of Life Table 

Firstly, the cohort is closed for emigration or immigration or there is no change in the census except the 

losses due to deaths. Secondly, individuals die at each age according to pre-determined schedule which is 

fixed and does not change. Thirdly, the cohort originates from some standard number of births, say 10000 

or 100000 which is called the radix of the table. Lastly, the deaths are distributed uniformly over the period 

(𝑥, 𝑥 + 1) for each 𝑥 (except for first few years). In other words, deaths are uniformly distributed between 

birthday and next. 

Description of a Life Table 

A typical life table has generally the following columns and here we shall very briefly outline the various 

steps required for completing the assumptions given above. For 𝑥 = 0, 1, 2, …, we have: 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

𝒙 𝒍𝒙 𝒅𝒙 𝒒𝒙 𝒑𝒙 𝒎𝒙 𝝁𝒙 𝑳𝒙 𝑻𝒙 𝒆𝒙
𝟎 𝒆𝒙 



 

 
Volume 04 - Issue 11 - November 2022       95 | P a g e  
 

1. 𝑑𝑥 = 𝑙𝑥 − 𝑙𝑥+1                2. 𝑞𝑥 =
𝑑𝑥

𝑙𝑥
                      3. 𝑝𝑥 = 1 − 𝑞𝑥 =

𝑙𝑥+1

𝑙𝑥
 

4. 𝑚𝑥 =
2𝑞𝑥

2−𝑞𝑥
                      5. 𝜇𝑥+(1/2) = 𝑚𝑥            6. 𝐿𝑥 =

1

2
(𝑙𝑥 + 𝑙𝑥+1) 

7. 𝑇𝑥 = 𝐿𝑥 + 𝐿𝑥+1 + 𝐿𝑥+2 + ⋯    8. 𝑒𝑥
0 =

𝑇𝑥

𝑙𝑥
             9. 𝑒𝑥 = 𝑒𝑥

0 −
1

2
 

The columns (5), (6) and (7) do not occur in all the life tables. However, the remaining columns are a must 

in any life table. 
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Introduction 

In the recent scenario, Internet usage has increased tremendously and rapidly in the past decade. Websites 

have become the most important public communication portal for most, if not all, businesses and 

organizations (Garett, 2016). A website is a collection of web pages and related content that is identified by 

a common domain name and published on at least one web server. Notable examples 

are wikipedia.org, google.com, and amazon.com. Though, web application is platform that can be accessed 

and used by millions of people at the same time (Botwe and Davis, 2015). Moreover, Web development is 

referring to building, creating, and maintaining websites. It includes aspects such as web design, web 

publishing, web programming, and database management. While the terms "web developer" and "web 

designer" are often used synonymously, they do not mean the same thing. Technically, a web designer only 

designs website interfaces using HTML and CSS. A web developer may be involved in designing a website, 

but may also write web scripts in languages such as PHP and ASP. Recently, CMS’s like WordPress, 

Drupal, Joomla, and others have also become popular means of web development. These tools make it easy 

for anyone to create and edit their own website using a web-based interface. CMS is not only on Web 

development, although that is where it is mostly practiced today. CMS is about developing web applications 

over the creation and delivery of information and functionality (Almeida and Monteiro, 2017). In sequel, 

Section 2 describes details of CMS. In section 3, types of CMS and their comparisons are delineated. Section 

4 reveals a demo of website development. 

What is a Content Management System (CMS)? 

A Content Management System [CMS] is a software platform that lets its users create, edit, archive, 

collaborate, report, publish, distribute and inform. Its Graphic User Interface (GUI) makes interacting with 

a website's database user friendly. It is a platform where non-technical users can create, edit, and 

implement the web content web browser interface (Thorp, 1999). CMS is a web application containing tools 

which enable you to add, edit & remove web pages and content on website from within a web browser and 

without any knowledge of web page design tools or other similar technologies. CMS’s in the research work 

evaluated cost, technical and other related tools for both developers and clients (Maitanmi and Idowu, 

2013). 

Types of Few Existing CMS 

This section deals the different types of available CMS namely WordPress (Ghorecha and Bhatt, 2013), 

Joomla (Vinay, 2015), and Drupal (Sandeep and Suneeta, 2014) which can be described below. 

Comparison Table of CMS’s (Patel et al., 2019): 

CMS WordPress Joomla Drupal 

About 

(According to 

their words) 

It is open-source software 

you can use to create a 

beautiful website, blog, 

or app. 

It is an award-winning 

CMS which enables you to 

build websites and powerful 

online applications. 

It is content management 

software. It’s used to make 

many of the websites and 

applications you use every 

day. 

CMS Market 

Share 

58.9% 7.0% 4.7% 

Installation One-click Install or 

installation manually 

within 5 minutes 

One-click Install or 

manual installation 

within 10 minutes 

One-click Install or 

manual installation 

within 10 minutes 

Ease of Use Beginner-friendly (5/5) Somewhat Beginner-

friendly (4/5) 

Requires Coding Skills 

(3.5/5) 
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Steps in Demonstration 

1. XAMPP (Cross-platform, Apache, MySQL, PHP and Perl) and Drupal installation (Choose language, 

choose profile, verify requirements, setup database, install site, configure site). 

2. Different sections (Content, Structure, Appearance, Extent, Configuration, People, Reports and Help) 

are used to create, edit, customize and manage the required contents for website. 

3. Content used to add contents such as article for showing news, press releases, basic pages like about us, 

services, etc.  

4. Structure section used to make block layout, menus, comment types, views. 

5. Appearance section used to install theme and customize theme.  

6. Extent section used to install different modules like color, comment, help, etc. 

7. Configuration section used to make basic site settings, account settings, search settings, etc. 

8. People section used for creating editors, sub-admins for managing some tasks like daily updating news 

articles, press releases, etc.  
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Heterogeneity in the experimental material is the most important problem to be reckoned with in the 

statistical design of scientific experiments. If it is not suitably taken care of in designing of an experiment, 

it is likely to over shadow the real treatment differences making them remain undetected, unless they are 

large enough. 

Occasionally, one can find a certain factor (called nuisance factor) which, though not of interest to the 

experimenter, does contribute significantly to the variability in the experimental material.  Various levels 

of this factor are used for blocking. For the experimental situation where there is only one nuisance factor, 

the block designs are used. It might not always be possible to remove such heterogeneity in response due 

to the factors other than treatments by blocking alone. In several experimental situations another nuisance 

factor may be nested within the blocking factor. 

For example, consider a field experiment on some crop conducted using a block design in which harvesting 

is done block wise. The harvested samples are to be analyzed for their contents on quality indicators such 

as protein content, etc. in the laboratory by different technicians at the same time or by a technician over 

different periods of time. The variation arising due to technicians or due to different time periods within 

each block may be controlled by another system of blocks called sub-blocks that are nested within blocks. 

Nested block designs (block designs with two systems of blocks in which the second system of blocks is 

nested within the first system) are useful for such situations.  

For such situations, Preece (1967) introduced nested balanced incomplete block (NBIB) designs. Jimbo and 

Kuriki ((1983); Dey et al. (1986); Parsad et al. (1999), Morgan et al. (2001) developed several methods of 

construction of NBIB designs. Morgan et al. (2001) also presented an exhaustive catalogue of NBIB designs 

with v ≤ 16 and r ≤ 30. A NBIB design may not exist for a particular parameter set; even if it exists, it may 

require a large number of replications, which the experimenter may not be able to afford. 

To deal with such situations, Homel and Robinson (1975) introduced nested partially balanced incomplete 

block (NPBIB) designs. Several methods of construction of NPBIB designs are available in literature. For 

details on NPBIB designs, methods of construction and catalogues, one may refer to Satpati and Parsad 

(2005); Parsad (2019); Vinayaka (2022) and references cited therein.  The nested block (NBIB and NPBIB) 

designs are useful for experimental situations where the experimenter is interested in making all possible 

pair wise treatment comparisons with as high precision as possible. 

However, there occur do experimental situations where the experimenter is interested in comparing several 

new treatments, called test treatments with existing (standard) treatment(s), called control treatment(s) 

with as high a precision as possible. Further, for single control situations, Parsad and Satpati (2005) 

introduced Nested Balanced Treatment Incomplete Block (NBTIB) designs and gave methods of 

construction of NBTIB designs along with their lower bound to A-Efficiencies for both blocks and sub-

blocks. Moreover, these designs applicable in many of experimental situations and some of them have been 

reported in Vinayaka (2022). 
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Background 

Microorganisms are microscopic organisms, which cannot be seen through our naked eyes. These organisms 

are omni present i.e, from a classroom to even hot springs. It is a well-known fact that one gram of soil may 

contain 18,000 organisms having their genome. They play a prominent role in the environment from 

recycling essential elements (carbon, hydrogen, oxygen, nitrogen etc.) to the decomposition of waste 

material. So, the study of these microorganisms and especially their genomic constitution is very important 

for the proper utilization of these organisms in various fields of agriculture and medical science. However, 

only a few of these organisms can be cultured in the lab. 

Hence, metagenomics plays an important role which enables the researchers to study the microorganism 

in-vivo. The role of this microorganism is huge in our ecosystem, especially in the field of agriculture, the 

soil microbes are performing an important role by maintaining a symbiotic relationship with the plants. 

Apart from this, these microorganisms' significant roles are in animal, fish and poultry science. 

Metagenomics study provides more exposure to the genetic information of those microbes and tells how 

better way to utilize them. 

It is found that some organisms like bacteria, viruses and archaea are difficult to culture in-vitro 

(Mahamuda, 2010). They have to be studied in in-vivo because during culturing of those microorganisms it 

is almost impossible to separate them from others. The separation is mainly done by blue-white screening 

allowed by southern hybridization or northern hybridization. The exertion is that the culture contains 

several strains of a particular microorganism. 

The basic principle behind the blue-white selection is to insert a biological marker in the genome where a 

gene (generally resistant genes for a particular chemical is targeted) is present. As a result of this insertion, 

the function of that particular gene is abolished. After that when the culture, is exposed to a particular 

environment, having a specific antigen, the microorganisms consisting of the hybridized genome (due to 

the absence of that functional gene), is died and produced a white colony. But in the case of metagenomics, 

the different strains have almost the same genetic constitution and genome architecture. So, it is not 

possible to isolate each strain separately.    

Metagenomics is nothing but all the microbes of mixed species obtained directly from an environment are 

sequenced and studied collectively. Hence this field is also known as Environmental Genomics or Whole 

Community Genomics. The term ‘Metagenomics’ was first coined by Jo Handelsman in the year 1998. Once 

it has become one of the most significant studies in the field of microbial ecology in the past era. 

Metagenomics can be defined as the direct genetic analysis of genomes contained in an environmental 

sample (Meyer, et.al., 2008). 

Role of Metagenomics 

1. It provides a platform for genome assembly of uncultured microorganisms. 

2. It gives adequate knowledge about the horizontal gene transfer between the microorganisms. 

3. It helps to identify the functional genes in the microbes therefore it provides information about its 

location in the genome and expression level. 

4. It plays a vital role in the determination of the genetic diversity in the microbial ecosystem. 

5. Metagenomics data can be further utilized in the transcriptomics and proteomics study of microbes. 

6. It provides information about the symbiotic relationship of the microbes with their hosts. 

7. Metagenomics helps to reconstruct the phylogenetic relationships among the microbial community. 

8. The genetic information about the microorganisms helps the researchers in the field of drug/vaccine 

design. 
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Introduction 

Linkage disequilibrium is the non-random association of alleles at different loci in a given population. Or 

non-random association of haplotypes within unrelated populations with a distantly shared ancestry, 

assuming Hardy-Weinberg equilibrium. Linkage disequilibrium tends to decay with genetic distance 

between the loci, because if the genetic distance is more, then the probability of recombination is more. If 

recombination is more the non-random association of alleles is less, and LD tends to decay in further 

generations with respect to recombinant frequency(C), so more recombination lowers the linkage 

disequilibrium. 

Association mapping or Linkage Disequilibrium mapping is a population-based survey used to identify 

trait-marker relationships based on linkage disequilibrium. It involves the use of molecular markers to 

find a statistical association between genes (or markers) and traits. Association studies are based on the 

assumption that a marker locus is sufficiently close to a trait loci so that some marker allele would be 

travelling along with the trait allele through many generations during recombination. 

The resolving power of association mapping depends on how rapidly Linkage Disequilibrium decays with 

genetic distance. If LD decays at a faster rate, within a small stretch we can find more markers, we can get 

fine mapping, if the LD decay rate is less then we can find only a few markers because of less recombination 

resulting in coarse mapping. In some populations, LD will decay so rapidly that they are best suited for 

fine mapping, whereas in others decay might be slow that whole genome scans are practical. Inbred crops 

are theoretically less suitable for high-resolution mapping because of their low level of molecular diversity 

and high overall genomic LD. 

Steps in Association Mapping 

1. Selection of a group of individuals from a natural population or germplasm collection with wide genetic 

diversity. 

2. Recording the phenotypic characteristics (yield, quality, resistance) of selected population groups in 

different environments and multiple replications/trial designs. 

3. Genotyping a mapping population of individuals with available markers. 

4. Quantification of the extent of Linkage Disequilibrium of a chosen population genome using molecular 

marker data. 

5. Assessment of population structure (level of genetic variation) and coefficient of relatedness between 

pairs of each individual within a sample. 

6. Based on LD and correlation (r^2) data with application of an appropriate statistical approach that 

reveals “marker tags” positioned within close proximity of targeted trait of interest. Various software used 

for association mapping like TASSEL, STRUCTURE, GenAMap, PLINK, GenStat, etc. 

7. Consequently specific genes controlling QTL of interest can be cloned using the marker tags and 

annotated for an exact biological function. 

Approaches of Association Mapping 

1. Candidate gene association mapping: Candidate genes are specific genes which are responsible for 

our trait of interest or genes responsible for quantitative traits. This approach of association mapping 

dissects out the genetic control of complex traits, based on the available results from genetic, biochemical, 

or physiological studies in model and non-model plant species. Requires identification of SNPs between 

lines within specific genes. IT is a hypothetically driven approach that candidate genes may present on the 

experimental population. In this approach of association mapping first, we need select candidate genes 

based on prior knowledge using existing QTL and positional cloning and then choose diverse germplasm 
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for that trait after the selection of germplasm we need to score phenotypic traits in replicated trials. Then 

amplify and sequence candidate genes, these sequences of candidate genes should manipulate into valid 

alignments and identify.  Obtain diversity estimates and evaluate the pattern of selection and statistically 

evaluate the association between genotypes and phenotypes taking population structure into account. This 

is the process in the candidate gene approach. The advantage of this approach is, it relates sequence 

variation encoding either regulatory or functional product directly to the trait of interest, and it is low cost, 

fine mapping.  But it requires detailed knowledge of the function, sequence and genetics of the trait under 

study and because it is trait specific approach the choice of candidate gene and marker within them often 

involves some guesswork so chances are there many earlier unreported genes will go undetected so these 

two are limitations of this method. 

2. Genome-wide association mapping: It is a comprehensive approach to systematically searching the 

genome for causal genetic variation. Genome-wide association analysis has proven to be a powerful tool to 

identify genes for common diseases and complex traits. A large number of markers are tested for association 

with various complex traits, unlike candidate approach prior information about the candidate gene is not 

required here. It is not a hypothetically driven or trait-specific approach. It works best for a research 

consortium with complementary expertise and adequate funding. It is like the case-control method means 

the phenotypically expressed and unexpressed population is simultaneously subjected to experiment and 

searching the whole genome for causal genetic variation, their genotypic variation is recorded and analysed. 

The advantages of this approach are, in this method, the biological pathway of the trait does not have to be 

known. Can discover novel candidate genes, and identifies the mutation explaining a few per cent of 

phenotypic variant. Discovery of a large number of markers so fine mapping. Good and robust can process 

large numbers of samples and identify large numbers of SNPs in one shot. Detect all polymorphisms in the 

population thus avoiding the erosion of power due to ascertainment bias. The limitations of this approach 

are a large study of the population is required it leads to more cost. It identifies specific locations not genes, 

it focuses on common variants and many associated variants are not causal, unavailability of funding 

agencies, not predictive and explains less heritability, and reduced power to detect rare alleles. 

Advantages of Association Mapping 

1. Association mapping is an alternative to linkage mapping or traditional QTL mapping because it 

considers linkage disequilibrium between markers and concerning trait as a basis. 

2. Less time, Ease, and cost-effectiveness to prepare the population – exploits natural variation compared 

with the laborious process of establishing mapping families, particularly species that cannot be crossed or 

have long generation times.  

3. Higher mapping resolution- the main advantage of population mapping is that it exploits all the 

recombination events that have occurred in the evolutionary history of a sample, invariably resulting in a 

much higher resolution compared with family mapping.  

4. Greater allelic number/ captures the total genetic diversity available in nature in that species results in 

detection of more QTLs compared to linkage mapping.  

5. Identification and validation simultaneously—effects of a broad spectrum of alleles across multiple 

genetic backgrounds. Exploiting historically measured trait data for association. 

6. Discover causative variations (functional) – discovers linked markers associated to gene controlling the 

trait. 

7. Feasible for annual, biannual and perennial mapping. 

8. Association mapping seeks to identify specific functional genetic variants linked to phenotypic 

differences in a trait to facilitate detection of trait causing DNA sequence polymorphisms. 

9. Candidate genes and QTL can be easily identified if genome-wide association studies are combined with 

functional genomics. 

Limitations of Association Mapping 

1. Rare alleles are not included and are lost. Only common alleles are found. 

2. Ideal allele frequency should be 0.2 to 0.5 for association mapping 

3. Linkage Disequilibrium can be in blocks so the distance could be more. 

4. Lots of false positives. 

5. More markers are required (like SNPs). 
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6. Allelic structure is dependent on population structure. 
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Introduction 

Recent advances in technology and in the ability to acquire, store, and analyze complex biological data sets 

have provided an unprecedented understanding of the mechanisms regulating living organisms’ 

development and responses to the environment. Microarrays provide an early example of the productive 

integration of high-throughput technologies with the biological inquiry. For the comprehensive 

investigation of gene expression in humans, animals, plants, and microorganisms, microarrays have 

emerged as a key technique. cDNA and oligonucleotide arrays can be used to do high-throughput, 

simultaneous investigation of the transcript abundance for hundreds or even thousands of genes when 

incorporated into a well-designed experiment. The use of microarrays as a tool to better understand 

processes of interest to plant physiologists is still being investigated, despite their broad use. 

Several case studies that, in our opinion, show the emerging application of gene expression arrays in plant 

physiology were chosen from among the numerous posters and presentations at the 2003 Plant and Animal 

Genome XI Conference to help illustrate the current uses of microarrays in the plant sciences. Based on 

the results of this study, microarrays are being utilized to evaluate the gene expression in plants exposed 

to experimental manipulations of air temperature, soil moisture content, and aluminium concentration in 

the root zone. Characterizing transcript profiles for various post-treatment sampling intervals and 

categorizing genes with similar patterns of response using hierarchical clustering algorithms are frequent 

steps in the analysis. Additionally, microarrays are shedding light on developmental changes in gene 

expression linked to fibre and root elongation, respectively, in cotton and maize. 

Microarray 

A microarray is a laboratory tool used to detect the expression of thousands of genes at the same time. DNA 

microarrays are microscope slides that are printed with thousands of tiny spots in defined positions, with 

each spot containing a known DNA sequence or gene. 

Types of DNA Microarray 

There are four types of DNA microarray: 

1. Oligo DNA microarray: It uses oligonucleotides of 20-50 nucleotides long. Oligonucleotides are 

synthesized directly on the slide. Single colour hybridization was used for each probe. It has good specificity 

but poor sensitivity. 

2. cDNA microarray: It is usually referred to as spotted microarray in within which DNA fragments of 

any length (500bp-1kb) or oligos of 20-100 nts are stuck to the glass slides. It uses two colours hybridization 

for every probe. 

3. BAC Microarray: It uses the template which is amplified by polymerase chain reaction as the probe. 

SNA Microarray: It is used to detect polymorphisms within a population. 

Applications 

1. Gene expression and profiling: It is employed in the detection of the presence and absence of specific 

genes, comparing genes from different sources and knowing how the external genes affect the external 

stimuli. It is used to detect the gene expression pattern of different diseases such as cancer. It is also helpful 

in studying the effect of certain treatments, diseases and developmental stages on gene expression. 

2. Disease Diagnosis: It helps the researchers to investigate different diseases such as heart diseases, 

infectious diseases, mental illnesses and cancer. Due to the advancement in microarray technology, it 

makes it very easy to know the types of cancer on the basis of genes acting in tumour cells. 
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3. Gene Discovery: This technology is used in the identification of new genes and their functions as well 

as their expression level in various conditions. 

4. Drug Discovery: It is extensively applied in Pharmacogenomics. The comparative analysis of genes 

helps to identify specific proteins which is produced by diseased cell resulting to synthesize of a drug that 

combats these proteins and help to reduce their effects. 

5. Gene ID: It is used to check IDs of food organisms and also to feed Mycoplasmas in cell culture usually 

by combining microarray and PCR technology. 

6. Research: It is beneficial in conducting different research related to toxicogenomic studies and 

nutrigenomic studies. It is also used to reveal the presence of antibiotic resistance genes and to study 

microbial pathogenicity. It is also used in some the studies like the study of functional genomics, DNA 

sequencing, Gene expression profiling, and Study of proteomics. 

Application of Microarray in Agriculture 

Microarrays are an attractive platform for highly parallel and high-throughput genotyping applications in 

plant genetics and crop improvement. Progress in conventional plant breeding depends on the ability to 

screen and select for a range of phenotypic traits in large, segregating populations. Andrzej Kilian, of the 

CAMBIA Institute in Australia, developed diversity array technology (DArT) as a microarray-based 

marker-discovery and genotyping method for use in plant breeding (Jaccoud et al. 2001). The microarray 

technique has also been used in different studies of agriculture some of them are given as case studies 

below. 

1. Case study 1: developmental analysis of gene expression — cotton mutants with altered fibre 

characteristics and elongation of maize roots at low soil water potential (Li CH., et al 2002: Spollen WG., 

et al 200). 

2. Case study 2: identification and characterization of genes responding to temperature stress in Chinese 

cabbage using cDNA microarrays. (Lee D-S., et al. 2003) 

3. Case study 3: microarray analysis of transcript abundance in barley under conditions of water deficit. 

(Ozturk ZN., et al. 2002: Seki M., et al. 2001) 

4. Case study 4: profiling expression of aluminium-tolerance genes in wheat with microarrays (Kochian 

LV., et al. 2002: Drummond RD., et al.2001). 
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Introduction 

PPIs refer to intentional physical contacts established between two or more proteins as a result of 

biochemical events and/or electrostatic forces. 

Protein-protein interactions (PPIs) handle s wide range of biological processes, including cell-to-cell 

interactions and metabolic and developmental control. (P.Braun et al.2012) Protein-protein interaction is 

becoming one of the major objectives of system biology. Noncovalent contacts between the residue side 

chains are the basis for protein folding, protein assembly, and PPI (Y.ofran et al.2003). 

Based on their contrasting structural and functional characteristics, PPIs can be classified in several ways. 

1. On the basis of their interaction surface, they may be homo- or hetero-oligomeric 

2. By their stability, they may be obligate or non-obligate;  

3. By their persistence, they may be transient or permanent. 

Properties of PPIs 

1. Modify the kinetic properties of enzymes;  

2. Act as a general mechanism to allow for substrate channeling; 

3. Construct a new binding site for small effector molecules;  

4. Inactivate or suppress a protein;  

5. Change the specificity of a protein for its substrate through interaction with different binding partners;  

6. Serve a regulatory role in either upstream or downstream level. 

PPI Detection Methods 

1. In vitro: 

a. Tandem affinity purification-mass spectroscopy (TAP-MS): TAP-MS is based on the double 

tagging of the protein of interest on its chromosomal locus, follotheyd by a two-step purification 

process and mass spectroscopic analysis 

b. Affinity chromatography: Affinity chromatography is highly responsive, can even detect 

theyakest interactions in proteins, and also tests all the sample proteins equally for interaction. 

c. Co-immunoprecipitation: Co-immunoprecipitation confirms interactions using a whole cell 

extract where proteins are present in their native form in a complex mixture of cellular components. 

d. Protein microarrays (H): Microarray-based analysis allows the simultaneous analysis of 

thousands of parameters within a single experiment. 

e. Protein-fragment complementation: Protein-fragment complementation assays (PCAs) can 

be used to detect PPI between proteins of any molecular theyight and expressed at their endogenous 

levels. 

f. Phage display (H): Phage-display approach originated in the incorporation of the protein and 

genetic components into a single phage particle. 

g. X-ray crystallography: X-ray crystallography enables visualization of protein structures at the 

atomic level and enhances the understanding of protein interaction and function 

h. NMR spectroscopy: NMR spectroscopy can even detect they protein-protein interactions. 

2. In vivo: 

a. Yeast 2 hybrid (Y2H) (H): Yeast two-hybrid is typically carried out by screening a protein of 

interest against a random library of potential protein partners 

b. Synthetic lethality: Synthetic lethality is based on functional interactions rather than physical 

interactions. 
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3. In silico: 

a. Ortholog-based sequence approach: Ortholog-based sequence approach is based on the 

homologous nature of the query protein in the annotated protein databases using a pairwise local 

sequence algorithm (Lee, S. A., et al. 2008). 

b. Domain-pairs-based sequence approach: Domain-pairs-based approach predicts protein 

interactions based on domain-domain interactions (Singhal, M., & Resat, H. 2007). 

c. Structure-based approaches: Structure-based approaches predict protein-protein interaction 

if two proteins have a similar structure (primary, secondary, or tertiary) (Pelay‐Gimeno, M.et al 

2015) 

d. Gene neighbourhood: If the gene neighbourhood is conserved across multiple genomes, then 

there is a potential possibility of the functional linkage among the proteins encoded by the related 

genes. 

e. Gene fusion: Gene fusion, which is often called as Rosetta stone method, is based on the concept 

that some of the single-domain containing proteins in one organism can fuse to form a multidomain 

protein in other organisms 

f. In silico 2 hybrid (I2H): The I2H method is based on the assumption that interacting proteins 

should undergo coevolution in order to keep the protein function reliable (Pazos, F., & Valencia, A. 

2002). 

g. Phylogenetic tree: The phylogenetic tree method predicts the protein-protein interaction based 

on the evolution history of the protein. 

h. Phylogenetic profile: The phylogenetic profile predicts the interaction between two proteins if 

they share the same phylogenetic profile. 

i. Gene expression: The gene expression predicts interaction based on the idea that proteins from 

the genes belonging to the common expression-profiling clusters are more likely to interact with 

each other than proteins from the genes belonging to different clusters. 
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Introduction 

A genetic marker is a specific DNA sequence present in a specific location on a chromosome and whose 

location is known. Many genetic markers are present in each chromosome, these genetic markers are 

present in close proximity to genes on a chromosome so both marker and gene are inherited together to the 

next generation. This may be useful to researchers to find a gene near a marker. Genetic markers used in 

plant breeding are broadly classified into two categories i.e., Classical markers and DNA markers. DNA 

markers are a segment of DNA which are position specific and can be used to show differences among 

individuals at the genomic level. Simply, these markers are small DNA sequences with variations, that can 

be detected with the help of molecular techniques. Various types of DNA markers are RFLP, RAPD, AFLP, 

SSR, SNP, STS etc. 

SSR (Simple sequence repeats) or Microsatellite markers are mono, di, tri, tetra, penta, hexa (1–6) base 

pair nucleotide motifs randomly repeated DNA sequences. These markers are distributed frequently in 

eukaryotic genomes. A higher mutation rate occurs at genome locations where microsatellites are present 

than in other regions, leading to higher genetic diversity. Microsatellites (1-6 bp) and minisatellites (6-10 

bp) are together classified as variable number tandem repeats (VNTR). The meaning of the word “tandem 

repeats” is that repetitions of nucleotide base-pairs are adjacent to each other. 

Genotyping of SSR Markers 

Traditionally, genotyping of SSRs will be done by using capillary electrophoresis based on variation in 

fragment length but in this method, there is a chance of missing some useful information. It may lead to 

scoring errors because of PCR amplification, may suffer from length homoplasy, incorrect sizing and 

multiplexing of multiple loci per sample is not possible here. NGS techniques have the ability to overcome 

all these limitations of the traditional method and genotyping microsatellites will be achieved at the time 

of sequencing itself using allele calling (GBS-Genotyping by sequencing). The isolation of microsatellite 

markers by conventional procedure is costly, time consuming, labour consuming and challenging. But 

nowadays complete genome sequences are available for a wide range of organisms so searching and 

detecting of genome-wide microsatellites is possible. 

Characteristics of SSR Markers 

1. Microsatellite markers are not affected by environment, can be detectable in all developmental stages. 

2. Microsatellites follow the Mendelian law of inheritance. 

3. Microsatellite markers are highly abundant in the eukaryotic genome and distributed randomly 

throughout the genome. 

4. Number of repeats in particular microsatellite motifs are different in multiple alleles at a locus so it will 

lead to length polymorphism. 

5. Microsatellite markers are co-dominant in nature, having the capability to distinguish homozygous and 

heterozygous.  

6. Microsatellite markers are locus-specific, highly reproducible, highly polymorphic and have the potential 

for high throughput analysis. 

7. Because of these characteristics, microsatellites have been preferred over other markers and are 

considered a powerful tool for genetic studies in many organisms. 

Advantages of SSR Markers 

1. SSR markers have been applied in population genetic studies, conservation ecology, evolutionary biology 

and phylogenetic analysis. They are also used in the identification of interindividual relationships or 

forensic investigations. 
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2. SSR markers have higher statistical power per locus, higher mutation rate and higher allelic richness 

compared to other markers such as SNP, etc. 

3. SSR markers have been utilized for a variety of applications including examination of genetic 

relationships between individuals, mapping of useful genes, construction of linkage maps, marker-assisted 

selections and backcrosses. 

4. By using Next Generation Sequence technologies identification of microsatellite/SSR markers has 

become faster, cheaper and easier.  

5. Various computational approaches (computer programs) are available to identify and characterize SSR 

markers efficiently. 

In Silico Mining of SSR Markers 

The traditional way of SSR markers mining is costly, time-consuming and laborious but in silico approaches 

identify markers in less time, and less cost. Various bioinformatics tools are available for SSR markers 

identification as listed below. 

1. SciRoKo - A user-friendly software tool which detects the microsatellite markers in genomic sequences. 

2. PolySSR - A pipeline to identify polymorphic microsatellite markers. 

3. GMATA - An integrating software which performs many functions like mining of SSR makers, statistical 

analysis and plotting, designing of markers, and polymorphism screening. 

4. CandiSSR – Tool to identify candidate polymorphic microsatellite markers based on the multiple 

assembled sequences. 

5. MISA - A web server which detects the microsatellite markers in nucleotide sequences. 

6. ESMP (EST-SSR-MARKER PIPELINE) - This pipeline integrates EST pre-processing, clustering, 

assembly and subsequently mining of SSRs from assembled EST sequences. 

7. WGSSAT (WGS-SSR Annotation Tool) - A High-Throughput Computational Pipeline for Mining and 

Annotation of SSR Markers from Whole Genomes. 
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Introduction 

Ranked Set Sampling (RSS) was first proposed by McIntyre (1952). The aim of RSS is to obtain sample 

observations from the population that are expected to be more representative of population than the same 

number of sample observations obtained through SRS. The RSS is highly effective, if precise measurement 

of the variable of interest is expensive, but samples of units can be ranked precisely with less cost. 

Deshpande et al. (2006) described three sampling protocols for selecting an RSS sample in the context of 

finite population and named these sampling protocols as Level-0, Level-1 and Level-2. The Level-0 

sampling protocol obtained by replacing whole RSS sample units back into the population before selection 

of the next set of m units, but, in case of Level-1, sampling units which are chosen for actual measurement 

is not replaced to the population, but the other units used for ranking purpose are replaced to the population 

before selection of the next set. However, in case of Level-2 sampling protocol the RSS sample is obtained 

by replacing none of the selected sampling units back to the population prior to selecting the next set. 

Level-0 Sampling Protocol of RSS Sampling Scheme 

Steps involved in the algorithm of Level-0 sampling protocol as described by Deshpande et al. (2006) is as 

follows: 

Step 1: Draw a SRSWOR sample of size m (i.e. set) from the finite population 

Step 2: Rank the sampled units based on characteristics of interest or any other method  not requiring 

actual quantification e.g. visual inspection or using auxiliary  information 

Step 3: After ranking, select the ith ranked unit for actual measurement. 

Step 4: Return back all m selected units to the population before second draw 

Step 5: Repeat Step 1 to Step 4 for i =1, ..., m. 

Step 6: Repeat Steps involved Step 1 to Step 5 for k =1, ..., r cycle 

In case of Level-0 sampling protocol of RSS, SRSWOR technique is used for selection of sets for ranking 

purposes only. Before selection of next set, all the units are replaced back into the population. Thus, same 

unit may appear more than once in sets. Thus, a single sampling unit may be occurring more than once in 

the final RSS sample. One major advantage of this sampling protocol is that the observations become 

independent in the final RSS sample by generating with replacement RSS samples. 

Result and Discussion 

The statistical properties of Level-0 design of RSS estimator of population mean corresponding to SRSWR 

estimator of population mean have been examined for different sample sizes (n) (60, 120 and 180) using 

different combination of set size (m) and number of cycles (r) for 1000 independent samples are presented 

in the following Table.  

Table: Statistical properties of Level-0 RSS estimator of population mean for different sample sizes (n=mr) 

with respect to set sizes (m) and number of cycles (r) under bivariate normally distributed finite population. 

m r mean variance %bias %CV Skewness Kurtosis %GE 

2 

 

30 35.20 0.65 -0.040 2.30 0.04 0.21 21.14 

60 35.19 0.32 -0.069 1.62 0.06 -0.07 12.49 

90 35.21 0.19 -0.003 1.25 -0.06 -0.10 18.33 

 

3 

20 35.24 0.57 0.072 2.14 0.11 -0.07 39.65 

40 35.22 0.24 0.005 1.41 0.07 -0.08 48.93 
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60 35.22 0.20 0.017 1.27 0.01 0.20 14.88 

4 

 

15 35.25 0.57 0.086 2.15 -0.06 -0.19 38.60 

30 35.18 0.27 -0.092 1.49 -0.08 -0.03 31.99 

45 35.22 0.16 0 1.15 0.10 -0.13 40.00 

GE: denotes gain in efficiency and CV: denotes coefficient of variation. 

The percent bias of Level-0 RSS estimator of population mean was found to be negligible for all 

combinations of sample (n). It can be clearly observed that variance of Level-0 RSS estimator of population 

mean becomes less with increase in the sample size (n) as well as with the increase in set size (m) for fixed 

sample size (n). Therefore, we can say that Level-0 RSS estimator is consistent in nature. Similarly, % CV 

of Level-0 RSS estimator decreases with increase in sample size (n) as well as with increase in set size (m) 

for fixed sample size (n), hence it can be concluded that the proposed estimator becomes more stable in 

nature. The result also indicates that the Level-0 RSS estimator is relatively symmetric and almost 

Mesokurtic in nature. The percentage gain in efficiency of Level-0 RSS estimator of population mean is 

more as compared to SRS estimator of population mean. Thus, it can be concluded that the RSS is more 

efficient than SRSWR. 
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Introduction 

The Parameters () function helps to obtain the design parameters such as number of treatments (v), blocks 

(b), replications (r) and block size (k). In addition, it also helps to obtain pair of treatments appeared 

together in lambda (λi; i = 1st or 2nd or … mth associates) blocks as well as incidence matrices. This is a 

general function that can be used to investigate the characterization properties of any block design. 

Code 

Parameters = function(input_design)  

{ 

    v = max(input_design) 

    b = nrow(input_design) 

    k = ncol(input_design) 

    N = matrix(0, v, b) 

    N_matrix = function(input_design) { 

        for (i in 1:b) { 

            for (j in 1:k) { 

                N[input_design[i, j], i] = N[input_design[i,  

                  j], i] + 1 

            } 

        } 

        N 

    } 

    a = N_matrix(input_design) 

    npn = a %*% t(a) 

    r1 = npn[row(npn) == col(npn)] 

    r = unique(r1) 

    l1 = npn[row(npn) != col(npn)] 

    l = unique(l1) 

    results = list(treatments = v, blocks = b, replications = r,  

        `block size` = k, `lambda's` = l, `N Incidence matrix` = a,  

        `N.N'` = npn) 

    print(results) 

} 

Arguments 

design: Input data, it should be matrix form where rows are indicating blocks. 

Example 

design=as.matrix(BIB_design) 
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Tesseract 

Tesseract is an open-source optical character recognition (OCR) platform. OCR extracts text from images 

and documents without a text layer and outputs the document into a new searchable text file, PDF, or 

most other popular formats. Tesseract is highly customizable and can operate using most languages, 

including multilingual documents and vertical text. The Tesseract package has been used to read the text 

from the given image. The flowchart of OCR Tesseract is given below: 

 
Figure 1: Flowchart of OCR 

Applications 

1. Copy-paste documents: The OCR tool is to convert a scanned file and allow users to copy-paste the content 

as a text on a clipboard 

2. Before availability of OCR, a lot of time and money were spent to do or re-do all these things and chance 

of human error was also an issue in re-typing 

3. Voucher code scanning: With the OCR tool, codes can be automated by using scannable mobile-ready 

codes. These have largely been used and implemented by a lot of companies 

4. Office filing system: Scanned and converted items can easily be found as a machine-readable file that 

can be searched for any of its text content including name, keywords or phrases 

5. Self-service stores: Groceries, malls, stores, movies, and even ticket vending machines have OCR. The 

convenience of buying and getting information from a product is faster and easier with just the use of your 

mobile and the OCR kiosk/machine. The Indian railway is one example where ticket vending machines 

with OCR are available. Customers only need to purchase the ticket via the mobile app, then scan it in 

OCR kiosk of railway and the machine instantly prints out the ticket 

6. Extracting from Pictures: Copy text from photos and images in an instant. Once image converted through 

OCR tool, all content can be copied and searched like a machine-readable document 

7. Converting handwritten messages, old books, manuscripts: Museums and libraries used to have difficult 

times in preserving material that needs to be re-read by people. The old books, manuscripts, notes, and 
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even written messages can now be available and searchable over the internet. Historical data can now 

widely available without the worry of losing such vital material over poor handling 

8. Assisting the blind: Handicaps are given a chance to work in an office with the help of text-to-speech 

programs and OCR technology. Both which helps in reading documents aloud. 

9. OCR technology used in some applications, such as receipt OCR, invoice OCR, check OCR, data entry for 

business documents, e.g., Cheque, passport, bank statement and receipt, automatic number plate 

recognition, in airports, for passport recognition and information extraction, traffic sign recognition etc. 

Limitations 

There are some situations where, machine cannot separate some letters from numbers, and vice versa. For 

instance, machine can understand letter ‘Z’ as a number ‘2’. This problem may be controlled by collecting 

more data. Another option is that use the blacklist feature of Tesseract if there is no number ‘2’ in your 

passwords. Sometimes, the input images could be specific and difficult because readability of the images 

depends on some conditions such as day-night, quality of camera, flash mode. This problem may handle by 

using different filters on images. Makefile in which lanms file may cause a problem. If in case too much 

data, it causes a problem in some cases. To face with the problem, you can write your code on Ubuntu 

instead of Windows, MacOS. 
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Introduction 

Multi environmental trials (METs) are often used in plant breeding to evaluate lines under varying 

environmental conditions in a diverse target region. The breeder would like to choose a design that 

maximises genetic gain so that the available resources are used as efficiently as possible while organising 

plant breeding trials. This is especially true in the case of early generation breeding trials (EGBTs), where 

resources are scarce. The number of new lines or test lines is relatively large, genetic material provided for 

the experiment is insufficient to replicate the entire test lines simultaneously and there may be a shortage 

of area on the field. 

Several researchers have advocated the use of grid-plot designs in plant-breeding programmes. They are 

row-column designs that use replications of known commercial varieties, check varieties and unreplicated 

test lines (Kempton, 1982). As an alternative to grid-plot designs, Cullis et al. (2006) proposed resolved 

row-column designs that they termed p-rep designs where 𝑝% of the test lines are replicated to replace the 

check varieties.  

The p-rep designs improve the accuracy in selection of breeding lines compared to grid-plot designs. In 

recent years, researchers have advocated the use of p-rep designs in plant breeding programmes. For grain 

quality testing, Smith et al. (2009) proposed embedded p-rep designs by embedding a p-rep design (for 

testing quality traits) within a fully replicated design (for testing yield). This enables the use of efficient 

mixed model analyses for both grain yield and grain quality traits. The optimal designs for EGBTs which 

contains unreplicated or only partially replicated test lines were developed by Clarke and Stefanova (2011). 

A construction procedure for efficient p–rep designs has been introduced by Williams et al. (2011) based on 

removing elements from 𝛼 –arrays. This approach was further extended by Williams et al. (2014) to 

construct a much broader class of p-rep designs allowing greater flexibility in the choice of p–rep designs. 

In addition, Moehring et al. (2014) studied the performance of augmented p-rep designs for typical METs 

data in EGBTs of triticale and maize and they showed that augmented p-rep designs are more 

advantageous than classical augmented designs. Piepho et al. (2016) illustrated how spatial variance–

covariance structures can be used to achieve a more even distribution of treatment replications across the 

field for both equally and unequally replicated designs, including p-rep designs and compared these designs 

with classical row–column designs in terms of efficiency factors. 

P-Rep Designs 

Partially replicated or p-rep designs are designs which involve breeding trials that needs to be repeated 

across environments and 𝑝 percentage of lines are replicated in each environment. When there are 𝑒 

environments, one can replicate (1/e)𝑡ℎ of entries at an environment such that each entry is tested with 

two replicates in one of the 𝑒 environments. These designs are likely to improve the accuracy of selection 

of breeding lines compared to other designs.  

In EGBTs, a large number (> 1000) of breeding lines or entries are required to be evaluated across different 

environments, usually < 4 and with replications in each environment < 2. Crunch in resources and seed 

limitations reduce the number of environments and plots for each breeding line.  In such situations, p-rep 

designs have good application potential and can be advantageously used. 

Example 

p-rep design with parameters 𝑣 = 20, 𝑒 = 2,  𝑏 = 20, 𝑟 = 3 and 𝑘 = 3 as shown below: 
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Environment 1 

Blocks B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

Treatments 1 2 3 4 5 6 7 8 9 10 

1 2 3 4 5 1 4 2 5 3 

10 6 7 8 9 8 6 9 7 10 

14 15 11 12 13 17 20 18 16 19 

Environment 2 

Blocks B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 

 

Treatments 

11 12 13 14 15 16 17 18 19 20 

1 3 5 2 4 7 6 10 9 8 

12 14 11 13 15 13 12 11 15 14 

20 17 19 16 18 19 18 17 16 20 
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Introduction 

The Ranked Set Sampling (RSS) technique can produce improved methods of statistical inference in the 

majority of sample surveys where exact measurements of the sample observations are difficult, expensive, 

time-consuming, destructive, etc. but acquisition and subsequent ranking of the potential sample data is 

relatively simple. In circumstances where some preliminary ranking of sampled units according to 

character of interest is feasible by means of visual examination or without actually measuring the units, 

McIntyre (1952) presented the approach of RSS to progress SRS. Numerous applications, including 

agricultural studies, ecological and environmental research, and medical investigations, have found RSS 

to be highly helpful. 

Ranked Set Sampling Scheme 

The method's simplest version entails drawing m2 units at random from the population, then randomly 

dividing them into m sets of equal size, each with a set size of m. Under first cycle, the smallest unit is 

quantified from the first set, the second smallest from the second set, and so on until the highest rank is 

quantified from the mth set. In this process, m units are measured from the m2 initial units that were 

chosen. The complete cycle was repeated r times until n = mr observations out of the m2r initially chosen 

units had been quantified. The sample for the ranking set is made up of these n = mr quantified items.  

The majority of RSS research has focused on estimating unknown parameters for an infinite population. 

Surprisingly, not much research has been done on the application of RSS approaches in finite populations. 

Takahasi and Futatsuya were the first to examine the issue of employing RSS for finite populations (1988). 

Deshpande et al. (2006) referred to the Patil et al. (1995) without replacement RSS sample selection method 

as Design-2 sampling under a finite population framework. Prior to choosing the next set, the RSS sample 

is chosen in this instance by not returning any of the sampling units into the population. When using 

Design-1 sampling, the sample unit used for the actual measurement is not replaced, but the other units 

used for ranking are, before choosing the next set. The Design-0 constructs the whole RSS sample by 

replacing all units back into the population prior to selection of the next set. Determining unknown 

parameters for an infinite population and estimating the population mean have occupied the majority of 

RSS research. However, it was discovered that in a framework with a finite population, unbiased estimate 

of the RSS estimator's variance was difficult. In finite population RSS, estimator is also computationally 

demanding. The use of resampling techniques to estimate variance is fairly common. Vinaykumar et al. 

(2022) developed resampling variance estimation methods viz. Cluster based Rescaling Bootstrap With 

Replacement (CRBWR) method and Strata based Rescaling Bootstrap With Replacement (SRBWR) 

methods to obtain unbiased variance estimate for the Design-0 RSS mean estimator in the context of a 

finite population.  

This article compares the CRBWR and SRBWR approaches under Design-0 RSS with and without the 

rescaling factor using the relative bias percentages (%RB) given below:  

 

%𝑅𝐵 = [

1
𝑠

∑ {�̂�𝑠(�̅�𝑅𝑆𝑆)}𝑠 − 𝑉(�̅�𝑅𝑆𝑆)

𝑉(�̅�𝑅𝑆𝑆)
] × 100 
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Figure 1: Percentage of Relative Bias (%RB) of CRBWR method with rescaling and without 

rescaling factor (here, n = size Design-0 RSS, m = set size and r = number of cycles) 

 
Figure 2: Percentage of Relative Bias (%RB) of SRBWR method with rescaling and without 

rescaling factor 
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Introduction 

The major goal of any breeding programme is to achieve genetic gain based on improved genetic potential 

of plants/animals by acquiring information on combining abilities. Diallel, triallel and tetra-allele crosses 

are the common mating designs used in breeding programmes for producing the progenies. Once the 

progenies are developed, subjecting them to environmental conditions in a systematic manner is the next 

challenge faced by the breeders. 

Review 

Generally, plant breeders evaluate large number of entries in field trials for selection and frequently, the 

tested entries are related by pedigree. The simplest way to group the entries is using a nested treatment 

structure, where entries fall into groups or families such that entries within groups are more closely related 

than between groups (Piepho and Williams, 2006). Some plant breeders prefer to plant close relatives next 

to each other in the field. This contrasts with concepts associated with the common experimental designs, 

where entries within a group are fully randomized. A third design option is to randomize in such a way 

that entries of the same group are separated as much as possible.  

Another important situation forces the breeders to adopt augmented plans for estimating general 

combining abilities (gca) in which one or more primary lines are crossed with all others, but the lines of 

secondary interest form a subset of crosses (Pederson, 1980). Jaggi and Agarwal (1995) studied this problem 

to provide a means to compare gca of a set of secondary lines to that of one or more primary line(s) with 

higher precision as compared to secondary vs. secondary lines comparisons. Kuriakose (1998) and 

Srivatsava et al. (2015) gave some methods for constructing augmented diallel cross plans. Similarly, if 

there is a need to compare several new lines with one (or more) control line(s) that are already being used 

by the experimenter in order to screen out the lines that do not require further study with respect to their 

gca effects. Choi et al. (2004), Hsu and Ting (2005), Das et al. (2006) and Srivatsava et al. (2013) obtained 

some efficient designs for diallel cross experiments for test versus control comparisons. Further, Harun et 

al. (2016) obtained the triallel cross designs for comparison of test lines with control lines. Designs for both 

situations, augmented as well as comparison of test lines with control lines, for various types of mating 

plans are to be developed. Generous availability of such designs would more usefully results. 

Alternative Experimental Designs 

Good field/environmental designs are important at all major stages of a plant breeding programme from 

the earlier stages of screening hundreds, possibly thousands of entries through identification of a few elite 

selections for release (Mead, 1997). Randomized complete block design has always been popular among 

breeders, probably due to its simplicity. With limited resources, plant breeders must make compromises in 

resource allocation and alternative experimental designs may better meet the goals of plant breeding as 

they succeed in addressing the issue of blocks not sufficiently controlling field variation (Eskridge, 2009). 

When the entry numbers are large, field variation exists in more than one direction and row–column 

designs such as Latin square and Latinized α‐designs can act as alternative designs. Again, when there is 

insufficient seed or other resources available to replicate all entries, partially replicated designs such as 

augmented designs and p‐rep designs can work as alternatives (Zystro et al., 2018). These designs are 

especially useful in low-budget trials, particularly when conducting organic, low‐input, or participatory 

plant breeding. New classes of such designs are to be obtained to fill the gaps existing in literature. 
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Best Linear Unbiased Predictions (BLUP) 

The type of model used for statistical analysis is equally important as the design chosen, since it will have 

a direct impact on the analytical procedure and interpretation of results. Most of the common experimental 

designs in practice were optimized assuming that the model used for analysis has fixed treatment effects. 

With many entries that are related by pedigree, analysis based on a model with random treatment effects 

becomes a competitive alternative. Ghosh and Das (2005) studied optimal designs for best linear unbiased 

prediction in diallel crosses. It is important to study the properties of best linear unbiased predictions 

(BLUP) of genetic effects, may be based on a nested treatment structure, with restricted or unrestricted 

randomization. 
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Introduction 

The rapid increase in growth rate of human population is raising the demand for food in terms of quality 

and quantity. There are so many factors affecting crop yield and the disease is one of the most active factors. 

Therefore, the production of yield pesticide usage is integral part of global agriculture. Worldwide nearly 

5.2 billion pounds of pesticides used every year to enhance the production of yield, because of uncontrolled 

use of pesticide about 3 million pesticide poisoning cases are reported by WHO (Gil, 2011). Generally 

conventional orchard sprayers are used for spraying pesticides in orchard and vineyards but for controlled 

spraying and cut off mechanism to stop spraying in between plants ultrasonic sensor-based sprayers are 

introduced. These ultrasonic sensor-based sprayers prevent fruit infection up to 95 percent and save 

spraying volume up to 36 percent. 

The ultrasonic sensor based spraying system needed due to inefficient working of conventional sprayers in 

terms of chemical wastage, uncontrolled spraying and cost of disease control. It is observed in survey that 

every year nearly 5.2 billion pounds of pesticides are used worldwide and to prevent excessive loss of 

chemicals sensor base spraying plays an important role. This system stops spraying in blank region and 

save chemical up to 36 percent and along with that spraying parameters can be adjusted for improving 

deposition and avoiding drift. Real time method based on ultrasound used to estimate canopy density (Gil, 

2007). 

Effects of Pesticide on Environment 

There are various effects of pesticide on environment such as soil contamination, reduction in biodiversity, 

reduction in nitrogen fixation, water pollution and development of pesticide resistant variety. 

1. Conventional sprayer:  The sprayers that used for spraying applications have simple mechanism and 

working principles. There are different types of sprayers used for spraying those are vertical sprayer, axial 

fan sprayer, mist blower sprayer, air assisted orchard sprayer, etc. 

 
Fig. 1 Conventional vertical sprayer 

3. Limitations of conventional sprayer: Every technology has some limitations and the same with 

conventional sprayers viz. Wastage of chemicals, increase the cost of disease control, entry of chemicals in 

our food chain, environmental pollution, and all targets cannot achieve, etc. 

3. SONAR based spraying system and its need: Sound Navigation and Ranging technology is naturally 

used by dolphins and bats to detect the object in their path with the help of ultrasonic waves. To overcome 

the limitations of conventional sprayers this SONAR based spraying system is introduced. Cut off 
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mechanism is very significant principle to save the chemicals. Effective spraying with good spray coverage 

is observed by using this technology. 

 
Fig. 2 SONAR based sprayer 

4. Components used for SONAR spraying system: SONAR based spraying system comprises of various 

components i.e., ultrasonic sensors, microcontroller board, solenoid valve, one way valve, fixed 

displacement pump, pressure gauge, relief valve, nozzle, storage tank and 12-volt battery. 

a. Ultrasonic sensors: It is the important part of system which transmits and receives the 

ultrasonic waves. There are three types of sensors i.e., ultrasonic diffuse proximity sensors, 

ultrasonic retro-reflective sensors and ultrasonic through-beam sensors. There are some 

specifications of sensor those are as follows; 

i. Sensor is water resistant as it has to deal with chemicals and water. 

ii. 42 kHz ultrasound waves can be generated by the sensor and this is the best range. 

iii. It has resolution of 1 cm of target area and range of 2 m to 11 m from sensor position. 

iv. 3.0-5.5 V and 3.4 mA power required for the operation of sensor.  

b. Microcontroller board: It is also known as Central Processing Unit. Where the received signals 

are processed and command is given to relay switch for the further operations. Generally, ATMega-

328 Microcontroller is used for the proper functioning of system because it is advance version of the 

microcontroller board where various commands can be programmed. It consists of processor, 

capacitor, resistor, arduino, ultrasonic module, ROM, RAM, input & output devices. These all 

components combined to form microcontroller board. 

c. Solenoid valves: These are electromagnetic actuator valves which having only two functions 

either completely open the passage or completely close the passage for liquid flow. It consists of coil, 

core, disc, stem, diaphragm etc. these components combine to form solenoid valve. The required 

operating pressure for the valve is 2 to 20 bar.  

d. One-way valves: These valves allow flow of liquid in only one direction; reverse flow is not 

allowed in this valve. Therefore, these valves are also called as non-return valve, foot valve or check 

valve. 

e. Fixed displacement pump: This is a pump for the lifting of liquid from tank and deliver it to 

nozzles. Precise amount of liquid is pumped by using these displacement pumps. It consists of 

driving & driven gears, inlet and outlet section, casing and safety valve, these all components 

combine to form fixed displacement pump. It has wide range of discharge rate from 2 to 20 lit/min.  

f. Pressure gauge: This device measures working pressure of the spraying system. It indicates the 

required pressure limit of the system and if pressure exceeds more than limit this device gives sense 

to the relief valve. 
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g. Relief valve: The valve receives signals in the form of pressure and when pressure increases 

more than the specific limit it releases the liquid from system to the liquid tank. It works as pressure 

regulator or pressure relief valve.    

h. Nozzles: The part of spraying system which atomize the spray liquid and deliver to the target 

area. There are various types of nozzles but in this particular system Turbo nozzle and cone nozzles 

are used. 

i. Storage tank: Generally, 200 litre capacity storage tank is used for the spraying system. This 

much volume can cover sufficient area to spray.  

j. 12 V battery: All the electric components of tractor operated machinery are feasible with 12 

voltages current so that 12 V battery is used for the working of the components of spraying system. 

Working of SONAR Based Spraying System 

The orchard sprayers are operated by using PTO power of the tractor. Displacement pump use this PTO 

power to pump chemical from storage tank to the nozzle and then nozzle atomize this liquid volume to 

achieve target spraying on plant canopy. In sensor based spraying system all the system works as per the 

norms but there is parallel electronic system added for the smoother and efficient working. Here ultrasonic 

sensor transmits the sound waves which returns by hitting object in the form of echo, these return echoes 

are received by the receiver of the sensor. The received signals are send forward for the processing and 

conditioning to the microcontroller board. Power supply for the functioning of all the electronic components 

is given by 12-volt battery. After conditioning of signal command is given to the relay switch to control 

solenoid valves. According to received signals the solenoid valve works. If signal not received at the receiver 

the solenoid valve will remain close and pressure in the system will rise which leads to the working of 

pressure release valve or bypass valve and reduce the system pressure. This is the best suitable method of 

spraying where we can achieve controlled spraying and saving of chemicals. 

 
Fig. 2 Working of SONAR based spraying system 

Conclusion 

It is observed that in blank region the ultrasonic sensors evidently stop spraying along with minimal spray 

coverage and impact. It sprays only where the canopy is detected. Turbo nozzle spraying observed better 

compared to hollow cone nozzle spraying and no spraying modes. Turbo nozzle is minimally affected by 

wind and prevents 95.64 percent fruit infection which results in enhancing 23 per cent fruit productivity 

and also it saved 26 percent pesticide. Real time method based on ultrasound used to estimate canopy 

density. Deposition and drift are improved by adjustment of sprayer parameters like air flow, pressure, 

active nozzles, etc. Ultrasonic sensors detect changes in canopy development over growing season of crop. 

Results are very encouraging and indicate that system is best suitable for orchard. 
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Upon infection of pathogen, a host plant responds with coordinated expression of several genes to avoid or 

stop the infection. The response of plants with respect to bacterial and fungal pathogens has been studied 

in very details but less research has been conducted on molecular interaction between plants and 

nematodes (Kyndt et al., 2012). Plant parasitic nematodes puncture the plant cell wall by using needle like 

structure called stylet, release the secretion from their pharyngeal glands into the plant and suck the entire 

cell content. During the process of parasitism, nematodes elicit the changes in gene expression pattern, 

both locally and systemically throughout the plant (Gheysen and Mitchum 2011). Migratory nematodes 

move intracellularly through mechanical and chemical action. The nematodes destroy tissue upon moving 

through roots and subsequently form large necrotic root lesions. Sedentary nematodes do more careful 

while infecting a plant. Root knot nematodes, Meloidogyne spp. generally do not cause lesions in plant root 

as they migrate between the cells by enzymatic reaction on middle lamella of root cells (Gheysen and 

Mitchum 2011). Pharyngeal secretions of sedentary nematodes (Root knot nematodes and cyst nematodes) 

cause changes in the expression of plant genes and reorganization of some plant cells into formation of 

special feeding sites called syncytia for cyst nematodes and giant cells for root knot nematodes. Nematodes 

keep the infected plant cells alive as it is source of food resource for entire life cycle. The detection of 

differential expression of plant genes involved in plant defense and feeding structure formation has mainly 

focused on the local response of dicotyledons such as Arabidopsis thaliana, tomato and soybean upon 

infection with sedentary nematodes. 

Plants generally responds to sedentary nematode parasitism by differential expression of genes involved 

in stress and defense responses, cell wall alteration, metabolism and nutrient allocation and signal 

transduction for phytohormone action (Li et al., 2008). Pathogenesis-related proteins (Hamamouch et al., 

2011) are activated upon infection are peroxidases, proteinase inhibitors, chitinases, etc. The differential 

expression of these plant defense proteins and other changes in plant development are mainly regulated 

by plant hormones such as general plant defense hormones salicylic acid (SA), jasmonic acid (JA), ethylene 

(ET) (Pieterse et al., 2009) and other less studied hormones such as abscisic acid (ABA), cytokinins and 

auxins. In dicotyledons, SA is generally associated with defense against biotrophic patogens that feed and 

reproduced on living host cells, while the JA/ET pathways are linked in defense against necrotrophic 

pathogens that kill host cells upon infection (Pieterse et al., 2009), although many exceptions to this rule 

have been reported (Glazebrook 2005) and cross-talk between these and other hormone pathway is 

commonly observed (De Vleesschauwer et al., 2010). 

Table No. 1: Defense pathways/responses and its associated genes involved in pathway/response 

(Kyndt et al., 2012). 

Sr. No. Defense pathway/response Gene involved in particular defense 

pathway/response 

1 Salicylic acid (SA) pathway PAL1- Phenylalanine ammonia lyase  

ICS1- Isochorismate synthase 

EDS1-  Enhanced disease susceptibility 

PAD4- Phytoalexin deficient 

NPR1-Nonexpresser of pathogenesis-related (PR) 

gene 

2 Jasmonic acid (JA) pathway AOS2-  Allene oxide synthase 

JMT1- JA carboxyl methyltransferase 

JAMYB- JA-inducible Myb transcription factor 
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3 Ethylene (ET) pathway ACS1- 1-aminocyclopropane-1-carboxyl synthase 

ACO7- 1-aminocyclopropane-1-carboxyl oxidase 

EIN2- Ethylene insensitive 

ERF1- Ethylene response factor 

4 General defense response  PR1a- Pathogenesis related protein 

PR1b- Pathogenesis related protein 

PR10- Pathogenesis related protein 

5 Lignin biosynthesis pathway  C4H- Cinnamate 4-hydroxylase 

CAD6- Cinnamyl alcohol dehydrogenase  

6 Callose synthase and hydrolyzing 

pathway   

GSL1- Glucan synthase-like 

GSL3- Glucan synthase-like 

GSL5- Glucan synthase-like 

GNS5- β-1,3-endoglucanase 

7 MAPK- dependent response MAPK5a- Mitogen activated protein kinase 

MAPK20- Mitogen activated protein kinase 

MAPK6- Mitogen activated protein kinase 
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India ranks second in wheat production after China with a record production of 107.18 million tonnes in 

the year 2020 with an average national productivity of 3508 kg/ha. The production is predicted to be a 

record this season also with an all-time high of 112 million tonnes from an area of 31.3 million hectares. 

The importance of wheat in the context of India can be estimated from the fact that in the year 2016-17, 

wheat accounted for 36% of the total national food production. Uttar Pradesh (31.88), Punjab (17.85), 

Madhya Pradesh (15.91), Haryana (11.16) and Rajasthan (9.19) were the top five wheat producing states 

of India with the production in million tonnes in the parenthesis in the year 2017-18. There has been a 

steady increase in the production of wheat in India in the last many decades, but in the year 2050, India's 

population has been estimated at 1.7 billion and the total food requirement at that time is expected to be 

333 million tonnes of food grains. The role of wheat in total food production is very important and the goal 

of producing 333 million tonnes of food grains can be achieved by achieving a steady increase in the wheat 

production of the country.  

Wheat production, however, is constrained by a variety of abiotic and biotic stresses operating at different 

life cycle stages of the plant. Among abiotic stresses, many are directly related to the soil profile of the field 

in which the crop is being raised. Soil has a very important place in all the natural resources available on 

earth. The existence of almost all types of vegetation, agricultural practices and agricultural production 

depends on the availability of soil types suitable to different crop plants. The production of soil from 

maternal rock is a complex and lengthy process. Soil refers to the upper surface of earth which is formed 

by the mixing of various organic and inorganic materials in the erosion of the mother rock by various 

biological and physical phenomenons. The depth of the soil layer varies at different places and can be up to 

30 cm deep. Enormous diversity is found in soils around the world and it mainly depends on the type of 

mother-rock and the amount and variety of organic-inorganic elements or compounds present in it. As a 

result of climate and ecological variability, there is vast expansion of soil diversity in India. However, these 

soils are classified into eight main categories viz. Alluvial soil, Black soil, Red and Yellow soil, Laterite soil, 

Arid soil, Saline soil, Peaty soil and Forest soil. The wheat crop under irrigated conditions performs well in 

loamy soils with moderate drainage capacity. Under, rainfed conditions wheat performs well when soil is 

heavy with good drainage capacity. In India, wheat is grown on almost all kind of soil with variable crop 

perform ace related to soil texture, water and nutrient holding capacities.  

The suitability of each type of soil for agricultural crops is different and some soils are also a serious 

challenge for agricultural production. One such type of soil which presents a serious challenge in terms of 

increasing agricultural production is saline soil. Saline soil refers to soil rich in natural salt. A soil type 

whose saturated paste has an electrical conductivity greater than 4 dS/m and a pH value less than 8.5, 

falls under the category of saline soil. There are two types of soil salinity. Salinity arising from natural 

causes is called primary soil salinity. It arises mainly due to erosion of salt present in the maternal rock 

and its mixing in the soil through ground water. On the other hand, secondary soil salinity comes into 

existence through anthropological activities. The main reason for this is irrigation of the land with highly 

saline water. Due to more irrigation in areas with less rainfall, the water surface rises and the soil salts 

come to the surface through water. Due to lack of proper drainage in areas with excess rainfall, the surface 

salts dissolve in the water and the salt layer is left on the surface when the water evaporates. In such lands, 

Sodium, Magnesium, Calcium, Potassium and Chlorine elements and their compounds are predominant. 

If the pH of the soil is high due to the predominance of Sodium only, then such land is classified as alkaline 

land and the condition as alkalinity.  
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The productivity of the saline/alkaline soil is often very low. Both the primary and secondary soil salinity 

in the regions of the Green Revolution in India, presents a challenge in increasing the production of wheat. 

The high yield varieties deployed in the Green Revolution required intensive irrigation, and therefore, 

areas of water-borne salinity are often found in these states, particularly Punjab, Haryana, Western UP 

and Northern Rajasthan. Agricultural crops are classified on the basis of their salinity resistance and wheat 

has been found to be a moderate type of salinity crop. It can successfully yield in soils with electrical 

conductivity up to 8 dS/m.  

Soil salinity mainly leaves its negative impact on crop plants in two ways. It reduces the availability of 

water to the plant by increasing the amount of salt in the root area and causes more salt to enter the plants 

causing salt-toxicity. A variety of methods including mechanical (subsurface drainage, auger hole) chemical 

(gypsum etc.) and biological methods (crop cycle, crop selection, green manure etc.) have been developed to 

improve such soils. In spite of that, the breeding of salt tolerant wheat varieties remains a relatively 

inexpensive and logistically easier way to take good production in salt affected soils.  

There are three major strategies of developing a salinity tolerant variety: 

1. Germplasm evaluation and selection: Wheat is bestowed with tremendous genetic diversity as far 

as resistance to major stresses is concerned and Indian as well as global germplasm is constantly 

augmented and evaluated for trait identification including tolerance to soil salinity. In this method, the 

available germplasm is tested under conditions of local salinity and high yielding and salinity tolerant lines 

suitable for the local climate need to be selected. This strategy is by far a simple and quick method to obtain 

a salt tolerant variety. However, this suffers from that the variety selected might not be the best one or 

better to the already released wheat varieties. Therefore, this strategy is more beneficial when utilized as 

a part of pre-breeding for identification of salinity tolerant germplasm for the actual breeding process. 

2. Varietal breeding and development: As mentioned above, high yield and salinity tolerance might 

not be present in the same line. Therefore, they need to be brought in one line from two or more wheat 

germplasm lines demanding of execution of a well-planned breeding programme spanning over years. 

These days most wheat varieties are being developed by this method utilizing pedigree method of breeding, 

predominantly. The shuttle breeding i.e., taking two generations of segregating generations in one year to 

reduce the time in developing of the wheat varieties is a part of this scheme.     

3. Genetic modification through biotechnology: This method is shorter and more effective, but the 

release process of the varieties developed by such method is extremely complicated, long and sometime 

even without success. In this method, recombinant DNA technology is used to transfer a salinity tolerant 

gene from another line or species and the incised gene from there is transferred to wheat plant. This 

technique suffers from the low transformation rates of wheat plants by various methods and the choice of 

the genes. A gene called AtNHX1 was successfully transferred in wheat from the Arabidopsis plant, and 

this variety out performed varieties lacking this gene under salinity conditions. Similarly, the transfer of 

a gene called P5CS in a variety of wheat has also led to better performance in high-sodium conditions. 

Among the above-mentioned methods of breeding and development of salinity tolerant wheat varieties, the 

method one or two or a combination thereof has been used to bred all the existing varieties possessing salt 

tolerance and the major successful varieties are described below: 

a. Kharchia-65: This variety is the first of its kind developed for salinity resistance. It was 

developed by the Rajasthan Agricultural University, Bikaner in 1978 from the world-renowned 

indigenous variety Kharchia, a nutritious and salinity tolerant red colored landrace from Kharchi 

Gram Panchayat of Marwar Junction subdivision of Pali district in Rajasthan. Kharchi Gram 

Panchayat was awarded the Plant Genome Saviour Community Award by the Protection of Plant 

Varieties and Farmers' Rights Authority (PPV&FRA), New Delhi for the conservation of this, now 

famous, Kharchia wheat. Kharchia-65 is a relatively late maturing (149 days) and tall (110.5 cm) 

variety. In soils with 6 dS / m and 10.2 pH this variety has the potential to yield up to 40 quintals 

per hectare. This variety is superior in taste and resistant to many diseases such as yellow and 

brown rust, Karnal bunt etc. and is highly suitable for areas of famine due to salinity/alkalinity. 

b. KRL1-4: This variety was developed by the ICAR-Central Soil Salinity Research Institute, 

Karnal in 1990 by breeding Kharchia-65 and WL-11 varieties and recommended for North-Western 

Plains Zone as well as North-Eastern Plains Zone of India under normal sown conditions (5 to 20 
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November). It matures in an average of 132 days and the average height of its plants is 89 cm. Its 

medium size and light brownish-yellow grains contain upto 12 percent protein. It is resistant to all 

three rusts of wheat and also tolerant to lodging. Its salinity toelerance limit for normal production 

is 7dS/m and alkalinity tolerance is 9.3 pH. KRL-1-4 can yield upto 40 quintals per hectare in normal 

soils and up to 30 quintal per hectare in saline soils. 

c. KRL19: This variety was also developed by ICAR-Central Soil Salinity Research Institute, 

Karnal, in 2000 by breeding salt tolerant KRL1-4 and agronomically superior PBW 255. It is a 

relatively short variety with an average height of 85 cm and matures in an average of 132 days. 

This variety has also been recommended for cultivation in the North-Western Plains Zone and 

North-Eastern Plains Zone under normal sown conditions (5 to 20 November). Its grains are medium 

sized and the protein content is 12 percent. The yield potential of KRL19 is upto 35 quintals per 

hectare in salinity condition of 7 dS/m and with pH of 9.3. Whereas, under normal soils, it has the 

potential to yield up to 52 quintals per hectare. 

d. KRL 210: This variety was developed by breeding two lines named W65 and Pastor. Although, it 

has a salinity tolerance level of 6.6 dS/m which is lower than other varieties described above, still it 

has highest potential yield under salinity conditions. This variety was developed in 2010 by the 

ICAR-Central Soil Salinity Research Institute, Karnal and matures in an average duration of 143 

days. It can tolerate a pH of up to 9.3 and has a potential yield of 52 quintal per hectare under 

normal conditions and up to 35 quintal per hectare in saline/alkaline lands. The grains are bold and 

it is recommended for normal sowing time in the North-Western Plains Zones and North-Eastern 

Plains Zones.  

e. KRL 213: This salinity tolerant variety is of medium sized grains and was developed by the ICAR-

Central Soil Salinity Research Institute in the year 2010 with a complex pedigree involving some 

indigenous and exotic lines and wild species of wheat. This variety has also been recommended for 

normal sowing time in the North-Western Plains Zones and North-Eastern Plains Zones. It matures 

in average of 145 days and can tolerate a salinity level of 6.4dS/m and a pH of 9.2. It has an average 

length of 97 cm and has a potential yield of 45 quintal per hectare under normal conditions and up 

to 40 quintal per hectare under saline / alkaline conditions. 

In addition to the above five varieties, three genetic stocks with salinity and alkalinity tolerance named 

KRL 35, KRL 99 and KRL ?? have been identified and registered with the ICAR-National Bureau of Plant 

Genetic Resources, New Delhi. These genetic stocks are well established and are being utilized in 

introgression breeding for the development of wheat varieties for salinity condition. 

With the onslaught of the global climate change, the incidence of drought and water requirement of the 

crops might increase which will necessitate more irrigation cycles leading to enhanced salinity of the soils. 

This calls on the continuation and consolidation of the breeding programmes aimed at development of 

salinity tolerant varieties for different agro-ecological zones. This becomes more important when wheat is 

becoming integral part of human diet in the demographically expanding globe craving for food and 

nutritional security. 
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Scientific name: Carica papaya L.  

Common Names: Papaya and pawpaw (English and Spanish), malakor, Melon tree wholesome fruit 

Family: Caricaceae  

Chromosome No: 2n=18 

Origin: Tropical America 

Type of Fruit: Berry 

Inflorescence: Male flower in panicle and female in cymes 

Edible part: Mesocarp 

Bearing habit: Axillary on current season 

Growth curve: Double sigmoid growth curve 

Papaya (Carica papaya) is a tropical fruit having commercial importance because of its high nutritive and 

medicinal value. Papaya cultivation had its origin in South Mexico and Costa Rica. Total annual world 

production is estimated at 6 million tonnes of fruits. India leads the world in papaya production with an 

annual output of about 3 million tonnes. Other leading producers are Brazil, Mexico, Nigeria, Indonesia, 

China, Peru, Thailand and Philippines. 

Uses and Nutritional Value 
Papaya fruit are commonly used as a ripe fresh fruit alone, in fruit salads, drinks, and desserts. Non-ripe 

fruit may be used as a vegetable or used in green salads. Fruit is also dried, candied, and made into pastes, 

jellies, and jams. Papaya fruit is low in calories and high in potassium, Papaya contain (4800 IU/100g). 

Pollination 
Papaya plants may be self-pollinating (bisexual plants) or cross pollinated by insects and wind. Pollinators 

include honey bees, wasps, midges, thrips, surphid flies, and butterflies. 

Papaya Sex Classification (Storey, 1958) 
1. Staminate Male flower 

2. Teratalogical staminate Sex reversing male plant 

3. Reduced elongate Staminate flower occurs in hermaphrodite tree 



 

 
Volume 04 - Issue 11 - November 2022       133 | P a g e  
 

4. Elongata Typical bisexual flower 

5. Carpelloid elongate Typical bisexual flower 

6. Pentendria Typical bisexual flower 

7. Carpelloid Pentendria Typical bisexual flower 

8. Pistillate Typical female flower 

Inheritance of Characters 
1. Sex inheritance in papaya is controlled by a single locus with multiple alleles. 

2. Fruit Skin colour is governed by a single gene with green (g) dominant and yellow in a double recessive 

(gg). 

3. Fruit weight, fruit shape ang sugars are controlled by additive gene. 

4. Yellow fruit colour is dominant over orange or red flesh colour. 

5. Fruit Flavour and odour is governed by multiple genes. 

Cross Combinations Involving the three sex Genotypes of Papaya, and the Resulting Sex 

Segregation Ration of the Progenies: 

Cross 

Combination 

Genotype Segregation ratio 

Male (Mm) Female 

(mm) 

Hermaphrodite 

(m’m) 

Non-viable zygotes 

(MM, M; M, M’M’) 

F×M mm×M’ 1 1   

F×H mm×M, m  1 1  

M(selfed)  2 1   

M×M Mm×Mm 2 1  1 

H (selfed)   1 2 1 

H×H M’×M  1 2 1 

H×M M×Mm 1 1 1 1 

M×H Mm×M’m 1 1 1 1 

Varieties 
Dioecious: Pusa Giant, Pusa Nanha, CO-1, CO-2, CO-4, CO-5, CO-6, CO-8 

Gynodioecious: Pusa Majesty, Pusa Delicious, Taiwan-786, CO-3, CO-7, Coorg Honey Dew 

✓ Pusa Nanha: spacing 1.25×1.25 

✓ CO-1: - Selection from Ranchi, Dwarf 

✓ CO-2: - Andromonoecious, local selection, high papain production.  

✓ CO-5: - Selection from Washington. Suitable for papain production.  

✓ CO-6: - Selection for Pusa Majesty, dioecious, Suitable for papain production. 

✓ Washington 

✓ Honey dew: - also known as Madhu Bindu 

✓ Coorg honey dew 

✓ Pusa Majesty 

✓ Pusa Dwarf 

✓ Pusa Delicious: - Gynodioecious variety. 

✓ Pusa Nanha: - Suitable for kitchen garden. 

✓ Ranchi Selection 

✓ Taiwan 786 

✓ Solo: - Pear shaped fruit. 

✓ BR 30: - Selection for Pusa Nanna  

✓ Rainbow 1st commercial transgenic papaya. 

✓ Sunup: - transgenic variety. 

✓ Laie Gold 

✓ Hortus gold: - South African cultivar. 

✓ Red Lady: - High yielding, red flesh. 

✓ Punjab Sweet: - Dioecious, from tolerant 

✓ Pant papaya 1: - dwarf 
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✓ Pant papaya 2: - tolerant to frost and water logging 

✓ Pant papaya 3 

Climate 
Any climatic factor such as cool or cold temperatures, lack of water (drought), high constant winds, or shade 

will reduce papaya growth and production. Papaya plants grow and fruit best in areas where temperatures 

remain warm to hot (70°F–90°F; 21–32°C). 

Propagation 
Papaya is mainly propagated by seed, but tissue culture and rooted cuttings are practiced to a limited 

extent. The sex of the plant is determined by its parents. Test weight of seed is 50g. 

Soils 
Papaya plants grow and fruit well in many well drained soil types. Plants will do well with care in sands, 

loams, and rocky soils with a pH of 4.5 to 8.0. 

Spacing 
A spacing of 1.8 x 1.8 m. is normally followed.  However higher density cultivation with spacing of 1.5 x 1.5 

m./ha enhances the returns to the farmer and is recommended. 

Fertilizer 
Frequent applications of small amounts of fertilizer are best for continuous papaya growth and fruit 

production (Table 2). Young plants should be fertilized every 14 days with 1/4 lb of a complete fertilizer 

with the amounts increasing as trees become larger. Complete fertilizers include nitrogen (N), phosphate 

(P2 O5), potash (K2 O), and a source of magnesium (Mg). Once trees become about 7 to 8 months old, they 

should be fertilized with 1 to 2 lbs every other month. Minor elements may be applied up to 1 time per 

month. Minor elements including manganese and zinc may be applied to the ground in soils with a low pH 

(7 or less) and filially applied for plants growing in high pH soils (>pH 7). Similarly, iron sulphate may be 

applied to the ground for plants growing in low pH soils. However, for plants growing in high pH soils, 

chelated iron (an EDDHA form) should be mixed in water and applied as a soil drench. 

Irrigation 
(Watering) Watering is essential for best papaya plant growth and fruit production. Papaya plants that 

lack water (drought stress) may drop flowers, leaves, and young fruit and produce small fruit of low sugar 

content. Plants growing in sandy or rocky soils that are well drained and do not hold much water should 

be watered every other day or every day during hot, dry conditions and less often during cool parts of the 

year (late fall, winter). Plants. 

Insect Pests and Nematodes 
Papaya plants are attacked by a number of insect pests including: 

Papaya fruit fly (Toxotrypana curvicauda), which lays eggs through the papaya fruit peel into the fruit 

cavity where the larvae feed and eventually emerge from the ruined fruit. This fly is commonly mistaken 

for a wasp due to its long abdomen and yellow and black markings. Fruit infested with papaya fruit fly 

may show yellow areas and may drop from the tree prematurely.  

The easiest control for this pest is to place a paper bag or paint strainer cloth over individual fruit when 

they are small and leave the bag on until harvest.  

Papaya webworm (Homolapalpia dalera) is mainly a pest of the developing fruit peel and papaya stem 

and is usually found in, on, or near the stem amongst the flowers and fruit. Control includes hand removal 

and hosing off the plant with a strong stream of water from a garden hose.  

Papaya whitefly (Trialeuroides variabilis) is generally only a pest of the leaves, causing leaves to drop 

and reducing fruit production. Control includes removing infested leaves and applying appropriate pest 

control products.  
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Two-spotted mite (Tetranychus urticae) is a major pest of papaya leaves and may cause defoliation and 

early leaf drop. Symptoms include a browning of the leaf surface and eventually upper leaf surfaces and 

skeletonizing of the leaf. For current control measures please contact your local UF/ IFAS Extension agent.  

A number of nematode species (Meloidogyne incognita, Rotylenchulus reniformis). Nematodes are 

small, microscopic, worm-like organisms that feed on papaya plant roots, causing plants to decline in vigour 

and making more plants more susceptible to toppling over because of the loss. 

Diseases 
Papaya ringspot virus: is the most important disease of papaya in Florida. The earliest symptoms are a 

yellow mottling of leaves and vein-clearing of leaves. As the disease progresses, the lobes of the leaves 

become distorted and leaf size is greatly reduced. Dark green streaks may develop on leaf petioles and the 

main stem. Fruit symptoms consist of dark circles or C-shaped markings on the fruit peel. Homeowners 

wishing to grow papaya in their home landscapes should avoid using seed from small, pear-shaped Solo-

type fruit, which tend to be more susceptible to this virus than the larger, elongated, oval-shaped fruit 

found in many local markets.  

Anthracnose: (Colletotrichum gloeosporiodes) primarily attacks the maturing fruit. Symptoms include 

small water-soaked spots that enlarge, turn brown or black, and become sunken. Eventually the fungus 

grows into the fruit tissue, ruining it for consumption. Please contact your local UF/ IFAS Extension agent 

for current control recommendations.  

Powdery mildew: (Oidium caricae) is primarily a disease of the leaves in Florida. A superficial white 

growth on the leaf surfaces leads to small, light-yellow spots on the lower surfaces of the leaves. Next, pale-

yellow spots appear on the upper leaf surfaces. Eventually, dead leaf areas fall out of the leaves, giving 

them a shot-hole effect. Control includes removing infested leaves and removing them from near the plants.  

Phytophthora blight: (Phytophthora spp.) includes a number of diseases including damping-off, root rot, 

stem rot, and fruit rot. These diseases decrease plant vigour and may result in plant death. Starting new 

plants in clean (not previously used) potting media will help avoid the root. 

Harvest, Ripening, and Storage: Papaya fruit may be harvested green for use as a vegetable and ripe 

when full yellow to orange colour develops on the peel. Generally, fruit may be picked when yellow colour 

covers 1/10th to 1/3rd of the surface peel, however, greater colour development of the fruit while on the tree 

increases fruit sugar content. After picking, fruit should be placed at room temperature to fully ripen before 

being stored in the refrigerator. Ripe fruit will keep up to 4 to 7 days. 

 



 

 
Volume 04 - Issue 11 - November 2022       136 | P a g e  
 

Brown Top Millet (Urochloa ramosa) – Underutilized 

Millet 
Article ID: 38450 

Komara Vinay PromodKumar1, M. Kirthy Reddy1, B. Murugan2, Rita Narayanan3 
1Research Scholars, College of Food and Dairy Technology, TANUVAS, Chennai – 52. 

2Professor and Head, Department of Food Safety and Quality Assurance, CFDT, TANUVAS, Chennai – 

52. 
3Professor and Head, Department of Food Processing Technology, CFDT, TANUVAS, Chennai. 

 

 
 

Introduction 
Small seeded grain crops grown in dry areas with poor soil conditions and less rainfall are collectively called 

as millets. Millets, often referred to as smart food or smart crops, are the staple foods of people living in 

arid and semi-arid regions of the world, especially in Asian and African countries. Minor millets are also 

referred to as “coarse grains” or “poor man’s crops” or “small millets”. One of the minor millets that is grown 

as an annual crop under pasture management system and developed in southeast Asia is brown top millet 

and other minor millets include proso millet, finger millet, little millet, Kodo millet, barnyard millet and 

foxtail millet 

Brown top millet in Tamil is called “Pazhuppu Thinai” or “Kula Samai”, in Telugu as “Andu Koralu”, and 

in Kannada as “Korale”. Brown top millet is a rich source of iron, zinc and fibre. This millet contains 

phytochemicals such as flavonoids, quinones, tannins, and resin. This is also a gluten-free and non-acid-

forming, easy-to-digest type of millet and an alternative to replace rice and wheat in the daily diet. 

Nutritional Composition of Brown Top Millets (Per 100g) 
Nutrients Composition 

Protein (g) 11.5 

Fiber (g) 12.5 

Minerals(g) 4.2 

Iron(mg) 0.65 

Calcium(mg) 0.01 

Thiamine (mg) 420 

Riboflavin (mg) 290 

Niacin (mg) - 

Calcium (mg) 28 

Potassium (mg) 408 

Magnesium (mg) 95 

Phosphorus (mg) 276 

Iron (mg) 7.0 

Zinc (mg) 2.7 

Sodium (mg) 7.0 

Copper (mg) 1.23 

Source:-https://www.millets.res.inmillets_info.phpIIMR - Indian Institute of Millets Research  

Reference: -Millets and Pseudo Cereals. https://doi.org/10.1016/B978-0-12-820089-6.00009-4 

https://www.millets.res.inmillets_info.php/
https://doi.org/10.1016/B978-0-12-820089-6.00009-4
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Brown Top Millet 

 
Source: https://www.lybrate.com/topic/benefits-of-millet-and-its-side-effects 

Nutritional and Health Benefits 
1. Nutritionally, the energy value, protein and macronutrient contents of millets are comparable and 

sometimes higher than conventional cereals. 

2. Due to the excellent protein source, the millets are mostly utilized by vegans or vegetarians. Millets have 

excellent plant protein which is better than animal protein. 

3. It is a rich source of natural fibre. Consumption of dietary fibre has been associated with health benefits 

like increased bowel transit time and maintenance of normal blood cholesterol and glucose levels. 

4. Fibre acts as a prebiotic in the colon as well as contributes to weight loss. 

5. Millets have a low Glycemic Index (GI), thereby helping in combating diabetes mellitus. 

6. Higher dietary fibre reduces the incidence of obesity. 



 

 
Volume 04 - Issue 11 - November 2022       138 | P a g e  
 

7. When millets are consumed in sufficient quantities, they help in reducing the triglyceride in the body, 

thereby preventing blood platelet clumping and also reducing coronary artery diseases. They are also 

known for lessening the risk of heart and cardiovascular diseases. 

8. Millets being gluten-free, serve as an excellent choice for people with Celiac disease. 

9. These are abundant sources of phytochemicals that act as natural antioxidants. 

10. Polyphenols in millets play a vital role in boosting the body’s immune system and act as an antioxidant, 

anti-inflammatory and antiviral. 

11. Millets are anti-carcinogenic in nature. 

12. They are considered to be hypocholesteraemic in nature and protect against atherosclerosis. 

13. This millet is an abundant source of protein and fibre as well as micronutrients such as potassium, 

magnesium, zinc, phosphorus, and B group Vitamins that contribute to health benefits like muscle 

building, maintaining electrolyte balance in the body, protection against nerve damage, prevention and 

management of non-communicable diseases. 

14. Brown top millet consists of some anti-nutritional factors like phytates and tannins as in other millets 

which will affect the bioavailability of minerals. Since these compounds are limited to millet seed coat, they 

can be removed during processing methods like milling, dehulling, soaking, cooking, boiling and 

fermentation etc. 
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Introduction 
The word Kleptoparasitism has been derived Greek word klep-means to steal. So Kleptoparasitism refers 

to generalized stealing of any valuable resources. The term was first introduced by Rothschild and Clay, 

1952 to describe the behavior of arctic skuas (Stercorarius parasiticus) stealing food from gulls (Laridae). 

Stealing materials may be food materials including nectars, pollen, honey, prey and other nesting 

materials. Kleptoparasitism is common among wild dogs, insects, seabirds, lizards and fish. 

Kleptoparasites, stealing resources for which the host has invested its time and energy, saves their foraging 

time, energy and risk incurred in foraging. Kleptoparasitism is a form of contest that may takes place 

between the members of same or different species. During hunting for resources, foragers can get into 

contact with any conspecific, already discovered food item, then there will be a chance of stealing the 

resource. Success of kleptoparasitism depends on a number of factors like value of the food item, possible 

risk in entering in competition with other individuals. Kleptoparasitism will be profitable if the energy 

gained by kleptoparasite by stealing resources exceeds the cost of stealing. Kleptoparasites may be obligate 

or facultative. Facultative kleptoparasites are common in nature. They use it as an alternative feeding 

method but obligate kleptoparasitism is rare. It is only restricted to stingless bees, some slave making ants 

like Leptothorax emersoni, Polyergus rufescens. A stingless bee does not have venom and pollen-carrying 

structures on their hind tibia. To survive, they steal pollen and honey from nests of other non 

kleptoparasitic bees. The lords of various slave-making ant species are unable to feed themselves and would 

therefore extinct without slaves. Ants of the genus Leptothorax emersoni die in absence of slaves. Obligate 

kleptoparasites are uncommon in both highly mobile and sedentary groups, owing to a lack of feeding 

opportunities: obligates are limited to manipulating food received by the host but facultative 

kleptoparasites can exploit the host plus any non-harvested food they can gather or subdue. 

Kleptoparasitism in Insects 
Kleptoparasitism is common among insects. Many insects steal food or other valuable materials from 

members of same or different species. In case of social insects like ants, honey bees the term Cleptobiosis 

is generally used instead of kleptoparasitism. 

Here we will discuss about some insects showing kleptoparasitism: 

1. Most of the female dung beetles, after locating fresh dung pat, tunnel beneath it to make brood balls in 

which females lay their eggs. During searching for fresh dung pat if another female beetle detects any brood 

ball, then it will eat the eggs and lay its own eggs inside the existing ball. In this way the kleptoparasite 

can get advantage in two ways – Firstly they get nourishment from eggs and secondly, they do not need to 

invest time in preparing their own brood ball. Example - Onthophagus taurus. 

2. Males of some species may depend on food/prey secured by the female. Males of Zeus bug Phoreticovelia 
spp. (Heteroptera; Veliidae), relay entirely on its mates for feeding. Very small males ride on the back of 

their female mates for a long time. Only females have a pair of dorsal glands producing wax like secretion. 

Males feed on this after riding on the back of females. 

3. Australian gall thrips Kladothrips spp. (suborder Tubulifera, Family - Phlaeothripinae) are abundant in 

the arid and semi-arid regions of Australia, where they produce galls on wattle trees (genus Acacia) by 

feeding. They get food and shelter from these galls. Koptothrips dyskritus is a gall stealing thrips invading 

K intermedius galls and kill the occupants. They cannot make their own galls. Koptothrips sp have to relay 
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on invading gall and killing or forcing the original occupants to flee. The Koptothrips sp in this way obtain 

the food and shelter offered by galls. 

4. Theft of brood in order to use the attempts of stolen individual in favour of the thief is termed as dulosis. 

It is widespread among ants. Inquilinism is a form of social parasitism in which a reproductive parasite 

infiltrates a host habitat, lays eggs, and depends on the host colony to raise its young. The brood of the host 

Inquilines have a close evolutionary relationship, like social parasitic bee Psithyrus in bumblebee (Bombus) 

colonies, Different ant species within other ant colonies. 

5. Brood parasitism is referred to as kleptoparasitism in insect research. Cuckoo or cuckooism, on the other 

hand, is a name used to designate brood parasites in birds, bees and mammals. Cuckoo bees are brood 

parasitic bees (strictly speaking, this is the family Apidae, subfamily Nomadinae) that are sometimes 

referred to as kleptoparasites. Rather than stealing food, these bee species place their eggs in the hives of 

other bee species. Adults of the host species then rear their young ones. This type of brood parasitism is 

also seen in birds like cuckoos and cowbirds. 

6. Kleptoparasitism is also common among flies. Phoridae family of Diptera contain a large number of 

species that are associated with Hymenopteran insects. Most common host of Phoridae is Formicidae, but 

bees, wasps are also known host of Phoridae. In many cases the larva feed on host′s amenities 

(kleptoparasitism). The genus Megaselia (Phoridae, Diptera) include species that are associated with 

Sphecidae, Vespidae, Megachilidae, Pompilidae. Kleptoparasitism on stored pollen of communal bee has 

also been reported. 

Intra and Interspecific Kleptoparasitism 
1. Intraspecific kleptoparasitism can be defined as thrivery of resources within the members of same 

species. Ant species Ectotomma ruidum possesses a unique kind of intraspecific kleptoparasitism known 

as stealing behaviour, in which a member of the species steals from another member of the species. Worker 

from one nest will go into a neighbouring nest of the same species, wait inside the foreign nest, intercept 

food collected by the forager, and then depart the foreign nest with the food and carry it back to to its own 

dwellin. While residing in the area Outside of their own species, E. ruidum workers prefer to resist foreign 

workers, but chemical camouflage allows robbers to penetrate colonies. 

2. Interspecific kleptoparasitism takes place between different species. It is observed between 

Myrmecocystus mimicus and Pogonomyrmex desertorum workers. The predator and scavenger 

Myrmecocystus mimicus, which also gathers floral nectar and honeydew, secreted by homopterans, is an 

odd opponent for the harvester ant genus Pogonomyrmex, that typically collects seeds and other vegetative 

material. Both genera seem to have distinct dietary niches. Pogonomyrmex has been observed retrieving 

dead insects and termites on occasion. Termites occur in vast numbers on the soil surface, mostly in wet 

soil after heavy summer rains. Many ant species, including Pogonomyrmex, prey on termites during this 

time. At the same time honey ant workers snatch the prey material (termite) from harvester ant workers. 

Modes of Kleptoparasitism 
Kleptoparasites have two primary techniques for thriving. Deception and force that are used to enter a 

target colony. Some kleptoparasites use force to steal resources while others use deception. Furtive entry 

usually entails deceptive behaviour, which is occasionally paired with manipulation of the chemical cues 

in the nestmate recognition. L. niitkib can produce signals that match their preferred host cuticle. It is 

difficult to state the exact genesis of cuticular compounds that are used in host detection. Lestrimelitta 
robs cerumen (a mixture of plant resins and beewax) from host hives to construct their nest structures, 

which may be a source of cuticular smells. Physical contact can be another way for Lestrimelitta to pick up 

the host's odours. Lestrimelitta gets into contact with hosts and host nest materials during nest attacks, 

allowing it to pick up scents from the raided species in the process. 

Food is taken forcefully by using sclerotized mandibles or biting on to wings or legs. This is seen among 

harvester ant Pogonomyrmex and honey ant Myrmecocystus mimicus workers. As workers of 

Pogonomyrmex return from the foraging grounds, they are frequently paused and thoroughly scrutinised 

by Myrmeeocystus workers. The harvester ant's mandibles, head, and mouth parts are nibbled by a 

Myrmecocystus that climbed onto its back. If the harvester ant does not carry any food, it usually stands 
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stationary, whether it is food or merely vegetable matter. However, if it has a termite or other insect prey 

material between its mandibles, it will be a different story. Myrmecocystus workers attack violently, 

grabbing the victim and dragging it away from the Forager Pogonomyrmex. 

Conclusion 
Kleptoparasitism can take numerous forms and manifest itself in a variety of conditions. Kleptoparasites 

take advantage of a variety of resources, including food, information, inanimate items, a home, parental 

care, and a mate. A kleptoparasite may take advantage of another person's searching behaviour and seize 

food discoveries just before discoverer may consume them. Because some members of a community produce 

information for themselves while others scrounge information from the producers, this type of parasitism 

has implications for the value of group existence. Peripheral males may get matings via parasitizing 

dominant males' displays and other female-attracting actions in mating settings. This well-known furtive 

mating behaviour can be considered a kind of kleptoparasitism, and experts refer to it as 'kleptogamy.' 

According to behavioural game theory, kleptoparasites are 'scroungers' who rely on the presence of 

'producers'. Scroungers thrive when the proportion of scroungers is low since there are many producers to 

exploit. As scroungers become more frequent, meetings with producers become less regular, and scrounger 

fitness eventually falls below producer fitness. These fitness interactions maintain a population with a mix 

of producers and scavengers. 
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Introduction 
Modern rice cultivation relies on chemical fertilizer that ultimately degrades soil health and creates 

environmental pollution. Several long-term experiments conducted all over India indicated a decrease in 

rice productivity due to continuous use of chemical fertilizers. The increasing concerns about environmental 

pollution, restoring soil health, and conservation of energy, public attention is now towards green manures 

as supplement for chemical fertilizer. Sesbania rostrata is a popular leguminous green manuring crop that 

fixes atmospheric N2, improves soil health, and rice productivity through incorporation of its biomass in to 

soil.  Green manuring is defined as a practice of ploughing or turning into the soil, undercomposed fresh 

green plant tissue for the purpose of improving fertility status, physical and biological condition of the soil.  

Green manuring with Dhaincha are low cost and effective technology in minimizing cost of fertilizers and 

safeguarding productivity. It is an annual shrub, quick growing and succulent which can grow to seven 

metres in height but usually only reaches one to two metres. It produces pods which contain light brown 

beans. Inclusion of Dhaincha as a component of integrated nutrient management with chemical fertilizers 

is one of the most ideal systems of nutrient management. The system enhances nutrient-use efficiency, 

maintains soil health, enhances yields and reduces cost of cultivation. There is a huge scope of introduction 

of Dhaincha as green manure crop in rice-based cropping system in India. 

Characteristic of Green Manuring Sesbania Aculeata 
1. Capable of establishing and growing quickly. 

2. Tolerant to adverse climatic conditions such as drought, water logging, high and low temperatures etc 

and tolerant to pests and diseases. 

3. Should possess adequate Rhizobium nodulation potential and must be effective nitrogen fixer. 

4. Should be capable of growing very fast and capable of accumulating sufficient fixed N in 4-6 weeks. 

5. Easy to incorporate and quickly decomposable. 

  
Sesbania plant Root nodule 

Why Use Sesbania in Rice? 
Dhaincha (Sesbania aculeate) recorded maximum biomass between 40 and 50 DAS suggesting it to be the 

ideal time for incorporation into the soil. It provides 5–6 tons dry biomass that can supplement 50–100% N 

requirement. Incorporation of young green manure ensures adequate mineralisation of N. Green manures 

not only supply N to rice but also improve physical and chemical properties of soils, aeration status, 

permeability and infiltration capacity of soil. It also improves the soil texture by the addition of humus or 

organic matter, which is essential for making the soil more productive. In fact, this stimulates the activity 

of soil micro-organisms. In waterlogged soils, green manures increased the availability of P through the 

mechanism of reduction, chelation and favourable changes in soil pH. It increases the organic matter 

regime of the soil. Sesbania aculeata application recorded higher availability of soil organic carbon and it 

also has some residual effect in relation to supply of different plant nutrient and thereby it helps for the 

better growth to the next crop. Green manuring with S. rostrata increased both availability in soil and 
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accumulation in plant of Fe, Mn and Cu due to the development of intense reducing condition, complex 

formation and greater nutrient binding capacity. Along with these, the effectiveness of Dhaincha in 

smothering weeds was reported when grown as intercrop in rice. 

  
Incorporation of Sesbania Model for nitrogen fixation 

Conclusion 
Practice of green manuring with Dhaincha in the rice field is an indication of sustainable production system 

in an ecologically sound environment. It has the potential to improve the soil physical, chemical and 

biological environment and ultimately soil health and at the same time increased yield of rice can be 

obtained by addition of green matter in soil in huge quantity. Excessive use of inorganic fertilizers has 

depleted the inherent soil fertility. Moreover, chemical fertilizers are costly for most subsistence farmers 

to correct the deficiency. Hence, alternate nutrient management technologies like green manuring which 

could supplement the required nutrients to the soil. Recommending the Dhaincha as a green manure crop 

is still holding good under the agro-climatic condition of India where paddy is consistently growing by 

chemical farming. 
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Introduction 
In modern agriculture, innovation is more important than ever. The industry as a whole is facing enormous 

challenges, including rising supply costs, a labor shortage, and changes in consumer preferences for 

transparency and sustainability. Agriculture corporations are increasingly aware that solutions to these 

problems are required. Agriculture technology has seen a massive increase in investment over the last ten 

years, with 6.7 billion USD invested in the last five years and 1.9 billion USD invested in the last year 

alone. Indoor vertical farming, automation, robotics, livestock technology, modern greenhouse practices, 

precision agriculture and artificial intelligence, and blockchain have all seen significant technological 

advancements. 

Blockchain 
The ability of blockchain to track ownership records and resist tampering can be used to solve urgent issues 

in the current food system such as food fraud, safety recalls supply chain inefficiency, and food traceability. 

Blockchain's unique decentralized structure ensures verified products and practices, resulting in a 

transparent market for premium products. 

Food traceability has been at the forefront of recent food safety debates, particularly in light of recent 

advancements in blockchain applications. Because perishable food is perishable, the food industry as a 

whole is extremely vulnerable to making mistakes that could endanger human lives. When foodborne 

diseases endanger public health, the first step in the root-cause analysis is to identify the source of 

contamination, and there is no room for error. 

Blockchain can be utilized to address pressing challenges in the present food system, including food fraud, 

safety recalls, ineffective supply chains, and food traceability. 

Traceability is therefore essential for the food supply chain. Since certain parties participating in the food 

ecosystem are still keeping track of information on paper, the present communication framework makes 

traceability a time-consuming effort. The design of the blockchain ensures that every participant in the 

food value chain will produce and securely share data points to establish a traceable and responsible 

system. Numerous data points with labels that identify who owns something can be quickly and accurately 

captured. As a result, it is possible to track in real-time the history of a food item's journey from farm to 

table. 

Blockchain in the food industry has applications beyond only assuring food safety. Creating a ledger in the 

network and balancing market pricing, also provides value to the current market. Instead of using data 

from the full value chain, the traditional price mechanism for buying and selling relies on the opinions of 

the participating parties. Providing data access would result in a comprehensive analysis of supply and 

demand. Traditional commodities trading and hedging may be revolutionized by the blockchain application 

for trades. With the use of blockchain, confirmed transactions may be safely shared with every participant 

in the food supply chain, resulting in an incredibly transparent market. 

Conclusion 
Decentralized blockchain implementation is necessary to include small farmers and rural residents. If not, 

there will still be a problem with food security. For consumers to make wise selections, the implementation 

must enable just and sustainable food systems. Those who lack the digital literacy to use blockchain 

technology first must receive an education. Decentralizing the system includes this. Participation may be 

restricted by outdated infrastructure and low digital literacy among the world's poor. To ensure that 

blockchain technology is compatible with the social and environmental principles necessary to address 
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these concerns of food insecurity among various groups, it must be incorporated into larger food security 

initiatives. 
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The pineapple (Ananas comosus) is the most important fruit on the planet and the most important edible 

member of the Bromeliaceae family. After orange and apple juices, this fruit juice is the third most popular 

worldwide (Cabrera et al., 2000). It's also used to make juices, concentrates and jams. By-product ratios in 

tropical and subtropical fruit processing are significantly higher than in temperate fruit processing. The 

growing popularity of pineapple processed foods has resulted in huge waste generation. This is primarily 

due to the removal of components that are unfit for human consumption. Bromelain, a proteolytic enzyme 

found in pineapple stems, is also finding widespread use in pharmaceutical and food applications (Hebbar 

et al., 2008). 

Utilization of Pineapple Waste 
It is expected that rejected fruit and waste material will be used in industrial processes such as 

fermentation, bioactive component extraction and so on. Numerous studies have been conducted on the 

usage of waste from the fruit and vegetable, dairy and meat industries. Several attempts have been 

undertaken in this regard to utilise pineapple wastes obtained from various sources. Because pineapple 

cannery wastes are a potential source of sugars, vitamins and growth factors, they have been employed as 

a substrate for bromelain, organic acids, ethanol and other compounds (Larrauri et al., 1997). 

Bromelain: Bromelain is the most valuable and researched component extracted from pineapple waste. It 

is a pineapple crude extract that contains among other things, several closely related proteinases that have 

antiedematous, anti-inflammatory, antithrombotic (Bhui et al., 2009), fibrinolytic and anticancer 

properties in vitro and in vivo. It's also utilised as a meat tenderizer and a dietary supplement in the food 

sector (Maurer, 2001).  

Ethanol: Since the last decade, interest in the cost-effective conversion of renewable resources into alcohol 

utilising low-cost substrates such as pineapple waste has grown. For ethanol production, Saccharomyces 
cerevisiae and Zymomonas mobilis were utilised (Ban-Koffi and Han, 1990). They say, however, that 

fermentable sugars such as sucrose, glucose, and fructose are relatively low and that pre-treatment of the 

substrate with enzymes such as cellulase and hemi-cellulase is required for alcohol formation. 

After pre-treatment with the enzymes cellulase and hemi-cellulase, both organisms were able to produce 

roughly 8% ethanol from pineapple waste in 48 hours. A new method for extracting liquid from pineapple 

fruit and pineapple plant waste and producing ethanol has been devised (ICIS, 2006). This method permits 

ethanol to be extracted from plant waste without forcing the producer to choose between food and fuel as a 

final product. 

Phenolic antioxidant: Several studies have looked into the phenolic content of pineapple. Fruit phenolic 

content was determined to be 40.4 mg/100g as gallic acid equivalent, 2.58 as chlorogenic acid equivalent 

and 358 mg/L as gallic acid equivalent in juice (Sun et al., 2002). Antioxidants derived from phenolic wastes 

are also observed in higher concentrations. The total phenolic content of pineapple residue (pulp, seeds, 

and peel) was 30.2 percent and 10 mg/g GAE, (Oliveira et al., 2009) respectively. They used DPPH free 

radical scavenging activity and superoxide anion scavenging activity to link the antioxidant properties of 

phenolic compounds. The high dietary fibre powder from pineapple shell contains phenolics such as 

myricetin, salicyclic acid, tannic acid, trans-cinnamic acid and p-coumaric acid. 

Organic acid: Organic acid synthesis from fruit waste has been a topic of attention in the search for a low-

cost substrate. In this case, pineapple wastes were used to produce several organic acids including citric, 

lactic and ferulic acid utilising fermentation technology. 
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Citric acid: This commercially useful substance is frequently utilised as a substrate to acidify and enhance 

flavour in the food, pharmaceutical and beverage sectors. Using pineapple waste (from the juice extractor) 

as substrates, some researchers examined the synthesis of citric acid by A. niger under solid state 

fermentation conditions. They also looked at the impact of methanol on the fermentation process, which 

improved the yield from 37.8% to 54.2 percent. 

The generation of citric acid by Yarrowia lipolytica under solid state fermentation conditions utilising 

pineapple waste (from a local juice producer) as the sole substrate was researched by the other groups of 

researchers (Imandi et al., 2008). Citric acid production was 202.35 g/kg dry pineapple waste after they 

improved the growing conditions. The other study used wet pineapple waste as a substrate for citric acid 

synthesis. It was discovered that solid state fermentation using Aspergillus foetidus ACM 3996 produced 

more citric acid than waste sources such apple pomace, rice or wheat brans. 

Lactic acid: Lactic acid occupies a prominent position in the carboxylic acid family due to its use in both 

the food and non-food industries. It is used in the food industry as a preservative and acidulant. However, 

due to the raw ingredients utilised, commercial manufacturing of lactic acid is expensive (exploitation of 

biological waste). Using Lactobacillus lactis and the enzyme invertase to hydrolyze sucrose into glucose 

and fructose, some researchers have employed pineapple syrup, a food industry waste, as a low-cost 

substrate for the manufacture of lactic acid. They obtained yields of 20 and 92 g/l from 20 and 100g total 

sugars/l, respectively. Idris and Suzana (2006) employed liquid pineapple waste as a substrate for 

Lactobacillus delbrueckii to ferment to lactic acid under anaerobic conditions for 72 hours. Under various 

temperature and pH conditions, they were able to obtain a maximum yield of 0.7822-0.8248 g lactic acid/g 

glucose using calcium alginate as the immobilisation matrix. Rhizopus arrhizus and Rhizopus oryzae, 

respectively, produced 19.3 and 14.7 g/L lactic acid from pineapple waste (Jin et al., 2005). 

Ferulic acid: The most prevalent hydroxycinnamic acid discovered in plant cell walls is ferulic acid. The 

food and cosmetic industries both use this phenolic antioxidant. The alkali extraction of ferulic acid has 

been done using pineapple peel (Tialy et al., 2008). 

Energy and carbon source: Pineapple waste is mostly made up of organic materials, so anaerobic 

digestion and composting could help solve the disposal problem. Some of these wastes could be used in the 

gas producing industry. Fruit waste biomethanation is the greatest waste treatment since it contributes 

energy in the form of methane while also producing a highly stabilised effluent with a nearly neutral pH 

and odourless feature. They discovered that varied conditions of pineapple peels generated biogas yields 

ranging from 0.41-0.67 m3/kg volatile solids with methane content of 41-65 percent using semi-continuous 

anaerobic digestion, which may create up to 1682 ml/day of biogas with a maximum methane concentration 

of 51 percent. 

Anti-dyeing agent: Textile dyes have been a hazard for the environment since they are visible in small 

quantities due to their brilliance when mixed and thrown with enormous volumes of waste water from 

various steps in the dyeing and finishing processes. There have been some reports of using pineapple waste 

to remove dyes. Adsorption is utilised to remove basic dye (methylene blue) from aqueous solution using 

pineapple stem as a low-cost adsorbent. In a separate study, pineapple leaf powder was utilised as an 

unusual bio-adsorbent for removing methylene blue from an aqueous solution (Weng et al., 2009) 

Fiber: According to researchers, dietary fibre powder made from pineapple shell contains 70.6 percent 

total dietary fibre and has better sensory qualities than commercial dietary fibres derived from apples and 

citrus fruits (Larrauri et al., 1997). In several Southeast Asian countries, pineapple leaves have been 

utilised to manufacture coarse fabrics and threads (Tran, 2006). Pineapple leaf fibres are also being 

explored for usage in fiber-reinforced polymeric composites due to their high cellulose content, abundance, 

and low cost. They looked at how fibre loading, fibre length and fibre surface modification affected the 

tensile, flexural and impact performance of pineapple leaf fiber-reinforced polyester composites. They 

discovered that the composites' mechanical qualities are superior than those of existing cellulose-based 

natural fibre composites. 

As animal feed: Feed manufacturing is a relatively recent sector. The use of agricultural and industrial 

wastes as animal feed appears to alleviate the problem of fodder scarcity during critical seasons. Several 

studies have looked into using pineapple waste as ruminant feed. The outer peel or skin and core from 

pineapple canning businesses known as bran, as well as the leaves are used as ruminant feed (Tran, 2006). 
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Conclusion 
Many valuable reusable substances can be found in pineapple trash. Cannery trash has a great exploitation 

potential and a promising future. In the case of bromelain extraction, industrial applicability is quite 

popular; new and emerging technologies such as green technology for biogas or bioethanol production, are 

very likely with pineapple leftovers. Furthermore, dietary fibres and phenolic antioxidants could be a 

promising nutraceutical resource for low-income areas, capable of providing a large low-cost nutritional 

dietary supplement. The increasing market for functional foods has opened up a huge window for natural 

resource usage. Pineapple wastes could provide useful items if new scientific and technological procedures 

are used. In this sense, inexpensive substrates such as pineapple wastes show promise. 
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Abstract 
The plant kingdom has been discovered to be one of the best sources of treatments for a variety of disorders. 

Plants are still a potential source for new drugs and chemicals, which can be obtained from different plant 

parts. Manihot esculenta Crantz, also known as cassava, is one of the most overlooked medicinal plants in 

the world. Numerous articles have indicated that this plant has a wide range of therapeutic advantages; it 

isn't used as commonly in herbal medicine because some of its potentially poisonous components are 

present. Typically, this plant's roots and leaves have been used over the world for both culinary and medical 

purposes. This is one of the best therapeutic plants, Still being underutilized. An effort to highlight the 

different phytochemicals and therapeutic applications of this underutilised plant. 

Keywords: Manihot, Therapeutic, Medicinal, Phytochemical. 

Introduction 
Since ages plants with varied medical characteristics have drawn the attention of several experts 

worldwide. Countless plants have been thoroughly examined for their potential therapeutic applications in 

treating a wide range of human diseases. Even contemporary therapeutic approaches do not undervalue 

the potential of herbs for treating different chronic conditions. Recently, both industrialized and developing 

nations have dramatically increased their usage of plant-based health products, which has caused an 

exponential rise in the demand for herbal products worldwide. 

In this scenario molecules from many plant products are assessed based on their historic usage in the 

present era of pharmaceutical development and the identification of newer drugs. Cassava, also known as 

Manihot esculenta Crantz is one of these plants having a variety of therapeutic benefits. The delicious 

starchy and tuberous root of Manihot esculenta Crantz, a woody shrub of the Euphorbiaceae family that is 

native to South America, is widely grown as an annual crop in tropical and subtropical areas, because it is 

a significant source of carbohydrates. In the tropics, it ranks as the third-largest source of dietary carbs. 

 
Figure: 1 Cassava (Manihot esculenta) 

It is a significant staple food in the poor countries, providing about 502 million people with a basic diet. 

Although plant roots are a poor source of protein, they are a rich supply of carbs. Cassava comes in a variety 

of species; however, it may generally be classified into sweet and bitter varieties. Manihot esculenta 
Crantz's phytochemical and pharmacological properties have not been the subject of systematic study; 

hence an effort has been made here to establish them 

Taxonomical Classification of Cassava (Manihot esculenta) 
In addition to the standard classification used in botany, medicinal plants can also be categorized based on 

the component used, habit, habitat, therapeutic effect, etc. However, the botanical classification, which is 

as follows, is the most thorough and scientific categorization: 
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Table 1: Scientific categorization: 

Kingdom Plantae 

Order Malpighiales 

Family  Euphorbiaceae 

Subfamily Crotonoideae 

Tribe Manihoteae 

Genus Manihot 

Morphology 
Plant Parts Used: The whole plant consist mainly roots, leaves, and stem. 

1. Plant:  This tall, semi-woody perennial shrub or tree has solitary to few stems and sparse branching. It 

can reach a height of 7 meters. The inner bark is cream-green in color, the wood is soft, and the outer bark 

is smooth and light brown to yellowish grey in color. 

 
Fig: 2 Whole plant 

2. Leave: Petiole colours range from light greenish to red. The pedicels range in color from light green to 

red, and the leaves are dark green on top and delicate light greenish, greyish underneath, occasionally 

variegated. 

 
Fig: 3 Leaves 

3. Fruit: Slightly subglobose, smooth, with 6 longitudinal wings, and green (light yellow, white, or dark 

brown). 

 
Fig: 4 Fruits 

4. Roots: Grows near the base of the stem in clusters of 4 to 8. Roots range in diameter from 1-4 inches 

and are 8-15 inches long. The interior is completely white, tougher than potatoes, and contains a lot of 

starch. A thin layer of reddish-brown fibrous bark that covers the roots must be peeled and scraped off. 

 
Fig: 5 Roots 

5. Stems: Branches are light green to tinted reddish and nodes are reddish. Single too few stems sparsely 

branched. The inner bark is cream-green in color and is smooth, light brown to yellowish grey on the 

exterior. 
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Fig: 6 Stems 

Phytochemistry 
Numerous macro and micronutrients are abundant in the Manihot esculenta Crantz plant. A-carotene is 

one of the antioxidants that contains, vitamins C, A, anthocyanin (flavonoids), saponins, steroids, and 

glycosides are also present in these plants. The high concentration of cyanogenic glycosides is connected 

with the presence of harmful chemicals in leaves in addition to helpful chemical components. Younger 

plants have more cyanogenic glycosides than adult leaves do. 

By using activity-guided isolation, ten antioxidant compounds, including coniferaldehyde, isovanillin, 6-

deoxyjacareubin, scopoletin, syringaldehyde, pinoresinol, p-coumaric acid, ficusol, balanophonin, and 

ethamivan, were isolated and identified for the first time from the stems of cassava. These compounds were 

found to have DPPH scavenging. 

Medicinal Aspects 
The roots and leaves of the plant Manihot esculenta Crantz are the portions that are most frequently used. 

It is used to treat ringworm, tumors, conjunctivitis, wounds, and abscesses in Nigeria. Additionally, leaves 

have been used to treat a variety of illnesses, including rheumatism, fever, headaches, diarrhoea, and 

appetite loss. This plant's leaves also have anti-hemorrhagic, anti-inflammatory, and antibacterial 

properties. 

An oral dose of an aqueous leaf extract intervened rats resulted in analgesic and anti-inflammatory 

benefits, according to a study. This plant's volatile flavonoid molecules and flavonoid fraction are thought 

to have analgesic and anti-inflammatory properties. Additionally, it has been demonstrated through 

experimentation that Manihot esculenta Crantz's methanolic extract exhibited the strongest anthelmintic 

action. 

In medicine, this plant's toxic juice is reduced to syrup and administered as an aperient. Sores are treated 

with a fresh rhizome poultice. Folk cures for tumors are claimed to include flour boiled in fat, leaf stewed 

and pulped, and root decocted as a wash. The plant is used as a folk treatment for abscesses, boils, 

conjunctivitis, diarrhoea, dysentery, flu, hernia, inflammation, marasmus, prostatitis, snakebite, sores, 

spasms, and swellings of the testicles. It is also reportedly antibacterial, cyanogenic, demulcent, diuretic, 

and toxic. 

The leaves of this plant can be used as a styptic, and the starch mixed with rum has been utilized for skin 

issues, especially in youngsters, according to numerous literature researches. Indigenous people also used 

it to heal sterile women, soothe tight muscles, and make treatments for fever and chills. One study 

discovered broad range antibacterial action in plant leaf extracts, but no specific antibacterial compounds 

were isolated or identified. This plant can be utilized as a natural antioxidant and an alternative to 

synthetic antioxidants because it contains a variety of antioxidants. 

Conclusion 
Research on the plant's phytochemical and pharmacological properties published in a variety of literature 

sources reveals its broad application. It is crucial to have accurate documentation of medicinal plants and 

to be aware of their potential for enhancing cleanliness and health through an environmentally friendly 

system. Cassava, also known as Manihot esculenta Crantz’s is one of the most tolerant and adaptable 

plants. Although it is not frequently used in herbal medicine, indigenous people do utilize it for a variety 

of things. In some regions of the world, it is occasionally regarded as non-edible and hazardous due to some 

of its potentially toxic components. However, it is unquestionably among the most beneficial medicinal 

plants. 
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Abstract 
The plant kingdom has been discovered to be one of the best sources of treatments for a variety of disorders. 

Plants are still a potential source for new drugs and chemicals, which can be obtained from different plant 

parts. Manihot esculenta Crantz, also known as cassava, is one of the most overlooked medicinal plants in 

the world. Numerous articles have indicated that this plant has a wide range of therapeutic advantages; it 

isn't used as commonly in herbal medicine because some of its potentially poisonous components are 

present. Typically, this plant's roots and leaves have been used over the world for both culinary and medical 

purposes. This is one of the best therapeutic plants, still being underutilized. An effort to highlight the 

different phytochemicals and therapeutic applications of this underutilised plant. 

Keywords: Manihot, Therapeutic, Medicinal, Phytochemical. 

Introduction 
Since ages plants with varied medical characteristics have drawn the attention of several experts 

worldwide. Countless plants have been thoroughly examined for their potential therapeutic applications in 

treating a wide range of human diseases. Even contemporary therapeutic approaches do not undervalue 

the potential of herbs for treating different chronic conditions. Recently, both industrialized and developing 

nations have dramatically increased their usage of plant-based health products, which has caused an 

exponential rise in the demand for herbal products worldwide. 

In this scenario molecules from many plant products are assessed based on their historic usage in the 

present era of pharmaceutical development and the identification of newer drugs. Cassava, also known as 

Manihot esculenta Crantz is one of these plants having a variety of therapeutic benefits. The delicious 

starchy and tuberous root of Manihot esculenta Crantz, a woody shrub of the Euphorbiaceae family that is 

native to South America, is widely grown as an annual crop in tropical and subtropical areas, because it is 

a significant source of carbohydrates. In the tropics, it ranks as the third-largest source of dietary carbs. 

 
Figure: 1 Cassava (Manihot esculenta) 

It is a significant staple food in the poor countries, providing about 502 million people with a basic diet. 

Although plant roots are a poor source of protein, they are a rich supply of carbs. Cassava comes in a variety 

of species; however, it may generally be classified into sweet and bitter varieties. Manihot esculenta 
Crantz's phytochemical and pharmacological properties have not been the subject of systematic study; 

hence an effort has been made here to establish them. 
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Taxonomical Classification of Cassava (Manihot esculenta) 
In addition to the standard classification used in botany, medicinal plants can also be categorized based on 

the component used, habit, habitat, therapeutic effect, etc. However, the botanical classification, which is 

as follows, is the most thorough and scientific categorization: 

Table 1: Scientific categorization: 

Kingdom Plantae 

Order Malpighiales 

Family  Euphorbiaceae 

Subfamily Crotonoideae 

Tribe Manihoteae 

Genus Manihot 

Morphology 
Plant Parts Used: The whole plant consist mainly roots, leaves, and stem. 

1. Plant:  This tall, semi-woody perennial shrub or tree has solitary to few stems and sparse branching. It 

can reach a height of 7 meters. The inner bark is cream-green in color, the wood is soft, and the outer bark 

is smooth and light brown to yellowish grey in color. 

 
Fig: 2 Whole plant 

2. Leave: Petiole colours range from light greenish to red. The pedicels range in color from light green to 

red, and the leaves are dark green on top and delicate light greenish, greyish underneath, occasionally 

variegated. 

 
Fig: 3 Leaves 

3. Fruit: Slightly subglobose, smooth, with 6 longitudinal wings, and green (light yellow, white, or dark 

brown). 

 
Fig: 4 Fruits 

4. Roots: Grows near the base of the stem in clusters of 4 to 8. Roots range in diameter from 1-4 inches 

and are 8-15 inches long. The interior is completely white, tougher than potatoes, and contains a lot of 

starch. A thin layer of reddish-brown fibrous bark that covers the roots must be peeled and scraped off. 

 
Fig: 5 Roots 
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5. Stems: Branches are light green to tinted reddish and nodes are reddish. Single too few stems sparsely 

branched. The inner bark is cream-green in color and is smooth, light brown to yellowish grey on the 

exterior. 

 
Fig: 6 Stems 

Phytochemistry 
Numerous macro and micronutrients are abundant in the Manihot esculenta Crantz plant. A-carotene is 

one of the antioxidants that contains, vitamins C, A, anthocyanin (flavonoids), saponins, steroids, and 

glycosides are also present in these plants. The high concentration of cyanogenic glycosides is connected 

with the presence of harmful chemicals in leaves in addition to helpful chemical components. Younger 

plants have more cyanogenic glycosides than adult leaves do. 

By using activity-guided isolation, ten antioxidant compounds, including coniferaldehyde, isovanillin, 6-

deoxyjacareubin, scopoletin, syringaldehyde, pinoresinol, p-coumaric acid, ficusol, balanophonin, and 

ethamivan, were isolated and identified for the first time from the stems of cassava. These compounds were 

found to have DPPH scavenging. 

Medicinal Aspects 
The roots and leaves of the plant Manihot esculenta Crantz are the portions that are most frequently used. 

It is used to treat ringworm, tumors, conjunctivitis, wounds, and abscesses in Nigeria. Additionally, leaves 

have been used to treat a variety of illnesses, including rheumatism, fever, headaches, diarrhoea, and 

appetite loss. This plant's leaves also have anti-hemorrhagic, anti-inflammatory, and antibacterial 

properties. 

An oral dose of an aqueous leaf extract intervened rats resulted in analgesic and anti-inflammatory 

benefits, according to a study. This plant's volatile flavonoid molecules and flavonoid fraction are thought 

to have analgesic and anti-inflammatory properties. Additionally, it has been demonstrated through 

experimentation that Manihot esculenta Crantz's methanolic extract exhibited the strongest anthelmintic 

action. 

In medicine, this plant's toxic juice is reduced to syrup and administered as an aperient. Sores are treated 

with a fresh rhizome poultice. Folk cures for tumors are claimed to include flour boiled in fat, leaf stewed 

and pulped, and root decocted as a wash. The plant is used as a folk treatment for abscesses, boils, 

conjunctivitis, diarrhoea, dysentery, flu, hernia, inflammation, marasmus, prostatitis, snakebite, sores, 

spasms, and swellings of the testicles. It is also reportedly antibacterial, cyanogenic, demulcent, diuretic, 

and toxic. 

The leaves of this plant can be used as a styptic, and the starch mixed with rum has been utilized for skin 

issues, especially in youngsters, according to numerous literature researches. Indigenous people also used 

it to heal sterile women, soothe tight muscles, and make treatments for fever and chills. One study 

discovered broad range antibacterial action in plant leaf extracts, but no specific antibacterial compounds 

were isolated or identified. This plant can be utilized as a natural antioxidant and an alternative to 

synthetic antioxidants because it contains a variety of antioxidants. 

Conclusion 
Research on the plant's phytochemical and pharmacological properties published in a variety of literature 

sources reveals its broad application. It is crucial to have accurate documentation of medicinal plants and 

to be aware of their potential for enhancing cleanliness and health through an environmentally friendly 

system. Cassava, also known as Manihot esculenta Crantz’s is one of the most tolerant and adaptable 

plants. Although it is not frequently used in herbal medicine, indigenous people do utilize it for a variety 
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of things. In some regions of the world, it is occasionally regarded as non-edible and hazardous due to some 

of its potentially toxic components. However, it is unquestionably among the most beneficial medicinal 

plants. 
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Introduction 
A highly helpful tool for analyzing diverse agricultural fields is image processing. The advancement of 

digital image-capturing hardware and image-processing software has helped with this. There are 

instruments that can process images that are not visible to humans, such as ultraviolet, infrared. It is now 

possible to accomplish ecologically and economically sustainable agriculture by using these approaches and 

technologies, which also help to reduce errors and expenses. Farm inputs were crucial factors that needed 

to be under control because failure to do so would have negative impacts such as decreased yield and 

worsening plant health. Image analysis's key benefit is the opportunity for unbiased, nondestructive 

analysis. The use of image processing methods in agriculture involved taking pictures using remote sensing 

methods from aircraft or satellites, which were then processed and examined by computers. Imaging 

approaches have been created to address a variety of issues in the agricultural sectors thanks to recent 

technology developments in picture capture and data processing. Significant contributions have been made 

using a variety of imaging approaches, including photometric feature-based imaging, thermal imaging, 

fluorescence imaging, and hyper spectral imaging. One method that can be used to accurately and 

economically measure agronomy-related characteristics is image processing. Agriculture image processing 

applications can be broadly divided into two groups: the first is based on imaging techniques, and the second 

is based on applications. This study primarily focuses on the usage of image processing in various 

agricultural fields. 

Applications of Image Processing in Agriculture 
1. Weed detection: Weeds are the unwanted plants growing in wrong place in fields which compete with 

crop for water, light, nutrients and space, causing reduction in yield and effective use of machinery. Weed 

control is very important. Weed detection techniques are used by algorithms based on edge detection, color 

detection, classification based on wavelets etc. Real time weed recognition system for identifying outdoor 

plant using machine vision uses edge-based classifier to identify broad and narrow weeds (Imran Ahmed 

et. al., 2008). Images acquired in RGB were converted to gray scales and used to process as binary image. 

Bright pixels in dark background were identified as weed and classified as in broad and narrow using 

threshold values. The limitation that proposed model does not classify mixed weeds. In color detection 

method images were captured adjusting color gains and shutter time to gray plates. Wavelet based 

classification for weeds using Gabor wavelet (GW) and GFD for real time herbicide applications classifies 

weeds into broadleaf and narrow – grass categories (Asnor J. Ishak, et. al., 2007). Color images captured 

were preprocessed to remove red and blue using modified excess green MExG. This information was applied 

as input to GW and then followed by Gradient Field Transform. 

2. Crop management: Crop management includes activities to improve the growth, development and 

yield of agriculture crop. It includes activities like pest management, irrigation management, and weed 

detection. Image processing techniques can be used in management of crops. Piyush Chaudhary et al. 

proposed an algorithm for disease spot segmentation using image processing techniques in plant leaf 

(Piyush Chaudhary et. al., 2012). In this paper a comparison of the effect of CIELAB, HSI and YCbCr 

color space in the process of disease spot detection is done. Median filter is used for image smoothing. 

Finally, threshold can be calculated by applying Otsu method on color component to detect the disease spot. 

An algorithm which is independent of background noise, plant type and disease spot color was developed 
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and experiments were carried out on different ―Monocot‖ and ―Dicot‖ family plant leaves with both, noise 

free (white) and noisy background. Phadikar, S., Sil, J. the paper describes a software prototype system for 

rice disease detection based on the infected images of various rice plants (Phadikar, et. al., 2008). Images 

of the infected rice plants are captured by digital camera and processed using image growing, image 

segmentation techniques to detect infected parts of the plants. Then the infected part of the leaf has been 

used for the classification purpose using neural network.  

3. Identification of Nutrient Deficiencies: Productivity and the quality of the cultivated crops heavily 

depend on the natural factors like nutrients, water, etc. There are number of diseases and deficiencies 

which can affect the productivity of the crops. So, to identify the deficiencies present, there are number of 

traditional laboratory tests are present, which are time consuming processes. So, technology can support 

to improve the efficiency and decrease time complexity of the tests used for disease and deficiency 

identification. This paper introduced software ―Nitrate app‖ (1Vasudev b. Sunagar et. al., 2014). The 

software has revolutionized the method to find nitrogen content in Maize leaves. Approach was to turn the 

manual process to a software application using image processing. Image of the Maize leaf is captured and 

preprocessed to remove the noise of source image. The color and texture characters of maize leave are 

extracted. Color characteristics analyzed using the RGB and the HSV model. A relationship between 

extracted features and nitrogen content was developed. In this study they applied a new technique based 

upon a commercially available hand-held scanner which overcomes the problems (M. Ali et. al., 2012). 

They proposed algorithm to determine chlorophyll content, which non-linearly maps the normalized value 

of G, with respect to R and B, using a Logarithmic sigmoid transfer functions as follows: CHOL=logsig[[G-

(R/3) -(B/3)]/255] Where: Correlation between Ch and Lab Ch was higher, Chol: Chlorophyll estimation by 

Opt leaf, G: Green Color: Red Color: Blue Color. 

4. Applications in fruit / food grading: Image processing concepts for grading of bakery products, fruits, 

vegetables and grains were considered in (Raji A. O et. al., 2005). Fruits characterized by color, size and 

shape, its condition in pre and post harvesting, damages were attributes for grading. Vegetables specially 

roots, tomatoes, mushrooms were also compared with its attributes for grading purpose. Socio economic 

Limitations were also discussed. Similar kinds of approaches for grading of Grains, fruits, vegetables were 

reviewed by other researchers (Narendra V G et. al., 2010 and E R Davies 2009). The methods or 

techniques in image processing such as image segmentation, shape analysis and morphology, texture 

analysis, noise elimination, 3D vision, invariance, pattern recognition and image modality were applied for 

grading these categories. Automated system of sorting food and agriculture products provides rapid and 

hygienic inspection with computer vision. 

Conclusion 
Machine vision systems for the agriculture industry have been proven to be effective using image processing 

techniques. Infrared, hyperspectral, and remote sensing imaging techniques were helpful in more precisely 

determining vegetation indices, canopy measuring, land mapping, and other variables. The image 

processing algorithms can correctly classify crops that have an impact on the production. Depending on the 

methods and restrictions of image acquisition, the classification accuracy ranges from 84% to 95%. As a 

result, both the environment and money are saved by using this method. 

Reference 
1. Anup Vibhute et al., 2012, Application of Image Processing in Agriculture: A Survey. 

2. Janwale Asaram Pandurng et al., 2015, Digital Image Processing Applications in Agriculture: A Survey. 

3. Imran Ahmed, Awais Adnan, Salim Gul, Md Islam, 2008, “Edge based real time weed recognition system for selective 

herbicides”, Proceedings of IMECS, Vol-1. 

4. Asnor J. Ishak, Aini Hussain, Mohd Marzuki Mustafa, 2007, “ Weed image classification using Gabor wavelet and gradient 

field distribution” , Elsevier- computers and electronics in agriculture 66. 

5. Piyush Chaudhary1, Anand K. Chaudhari2, Dr. A. N. Cheeran3 and Sharda Godara4 ―Color Transform Based Approach for 

Disease Spot Detection on Plant Leaf‖ International Journal of Computer Science and Telecommunications [Volume 3, Issue 

6, June 2012]. 

6. Phadikar, S., Sil, J. ―Rice disease identification using pattern recognition techniques‖ IEEE Computer and Information 
Technology, 2008. ICCIT 2008. 

7. 1Vasudev b. Sunagar, 2 Pradeep a. Kattimani, 3 Vimala a. Padasali,4 Neetha v. ―Estimation of nitrogen content in leaves 

using image processing‖ Hiremath proceedings of international conference on advances in Engineering & Technology, 20th 

April-2014, Goa, India, ISBN: 978-93-84209-06-3. 



 

 
Volume 04 - Issue 11 - November 2022       159 | P a g e  
 

8. M. Ali, Ahmed 1 1 Al-Ani, 2Derek Eamus and 3Daniel K.Y. T ―A New Image Processing Based Technique to determine 

Chlorophyll in Plants‖ Mahdi an American-Eurasian J. Agric. & Environ. Sci., 12 (10): 1323-1328, 2012 ISSN 1818-6769 © 

IDOSI Publications, 2012. 

9. Raji A. O and A. O Alamutu, 2005, “Prospects of computer vision automated sorting systems in agricultural process operations 

in Nigeria”, Agricultural Engineering International: the CIGR Journal of Scientific Research and Development”. Vol. VII. 

Invited Overview. February 2005. 

10. Narendra V G, Hareesh K S, 2010, “ Prospects of computer vision automated grading and sorting systems in agricultural and 

food products for quality evaluation”, International Journal of Computer Applications (0975 – 8887) Volume 1 – No. 4. 

11. E R Davies, 2009, “The application of machine vision to food and agriculture: a review”, The Imaging Science Journal Vol 57. 

  



 

 
Volume 04 - Issue 11 - November 2022       160 | P a g e  
 

Aquaponics Flower Farming 
Article ID: 38458 

Lopamudra Jena1, Subhadarsini Pradhan2, Subhasmita Sahu3 
1Ph.D. Research Scholar, Department of Floriculture and Landscaping, BCKV, Nadia-741252, West 

Bengal, India. 
2, 3Ph.D. Research Scholar, Department of Floriculture and Landscaping, OUAT, Bhubaneswar-751003, 

Odisha, India. 

 

 
 

Introduction 
The term “Aquaponics” is derived from two words i.e., Aquaculture (fish culture) and Hydroponic (mathod 

of growing plants without soil). Thus, Aquaponics is defined as the growing of fish and plants together in a 

nearly closed-loop system, where symbiotic association among three organisms; fish, bacteria, and plants 

is established. The symbiosis between plant & fish is obtained when nutrient enriched waste from fish 

tanks is used as fertigate to hydroponic media beds meant for growing pants. 

 

In return, the hydroponic media beds serve as bio-filter which facilitates removal of acids, gases and other 

toxic chemicals, like ammonia, nitrates, phosphates etc. from the fish water. Growing flowers in aquaponic 

system is a quite new and exciting venture. Aside from not requiring soil and large space for planting, 

flowers can be grown in protected condition like aquaponics where they can yield comparatively bigger size 

blooms with deeper colour. Besides, residence beautification, some aquaponic flower crops can be used for 

selling purpose and some others can also be harvested for culinary purpose. 

 

Factors Need to be Considered for Growing Flowers in Aquaponics 
1. Temperature: The type of flower growing in aquaponics determines the exact existing temperature of 

the system. It is essential keep the temperature of air and water to the ideal range as much as possible for 

mutual benefits of plants as well as fishes.  

a. Water temperature: Warm water facilitates the root growth of flower plants. Thus, it is being 

advised to maintain the temperature range of water around 60oF-70oF i.e., 15°C - 21°C. 

b. Air Temperature: The temperature of air needs to be warmer than the water, which encourages 

both vegetative and floral growth. For this reason, the ideal air temperature to be maintained within 

the controlled environment is around 70oF-85oF (21oC-29oC). As the plants are being provided with 

a constant supply of water, prevalence of bit higher temperature won’t dry the plants out. 

2. Water pH: Maintaining correct pH level of water is considered as one of the most crucial factors for a 

successful aquaponic system. The proper maintenance of pH level can be somehow tricky due to the 

association of three main living entities (plant, fish and bacteria) to this system. So, in order to ensure a 
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perfect environment for the fish and plants, the pH level of water should be kept close to neutral value 

which is around 7. 

Benefits of Growing Flowers in Aquaponics Systems 
Adding flowers to aquaponic system can bring many benefits to home garden and here are some of them: 

1. Pest control: To deal with the pest problems, aquaponics doesn’t make use of chemical pesticides. 

Rather, in this system, pests are generally controlled by using natural pest control procedures, like 

companion planting or using sacrificial plants which will attract pests instead of letting them proliferate 

in the main crops. Some flowers are natural insect repellents such as marigold, lavender etc. owing to their 

typical aroma. Thus, addition of flowers to aquaponic garden can efficiently bring down the pest infestation 

in the main plants.  

2. Culinary Use: Many flowers are edible, can thus be added to enhance palatability or to garnish dishes 

and also can be included itself in the recipe in order to bring in unique flavour to meal. Before adding 

flowers for culinary purposes, always check and ensure the edibility of that flower crop.  

3. Invites pollinators: Including flowers in your aquaponics garden will attract beneficial insects such as 

butterflies and bees, which will assist with pollination process. These pollinator insects will help the flowers 

to set fruits. Thus, inviting them into your garden will be of great help for plants that need pollination, like 

cauliflower, cucumber, and okra etc.  

4. Aesthetic and therapeutic reasons: Flowers are known for their aesthetic nature. Having them in 

your aquaponics garden will add artistic beauty to your environment. Growing flowers can be medicinal, 

especially when they are a mix of vibrant colors. Having a beautiful and colorful environment can help 

brighten your mood every day.  

5. Flower business: In aquaponics, many commercial flowers crops can be grown to start off a flower 

business. Homemade bouquets and other floral decorations can be prepared and supplied for special 

occasions. Setting up of small cut flower business can also be taken up. 

 
2 types of Aquaponic System: 1. Media based System and 2. Nutrient Film Technique 

Suitable Fishes for Aquaponic System 
Although wide range of fishes can be opted to be raised under aquaponics, but selected fish types should 

have similar preference for water pH, temperature and as per the plants grown. Keeping this in view, 

highly suitable edibles fishes those can be taken up in aquaponics are Tilapia, Catfish, Carp, and 

Largemouth Bass etc. Apart from these, some ornamental fish can be included in aquaponics like Goldfish, 

Koi, Swordfish and Mollyfish etc. in order to enhance the aesthetic beauty of the water body. 

Suitable Flower Crops for Aquaponic System 
Most of the flower crops can come up well under soilless media-based aquaponics system as they can provide 

firm anchorage to plant roots. Some of the important flowers that are highly suitable to grow under 

aquaponic system are discussed underneath. 

1. Marigold: Marigold is considered as one of the easiest flower crops to grow under aquaponics garden. 

They produce different array of orange and yellow flowers and can be sold to local markets loose flower. 

Besides, they are known to be one of the best companion plants for the vegetables grown in the aquaponic 

garden, because of their intense odour which acts as insect repellent and keeps unwanted and harmful 

pests away from the garden. As aquaponics employs natural pest control methods, marigold serves the 

https://gogreenaquaponics.com/blogs/news/organic-pest-control-in-aquaponics
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purpose. Marigold can also attract beneficial insects, thus aids in pollination process. Marigold is a sun 

loving plant; thus, it must be ensured to place the plants in a place where they can avail at least 6 hours of 

sunlight every day. This flower crop can be raised well in both media based as well as NFT (Nutrient Film 

Technique) method of aquaponics. The plants can be pinched at regular interval in order to keep them in 

bushy form. 

 

2. Roses: Roses are one of the most popular and admired plants all around the globe. Their attractive 

fragrance, wide array of colour and forms make them a desired choice for cut flower production. They can 

be given away as gift and also can be sold on special occasions that will fetch a good return. It is a hardy 

flower that grows well under aquaponics system. A variety of roses can be taken up well in aquaponic 

garden, but it should be ensured that they are being provided with balanced concentration of N, P and K 

in this system. These nutrients will make sure a healthy foliar growth and vibrant colors in roses. Roses 

comes up well under grow beds as well as in floating rafts, but the most widely followed aquaponic method 

for rose production is NFT technique. Ensuring correct pipe size in NFT method is a must. Roses when 

opted or growing in aquaponics, generally propagated cuttings are preferred instead of seeds. Roses need 

to be kept in location receiving full sun. The rose bushes are pruned frequently to encourage profuse blooms. 

The commonly occurring pests in rose, those need to be kept in check are aphids, mites, black spots, die 

back, powdery mildew etc. 

 

3. Nasturtium: Nasturtium flowers are very attractive and help in beautification of surroundings. The 

flowers and leaves of this plant are edible. The leaves can be used as peppers for flavouring food items 

whereas the flowers are widely used for garnishing dishes. This plant can serve as an excellent pest 

repellent, thus utilized as a beneficial companion crop to protect other main crop plants from pest 

infestation. Nasturtium prevents several harmful bugs and beetles from entering into the aquaponic 

garden. Therefore, it is considered as one of the best options for aquaponic garden. As because they need 

little care to grow, it is quite easy to raise nasturtiums in aquaponics. It is a very quick growing plant and 

takes around 7-10 days for germination. The plants love low heat environment to flourish, thus exposure 

to too much sun should be avoided. 

 

4. Pansies: The flowers of pansies are edible, having a minty taste and therefore are used for garnishing 

salads and dessert items. Pansies are enriched with antioxidant compound namely Rutin, which is effective 

in strengthening blood vessels, provide relief against varicose vein conditions and helps in improving 

overall health. The plants are hardy and don’t require much care to grow, making them a perfect addition 

for aquaponic garden. Pansies flourish well in cooler temperature, but also relish partial exposure to full 
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sun. So, in order to meet the crop demand, exposing them to morning sun and keeping them away from 

afternoon sun heat, is considered beneficial. Removal of dead flowers from the plants should be carried out 

time to time that encourage them to bloom more. 

 

5. Sunflower: Sunflowers are very delightful with their very attractive bright yellow blooms. Apart from 

providing a cheerful atmosphere in the aquaponic garden, they can also serve several other purposes. 

Starting from root to seed, the entire plant has got edible properties. Their seeds are used popularly for oil 

extraction. Sunflowers can efficiently come up well on media beds as well as with floating rafts. The plant 

grows a bit taller in height, therefore supports are provided to prevent lodging among plants. As the name 

suggests, sunflowers require a huge amount of sunlight for growth, thus are maintained in well-lit 

locations. This flower crop also sustains well under protected structures. The plant can be cultivated 

successfully without help of chemical fertilizers and pesticides, thus making it excellent choice for 

aquaponic garden. 

 

6. Water Hyacinth: Water hyacinth is considered an excellent choice for aquaponic garden, because of 

their ability to clean and purify water for the fish growing within. Therefore, this plant reported to be quite 

beneficial for fishes, which are sensitive to water changes. The major challenge faced with this plant is its 

quick growing nature. Therefore, the excessive growth of this plant is needed to be kept in check. This will 

help in minimising heavy nutrient usage by the plants and also assist in preventing light blockage to the 

fish due to the surface coverage of water body. 

 

7. Water Lily: These are considered perfect for aquaponic garden because of their easy growing nature, 

needing little care during growth, providing wide range of color variation to opt from and also are having 

tolerance to wide range of growing conditions. For the surface coverage of holding tank in order to cut off 

light penetration, this is considered as a great option which will in turn slow down the algal growth. Water 

lilies grows very fast; therefore, they need to be monitored regularly to control excessive growth. 
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Conclusion 
When flowers are incorporated into aquaponic garden, they provide benefits in several terms starting from 

beautifying the surrounding environment to assisting in pest prevention from entering into the garden. 

Selection of plants for aquaponic garden should be done meticulously keeping all the growing factors in 

concern. Many edibles as well as non-edible flower crops are suitable to raise under aquaponic system. The 

above-mentioned flower crops are considered best for aquaponic system and can be grown effortlessly, but 

still there are many good options to choose from. Attempts should be made to bring more flowers under this 

system to exploit their aesthetic and yield potential. 
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Water conservation is the use and management of water for the good of all users. Water is abundant 

throughout the earth, yet only three present of all water is fresh water, and less than seven-tenths of 

freshwater is usable. Much of the usable water is utilized for irrigation. Detailed analysis will show that in 

about fifteen years, about two-thirds of the world ‘s population will be living in some sort of water shortage. 

Water is used in nearly every aspect of life. There are multiple domestic, industrial and agricultural uses. 

Water conservation is rapidly becoming a hot topic, yet many people do not realize the importance of soil 

conservation. 

Water is prime life sustaining natural resource which cannot be created like other commodities. It is a 

nature’s gift to all living beings on the earth. Water is the elixir of life. Unfortunately for our planet, 

supplies are now running dry at an alarming rate. The world’s population continues to soar but that rise 

in numbers has not been matched by an accompanying increase in supplies of fresh water. In India, the 

increasing stress on the availability of water is due to population explosion and improved standard of living. 

The scarcity is compounded further because of massive agricultural and industrial development coupled 

with improper and indiscriminate exploitation of groundwater resources. 

Conservation Techniques 
Primary source of water in India is south-west and north-east monsoons. Monsoon, however, is erratic and 

as you have already studied the duration and the amount of rain fall is highly variable in different parts of 

our country. Hence, surface runoff needs be conserved. The techniques for conservation of surface water 

are: 

1. Surface water storage: Storage of water by construction of various water reservoirs have been one of 

the oldest measures of water conservation. The scope of storage varies from region to region depending on 

water availability and topographic condition. The environmental impact of such storage also needs to be 

examined for developing environment friendly strategies. 

2. Rain water: Rain water has been conserved and used for agriculture in several parts of our country 

since ancient times. The infrequent rain if harvested over a large area can yield considerable amount of 

water. Contour farming is an example of such harvesting technique involving water and moisture control 

at a very simple level. It often consists of rows of rocks placed along the contour of steps. Runoff captured 

by these barriers also allows for retention of soil, thereby serving as erosion control measure on gentle 

slopes. This technique is especially suitable for areas having rainfall of considerable intensity, spread over 

large part i.e. in Himalayan area, north east states and Andaman and Nicobar Islands. In areas where 

rainfall is scanty and for a short duration, it is worth attempting these techniques, which will induce 

surface runoff, which can then be stored. 

3. Ground water conservation: 

a. There is more groundwater than surface water.  

b. Groundwater is less expensive and economic resource and available almost everywhere.  

c. Groundwater is sustainable and reliable source of water supply.  

d. Groundwater is relatively less vulnerable to pollution.  

e. Groundwater is a free of pathogenic organisms.  

f. Groundwater needs little treatment before use.  

g. There are no conveyance losses in underground based water supplies. 

h. Groundwater has low vulnerability to drought. Groundwater is the key to life in arid and semi -

arid regions.  

i. Groundwater is source of dry weather flow in some rivers and streams. 
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4. Catchment area protection (CAP): Catchment protection plans are usually called watershed 

protection or management plans. These forms are an important measure to conserve and protect the quality 

of water in a watershed. It helps in withholding runoff water albeit temporarily by a check bund constructed 

across the streams in hilly terrains to delay the run off so that greater time is available for water to seep 

underground. Such methods are in use in north-east states, in hilly areas of tribal belts. This technique 

also helps in soil conservation. Afforestation in the catchment area is also adopted for water and soil 

conservation. 

5. Inter-basin transfer of water: A broad analysis of water and land resources and population statistics 

of various river basins in our country reveals that areas in western and peninsular regions have 

comparatively low water resources/cultivable land ratio. Northern and eastern region which are drained 

by Ganga and Brahmaputra have substantial water resources. Hence, the scheme of diverting water from 

region with surplus water to water deficit region can be adopted Ganga Cauveri link would enable to 

transfer of vast quantities of Ganga basin flood water running out to sea, to west and south west India. The 

transfer of the surplus Ganga water would make up for the periodical shortage in Sone, Narmada, 

Godaveri, Krishna and Cauveri. The National Grid Commission envisages diversion of part of the surplus 

discharge in the Ganga near Patna during the high flood period. 

The most important step in the direction of finding solutions to issues of water and environmental 

conservation is to change people’s attitudes and habits this includes each one of us. Conserve water because 

it is right thing to do. We can follow some of the simple things listed below for water conservation:  

a. Use only the amount you actually need.  

b. See that there are no leaks in the toilet tank. You can check this by adding colour to the tank. If 

there is a leak, colour will appear in the toilet bowl within 30 minutes. (Flush as soon as the test is 

done, since food colouring may stain the tank).  

c. Do not leave the tap running while you are brushing your teeth or soaping you is your face Avoid 

flushing the toilet unnecessarily.  

d. Put a brick or any other device that occupies space to cut down on the amount of water needed 

for each flush.  

e. When washing the car, use water from a bucket and not a hosepipe.  

f. Do not throw away water that has been used for washing vegetables, rice use it to water plants or 

to clean the floors, etc.  

g. Make sure that your home is leak of water free. Many homes have leaking pipes that go unnoticed. 

Encourage your family to keep looking for new ways to conserve water in and around your home. 

h. Try to do one thing each day that will result in saving water. Don’t worry if the savings are 

minimal every drop counts you can make a difference.  

i. Form a group of water conscious people and encourage your friends and neighbours to be part of 

this group. Promote water conservation in community newsletters and on bulletin boards. 

Encourage your friends, neighbours and co-workers to also contribute. 

j. You can store water in a variety of ways. A simple method is to place a drum on a raised platform 

directly under the rainwater collection source. 

Future Stand Points for Soil and Water Conservation 
The burgeoning world population, natural resource degradation especially soil and water and food in-

security are the big challenge in the present and Future era of climate change. Because the rapid growth 

of industrial and intensive farming practices is expected to raise the pressure on natural resources (soil 

and water). 
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Farm Automation 
Automation of the crop or livestock production cycle on farms increases efficiency and is frequently referred 

to as "smart farming." A growing number of businesses are focusing on robotics innovation to create robots 

that can automatically water plants, sow seeds, and operate tractors and harvesters. Although these 

technologies are still relatively new, more traditional agriculture businesses are incorporating farm 

automation into their operations. 

Modern agriculture has undergone a dramatic transformation thanks to new technological developments 

in fields like robots, drones, and computer vision software. The main objective of agricultural automation 

technology is to take care of simple, routine operations. Drones, autonomous tractors, sowing, and weeding 

are some of the primary technologies that are most frequently used by farms. Major concerns like a growing 

global population, a lack of farm labor, and shifting consumer demands are addressed through farm 

automation technologies. By addressing challenges like consumer preferences, labor shortages, and the 

environmental impact of farming, automating traditional farming processes has enormous advantages. 

Livestock Farming Technology 
Although it is undoubtedly the most important, the traditional cattle business is a sector that is frequently 

disregarded and underserved. Our daily needs for sustainable, natural resources are met by livestock. 

Traditional definitions of livestock management include managing the operations of agribusinesses that 

are directly tied to animals, such as dairy and cattle ranches, poultry farms, and dairy farms. Managers of 

livestock must oversee employees, maintain accurate financial records, and guarantee that animals are fed 

and cared for properly. But current developments have shown that technology is fundamentally altering 

the cattle management industry. The sector has seen significant advancements in the last 8–10 years that 

have made tracking and maintaining cattle considerably simpler and data-driven. This technology can be 

found in a variety of areas, including nutrition, genetics, digital technology, and others. 

The productivity potential, welfare, or management of animals and livestock can all be improved or 

enhanced by the use of livestock technology. The idea of the "connected cow" emerged as a result of the 

increasing use of sensors in dairy herds to track health and boost output. By placing individual wearable 

sensors on cattle, it is possible to monitor daily activity and health-related problems while also presenting 

the entire herd with data-driven insights. Additionally, all of this created data is being transformed into 

insightful knowledge that can be used immediately by producers to take timely management decisions. 

The science of examining an animal's entire gene landscape and how its genes interact to affect the animal's 

growth and development is known as animal genomics. The genetic risk of a herd may be understood by 

livestock producers through genomics, which also helps them predict the future profitability of their 

livestock. Cattle genomics enables producers to maximize the profitability and yields of livestock herds by 

being strategic with animal selection and breeding choices. 

The existing livestock sector can greatly benefit from sensor and data technologies. By identifying unwell 

animals and intelligently identifying areas for improvement, it can increase cattle productivity and welfare. 

We can access a wide range of objective data thanks to computer vision, which will be condensed into 

valuable, practical insights. Better, more effective, and quicker judgments are made as a result of data-

driven decision-making, which will increase the productivity of animal herds. 

Conclusion 
Investors are beginning to show a significant amount of interest in the domestic market, which has a value 

of over 30 billion USD annually. Today, we manage cattle mostly on the human schedule. We will be able 
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to manage animals using a cow-centric strategy. Animals will be able to behave and go about their daily 

lives more naturally than they can now. Despite all of the existing difficulties, the connected cow has a 

promising future. 
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It is critical for plant growth to have adequate air circulation. Plants require free-flowing air and a high 

level of humidity in their environment. In a growing environment, air circulation ensures a more consistent 

air temperature and drastically lowers disease concerns by avoiding the leaves from becoming moist for 

lengthy periods of time. Some infections, such as fungus, thrive in a warm, stagnant environment. A 

polyhouse's ventilation system keeps air moving, mixing, and exchanging. It distributes heat from the 

heating system and removes heat from the polyhouse when required cooling. The polyhouse environment 

is dehumidified by ventilation and heating. Throughout the year, ventilation is needed, but the amount 

required varies with the outside environment. During the winter, ventilation is necessary to dehumidify 

the air by exchanging warm, humid air for cool, dry air. Bringing in cold air must be adequately mixed with 

the central mass of polyhouse air to avoid damaging the plants. A polyhouse is easy to heat but challenging 

to cool. 

Polyhouses use ventilation to remove excess humidity and replenish CO2. With a side or end wall air inlets, 

a full-length 30-60 cm wide ventilator can be built. The inlets are hinged to allow manual operation. It 

must be checked and adjusted frequently due to daytime temperature swings. These vents can be controlled 

by thermostats. On the opposite side of the greenhouse, use exhaust fans and intake louvres to circulate 

the air. An exhaust fan takes 1 to 112 minutes to refill an entire polyhouse with air. Depending on relative 

humidity, indoor temperatures can be 6°C higher than outdoor temperatures with these fans. Climates 

with low relative humidity make cooling poly houses easier. A moist pad wall between the fans can provide 

even more cooling. The cold storage option is helpful in hot summer climates with low relative humidity. 

A polyhouse's cooling needs are determined by its floor area. Temperature differences of 4°C are common. 

An air exchange rate of around 8 cubic feet per meter can maintain this temperature differential. A 

polyhouse with dimensions of 10 x 20 feet has a floor area of 200 square feet. To appropriately cool this 

polyhouse, a combination of fans capable of 200 x 8 or 1,600 cubic feet per meter would be required. It also 

distributes the gas produced by plants at night, which they use to make food during the day. However, 

enough airflow should allow the plants' leaves to sway gently in the breeze without creating a forceful wind. 

These are two of the most efficient polyhouse ventilation methods. With less than 1 meter per second across 

the plants, the usual fan size recommendation is between 0.91 and 1.10 cubic meters per square meter. 

Naturally ventilated poly houses are well suited for hot and humid weather conditions since they are 

designed to tackle the problem of ventilation and humidity. The naturally ventilated poly house should 

differ according to the temperature zone and crop type. The openings in the center of each construction 

arch run the length and breadth of the structure. These apertures allow for natural ventilation and allow 

hot air to escape. Aside from natural ventilation, the following types of equipment are 

Ceiling fans: Ceiling fans circulate air in a circular pattern at low speed, preventing temperature changes. 

They are also easy to install, quiet, and have multiple speeds. Most of them can be adjusted to push warm 

air down (winter) or pull cool air up (summer) (summer setting). They can adjust the air circulation pattern 

on most of them to either push warm air down (winter setting) or pull cool air up (summer setting). These 

fans can pull cool air from the floor or push hot air down the ceiling. The fans' height can be adjusted to 

match the plants' height in the polyhouse. The fan blades and frame should be made of noncorrosive 

materials. 

Oscillating and standard fans: It comes in a variety of blade sizes and speeds. To avoid dehydrating 

plants, get one with a larger blade and run it slowly. High quality metal or heavy-duty gears are required; 

otherwise, the fan will function as a stationary fan and will wear out quickly. 
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Muffin fans: These are small, portable fans (8 to 15 cm) used to cool electronic devices such as computers. 

Typically used to provide a soft, silent wind to a tiny part of the growing area. 

Pad and fan evaporative cooling: To cool the polyhouse, evaporative cooling pads are used with 

mechanical ventilation. This device cools ambient air by drawing it through wet pads. The polyhouse must 

be airtight because air enters through the pad rather than cracks or gaps in the walls. Entering air will 

avoid evaporative pads due to the higher barrier to air passage through pads. Exhaust fans at the other 

end of the polyhouse draw outside air through the pads. Moisture vapour is absorbed and cooled as air 

passes over the pad, increasing humidity. The water on the pad must be even. Air flow should be 75 cubic 

meters per minute per square meter of pad. 

Maintenance of pad: If the pads are not adequately maintained, algae may bloom and salts will 

accumulate. The following methods can be used to manage algal infections on the pad.  

a. Shading the pads and sumps. 

b. Drying the pads daily.  

c. Avoiding nutrient contamination.  

d. Draining the sump regularly.  

e. Replenishing 20 per cent of circulating water each time to avoid scaling of minerals. 

Maintenance of Fan 
1. The lubrication of bearings should be done regularly. 

2. The v belt should be tightened as per requirement. 

3. The levers should be properly lubricated. 

Mist Chamber 
Mist Chambers with fully autonomous and digitally controlled pneumatic atomizing nozzles may regulate 

the spray. Adjusting the air pressure or syphon height can control the water vapor emitted. Pressure 

regulators and gauge-monitored solenoid valves control the air and spray systems in these chambers. Water 

or vapor can be injected at regular intervals using timing devices. 

Conclusion 
A polyhouse should have a circulating fan and a cooling/exhaust fan. Circulating fans within the polyhouse 

maintain stable temperatures and humidity while boosting plant structural integrity (like the wind 

strengthens plants in nature). A polyhouse ventilation system regulates temperature, humidity, and CO2 

levels. A polyhouse farmer should consider the ventilation system as one of the essential variables of plant 

productivity. Therefore, to keep the polyhouse at a reasonable temperature, provide fresh air for the plants, 

prevent pest infestations and ensure pollination, a good ventilation system should be installed. 
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Abstract 
India is the world’s largest producer of milk. Dairy sector provides employment and livelihood security to 

small and marginal farmers. The small-scale dairy farmers are still constrained with low confidence to take 

entrepreneurial risks. To address this issue, Dairy Business School was started at NDRI, Karnal by 

selecting interested farmers. The school aimed at empowering dairy farmers to improve their 

entrepreneurial skills and capabilities though capacity building. Among the farmers, one young farmer 

named Beenu from Karnal stated online trading of cattle through Animall app. The farmer was successful 

in trading and he is extending his trading skills to earn more profit. 

Introduction 
Livestock is an important sector in Indian which provides nutritional and livelihood security to the millions 

of farm families. According to 18th livestock census data, the country possesses the largest livestock wealth 

in the world accounting for the largest number of cattle (16.10% of the world population) and buffaloes 

(57.90%). India is the world’s largest milk producer, producing 20 percent of the total milk produced by the 

world (NAPDD-Vision, 2022). There is good growth in the livestock population along with production and 

per capita availability of livestock products during recent years. Among the livestock products, milk and 

milk product consists the highest share (67.00%) in the value of output from the livestock sector. Around 

8.4 million small and marginal dairy farmers’ directly and indirectly depend on dairy sector for their 

livelihood, out of which 71 percent are women (Agriculture Skill Council of India report, 2019). The milk 

production alone involves more than 30 million small producers, each raising one or two cows/buffaloes. 

However, despite large livestock population (512.06 million) and good growth, productivity of the stock is 

low in the country (Dept. of Animal Husbandry, Dairying and Fisheries, New Delhi). 

Though dairy sector has emerged in the recent years with its production in terms of being the largest milk 

producing country in the world but the productivity is very low. It has immense potential to provide 

employment and livelihood security to dairy farmers. But at same time, the small-scale dairy farmers are 

still constrained with low confidence to take entrepreneurial risks and low access to potential markets. 

There were many efforts from government and extension divisions for supporting farmers to improve their 

skills in entrepreneurship to improve their livelihood. The group-based learning approach like Farm 

School, Farm field schools where farmers voluntarily form group to discuss and solve problems were 

concentrating on production aspects.  So, there was need for integrated approach to improve the skills and 

confidence of farmers in production, processing and marketing aspects. Then, FAO developed the concept 

of Farm Business School. The main idea behind Farm Business School was empowering farmers to view 

agriculture as a business venture to improve their farm income. Farm Business School aimed at changing 

farmer’s income by adding value to their existing activities and respond to the current market demands.  

The National Institute for Agricultural Marketing (NIAM), Jaipur modified the concepts of Farm Business 

School to suit Indian context by conceptualized it as “Kisan Business School (KBS)”. The KBS is a 

participatory learning by doing approach to develop the capabilities of small farmers. India is blessed with 

wide climatic conditions which help to grow diverse crops. To give special attention particular crops, 

commodity-based schools were started among which dairy was component. 

Dairy Business School (DBS) 
The DBS aim to improve the capabilities and to inculcate the entrepreneurial behaviour among the dairy 

farmers. The DBS was started at ICAR – National Dairy Research Institute (NDRI), Karnal. Participants 

for DBS were selected from adjoining districts of NDRI i.e., Karnal, Panipat, Yamuna nagar, Jind, Kaithal 
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and Kurukshetra. A total of 180 farmers were interviewed to select the participants for DBS among which 

top 30 were selected based on Entrepreneurial behaviour index. After the selection of participants, the DBS 

curriculum was developed based on the need and interest of farmer participants. The theory classes, 

practical classes and exposure visited were conducted to farmer participants by Scientists of NDRI. DBS 

involved the capacity building of the farmers with respect to dairy production, processing and marketing 

aspects and linking to the value chains DBS process involves the speedy implementation and adoption of 

selected interventions by the farmers. Among the selected farmer participants, one young farmer made his 

idea to successful venture. 

Online Trading of Animals by Beenu 
With reduction in the cattle fairs and melas, which was age old practice in rural area gave a way to the 

online sale and purchase of cattle slowly. In rural India, cattle fairs use to be the major attraction for many 

traders where cattle selling and buying use to happen. Dairy farmers use to pay entry fees to register their 

cattle to participate in the fairs. They also pay for laborers to load and unload animals and transportation 

cost. If the cattle are not sold, the farmers will follow entire cycle again. But global pandemic has put 

restriction on mass gathering and movement of livestock. This gave a way for Indian livestock to go online.  

A DBS participant named Beenu from Chandsamad, Karnal was successful in online trading. He is aged 

23 has finished his graduation and having eight years of experience in dairy farming. He owns a land of 5 

acres and five cattle. Beenu had a dream to do business in dairy and needed some guidance. During that, 

the team DBS was searching for dairy farmers who were interested to start enterprises. This gave 

opportunity for Beenu to join DBS. In 2021, he joined DBS under National Dairy Research Institute. In 

school, he had opportunity to learn on dairy production, dairy processing and marketing of milk and milk 

products, sale and purchase of dairy animals. He had attended the theory and practical classes under 

experts and scientists of NDRI. During DBS, he had visited successful dairy farmers around Karnal and 

startups in dairy.  As a result, he developed more interest in sale and purchase of dairy animals through 

online mode. He had consulted many experts and browsed websites and found online animal trading mobile 

app Animall. He found this mobile app was easy to understand and handle. So, he decided to start animal 

trading through Animall app. In February 2022, he started selling of animals and till date, he has sold 18 

dairy animals through online app. He trades Sahiwal, HF and Murrah breeds. He sources cattle for sale 

from Kurukshetra, Kaithal and Panchkula. He earns extra 5 to 8 thousand rupees per animal sold as he is 

bypassing the middlemen in selling and buying process which is profitable for buyer as well as seller. This 

created interest in Beenu to extend his business, now he trades out sourced high yielding cattle and rear 

dairy animals of different breeds to sell online. 

Conclusion 
In the era of start-ups and entrepreneurship, dairy sector has wide scope. Dairy farmers can use the 

opportunities provided by government, different schemes, Dairy business school, ICT and e -commerce to 

start their enterprises. The present case throws light on how the mobile app and e-commerce can help in 

dairy enterprises. The success story of Beenu gives ideas on benefits of attending Dairy Business School 

where he interacted directly with experts and scientists of NDRI, traded cattle to earn profit at affordable 

resources. 
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Abstract 
Cruciferous vegetables are the most widely consumed and one of the major producers of all vegetables. The 

potential cancer-fighting abilities of cruciferous vegetables have recently increased their popularity. This 

large group of plants is diverse, with each offering rich, distinct flavours. Cruciferous vegetables are also 

good sources of phytonutrients, folate, vitamins C, E, and K, and fibre. They are attacked by a wide range 

of insect pests which significantly reduce their quality and yield. This article reviews the management of 

crucifer pests using a variety of techniques. 

Keywords: Crucifers, IPM, Insect pest, Bio-safety, Management. 

Introduction 
Crucifers, a group of winter vegetables that includes cabbage, cauliflower, mustard, broccoli, and radish, 

are widely grown in temperate as well as tropical regions of the world. However, there are many insect 

pests that attacked these crops and most common are diamondback moth, tobacco cutworm, aphid, jassid, 

cabbage worm and many others, among which diamondback moth is the most challenging and destructive 

as it has developed resistance to more than 40 insecticides. Aphids and mustard saw fly are equally 

destructive under North Indian conditions. The continuous use of synthetic pesticides in agricultural pest 

management often has a number of negative effects, including the development of insect resistance, adverse 

effects on organisms that aren't the intended targets, and hazardous effects on the environment. Due to 

these limitations, more eco-friendly, cost-effective, biodegradable, and low toxic methods of controlling 

crucifer pests have been developed. Integrated control refers to the application of all suitable control 

measures, including mechanical, cultural, biological, chemical and other measures to reduce the pest 

population. In India alone, about 37 insect pests have been reported to feed on cabbage. 

Insect Pest Yield Loss (%) 

Diamondback moth, Plutella xylostella 17-99 

Cabbage butterfly, Pieris brassicae 69-71 

Cabbage borer, Hellula undalis 30-58 

Cabbage leaf webber, Crocidolomia binotalis 28-51 

Table - Yield loss due to major insect pests 

Insect Pests of Cruciferous Vegetables 
1. Diamond Back Moths (DBM), Plutella xylostella L. (Lepidoptera: Plutellidae): 

Distribution & nature of damage: It is a well-known pest of cruciferous crops throughout the world. All 

cruciferous vegetables are attacked by P. xylostella, particularly cabbage and cauliflower during January-

June and also during dries periods in monsoon. Damage occurs when first-instars larvae mine leaf tissue, 

while later instars consume leaf tissue from the underside of leaves, chewing irregular patches, and often 

leave the top epidermal layer and leaf veins with a window-like appearance.  Larval densities can reach 

levels that result in total destruction of leaves, leading to tremendous economic losses.  

Bionomics: Diamond back moths are small greyish brown insects marked with a broad, cream or light-

brown band along the back that is sometimes constricted to form one or more light-coloured diamonds. 

Eggs are yellow or pale green in colour, deposited singly or in cluster of two to eight usually in depressions 

on the surface of foliage. A single female may lay about 40-60 eggs. Incubation period is 3-6 days. The larval 

stage of P. xylostella includes four instars. First instars are colourless to pale white with a dark head 

capsule. After eclosion, larvae move to the undersides of leaves, chew through the epidermis, mine the 
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spongy mesophyll tissue and makes holes in the leaves. Pupation occurs inside silken cocoon on the plants, 

which last for 4-6 days. The complete life cycle from egg to egg takes place in about 20-25 day. 

Management Strategies: 

a) Intercropping cabbage with tomatoes, garlic, dill, or clover has been shown to reduce the density of P. 
xylostella. 

b) Several trap crops have been recommended for management of P. xylostella, including collards and 

Indian mustard.  

c) Intercropping with tomato, garlic, clover coriander, marigold, lucerne, onion and spearmint in cabbage 

fields acted as a repellent to P. xylostella. 

d) All life stages of P. xylostella are attacked by natural enemies, including parasitoids, predators, and 

pathogens that can reduce densities below damaging levels. Conserve larval parasitoids viz., Cotesia 
plutellae in plains and Diadegma semiclausum in hills. Release 40,000 adults / ac, five times @8,000 

adults/release commencing from 20 days after planting. Also encourage other parasitoids like Apanteles 
sicarius, Tetrastychus sokolowski (larval) Diadrumus collaris (larval pupal) and Brachymeria 
excarinata (pupal parasitoids).  

e) Predatory arthropods including various staphylinids, vespids, syrphids, chrysopids, hemerobiids, 

anthocorids, and spiders are an important source of P. xylostella larval mortality. 

f)  Bacillus thuringiensis subsp. kurstaki (Berl.) is the most widely used pathogen for control of P. 
xylostella, and has been used as a foliar spray for decades.  

g) Several entomopathogenic fungi, including Beauveria bassiana (Bassi), Metarhizium 
anisopliae (Mechinikov), and Paecilomyces fumosoroseus (Wize), have been evaluated as insect bio-

control agents in brassica systems. 

h) Spray neem seed powder extract @ 4% or neem soap 1% or pongamia soap 1% thoroughly coverage to 

the crop canopy.  

i) Install light traps (3-4 with 60 or 100 Watt bulbs / acre) to control adults .Adults of DBM will get 

attracted to light and get trapped in the water/oil.  

j) Spraying of cypermethrin 10 EC @ 30 g a.i. or fenvalerate 10 EC@ 50 g a.i. or deltamethrin 2.8EC @ 10 

g a.i. or cartap hydrochloride 50SP @ 175 g a.i./ha once at primordial initiation (22 days after planting) 

and repeated either thrice at 7 days interval or twice at 10 days interval. 

2. Leaf Webber, Crocidolomia binotalis Z. (Lepidoptera: Pyralidae) 

Distribution & nature of damage: Regular pest of minor status but occasionally reach serious 

proportions. It presents in all localities where crucifers are grown. The leaves are skeletonised by the larvae 

which remain on the under surface of leaves in webs and feed on them. They also attack flower buds and 

pods. Often it assumes serious proportions. It attacks cabbage, cauliflower, radish, mustard and other. 

Bionomics: The moths lay eggs in clusters of 40-100 on leaf surface, which hatch in 5-7 days. Young larvae 

feed gregariously and later web the leaves together and feed within. This results in rotting of cabbage head 

and cauliflower curds. The larval period lasts for 25-20 days while pupation occurs in soil, which varies 

from 15-40 days.  More than one generation may be completed in the season. 

Management Strategies: 

a) Collect and destroy egg masses and gregarious larvae.  

b) The pest is regulated by two larval parasitoids viz., Microbracon mellus and Apanteles crocidolmiae. 

c) Spray neem seed kernel extract 4% or pulverized neem seed powder extract (NSPE) 4%.  

d) Spray any contact insecticide on the foliage when the larvae are observed. 

e) Spray phosalone 50 EC 1.0 L, fenvalerate 20 EC or cypermethrin 10 EC or deltamethrin 28 EC 250 

ml, cartap hydrochloride 50 SP 500 ml, spinosad 45 SC 125 ml/ha or azadirachtin 0.03% 2.5-5.0 L/ha. 

Do not repeat the insecticides with similar mode of action. 

3. Cabbage Head Borer, Hellula undalis Z. (Lepidoptera: Crambidae) 

Distribution & nature of damage: It occurs throughout the Asia Africa and Europe. The adult moth 

lays eggs singly on leaves; the hatched larvae mine the leaves alongside veins. The grown-up larvae bore 

into stems preventing head initiation, which results in multiple shoots and multiple head formation. The 

leaves are initially mined by caterpillars, and then turn them into white paper. Later, they consume leaves 

and boring into stems. Excreta and silk are covering the entrance hole. 
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Management Strategies:  

a) Collection and careful destruction of the larvae at gregarious stage with leaves twice a week. 

b) Spray pulverized Neem Seed Powder Extract (NSPE) 4%.  

c) Spray the seedlings with an effective contact insecticide before planting followed by one more spray at 

10 DAP, particularly for summer and kharif crop (March-July). 

d) Apply 5% malathion dust at 37.5 kg/ha or carbaryl 50 WP at 375 g in 150 litres of water to control adult 

larvae. 

4. Aphids, Brevicoryne brassicae L., Myzus persicae S., Lipaphis erysimi (Homoptera: Aphididae) 

Distribution & nature of damage: Aphids suck the sap, devitalize the plants affecting the quality of 

head or curds and become severe when contract insecticides are sprayed regularly. Direct feeding on young 

growth leads to wilting of plants. Early attack may lead to stunted growth. Symptoms of viruses 

transmitted by B. brassicae include mosaic, chlorotic and necrotic lesion on leaves. M. persicae is the most 

important aphid virus vector. 

Management Strategies: 

a) Set up yellow sticky trap @ 10 / ha. 

b) Mulching with reflective sheets will reduce the incidence of aphids and aphid transmitted viral diseases. 

c)  As soon as aphid infestation appears, cut and destroy the infested shoots mechanically. 

d) Follow mustard trap crop IPM as mustard will attract all aphids after flowering and main crop will be 

spared of the pest incidence. 

e) Spray pulverized neem seed powder extract (NSPE) 4%. 

f) Spray insecticide like dimethoate 3 EC @ 2ml/l, imidacloprid 17.8SL @ 3.5ml/10l, thiamethoxam 25WG 

@3g/10 l, acephate 75WP @ 15g/10l, acetamiprid 20SP @ 3g/10l when the aphids are observed.  

5. Tobacco Caterpillar, Spodoptera lituara F. (Lepidoptera: Noctuidae) 

Distribution & nature of damage: The moths lay eggs in groups and young larvae up to third instars 

feed gregariously and skeletonise the leaves. Grown up larvae completely devour the leaves and other plant 

parts in case of severe incidence. During high incidence, attain cutworm status, hide during daytime, come 

out during night and devastate the crop.  

Management Strategies: 

a) Collect and destroy egg masses and gregarious feeding larvae. 

b) Scouting regularly helps to locate egg masses and skelietonised leaves.  

c) Poison baiting (10 kg rice/wheat fl our + 1 kg of jaggery + 500 g of methomyl formulation per acre) - Mix 

the flour with jaggery, leave for 6-8 hrs, in the morning. In the evening add insecticide and mix carefully 

by wearing gloves with a stick. Sprinkle the mixture in furrows. The fermenting jaggery attracts the 

caterpillars and will be killed. 

6. Mustard Sawfly, Athalia lugens proxima (Hymenoptera: Tenthredinidae) 

Distribution & nature of damage: It is a cold weather pest found all over the Indian sub-continent. It 

is a major pest of not only cole crops but of almost all cruciferous plants, including rape and mustard. The 

peak period of activity is during September to December after which the activity declines. Eggs are laid 

singly, mostly during day time and inserted into leaf tissues near the periphery of leaves. On hatching the 

grubs nibble the margins of tender leaves but later on bite holes in the leaves. Grubs are diurnal in habit 

and feed generally during early morning and evening hours. With slight disturbance they fall on the soil 

and feign death. 

Management Strategies: 

a) Maintain clean cultivation and summer ploughing to destroy the pupa. 

b) Early sowing should be done. 

c) Apply irrigation in seedling stage is very crucial for sawfly management because most of the larvae die 

due to drowning effect. Severe cold reduces pest load. 

d) Collection and destruction of grubs of saw fly in morning and evening 

e) Conserve Perilissus cingulator (parasitoids of the grubs), and the bacterium Serratia marcescens which 

infect the larvae of sawfly. 

f) Seed treatment with imidacloprid 70WS (Gaucho) 7g/kg of seed. 

g) Spraying with chlopyriphos 20EC@ 1500ml/ha. 
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7. Cabbage Semilooper: Tirchoplusia ni (Lepidoptera: Noctuidae) 

Distribution & nature of damage: It distributed widely in USA, India and Sri Lanka. Caterpillars 

initially feed and scrape the leaves before defoliating the entire plant and leaving the midribs and main 

veins. Nurseries show more damage than the main field does. 

Management Strategies: 

a) Hand picking and destruction of larvae. 

b) Use light trap to attract and kill adults. 

c) Spray quinolphos 0.5% or endosulfan 0.1 % or malathion 0.1 %. 

8. Painted bug, Bagrada hilaris (Hemiptera: Pentatomidae): 

Distribution & nature of damage: Both nymphs and adults suck cell sap from tender plant portions, 

turning the leaves yellow. The leaves eventually dry out and fall to the ground, exposing the plants to 

secondary bacterial and fungal infection. The plants wilt and wither, which directly affects the yield in 

terms of both quantity and quality. 

Management Strategies: 

a) Clean cultivation by removing weeds harbouring this pest is imperative for avoiding infestation of 

these bugs. 

b) Irrigate the crop during four weeks after sowing to reduce pest attack. 

c) In case of heavy infestation, spray with 0.05% dichlorvos. At least 7 - 10 days waiting period should 

be there between treatment and harvest. 

9. Cabbage Butterflies, Pieris brassicae and P. rapae (Lepidoptera: Pieridae): 

Distribution & nature of damage: These butterflies are found all across the Himalayan area of India. 

During the summer, they migrate to hilly areas after spending the winter in the plains. The tiny 

caterpillars feed after hatching by scraping the leaves and subsequently devour leaves, makes irregular 

holes. 

Management Strategies: 

a) Handpicking and mechanical destruction of caterpillars during early stage of attack. 

b) In case of widespread infestation spray with novaluron 10EC@ 750ml/ha of water along with adjuvant 

APSA 80 or sandovit @ 5ml/15 L of water. 

Conclusion 
Despite significant advancements in the cultivation of cruciferous crops, numerous pests and illnesses 

continue to pose considerable problems. As was mentioned, the bulk of biotic stressors are managed by 

farmers mostly through the use of synthetic pesticides. Massive pesticide use intensifies issues including 

insect resistance, environmental damage, high input costs, and human poisoning. The development of IPM 

with the introduction of more recent pesticides with green labels will reduce losses due to various pests and 

compatible with ecological sustainability. Therefore, using every IPM technique available, ecosystem-based 

management strategies aid in focusing on the long-term control of pests in crucifer crops. 
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Introduction 
In 12,000 years, agriculture has brought us so far, yet we are now at a crossroads. And with an estimated 

9.7 billion people on the planet by 2050, agricultural production will need to rise by at least 70% from 

current levels to keep up with nutritional trends. More than ever, farmers are under pressure to produce 

wholesome goods, which is further endangering the health of our world. 

Modern agriculture has undergone a dramatic transformation thanks to new technological developments 

in fields like robots, drones, and computer vision software. Today's farmers have access to instruments that 

will enable them to fulfill the demands of the expanding global population. 

Technologies Being Used in Farm Automation 
Automation of the crop or livestock production cycle on farms increases efficiency and is frequently referred 

to as "smart farming." The main objective of agricultural automation technology is to take care of simple, 

routine operations. The following prominent technologies are those that farmers use the most frequently. 

Harvest Automation 
Automating the process of picking fruits and vegetables has always been challenging. Robots used for 

harvesting must handle produce carefully to prevent bruises and damage. No matter where or how they 

are cultivated, Agrobot has successfully created the first robot for delicately collecting strawberries. Up to 

24 robotic manipulators collaborate from a flexible movable platform to choose the fruit that fulfills the 

farmer's quality standards. 

The first commercial robotic apple harvesting firm in the world is another business called Abundant 

Robotics. Instead of employing any claw or hand-like graspers to remove apples from the branch, their 

machines handle delicate fruits by sucking air into the machine. 

Autonomous Tractors 
To give a producer complete autonomy, autonomous tractors can be controlled remotely or even pre-

programmed. The autonomous tractor from Rabbit Tractor benefits row crop producers not just by cutting 

labor expenses but also by improving operational efficiency and yield. Bear Flag Robotics is even creating 

tractor automation kits that easily retrofit current tractors with cutting-edge autonomous technology and 

implement control, making automation more affordable for farmers. 

Seeding and Weeding 
Robotic weeding and sowing systems can target particular crop patches. This can easily cut down on labor 

and tedious farm duties when sowing. With computer vision, weeding robots may be extremely precise and 

use 90 percent fewer pesticides. Blue River Technology uses robots and computer vision technologies to 

precisely spray herbicides only where and in exactly the amount that is required. Farmers now have a new 

method to get rid of and avoid weeds that are resistant to herbicides. Another firm that manufactures 

weeding robots is ecoRobotix. This is the first entirely autonomous machine for a more environmentally 

friendly and cost-effective weeding of intercropping cultures, meadows, and row crops. 

Drones 
Drones can be used to apply fertilizer, insecticides, and other treatments from above while remotely 

monitoring the environment. With the aid of imaging and infrared analysis, they can also rapidly and 

economically pinpoint problem regions to assist farmers in making early diagnoses. With an autonomous 
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drone, base station, and analytics platform, American Robotics is creating a fully autonomous "Robot-as-a-

service" that offers growers insights at resolutions, frequencies, and speeds never before imaginable. 

Conclusion 
According to this "smart farming" revolution, less pesticide and fertilizer will be used going forward, yet 

total productivity will increase. Better food traceability made possible by IoT technologies will result in 

higher food safety. Additionally, it will be good for the environment through, say, more effective water uses 

or treatment and input optimization. Therefore, based on a more precise and resource-efficient strategy, 

smart farming has the potential to produce a more productive and sustainable form of agricultural 

production. The eternal hope of mankind will finally come true thanks to new farms. 
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Abstract 
The waste produced from the processing industry extreme variation due to wide varieties of fruits and 

vegetables. As the production and processing of fruits and vegetables increases, waste disposal is a growing 

problem, while by-products such as fruit and vegetable pomace contain significant amounts of nutrients 

such as antioxidants, water-soluble vitamins, minerals, fiber, etc. In this article, we mainly focus on 

frequently consumed fruits and vegetables that are thrown away as waste after the juice has been 

extracted. The purpose of this review article is to discuss the nutritional value of fruit and vegetable pomace 

and the natural flavor present in fruit peels and by-products. Vegetables, especially carrots and beetroot 

by-products, are discarded, which can be used as functional nutrients for some food products. Leftover 

carrots contain a significant amount of beta carotene and minerals, left over beetroot is a great source of 

fibre, folate, manganese, potassium, iron and vitamin C. 

Keywords: Health benefits, bioactive, nutrients, fibre, manganese, potassium. 

Introduction 
The food industry, including the processing of fruit and vegetables, is the second largest producer of waste 

into the environment after domestic sewage. The fruit and vegetable processing industry generates a huge 

amount of waste in the form of liquid and solid substances, which are valuable but biodegradable natural 

resources with great economic potential. Different fruits and vegetables contain different amounts of waste. 

The waste product thrown into the environment has very good antimicrobial and antioxidant potential. 

These are new, natural and economic sources of antimicrobial substances and antioxidants that can be 

used in the prevention of diseases caused by pathogenic microbes. All these advantages will open up a space 

for future utilization of waste for therapeutic purposes (Joshi et al., 2012). 

Fruits and vegetables have a vital role in our diet and human life, and therefore the demand for such 

important food commodities has increased very significantly due to the growing world population and 

changing dietary habits (Schieber and others, 2001; Vilari no and others, 2017). Higher production and 

growth and lack of appropriate handling methods and infrastructure have led to huge losses and wastage 

of these important food commodities as well as their components and by-products and residues. Losses and 

waste of fruit and vegetables occur during all stages of the supply and handling chain, including harvesting, 

transport to packinghouses or markets, grading and sorting, storage, marketing, processing and at home 

before or after preparation. Losses also occur throughout the supply chain from production at all stages 

post-harvest to consumption (Parfitt et al., 2010). On the other hand, waste is food that is fit for 

consumption but is not consumed and instead thrown away, and this is generally related to the behavior 

of consumers or retailers (FAO, 2014). Losses and wastes come in two forms quantitatively and 

qualitatively (FAO 2014). Quantitatively, they refer to weights or volumes that reduce the amount of food 

available for consumption. Qualitatively, they represent decreases in edibility, nutrition, caloric value, 

consumer acceptability, and economic value, all of which are recognized before the food is discarded. 

Qualitative losses and waste are more difficult to assess and quantify, despite their significant impact on 

nutrition, health and economic returns. Losses and waste of horticultural commodities are high in both 

developing and developed countries, but at different points in the handling chain. It is common for losses 

to be higher in so-called developing countries due to lack of proper handling techniques, while waste is 

higher in developed countries and rich societies in developing countries. In other words, food losses are 

usually the result of technical limitations in infrastructure and handling such as storage, packaging and 

packaging, marketing, while food waste is usually the result of carelessness or a conscious decision to 

discard food. Kader (2005) estimated that approximately one-third of all fruit and vegetables produced 
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worldwide are lost during postharvest. Postharvest losses are estimated at 2% to 23% depending on the 

commodity, with an overall average of 12% (Kader, 2005).  (FAO,2014). He revealed that the processing, 

packaging, distribution and consumption of fruits and vegetables alone in developed parts of China, India, 

the Philippines and the United States produces approximately 55 MMT of fruit and vegetable waste. The 

waste obtained from the fruit and processing industry is extremely diverse due to the use of a wide range 

of fruits and vegetables, a wide range of processes and a variety of products. For example, the processing 

of tropical and subtropical fruits has significantly higher proportions of by-products than temperate fruits 

(Schieber et al. 2001). 

The term "by-product" suggests that plant food waste could be usable and have its own market. The 

processing of plant foods leads to the production of by-products that are a rich source of bioactive 

compounds, including phenolic compounds (Schieber et al., 2001). Antioxidant compounds from food 

industry waste products could be used to increase food stability by preventing lipid peroxidation and also 

to protect against oxidative damage in living systems by scavenging free oxygen radicals (Makris et al., 

2007) Studies have shown that some fruit residues can exhibit higher antioxidant activity than pulp 

(Gorinstein et al. 2001). Antioxidants are substances that are able to prevent or inhibit oxidation processes 

in the human body and food products, such as ascorbic acid, phenols and flavonoids. Thus, although these 

residues are usually thrown away, they could be used as an alternative source of nutrients to increase the 

nutritional value of poor people's diets and reduce dietary deficiencies, as the functional food market is one 

of the main trends in the food industry (Helkar et al., 2016). 

By-Products of Fruit After Processing and Functional Benefits of Fruit Pomace 
Pineapple: Pineapple (Ananas comosus) is one of the most important fruits in the world and is a leading 

edible member of the Bromeliaceae family. This fruit juice is the third most preferred worldwide after 

orange and apple juices (Cabrera et al., 2000). The by-products of pineapple are mainly residual pulp, peels, 

skins, stem and leaves. The peel is the main biological waste generated during pineapple processing. The 

second important bio-waste is the core and it can be used to produce pineapple juice concentrates, alcoholic 

and non-alcoholic drinks or vinegar. Bromelain is already a commercially available enzyme that is often 

obtained from the stem of pineapple. Due to its strong proteolytic activity, this enzyme is used in many 

industrial applications, such as meat tenderizer, bread dough improver, fruit anti-browning agent, beer 

purifier, teeth whitening agent. Bromelain can be extracted from various pineapple wastes including stem, 

core and peel (Ketnawa et al., 2012; Chaurasiya et al. 2013; Bresolin et al. 2013) using various extraction 

and purification techniques. Pineapple by-products contain significant amounts of fiber, especially 

insoluble fiber. Fiber from pineapple by-products is considered to be of high quality due to the physiological 

effects associated with both soluble and insoluble fiber and can be used in the development of reduced-

calorie foods and fiber-enriched food products (Huang et al. 2011).   

Functional benefits of pineapple pulp: Pineapple pulp contains significant amounts of calcium, 

potassium, fiber and vitamin C. It is low in fat and cholesterol. Vitamin C is the body's primary 

water-soluble antioxidant against free radicals that attack and damage normal cells. It is also a 

good source of vitamin B1, vitamin B6, copper and fiber. Pineapple is a digestive aid and natural 

anti-inflammatory fruit. Fresh pineapple is rich in bromelain used to tenderize meat. Bromelain 

has shown significant anti-inflammatory effects, reducing swelling in inflammatory conditions such 

as acute sinusitis, sore throat, arthritis and gout, and speeding recovery after injuries and surgeries.  

Apples: Apple (Malus domestica) grown in temperate regions and one of the most cultivated and consumed 

fruits in the world (Sinha et al. 2012). Apple processing produces peels, stems and residual pulp that are 

considered a potential value-added food ingredient. Apple pomace is a major by-product of the cider and 

juice industry and constitutes about 25% of the original fruit pulp at a moisture content of 85% (wet basis). 

It is considered a rich source of fiber, especially pectin, with a content in the range of 10-15%. According to 

(Younis and Ahmad, 2015), apple pomace has versatile functional properties such as glucose diffusion 

retardation index, emulsifying activity, water and oil holding capacity and antimicrobial activity. Apple 

pomace contains approximately 10-15% pectin on a dry weight basis. Apple pomace also contains significant 

amounts of non-starch polysaccharides (35–60% fiber), with high amounts of insoluble fiber (36.5%) as well 

as soluble fiber (14.6%) (Chen et al. 1988; Sudha et al. 1988). 2007). A number of fiber-enriched bakery 
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products have been prepared by adding dried apple pomace powder to a wheat flour substitute (Sudha et 

al. 2007). 

Functional benefits of apple pomace: Apple pomace contains many substances with a pro-

health effect, such as micro and macro elements, fiber, polyphenols and unsaturated fatty acids. 

Apple pomace showed high antioxidant activity mainly from the group of polyphenols. As a result, 

it also has high radical-scavenging and anti-glycation activity, which helps prevent oxidative stress 

and may thus help prevent chronic diseases. It is also a high source of phloridzin, which has 

antidiabetic potential (Kruczek et al. 2017). 

Citrus: Citrus (Citrus spp.) is one of the most important fruit crops worldwide. Citrus fruits are widely 

consumed worldwide as fresh produce, juice and most often the peel is discarded as waste, which contains 

a wide range of secondary components with significant antioxidant activity compared to other parts of the 

fruit (Manthey et al. 2001). Citrus peels are divided into the epicarp, which has a colored peripheral surface, 

and the mesocarp, which is the white, soft middle layer. Citrus peel is used by the food industry as a source 

of molasses, pectin (Pinheiro et al. 2008; Seixas et al. 2014), oil and limone and has been studied because 

it contains several bioactive compounds such as flavanones, polymethoxylated flavones, flavonols and 

phenolic. acids; these compounds have many uses as natural antioxidants for the pharmaceutical, 

biotechnology and food industries. Orange is the main researched and commercialized citrus fruit. Orange 

juice is the most important product of citrus species worldwide and causes a higher amount of by-products 

that could be used as a good source of bioactive substances. (Gorinstein et al. 2001) They found that the 

total phenolic content of the peels of lemons, oranges and grapefruits was 15% higher than that of the fruit 

peels. Lime and lemon peel oils are widely used as flavor enhancers for non-alcoholic and alcoholic 

beverages and foods. 

Functional benefits of citrus fruit pomace: The functional properties of citrus by-products, 

especially the peel, low cost and easy availability of fruit residues that would otherwise be disposed 

of as waste in the environment, should be considered as potential nutraceutical sources, capable of 

offering significant low-cost nutritional supplements. These unwanted production wastes, rich in 

bioactive compounds, could be recycled as value-added food supplements that provide beneficial 

dietary fiber and polyphenols. They serve as non-caloric bulking agents, improve water and oil 

retention, improve emulsion and can prevent us from a wide range of diseases caused by oxidative 

stress (Shafiya Rafiq et al. 2018). 

Carrot and beet root: Carrots are perishable and seasonal; it is not easily available year-round. 

Dehydration of carrots during the main growing season is one of the important conservation alternatives 

for the further development of value-added products throughout the year. Processing carrots into products 

such as canned slices, juice, concentrate, pickles, preserves, cake and halwa are some of the methods to 

make this important vegetable available throughout the year. Carrot pomace containing about 50% 

carotenoids and important fibers could be advantageously used to develop value-added products. In 

addition, supplementing foods such as bread, cake and biscuits with dried breadcrumbs is another 

alternative to reduce the price of staple products such as juice and concentrate, which has direct benefits 

for consumers. Analysis of the nutritional composition of carrot and beet pulp wastes shows that both pulp 

wastes are a good source of beta-carotene and minerals, dietary fiber, which mainly contains soluble fiber. 

Even a 25g serving would provide 11.38 and 15.21gm of fiber, corresponding to 29% and 38% of the 

recommended intake. Carrot pulp waste was high in iron with 11 mg/100 gm, and when used as a 

supplement, the waste pulp can provide reasonable amounts of natural iron and calcium. Among the two 

pulp wastes, the carrot pulp waste showed high antioxidant activity. The antioxidant activity found in the 

products used may not be due only to the presence of polyphenolic compounds, but also to the presence of 

other phytochemical components. The antioxidant activity of pulp wastes could be positively correlated 

with tannins and polyphenols. Therefore, it can be concluded that pulp wastes from the plant industry 

could be used as a supplement source or further utilized for value addition as they were rich in nutrients, 

antioxidant components and showed antioxidant activity. In addition, inhibitory components such as 

oxalates and phytates were present in low amounts, indicating higher bioavailability of nutrients from such 

materials (Shyamala and Jamuna, 2010). 

Functional benefits of carrot and beet root pomace: Biochemically, carrots are a rich source 

of β-carotene, fiber and many essential micronutrients and functional components. Due to the 
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presence of high concentrations of carotenoids, especially β-carotene in carrot roots, it makes them 

cancer inhibiting, free radical scavenging, antimutagenic and immune enhancing (Krishan 2012 et 

al.) Beetroot is also considered as a promising therapeutic treatment in a number of clinical 

pathologies associated with oxidative stress and inflammation. Its components, especially betalain 

pigments, show strong antioxidant, anti-inflammatory and chemo-preventive activity (Clifford et al. 

2015). 

Conclusion 
Fruit and vegetable waste (FVW) is produced in large quantities in the markets and its utilization could 

be used for the production of nutraceuticals and functional foods. In this chapter, we have described the 

use of various plant and plant food residues as nutraceuticals and functional foods. Various nutraceuticals 

were explained. Their use is well addressed along with their disease management and their action as 

nutraceutical carriers. Various vehicles have been described, such as liposomes, phospholipid-based 

delivery vehicles, emulsions, niosomes, microemulsions/nanoemulsions, ethosomes, and 

nanoencapsulation. 
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Introduction 
According to Maltby and Turner (1983), wetland covers 6.4% (855.8 million ha) of the world's total area, 

with 23.5 million ha in India being primarily made up of the north-eastern and coastal regions (25–30%) of 

the nation (Anonymous, 1986). India has 2.4% of the world's land area and 16% of the world's population 

in terms of population land availability. From a nutrient standpoint, it must feed a growing population by 

using 3% of the world's agricultural land and 5% of its water resources. Aquatic resource use will therefore 

become increasingly necessary and offers huge potential for output. To feed the growing population, we 

must unavoidably produce more. Prudent use of natural resources is required for feeding, clothing, housing, 

medical needs, and providing raw materials for industry, among other things. Today, increasing production 

is necessary, not discretionary. To maximize their profits, farmers should make use of both the land and 

water resources. The Indian wetland ecology is home to an enormous variety of aquatic horticultural plants. 

These plants, which have specific medicinal ingredients and are frequently used as food by rural Indians, 

are also known as nutrient-rich foods. The most common edible aquatic plants included thunkuni, sweet 

flag, swamp taro, kulekhara, saronchi, alocasia, water lily, water chestnut, lotus nut, and water lily.   These 

plants had beneficial nutrients and therapeutic components like flavonoids and antioxidants. To advance 

national progress, new strategies for improving agricultural productivity are urgently needed. The 

cultivation of water chestnuts in the wetland ecosystems of Bihar, M.P., U.P., West Bengal, Odisha, and 

north-eastern India has enormous promise as a new cash crop. Water caltrop is a rooted floating aquatic 

plant that can withstand slow-moving water depths of up to five meters. Rapid population growth allows 

water caltrop to cover enormous amounts of water with nearly impenetrable green mats. By preventing 

cyano-bacterial bloom and native plants from out-competing them, it provides valuable nut crops and 

organic matter to the soil after they have decomposed. Water caltrop can be grown as a decorative water 

plant, thus dams, fish ponds, and canals with sluggish water flow are likely to contain it. In India, the three 

species of the Trapa genus—Trapa natans, T. bicornis, and T. quadrispinosa—are collectively known as 

water caltrop. Water chestnut is another name for water caltrop. 

Description of Plants 
Scientific classification of water caltrop: 

Kingdom: Plantae 

(Unranked): Angiosperms 

(Unranked): Eudicots 

(Unranked): Rosids 

Order: Myrtales 

Family: Lythraceae 

Subfamily: Trapoideae 

Genus: Trapa 

Species: Natans, bicornis, rossica, bispinosa, quadrispinosa 

Water caltrop, commonly known as water chestnut, is an annual dicotyledonous aquatic plant. It is 

sometimes referred to as paniphal or Sighara. It belongs to the family Trapaceae. The plant has a 2-3 M 

tall stem with hairy roots and 50–55 leaves. Ten to twelve plantlets per branching plant are afloat in the 

still water. 10-15 fruits were produced by each seedling. In general, plants are either green or red in colour, 

and they can have spines or not. In North India, seed germination typically occurs between February and 

March, whereas mature plants flower between August and October. After being pollinated in the air and 
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then emerging in the water, water chestnut fruit is available for harvesting 45 to 50 days later. Nut 

harvesting normally takes place in North Bihar from September to December. For the purpose of 

harvesting, the farmers use rafts that were specifically manufactured. The genotype of spineless water 

chestnut that performs best right now comes from India, and harvesting is simple. In the southern part of 

West Bengal, fresh nut output averages between 2500 and 3800 kg per ha of pond area, with a potential 

increase to 5000 kg per ha. About 12.0 t/ha of output are obtained from the high yielding water chestnut 

with integrated nutrient management (Jana, 2020). Water chest nut fruits are very attractive, flesh is very 

white from where dry nuts and flour are prepared with aseptic condition for higher economic benefit (fig1-

4). 

Yield and Storage 
Average yield in India is between 4000 and 5000 kg per hectare. 

To keep the kernels from drying out, they can be kept in sealed plastic bags or containers in the bottom of 

the refrigerator. There are always a few that spoil while being stored and need to be periodically sorted 

out. This rot is frequently caused by even minor skin damage during harvesting and subsequent handling. 

When the temperature is low enough to keep them in dormancy, they keep pretty well in the soil where 

they were grown. Kernels that are dried out or that have been frozen won't grow. They also maintain their 

quality in chilly, wet sand. For seed purposes, we can store kernel in this condition for more than a year. 

Removal of Seed Cover 
The seed has a triangular shape, is thick and white, and has a subdued sweet flavour. Raw singhara's seed 

coat is challenging to remove with the fingers. In order to remove the seed coat by hand, you can either cut 

the fruit in half or boil it to soften the seed coat. When handling the fruit, the seed coat turns the hands 

black. 

Medicinal Usages of Water Chestnut 
One of the most significant minor fruit crops produced in India is water chestnut (Trapa natans L.). It is 

an aquatic nut crop that is mostly produced as a submerged plant community in tropical and subtropical 

climates. In both the ayurveda and unani medical systems, singara has been used extensively. Singhara, 

also known as Indian water chestnut (Trapa bispinosa Roxb. ), has a number of health advantages. 

Children's appetites are increased and sickness is relieved with water chestnut juice. It reduces swollen 

areas and purifies the blood. Singhara includes beneficial elements like iodine and manganese, which help 

to maintain the thyroid's healthy functioning. It has antibacterial, antiviral, anticancer, and antioxidant 

activities since it is high in polyphenolic and flavonoid antioxidants. The seed has a cleansing impact on 

the body, making it highly beneficial for people with jaundice. Cracked heels can be treated with a paste 

made from the seed. Dysentery and diarrhea are controlled using the acrid juice. The dried seed helps 

ladies who are experiencing bleeding and miscarriages. The fruits are used to treat bronchitis, leprosy, 

fractures, anaemia, sore throats, and urinary diseases. Singhara powder helps with coughing. Chestnuts 

are boiled in water and the resulting beverage is used to treat measles. The optimal time to administer it 

is between the third and ninth day after the onset of symptoms. The fruit also functions as an aphrodisiac, 

relieves leucorrhea, and soothes sex-related problems in men. If applied frequently, a mixture of singhara 

seed powder and lemon juice will aid in the treatment of eczema. The seed promotes foetal growth and 

relieves pregnancy-related hypertension. Nut consumption boosts fertility and semen. Nuts may have anti-

ulcer properties. Nuts offer neuro-protective qualities that could repair oxidative brain damage. 

Table-1: Proximate composition of water chestnut fruits (Trapa Spp.): 

Serial No. Ingredients Fresh Nut (%) Dry Nut (%)  

1. Water 64.2 10.4 

2. Protein 3.9 8.5 

3. Carbohydrates 24.7 75.7 

4. Fat 0.2 0.88 

5. Fibre 2.7 1.6 

6. Sugar 3.5 1.4 
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Table-2: Nutritional elements in   water chestnut fruits (Trapa Spp.): 

Serial No. Minerals Fresh Nut   Dry Nut   

7. Calcium (mg/100g) 32.0 70.00 

8. Magnesium (mg/100g) 24.0 60.00 

9. Sulfur (mg/100g) 30.0 66.0 

10. Potassium (mg/100g) 180.0 420 

11. Sodium (mg/100g) 34.0 69.0 

12 Fe (mg/kg) 6.0 11.0 

13. Zn (mg/kg) 11.0 29.0 

14. Mn (mg/kg) 4.5 10.0 

15. Cu (mg/kg) 2.0 7.0 

Nutritional Quality 
Water chestnut is rich in nutrients such as vitamin-A, C, thymine, carbohydrates, amylase, amylopectin, 

beta-amylase, proteins, fats and nicotinic acids, which are beneficial for health. Water chestnuts can be 

used for diabetes, inflammatory disorders, etc. (Adkar et al., 2014 and Yasuda et al., 2014).   Though, 

protein content of the fresh nut is less, the dried nut was similar in terms of protein content as that of 

Makhana. It was amazing that the amino acid composition of water chest nut may be compared with 

makhana. The yield of dry nut was less it was about 2.0 t/ha but.  Makhana cultivation and processing are 

involved with more skilled laborers as compared to water chestnut cultivation.  The volume of dried nut is 

very less for water chestnut is cost effective for export. So, water chest dry nut can be exported and could 

be placed cheaply in shopping mall. Dry nuts contain moderate protein (8.5%) with very high amount of K 

(420 mg/100g) and Magnesium (60 mg/100g) (table1 &2). 

Processing 
Water chestnuts are typically eaten as fresh fruit. 53% fresh nut and 47% skin make up the fresh water 

chest. Fresh nut kernels have a very high-water content (70.0%). As a result, the Mithilanhal residents 

liked boiling water chestnut. It prevents colds and coughs and is crunchy and nutty. Whole fresh water 

chestnuts can be used to make the dried nut. 

But before harvesting, the nut should be fully formed. Fully developed nuts were rinsed for 30 minutes in 

clean water containing the fungicide Bavistin 0.1%. The cleaned nut can next be dried in the sun or in a 

hot oven (50.0 0 C) for three to four days. To prevent spoiling, the seed coat must then be removed. Finally, 

husk-free semi-dried nuts can be dried at 60 °C for 12 hours over the course of 1-2 days. Water chestnut 

kernels that have been cleaned, dried, and polished will subsequently be ready for marketing in poly bags 

or paper boxes packaged as a detoxifying agent, flour, or energy-rich nut. In addition to water chestnut 

laddoo, cookies, chapatti, and halwa are made. Weight of big dry nuts are 25.5 g (five nuts) with minimum 

loss due to fungal infection (table-3). 

Table-3: Grading and dying of nuts: 

Water Chesnut Size Nut weight (5 

fruits) (g) 

Skin weight (5 

fruits) (g) 

Loss due fungal 

infection (%) 

Big 25.5 14.0 1.2% 

Medium 12.4 10.0 3.8% 

Small 11.0 7.0 7.4% 

*** We would have 2.0 t/ha of dry water chestnut, valued at Rs 4.5 lakh, from 12.0 t of fresh water chestnut. 

After deducting the cost of production, the net income is (4.5-0.56) lakh, or 3.94 lakh/ha. 

Methods of Water Chestnut Flour Preparation 
Nuts can be dried in two different methods. Following harvest, there are two de-husking methods: 1. 

Direct(fresh) de-husking; and 2. Semi-drying of skin followed by de-husking. In the first procedure, poly-

phenol and soluble sugar are lost, which affects the look of dry nuts and lowers the quality of the atta/flour. 

In contrast, the second way results in nuts that are unbroken, poly-phenol and desired carbohydrates that 

are unaltered, high-quality processed goods, and processed goods that have a highly appealing appearance. 
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Economics 
Maximum benefits were made possible by the yield attained and the costs associated with the water 

chestnut cultivation (B:C ratio = 3.28:1). Farmers should be looked after and encouraged to use a business 

production system that incorporates scientific production methods. In an exceptional bearing field unit 

using good manuring and using superior crop protection techniques for the production of fresh fruits, the 

net additional profit from treatments is INR 184,000 (INR 2,40,000-INR 56,000) (table-4). 

Table-4: Assessment of production cost and net return from water chestnut cultivation of one 

ha wetland: 

Serial 

No. 

Items and Quantity: Total cost 

(Approx.) 

1. Planting material 5 Rs/plant (4500 plant) /ha Rs. 22500 

2. Green leaf manure, Karanz or Sesbania 3 Tones/ha Rs. 3500 

3. FYM: Six Tones/ha. Rs. 3000 

4. Fertilizer (NPK 45: 15: 25) Rs. 5000 

5. Man /labours Rs 250/day for intercultural operation and disease and pest 

control. 

Rs. 6000 

6. Extraction of ground water during winter and summer months with cost 

of electricity 

Rs. 6000 

7. Ploughing and puddling for field preparation  Rs.4000 

8. Inter-culture operation for removal of weed Rs .4000 

9. Transportation cost for procuring and marketing (15 km) Rs. 2000 

10. Total Cost of Production Rs. 56,000 

11. Gross Return 12.0 t/ha @20 Rs/kg Rs 2,40000 

12. Net Return  Rs 1,84000 

13. B:C ratio (11-10) 3.28:1 

Conclusion 
Water chestnut cultivation is incredibly lucrative. Because it contains a appreciable amount of protein K 

and magnesium, it is particularly nutrient-dense. It is a type of medicinal super food and may be essential 

for the manufacture of mixed foods by using its flour to fight the widespread malnutrition in India. 
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Fig3: Drynuts of Green Spineless Fig-4: Water chestnut flour (Internet Source) 

 

  



 

 
Volume 04 - Issue 11 - November 2022       190 | P a g e  
 

The Demand for Shark Fins is Devastating Shark 

Populations Around the World 
Article ID: 38467 
Krishna Kumar1 

1College of Fisheries, Dholi. B.F.Sc, IVth Year. 

 

 
 

Introduction 
One fourth of the Chondrichthyan (shark, ray and chimaeras) species have an elevated risk of extinction 

due to over-fishing and habitat loss. Shark and ray’s populations are in danger or at risk of being destroyed 

by poorly regulated fisheries in countries like India. In harvesting sharks and rays, India holds a global 

rank of fifth since decades. It has also been noticed that Shark harvest and fin export qualities have 

declined over the last decade. In between 1961-2013, 52,640 tons of Sharks and Rays were harvested yearly 

which further declined to 23,595 tons in 2015.  It is also noticed that India’s global shark fin exports was 

415 tons in 2000, which declined to 185 tons in 2015. Before 1950, Shark was discarded as bycatch except 

by some poor communities in the state of Kerala where shark meat was considered as an important protein 

source. In India, shark fisheries peaked in the 1980’s, when the targeted shark fisheries developed in 

Thoothar (Tamil Nadu) to supply an increasing demand for fin from South-east Asia. This demand and the 

resulting trade in shark products became an important source of income for fishermen communities 

belonging to the developing countries like India. Due to the mechanization of fisheries, leading to increasing 

fishing effort for Teleost and Chondrichthyan, landings declined by late 2000 in both on-shore and off-shore 

fisheries. Despite the introduction of certain fisheries management measure at the state level, including 

seasonal trawl ban, fishing gear restrictions, mesh size specifications and area of operation, the 

organization of Indian fisheries remain complicated with limited regulation, specific to shark fisheries. In 

fact, there is no restriction on landing, except for few species listed in schedule- 1 of Wildlife Protection Act 

1972, in this way the state regulation authority is inadequate to protect shark fishing in their respective 

areas. Due to the continuous decline of numbers of shark and teleost fishes in Indian marine ecosystem, it 

became a serious problem for shark population and fishermen on the west coast of India, where two-third 

of the fishermen community and 70% of marine fish production originated. It is also true that in India, 

marine fisheries support the livelihood of around 14 million people, with over 2 million people directly 

engaged in fishing operations. Due to this, shift in the species composition and volume of landing took 

place. It is likely to change the shark fisheries in such a way that it could meet the demand of various 

products such as meat and fin. In a survey, scientists have found that shark’s fin is much more in demand 

in the international market and henceforth shark’s harvest have increased in India so as to meet the 

demand of international market. 

 

India is one of the World’s largest shark fishing countries contributing 50% of the harvest mainly from 

Maharashtra and Gujarat. But it is found that in recent years, size of shark and number has dropped, 

which affects the fisheries sector and trade. In a recent study, the researchers from India, Australia and 

U.A.E have tried to find the reason of drop in size and number of sharks. 
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Why is Number Going Down? 
Unsustainable fishing practices, excessive juvenile bycatch and illegal shark fin trade are main reason to 

the rapid decline of threatened, vulnerable and critically endangered sharks. In a study it was found that 

commercially important landing sites where high density of shark’s population is recorded, especially along 

the Maharashtra coast, was leading to overall habitat degradation with remarkable effects at potential 

fishing grounds. This is an extremely serious issue to take immediate action for since we have already 

sensitized fisheries against juvenile fishes. 

 

The Shark’s fins are removed and kept out to dry and further exported to international markets. In 

international markets, price of one Shark fin varies between 1000- 15000 INR per kg. It is important to 

note that Shark fin import and export was banned by Ministry of Commerce and Industry in 2015. 

Overfishing is the primary reason for decreasing number of Sharks in Indian waters.  

Apart from this, there is a high domestic demand for Shark meat, thus the people have common perception 

that Sharks are caught for fin and export but the study tells that for most of the fisherfolk community, 

Sharks were a non-target species and dissemble as an additional income. They have sold large Shark for 

even Rs.30,000 to Rs.50,000 per unit. Coastal Sharks and Rays visit the area near the shore during the 

breeding season but currently such phenomenon is rare to sight due to the anthropogenic activities near 

the shore. Due to this, fishermen use modern fishing gears to capture Shark in deep sea. 

Why Shark Fin? 
Shark’s fins are one of the most high-priced fish products in the world that is of high value in international 

export market. As compared to white fin, black fin gives a superior yield with respect to quality. Fins are 

used as Shark’s fin soup or a delicacy in the countries like China and various part of Southeast Asia. After 

catching Shark, fishermen remove the fin, peel off the skin and finally collect a bone like ray that is used 

as soup sticks in China and other Southeast Asian countries mostly to enhance the flavor. The ray is packed 

in stacks and shown as wood so that they wouldn’t be detected by the customs and coastal guard during 

export operations. The price of fin varies between 1000- 5000 INR per unit for Shark, which drives the 

fishermen into shark fishing, sometimes as high as 15000 INR and this is because of the legal risk that is 

associated since these species are protected under Schedule 1 of wildlife protection act (1972). 

Are Sharks Facing Extinction? 
According to survey done in 2014 by the IUCN, which pointed out that one-fourth of all Sharks, Rays and 

other cartilaginous fishes are at a higher risk of extinction. Another study done by the researchers of fifteen 

countries on Arabian Sea found that 50% of Chondrichthyan species are in threatened categories of IUCN, 

14 species come under threatened category, these are: Spade nose Shark, Tiger Shark, Grey dog Shark, 
Milk dog Shark, Black tip Shark, Spot tail Shark, Bull Shark, Scalloped Hammerhead Shark, Hard hase 
Shark, Grey bamboo Shark, Ridgeback cat Shark, Thresher Shark, Fawn Shark, Graceful Shark. 
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The Shark, Ray and other cartilaginous fish that are protected under wildlife laws are: Whale Shark, Tiger 
Shark, White Shark, Spear-tooth Shark and other elasmobranch species are Hammerhead Shark, Large-
tooth Sawfish, Pointed Sawfish, Long comb Sawfish and Guitarfish. 

A Way Forward 
In 2013, The Ministry of Environment and Forest came out with a policy named “Fin Naturally Attached” 

to protect finning of Sharks. But this policy didn’t bring about a major impact because even after this policy 

market demand for whole Sharks remained unchanged. Indian Wildlife Act (1972) also proved inadequate 

for protection of these vulnerable species, only Whale Sharks (Rhincodon typus) number have made a 

revival due to various effort by the Government of India. More laws need to be made to protect the 

endangered and critically endangered species of Sharks. Government should identify the nurseries and 

congregation area of Sharks and protect this area from harmful fishing techniques. As like other fishes 

Shark don’t lay hundreds of eggs, they usually lay just 7-8 eggs per cycle and even some species are 

viviparous that directly give birth to young ones. Considering this small numbers of young Sharks, we 

should be extra careful in protecting. 

“In season fish” is a website which aim to bring awareness to the consumers at “www.inseasson.com” list 

out the fish that can be consumed and what not to be consumed during the season. When consumer demand 

goes down, the catch will also drop. The Wildlife Protection Act 1972 also needs some upgradation which 

shall provide specific emphasis on the endangered and critically endangered species of Sharks 
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Pluronic P-127 (PF-127), a copolymer of propylene oxide and ethylene oxide, is widely used in the field of 

medical, pharmaceutical and cosmetics (Barichello et al., 1999; Morishita et al., 2001; Kabanov et al., 2002; 

Marsh et al., 2003). Many scientists have been studied that pluronic gel could be utilized as a medium to 

study nematodes, bacteria, fungi and plant tissue as well as have minimum toxicity towards these 

organisms (Gardener and Jones, 1984; Ko and Van Gundy, 1988). The pluronic gel of 23% solution is become 

semisolid at room temperature but it is in liquid state at temperature of 15°C and below. Nematodes are 

able to move freely in transparent semisolid gel, and form three dimensional structures. This semisolid gel 

solution can also be used for screening of various crop germplasm against nematodes for In-vitro studies 

(Kumai et al., 2016, Hatzade et al., 2019). 

To make 100 ml of pluronic gel solution, 23 g Pluronic F-127 powder (Sigma-Aldrich) is added to 80 ml cold, 

sterile water at 4°C and allowed to dissolve with stirring for 24 hrs. The dissolved pluronic gel stored at 

15°C till the further use (Wang et al., 2009). Twenty to thirty ml of pluronic gel is pouring in to Petri dish 

at 15°C. Sterile seedlings are added into it and Petri dish was placed at room temperature for gel to solidify. 

The plants get inoculated with nematode juveniles and keep under controlled conditions (temperature- 

28°C, relative humidity- 60%) until the completion of life cycle. Because of nutrient less medium, there is 

little chance of contaminations. 

After the completion of nematodes life cycle, nematode inoculated plant Petri dish keep at ice for becoming 

liquid gel and wash with sterile water. Staining has been done with suitable staining agents and observes 

under stereoscope microscope for completion of nematode life cycle. Pluronic gel is an efficient medium for 

In-vitro screening of crop germplasm against nematode since it has no toxicity towards the nematodes as 

well as plants and experiment required a very short period of time. Primary screening of crop germplasm 

against nematodes could be done by using medium pluronic gel. For confirmation of 

resistance/susceptibility, screening of germplasm can be done In-vivo conditions (in soil). By using pluronic 

gel, many numbers of germplasm can be screen against particular nematode in a very short time period. 
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Introduction 

Cancer has always been one of the biggest health concerns in the world. There are many types of treatments 

available for cancer to reduce its spread and also to kill the cancer cells. However, many of these treatments 

often lead to long term and short-term side effects which reduce the quality of life of the patients and 

survivors. Hence, cancer patients, their care-givers and cancer survivors often look out for advice from their 

nutritionists or health care providers regarding diet/nutrition choices including food and dietary 

supplements as well as exercises so as to improve their quality of life and complement their ongoing 

treatments. 

Cancer patients and survivors also search for scientific evidence on the foods and supplements that can be 

included in their diet/nutrition plans to help their health condition.  Rice is serving food for more than 50% 

of the population across the world and has been an important part of the Asian diet. Traditionally, people 

used to have rice with the bran due to their nutritional benefits. However, over time, the polished rice 

became popular, especially in the urban region and the use of rice with bran got limited to the rural 

areas. Over 3.5 billion people around the global depend on rice for more than 20% of their daily calories, 

solidifying its place as a global food staple (CGIAR Research Program). 

Brown Rice – Therapeutic Nature 

In many countries, rice contributes to health by supplying dietary energy, proteins and fat. Many different 

species of rice have been identified for its pharmacological activity and they strongly support the use of rice 

in dietary therapy. Medicinal rice varieties have many defensive and therapeutic properties against human 

disorders like colon cancer, epilepsy, chronic headache, paralysis, skin diseases, indigestion, rheumatism, 

arthritis, blood pressure, diabetes and postnatal weaknesses. 

Whole grain of rice has some health promoting components. It is suggested that regular intake of whole 

grains and whole grain products reduces the risk of chronic diseases such as type II diabetes and 

cardiovascular diseases. The medicinal rice could be categorized as rice for diabetes, rice for chronic kidney 

disease, rice for mental health and also rice for cancer prevention. 

Cancer: A Global Issue 

Cancer is a significant global health concern affecting men and women worldwide. Although current chemo-

preventive drugs could inhibit the growth of cancer cells, they exert many adverse side effects. Dietary 

factor plays a crucial role in the management of cancers and has drawn the attention of researchers to be 

used as an option to combat this disease. Both in vitro and in vivo studies showed that rice and its by-

products display encouraging results in the prevention of this disease. The mechanism of anticancer effect 

is suggested partly through potentiation of bioactive compounds like vitamin E, phytic acid, gamma amino 

butyric acid (GABA), oryzanol, and phenolics. Cancer is one of the most significant health concerns 

worldwide. One in eight deaths worldwide is due to cancer (Velszic et al., 2011). It represents the first or 

second cause of death in advanced countries. Therefore, burning action is warranted to reduce the threats 

of this disease, particularly in developing countries in which the prevalence and incidence of this disease 

are expected to increase. Genetic defects only account for nearly 5–10% of all cancer cases, whereas 90–

95% are due to the environment and lifestyle (Anand et al., 2008). Therefore, most of the cancer cases and 

deaths worldwide are actually preventable (Tantamango- Bartely et al., 2013). It has also been reported 

that up to 30% of human cancers could be prevented through an appropriate dietary modification (Willett 

2002). 
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Difference between Brown Rice and White Rice 

Brown Rice White Rice 

Brown rice is processed, only the hull is removed. The 

bran and germ are left on the brown rice grain even 

after processing. Bran and germ are rich in fiber and 

are highly nutritious. Bran contains dietary fibers, 

tocopherols, tocotrienols, oryzanol, β-sitosterol, B 

vitamins and phenolic compounds that are beneficial to 

our health 

White rice is processed, the hull, bran and 

germ are removed leaving just the starchy 

endosperm 

It helps in help in appetite control and weight loss due 

to the presence of rice bran and high fiber content 

Absence of rice bran 

It is rich in minerals such as phosphorus calcium, 

manganese, selenium and magnesium, 

It is not present in white rice in significant 

amounts 

It contains fewer carbohydrates and more fiber White rice contains more carbohydrates and 

less fiber 

Brown rice nutrition results in lower glycemic index 

thereby avoiding rapid spike in blood sugar and may 

hence be more suitable for cancer patients 

Comparatively low 

It has a higher content of antioxidants such as B 

vitamins including thiamine, niacin and Vitamin B6  

Comparatively low 

It contains phytic acid that may reduce the ability to 

absorb some of the nutrients by our body 

Not available 

GABA (Gamma Amino Butyric Acid) Rice and Brown Rice 

Germinated brown rice is unpolished brown rice that has been allowed to germinate to improve the flavor 

and texture, and to increase levels of nutrients such as GABA. This germination process makes available 

additional amounts of the amino acid GABA (gamma amino-butyric acid) that is naturally occurring in 

brown rice. 

Germinated Brown Rice (GBR) 
It is simply a brown rice sprouted (or germinated) brown rice. The brown rice is first soaked overnight (or 

for two days) depending on the surrounding temperature and then kept for germination. It should sprout 

within 12-24 hours. 

Germinated Brown Rice (GBR) – A Natural Functional Food 

GBR a much better option to ameliorates hyperglycemia, boosts the immune system, lowers blood pressure, 

inhibits the development of cancer cells, and assists the treatment of anxiety disorders.  GBR is a natural 

functional food because: 

1. It is easily digested and absorbed easily 

2. Nutrients such as GABA (Gamma-amino butyric acid), ferulic acid, protein, Vitamin E, dietary fiber, 

Niacin, magnesium, B Vitamins, total antioxidant activity is increased multifold in GBR when compared 

to brown rice. 

3. GBR contains fewer calories and sugar when compared to milled rice. 

GBR – Benefits 

Nutrients Biological activities in GBR 

GABA Hypotensive effect, Accelerating metabolism in brain, preventing headaches 

or depressions aftereffects of cerebral arteriosclerosis and cerebral apoplexy, 

Preventing climacteric disorder, Preventing presenile derangement such as 

insomnia and mental irritation, Activating renal function 

Dietary fiber Relieving constipation, Preventing cancer of colon, Regulating blood sugar 

levels 

https://addon.life/2020/08/03/whole-grain-cancer-risk/
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Inositols Accelerating fat metabolism, Preventing fatty lever, Preventing 

arteriosclerosis 

Ferulic acid Scavenging super oxides, Suppressing melanogenesis 

Phytic acid Antioxidative effect, Protecting cardiovascular disease, Preventing platelet 

aggregation 

Tocotrienols Scavenging super oxides, Protecting skin from ultraviolet rays 

Magnesium Preventing heart diseases 

Potassium Lowering blood pressure 

Zinc Activating reproductive function, Preventing arteriosclerosis 

Gamma- oryzanol Antioxidative effect, Preventing skin aging, Modulating cholesterol values 

Prolylendopeptidase 

inhibitor 

Possible preventing Alzheimer’s disease 

Medicinal Varieties for Cancer Prevention 

There are 3 medicinal varieties of rice namely Gathwan, Maharaji and Laicha, have the ability to fight 

against cancer. These varieties were taken from the rice germplasm bank preserved in IGKV ( Indira 

Gandhi Krishi Vishwavidyalaya), Raipur. These rice varieties have properties to cure lungs, breast cancers 

without affecting normal cells. 

Conclusion 

Cancer is a significant global health concern affecting men and women worldwide. Although current chemo-

preventive drugs could inhibit the growth of cancer cells, they exert many adverse side effects. The 

Germinated Brown Rice (GBR) and medicinal rice contains high levels of phytochemicals, and thus has 

potent pharmaceutical activity to fight against cancer, cardiovascular diseases, lowers blood pressure, 

preventing skin aging, preventing Alzheimer’s disease and diabetes. Brown rice is higher in several 

antioxidants, vitamin E, protein, healthy fats, and fiber. It also has a lower glycemic index, so it's better to 

reduce blood sugar level. GBR is a natural source for GABA, fiber, proteins, phenolic acids, vitamins, 

antioxidants and trace elements. Hence GBR has many potential beneficial health effects for common 

chronic diseases. Regular consumption of GBR and medicinal rice varieties is cost-effective for the 

prevention or management of the common chronic diseases and cure for cancer. 
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Introduction 

The organic farming approach has been practised in India since ancient times and is largely focused on 

achieving sustainable agricultural production in a clean, pollutant-free environment. It is growing in 

significance in India's agricultural sector, largely as a result of the efforts of small farming communities. 

It is the product of years of exploitative agriculture, which has had negative effects on the environment, 

the health of people and animals, soil, and water sources. The excessive use of chemical pesticides and 

fertilisers has been linked to a number of issues with soil, the environment, and water quality. After the 

green revolution, intensive chemical agriculture was introduced, which is severely polluting our food 

supply, drinking water, and air. Although life expectancy has increased, the standard of living has 

significantly declined. 

The rural economy is in ruins because of over-dependence of inputs in agriculture such as seed, fertilizers, 

pesticides, growth-promoting chemicals etc. Food quality and safety are two vital factors that have attained 

constant attention in common people. It is even said that the chemical agriculture has destroyed our ability 

to think about the right way to go forward. Fortunately, alternatives to chemical agriculture are available 

in organic, biodynamic and eco-technological farming approaches. Though a small percentage of farmers 

are expected to take up organic farming, consumer demand for organically produced food and fibre products 

which will provide new market opportunities for farmers and farm-business around the world. In fact, 

Government of India has been clearly aware of the importance of organic and bio-dynamic farming 

approaches and the Ninth Five-year plan document laid emphasis on ‘Environment and sustainable 

agriculture’, promotion of organically produced commodities, particularly in plantation crops, spices and 

condiments. The Plan document emphasized the use of biofertilisers, bio-control agents, organic manures 

with ‘infrastructural support.   

Organic farming is basically a holistic management system, which promotes and improves the health of 

the agro-ecosystem related to biodiversity, nutrient biocycles, soil microbial and biochemical activities. 

Organic and bio-dynamic farming emphasises management practices involving substantial use of organic 

manures, green manuring, organic pest management pratices and so on. It has also come to mean that it 

is a system of farming that prohibits the use of artificial fertilisers and synthetic pesticides. 

Organic Farming Principles 

The four basic principles of Organic Farming- Principle of Health, Principle of Ecology, Principle of Fairness 

and Principles of Care, are the roots from which organic agriculture grows and develops (IFOAM). The 

organic food system based on these principles has to potential to contribute significantly to future food 

security. 

Principle of Health believes that organic farming should be able to maintain and improve the health of the 

soil, plants, animals, and earth as a whole. At the same time, the Principle of Ecology states that organic 

agriculture should be based on living ecological systems and cycles, work with them, emulate and help to 

sustain them. The Principles of Fairness, on the other hand, states that the stakeholders in the organic 

agriculture system should have a relationship based on equality, justice, and stewardship of the shared 

environment. 

This is essential to ensure fairness at all levels and all parties- farmers, workers, processors, distributors, 

traders and consumers, thereby ensuring a good quality of life to all. The Principle of Care suggests that 

the organic agricultural practices should frame in such a manner that it addresses not only the health and 

well-being of current but also of the future generations and the environment. 
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Organic Farming Benefits 

Organic agriculture has several benefits for farmers, including cheaper inputs, higher and more stable 

prices, and organization in farmer cooperatives. Organic farmers often receive higher and more stable 

prices for their products and the net economic return per hectare is often higher than that of conventionally 

produced crops (Bolwig, et al. 2009; and Valkila, 2009). organic farming is less damaging to the 

environment because organic farms do not use or release synthetic pesticides into the environment, some 

of which have the potential to harm soil, water, and local terrestrial and aquatic wildlife reported that the 

development of agriculture usually has a serious negative impact on wild biodiversity (Clement Allan 

Tisdell, 2012). As compared to chemical and fertiliser-utilised products, organic products are more 

nutritional, tasty, and good for health. The scientific evidence on the nutritional quality of organic, vs., 

conventional food is, however, rather uncertain due to the poor quality and contradicting results of many 

studies (Magkos, et al., 2003). There is a huge demand for organic products in India and across the globe, 

which generates more income through export. 

Status of Organic Farming in India 

Experts point out that organic farming is still at a nascent stage in India. About 2.78 million hectare of 

farmland was under organic cultivation as of March 2020, according to the Union Ministry of Agriculture 

and Farmers’ Welfare. This is two per cent of the 140.1 million ha net sown area in the country. Sikkim is 

the only Indian state to have become fully organic so far. The top three states-Madhya Pradesh, Rajasthan 

and Maharashtra — account for about half the area under organic cultivation. Meanwhile, the Gujarat 

government has announced to make the tribal district of Dang a 100% natural farming district. Over the 

next five years, around 53,000 hectares of Dang district will be converted to natural farming. 

Conclusion 

The Indian agriculture industry needs to undergo significant change if India is to achieve true self-

sufficiency. It must firmly adopt a strategy that aids farmers in increasing their incomes, utilising less 

chemicals and pesticides, producing nutritious food for the nation, and doing so while preserving natural 

resources. If organic and natural agricultural approaches are successfully adopted by an increasing number 

of farmers, then Indian agriculture can become sustainable. For this, the national and state governments 

will need to spark and spearhead change on a much greater scale than what is now being done. These 

actions will need to be forceful, well-planned, and budgeted, and they must show political leadership's 

commitment. 
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Nematodes are thread like structure which parasitizes plants and animals. Plant parasitic nematodes 

(PPNs) are serious pests of agricultural crops. There are several methods to manage the nematodes like 

cultural, mechanical, chemical, biological, etc. Each method has advantages as well as disadvantages for 

using it. Biological method is one of the most ecofriendly methods among all. Many biological agents have 

been studied for the management of nematodes. There are several fungi and bacteria which parasitizes 

nematodes. Many fungi have been explored and reported for their predacious or parasitic ability on plant 

parasitic nematodes. These included fungi producing adhesive knobs (Dactylella ellipsospora), sticky 

branches (Dactylella lobata), sticky network (Arthrobotrys oligospora) or mycelia, constricting (Dactylaria 
candida) and non-constricting rings (Dactylella bembicoides). The application of these fungi for nematode 

suppression was accompanied by addition of large amounts of organic matter and in most cases the levels 

of nematode control were unpredictable (Stirling 1991). Later in 1980s, several endozoic fungi were 

reported infecting nematodes (Kerry 1987). These included Dreschmeria coniospora, Catenaria auxilaris, 

C. anguillulae, Nematophthora gynophila etc. Although some of these like N. gynophila could parasitise a 

large number of nematodes like Heterodera avenae, H. trifolii, H. schactii, H. goettengiana, H. cruciferae 

etc., and their bioefficacy was dependent on adequate soil moisture and was dependent on the relative 

number of nematodes and endozoic units present in the soil. Besides, their obligate nature posed a problem 

for mass production. In the 1990s, most research on nematode bioagents was with egg parasitic fungi that 

also produced nematicidal metabolites like Paecilomyces lilacinus, Pochonia chlamydosporia, 
Cylinderocarpon, Gliocladium, etc. (Dhawan and Kamra, 1995; Kamra and Dhawan, 1997, Sikora, 1992). 

The relationship between nematodes and these fungi was variable, but as some of the isolates were highly 

virulent, they were extensively used and are still available as formulations in the market, especially for 

sedentary endoparasites (Kamra 2016). 

Table No. 1 Commercial bio formulations against nematodes in India (Kamra 2016): 

Sr. No. Bio agents Formulations  Source  

1 P. fluorescens Biocure, Bioshield, Multiplex, 

Sparsh, Sudocel, Dagger-G 

State Biocontrol Laboratory, Biotech  

International Ltd, 

Jeypee Biotech , Multiplex 

2 P. lilacinus Bionemator, Biocon, Bioact, PL 

plus, Multiplex Niyantran, 

Abtec Paecilomyces 

PBDC Bangalore 

3 T. harzianum Binab-T, Ecoderma,  

F-stop,    Supravit, Tricodex 

ADA (BCL), Pest 

Control Pvt Ltd. 

4 P. chlamydosporia Bionema, Biovert, Multiplex     

Versha 

PDBC Bangalore,  

5 Streptomyces 
avermitilis 

Abamectin Syngenta 

Table No. 2 Bio-control agents against plant parasitic nematodes, their modes of action, 

advantages and limitations (Kamra 2016). 

Agent  Mode of action  Advantages/limitations  

Fungi  

Facultative parasites  

Arthrobotrys spp. Traps produced on 

modified mycelium give 

Advantages: easily produced in vitro; some 

species rhizosphere competent; wide host 

range. 
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 (A. oligospora, A. 
dactyloides, A. robusta, A. 
conoides, A. musiformis 

rise to infective trophic 

hyphae 

Limitations: difficult to ensure trapping 

activity, coincides with activity of infective 

stages of cyst and root-knot nematodes; often 

do not produce resting structures and so may 

be difficult to formulate, excessive moisture in 

the form of rainfall hampers trap formation 

Paecilomyces lilacinus Hyphal penetration Advantages: easily produced in vitro; 

rhizosphere competent; attacks the eggs of 

several nematode species; treatment of 

planting material (e.g. seed tubers) can be 

effective. Limitations: requires high soil 

temperatures; has given variable control in 

range of conditions; large numbers of 

propagules (106/g soil) required for nematode 

control; some isolates have been reported to 

cause skin and eye infections in humans. 

Pochonia chlamydosporia Hyphal penetration Advantages: easily produced in vitro; some 

isolates rhizosphere competent, and virulent 

(103 propagules/g soil required for nematode 

control); resistant resting spores produced; 

survives throughout growing season in soil.  

Limitations: seed treatments ineffective; 

efficacy varies with nematode species, density 

and plant host. 

Trichoderma spp. Parasitism, enzymatic 

lysis, antibiosis, induced 

resistance 

Advantages: Some isolates serve as broad 

spectrum plant protection agents and growth 

promoters easily produced in vitro. 

Endophytic fungi (non- 

pathogenic root- infecting 

fungi and        

mycorrhizae) 

Competition in roots and 

modification of root 

exudates 

Advantages: include agents with potential to 

control migratory endoparasitic nematodes in 

roots; may improve plant growth even in 

absence of nematodes; reduce damage caused 

by wide range of nematodes and limit their 

multiplication; can be mass produced and 

formulated; could be applied to seeds or 

transplant material; may reduce fungal root 

rots. 

Limitations: non-mycorrhizal fungi may be 

difficult to register as closely related to plant 

pathogens; efficacy affected by plant cultivar 

and other crops in rotation such as crucifers 

can reduce survival. 

Hirsutella spp. Adhesive spores Advantages: relatively easy to culture in vitro; 

attack infective nematodes in soil. 

Limitations: poor saprophytic competitor; 

limited spread in soil. 

Bacteria  

Obligate Parasites 

Pasteuria spp. 
P. penetrans, P. thornei, P. 
nishizawae, Candidatus 
Pasteuria usage 

Adhesive spores Advantages: most isolates highly virulent; 

infective spores resistant to drying; good 

shelf-life; reduce infectivity of nematodes as 

well as fecundity. 
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Limitations: difficult to culture in vitro; 

isolates are highly specific; no proliferation in 

soil in absence of nematodes. 

Rhizosphere bacteria   

Pseudomonas spp. (more 

than 11 species) 

Bacillus spp. (more   than 

15 spp.) 

Interferes with host 

recognition, production of 

toxins or modification of 

root                  exudates, 

plant growth promoter, 

induces systemic 

resistance 

Advantages: easy to culture in vitro; can be 

applied as soil drench, seed treatments; can 

be effective against fungal pathogens as well.  

Limitations: effective for a relatively short 

period; activity affected by crop cultivar and 

nematode species; little effect on nematode 

multiplication. Different rhizobacteria showed 

different degrees of suppression on nematodes 

in various conditions. 

Cry protein bacteria 

Bacillus thuringiensis 

(Cry5, Cry6, Cry12, Cry13, 

Cry14, Cry21) 

These Cry proteins 

showed toxicity to larval 

stages of free-living and 

parasitic nematodes 

damaging intestines of 

nematodes 

Advantages: easy to culture in vitro; can be 

applied as soil drench, seed treatments. 

B. thuringiensis, spores germinate in soil and 

vegetative cells migrate to the root zone and 

colonise the root surface of the plants. 

Limitations: Nematicidal activity varies with 

the strains, besides the thermostable β 

exotoxin, it also produces thermolabile toxins 

Symbiotic bacteria 

Xenorhabdus. and 

Photorhabdus 

Toxic to juveniles of root- 

knot and pine wood 

nematodes and inhibit 

egg hatch due to toxin 

production (ammonia, 

indole and stilbene 

derivative) 

Advantages: virulent bacterium, culturable, 

can be applied as soil drench  

Limitations: will need frequent inundation as 

the bacterium does not survive in soil, also 

undergoes phase reversal on nutrient 

depletion 

Opportunistic parasitic bacteria with nematicidal effects 

Bacillus nematocida 

(Bacillus sp. B16); 

Brevibacillus laterosporus. 
Bacillus 

sp. RH219 etc 

Parasitism, production of 

enzymes; Br. 

laterosporus strain G4 

could penetrate the 

nematode (Pangrellus . 

redivius and 

Bursaphelenchus 

xylophilus) cuticles and 

eventually digest the 

target organism in the 

laboratory 

 

Toxin products of actinomycetes 

Streptomyces avermitilis Low molecular weight 

macrocyclic lactones 

called avermectins cause 

neuro muscular 

dysfunction in 

nematodes, reducing  

nematode invasion in 

plants and mortality in 

soil nematodes 

Advantages: highly virulent at low doses 

Limitations: Penetration in the soil is poor 
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Introduction 
The entire tree (leaf, bark, stem, flower, pod, and gum) provides at least one or more advantages to both 

human and animals, the moringa plant is sometimes referred to as a gift from nature. Despite everything, 

leaves are the component of the plant that is used the most everywhere. The tree, which is a member of the 

Moringaceae family, is easily cultivable up to 1000 metres above mean sea level (Mallenakuppe et al, 2019 

& Gopalkrishnan et al, 2016). Because of its resilient adaptive qualities, such as its capacity to grow fast, 

endure drought conditions, and its lifespan, moringa, which is historically a native of India, is today grown 

in both tropical and subtropical regions of the world. Various traditional names for the Moringa oleifera 

species exist depending on where they are found and what they are used for, including superfood tree, 

drumstick, miracle tree, tree of life, horseradish benzoil tree, and Moringa. According to estimates, in good 

circumstances, a mature plant can reach a maximum height of 10 m and an average height of 5 m. (Zhao 

& Zhang, 2013). 

Medicinal Uses of Different Parts of the Moringa Tree 
Plenty of essential nutrients and antioxidants are present in every section of the moringa plant. Calcium, 

potassium, zinc, magnesium, iron, and copper are among the minerals abundant in moringa leaves. 

Moringa also contains vitamins such vitamin A's beta-carotene, vitamin B's pyridoxine, nicotinic acid, and 

folic acid, as well as vitamins C, D, and E. Additionally, moringa leaves have a low-calorie count and can 

be included in an obese person's diet. They are useful for treating digestive issues and preventing colon 

cancer since they are fibrous. According to a study, immature pods have about 20.66% protein and 46.78% 

fibre (Gopalkrishnan et al, 2016). 

Leaves: Since ancient times, Ayurvedacharyas have used the leaves of plants to make remedies to treat a 

variety of diseases. The leaves of the Moringa plant are also frequently used because they have the potential 

to treat a variety of illnesses, including the flu, asthma, hyperglycemia, heartburn, dyslipidemia, malaria, 

syphilis, diarrhoea, pneumonia, scurvy, headaches, bronchitis, skin diseases, eye and ear infections. 

Flowers: Numerous studies have shown that moringa flowers have anti-arthritic and hypocholesterolemic 

properties, which help treat urinary and cold issues. The Moringa flower ash is high in potassium and 

calcium, and the Moringa flowers themselves contain nine amino acids, sucrose, D-glucose, traces of 

alkaloids, wax, quercetin, and kaempferat (Ruckmani et al., 1998). 

Seeds: The oil extracted from the moringa seeds abundantly has oleic acid, tocopherols and sterols. The 

seed oil is named as Ben oil. It resists oxidative rancidity due to presence of tocopherols. Oil can be used in 

perfumery and as lubricant. Due to presence of sterols oil can be used in cooking as a substitute for olive 

oil. Seeds are also used in treating Chrohn’s disease, hyperthyroidism, rheumatism, antiherpes-simplex 

virus arthritis, cramp, epilepsy gout, and sexually transmitted diseases and can act as antimicrobial and 

anti-inflammatory agents. 

    
Leaves Flowers Pods/fruits Tree 
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Different Parts of the Moringa Tree 
Moringa seed powder is a simple and effective technique to clean unclean water, according to a number of 

research findings. The Moringa seed powder sinks to the bottom of the murky water where it combines 

with the sediments. This procedure can eliminate 90–99% of the germs present in the water. The cost of 

utilisingMoringa seed powder to cleanse water is lower than using aluminiumsulphate, which is bad for 

humans and upsets the environment. According to numerous researches, 20 litres of water can be cleansed 

by shaking 2 grammes of moringa seed powder for 5 minutes after adding it to a container.  

Gum: Gum and its derivatives have potential uses in a variety of industries, including the delivery of drugs, 

as a pharmaceutical excipient, and in the treatment of wastewater (Momoh et al., 2013). In addition to 

being an astringent and rubefacient, moringa gum is also used in a number of treatments for dental caries. 

When combined with sesame oil, it is also used to treat asthma, dysentery, syphilis, and other rheumatic 

and syphilis-related conditions as well as to relieve headaches, fevers, and intestinal complaints. 

One of the least studied parts of plants is their gums. The use of moringa gum as a medicinal excipient in 

diverse formulations has a lot of potential. Moringa gum's physical and pharmacological characteristics 

were clarified by Jarald et al. (2012) so that it may be used as a pharmaceutical excipient. Moringa gum 

shares characteristics with gum tragacanth, an established medicinal excipient. It was also employed as a 

gelling agent, mucoadhesive polymer, disintegrant, binder, film-forming agent (Panda et al., 2014), 

emulsifying agent, and drug delivery carrier (Varma et al., 2014). 

 
Moringa Gum 

Roots: The root epidermis functions as a heart stimulant, an anti-ulcer, and an anti-inflammatory. Many 

researchers have previously claimed that the Moringa roots are rich in antimicrobial compounds and 

exhibit antibacterial action (Padmaao et al., 1996). According to Ruckmani et al. (1998), roots contain 

pterygospermin, an active antibiotic principle with potent antibacterial and fungicidal properties. 

Commercially Available Moringa Formulation 
Numerous commercially available health products, including Rumalaya and Copyright 2006 John Wiley & 

Sons, Ltd., contain various M. oleifera components. Phytotherapy Research, 21, 17–25 (2007) Septilin (the 

Himalaya Drug Company, Bangalore, India), Orthoherb (Walter Bushnell Ltd, Mumbai, India), Kupid Fort 

(Pharma Products Pvt. Ltd, Thayavur, India), and Livospin (Herbals APS Pvt. Ltd, Patna, India), which 

are reputed as treatments for a variety of human health disorders, are available. (Mehta et al., 2003). 

Conclusion 
As mentioned, every component of a plant is crucial to the food and medicine sectors. It is advantageous to 

fortify the Moringa in every meal from snacks to dinner to eradicate malnutrition. If the companies and 

researchers take advantage of the tree's ability to produce food that is highly nutritious, it might become a 

significant source of money for the country. 
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Introduction 
With a projected potential of $24 billion by 2025, the agriculture sector has recently become an appealing 

vista for the creation of potential entrepreneurs. Agri Startups are young businesses that introduce novel 

products and services based on a profitable business idea and are yet to establish a business model. Every 

ninth Agri-tech start-up in the world has been originated in India. These agri-Startups are integrating 

technology and growing at a pace of 25% per year, raising farmers income by 1.7 times (NASSCOM, 2019). 

The overall number of agriculture Startups in India are approximately 4300, including 2082 agri-tech 

Startups, 998 organic agriculture Startups, 467 food processing Startups, 239 dairy Startups, and 473 other 

agriculture linked Startups. Almost half of the Agri-Startups were in the Agri-tech sector (Startup India, 

2020). The vast majority of agricultural outliers are compelled to seek employment in surrounding towns 

and cities, primarily in the unorganized low-wage sector. This emphasizes the importance of developing 

more creative economic systems in order to increase agricultural job prospects. This study can shed insight 

on how to build entrepreneurial ecosystems successfully and reveal the dynamics of their evolution. 

Facts about Agri-Startups: (Ramalingegowda and Shrivastava, 2014) 
1. Only 20 per cent of Startups in agriculture are profit-oriented 

2. 44 per cent agri-education Startups were searching for fund raising 

3. 62 per cent of Startups in crop production were gaining profits  

4. 87 per cent and 55 per cent of Startups related to crop production and food processing are bootstrapped 

5. Major categories of Agri-Startups are food processing, automation/technology and agri-education. 

Factors Influencing the Performance of Startups 
Various factors motivate entrepreneurs to start their own ventures (Finnegan, 2005). The dynamic abilities 

and business techniques of a firm are certainly associated with its enterprising performances (Ahmad and 

Ramadan, 2018). Research on personality attributes relates demeanors such as locus of control, risk-taking, 

need for achievement to the success and development of entrepreneurship (Rauch and Frese, 2000). 

Entrepreneurs have control over Intrinsic factors such as finance, product characters, human capital, and 

market can alter the same to get the ideal result. Entrepreneurs also have few factors beyond their 

command known as extrinsic factors such as nature of mentorship, government policies which can impact 

the outcome (Khelil, 2016). Entrepreneurs have been demonstrated to be inclined particularly to cognitive 

biases, empowering them to unquestionably take risks (Simon et al., 2000). Other instances of psychological 

factors that have been found to recognize entrepreneurs from non-entrepreneurs are counterfactual 

intuition (Baron, 1999) and perceived self-efficacy (Chen et al., 1998).  

In the financial approach the sources and size of capital of the new firm are the matters of concern. Most 

firms begin with a modest quantity of capital secured by the venture founders (Aldrich, 1999). Absence of 

funding might be rationale for young entrepreneurs to relinquish the startup process (Blanchflower and 

Oswald, 1998; Holtz-Eakin et al., 1994). In this regard, a huge amount of startup money to be furnished 

via a bank or angel investor might be a risk factor for early-stage ventures. Startups fostered by innovative 

technologies are capable of leveraging organizational flexibility and enter into a niche serenely (Hsu, 2008). 

Progress of firms aimed towards technologies and data framework has a positive impact on firm’s prudent 

performance and potency (Lee et al., 2008). Undoubtedly the predominant motive of capitalists for 

enterprising Startups are such as for their self-acknowledgement to possess a business, for savoring 

independence in decision making, for monetary reliance, for recognition and reputation in the general 

public, and for employing the innovations and building large corporations or establishments (Lasso, 
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Mainardes, & Motoki, 2017). Frequently better educated and enriched entrepreneurs with financial 

resources and skill sets, are spurred to begin their own company by “pull factors” (Srivastava, 2012) such 

potential to generate income for themselves and create job opportunities for others. Different factors that 

influence the decision to begin a new business are subject standards; education; attitude; perceived 

behaviour control, background, extrinsic environment, and intentions of entrepreneurs: social valuation, 

(Dohse & Walter 2012; Utami, 2017). Start-up ecosystems may be examined using a range of methods, 

including theoretical studies, studies that track particular start-up ecosystems over extended periods of 

time, and studies that compare start-up ecosystems to clarify how they differ from one another. 

Why Startups Fail? 
Despite the fact that India has the 3rd the largest ecosystem for Startups after the United States of America 

(USA) and the United Kingdom (UK), 90% of Indian Startups fail in light of absence of strategic intuition 

blended with the inadequacy of technological innovations and lack exceptional business models 

(Prashantham & Yip, 2017). Numerous Startups abort without reaching their goals due to heavy 

competition; and such failure is a consequence of poorly framed strategies (Hitt et al., 2001). Startup 

failures are mostly due to insufficient finance, dearth of innovation, market fluctuations. Small and 

medium enterprises are found to have low innovation especially in family business (Schafer, D., Stephan, 

A., Mosquera, J.S, 2017). Major obstacle faced by most Startup owners is finding funds to expand the 

Startup further (Berger, Cowan, Frame, 2011). Around 90 % of Startups abort in the initial 5 years in the 

US context (Forbes magazine, 2015) and the marvel is similar for Indian context as well (Business line, 

2017). Agritech based Startups take time to scale-up and require a mindset change. Startups abide a 

structural paucity of tangible and intangible resources owing to their smallness (Wymer and Regan, 2005). 

Agritech Startup founders feel that raising funds (40.00%) is the biggest challenge and convincing investors 

on customer traction remains an arduous process. Lack of policy support (29.00%), lack of digital support 

(20.00%) and unfavorable farmers mindset (12.00%) were some of the challenges faced by Agri-Startups 

(NASSCOM, 2019). Failures of start-ups free up individuals with better abilities and more time for either 

founding a new start-up or joining an already established one. 

Agri Startup Ecosystem 
Since 2015, the Indian startup ecosystem has been rapidly expanding by diversifying its focus on economic 

areas in order to address the country's challenges through technological innovations and India has the 

third largest startup ecosystem in the world (Vijayan & Shivkumar, 2020). Competitive indigenous Agri 

business ecosystem requires development of entrepreneurship plans and a sustainable innovation process 

(ACI and ETG, 2011). Entrepreneurial ecosystems are classified into six domains: accessible markets, 

finance availability, conducive culture, quality human capital, progressive policy framework, and 

institutional support (Isenberg, 2011). Each domain contains several elements that interact in complex and 

idiosyncratic ways (Mason & Brown, 2014). 

Following observations made in Boulder and Colorado, Neck and his associates (Neck et al. 2004; Cohen 

2006) developed their entrepreneurial framework. They identified six components that make up an 

entrepreneurial ecosystem: incubators, spin-off businesses, formal and informal networks, physical 

infrastructure, and culture. Interestingly, the key components of entrepreneurial ecosystems discovered by 

earlier studies paralleled those of cluster theory. Porter (Porter 1994, 2000), whose goal was to 

comprehensively characterize industrial agglomerations, was the first to do this. He mentioned key clients, 

labor force, specialist support services, research universities, and venture capitalists as sources of risk 

capital (Porter 1998b). As this body of knowledge grows, we feel that comprehension of the relationships 

between the components of an ecosystem is essential to comprehending how the system works. 

Government Policies Enabling Agri Startup Ecosystem 
To help emerging entrepreneurs develop and expand new Startups, the Government of India announced 

the Startup India Policy in January 2016, supported by various programmes such as Skill India, Start Up 

India, Stand Up India, MUDRA, the ACABC programme, and Udaan (ICFA, 2019). These initiatives have 

considerably addressed critical skill gaps in the labor market and strive to provide individuals with 

industrial training and skills. Every year, almost 10 million individuals, mostly adolescents, are taught via 

various programmes run by the Skill India Mission (NSDC, 2020). 
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Entrepreneurial ecosystem (Adapted from Isenberg, 2011) 

   Source: https://www.forbes.com 

NSTEDB: The DST's National Science and Technology Entrepreneurship Development Board (NSTEDB), 

established in 1982, is an institutional structure that aids a limited, one-time non-recurring financial 

assistance, up to 25 lakhs to promote technology intensive firm 

SFAC: An autonomous society established in 1994. SFAC enhances the earnings of small and marginal 

farmers via agribusiness developments and associations. Further, it pioneers the establishment and 

expansion of Farmer Producer Organizations/Farmer Producer Companies, to develop an eco-system in 

order to make them more sustainable and viable in the long run. 

Dairy Entrepreneurship Development Programme: The Ministry of Animal Husbandry, Dairying, 

and Fisheries launched the Dairy Entrepreneurship Development Scheme in 2010 to foster job creation in 

the dairy sector, with a focus on increasing milk production, milk procurement, increasing milk quality, 

transporting milk, milk processing, establishing modern dairy farms, modern technology for commercial 

scaling of milk projects, and backing capital subsidies to scalable projects. It is executed by the National 

Bank for Agriculture and Rural Development (NABARD). 

ASPIRE: A Scheme for the promotion of innovation and rural entrepreneurship in agro industry was 

launched in 2015. It fosters rural incubation and acceleration for mechanizing farmer practices, value 

addition, recycling and builds business models to create jobs in rural areas. 

Atal Innovation Mission: The Atal Innovation Mission (AIM) was established in 2016 as India's flagship 

program to encourage innovation and entrepreneurship culture throughout the country. It guarantees a 

10-crore grant to each Atal Incubation Centre for a five-year term to cover capital and operational expenses 

spent in running the enterprise. The ultimate purpose of AIM is to establish the groundwork for Small 

Business Innovation Research and Development (AIM-SBIR) for many great researches around the 

country, including agricultural research (Indian Council of Agriculture Research- ICAR), 

Agro Processing Cluster Scheme: Ministry of Food Processing Industries launched the scheme in 2017 

under the guidance of SAMPADA (Scheme for Agro-Marine Processing and Development of Agro-

Processing Clusters) to encourage entrepreneurs to set up their food processing units by linking groups of 

producers/farmers and processors to markets through a well-equipped supply chain with cutting-edge 

infrastructure facilities based on a cluster approach (Startup India, 2020). 

https://www.forbes.com/
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RKVY-RAAFTAR: The Rashtriya Krishi Vikas Yojna (RKVY) is a major initiative sponsored by the Indian 

government's Ministry of Agricultural and Farmers' Welfare (MoA&FW) with the purpose of developing 

agriculture and related infrastructure. In 2018-19, a new component of the redesigned programme RKVY-

RAFTAAR was developed with 10% of annual spending, including 2% administrative costs, to boost agri-

preneurship and agribusiness through financial assistance and fostering the incubation environment 

(Mittal, Agarwal & Kadam, 2021). 

Opportunities of Agri-Startups 
1. Employment generation: Job creation through one's own agribusiness start-up may be conditionally 

validated as follows i.e prospective agri entrepreneurs are eager to create jobs through their own 

agribusiness ventures, after completing a series of entrepreneur trainings (Vojnovic et al. 2014). Such Agri 

startups are EM3 agri services and Goldfarm.                                 

2. Stakeholder empowerment: By enabling the Agri value chain, all the stakeholders like input 

companies, credit institutions, farmer producer associations, consumers, credit agencies, distributors, 

advisors etc., get involved in order to strengthen the program's ailment and increase its chances of success. 

Samudra network and Farmsurge are two examples. 

3. Processing and Exports: With the support of end-to-end food traceability, the processing and export 

industry is expected to employ 9 million people by 2024, increasing revenue and exports. Examples are 

Ourfoods and Jivabhoomi.                                                                                                        

4. Resource maximization: Agri-Startups pool the poor landholdings of small and marginal farmers in 

order to embrace breakthrough technology. Kisanraja is a user-friendly mobile motor monitoring gadget 

designed to reduce water waste and aid in the judicious use of water. To preserve resources such as water, 

the farmer may regulate irrigation to the field from anywhere using a cell phone or landline. 

5. The Digital Infrastructure: Laying the digital groundwork and developing solutions that build a data 

layer will alter DBT programmes, insurance, and loan disbursement. farMART, Gramcover, as examples 

(NASSCOM, 2019). 

Challenges Faced by Agri-Startup Ecosystem 
1. Fragmented land holdings: Indian farms are tiny and fragmented, with more than 70% being less 

than one hectare and the national average land holding size being 2 ha, resulting in low yields. (NASSCOM, 

2019). 

2. Prolonged gestation period: Adoption of new technology is a gradual process, which reduces investor 

interest. (NASSCOM, 2019). 

3. Retention of technical skill: significant effort is required for making farmers adopt required skills 

and work on advanced technologies. Agri start-ups and enterprises are finding hard to retain technical 

talent working in this sector (NASSCOM, 2019). 

4. Sources of funding: In reality, start-ups rely heavily on financial support from investors. When there 

is a cash influx, small firms, particularly start-ups, find it incredibly difficult to manage their funds and as 

a result, things slow down. According to a recent survey, 85% of new companies are underfunded, signaling 

a possible failure (Iwasiuk, 2016). 

5. Government regulations and policy framework: In spite of favorable Government regulations, 

adoption of proven technologies is yet to gain momentum through subsidy. (FICCI and PwC, 2018) 

Recommendations 
1. In order to provide actual economic advantages to farmers, research systems must adopt and implement 

an integrated approach based on convergence and joint action (Wani et al., 2003, 2009). 

2. In developing nations, the private sector accounts for just 6.30 per cent of overall agricultural research 

investment, compared to 55.20 per cent in developed nations. There is an urgent need to improve the 

efficiency of the public research system, to evolve technologies to solve challenges in the order of priority, 

and to build public-private partnerships to promote social and economic growth. (Ramasamy, 2013). 
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3. Banks and financial institutions must also rise to the occasion and create simple models for financing 

farmers, entrepreneurs, incubators, and accelerators. Government’s schemes like Startup India, the Digi 

Gaon (Digital Village) initiative, and Bharat Net Project can collaborate together to address the current 

situation of startups (FICCI and PwC, 2018). 

4. To strengthen the Agri start-up ecosystem in India and foster an entrepreneurial environment for young 

entrepreneurs, stakeholders such as the government, educational institutions, corporations, non-

governmental organizations and others should collaborate (Shaikh, 2019). 

Conclusion 
Research has shown that the government is dedicated to the overall expansion of start-ups in India by 

creating a fully developed start-up ecosystem. India is progressing in its effort to create a robust startup 

environment. In addition, the Indian government has introduced a wide range of initiatives aimed at 

encouraging entrepreneurship in the nation and providing financial help to start-ups. A total of 3562 Agri- 

startups have come up from 2013 to 2020 transforming agriculture sector in India. 2022 outlook should be 

directed towards accelerating innovation culture, collaboration of data, providing easy working capital and 

digital infrastructure. Long gestation periods can be condensed by combining the efforts of incubators, 

accelerators, mentors, investors, and government programmes for startups. However, the sustainability of 

the agricultural startup ecosystem will only be aided by well-designed inclusive financial policies, rapid 

penetration of technology among farmers, and substantial financial backing from the government. 

Agripreneurship is not only necessary today, but it also creates a chance to boost the profitability and 

productivity of the Indian farming sector. 
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Introduction 
Multiple cropping or multi cropping is the practice of growing two or more crops in the same piece of land 

during one year, instead of just one crop. When multiple crops are grown simultaneously, this is also known 

as intercropping. This cropping system helps farmers to double their crop productivity and their income. 

But, the selection of two or more crops for practicing multi cropping mainly depends on the mutual benefit 

of the selected crops. 

Objectives of Multiple Cropping 
1. To increase the cropping intensity.  

2. To increase land-use intensity.  

3. To obtain more crops from the same field in a year.  

4. To maximize the use of land and time.  

5. To increase the scope of land utilization and diversification of farming.  

6. To increase cash income.  

7. To cover the risk of low market prices and adverse climate on crops. 

Advantages/Importance of Multiple Cropping 
1. It increases production per unit area.  

2. It provides a wider variety of crops.  

3. It increases the farmer’s net income.  

4. It increases the scope of land utilization and diversification of farming.  

5. It allows better adjustment of planting time of crops.  

6. It allows better utilization of labour.  

7. It saves foreign currency expenditure.  

8. It decreases the food deficit.  

Farmer Producer Organisation is a legal entity comprising of any type of primary producers like 

agriculture, handicrafts, forestry, etc. based on the recommendations made by Y K Alagh committee in 

2001. One for all and all for one is the motto of FPOs and it is an important strategy for creating an 

ecosystem for enhancing farmer’s profits which was supported by non-governmental organisations (NGOs) 

and have been playing an important role in providing inputs, finance, extension to address the challenges 

faced by the small and marginal farmers. Among the central level institutions, SFAC and NABARD are 

the major institutions taking up the task of promoting FPOs in the country.  

In Jagtial district of Telangana, Sriramulapally Mango Farmer Producer Company Ltd. was formed in the 

year 2019 with the support of Horticulture Dept. and is having registration No. U01100TG2020PTC144607.  

Mango is the major crop and Paddy, turmeric, maize are the other crops of the FPC. Presently, FPC is 

operating with 310 member farmers. 

Mr. Mr. Swami Reddy (45 years), a Board of Director of Sriramulapally Mango FPC Ltd. and progressive 

farmer from Sriramulapally village of Jagtial district adopted multiple cropping system for increased 

income levels in 2021-2022. He completed his education i.e., Degree and started diversified farming in his 

6 acres of land comprising various combinations of field crops such as cereals (paddy and maize), oilseeds 

(sesame), commercial crops (turmeric and ginger) and fruit crops (papaya and banana). He also had drip 

irrigation system in his field for cultivation of crops to aid judicious use of irrigation facilities. 

He adopted multiple cropping system in his one acre of land and cultivated turmeric (erraguntur variety) 

intercropped with maize (syngenta) and papaya (red lady). He has cultivated turmeric in raised bed system 

method. The farmer opined that cultivation of turmeric in raised bed system conserves natural resources 

https://en.wikipedia.org/wiki/Intercropping
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and minimizes pest and diseases incidence that occur due to heavy rains which leads to bumper yields and 

income. He also opined that cultivation of turmeric by conventional flatbed method leads to poor drainage, 

more pest and disease incidence and low yields.  

He completed sowing of crops on June 5th and started harvesting of Maize in September, 24th and Turmeric 

in February, 4th. He got yield of 14 q. of mother rhizomes and 22 q. of baby rhizomes in turmeric crop and 

12 q. in Maize crop. Papaya crop started harvesting from November onwards and till August, 2022, 

harvested 70 q. of papaya.  

From the sale of turmeric crop, the farmer got income of Rs. 1,57, 200/- and maize crop got income of Rs. 

22,920/-. From papaya, he got an income of Rs. 1,05,000/-. From multiple cropping systems, farmer got 

gross returns of Rs. 2,85,120/-. The total cost of cultivation as opined by the farmer was Rs. 81,280/-. The 

net returns were observed to be Rs. 2,03,840/- and the farmer is expecting net returns of Rs.5,00,000 till 

the last harvest of papaya through multi cropping system in one acre land. The farmer opined for adopting 

farm mechanisation as a problem in multi cropping system. 

The farmer also adopted direct marketing of papaya and corns through his wife Lachava who is an 

uneducated woman by a pet shop near to his filed which also resulted in higher income levels to the farmer. 

Conclusions 
Adopting multiple cropping system was beneficial to the farming community and hence the farmers are 

advised to practice for doubling their income levels. 
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Introduction 
Crop variety improvement research and development based on conventional breeding as well as 

biotechnological methods (GM varieties) require considerable investments, in terms of both scientific 

manpower and financial expenditure. Therefore, in order to attract investment and encourage progress and 

development, plant breeding programs have to be protected from misuse, and ensure appropriate incentives 

to the breeders. Thus, an effective system of Plant Variety Protection (PVP) will not only be a safeguard 

against unlawful commercial exploitation of the new varieties but also stimulate the development of new 

varieties. 

The International Union for the Protection of New Varieties (UPOV), with 54 member countries ( as in 

2004), provides and promotes an effective system of Plant Variety Protection (PVP) with the aim of 

encouraging development of new plant varieties for the benefit of mankind in member states. India is not 

yet a member. UPOV has developed guidelines for testing of more than 200 plant species before granting 

them protection. These Test Guidelines are used as standard reference document worldwide in relation to 

the description of plant varieties and testing of plant varieties to be qualified for Protection in UPOV 

member states. 

Distinctness: Distinct, if it is clearly distinguishable by at least one essential characteristic from 

any other variety whose existence is a matter of common knowledge in any country at the time of 

filing of the application. 

Uniformity: Uniform, if subject to the variation that may be expected from the particular features 

of its propagation it is sufficiently uniform in its essential characteristics. 

Stability: Stable, if it’s essential characteristics remain unchanged after repeated propagation or, 

in the case of a particular cycle of propagation, at the end of each such cycle. 

DUS Testing 
Thus, under the “Protection of Plant Varieties and Farmers’ Rights Act”, a new plant variety can be 

registered and protected for a specific duration 15 years for annuals and 18 years for vines and trees. 

Registration and protection can be granted to a variety only if it conforms to the criteria of Distinctness, 

Uniformity and stability. It means that the new variety has to DUS testing in its characteristics. This 

requires the examination of the variety if it conforms to the standards of DUS test. The examination of a 

variety for DUS generates a description of the Varity, using its relevant characteristics. This examination 

of a variety is either conducted by the Plant Variety Protection Authority (‘Official testing’) or by the 

breeder seeking protection (‘Breeder testing’). In some countries (Japan, New Zealand), both government 

or official testing and breeder testing are done. Official testing is common in European countries. Under 

breeder testing (as in USA, Australia), the applicant has to conduct the tests and demonstrate to the PVP 

examiner that his new variety meets the criteria of distinctness, uniformity and stability. 

THE CONDITIONS FOR GRANTING A BREEDER’S RIGHT 

 Criteria to be satisfied 

• NOVELTY 

• DISTINCTNESS 

• UNIFORMITY 

• STABILITY 

Principle of DUS Test 
A new plant variety has to be: 

1. Distinct from existing, commonly known varieties  
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2. Sufficiently Uniform and  

3. Stable. 

Comparison of a candidate variety to reference varieties (varieties of common knowledge) Duration of DUS-

test is two or three in depended growing cycles (years). 

National Test Guidelines 
The principles and methods on various aspects of DUS testing of new crop varieties have been documented 

as National Test Guidelines (NTG). NTG has been developed for 35 crops by the National Core Committee 

constituted by ICAR. NTG contains details on plant material required, conduct of tests, methods and 

observations, grouping of varieties, characteristics and symbols, table of characteristics, literature and 

technical questionnaire. Usually, the DUS examination requires at least two independent growing cycles. 

Not less than two centers have been identified for each crop for conduction the tests. 

Distinct-Uniform-Stable (DUS) 
Distinct means a variety should be clearly distinguishable by one or more essential characteristics from 

any other existing variety. The variety is deemed Uniform if it is sufficiently uniform in its relevant 

characteristics, subject to variation that may be expected from the particular features of its population. 

The basis of assessment is normally the number of off-types in the variety, judged on the basis of a 

population standard and an acceptable probability fixed in the corresponding species. To identify off-types 

in a population, generally visual observation on characteristics may suffice. However, in a few cases/ crops, 

it may be necessary to make measurements of each plant to apply statistics to decide or not whether a plant 

is an off-type. In most of the crops, acceptance probability of 95% has been suggested. For vegetatively 

propagated and self-pollinated varieties, the following standard has been suggested: 

Sample size                     Off-types (permissible) 

<5 0 

6-35 1 

36-82 2 

83-137 3 

Generally, cross-pollinated varieties exhibit wider variation within the variety. Relative tolerance limits 

can be found by comparing with comparable varieties. The standard deviation or variance may be used as 

the criteria for comparison. Recently, UPOV has proposed a statistical method called ‘Combined over Year 

Uniformity (COYU)’ that takes into account variations between years for dealing uniformity in measured 

(quantitative) characters. The variety is said to be Stable if its relevant characteristics remain unchanged 

after repeated propagation. Though it is not usually possible to assess stability with in a period of 2 or 3 

years, the variety can be considered stable if is shown to be uniform. 

Characterization 
The requirement of distinctness, uniformity and stability are assessed on the basis of characteristics. The 

characteristics are a feature of whole plant or part of plant. Such DUS testing characteristics may be 

morphological, biochemical, molecular or any other nature. The table of characteristics chosen by experts 

forms the main part of test guidelines and of DUS testing. In Genetic resources, the term ‘characteristic’ is 

known as descriptors (with descriptor states) and describing a plant based on such descriptor is known as 

‘characterization’.  

Morphological characterization: This is based on botanical or morphological descriptors or characters 

of the plant or plant part. 

Types of Characteristics 
1. Qualitative characteristics: Truly qualitative characteristics show discrete discontinuous states and 

are stable, heritable and uniformly expressed in all environments (Ex. Shape, Flower color, etc) 

2. Pseudo-qualitative characteristics: Here, the range of expression is at least partly continuous 

varying in more than one dimension. In some cases, intermediate states of expression such as ‘weakly 

expressed’ are included between ‘absent’ and ‘strongly expressed’. (Ex. Pubescence, Pigmentation, etc). 

Qualitative characteristics are assessed visually while quantitative characteristics are usually 
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measured. The following types of assessments are recommended: 

VG: Visual assessment by a single observation of a group of plants or parts of plant. 

VS: Visual assessment by observation of individual plants or parts or plants. 

MG: Measurement by a single observation of a group of plants or parts of plant. 

MS: Measurement of a number of individual plants or parts or plant. 

a. Grouping characteristics can be universally used, either individually or collectively, for 

grouping the similar varieties. These characteristics are considered to be most reliable in 

distinguishing or discriminating varieties. 

b. Biochemical characterization: Isozyme based descriptors have been widely used for 

identification of crop varieties because of their reliability (Smith & Smith 1992, Cooke 1995). UPOV 

has also included electrophoresis of isoenzymes in maize, soybean, sunflower and of seed proteins 

in barley, wheat as additional characters for establishing distinctness of varieties. Selection of an 

appropriate electrophoresis technique provides a potential tool for variety identification, DUS test 

or grouping of varieties. 

3. Molecular characterization: Biotechnology has widened the possibilities for applying such 

technologies to the problem of characterization, varietal identification and protection (Smith, 1995). The 

two commonly adopted approaches in the use of molecular markers are essentially either probe based such 

as RFLP (Restriction Fragment Length Polymorphism), or amplification based like RAPD (Random 

Amplified Polymorphic DNA), AFLP (Amplified Fragment Length Polymorphism), STMS (Sequence 

Tagged Microsatellites), etc. At present, molecular markers are not being used in DUS testing anywhere, 

but they are reliable, fast and cost effective to discriminate an EDV (essentially derived variety). Data from 

these methods may help resolve disputes on identity of germplasm or hybrids (Santhy et al, 2003). 

DUS Test Design 
The use of experimental design with respect to the number of growing cycles lay out of the trial, number of 

plants to be examined and method of observation is largely determined by the number and nature of 

varieties to be examined in a particular trial. In DUS trials, because of the presence of only one treatment 

factor (variety), the following designs are used. 

1. Completely Randomized Design- if total number of test varieties is small. Several varieties are 

examined in a number of replications. 

2. Randomized complete Block Design- the number of plots per block equals the number of Varieties 

and all varieties are placed in each block. The advantage is that Standard Deviation Between plots does 

not contain variation due to difference in blocks. 

3. Randomized incomplete Block Design- in case of large number of varieties. Here, the number of 

plots per block is less than the number of varieties. In Poland, performed analysis of variance of the results 

of experiment concerning seven characters in pea varieties showed that randomized complete block and 

completely randomized designs were more effective than incomplete block (Pilarczyk, 1999). 

Testing of Varieties for Distinctness, Uniformity and Stability 
Distinctness: 

According to Article 7 of UPOV (1991) Act, a variety shall be deemed distinct if it is early distinguishable 

from any other variety whose existence is a matter of common knowledge at the time of the filling of the 

application. Two varieties have to be considered distinct if the difference.  

a. Has been determined at least in one testing place  

b. Is consistent. 

In the case of true qualitative characteristics, two distinct varieties show expression, which fall into two 

different states. In the case of other qualitative handled characteristics (i.e. some visually assessed 

quantitative characteristics), a degree of continuity has to be taken into account in establishing 

distinctness, and thus a different character state not be sufficient to establish distinctness. When 

distinctness depends on measured characteristics, the difference has to be considered clear if it occurs with 

one percent probability of an error, for example, on the basis of the method of the Least Significant 

Difference (LSD). The differences are consistent if they occur with the same sign in two out of three growing 
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seasons. In order to take into account, the variation between years, UPOV has developed a more 

sophisticated method, the Combined over Years Distinctness (COYD) method. 

It is supplemented by a further LSD method for cases where certain standards required for the COYD 

analysis cannot be met. Its main use is for measurements in cross-fertilized varieties, but, if so desired, it 

can also be used for measurements in vegetatively propagated or self-fertilized varieties. If a normally 

visually assessed quantitative characteristic is the only distinguishing characteristic in relation to another 

variety, it should be measured, in case of doubt, if this is possible with reasonable effort. A direct 

comparison between two similar varieties is advised since pair-wise comparisons show the least bias. 

Distinctness can be established if consistent differences (significant differences with the same sign) are 

found in pair-wise comparisons,  

Uniformity (Homogeneity): According to Article 8 of UPOV (1991) Act, the variety shall be deemed to 

be uniform if, subject to the variation that may be expected from the particular features of its propagation, 

it is sufficiently uniform in its relevant characteristics. In effect, t means that variation shown by a variety, 

depending upon its breeding system, must be as limited as necessary to permit accurate description and 

assessment of distinctness and to ensure stability. This requires a certain tolerance, which will differ 

according to the reproductive system of the variety. The approaches to vegetatively propagated varieties, 

truly self-pollinated varieties, mainly self-pollinated varieties; cross-pollinated varieties, synthetic 

varieties and hybrid varieties are thus necessarily very different. 

In case of vegetative propagated and truly self-pollinated varieties, the maximum acceptable number of off-

types in samples of various sizes is specifically provided in the Test Guidelines. For mainly self-pollinated 

varieties, a higher tolerance is admitted and the populated standard for the calculation of the maximum 

number of off-types allowed for vegetatively propagated and truly self-pollinated varieties is generally 

doubled. In the case of cross-pollinated varieties, including synthetic varieties, which normally exhibit 

wider variations within the variety, relative tolerance limits are used through comparisons with 

comparable varieties already known. For measured characteristics, a variety is considered not to be 

homogeneous in the measured characteristics concerned, if its variance exceeds 1.6 times the average of 

the varieties used for comparison (UPOV, 1979). In order to take into account variations between years, 

the Combined over Years Uniformity (COYU) method has been developed, which is a further development 

of the earlier mentioned COYD method used for distinctness. In the case of visually assessed 

characteristics, the number of plants visually different from those of the variety should not significantly 

(5% probability of an error) exceed the number found in comparable varieties already known. 

Single cross hybrid varieties have to be treated as mainly self-pollinated varieties, but an additional 

tolerance has to be allowed for inbred plants. It is not possible to fix a percentage as the decisions differ 

according to the species and the breeding method. The maximum number of off-types tolerated is proposed 

to be fixed and provide in the Test Guidelines of that crop. For other categories of hybrids, a segregation of 

certain characteristics is acceptable if it is in agreement with the formula of the variety. If the heredity of 

clear-cut segregating characteristics is known, this characteristic has to be treated as a qualitative 

characteristic. If the described characteristic is not clear-cut, it has to be handled as in the case of other 

kinds of characteristics of cross-pollinated species with high-inbred depression or non-uniform parent lines, 

only relative uniformity standards are advised to be applied. It is for the national authorities to take the 

decision where the parent did not show uniformity and it follows from this that the formula of the hybrid 

must be known to the testing authority. 

Stability: According to Article 9 of UPOV (1991) Act, a variety shall be deemed stable if its relevant 

characteristics remain unchanged after repeated propagation or, in the case of particular cycles of 

propagation, at the end of each such cycle. It is not generally possible during a period of two to three years 

(testing time required) to perform tests on stability which led to the same degree of certainty as the testing 

of distinctness and homogeneity. Generally, when a submitted sample has been shown to be homogenous, 

the material can also be considered stable. Nevertheless, during the testing for distinctness and 

homogeneity, careful attention has to be paid to stability. As far as necessary, stability has to be tested by 

growing a further generation or new seed stock to verify that it exhibits the same characteristics as those 

shown by the previous material supplied. 
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Introduction 
DNA sequencing means the identification of the primary structure of DNA. Understanding the sequences 

of DNA can be applied in various settings like biotechnology, forensic biology, virology, and medical 

diagnoses. Next-generation sequencing is a massively parallel sequencing technology that offers ultra-high 

throughput, scalability, and speed. NGS is based on sequencing a large number of DNA fragments at the 

same time in a single run. Next-generation sequencing is classified into whole genome sequencing and 

reduced representation sequencing. Whole genome re-sequencing involves sequencing the entire genome of 

a plant or animal and comparing the sequence to that of a known reference genome. Reduced representation 

sequencing methods allow the sequencing of a small, reproducible fraction of the complete genome, at a 

fraction of the cost while still supplying more information than most other genotyping platforms. Reduced 

representation of sequencing has many types like GBS (Genotyping by sequencing), RAD-seq (Restriction 

site associated DNA), SLAF etc. 

RAD-seq is a reduced representation sequencing technique that can identify and score thousands of genetic 

markers which are randomly distributed across the target genome, from a group of individuals using 

Illumina technology. It is based on the restriction endonuclease enzyme which cuts the DNA into fragments 

at specific sites. Thus RAD-seq is a combination of two techniques of molecular biology i.e Illumina 

sequencing and application of restriction enzymes. 

RAD-Seq Procedure 
Genomic DNA is digested with a restriction endonuclease enzyme, it will cut the DNA at specific sites and 

produce fragments with sticky ends. The next step is the ligation of a primary adapter, adapters are short 

single or double-stranded oligonucleotides which are chemically synthesized that can be ligated to sticky 

ends of DNA molecules so that they can be combined with primers for amplification. Then these fragments 

are sheared and again ligated with a secondary adapter. A composite mixture of variable-length fragments 

is recovered from each restriction enzyme digestion site. These fragments are size selected, amplified, and 

sequenced on a next-generation DNA sequencing platform. Development of the genomic assembly around 

each digestion site is then completed bioinformatically and obtain sequence data. Sequence data is then 

analysed to identify and score genetic variations (markers) in the samples or population of interest. 

Advantages of RAD-seq 
1. It is akin to analyses using restriction fragment length polymorphisms (RFLPs) and amplified fragment 

length polymorphisms (AFLPs) in that it reduces the complexity of the genome by subsampling only at 

specific sites defined by restriction enzymes. RAD-Seq surpasses these methods in its ability to identify, 

verify and score markers simultaneously and to robustly identify which markers derive from each site. 

2. Restriction site-associated DNA sequencing (RAD-seq) is a critical enabling technology that can identify 

the sex chromosome systems in many species where traditional cytogenetic methods have failed. 

3. RAD-seq is feasible for genomes of any size and does not require a reference genome, enabling studies of 

non-model organisms and wild populations. 

4. A variant of RAD-seq, double digest restriction-site associated DNA sequencing technology (ddRAD-seq) 

is becoming an increasingly popular approach for SNP marker development and genotyping in animals. 

5. RAD-seq has frequently been used successfully for population genetic analyses, including assessment of 

population structure, hybridization, demographic history, phylogeography and migration. 

6. RAD-seq is useful to produce polymorphic markers (microsatellites), markers generated by this method 

have also been quite useful for constructing linkage maps and identifying quantitative trait loci. 
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Bioinformatics Tools/ Software Related to RAD-seq 
Process radtags - A module in stacks for pre-processing of RAD-seq data. 

Rainbow - An integrated tool for efficient clustering and assembling RAD-seq reads. 

PyRAD - A pipeline to assemble de novo RADseq loci for phylogenetic analysis. 

DiscoSnp-RAD - A tool to identify variants from RAD-Seq data. 

RADProc - A computationally efficient de novo locus assembler for population studies using RADseq data. 

RadOrgMiner - A pipeline to mine and genotype organellar loci from RADseq libraries. 

Sequencing methods are useful in the identification of DNA markers, which can be applied in various fields 

like constructing linkage maps, identifying QTLs, etc. Whole genome sequencing methods are complex, and 

difficult to handle and the cost is very high to sequence the entire genome but RAD-seq is a reduced 

representation sequencing method which will reduce the complexity of the genome and be cost-effective in 

the development of markers. Because of its advantages over whole genome sequencing and its wide range 

of applications RAD-seq will be considered a future sequencing technology. 
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Introduction 
Dragon fruit (Hylocereus spp.), an herbaceous perennial climbing cactus is widely known as “Pitaya” and 

in India ‘Kamalam’. Different colour fruits of Hylocereus spp. have a nutritional quality (antioxidant 

potential, vitamins, minerals etc.) attracts the attention of Indian farmers. Basically, a “Strawberry Pear” 

fruits belongs to Central and Southern America and it was introduced in India during the late 90s and 

looking to the potentiality of market, area under its cultivation is increasing day by day. 

Being a cactus family and requires long day for flowering, dragon fruit cultivation is well suited in the agro-

climatic regions of Southern, Western and North Eastern India that are dry and frost-free. In India, its 

production was recorded 12,000 MT over an area of 3,084 ha during 2020. Among the different states, 

Gujarat, Karnataka and Maharashtra are the leading producers and contributes 70 per cent of India’s 

production. 

In Gujarat, district Kutch is having a larger cultivator in 800 ha (approx.) of land. Farmers can increase 

their income by manufacturing different value-added products like juice, jam, jelly, candy, syrup and wine 

from dragon fruit pulp. Several biotic and abiotic factors play an important role in cultivation of newly 

introduced crop and as a result farmers are facing serious problem in cultivating dragon fruit. Among the 

several avenues, diseases (fungal, bacterial, viral etc.) of dragon fruit, imposed impact on qualitative as 

well as quantitative parameters (Wakchaure et al., 2020). 

Diseases of Dragon Fruit 
There are 17 general and 25 species of plant pathogens reported to infect dragon fruits. Among them, 21 

belongs to fungal, one bacterial, one viral and a nematode disease. Recent and new country records of 

pathogens associated with dragon fruit were mostly reported in the last five years (Balendres and Bengoa, 

2019). 

Fungal Diseases: Among the fungal diseases stem canker (Neoscytalidium dimidiatum), anthracnose 

(Colletotrichum spp.), fruit rot/blotch (Bipolaris cactivora), stem rot (Fusarium spp.), stem/ brown spot 

(Botryosphaeria dothidea) and alternaria blight (Alternaria spp.) are reported in India (Chandini and 

Sushma, 2021). Heavy rainfall and overwatering or waterlogged conditions predispose the crop for these 

diseases. Anthracnose, stem canker and stem rot are the major fungal diseases in India. 

Stem canker causes loss upto 60-80% in dragon fruit production. Initial symptoms like minute chlorotic 

spots seen on both stem and fruit. Later on, spots form brown scabs with pycnidia embbed in surface of 

stems which form yellow haloes around scab and gradually dry lesion drop off and typical shot- hole 

symptoms are seen on stem. While, in fruit minute spot gets coalesce and form large brown lesion and 

which crack the fruit peel and creates potenial infection sites for postharvest pathogens which later on 

causes interior black rot. Taguiam et al. (2020) revealed that Bacillus subtilis (2 ml/400 mL), mancozeb (2 

g/400 mL) and pyraclostrobin (1 mL/400 mL) found effective to control N. dimidiatum under in vitro.  

Anthracnose on stem, flower and fruit rot were predominant caused by Colletotrichum spp. which is also 

been reported as post-harvest disease. In India 30% of dragon fruit plants were infected and caused yield 

reduction by C. siamense (Abirami et al., 2019). Symptoms showed reddish brown lesions with yellow 

haloes and center of lesion become tan in colour having dotted dark fruiting bodies acervulli of fungus are 

seen on stem and fruit. While in fruit, sunken water-soaked lesion having black to grey acervulli are 
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arranged in concentric circles. Amirth (2021) reported that tebuconazole 50% + trifloxystrobin 25% WG 

gave cent per cent mycelial inhibition of C. siamense at 500 and 1000 ppm concentration. 

Stem rot caused by Fusarium spp. produce intial symptoms like brown circular sunken lesions on stem 

which gradually become darker and orange sporodochia develop on them and later on white mycelium 

develop on lesion surface and finally gets rotten and dried. Generally, rotting of the stem occurs due 

mycotoxin like fumonisins, moniliformin, and beauvericin produced by pathogen. Li et al. (2022) showed 

that 430 g/L tebuconazole and prochloraz 45 per cent were found potent fungicides against Fusarium 
proliferatum under in vitro condition. 

Bacterial Disease: Soft rot caused by Enterobacter cloacae is gram negative, rod shaped and facultatively 

anaerobic bacteria. Typical symptoms observed on stem include rotting and softening, as well as yellowish 

colourations, which usually begin at the tips and outer edges of the stems and extend until they are 

completely decomposed. 

Plants deficient in calcium and nitrogen are most susceptible to soft rot infection. Generally, bacteria enter 

through vines via wounds so during pruning and removing infected cladode and fruit, disinfect secateurs 

using bleach to control the spread of the disease. (Soto et al., 2019). Regular bactericide applications when 

infection conditions are favorable during rainy months are recommended such as kasugamycin, 

streptomycin sulfate, oxolinic acid. 

Viral Disease: In India, first report of Cactus Virus X in dragon fruit has been reported from Telagana by 

Parameswari et al., in 2021. CVX is positive single stranded RNA virus (+ ssRNA) having flexuous rod-

shaped particle and 600 nm length. Disease gets initiated on young shoot by necrotic small mottle or spot 

which then turned to orange and also found on mature stems and fruits. 

Disease quickly gets disseminated and expand on unexposed symptomatic parts in orchards and develop 

virus-like symptoms that are chlorosis, speckling, mottling, twisting of arms due to deformed spines and 

necrotic spots. While some scientists also reported that it also causes redding in mature stems. 

CVX may be transmitted through contaminated grafting or cutting tools and can also occur as mixed 

infections with other viruses. Till now there is no insect or seed transmission of CVX reported. Curative 

measure are not been found effective to conrol the disease. So, preventive measures like proper sanitation 

by removing infected stems is advisable for management of this disease. (Evallo et al., 2021). 

Nematode Disease: Root-knot nematode have been found to infect in dragon fruit in India by Holajjer et 
al., (2022) in Hyderabad, Telangana. Generally, nematode infected plant shows above and below ground 

symptoms. Above ground symptoms are decline, stunting, wilting and yellowing of stems. While, typical 

symptom is root knot are seen which gradually get rotten and then fibrosis occur are below ground 

symptoms of root knot nematode in dragon fruit. Roots of infected plants had moderate to small galls (1-3 

mm long). Soil solarization may help to reduce nematode population (Long et al., 2022). 
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Summary 
Banana fruit and plant is extensively used and highly valued for its taste, availability and nutritional 

properties. The fruit is rich in carbohydrates, potassium, vitamin C and A. The leaves, main trunk, buds 

and flowers are also utilized in consumption and other purposes. It is grown in tropics and subtropics 

favoring hot and humid climate. Water stress condition for prolonged duration adversely affects the 

physiology and photosynthetic characters of the plant thereby reduces productivity. Hence, specific 

measures should be adopted to overcome such losses. 

Introduction 
Banana is one of the oldest and important cash crops cultivated by mankind since pre-historic times and 

popularly known as ‘queen of tropical fruits.’ The annual production of banana was about 153 megatons 

which accounts for second largest fruit crop in the world (Anon., 2022). A majority of agricultural production 

is highly dependent on water availability as most parts of global cropland is rain-fed (Gitay et al., 2001). 

Because of severe drought a reduction in banana production was noticed during 2001-04. The plant is 

sensitive to soil moisture stress which is highly reflected in reduced growth as a result of reduced stomatal 

conductance and leaf size along with increased leaf senescence (Turner, 1998). According to Turner and 

Thomas (1998), banana is sensitive to soil water deficits which primarily exert influence on expanding 

tissues such as emerging leaves and growing fruits. Drying of soil closes stomatal opening whereas leaves 

remain highly hydrated might be because of root pressure hence affects the productivity. 

Critical Stages of Crops for Water Stress 
Different stages of crop growth respond diversely to moisture tension. The productivity is reduced by 30 to 

50 per cent followed by moisture stress at any stage of growth considerably. Lassoudiere (1978) found that 

moisture deficit is especially harmful to banana when it occurs at the time of floral differentiation or at the 

initial stage of flowering. According to Holder and Gumbs (1982), a continuous and unlimited soil water 

supply from 120 to 180 days after planting, noticeably increased female flower production thereby the yield 

of banana as compared to continuous soil water stress. All plant characters are affected by water stress 

after 7 to 12 leaf stage. 

Physiological and Biochemical Processes and Soil Water Deficit 
Photosynthetic pigments: Chlorophyll content of the plant affects photosynthetic rate. Water stress 

reduces the chlorophyll content of the leaves (Alberte et al., 1977). Increase in intensity of water stress 

decreased leaf chlorophyll content and tended to increase the chlorophyll a/b ratio (Zhu and Huang, 1994). 

Biosynthesis of the precursor of chlorophyll in leaves is inhibited due to moisture stress which ultimately 

reduce the chlorophyll content. Water stress induced leaf senescence leads to reduced photosynthetic 

activity followed by degradation of proteins and chlorophyll. Increased level of carotenoid content in 

drought situations was observed by Chen and Creeb (1991). Dekov et al. (2000) opined that chlorophyll 

content of leaves was decreased by water deficit with an accumulation of large amount of proline which 

may be due to decreased synthesis and increased degradation of chlorophyll in leaves under water stress. 

Chlorophyll Stability Index (CSI): Chlorophyll Stability Index (CSI) is a measure of stress tolerance 

capacity of plants and integrity of membrane (Murthy and Majumdar, 1962). High value of CSI indicates 

that the effect of stress is negligible on chlorophyll content of plants. A higher CSI helps the plants to 
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withstand stress through better availability of chlorophyll, leading to increased photosynthetic rate, more 

dry matter production and higher productivity. 

Membrane Stability Index (MSI): It is another physiological index used to evaluate drought and heat 

tolerance. A crucial impact of plant environmental stress is cellular modification, which results in its 

perturbed function or total dysfunction. Although, the cellular membrane dysfunction due to stress is well 

expressed in increasing permeability and leakage of ions which can be measured by the efflux of 

electrolytes. The abiotic stress factors affect the stability of cell membrane. One of the primary injuries 

caused by water stress is loss in cell compartmentation due to the disruption of membrane stability. 

Increased leakage of solutes is an indication of membrane damage. According to Daniells and Watson 

(1984), membrane stability decreases under moisture and temperature stress. The decrease in MSI is 

estimated by taking comparative ion leakage as an indicator of membrane damage as a result of membrane 

(lipid) peroxidation caused by reactive oxygen species (ROS). The leakage from the water stressed tissue 

samples is taken as an index of injury or the proportion of dead cells in the tissues (Blum, 1988).   

Relative Water Content (RWC): Relative Water Content (RWC) is the convenient measure of plant water 

status in terms of the physiological outcome of cellular water deficit. Water potential as an estimate of 

plant water status is useful in dealing with water transport in the soil-plant-atmosphere continuum but 

does not account for osmotic adjustment (OA). Hence, RWC is an appropriate estimate of plant water status 

in terms of cellular hydration under the possible effect of both leaf water potential and OA (Barrs and 

Weatherly, 1962). When RWC reduced to 80 per cent, photosynthesis decreases to more than 50 per cent. 

Slatyer (1955) found that reduction in RWC by 5 per cent led to decrease in photosynthesis by 40-60 per 

cent in crop plants.  

Osmotic Potential (OP): Banana latex is the fluid cytoplasm that discharges from wounded latex tissues. 

In case of water relations in banana plant, the latex exudations were found to be the useful guide in 

determining the water potential of the plant. According to Kallarackal et al. (1990) the solute potential of 

exuding latex provides an excellent guide to the water status of the plant during water deficit conditions 

in banana. The lacticiferous plants, the latex contains vacuolysosomal organelles called “lutoids” which are 

capable of actively transporting ions across the membranes. This phenomenon operates in banana latex 

also; it would have further implications for the water relations of the plant. Kallarackal et al. (1986) 

reported that banana latex contains large number of lutoids showing osmotic potential activity during 

stress and well irrigated conditions. Banana latex is rich in ions especially K, Mg, Cl and NO3. The 

concentrations of these ions have been shown to fall as exudation progresses. This is due to the influx of 

water into laticifers as a result of lower turgor release (Barker and Steward, 1962). Turner and Thomas 

(1998) found that the latex relates best to other physiological processes that are affected by drought in 

banana plants. So osmotic adjustment is considered as an important physiological mechanism of drought 

adaptation in many plants. 

Transpiration rate: The rate of transpiration is directly related to the gradient of water vapour 

concentration in the intercellular spaces of the leaf and the ambient air. Anderson et al., (1994) observed 

rapid changes in the transpiration rate from a leaf or leafy shoot as a result of excision of the leaf or shoot 

in many plants including banana plants. The increased water supply to the leaf is presumably responsible 

for increased stomatal opening and increased transpiration in banana, which is called “Rufelt’s hypothesis”. 

Transpiration rate was even higher when the stomata were partly closed in the plant. A positive correlation 

between relative water content and gas exchange activities was reported by David (2002) and the reduction 

of RWC strongly reduced photosynthesis and transpiration.   

Poly Phenol Oxidase (PPO): Poly Phenol Oxidase is widely distributed in the plant. It is a copper-

containing enzyme and is responsible for the enzymatic browning reaction occurring in many fruits and 

vegetables damaged by improper handling, resulting in bruising, comparission or indentations. In the 

presence of molecular oxygen, PPO catalyzes the o-hydroxylation of monophenols to o-diphenols 

(monophenolase activity) and oxidation of the o-diphenols to o-quinones (diphenolase activity) (Chararra et 

al., 2001). The PPOs are major enzymes in food industry, due to their involvement in the enzymatic 

browning. The synthesis of phenolic compounds is often enhanced in plant tissues under oxidative stresses 

such as drought and mechanical damage or infection by microorganisms. 
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Active Oxygen Species (AOS): Plants produce H2O2 in metabolic processes and cause damage of cell 

oxidation function. The enzyme, catalase (CAT) eliminates H2O2 and plays a key role in the elimination of 

active species of O2
-. Catalse activities were found to be much higher in leaves under control and stress 

conditions (Bandrogly et al., 2004). In plants, antioxidants like SOD, CAT and POX showed higher levels 

initially which declined quickly and remained suppressed during drought stress implying a strong 

impairment of antioxidant generation (Nayyar and Chander, 2004). The amount of lipid peroxidation has 

been considered as one of the factors to determine the severity of stress. The free radicals (OH+, O2
-) 

generated during lipid peroxidation readily reacted with protein and lipid membrane causing cell damage. 

Catalase, peroxidase and super oxide dismutase cause destruction of these free radicals and limit the 

damage of lipid peroxidation during period of stress. The SOD converts O2
- radicals into peroxidases which 

are then degraded by peroxidases and catalases. 

Proline: Proline is a heterocyclic amino acid which accumulates due to hydrolysis of protein under water 

stress condition (Kramer, 1983). Dix et al. (1986) found that high proline accumulation during stress was 

noticed as an adaptive mechanism which serve as a store of nitrogen and respiratory substrates to promote 

post stress recovery. It has several functions such as cytoplasmic osmoregulation, prevention of enzyme 

inactivation and stabilization of bio polymers. Varietal changes in proline accumulation under water stress 

conditions were observed due to variation in tolerance mechanisms (Upreti et al., 1998). 

Conclusion 
Plants react to drought stress through adaptation in terms of physiological and biochemical processes. The 

activities of proline, poly phenol oxidase and active oxygen species increases under the water deficit 

condition with reduction in photosynthetic pigment, chlorophyll stability index, membrane stability index, 

relative water content, osmotic potential and transpiration rate. The activity of proline, poly phenol oxidase 

and active oxygen species can be used as a drought tolerance index in banana cultivars and hybrids. 
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Introduction 
The gathering and utilization of medicinal plants is an age-old tradition & they have been used by mankind 

foe centuries.  The world health organization (who), 80% of the rural population in developing countries 

utilizes locally available medicinal plants for their primary healthcare needs. India is one of the world’s top 

12 mega diversity with 10 bio-geographic regions. In India, out of 17000-18000 species of flowering plants 

about 6000 -7000 are medicinal plants having medicinal usage in folk & documented system of medicine, 

like AYUSH that accounts nearly 35-40%. Hence conservation of biodiversity is essential not only to 

maintain ecological process & life support system, but also to ensure sustainable utilization of species as 

well as ecosystem. 

Need for Conservation 
1. Over one and half million practitioners of the Indian System of Medicine, use medicinal plants are 

preventive, promotive and curative application. 

2. Medicinal plants are potential renewable natural resources 

3. Several medicinal plants have been assessed as endangered, vulnerable and threatened due to over 

harvesting in the wild. 

4. The demand for medicinal plants is rapidly increasing, coinciding with a global resurgence in the demand 

of traditional medicine.  

5. The export market for herbal raw material is estimated to be increasing by 22% annually (NMPB & 

ICFRE, 2017). 

Major Cause of Medicinal Plants Depletion 
1. Non-sustainable, destructive, high density harvesting by plant collectors. 

2. Declination in traditional knowledge of local communities regarding use of medicinal plants. 

3. Over harvesting of the material due to low income of collectors & low prices paid to them. 

4. Increased international demand for medicinal plants. 

5. Commercialization of medicinal plants & increased accessibility of traders to remote forest areas over 

deforestation – Natural phenomenon (landslides, forest fires). 

Medicinal Plants Conservation Areas 
1. The concept has been started earlier in 1993 when the first conservation step has been taken by united 

nations development programme (UNDP) in the southern states of india along with an organization 

foundation for revitalization of local health traditions (FRLHT). 

2. Development of medicinal plants sector at large being the key concern, their main aim was to preserve 

the potential forest zones of india with special focus on the medicinal plants conservation.  

3. 108 MPCAS were developed during 1992 to 2003 in 13 states of the country to carry out the conservation 

works in terms of management of medicinal plants. 

4. Under this initiative it has established a network of 12 Medicinal Plants Conservation Areas (MPCAs) 

in different forest locations of Tamil Nadu.  

5. These MPCAs with an average size of 200 ha represent forests of high bio-diversity value and contain a 

high proportion of the inter and intra specific medicinal plant diversity of the region (Biswas et al, 2017). 

Aim of MPCAs 
1. The main aim of the implementation of MPCDAs in the various Forest Zones of India is. 

2. To preserve, protect and maintain the medicinal plants species so that the grow abundantly in natural 

way. 
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Two Types of MPCAs 
1. Species focus MPCDAs – Gugulu (Commiphorawightii) established by Gujarat forest department.  

2. Habitat specific/medicinal plants diversity focus MPCDAs - It depends on the particular habitat of the 

plant. 

Objectives of MPCAs 
1. Conservation and improvement of threatened/endangered/ endemic species of medicinal and aromatic 

plants in wild through Medicinal Plants Conservation Areas (MPCA’s). 

2. Prevention of illicit removals through unscrupulous collectors. 

3. Creation of awareness among public on the importance of medicinal plants and Indian systems of 

medicine. 

4. Standardization of cultivation practices for economically viable species suitable to different agro climatic 

zones and cultivating them to meet the local pharmaceutical industry requirements and to enter the global 

market. 

5. Establishment of linkages/market tie-ups between the farmer/producer and the leading pharmaceutical 

industry. 

6. Creation of databank on existing medicinal plants in wild by conducting systematic and regular 

assessment surveys. 

7. Utilization of information technology (IT) for trade improvement (Singh et al, 2011). 

Activities of MPCAs 
1. Base line survey 

2. Demarcation of an area 

3. Conservation of medicinal plant species 

4. Raising seed production areas in various regions 

5. Soil moisture works 

6. Maintenance, documentation of species, training awareness campaign for the inhabitants 

7. Establishment of nursery 

8. Quality planting material. 

List of Some Major Organizations Involved in Medicinal Plants Conservation 
Missouri Botanical Garden USA 

Biodiversity Conservation Network USA 

International Development Research Center Canada & New Delhi 

2Bandaranayake Memorial Ayurvedic Research 

Institute 

Srilanka 

Regional Research Laboratory, Jammu 

Tropical Botanical Garden Research Institute Trivandrum 

Centre for Ecological Sciences Bangalore 

SRISTI Ahmedabad 

Medicinal Plants and Biodiversity Project Uganda 

Research Foundation for Science, Technology and 

Ecology 

New Delhi 

 

 

MPCAs in Tamil Nadu 
1. ALARGARKOVIL: 

a. Alagarkovil MPCA (Area - 250 Ha.) is part of Alagar hill range, which forms the southernmost 

part of the Eastern Ghats of Dindigul Forest Division.  

b. At the foothills the vegetation is scrub jungle and at higher elevations it is dry deciduous and still 

higher it is moist deciduous type. Botanical survey has listed about 215 sp of which 111 are of 

medicinal value. 
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2. KODAIKANAL: 

a. The pristine Mathikettan shola (115 Ha), a part of Reserved Forest of Kodaikanal Forest Division. 

b. Floristic survey conducted in the MPCA has documented 250plantsp of which 42 are of medicinal 

value. 

3. Kodiakkarai: 

a. The Kodiakkarai MPCA (Area 150 Ha.) located in Nagapattinam district of Tamilnadu.  

b. The Tropical Dry Evergreen Forest (TDEF), a unique type of forest of this MPCA is represented, 

at global level, only along the Coramandal coast of peninsular India and in Sri Lanka. It is estimated 

that 99% of this rare forest is extinct and only 1% exists today. 

4. Kollihills: 

a. Kollihills MPCA (Area 210 Ha) is located in the Karavallicombai reserve forest and is one of the 

well-preserved forest patches of Salem Forest Division.  

b. The Kollihills have been known to be a rich source of medicinal plants from ancient times. An 

ancient text "Kollimalai raghacium-500" (Secrets of Kollihills and its wealth) is said to include 500 

poems describing about 64 rare medicinal plants, their occurrence, use and mode of administration.  

5. Kurumburam: 

a. Kurumburam MPCA spread over an area of 109 Ha in the Kurumburam Reserved Forests, is 

located near Marakkanam town, Tindivanam taluk.  

b. The MPCA harbors a wide variety of flora. So far about 180 sp, 90 of which are of medicinal value 

have been documented.  

6. Pechiparai: 

a. Pechiparai MPCA (Area - 160 Ha) is located in Veerapuli reserved forests of Kanyakumari forest 

division near the water-spread area of the Pechiparai reservoir.  

b. When the reservoir is full the MPCA gets fragmented into small islands offering thrilling boat 

rides set against the backdrop of towering Western Ghats. 

c. A floristic survey has listed 152 medicinal plantsp out of a total of 257 sp recorded from the MPCA.  

7. Thenmalai: 

a. Thenmalai MPCA (Area 150 Ha) located in the relatively undisturbed Eastern Ghats Forests of 

Tirupathur Forest division in Tiruvannamalai district makes it a suitable site for insitu 

conservation of medicinal plants. 

b. This part of Eastern Ghats is one of the richest sandal bearing tracks on the globe and is popularly 

known as Javvadhu (Sandal) hills. 

8. Topslip: 

a. Top slip MPCA (Area 229 Ha) part of the Karian (dark) Shola in Topslip is unique in many ways. 

b. Top slip MPCA is part of the Indira Gandhi Wildlife Sanctuary and National Park under the 

jurisdiction of Pollachi Wildlife Warden in the Coimbatore district. 

9. Thaniparai: 

a. The Southern Mixed Dry Deciduous Forests of which Thaniparai MPCA forms a part, was an 

unreserved forest, in the Southern Western Ghats, under the control of Zamindars which, after the 

abolition of Zamindari system, was declared as Saptur Reserved Forests from 1st May 1979.  

b. The entire Saptur RF was declared as part of the 'Grizzled Squirrel Wildlife Sanctuary' from 26th 

December 1988, with its headquarters at Srivilliputtur. 

10. Mundanthurai: 

a. The Mundanthurai MPCA (Area 150 Ha) is a representative area of the Southern Dry Mixed 

Deciduous forests in Tamilnadu. 

b. It is located within the buffer zone of the Mundanthurai Wildlife Sanctuary, which in turn is part 

of the KalakkadMundanthurai Tiger Reserve, India's 17th Tiger Reserve under Project Tiger in 

AmbasamudramTaluk of Tirunelveli District.  

11. Courtallam: 

a. The Courtallam MPCA (Area 132 Ha) is a part of Courtallam Reserved Forests in Tirunelveli 

Forest division and it is the major catchment area for the main Courtallam waterfalls. 
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b. The famous waterfalls around Courtallam are reported to have therapeutic effect and attract 

lakhs of visitors every monsoon.  

12. Nambikovil: 

a. The Nambikovil MPCA (Area 400 Ha) is the second MPCA within the Kalakkad 

MundanthuraiTiger Reserve.  

b. This MPCA is unique in its concept that Janakiaarayalpathra (Tamil name: SivanaarArasu) a 

monotypic, critically endangered (Global), Red listed medicinal plant, endemic to Southern Western 

Ghats with restricted distribution has been chosen as the flagship plant species. This is on the 

similar line as the top predator Tiger chosen as the flagship animal in the Project Tiger. 

Conclusion 
It could be concluded that there are still very critical areas which should be taken up by the state Forest 

Department for setting up the MPCAs particularly in the North-Eastern States, Himalyan region and 

Western Ghats, which have abundant medicinal plants serving as raw material for phytopharmaceutical 

industries. 
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Introduction 
Healthy eating means eating a variety of foods that give you the nutrients you need to maintain 

your health, feel good, and have energy. These nutrients include protein, carbohydrates, fat, water, 

vitamins, and minerals. A healthy diet is a diet that maintains or improves overall health. A healthy diet 

provides the body with essential nutrition: fluid, macronutrients such as protein, micronutrients such 

as vitamins, and adequate fibre and food energy.  

A healthy diet may contain fruits, vegetables, and whole grains, and may include little to no processed 

food or sweetened beverages. The requirements for a healthy diet can be met from a variety of plant-

based and animal-based foods, although a non-plant source of vitamin B12 is needed for those following 

a vegan diet. Various nutrition guides are published by medical and governmental institutions to educate 

individuals on what they should be eating to be healthy. Nutrition facts labels are also mandatory in some 

countries to allow consumers to choose between foods based on the components relevant to health. 

How Does Food Impact Health of the individual? 
The food individual eat gives our bodies the "information" and materials they need to function properly. If 

individual don't get the right information, our metabolic processes suffer and our health declines. 

If person get too much food, or food that gives our bodies the wrong instructions, he/she can become 

overweight, undernourished, and at risk for the development of diseases and conditions, such 

as arthritis, diabetes, and heart disease. 

 

In short, what individual eat is central to our health.  Consider that in light of Webster's definition of 

medicine: "The science and art dealing with the maintenance of health and the prevention, alleviation, or 

cure of disease." 

Food acts as medicine--to maintain, prevent, and treat disease. 

Steps to Healthy Eating Habits 
First, person need to understand, how much calories his/her body needs to perform basic metabolic 

functions and daily physical activities using online calorie calculators. 

Individual need to understand and know the type of food and how many calories per gram, it contains. 

Apart from Calorie concern, it would help if person even focused on the portion control and choosing 

nutrient-rich foods which are of prime importance. Individual food should be the mixture of carbohydrates, 
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protein, fat, minerals and vitamins. Individual need to choose the portion very wisely and as per his/her 

body’s essential requirement only. 

1. Have the habit of keeping more fruits, low-fat dairy products, fresh vegetables, whole-grain foods in your 

diet plan. 

2. Cultivate the habit of having home-made food at home or work. 

3. Don’t skip or delay the meals, as later on individual will end up eating too much or choosing an unhealthy 

snack. 

4. Take a small plate and serving in the beginning, chew food well; this time, consuming process will help 

you eat the right amount of food your body requires. 

5. Drink water instead of high-sugar drinks. 

6. Resins or fibre-rich foods will help you feel full and achieve satiety value so you would eat less and 

consume fewer calories. 

Disadvantages of Unhealthy Eating Habits 
1. Following unhealthy habits like; eating junk food regularly leads to the risks of obesity, Cardiovascular 

disease, Type 2 diabetes, liver disease and certain types of cancers too! 

2. Poor diet habits can compromise the capacity to work and gradually develop tiredness and stress which 

contribute further to the risk of being overweight, high blood pressure, tooth decay, and some other 

illnesses. 

3. Processed or packed foods which are frozen or canned contain much extra sugar, salt, oil, calories and 

preservatives which increases the food’s shelf life but collectively all these increases the risks of 

hypertension, high sugar levels, heart disease etc. 

Advantages of Healthy Eating Habits 
1. By following healthy eating habits, the first advantage person can see is lowering the risk of heart 

diseases. 

2. It will help you to boost your mood and reduce the stress levels, and also will help you to perform all 

daily physical activities well. 

3. Food with good nutrition combined with physical activity will help you to lead a healthy weight and 

lifestyle and reduces the risk of chronic diseases like cancer. 

4. Diets rich in fibre such as vegetables and fruits may reduce the risk of obesity, health problems and type 

2 diabetes. 

5. Healthy eating habits, overall, helps you gain the benefit of weight loss, stroke prevention, building 

better mood, efficiency, and better memory. 

 

Nutrition Statistics Report (2022): The majority of Indians cannot afford a healthy meal and millions 

die every year due to diseases that are directly linked to poor diet, a recent survey showed. Noting that the 

diet of an average Indian typically lacks essential nutritional food articles like fruits, vegetables, legumes, 

etc., the report said, “a healthy meal becomes unaffordable if it exceeds 63% of a person's income." 

A recent report released by Centre for Science and Environment (CSE) and Down to Earth magazine said, 

“Seventy-one percent of Indians cannot afford a healthy diet. The global average is 42 percent." 
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The diet of an average Indian typically lacks fruits, vegetables, legumes, nuts and whole grains. The 

consumption of fish, dairy and red meat is within target, the report also said the Global Nutrition Report, 

2021. Referring to the diseases that are attributable to poor diet, the survey mentioned respiratory 

ailments, diabetes, cancer, strokes and coronary heart disease. 

Healthy Eating Tips 
1. Eat a variety of available food 

2. Cut back on salt. 

3. Reduce use of certain fats and oil. 

4. Limit sugar intake. 

5. Avoid hazardous and harmful alcohol use. 

 

Healthy food helps individual in various spheres of life. Healthy food does not only impact individual 

physical health but mental health too. When person intake healthy fruits and vegetables that are full of 

nutrients, it reduces the chances of diseases. For instance, green vegetables help individual to maintain 

strength and vigor. 

Conclusion 
A healthy diet is essential for good health and nutrition. It protects individual against many chronic 

noncommunicable diseases, such as heart disease, diabetes and cancer. Eating a variety of foods 

and consuming less salt, sugars and saturated and industrially-produced trans-fats, are essential for 

healthy diet. 
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Introduction 
There are several methods are available for extraction of nematodes from soil and plant parts like root, 

leaf, etc. Some methods are very specific for extraction of special nematodes. The selection of methods 

depends on the objective of the investigation and availability of equipment’s and facilities. The extraction 

methods are differing for isolation of cyst nematode, active nematodes, sluggish nematodes from soil, 

migratory nematodes from roots and sedentary nematodes (Waghmare 2016). 

Isolation and Collection of Nematodes from Soil (Hooper 1986a) 
1. Isolation and collection of active nematodes and cysts: 

a. Take a 500 ml soil sample and divide it in two equal subsamples A and B. 

b. Put subsample 'A' in pan I; slowly fill the pan with water thoroughly mixing soil and water, 

breaking all lumps. Allow to settle for 15 seconds. 

c. Pour the contents through a 20-mesh sieve into another pan II. 

d. Collect the roots present on 20-mesh sieve in a beaker, discard the debris. 

e. Pass the contents of pan II through a 60-mesh sieve into another pan III. Collect the catch on 60-

mesh sieve in a 250 ml beaker by rinsing the sieve with water. Examine the catch for the presence 

of cysts of Heterodera, Globodera and other large sized active worms like Longidorus, Xiphinema, 

etc. 

f. Pour the contents of pan III through a 300-mesh sieve. Collect the catch on sieve by rinsing                    

with water in a 250 ml beaker. 

e. Process subsample 'B' as above but delete step 5 to recover large-sized nematodes. Mix the catch 

collected on 300-mesh sieve now with the previous one (step 6). 

f. Process the contents by Modified Baermann Funnel Technique- Place a facial tissue paper on a 

moulded coarse aluminium mesh. Wet the tissue paper and transfer catch on 300-mesh sieve (step 

7) on to it. Put the aluminium mesh over a Petri plate containing water (water should always touch 

the contents of mesh). Leave it undisturbed for 24 hours. 

g. Examine the contents of Petri plate under stereozoom microscope for active nematodes. 

2. Isolation and collection of sessile, slow moving or moulting nematodes (Centrifugal sugar 

floatation technique) (Jenkins 1964): 

a. Wash the contents of aluminium mesh (step A 8) into a 250 ml beaker. 

b. Centrifuge the contents of the beaker at 1200 rpm for three minutes. 

c. Decant water from centrifuge tubes. 

d. Refill the centrifuge tubes with sucrose solution of 1.14 specific gravity (484 g sucrose in 1 litre of 

water) and centrifuge again at 1200 rpm for three minutes. 

e. Pass the supernatant of tubes through a 300-mesh sieve. Wash the catch on the sieve with water 

and collect it in a beaker. 

f. Examine the contents under stereo zoom microscope for sessile or slow moving (e.g., Criconema, 

Hemicriconemoides, Ogma etc.) or moulting stages of nematodes. 

Isolation and Collection of Nematodes from Plant Parts (Hooper 1986b) 
1. Isolation and collection of migratory endoparasitic nematodes: 

a. From soft plant parts: Soak tender plant parts like stem, leaves, galls or thin roots in water for 

one or two hours. Tear the tissue apart using needles. Observe directly under a stereo zoom 

microscope or proceed as at step A8. Aphelenchoides besseyi, Anguina tritici etc. are collected using 

this technique. 
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b. From harder plant parts: 

i. Blend these plant parts (e.g., roots of perennial plants, cotton, etc.) in a mixer for 20 

seconds. Wash the material on to a 300-mesh sieve with gentle stream of water. Collect the 

washing in to a beaker. Observe directly the contents under a stereo zoom microscope or 

proceed as follows. 

ii. Transfer the contents as collected above on a moulded aluminium mesh lined with wet 

tissue paper. Put it over a Petri plate containing water. Observe the contents of Petri plate 

after 24 hours. 

2. Isolation and collection of sedentary endo and semi-endoparasitic forms (Shepherd 1986): Such 

forms are collected after staining the roots in acid fuchsin lactophenol as below: 

a. Wash the roots in water to remove adhering soil particles etc. 

b. Cut small pieces of roots in water (2-5 cm). 

c. Transfer root pieces to 0.1% acid fuchsin lactophenol (lactophenol = Lactic acid 1 part + Glycerine 

2 parts + Phenol 1 part + water 1 part). Boil for two minutes. Cool and transfer the roots to pure 

lactophenol. 

d. Locate the nematodes under a stereo zoom microscope. Using dissecting needles hold plant tissues 

apart and dissect out nematodes. Collect nematodes in pure lactophenol in a dish. 

3. Fenwick can method: 

a. The Fenwick can is a widely used apparatus for extracting nematode cysts (Fenwick 1940) and 

suitable for soil samples of up to 500 cm3. 

b. The apparatus is generally 30 cm high and made of brass. Firstly, the can is filled with water. 

c. The soil sample (500 cm3) is slowly poured on top of the wet sieve (pore size 840 µm) placed on the 

funnel of the apparatus and is washed with a strong jet of water from above. 

d. The soil along with dry cysts as well as some organic material overflows rapidly into the collar 

and passes down to the collecting sieves (pore size 840 µm, 250 µm, and 45 µm). 

e. The upward current of water carries the cysts that are trapped during sedimentation. The residue 

collected on 250 µm sieve is examined for nematode cysts under a stereoscopic microscope. 

Counting of Nematode Population in Suspension 
1. Direct counting: If the numbers of nematodes in suspension are less, these can be counted directly as 

given below. 

a. Transfer the nematode suspension in a counting dish. 

b. Keep the counting dish under a stereo zoom microscope and allow the nematodes to settle for a 

few seconds. 

c. Adjust the magnification of stereo-microscope so that one complete square of counting dish is 

visible. 

d. Start counting nematodes from first square and move to the next square till nematodes in all the 

squares have been counted. 

2. Dilution method: When nematode population is very high, the suspension is diluted to a known volume 

and nematodes are counted in a representative sample as follows. 

a. Take the nematode suspension in a beaker and make the volume to 100 ml with water. 

b. Bubble the diluted suspension vigorously with a pipette. 

c. Take 5 ml of this suspension in a counting dish and count the nematodes as described above. Take 

three counts and calculate the average number of nematodes per ml. 
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The country has a huge potential for beekeeping. The beekeepers do not, however, perform scientific 

beekeeping because of a lack of understanding. For beekeepers to acquire a scientific understanding of the 

topic, participation in trainings and other capacity-building programs is required. Beekeeping success 

mostly depends on the choice of an excellent apiary location, high-quality bees, and effective management. 

Always employ the suggested techniques to halt swarming, divide colonies, merge colonies, mass queen 

raise, stop laying workers, rob, migrate, and handle diseases, pests, and enemies, among other things. For 

efficient and profitable beekeeping, the following recommendations should be kept in mind. 

Selection of Good Apiary Site 
1. Apiary ground should be clean & free from dry leaves etc. to avoid fire during summer.  

2. The site should be dry without dampness. High Relative Humidity (RH) will affect bee flight and also 

ripening of nector.  

3. Apiary site should be away from the power station, brick kilns, school, highway and train tracks.  

4. Site should be open & in a dry place having shade and easily accessible by road.  

5. Fresh running water should be easily available near the apiary.  

6. Site should receive early morning and afternoon sunshine.  

7. Area should be rich in bee flora.  

8. There should not be other commercial apiaries within 2-3 kilometers from the apiary site.  

9. There should not be any source of stagnant/dirty water, chemical industry/ sugar mill, etc., nearby the 

apiary. 

 
Apiary 

Selection of Good Quality Bees 
Depending on the floral environment and financial capacity, beekeeping can be accomplished by 

domesticating one of the two kinds of honey bees, Apis cerena or Apis mellifera. Success in both situations, 

though, depends on the quality of the bees, especially the queen. As a result, when choosing the bee colonies, 

the following should be considered: 

1. Buy disease-free bee colonies from existing beekeepers after getting training on the subject.  

2. Select and multiply honey bee colonies only from disease-resistant, high honey yielding, young, healthy 

and high egg-laying capacity queen, etc.  

3. Capture a few bee colonies from their natural abodes in forests which may be used for further breeding/ 

multiplication to prevent inbreeding. 



 

 
Volume 04 - Issue 11 - November 2022       238 | P a g e  
 

  
Inspection of Bee colony Honey Extraction from bees 

Management of Apiary 
1. Placement of colonies in apiary:  

a. Hives should be as per the specification of BIS/ISI and should be of locally available seasoned 

lightweight wood. Unseasoned and heavy wood should be avoided.  

b. Avoid nailing the bottom board with the brood chamber.  

c. Restrict the number of bee colonies in an apiary from 50-100.  

d. Keep row to row and box to box distance as 10 and 3 feet, respectively. e. Avoid over-stocking of 

colonies in the apiary. 

2. Inspection of colonies:  

a. Adopt general colony and personal hygiene in the apiary like cleanliness in the beehives including 

cleaning the bottom board, top cover, etc. frequently  

b. Periodic mowing of grass in front of the hives  

c. Check the colonies periodically for any abnormalities or changes in the behavior of bees  

d. Inspect colonies on clear sunny days preferably at temperatures between 20 - 30°C  

e. Do not inspect colonies on cold, windy and cloudy days  

f. Use a smoker when needed to subdue the bees.  

g. Use protective dress and veil while inspecting colonies  

h. Isolate the diseased colonies from healthy ones. 

3. Provision of fresh water in the apiary: To keep a healthy apiary, make sure fresh water is available 

nearby, particularly in shallow containers. Water is required to maintain an appropriate humidity level in 

a colony to ensure optimal egg incubation. Nurse bees must blend honey and pollen to a specific consistency, 

which requires water, to provide bee bread to the workers. Bees use water to evaporate and cool the colony 

when the apiary's temperature rises above 37°C. 

4. Dearth period management:  

a. Provide 50% sugar syrup to the colonies during dearth periods when honey stores in the colonies 

is not adequate and nectar is not available in the area. The syrup should be prepared by boiling 

clean water in the vessel and sugar added with slow stirring for few minutes. Cover the vessel with 

lid and let it cool. Feed cooled syrup.  

b. Sugar syrup should be kept in such a way that the bees should not drown in it. Do not prepare 

the feed in open in the apiary and avoid dripping on the ground to prevent robbing by bees and ants.  

c. Feed the colonies in the evening preferably after sunset and feeding should be given to all colonies 

in the apiary at one time  

d. Pollen substitute comprising of fat free soyabean flour (3 parts) + Brewer’s yeast (1 part) + 

skimmed milk powder (1 part) + sugar (22 parts) +honey (50 parts) made in the form of patties 

should be provided when pollen stores in the colonies is not adequate and pollen is not available in 

the area.  

e. Extra frames should be stored in air tight chambers and fumigated with sulphur powder.  

f. Old and dark combs should be discarded. 
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5. Care during honey extraction:  

a. Use honey extractor, containers and other bee hive tools /equipments made of stainless steel / 

food grade plastic. Don’t use tins & containers made of other degraded material  

b. Wash all the equipments / containers etc. thoroughly with warm water before honey extraction  

c. Extract honey from super chambers only.  

d. Select frames only with 75% sealed cells with ripened honey for extraction.  

e. Cover the entrance gate of the colony with small branches or twigs, newspaper to avoid robbing.  

f. Extract honey in a closed room and not in the open to avoid robbing.  

g. Do not leave super and brood frames, after extraction of honey open in the apiary 

h. Do not spill honey in the apiary.  

6. Care during migration:  

a. Migrate colonies during non-availability of flora to areas with abundant flora.  

b. Before migration surveys the area to assess the availability of the flora to locate the colonies  

c. Ensure honey extraction before migration  

d. Close the entrance gates of the colonies in the evening after all worker bees are inside the colony 

e. Pack the colonies internally and externally before migration to avoid jerking  

f. Colonies in the vehicle should be packed in such a way that the entrance side should face the front 

side of the vehicle  

g. Start migration late in the evening and ensure the colonies reach the destination within 10-12 

hrs. the next day morning and entrance gates are opened after landing in the new location  

h. If the destination is far away, keep colonies by halting at an appropriate place in day time and 

open the entrance gate and repeat the process of migration.  

i. Avoid jerking in the way while transporting bee colonies. 
  



 

 
Volume 04 - Issue 11 - November 2022       240 | P a g e  
 

Mechanization in Sugarcane 
Article ID: 38483 

Sreedevi M. S.1 
1Zonal Agricultural Research Station, V.C. Farm, Mandya University of Agricultural Sciences, Bangalore. 

 

 
 

Introduction 
Sugarcane growing in India can be broadly classified in to tropical and sub-tropical zones. Karnataka is 

also one of the major cane growing states. Sugarcane is labour intensive crop for different operations. 

Considering the present trend of non-availability of labour for sugarcane production, it has been 

experienced that the use of modern machinery.  

Use of machinery helps in labour saving, timeliness of operations, reduces drudgery, helps in improving 

quality of work, reduces cost of operation and ensures effective utilization of resources. In case of sugarcane 

crop although machinery has been developed, the adoption of these implements and machinery have not 

been up to the desire. Thus, there is a considerable mechanization gap, especially in the area of sugarcane 

planting, intercultural, harvesting and ratoon management. Therefore, it is necessary to concentrate on 

efforts to be made for adoption, development and popularization of sugarcane machinery for various 

cultural operations. By using these cost-efficient devices to the farmers with a view to sustain sugarcane 

productivity. 

Sugarcane Mechanization 
Mechanization of sugarcane production means adopting mechanized operations in the sugarcane 

production system, which includes mechanized soil preparation, furrowing, planting, inter cultivation with 

fertilizer application, plant protection, harvesting, loading and transportation. These mechanical 

operations may be continued at ratooning with shredding leaves to leave them in the field as mulch, stubble 

shaving to keep the ridge flat for ratoon sugarcane, or deep ripping of the row interspaces to apply fertilizer, 

as typical operations. 

Different Stages in Sugarcane Cultivation 
The following are the various stages where mechanization is required in sugarcane cultivation: 

1. Land preparation: Sugarcane needs good tilth because it stands in the field for 10-14 months. Tillage 

operations for planting sugarcane is done with the help of mould board plough, disc plough, disc harrow, 

duck foot tillers, rotavators, cultivators, bund formers, trenchers, ridger, furrower and other local tillage 

tools.  

2. Opening of furrows: Tractor drawn adjustable ridger spaced at six feet distance is used for opening 

furrows to a depth of 1.5 feet for surface irrigation. In case of sub-surface drip irrigation, lateral laying 

machines are used directly to open furrows and to lay the lateral. 

3. Planting of sugarcane: The farmers have been following different planting methods such as flat 

planting, trench planting, pit planting, staggered row planting, spaced transplanting and dual row 

planting, sugarcane cutter planter etc. Row to row space maintained by the farmers is mostly ranging from 

60-70 cm to 90-150 cm, but 75 cm is being the most common by the Indian farmers for manual planting. 

For mechanized planting, farmers can make use of sugarcane cutter planter developed by Indian Institute 

of Sugarcane Research, Lucknow and sugarcane seedling transplanter may be used for transplanting of 

sugarcane seedlings developed by Central Institute of Agricultural Engineering, Coimbatore. 

4. Weeding and Intercultivation: Sugarcane requires 4-5 intercultural operations for weed control, 

moisture conservation and creation of better environment for overall growth of plant. Use of self propelled 

rotary weeder and light weight power tiller, tractor tiller with ridges and discs have been followed for 

intercultural and earthing of sugarcane. Tractor mounted fertilizer distributor is used to spread the 

fertilizer in the band form.  
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5. Harvesting and detrashing of cane: Sugarcane harvesting by harvesters involves base cutting of 

sugarcane, stripping and retracting of sugarcane, detopping and bundle making. Detrashing of cane is done 

by improved detrashers. 

6. Trash shredding: Tractor operated and power tiller operated trash shredders are available which 

handle both dry and fresh sugarcane trash to incorporate the trash remained in the field after harvest with 

the soil there by the fertility of the soil is increased. 

7. Ratoon management: Multipurpose ratoon management device used for stubble shaving, off barring 

or dismantling of ridges, intercultural operation and fertilizer application.  

8. Sugarcane loading and Transportation: Mechanized sugarcane loaders can be used to load the 

harvested and detrashed sugarcane stalks into the trucks. Sugarcane grabber cum loader, trucks and other 

vehicles can also be used for transporting the sugarcane to sugar industries. 

Conclusion 
Mechanization of sugarcane production is the inevitable choice in order to reduce production costs, improve 

labour productivity, and reduce the intense demands for farmers’ labour. It is the most important measure 

to promote development of the sugar industry in India. 

Mechanization of Sugarcane Cultivation 
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Abstract 
Biochemical nutrition is a complex, multifaceted scientific domain indicating how substances in foods 

provide essential nourishment for the maintenance of life. The research in the field of human nutrition 

involves a spectrum of other basic and applied scientific disciplines, including one of those disciplines is 

Biochemistry. This area of study is necessary for understanding how humans obtain and utilize foods and 

nutrients from a molecular to a societal level, as well as the factors determining and influencing the 

biochemical signaling and processes of human body. The study of the structure, chemical and physical 

characteristics, and physiological and biochemical effects of the more than 50 nutrients found in foods 

underpins the understanding of nutrition. Reviewing the biochemical processes and the significance of the 

nutritional biochemistry in food science and nutrition with regard human health. Nutritional biochemistry 

and a biochemist in food science and nutritional sector has a big importance and plays several major roles 

in domain of biochemical nutrition and food science. In all the metabolic processes that cells need to develop 

and maintain their structure and function, nutrients also serve as substrates and cofactors. Through this 

article reader will get to know the aspects of biochemistry and biochemical factors influencing human 

health with regards to food and nutrition. 

Introduction to Nutritional Biochemistry 
Nutritional biochemistry entirely involves the science and vital field of study which is derived from the 

many other branches of the science which on combining gives information about the nutritional science. 

It’s a branch which provides the information about food nutrients and their components which plays 

important role in human body and affect the human body physically, mentally, physiologically and socially 

and also relates the nutrition to human health and physiology. As per the Health and Human Services 

Department (US), insufficient nutrition or the lack of nutrition is the cause of several deaths per year and 

wastes $71 billion in medical treatments, in loss productivity of food, and premature deaths in the United 

States per year. Nutritional Biochemistry also provides information about the importance of biochemistry 

in the recently growing sector of food and nutrition science, and enhances the understanding of those 

physical and biochemical changes which occur in food material or product.  

Studying the biochemistry of nutrition and foods can provide important details about how diet influences 

the onset, progression, and prognosis of physical ailments like cancer, diabetes, heart disease, and stroke. 

Health depends on the harmonious balance of chemical reactions taking place in the body, and disease is a 

reflection of abnormalities in biomolecules, biochemical reactions, or biochemical processes. Biochemistry, 

nutrition, and health are all related. From the molecular makeup of food to how nutrients are processed 

and absorbed, biochemistry and nutrition are intertwined. Students can gain useful insight into the 

connected subjects of agriculture and the related science (food science and safety) by studying nutritional 

biochemistry alongside animal and plant production, food science and food safety, as well as physiology. 

Importance of Biochemistry in Food Science and Nutrition 
1. Biochemistry is the base for food science if you are into the research field and want to extract protein or 

other nutrients from the food and help you in new product development and research. Biochemistry helps 

in learning atomic compositions of the food products and reaction of the molecules of the food product when 

undergoes the temperature treatment (heating and freezing), treatment with acid, starch, salt, baking 

soda, water and air, etc. 

2. Biochemistry is the understanding of basics to the food sciences and knowing the roles of foods and food 

components and is at core of food science and biochemistry helps us to learn the roles of foods and food 
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components (like starches and gums, flavorings, etc.) and how to manipulate recipes based on those 

properties. For instance, if one wants chocolate chip cookies that are thin and crispy instead of thick and 

chewy, how that is best accomplished, or how to make cakes rise higher or pie crust flakier, that sort of 

thing. 

3. Nutritional psychiatry, which explores how nutrition functions at the cellular level and the intricate 

interactions and pathways that nutritional compounds influence, was developed as a result of research in 

the field of nutritional biochemistry. It identifies the impact of specific nutrients on mental health disorders 

and aims to develop new therapies based on nutritional supplements as complementary or alternative 

treatments for psychological illness. 

4. Using the newer methods of biochemistry, many of these essential nutrients can be measured in about 

1/1000 of the time that was required a few years ago. 

5. The examination of dietary intake, cell function and metabolism, clinical nutrition, determining and 

monitoring dietary needs, macronutrients and energy, nutritional genomics, and nutritional psychiatry are 

all included in nutritional biochemistry investigations. 

6. Facts about how nutrients affect cellular homeostasis as well as the growth, development, and function 

of cells and tissues have also been made known by nutritional biochemistry. 

7. The relationship between stress reactions and this link, as well as how they can cause the disease, are 

also aided by nutritional biochemistry. This line of inquiry may be especially important for creating fresh 

preventative methods for various physical disorders. 

8. The importance of diet in the development of cancer has also been amply demonstrated by nutritional 

biochemistry, which has further bolstered the notion that genetics play a crucial part in the emergence of 

cancer. 

9. The link between diet and other bodily functions is being uncovered by nutritional biochemistry, 

shedding light on how what we eat is connected to disease. 

10. Modern chemical and biochemical analytical techniques are used in food biochemistry to research food 

components and their reactions. Model systems are used to examine these reactions, and effective 

statistical tools are used to analysis data to obtain the most useful results. 

11. Nutritional biochemistry is a very broad area of study, and there is still much to learn about it. Research 

in this complex area must integrate data from a countless number of disciplines, such as cellular and 

molecular biology, molecular genetics, physiology, and clinical medicine. In the years to come, we can 

anticipate many more significant discoveries coming from nutritional biochemistry. 

Main Factors that Influence the Body's Nutrition, Nourishment and Biochemical 

Signaling 
The quality and amount of food a person consumes, how well their digestive system absorbs and processes 

the food, and the availability of biological and biochemical substances are all elements that influence their 

body's need for nutrients and biochemical signaling.  

1. Nutritional level of food: The soil and growth circumstances of the food might have an impact on its 

quality. The production, storage, and manufacture of our food can all have an impact on its nutritional 

quality. 

2. Nutritional deficiencies: Our conventional standing may also be influenced by the calibration of the 

food we consume. Malnutrition is a major issue in impoverished nations, but it may also arise in rich 

nations owing to a reliance on highly processed, refined meals. 

3. Requirement of Nutrients: The ideal value of a person's intake of necessary nutrients is biochemically 

available. Age, sex, development, pregnancy, breast-feeding, sickness, psychological stress, amount of 

exercise, and other variables like smoking and alcohol use all have an impact on this nutritional need. 

a. Age: Older adults have different dietary needs than younger ones since they take more medicines. 

b. Health Status: Dietary needs differ based on whether a person is well or ill, and just as each 

illness has its own specific nutritional requirements, so do those who are ill. 
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c. Activity Level: An individual's dietary needs are influenced by their degree of exercise. Athletes 

have different dietary needs than office employees do. Some people find that exercise increases their 

metabolic efficiency and increases their need for nutrients. 

d. Food Availability: When food is limited, difficult to purchase owing to a poor crop or for any 

other pertinent cause, it can also have an impact on nutrition. 

e. Storage: The absence of adequate post-harvest storages and even home storage of processed foods 

can cause food to deteriorate, which has an impact on dietary needs.  

4. Digestion Process: The effectiveness of human gastrointestinal tract has an impact on his/her natural 

state; a problem with our intestines will lower the amount of food that is absorbed into our bloodstream 

after being digested. The rate at which some nutrients are absorbed can be impacted by metabolic issues, 

dietary sensitivities, and the availability of compounds like tea and coffee. 

Biochemist's Role in Nutritional Science or Programs 
1. An assessment in which each community can supplement its own potential food supply by foodstuffs 

from other areas and of the composition and quantities of the food that are available, including 

consideration of all the specific factors that are known to be required for human and animal health, such 

as protein, fat, energy, minerals and vitamins. 

2. Cooperation with civil authorities in planning for the best utilization of the food supplies that are known 

to be available followed by plans for the most efficient extension of the local supplies and their 

supplementation by imported foodstuffs and safe to assume that few if any localities will have sufficient 

foodstuffs of the right kinds available within their own borders. 

3. Cooperation with physicians and dietitians in planning and carrying out nutrition surveys should be 

shared in making decisions regarding techniques to be used and he should participate actively in the work 

as it is carried out. 

4. Development of food processing plants that would give the greatest assurance of low-cost foodstuffs of 

high nutritive value and selection of crops that would provide the most critically needed nutrients per unit 

cost for that area and increasing production by economic enrichment of the soil. 
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Introduction 
Climate change is a global phenomenon which refers to long term changes of temperature and weather 

patterns. Major variations in temperature like extreme coldness in winter or extreme heat during summer 

occurs rapidly. Moreover, alterations in seasonal rainfall also occurs leading to flash flood or off-season 

drought period. Climate change is caused by various factors out of which the main cause is human 

alterations to the environment. Since the 1800s, various human activities are mainly responsible for the 

change in climate which include activities like burning of fossil fuels (coal, oil, gas), deforestation, etc. Since 

the nineteenth century, anthropogenic activities have caused an increase in average temperature of 0.9 °C, 

primarily as a result of greenhouse gas (GHG) releases into the atmosphere. Given the rate of deforestation, 

the increase in GHG emissions, and the pollution of the soil, water, and air, it is predicted that this rise 

will be 1.5 °C by 2050, though it may even be higher.  

Change in climate also disrupts the agriculture sector as it reduces the availability of food due to reduction 

in food productivity, lack of water availability, presence of problematic soil conditions like salinity, lack of 

easy access to food, etc.  It not only affects the vegetation of farm but it also affects the livestock which 

overall causes a lot of problems in the livelihood of farmers mainly in India as 60% of the Indian population 

consists of farmers. 

Causes of Climate Change 
Since early days it is known that the main cause of climate change is due to human activities. However, 

we neglected the issue since that activities become habitual as it had been passed on from generation to 

generations and everyone grows up following those particular traditions. Some of the activities include –  

1. Burning of fossil fuels (coal, oil, gas) 

2. Deforestation 

3. Urbanization  

4. Waste disposal 

5. Toxic gases or release from factories 

6. Combustion from vehicles  

7. Greenhouse gases (CFCs, methane, ozone) which got emitted from ACs, refrigerators, printing machines, 

etc. 

Effects of Climate Change 
1. On Agriculture: With change in the climate, we can experience alteration in weather conditions which 

will further affect the yield of some major crops like rice, wheat, maize, etc. Due to reduce in production 

there will be food scarcity in some areas. Also due to change in climatic conditions, certain conditions might 

be favourable to certain pest and diseases thus there is high risk of insect and pest infestation. Moreover, 

with the alterations in the climatic conditions, the physical properties of soil have also deteriorated leading 

to problematic soil conditions like salinity, alkalinity, acidic, etc. 

2. On Livestock: With the change in climate the livestock will experience certain acute or chronic stress 

as they are experiencing change in temperature. Moreover, with the change in temperature it will also 

affect the production of certain livestock species like dairy cattle, beef cattle, small ruminants, etc. 

3. On environment: Due to climate change we experience some drastic changes in the environment like 

change in meteorological factors like temperature, wind speed, etc. as well as change in climatological 
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designs which include warm or cold season and dry or wet period. Moreover, we also experience pollution 

or offseason rainfall causing flash floods or landslides. 

4. On Human beings: Since climate change occurs due to human activities like burning of fossil fuels, 

over- exploitation, deforestation etc., it all leads to pollution which is hazardous for human health. Also, 

inhalation of polluted air due to toxic gases or fumes also causes respiratory related illness like asthma to 

humans. Moreover, due to greenhouse effect, humans are more prone to skin disease and cancers from 

direct exposure to sunlight radiation. 

Adaptation/ Mitigation Strategies Adopted by Farmers to Overcome Climate Change 
1. Migration: Farmers in rural areas of India like Bihar considered migration as their adaptation strategy 

to overcome the stress of climate change. One of the main reasons for migration is the climate sensitivity 

of crops as well as livestock. Moreover, another reason is the drastic difference in the socio-economic 

conditions between urban and rural areas. 

2. Awareness: Majority of farmers in rural areas of India does not have any idea about the climate change 

and its drastic effect on their livelihood until it’s too late. So, awareness should be given to each village or 

rural areas regarding the effect as well as the causes by preventing ages long traditional activities of 

burning fossil fuels which will further instigate the climate change. 

3. Introduction of new tools and technologies: After providing awareness to farmers, farmers in rural 

areas are trying to adapt the climate change in their own ways. But with the introduction of modern tools 

and techniques it will be easier for farmer to cope up. 

4. Change in Agriculture or Farming Practices: One of the important strategies adopted by farmers 

in eastern Uttar Pradesh is change in agriculture or farming practices which were followed till now. These 

included altering the date of planting and harvesting, growing short-season crops, intercropping, altering 

the cropping pattern, crop diversification, investing in irrigation, and practising agroforestry. 

5. Water management: One of the major threats posed by climate change in agriculture is scarcity of 

water. So, it is essential to follow proper irrigation method and to prevent exploitation of water by 

preserving groundwater as it is the only reliable source of water during dry period. 

6. Integrated Farming System (IFS): Farmers are adopting Integrated Farming System as strategy to 

cope up with climate change. And it is found that farmers practising Integrated Farming System can 

increase productivity as well as can maintain farmers’ income. As Integrated farming system consists of 

various approaches or methods of farming both for irrigated and rain fed conditions, it acts as a reassurance 

to the farmers from climate change risk and protection of farmers’ returns. 

 

7. Change to non-farm jobs: One of the adaptation strategy of farmers is to join other jobs not related to 

farm to maintain a source of income for their livelihood as they cannot continue to cope up with their farms. 

8. Aquaculture mitigation: In certain states of India like Andhra Pradesh, Gujarat, Karnataka, etc 

where aquaculture is mainly practised, they are also greatly impacted by the climate change. Farmers in 

such areas used certain mitigation strategies like pumping of pool water during extreme heat or implanting 

mesh over ponds at the time of flooding to prevent loss of fishes. Moreover, oxygen tablet is also used by 

some farmers during hot season. 
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Conclusion 
As we all know climate change is an emerging issue currently, we need to focus on how to prevent certain 

activities which are responsible for instigating climate change. Also, we need to focus on introducing new 

adaptation strategies which are reliable and efficient. Government of India also introduce the National 

Action Plan on Climate Change (NAPCC) after considering the major threats posed by climate change. 

Moreover, the non-governmental organisation also supports farmers to cope up with the climate change by 

constructing dams, wells, etc. 
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Groundnut (Arachis hypogaea) is one of the important oilseed crops belonging to the family Fabaceae. The 

optimum season for seed production is June-July for the rainfed crop. 

Method of Seed Production 
Groundnut is a self-pollinated crop with 0 – 5% of cross pollination. The crop should be raised in isolation 

and seeds should be produced by self-pollination. The isolation distance maintained between the varieties 

is 3 meters for both certified and foundation seed production. 

Seed Production Stages 
Breeder seed           Foundation seed          Certified seed 

Land Selection 
The selected land should not be cultivated with groundnut in the previous season. The soil should be fertile, 

clean and porous with good drainage facility. 

Seed Selection and Sowing 
Certified seeds should be obtained from an authorized source. Healthy kernels free from disease and pest 

infection should be used for sowing. Remove the decoated, tip broken, coloured kernels and use uniformly 

graded seeds. Seed rate is 45 kg/acre (110 kg/ ha) for spreading type and 50 kg/acre (120 kg/ha) for bunch 

type. Selected seeds should be treated with biofertilizers like Rhizobium and bio-control agents like 

Trichoderma viride. Treated seeds are dibbled either manually or mechanically (using seed drill) at a depth 

of 7.5 – 10 cm. The spacing for bunch type is 30 x 10 cm and 45 x 20 cm for spreading type. 

 

Nutrient Management 
Groundnut is a deep-rooted plant and hence uses both moisture and nutrients in the deeper layers of the 

soil. Nitrogen requirement in rainfed crop is 4 kg/acre (10 kg/ha) and in irrigated crop it is 7 kg/acre (17 
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kg/ha). Phosphorus requirement for rainfed crop is 4 kg/acre (10 kg/ha) and in irrigated crop it is 14 kg/acre 

(35 kg/ha). Although Indian soils are rich in potassium, the recommended dose is 18 kg/acre (45 kg/ha) in 

rainfed and 22 kg/acre (55 kg/ha) in irrigated crop. 

Based on this quantity, nitrogen rich vermicompost and compost need to be applied before and after 20 

days of sowing. Before sowing, apply 4 tonnes of FYM, 16 kg of neem cake and 80 kg of gypsum per acre 

(10 tonnes of FYM, 40 kg of neem cake and 200 kg of gypsum per hectare) as basal manure and incorporate 

into the soil with the help of a country plough or a blade harrow. FYM improves the porosity and structure 

of the soil and supplies the crop with the required micronutrients. An alternative to FYM is to practice 

green manuring with crops like Sun hemp, Dhaincha and other legumes. 

Weed Management 
Weeds reduce the yield up to 20 – 45% in groundnut. Based on the soil type and the extent of weed 

infestation two hand hoeing and weeding should be done. The first hoeing should be done three weeks after 

sowing. This should be repeated before the onset of flowering. Weeding should not be done after 45 days as 

it may interrupt peg elongation and pod formation. 

Pest and Disease Management 
Groundnut is affected by pests like root and pod feeders (white grubs), red hairy caterpillar, leaf miner and 

tobacco caterpillar and diseases like leaf spot or tikka disease, rust, Alternaria leaf spot and stem rot at 

different growth stages. 

Interculture and Earthing Up 
Inter cultivation operations have to be started as soon as the rows of groundnut seedlings are visible and 

repeated at regular intervals till 45 days. Shallow inter cultivation is adequate. Earthing up should be done 

simultaneously with intercultural operations (40 days). 

It facilitates maximum penetration of pegs and provides a larger spreading area. Apply gypsum @ 80 kg/ 

acre (200 kg/ha) during earthing up to facilitate peg penetration and to obtain good oil content. 

Irrigation 
Depending on soil texture, the frequency of irrigation varies. However, irrigation should be given during 

the critical stages of growth like flowering, peg formation and pod development/ seed filling. The crop should 

be irrigated once in 10 – 15 days. Irrigation before harvesting will make the operation easier. 

Roguing 
Roguing should be done from vegetative phase to harvest. Off-types are removed based on the colour, 

growth pattern, flowering etc. Maximum percentage of off-types permitted at final inspection is 0.10% for 

Foundation seed production and 0.20% for Certified seed production. 

Field Inspection 
A minimum of two inspections will be done, one at flowering and second at pod maturity stage (15 days 

prior to harvesting) by the Seed Certification Officer. 

Field Standard 
 Foundation seed Certified seed 

Isolation distance 3 m 3 m 

Off-types 0.10% 0.20% 

Harvesting 
When the crop matures, the older leaves will dry and fall off, top leaves will start yellowing and the inner 

side of the pod will turn black and the seeds inside will move freely. Soil moisture level is very critical 

during harvesting. The bunchy varieties are harvested by hand whereas the spreading varieties by digging, 

ploughing or with the help of a blade-harrow. Groundnut should be harvested in bright sunshine. 
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Stripping and Drying 
After harvesting the groundnut pods are removed from the plants. This is called stripping. The pods are 

removed by picking or flailing (beating) on the ground. The pods should be dried under the sun to have less 

than 9% moisture content. 

Seed Storage 
Groundnut pods are stored as such till next sowing. The seeds can be stored viable up to 18 months. Pods 

should be stored in gunny bags lined with polythene. Few pieces of camphor should be added in the bag to 

preserve the seeds. Pods can also be mixed with neem leaves (@ 2 kg/400 kg seeds) to act as a repellent for 

storage pests. 

Seed Standards 
 Foundation seed Certified seed 

Physical purity (min) 96% 96% 

Inter matter (maximum 4% 4% 

Other crop seeds (maximum) None None 

Weed seeds (maximum) None None 

Germination (min) 70% 70% 

Moisture (max) 9% 9% 
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The growth, yield and quality of the crop varies according to the prevailing climatic conditions in which the 

crop grows. Optimum weather is conducive for attaining maximum growth whereas abnormal weather 

causes adverse impact on growth and reproduction. Crop yield decreases when weather conditions deviate 

from optimal weather requirement. Further, quality of crop produces also decreased because of undesirable 

weather conditions. In this line, knowledge on influence of adverse weather conditions on crop is essential 

in order to manage crops under adverse weather conditions.  

Changing climate and increasing occurrence of weather abnormalities is more common now a day. Climate 

change is witnessed in terms of changes in weather conditions i.e., temperature, total precipitation, rainy 

days, sunshine hours, relative humidity, wind speed, etc. in comparison to long term average for the 

particular region.  Minor change in weather conditions can affect crop production to a greater extent. The 

extent of impact varies with plant species according to their weather sensitivity.  

Rice is the major food crop in India and across globe. Yield and quality of rice depends on variety adopted, 

soil conditions, management imposed besides the weather conditions. Rice responds well to weather 

conditions. Accordingly, weather conditions influence the growth, yield and quality of rice significantly. 

This paper illustrates the influence of abnormal weather conditions on rice. 

Impact of Abnormal Weather Elements 
Weather elements directly influence the plant metabolic activities. Abnormal weather elements restrict 

metabolic activities resulting in slow down of growth and yield reduction. The specified effect of different 

abnormal weather elements is discussed as below: 

High Temperature: Increasing temperature with in optimum range enhances metabolic activity and 

growth of plants. Temperature beyond optimum range (20-40 0C) is detrimental to plant growth. Higher 

temperature causes denaturalization of enzymes leading to decreased metabolic activity. Temperature 

beyond 35 0C halts germination of nursery sown seeds. Higher temperature during flowering season causes 

dessication of pollen grains and wilting of stigma. As a result, pollen sterility is increased and grain yield 

is decreased. Leaf and grain moisture is reduced due to higher evapotranspiration loss of moisture from 

plants exposed to higher temperature conditions during maturity stage. 

Low temperature: Temperature below 20oC is less preferable to rice cultivation. The rate of metabolic 

activity decreases with decreasing temperature. Seed germination is delayed (> 6 days) if lower 

temperature persists for prolonged period. Existence of cold temperature during flowering inhibits pollen 

formation that leads to increased panicle sterility. By interfering with the fertilization process, lower 

temperature delays the anthesis process. As a result, grain formation and maturity are delayed.  

Low sunshine: The amount of solar radiation intercepted by the plants has significant impact on biomass 

production and yield obtained. Solar radiation is become a major constraint during extended cloudy 

weather or continuous rainfall conditions. Plant growth is affected due to lesser photo period and poor solar 

energy received during cloudy weather conditions.  

Low sunshine hours accompanied with lesser sunlight intensity decreases photosynthesis. Reduced 

photosynthesis leads to reduced leaf area of rice. Due to lack of sunlight, plant grow upward to get adequate 

amount of sunlight. This might be the prominent reason for the enhanced plant height under low light 

intensity conditions. Further, it retards the translocation of phothosynthates and decreases the dry matter 

production. Buds’ development is also poor in addition to reduced tillering. Panicles and grains also reduced 

owing to the combined influence of all these above adverse processes. 

Strong wind: Wind movement is beneficial for gas exchange, pollination of flowers and seed dispersal. 

Speedy wind produces deleterious effect on rice crop. Leaves become broken and grains will be shattered 
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by the heavy wind due to beating action of the heavy wind. Rice plants become lodged if heavy wind persists 

for longer period. Strong wind during flowering stages increases sterility of flower which in turn reduces 

yield. Increased flower sterility is due to desiccation of pollens and wilting of stigma. Combination of all 

these adverse process results in delayed maturity and reduced yield. 

High rainfall: Rainfall causes beating action on buds and reduces bud opening and flowering. Extended 

wet conditions of the panicle associated with continuous rain facilitate fungal pathogen infection on grains. 

Number of unfilled grins in panicles is also increases with higher rainfall during flowering and grain filling 

stage.   

Low relative humidity (< 60%): Low relative humidity designates dry air conditions which lead to higher 

moisture loss from plants through evapotranspiration. As a result, the moisture content in the leaf and 

grains of paddy is lower under dry air conditions. Continuous dry air condition causes damages to 

chlorophyll pigments and hence chlorophyll content of the leaf reduced. Further, it accelerates leaf 

senescence and reduces panicle initiation period. Adverse influence on flowering is also observed. 

Climate change is inevitable phenomenon in this era which is a great concern for sustainable farming. 

Impact of changing climate on crop is both beneficial and detrimental. Abnormal weather events create 

havoc to agricultural crops which occurs more frequently now days. Abnormal weather factors such as high 

temperature, low temperature, higher rainfall, low intensity of solar radiation, high wind speed, low 

relative humidity, etc. adversely affect the growth, reduces the yield and deteriorates the quality of crop 

produce. Knowledge of climate and abnormal weather factors helps farmers to reduce the damage 

associated with it. Further, it facilitates farm management activities to attain optimal yield. In nutshell 

weather based wise management is the need of the hour. 
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Introduction 
Entomopathogenic nematodes (EPNs) are the most important nematode species with respect to insect 

control as biological agents. EPNs consist of the genera Steinernema and Heterorhabditis have a symbiotic 

relationship with Xenorhabdus and Photorhabdus respectively, (Stuart et al, 2006). These bacteria are 

capable of killing host within 24-48 hours after they have been released into the insect’s gut. 

Through this life cycle, EPNs have thus far being recognized as the best candidates for biological control of 

problematic insects (Adams 2009). Entomopathogenic nematodes are considered insect pathogens rather 

than insect parasites because symbiotic bacteria that exist within the gut of these nematodes are released 

when the nematode enters an insect host and are ultimately responsible for the death of the insect.  

As the EPNs are present in soil, following method could be practice for isolation of these nematodes. 

Soil Collection (Bamel 2016) 
1. Soil should be collected from the site of interest. This may be an orchard, a crop field, a pasture, lawn, 

etc. 

2. Collect soil when it is damp – not saturated and not completely dry. 

3. Using a trowel, collect soil sample from the top 3 to 5 inches of soil; take several trowels full of soil from 

the surface to fill an approximately 500 g sample. 

4. Each 500g soil sample should be placed into individual zipper-type bags. Close the bag and press gently 

to break up the soil. 

5. The bag should be labeled with the date and location sampled as well as a description of the sample area. 

6. EPNs tend to be patchy in their distribution, so soil samples should be collected from areas that are 

subject to different applications (e.g., different types of plants, different tillage types, different soil types, 

etc.). Keep in mind that sampling designs may vary, depending on the type and size of habitat you are 

sampling (e.g., a diverse orchard will be different than a crop field). Keep samples in a cooler (8-15°C) 

during transport to the laboratory. 

7. Take a portion of the soil sample for analysis to obtain information on soil composition, texture, moisture, 

electrical conductivity or other desired soil parameters. 

Isolation of Nematodes from Soil Samples- Insect-Baiting Technique (Bamel 2016) 
1. Remove any debris (i.e., rocks, pieces of wood or bark, leaves, etc.) collected with samples to avoid 

contamination with saprophytic microorganisms. 

2. Add water to moisten the soil and facilitate the movement of nematodes. 

3. Place approximately 200 to 250 cc of moist soil in a clean plastic container with a lid. 

4. Add insect baits. Consider 5 to 10 insects to the soil surface of each sample. 

5. Cover the container with a lid and turn containers upside down. 

6. Maintain containers in the dark and at room temperature (usually 22-25 °C). 

7. Check containers every 2 - 3 days and remove dead insects. Add additional healthy insects to each 

container for further baiting of the soil sample. 

8. Remove dead insects from the containers. Cadavers with a brown or ochre coloration are usually 

parasitized by steinernematids, whereas brick red to dark purple cadavers are parasitized by 

heterorhabditids. 

9. Rinse cadavers in sterile water. 

10. Place cadavers in a modified White trap for recovery of nematode progeny. 
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Culturing Native Entomopathogenic Nematodes and Bioassay for Entomopathogenic 

Nematodes (Bamel 2016) 
1. Place infected cadavers on a moist piece of filter paper in a covered dish. 

2. Place the dish inside a plastic container and seal it most of the way to hold in moisture, but not                        

so much that air cannot get into the bag. 

3. Place the container with dish in a dark place at room temperature and check it daily. 

4. When IJ’s begin to emerge, place the petri dish into a larger “catch” dish that has a little water in it. 

5. Nematodes will crawl into the water, where they may be poured off into a flask containing tap water 

that has been allowed to sit for at least 48 hours. The flask should be stored in the refrigerator with a 

loosened cap so nematodes have access to oxygen. The flask should not be filled completely, nematodes 

should not be too concentrated in the flask (i.e., the water should not appear to be thick and cloudy). Use 

multiple flasks to accommodate these storage requirements. Be sure to label flasks with the same data on 

the covered dish from which the nematodes emerged. 

6. Nematodes in solution may then be used to inoculate healthy wax worms by pouring a few milliliters of 

the collected nematode solution over 5 to 10 wax worms which should be placed on a clean damp piece of 

paper towel in a clean pre-labeled petri dish. Repeat steps 1 to 5. 

7. Stored nematodes should be used within three weeks for optimal efficacy. 
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Introduction 
Digital marketing will play a pivotal role in tripling the farmers’ earnings in the agricultural industry. It 

will help increase visibility online and enable potential customers to find their agricultural business online. 

Through digital marketing, investing in the agriculture sector is the best weapon to fight against poverty 

and provide a good quality of life. Various organizations or Companies are investing in digital marketing 

strategies of the agricultural sector to enhance the well-being and comfort of farmers.  

In the United States, the agriculture and agribusiness worlds have grown to represent a market of nearly 

$390 billion in products and produce. The farming and agribusiness world itself has grown in complexity 

to encompass subsectors like agricultural machinery, precision-agriculture, chemicals, farm equipment, 

crop production, supply-chain services, and more. Companies in these sectors can now choose between 

traditional business outreach channels or online marketing practices. But the truth is, that digital 

marketing for agriculture and the agribusiness sector provides businesses with the opportunity to increase 

visibility and to generate business-to-business leads more efficiently than ever before. 

Digital Marketing for Agricultural Products 
There are ample opportunities& possibilities available for the farmers to market their products. Digital 

marketing in Indian Agriculture has got a great scope in marketing of the agricultural products. And the 

future is going to get brighter in the coming years for digital marketing of agri output as the digital 

marketing is playing an important role in saving the time, increasing the sales & customers. Agriculture 

sector is very slow to adapt but it just shows the opportunity in digital marketing of agricultural products, 

particularly after the Covid -19 pandemic, it is a gold mine and going to reap high rewards. But why is the 

agriculture industry lagging behind the digital age? There are many reasons for it. 

One of the main reasons is because the businesses are not willing to try the new method of marketing or in 

fact, some might even not have a marketing plan for agricultural products outside their town or city but 

just the local market. Some might be with a misconception that why digital marketing for small businesses? 

There is a lack of education or to be precise to say the lack of knowledge on how digital marketing will help 

business to thrive through the new age of marketing. As the matter of fact, digital marketing yields more 

ROI (Return on Investment) than traditional marketing, and also its ability to market of product and reach 

a vast audience is faster and better. 

Digital marketing in the agriculture industry has not been so popular, but agricultural industry businesses 

are missing out on the golden opportunity to market their products not only to local and national but to a 

global market. There are many countries which are solely dependent on importing agricultural products 

from other countries, just imagine the revenue you will generate if your business reaches globally. There 

are various viable options or ways to boost the digitalization in agriculture sector. Benefits of digital 

marketing in the agricultural arena will be path making for future ventures in this sector like- 

a. Digital marketing will enable to create personalized messages towards targeted groups to reach 

the interested group of audience effectively.  

b. It will help to determine the demographics, psychographics, and customer profiles of the 

respective customer audiences.  

c. It helps in the blooming and sharing of knowledge in agriculture with various aspiring marketers.  

d. It helps to achieve a high return on investment by tracking the digital marketing campaigns to 

promote agricultural products or services.  

There are various strategies for moving ahead through the digital way in agricultural enterprises for 

revenue generation as mentioned below.    
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1. Use of advertisements: With the help of digital marketing, modern farming equipment, which has 

been an evolution, can be promoted widely to people. Advertisements will help enhance the search results. 

You need only pay when a user clicks on the ad in advertising. Digital marketing strategies can play a 

significant game-changer when the concern is about generating sales or leads. It helps scale up the 

agricultural products, thereby increasing the followers’ engagement. Advertisements help increase brand 

awareness and you can use online means of growing your agricultural business.  

2. Create social media pages: Social media is the new upcoming strategy in the agricultural industry 

that plays a pivotal role in promoting farm products or services. Various social media platforms establish 

vital partnerships, connect with customers and educate consumers on new farming techniques. Farmers’ 

can make social media profiles on various platforms like Facebook, Twitter, or Instagram and start posting 

relevant content related to their agricultural products. It helps to create an engaging community and 

enhance engagement among potential customers. A progressive farmer can reach their specific audience 

through blogs, articles, and engaging topics. Share customer reviews and testimonials, use social media 

ads to reach potential customers or clients, ask for customer feedback and maintain a robust online 

presence, etc. 

3. Start an email newsletter: Email marketing is an excellent digital marketing strategy that helps to 

achieve a high return on investment. As per an estimate, grower can earn $44 for every $1 spent on email 

marketing strategy for the agriculture industry. As per reports, email marketing is 40 times more effective 

in acquiring new customers than various social media platforms or channels. An email newsletter helps to 

stay in contact with potential customers. It helps provide relevant information regarding your agricultural 

business and achieve a high conversion rate compared to other channels.  

4. SEO (Search Engine Optimization): It will help to achieve better rankings and stand out among 

others in the search engines. Implement an effective strategy and optimize website to rank higher in the 

search engine results. A responsive and engaging website will help you achieve more leads, conversions, 

and relevant website traffic. Implement long-tail keywords to match industrial technology. Optimize on-

page Search Engine Optimization for effective keyword density, internal linking strategies, and search 

ranking signals. Also, search engine optimization as a part of digital marketing strategy for the agricultural 

sector is ideal for growing industry market share, gaining authority reliability through page linking and 

back linking growth and promoting brand recognition and enhancing brand awareness.  

The first thing anyone wants to do on the internet when trying to find out what they need is to go on to the 

search engine. According to the Bright edge, organic search dominates the website traffic at 53%. There is 

need to invest in SEO, and SEO is Vital in the digital marketing of agricultural products. SEO is putting 

relevant keyword of the business and ranking a particular page on the search engine which gives business 

recognition in the online market and increases web traffic which gives business credibility in the market 

and this involves a lot more effort and time to rank on top of the page but it gives a long-term reward which 

will directly benefit business in terms of sales and revenue. 

5. Create engaging custom content: It is essential to create content that helps to address customer 

queries or questions to improve user engagement. It involves the creation of content assets like blogs, 

articles, videos, and info-graphics that help provoke the brand’s interest in the minds of consumers. Content 

marketing helps to aid the strategy and drive better results. It helps to educate the audience on various 

aspects of the agricultural sector.  

6. Paid social media marketing: Paid social media ads offer growth opportunities for e-commerce or 

business-to-business growth. These work on the similar expense of cost per click ads. It helps to streamline 

the user experience by promoting products through popular mainstream channels. It helps agricultural 

businesses to improve online visibility and generate more revenue. Using paid social media ads helps to 

progress the e-commerce development. It offers net growth social media outreach opportunities and refines 

agricultural marketing goals.  

7. Maintain a good E-Commerce website: Developing an e-commerce website helps to promote 

agribusiness to the next level. It helps boost sales for agribusiness and enables prospects to explore business 

offerings. It helps to display the whole range of agricultural products, agricultural accessories, food 

processing equipment, and many more. It is a lucrative option to promote brand offerings through e-

https://echovme.in/social-media-marketing-services-chennai/
https://echovme.in/blog/off-page-seo-strategies/
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commerce websites. Collaborate with a digital marketing agency that offers extensive web development 

services. The website will help to increase brand awareness and reach a wider audience.  

8. Mobile optimization: Optimize website for mobile users. Mobile optimization enables the website 

content to be accessed by users on mobile. Optimized content flows easily through mobile and desktop 

services. It helps to enhance the user experience.  

9. Video marketing: It is one of the attractive ways of capturing the users’ attention and educating the 

audience on various farm offerings of agribusiness. Use various platforms like Instagram YouTube to 

promote video content and enable users to consume content. Videos are great for having conversations 

which help to increase engagement, more engagement makes more reliable feel about the products.  

Though, the agricultural world has the lowest adoption rate for digital marketing, low when compared to 

the average 88% across all other industries. Agribusiness and farming businesses tend to rely more on non-

digital and established business growth strategies making digital marketing more of an accessory. But 

search engine optimization (SEO) and paid search advertising offer well-established benefits for long-term 

business performance and are proven strategies. They also cater well to agricultural product sales, 

wholesale product sales, export/import business and product e-Commerce – regardless of industry. 

According to data from Bright Edge, 51% of all website traffic now comes from organic search, and an 

additional 10% from paid search advertising. Search engines like Google and Bing have become such an 

important channel that they drive more than 40% of online revenue. Digital marketing in agriculture and 

agribusiness markets being able to tailor a strategy that drives both organic and paid traffic towards 

business’s preferred goals. In business-to-business sectors (like agriculture and farming) 67% of 

purchases for multiple industrial manufacturing and industrial businesses are influenced by digital. 

Search engine optimization as part of digital marketing in the agriculture sector is ideal for: 

a. Ensuring long-term business growth and reliable revenue 

b. Maintaining or growing industry market share 

c. Promoting brand recognition and building a business’s loyalty base 

d. Growing traffic to website across organic, referral, and social segments 

e. Gaining authority with improved page-linking and natural backlink growth 

f. Improving sales and revenue affordably, without an ad budget 

g. Generating leads and sales by catching search traffic for customers who are at the top of the 

shopping funnel. 

For businesses in the agriculture, farming, AG machinery, irrigation, and agribusiness spaces this also 

means building out a strategy that accounts for regulatory specifications, and technical product 

specifications. This sort of digital marketing in the agriculture sector is suitable for companies that sell 

tractor parts, agricultural chemicals, food processing equipment, farming accessories etc. – and it gives 

businesses the opportunity to improve on-page meta data, text content, and technical SEO elements that 

can improve their organic rankings over time. 

Tracking Data with Google Analytics and Search Console 
Google’s Analytics tools means that digital marketing in agriculture can track page-views, sessions, 

revenue/sales, form-fill outs, advertising performance, conversion rate percentage, and a lot more. This 

data let’s agriculture companies and related industries track which segments their traffic comes from 

including search engine, social media, referrals and more, meaning that they can use this vast data to build 

out digital marketing strategy. Further, Google Analytics allows for digital marketing in agriculture that 

can keep pace with website growth and measure traffic to help to see the results of marketing. This 

information can also help agribusiness or e-Commerce site track user interest and how online presence is 

growing. 

Conclusion 
Digital marketing of agricultural products can help you cost-effectively to reach a new height. In the 

national &international digital marketing scenario, android mobile& internet based digital applications 

can help in locating the farmers, agri-input dealers, agri-out put buyers, storage warehouses, recognized 

financial institutes for investment sectors easily identified & hence the farmers may get the higher profits 

https://echovme.in/web-designing-company-in-chennai/
https://echovme.in/web-designing-company-in-chennai/
https://ssrn.com/abstract=3282288
https://www.brightedge.com/resources/research-reports/content-optimization
https://www.searchenginejournal.com/seo-101/seo-statistics/
https://www.thinkwithgoogle.com/advertising-channels/b2b-buyers-online-and-offline/
https://www.thinkwithgoogle.com/advertising-channels/b2b-buyers-online-and-offline/
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to their yields in the digital agriculture markets. Android phones are the main breakthrough to the farmers 

where in the apps & internet enabled services are used for the digital marketing of agricultural products. 

It provides complete information on the selling prices, weather reports, package of practices of crops and 

the supply &demand of the crop or agriculture output. 

In India e-choupal by I.T.C, Reliance, “More” (Adithya Birla group) AGMARKNET, M & M (Shubhlabh), 

Godrej group, N.A.F.E.D, NAAPANTA APP, A.P.M.C. etc., are playing an important & responsible role for 

the welfare of the farmers. Digital marketing of agricultural products increases the income, especially to 

the smallholder producers (farmers). Hence it is encouraging the small holding rural youth to continue in 

the agriculture as the future seems to be bright. 
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Introduction 
Anemia or anaemia (British English) is a blood disorder in which the blood has a reduced ability to 

carry oxygen due to a lower than normal number of red blood cells, or a reduction in the amount 

of haemoglobin. When anemia comes on slowly, the symptoms are often vague, such 

as tiredness, weakness, shortness of breath, headaches, and a reduced ability to exercise. When anemia is 

acute, symptoms may include confusion, feeling like one is going to pass out, loss of consciousness, 

and increased thirst. Anemia must be significant before a person becomes noticeably pale. Additional 

symptoms may occur depending on the underlying cause. Preoperative anemia can increase the risk of 

needing a blood transfusion following surgery. Anemia can be temporary or long term and can range from 

mild to severe. 

Iron deficiency anemia is a common type of anemia — a condition in which blood lacks adequate healthy 

red blood cells. Red blood cells carry oxygen to the body's tissues. 

 

Symptoms 
Initially, iron deficiency anemia can be so mild that it goes unnoticed. But as the body becomes more 

deficient in iron and anemia worsens, the signs and symptoms intensify. 

Iron Deficiency Anemia Signs and Symptoms May Include 
1. Extreme fatigue 

2. Weakness 

3. Pale skin 

4. Chest pain, fast heartbeat or shortness of breath 

5. Headache, dizziness or lightheadedness 

6. Cold hands and feet 

7. Inflammation or soreness of your tongue 

8. Brittle nails 

https://en.wikipedia.org/wiki/British_English
https://en.wikipedia.org/wiki/Blood_disorder
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Hemoglobin
https://en.wikipedia.org/wiki/Fatigue
https://en.wikipedia.org/wiki/Weakness
https://en.wikipedia.org/wiki/Shortness_of_breath
https://en.wikipedia.org/wiki/Headache
https://en.wikipedia.org/wiki/Exercise_intolerance
https://en.wikipedia.org/wiki/Confusion
https://en.wikipedia.org/wiki/Lightheadedness
https://en.wikipedia.org/wiki/Syncope_(medicine)
https://en.wikipedia.org/wiki/Polydipsia
https://en.wikipedia.org/wiki/Pallor
https://en.wikipedia.org/wiki/Blood_transfusion
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9. Unusual cravings for non-nutritive substances, such as ice, dirt or starch 

10. Poor appetite, especially in infants and children with iron deficiency anemia. 

Prevention 
Individual can reduce your risk of iron deficiency anemia by choosing iron-rich foods. 

Choose Iron-Rich Foods 

 

Foods Rich in Iron Include 
1. Red meat, pork and poultry 

2. Seafood 

3. Beans 

4. Dark green leafy vegetables, such as spinach 

5. Dried fruit, such as raisins and apricots 

6. Iron-fortified cereals, breads and pastas 

7. Peas. 

Person body absorbs more iron from meat than it does from other sources. If you choose to not eat meat, 

you may need to increase your intake of iron-rich, plant-based foods to absorb the same amount of iron as 

does someone who eats meat. 

Choose Foods Containing Vitamin C to Enhance Iron Absorption 
Individual can enhance his/her body's absorption of iron by drinking citrus juice or eating other foods rich 

in vitamin C at the same time that you eat high-iron foods. Vitamin C in citrus juices, like orange juice, 

helps your body to better absorb dietary iron. 

Vitamin C is also found in: 

1. Broccoli 

2. Grapefruit 

3. Kiwi 

4. Leafy greens 

5. Melons 

6. Oranges 

7. Peppers 

8. Strawberries 

9. Tangerines 

10. Tomatoes. 

Conclusion 
Eat a balanced, healthy diet that includes good sources of iron to prevent any deficiencies. Combine 

vegetarian sources of iron with vitamin C in the same meal. For example: a bell pepper-bean salad, spinach 

with lemon juice, or fortified cereal and berries. 
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If treatment for iron deficiency is needed, a healthcare provider will assess iron status and determine the 

exact form of treatment — which may include changes in diet or taking supplements. 
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Introduction 
Atmospheric concentration of CH4 has been increasing rapidly in recent years. Because it is a radioactive 

trace gas and takes part in atmospheric chemistry, the rapid increase could be of significant environmental 

consequence. The scientific report of the Intergovernmental Panel on Climate Change concluded that a 10 

to 15% reduction in the CH4 emission from individual sources would stabilize the concentration in the 

atmosphere. Of the wide variety of sources, rice paddy fields are considered as an important source of 

atmospheric CH4, because the harvest area of rice has increased by about 70% during last 50 years, and it 

is likely that CH4 emission has increased proportionally. Recent estimates suggest that global emission 

rates of CH4 from rice paddy fields account for about 4-19% of the emission from all sources. Due to the 

large amount of the global emission, the reduction in CH4 emission from rice cultivation is very important 

to stabilize atmospheric concentration. In addition, because of the possibility of controlling the emission by 

agronomic practices, managing rice cultivation must be one of the most likely means of mitigating CH4 

emission. 

Processes Controlling CH4 Emission from Rice Paddy Fields 
Like any other biogenic sources, CH4 is produced by the activity of CH4 producing bacteria, or methanogens, 

as one of the terminal products in the anaerobic food web in rice paddy soils. Methanogens are strict 

anaerobes which require highly reducing conditions. They can metabolize only some restricted compounds 

as a substrate which provides energy for their growth. After the soil is flooded, the redox potential of soil 

decreases rapidly by the sequential biochemical reactions. The progress of soil reduction is controlled by 

the relative abundance of electron donors and electron acceptors in the soil. The ratio of CO2 to CH4 

produced in several paddy soils varied by more than a factor of 10 and correlated with the relative capacity 

of oxidation to reduction of the soils. 

Flooded paddy soils have a high potential to produce CH4, but part of produced CH4 is consumed by CH4 

oxidizing bacteria, or methanotorophs. It is known that microbia-mediated CH4 oxidation, in particular 

aerobic CH4 oxidation, ubiquitously occur in soil and aquatic environment, where it modulates CH4 

emission. In rice paddy fields, it is possible that a part of produced CH4 in anaerobic soil layer is oxidized 

in aerobic layers such as surface soil-water interface and the rhizosphere of rice plants, and the net 

emission will be positive or negative depending on the relative magnitudes of methanogenesis and 

methanotrophy, respectively. 

Options for Mitigating CH4 Emission 
From the above knowledge of the processes involved in controlling CH4 emission from rice paddy fields, it 

is concluded that the possible strategies for mitigating CH4 emission from rice cultivation, therefore, can 

be made by controlling production, oxidation, or transport processes. Since methanogens require highly 

reducing conditions for their activity, arresting the development of soil reduction is one of the most effective 

ways of decreasing CH4 production rate in soils. This can be accomplished by aerating soils during the 

flooding period with altering water management, or by inhibiting the progress of the sequential redox 

reactions with adding chemicals. Changing tillage may yield same effect on soil reduction. These options 

may simultaneously enhance CH4 oxidation rate in soils. Reducing the amount of labile organic matter in 

soils by composting organic fertilizer or promoting aerobic decomposition of biomass is another effective 

way of controlling CH4 production in soils. Since rice plants also have a significant contribution on 

production/oxidation of CH4 in the rhizosphere and its transport to the atmosphere, selection of rice variety 

that emits small amount of CH4 may also be effective to mitigate CH4 emission from rice paddy fields.  
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In summary, the options that are agree with the above strategies include altering water management, 

using application of mineral fertilizer or soil amendments, improving organic matter management, 

changing tillage, rotation, and selecting rice varieties. 

1. Water management: As a reduction in CH4 emission by midseason drainage (aeration) was observed 

in the early field measurement in Japan, mid-season drainage by stopping irrigation supplies oxygen into 

soil, resulting in a reduction of CH4 production and a possible enhancement of CH4 oxidation in soil.  

There are a number of mechanisms that create an inverse relationship between methane and nitrous oxide 

emissions under many conditions and especially from rice agriculture. This relationship is particularly 

important for strategies to control greenhouse gas emissions to abate global warming. The concomitant 

increase of nitrous oxide can offset some of the gains of reducing methane emissions. At this time the 

balance of this effect is unknown on a global scale and is the subject of continuing research. The 

mechanisms driving this relationship are both intrinsically environmental as well as from shifts in 

agricultural practices. Under inundated conditions, methane is produced by anaerobic processes while 

nitrous oxide comes mostly from denitrification while nitrification is virtually shut off. The source of nitrous 

oxide under inundated conditions presumed to be denitrification is observed to be rather low. Additionally, 

in our experiments we found that when excess organic material is applied, it suppresses nitrous oxide 

emissions while increasing methane emissions even under inundated conditions. Under drained conditions, 

methane emissions shut down and nitrification picks up resulting in nitrous oxide emissions. The 

combination of these two phenomena results in the inverse relationship along with other mechanisms that 

work in the same direction. 

2. Soil amendments and mineral fertilizers: 

a. Urea fertilizer, much used in Asia, had the highest methane emission rate followed by ammonium 

chloride and ammonium sulphate in decreasing order. 

b. Prilled urea does not enhance methane emission, urea super granules applied under water and 

soil is an effective methane inhibitor. A mix of prilled urea and Neem cake (a nitrification inhibitor) 

is most efficient at reducing methane emission. Application of nitrification inhibitors, nitra pyrin 

and especially wax-coated calcium carbide retard methane emission from paddy fields without 

lowering yield and could be an alternative to intermittent irrigation. 

3. Ammonium thiosulphate is a suitable option to mitigate methane emission during flooded rice 

cultivation. Ammonium thiosulphate lowered the methane emissions by 38-60% depending on how much 

was applied. 

4. Organic matter management: In world’s rice cultivation, fresh organic matter is often applied as 

green manure. Sometime, animal wastes are also applied solely or after mixed with rice straw. In the fields, 

a part of the biomass of previous crops and weeds remain in soils at the start of rice cultivation. Such 

organic matter is decomposed in soils and act as an electron donor and a substrate of fermentation 

reactions. Therefore, organic matter management have a significant effect on CH4 production in soils. 

5. Temperature Effects: As the soil temperature increases methane and nitrous oxide emissions are 

observed to increase as well. Temperature affects all the three major processes that cause methane 

emissions from rice fields, namely production, oxidation and transport. The rate at which bacteria can 

degrade organic matter is a chain of several steps and each step has temperature dependence, thus causing 

variability in the system. Similarly, methanotrophic bacteria that oxidize methane are also stimulated by 

increasing temperature. But since they remove methane, their increase with temperature offsets the effect 

of the higher production by methanogenic bacteria. This causes the temperature response to be greatly 

moderated. Within these competing processes, the transport also plays an important role. If the transport 

speeds up with increasing temperature it favors a greater emission because the methane produced does not 

spend enough time near the methanotorophs to be effectively oxidized. 

6. Role of Plants in Emissions: In the control group when the pots had no plants, there were almost no 

methane emissions for either continuously or intermittently flooded conditions (< 1 mg/m2/hr). For the 

same conditions 4 and 9 mg/m2/hr average emissions were found when plants were present. When straw 

was added or when nitrogen fertilizer and straw were added, the pots without plants produced much more 

methane than the control conditions without plants (1-6 mg/m2/hr). At the same time the pots with plants 

under these same conditions produced many times more methane than pots without plants (6-20 
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mg/m2/hr). The plants play a dual role in that root exudates and dying roots add to the organic pool that 

makes methane and the aerenchyma in the rice plants, like many other wetland plants, create a fast 

transport conduit for the emission of methane. 

7. Soil characteristics: In paddy fields, the kinetics of the reduction processes are strongly affected by 

the composition and texture of soil and its content of inorganic electron acceptors. The period between 

flooding of the soil and the onset of methanogenesis can apparently be different for the various soils. 

However, it is unclear if soil type also affects the rates of methanogenesis and CH4 emission when steady 

state conditions have been reached. 

8. Others: 

a. Different tillage practices changes physical and chemical properties of the plow layer soil. Deep 

tillage increase the contents of free iron oxide and easily reducible manganese in the plow layer soil, 

because a part of these compounds in the plow layer soil are leached out and often accumulated in 

the sub-plow layer soil. This option has been also adopted against Aki-ochi in Japanese rice 

cultivation. 

b. Flooded rice and upland crop rotation may change soil properties, organic matter decomposition, 

and microbiological flora. The effect of this option on mitigating CH4 emission should be tested. 

Selecting and breeding rice cultivars that emit lower CH4 is a desirable approach because of easy adoption. 

There are four points for the selection: 

a. Selecting the varieties that has low exudation of carbon from roots. 

b. Selecting the varieties that have the efficiency of a low CH4 transport and a high CH4 oxidation 

in the rhizosphere depending on the specific aerenchyma system in roots and shoots. 

c. Selecting the varieties that have a higher harvest index in order to reduce organic matter input 

into soil after harvest. 

d. Selecting the varieties that are suitable and have a high productivity when the other mitigation 

options are performed. 
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Introduction 
Palmyrah (Borassus flavallifer) palm is perhaps the most under-utilized and backline fruit among those 

belonging to the ‘Palm family’. The fruit is abundantly available in the country side areas but couldn’t 

sustain in the regular fruit markets, unlike the other fruits of the family palmae such as the coconut, 

arecanut, date palm, etc. Palmyra palm, popularly known as “Toddy palm” is a drupe containing 2n =36 

number of chromosome. The toddy palm fruits are formed in regular clusters developed into big roundish 

balls, weighing about an average weight of 2 kg. The trees are exceptionally taller which creates hindrance 

to the manual harvesters and also blemishes the senescent fruits dropped from the plants. Usually, the 

people dwelling in tribal localities or semi-urban areas exploit great privileges out from the palm products 

frequently throughout the year for domestic consumption as well as small sales. 

The palm fruit has a fascinating characteristic of having acquired multiple edible forms of the fruit with 

correspondence to its developing stages. All of them are uniquely palatable and differ in both physical forms 

and textures from one another. Apart from the raw consumption, Palmyra fruit is a huge contributor of 

extensively prepared sugar-based products such as Neera (a delicious drink), palm jaggery, palm sugar, 

palm candy, etc., which are exceptionally sweet in taste with distinct flavors. At tender stage, toddy palm 

fruits are light green in color and shiny from the periphery. The fruit exocarp gradually turns black as it 

ripens with its stalk end covered with yellowish green caps of about 5 to 8 in numbers. The unripe matured 

fruits, if cut into halves, the translucent jelly-like lobes filled inside sockets, usually three in number in a 

single fruit is revealed. 

These are nothing but the developed embryo and endosperms of the fruit which is composed of nearly 80% 

water along with sugar and some vital mineral compounds. This is perhaps the reason behind the fruit 

acquired the name of “Ice- apple” in many regions. The succulent locules are covered with a thin layer of 

white testa that should be removed off while consuming or else it imparts a bitter taste to the fruit. In 

course of development of the fruit, the icy succulent locules acquire a milky white cork-like spongy texture.  

However, the size of the locules is retained even after the development. A hard woody endocarp is formed 

at this stage that surrounds the succulent parts that are consumed at the last stage. Moreover, the 

mesocarp of the fruit gets filled with thick juicy golden yellow sap having distinct flavor and aroma, thus 

rendering the fruit to have attained its utmost maturity. There is a simultaneous conversion of the epicarp 

or rind from light green to orange and eventually into dark brown or black color. This is the significant 

stage where toddy palm encounters the highest exploitation and preferably it is so called as well. 

Processed Food Items from Palmyra Palm 
Most often, the ripen fruits are not harvested and left for senescence. The villagers believe that the fruit 

imparts better taste when drops naturally. The statement being a myth is refuted by the fact that the fruit 

must have obtained cent percent assured maturity along with highest sugar and pulp with maximum 

softness after its natural falling. 

Unfortunately, the fully ripened fruits generally get ruptured on striking the ground from a larger height. 

However, these are later on picked up randomly by the local people and carried to their homes for pulp 

extraction. 
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In fact, this is actually the material that the consumers waited for. Irrespective of its demand in the urban 

markets, the toddy pulp seems to be no less worthy than a gold fluid to the local regular exploiters. 

Therefore, the golden pulp from toddy, after extraction from its bulky fibers is probably utilized in various 

ways. A large portion of the pulp is cooked for the manufacture of jaggery and sugar crystals and the rest 

are used in preparation of home-made stuffs like buns, cakes and sweets along with rice-flour or corn-flour 

as supplements. 

Due to high sugar content in the fruit pulp itself, usually lesser amounts of the same is involved from 

external source during the process of preparation. Popular food recipes of cakes, locally called as “pitha” 

are prepared out of toddy palm pulp, made into a batter along with the use of grated coconut stuffing 

followed by steaming or deep frying. Right after extraction of the pulp, the hard kernels i.e., the woody 

endocarps with a blanket of ciliary fibers are left out which is usually washed and sun-dried for about 15 

to 25 days rather than being disposed of. 

Interestingly, this kernel holds in the soft endosperm which is prominently observed when the hard kernel 

is spitted into halves after the excessive moisture is lost out. This again turns out to be another edible 

matter which can be assumed as the non-emerged sprouts of the seed and is also considered as the store 

house of large number of vital nutrients. The soft corky texture, along with milky white color and sweet 

pleasant taste makes it a perfect choice for fruit lovers. This palm endosperm is an essential component of 

fruit salads and custards. 

Conclusion 
Palmyra palm is perhaps the only fruit having a greater number of processed food recipes made out of it in 

comparison to its direct consumption. Existence of the strong flavor and aroma makes the fruit inelegant 

for direct consumption. However, sweet lovers can resist with few slices of it. Although, facts pertaining to 

the stages and forms of consumption of the fruit are usually observed to be non-descriptive in texts and 

encyclopedias, it is as significant as other aspects of it, for the reason being it carries vast comprehensive 

touches on the peculiar stages of development, their broad utility and consumers’ acceptance of the fruit. 

Pictures 

 

 
1.Palmyra Palm tree 2.  Fruit of Palmyra Palm 

 
3. Palm Batter prepared from Ripened Fruit Pulp mix with Rice. 
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4. Traditional Pitha (Sweet dish) prepared from Pulp of Palmyrah Palm (Ripened Fruit 

Pulp) 

 
4. Edible soft endosperm inside hard Kernels in Palmyra Palm 
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Introduction 
Agriculture is one of the significant contributors to the Indian economy and noblest of all profession in the 

world, which offers the most vital requirement for the existence of humans i.e., ‘food’. More than 70 % of 

the rural families relies upon agriculture for their livelihood (Arjun, 2013). Farmers play an important 

role in agriculture and perform several farm activities manually or using small farm tools, implements and 

machines. In farm activities, women play a significant role in different agricultural activities such as crop 

production, dairy production, post-harvest etc. Most respondents found that the existing tools as 

uncomfortable and producing drudgery by which farm women faced very severe pain in backbone, shoulder 

and other body parts (Pandey et al., 2020). In rural India, approximately 1700 injuries reported affiliated 

to hand tools per hundred thousand farm workers per year (Kumar et al., 2008). Every day, repetitive 

farm activities and repetitive tasks can cause discomfort, stress and musculoskeletal disorders. It is 

important to know what is drudgery and stress at some point of performing the farm activities concerned 

in agriculture. Ergonomics can be described as the study of work and more particularly ergonomics is the 

science of designing the job that should match the physical health of the worker, instead of forcing the 

employee daily be bodily healthful day-to-day carry out a sure task (Joshi et al., 2014). 

Incitement 
In agriculture, most of agricultural activities performed by different workers/farmers are done in 

inappropriate way which can lead to the physical stress of worker’s body and many potentially serious 

problems such as muscular skeletal disorder. In studies, scientist found manual evaluation takes more 

efforts, time and sometimes can affect the quality of decisions. Hence, mobile app for evaluating 

agricultural activities on Ergonomics Protocol is designed to overcome these limitations that can be faced 

by some of the evaluators.  

ICAR-Central Institute of Agricultural Engineering, Bhopal, ICAR-Indian Agriculture Research Institute, 

New Delhi and other ICAR Institutes, State Agriculture Universities are recording agricultural and allied 

activities, on farm testing of agricultural implements by assessing sowing, transplanting, fertilizer 

application, making bund and different selected practices on their research projects. Presently the 

calculation and evaluation of activities is being carried out manually by concerned institutes or its centers. 

Information Technology: “Mobile App” 
In the last few years, there is a huge increase in development of the mobile technology and its usage among 

the common people. There are several mobile apps that are devoted to the agricultural sector providing 

knowledge, information guidance to the farmers. Why we can call it as a technology? Some reasons are 

given below: 

1. All over, people are finding the need of a mobile device convenient in finding knowledge and their day-

to-day operations.  

2. It is feasible with the innovation in the area of telecommunication network which has made possible the 

availability of network and lower tariff price.  

3. Earlier people were comfortable with the web-based system but with the penetration of mobile phones 

and its ease of use, people look forward to getting all information and task done through mobiles.  

4. Rural India poised for a mobile innovation and users are upgrading to smart phones. 

5. The mobile apps in the mobile phones are becoming so popular day by day which are able to interact 

with the users and provide information efficiently. 
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Conclusion 
One of the drudgery prone occupations is agriculture, due to lack of access to improved agricultural 

technologies. In this sector, most of the farm activities are carried out by farmers and therefore, subjected 

to very strenuous conditions of work that leads to both physical and psychological stress. The working 

conditions lack essential facilities; forces adoption of static and neo-neutral postures and unsupported 

positions, dependence on muscular force and strength that make the work very laborious and energy 

intensive. Farmers are subjected to such workloads every day, resulting in various physical disorders and 

health issues. Problems further aggravates as available farm equipment are not designed as per the 

anatomical and anthropometry of region/location specific users. Resultant equipment and technologies are 

not suitable for actual users as their body dimensions, strength and physiological characteristics are 

different. The evaluation of agricultural activities and tools on the basis of ergonomics protocol are essential 

to measure drudgery. Evaluators are performing the ergonomics protocol manually without any 

computerized system or application software which is in existence for helping or simplifying the assessment 

calculations. The existing computer programs are for some other companies that were developed based on 

their activities and workplaces for their internal use. Hence, mobile app for drudgery assessment is a 

response to agricultural engineers who want to design, develop and improve tools to be used by workers as 

well as researchers and students who want to conduct their research on the drudgery aspects of farmers. 
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Fruit Cracking 
Fruit cracking is caused both by genetic and environmental factors. Following four types of cracking are 

noticed tomato. 

1. Radial cracking: Usually seen at ripe stage and crack radiate from pedicel end to stylar end 

2. Concentric cracking: Seen around shoulder of fruit even at green stage. 

3. Cuticular: Seen on outer skin of fruit 

4. Burst: Burst occurs at certain points on shoulder of fruit. 

 

Radial and concentric cracking are more common of which, former is more damaging. A long spell of drought 

followed by sudden heavy irrigation may cause cracking. Wide variation in day and night temperatures 

and high humidity also cause fruit cracking. 

Many crack-resistant varieties like Crack Proof, Ohio 832, Sioux, Manulucie, Anagha etc. were developed 

at various research organizations. Fruits of crack-resistant varieties have thick pericarp or cuticle and fruit 

skin with high elasticity and less acidity. Pectin content in resistant varieties ranges from 0.8 to 1.6 % 

compared to 0.54 % in susceptible ones. High pectin concentration makes fruit less rigid and more pliable. 

Blossom End Rot 
Blossom end rot. It is the most common and destructive type of disorder of tomato, Brown coloured lesions 

appear at the blossom end while the fruits are green. At the point of attachment of senescent petals water-

soaked spots develop which enlarge in size. The disorder results in sunken, leathery and dark colour 

development on the affected part of the fruit. 

 

Causes: 

a. High soil moisture and high temperature. 

b. Moisture stress conditions.  

c. Application of nitrogen in abundant quantity. 

d. Deficiency of calcium. 

Control: 

a. Give light and frequent irrigations to maintain optimum soil moisture. 

b. Apply the recommended quantity of nitrogen. 
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c. Spray the crop with calcium chloride (0.5 %) at fruit development. 

d. Grow resistant varieties. 

Sun Scald 
Due to extreme heat, tissues on exposed fruit develop a blistered appearance leading to sunken areas which 

have a light or grey colour on green fruit and yellow colour on red fruit. In varieties with heavy foliage, 

fruits are shaded and the incidence of sun scald is less. 

 

Puffiness 
Under conditions of high or low temperatures and low soil moisture, fruits may be hollow, light weight 

without seeds. This happens due to non-fertilization of ovules, embryo abortion after fertilization and 

necrosis of vascular and placental tissue after the beginning of normal growth. 

 

Catface 
Catface is characterized by distortion, furrows, inundation and blotches on fruit. Any abnormal growing 

condition at the formation of blossom causes distortion of cells of pistils. As a result, cells in the blossom 

end of ovary die, turn black and form leathery blotches at the end of fruit. 

 

Low-Temperature Injury 
During exposure to near-freezing temperature, accumulation of sugar in plants may lower the freezing 

temperature slightly. Stem and vines become black and wither. Fruits become soft, water-soaked and dull 

coloured. 

Blotchy Ripening 
‘Blotchy ripening’ usually refers to the disorder when parts of the fruit surface remain green, yellow, or 

orange and do not ripen. Varieties that have green shoulders in immature fruit are more likely to show the 

disorder. 
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Causes: 

a. Severe cases of blotchy ripening and yellow shoulder are most often associated with factors that 

limit the supply of potassium to maturing fruit.  

b. Even more days or weeks of alternate sun and cloud during fruiting also lead to blotchy ripening. 

Cultural Controls & Prevention: 

a. Cultivars vary in susceptibility to this disorder, so choose varieties that do not commonly exhibit 

blotchy ripening. Importantly, avoid low or excessively high greenhouse temperatures (below 60°F 

and /or above 90°F).  

b. Furthermore, greenhouses and high tunnels should be ventilated to maintain humidity at or 

below the ambient humidity outdoors.  

c. Plant nutrient and water status also influence the occurrence of blotchy ripening, so growers 

should provide balanced fertilization and regular watering.  

d. Plant canopies should be managed to allow for air circulation while maintaining adequate fruit 

cover. 

e. Regulated water supply during fruit development. 

f. Foliar spray of 0.5 % potassium chloride. 

g. Adjust planting date to achieve favorable light intensity for good fruit development. 

Unfruitfulness 
Poor fruit setting is a problem in tomato cultivation during summer in eastern India during both winter 

and summer in north India. Both high and low temperatures affect pollen viability and pollen germination 

and ultimately fruit set. Especially night temperature greatly influences the fruit set. Day temperatures 

above 32oC and night temperature above 20oC and below 13oC adversely affect the fruit setting of tomato. 

Control: 

a. Grow high-temperature tolerant varieties. e.g. Hot Set, Saladette. HS-102. Pusa Hybrid-1, Punjab 

Kesari, Punjab Chhuhara, etc. 

b. Use low-temperature tolerant varieties, e.g. Cold set, Pusa Sheetal, etc. 

c. Spray the crop with parachlorophenoxy acetic acid (PCPA) @ 50 ppm at full bloom stage or 2, 4-D 

@ 1-2 ppm before anthesis and 14 days after first spray. 

Delayed Ripening and Colour Development 
Both high and low-temperature conditions at fruit ripening delay the ripening of fruits and suppresses the 

red colour development. Low temperature below 10oC and high temperature above 30oC is not suitable for 

ripening and proper colour development Lycopene (red pigment) is completely destroyed at and above 40oC 

temperature. 

Control: 

a. Spray ethrel (250 ppm) at turning stage of fruits in spring summer and early autumn-winter crop. 

b. Harvest the fully mature green fruits of winter season crop and dip them in ethrel solution (500 

ppm) for 3-4 hours and then heaped the fruits under straw. 
  



 

 
Volume 04 - Issue 11 - November 2022       273 | P a g e  
 

Hybrid Napier: A Quality Fodder Grass for Dairy 

Farming 
Article ID: 38495 

Thoudam Anupama Devi1 
1Ph. D.  Scholar, Department of Agronomy, Central Agricultural University, Imphal, Manipur. 

 

 
 

Introduction 
Livestock production is the backbone of Indian agriculture, contributing about 4.8% to national GDP and 

is a source of self-employment. The dairy farming in India is becoming independent and economically viable 

enterprise that provides quick and regular income to the farmers from the sale of milk and its by-products. 

Besides, supplementing income of the farmers it also supports the livelihood in the event of crop failures, 

often occurred due to aberrant weather situation. However, success of dairy farming mainly depends on 

feed and fodder of good quality. Unfortunately, there is shortage of quality fodder in India due to less area 

under cultivation. The animals are largely fed on inferior quality fodders such as crop residues, straw, 

weeds and wild grasses from wastelands and forest. Such low-quality feeding material leads to low milk 

productivity per animal. Forage crops such as maize, sorghum, oat, barley, cowpea and berseem crops are 

palatable and nutritious but seasonal in nature due to this there is scarcity of fodder during the remaining 

period of year. Besides, it also requires frequent expenses for repeated tillage operations which add to the 

total cost of cultivation.  This situation needs to be addressed through alternative sources of fodder which 

could provide good quality fodder round the year so that the milk productivity as well as animal health 

could be improved. In terms of quality and availability of good quality fodder hybrid Napier proved to be a 

better option under Indian conditions. Fodder is cheap source of nutrient supply than concentrate feed and 

needs to give more emphasis so as to make the dairy industry economically viable option. 

Characteristics of Hybrid Napier Grass 
This is an inter-specific hybrid between Napier grass (Pennisetum purpureum) and Bajra (Pennisetum 

typhoides). It is widely known as Bajra-Napier Hybrid or Elephant grass leaves, widely distributed in 

tropical and subtropical regions of the world, and is highly productive in areas with good soil fertility and 

high rainfall. This has been attributed to its wide range of adaptation, vigorous growth, high biomass 

productivity and deep root system to survive under drought conditions. Hybrid Napier is a tall growing 

(200-300 cm), erect, stout, deep rooted, perennial grass which can be retained in the field for 2-3 years. It 

can be grown saline soils, wastelands, and semi-arid region of India. Compared to Napier grass, Hybrid 

Napier produces larger and softer leaves. 

Benefits 
Hybrid napier grass may be a boon for dairy industry on account of supply of adequate green fodder of high 

nutritional value with round the year availability and minimum expense on repeated fodder cultivation. 

Because of its perennial nature, profuse tillering habit, high yield, palatability, nutritional value and 

suitability for silage making than other forage crops. The hybrid is a triploid and hence sterile do not 

produce seed. 

It is very popular among the farmers due to its high yielding capacity, palatability, nutritive value and 

suitability to varying climatic and soil conditions. Besides, it also supplies green fodder at least for five 

years once established. Hybrid Napier produces silage with pleasant aroma and of good quality due to 

production of lactic acid, acetic acid and butyric acid during the fermentation process. The silage prepared 

from hybrid Napier may be utilized during off season to mitigate the fodder scarcity. 

Hybrid Napier produced significantly higher dry matter (17%), ether extract (4.34%) and ash (16.06%) 

content compare to sorghum. It also produced significantly high crude protein (10.92%) as compare to maize 

(7.35%). Hybrid Napier is quantitatively as well as qualitatively superior over other perennial grasses. 



 

 
Volume 04 - Issue 11 - November 2022       274 | P a g e  
 

  
Hybrid Napier grass Buffalo feeding Napier grass 

Cutting Management 
Hybrid Napier being a perennial forage grass, its cutting at right stage is an important aspect to obtain 

better quality as well as yield. High cutting frequency reduces growth and development, whereas long 

intervals between harvests lead to accumulation of fiber and reduction in quality. First cut is taken at 75-

80 days after planting and subsequent cuts are obtained at 30-40 days interval. At least 6-8 cuts are 

possible annually. 

In Manipur Condition 
In a bid to encourage livestock, poultry and fish farmers, who feel demoralised due to high price of feeds, 

Central Agricultural University (CAU), Imphal has successfully conducted experiments on planting hybrid 

Napier Grass and feeding them to cattle, poultry and fish. All India Coordinated Research Project on Forage 

Crops principal investigator and scientist Dr R Joseph Koireng reported that Grass carp loves this grass 

and cattle, pig and poultry also favour it if cut and mixed with other materials like Chengkup with the 

grass in greater proportion. The experiment began about three years ago and around five types of Napier 

grasses are planted in the CAU campus. The types are CO-3, CO-4, C05, CO-6, RBN-9, BNH-11 and Super 

Napier. All types are suitable for fish while CO-4, CQ-5 and Super Napier are suitable for pig and poultry. 

Experts had reported that a farmer can bring down feed expenditure by around 70 to 75 per cent if they 

use this grass. 

Conclusion 
Success of dairy industry depends upon the availability and supply quality fodder to the livestock. Since, 

most of the fodder crops are season bound and hence supply the fodder only to that particular season of the 

year and rest of the time animals faces acute shortage of green fodder of good quality. Under such 

conditions, hybrid Napier could prove a better option due to its perennial nature, high yielding ability, 

nutritional quality, palatability, suitability for silage making and low oxalate content than any other 

grasses. The excess green fodder yield of hybrid Napier can be preserved as silage for mitigating the acute 

shortage of green fodder during lean season. Hence, it fulfils the nutritional needs of the animals, reduces 

expenditure on feed procurement, increases the milk productivity and hence, makes the dairy farming more 

feasible and profitable. 
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Introduction 
From the diverse microbial population in the nature, a group of micro-organisms have been found to be 

beneficial in plant growth promotion and disease suppression. Some of such efficient biocontrol agents 

identified are Bacillus sp., Paenibacillus sp., Pseudomonas sp., Penicillium sp., Serratia sp., Trichoderma 

sp., Aspergillus sp., Lysinibacillus sp., Cladorrhinum foecundissimum, Glomus intraradices, Idriella 

bolleyi, Pythium mycoparasiticum, etc. Among these, Trichoderma is one of the most studied and widely 

used biocontrol agents in the field of agriculture. It is a fungus present frequently in forest and agricultural 

soils. The fungus was first described and named Trichoderma by Persoon in Germany, 1794. In India, 

Thakur and Norris for the first-time isolated Trichoderma in the year 1928 from Madras. In the last few 

decades, Trichoderma is gaining immense importance due to its highly effective biocontrol activity, plant 

growth promoting attributes, bioremediation properties, producers of secondary metabolites of medical 

importance, their ability to degrade lignocellulosic biomass to produce second-generation biofuels and other 

value-added products has been widely accepted. They are also frequently used in the food and textile 

industries as they are highly efficient producers of many extracellular enzymes. Commercially cellulases 

and other enzymes that degrade complex polysaccharides are exploited and use for production from 

Trichoderma spp. In agricultural sector, the fungi cover 60 per cent of the bio-fungicides productions in 

India.  The use of Trichoderma spp. has effectually reduced the use of inorganic pesticides in management 

of economically important plant diseases. 

The growth of fungus Trichoderma can be screened on various culture media such as corn meal agar, 

oatmeal agar, potato dextrose agar, Czapek’s Dox agar, special nutrient media, carrot agar, rose Bengal 

agar, selective media, etc. Green colony pigmentation occurs after incubation for 7 days at 28°C in media, 

revealing pale or yellowish colour of reverse colonies. The green colonies are loosely arranged conidia on 

profusely branched conidiophores. They reproduce by chlamydospores and ascospores and proliferate better 

at mesophilic temperatures (25–35°C) and wide range of pH (4.5-6.5). 

The primary mechanisms for biological control of plant pathogens by Trichoderma spp. are  

1. Recognition and invasion towards plant pathogenic fungal species through cell wall disruption by 

secretion of lytic enzymes viz. cellulase and chitinase. 

2. Competition for food and space with micro-organisms in the same niche. Trichoderma being very fast in 

their growth can easily occupy a greater area and absorb more nutrition depriving the other microbial 

communities. 

3. Secretion of antibiotics viz., gliovirin, gliotoxin, viridin, pyrones and peptaibols, against fungal 

phytopathogens 

4. Production of non-volatile and volatile organic compounds in their surrounding which inhibits the growth 

of metabolic processes of the other microbial cells. 

5. Induce the systemic resistance of plant towards diseases by initiating the salicylic pathway. 

Attack the root-knot and cyst nematodes by destroying nematode eggs and second phase juvenile, also some 

segment of adult nematodes. 

Insights of Trichoderma Biocontrol Mechanism 
Trichoderma possess extracellular emzymes which helps in lysis of the cell wall pathogenic fungi. It 

harbours several genes encoding for chitinolytic enzymes. These genes are found extensively in many 

species of Trichoderma T. virens, T. atroviride, T. har-zianum, T. asperellum, T. gamsii and T. 

atrobrunneum. Similarly, the number of genes encoding for chitosanases are also high, with at least five 

corresponding genes compared to only one or two in most other fungi. The genes accountable for secretion 

of lytic enzymes are reported to be highly expressed during the mycoparasitism interactions with 
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phytopathogenic fungi. When a plant gets encountered with both pathogenic fungi as well as antagonistic 

Trichoderma, chitosan scavenges reactive oxygen species produced by the pathogenic fungi and chitin 

deacetylases allow Trichoderma to cope with the reactive oxygen burden.  Further a large portion of 

the Trichoderma genes are responsible for induction of signalling pathways: JA, Ethylene and Auxins 

metabolism, Phenylpropanoid pathway. An increase in concentration of the enzyme Phenylalanine 

ammonia lyase is observed in plants when inoculated with Trichoderma which is the key enzyme of the 

first step of the defence pathway against the phytopathogens. 4 coumarate-CoA ligase is another enzyme 

important in the last step of the pathway. Plants being tolerant to diseases are found to be high in these 

enzymes as defence pathways get activated. Moreover, substantially large numbers of genes that take part 

in different defence response processes like PDF1.2, PR-2 and PR-4 are up-regulated.  

Trichoderma also secretes a huge range of secondary metabolites which inhibits other micro-organisms in 

its vicinity. These secondary metabolites belong to many classes such as peptaibols, diketopiperazines, 

polyketides, terpenes, pyrones, and isocyane metabolites. Earlier, the antagonistic activity of the fungi was 

attributed as “lethal principle”, later the cause was discovered to be secondary metabolite “gliotoxin”. It is 

the first Trichoderma-derived secondary metabolite reported with antifungal. Another important 

compound produced by the fungi is Pentyl pyrone (6-PP), which imparts its characteristic “coconut aroma” 

in certain species and has been also reported to have anti-fungal and plant growth-promoting activities. 

There are several volatile and non-volatile compounds secreted Trichoderma with high antimicrobial 

properties viz., fusarinines, coprogens, and ferrichromes, Harzianic acid, isoechinulin A, pyridoxatin, 

Scytalone, 3-hydroxytrichodenone C, 5-Hydroxy-3-hydroxymethyl-2-methyl-7-methoxychromone, 

citrinoviric acid, cremenolide, Cyclonerodiol oxide, trichodermaerin trichoderone B, viridian, Ferulic acid, 

Flaviolin, Trichodin A, Viridiol, Alternariol monomethyl ether, (9R,10R)-dihydro-harzianone, Cyclonerodiol 

oxide, 5-hydroxyvertinolide, trichocarotin C, citrinoviric acid, fleephilone, tenuazonic acid, , penicillenol 

D/coprogen, isoechinulin etc. However, production of these metabolites by Trichoderma is highly dependent 

on its growth condition and some are only produced when undergo antagonistic behaviour. The secondary 

metabolites apart from directly inhibiting growth of phytopathogens, act as elicitors for induction of plant 

defence mechanisms against pathogens. 

    

T. harzianum NC1 T. harzianum JC3 T. harzianum NC2 T. harzianum NBY 

   
 

T. harzianum MC2 T. lentiforme JC1 T. nigricans NBG T. harzianum MCG 

Cultures of different Trichoderma strains 
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The SDGs' direct connection to soil health is one of their poignant ways to restore soil health. The SDGs do 

aim to achieve the target of having 75% healthy soils by 2030, as Lal et al. (2021), and this might offer a 

variety of possible benefits for on-farm productivity. The Desertification and Land Degradation Atlas 

produced by the Indian Space Research Organization revealed that Land Degradation and Desertification 

have dramatically grown in recent years. Land degradation is caused by multiple forces, including extreme 

weather conditions, particularly drought. It is also caused by human activities that pollute or degrade the 

quality of soils and land utility. Land degradation within dry land regions (arid, semi-arid and dry sub-

humid regions) is termed ‘desertification’. Desertification is the process by which the biological productivity 

of drylands is reduced due to natural or manmade factors. It does not mean the expansion of existing 

deserts. Some 97.85 million hectares (29.7%) of India’s total geographical area (TGA) of 328.72 mha 

underwent land degradation during 2018-19. Some 83.69 mha underwent desertification in 2018-19. This 

was greater than the 81.48 mha in 2003-2005 and 82.64 mha in 2011-13 that underwent desertification. 

Around 23.79% of the area undergoing desertification/land degradation with respect to TGA of the country 

was contributed by Rajasthan, Maharashtra, Gujarat, Karnataka, Ladakh, Jharkhand, Odisha, Madhya 

Pradesh and Telangana. India witnessed an increase in the level of desertification in 28 of 31 states and 

Union territories between 2011-13 and 2018-19. Goal 15 of the Sustainable Development Goals is to lessen 

desertification and encourage the repair of degraded soils. To accomplish Sustainable Development Goals 

and reduce our overall environmental impacts, agricultural firms must adopt strong soil health strategies. 

Good soil health involves good soil structure, moisture retention, and mineral content. 

What Constitutes Healthy Soils? 
To increase crop yield and growth rates, modern productionist approaches frequently place a strong 

emphasis on fertilising the soil, especially with nitrogen-based fertilisers. However, total soil health is 

frequently given relatively little thought, which may have an impact on how long many contemporary, 

traditional farming techniques can be sustained. Evaluation of soil health is a difficult task that frequently 

depends on the overall objectives. But there is a significant relationship between soil organic carbon 

concentrations and general soil health, including biological indicators like the activity of soil bacteria. In 

addition to microbial activity, natural soil health is also indicated by the overall soil structure (Fig.1). 

Healthy soils should have a suitably thick layer of topsoil to support not only root structure and root health 

but also to ensure that runoff and nutrient leaching are reduced. Moreover, unhealthy soils with a poor soil 

structure may be less effective for storing carbon from the atmosphere. 

 
Fig.1: Principles of Soil Health 
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Sustainable development objectives are directly linked to soil health, particularly with regard to soil 

deterioration and soil microbiota. Through the stimulation of plant development, the generation and 

alteration of phytohormones, and nutrient absorption, the variety of the soil microbiome has an impact on 

productivity and community dynamics. Furthermore, while plants directly influence their microbiome, 

improving soil structure may aid in improving crop growth. The promotion of overall soil fertility is a goal 

of sustainable development, which can have significant advantages for the fight against climate change as 

well as for farmers. Furthermore, the idea of soil security also contributes to this, emphasising the 

controllable characteristics of soil health and structure overall. The intricate complexity of soil directly 

influences total crop productivity. While lowering carbon emissions from the agricultural sector is crucial, 

one of the simplest ways to combat climate change is to support the Sustainable Development Goals. This 

may be important for people to think about because nutrient availability and excellent soil management 

will prove key for the overall attainment of sustainability goals.  

The well-being of the soil, the plants, the animals, the people, and the environment are all interconnected. 

Therefore, the strategy of recovering soils has several advantages, notably in furthering the SDGs. For 

instance, soil carbon stock can be exchanged as an agricultural commodity, just like maize, soybeans, beef, 

or milk, thanks to the absorption of CO2 in the soil as organic and inorganic carbon, commonly known as 

"carbon farming." Payments for ecosystem services are another incentive for carbon sequestration. 

Achieving global food and nutrition security also requires increasing soil carbon stocks. It can increase food 

production in underdeveloped nations while also enhancing nutritional quality, particularly with regard to 

protein and vital micronutrients like iron, zinc, and selenium. The agricultural sector must also take into 

account several additional aspects, such as crop storage and transportation, water treatment, biodiversity 

management, and the like, to meet the overall climate change targets. 

Conclusion 
A rising number of agricultural producers are starting to think about how these adjustments could improve 

soil health as the demand to incorporate Sustainable Development Goals into the agriculture industry 

grows. Making small adjustments to counteract the risks of climate change, which are unfortunately 

becoming more and more widespread, can often significantly improve soil health. There has never been a 

better opportunity to support sustainable development objectives and start improving farming practises 

than now, with fertiliser costs skyrocketing these days. 
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Nutrient Budget 
A nutrient budget quantifies the amount of nutrients imported to and exported from a system. The budget 

is considered in balance if inputs and outputs are equal. Nutrient budgets can be calculated at any scale, 

such as a farm, a county, a watershed, a state, or a country.  

A nutrient budget quantifies the amount of nutrients imported to and exported from a system (table 1). 

The budget is considered in balance if inputs and outputs are equal. Nutrient budgets can be calculated at 

any scale, such as a farm, a county, a watershed, a state, or a country.  

The budget is considered in balance if inputs and outputs are equal. Nutrient budgets can be calculated at 

any scale, such as a farm, a county, a watershed, a state, or a country. The availability of data, as well as 

the scale of the unit of interest, will determine which nutrient balance approach is most appropriate. 

Table 1. Examples of nutrient inputs and outputs that can be used when constructing a nutrient 

budget: 

Nutrient inputs Nutrient outputs 

Animal feeds Harvested portion of crops sold off-farm 

Commercial fertilizers Animal products sold off-farm 

Municipal biosolids or manures Exported manures or wastes 

Agricultural/municipal wastewater By-products sold off-farm 

Natural additions (rainfall, groundwater) Nutrients leached 

Nutrients in irrigation water Volatilization and denitrification 

Biological N2 fixation (legumes) Nutrient in runoff 

Nutrient budget, describes nutrient stocks and flows as related to different land management systems as 

a powerful tool in determining present and future productivity of agricultural land, as well as undesirable 

environmental effects such as nutrient mining and pollution. 

 

Figure 1: Complex budgeting approach, which accounts for inputs and outputs to the farm system and 

estimates internal cycling. This allows an assessment of environ-mental impact and the testing of 

alternative management strategies. 

Nutrient budgets are commonly used in the following circumstances: 

a. As a tool to allow farmers and growers to make optimum use of available nutrients.  

b. To design and evaluate the viability and sustainability of arable and horticultural crop rotations  

c. To assess an arable or horticultural rotation or whole farm system against organic production 

standards by an inspector.  

d. To indicate likely surpluses of nitrogen in the farm or horticultural systems and therefore risk of 

losses by leaching to ground and surface water, especially in environmentally sensitive areas or 

nitrate vulnerable zones. 
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Types of Nutrient Budgets 
There are three main types of nutrient budgets. They are farm-gate, soil surface, and soil system:    

Farm Gate Balance: It measures the difference between the nutrient content of farm inputs and the 

nutrient content of farm outputs. This balance has been successfully used for P and K, but it ignores many 

of the complex on-farm transformations that N is subject to (e.g., NH3 volatilization, denitrification, volatile 

losses during crop senescence, etc.). This type of budget is easy to construct and requires relatively little 

data, it is consequently used widely for policy analysis.  

Soil Surface Balance: It measures the difference between the inputs (or the application) of nutrients and 

the output (or removal of nutrients) from the soil. This budget provides the most detail for nutrient 

management planning, there is usually uncertainty associated with the data inputs and the partitioning 

of the components of the nutrient balance between air, soil, and water.  

Soil System Balance: It is used where detailed information on inputs, outputs, and internal 

transformations is available for all the important components. This type of balance requires much larger 

data inputs than the previous approaches, but the use of relevant computer models can help with parameter 

estimates when field observations are not available. A number of excellent mechanistic models have been 

developed to trace the fate of nutrients. The use of isotopes (e.g., 15N) to trace the behavior of applied 

fertilizer has also been very useful in understanding the complex physical/chemical/and microbial 

transformations. 

Calculation of the nutrient budgets: Nutrient budget requires accurate nutrient input, transformation 

(cycling) and output data. These values come from actually measured parameters, previously published 

values or data sets collected and compiled by various state or federal agencies. However not readily 

available but calculated by using estimations /scientifically based assumptions. 

 

Uses of Nutrient Budgets 
1. To asses the changes in soil nutrient status 

2. The prospects for future production is becoming increasingly important in many agricultural systems 

3. It is an indicator to assess the change in fertility status of soil  

4. To raise awareness among researchers, extension personnel and farmers about nutrient flows, rate of 

nutrient depletion or accumulation  

5. To develop improved nutrient management strategies. 
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Summary 
1. Nutrient budgeting is a useful management tool that quantifies the amount of nutrients imported to and 

exported from a system. 

2. The goal of nutrient budgeting is to help landowners to choose and implement best management practices 

that reduce nutrient surpluses, while maintaining or increasing agricultural production  

3. Balanced nutrient budget helps to avoid unnecessary production costs and greatly reduces pollution 

potential from surplus nutrients. 
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Introduction 
India is bestowed with a large diversity in case of both flora and fauna species. There are more then 

thousands of species of fruits present in wild and uncultivated form which are still not commercialized. 

These wild fruit species play a crucial role in the life of locale people and contributes towards their locale 

economy. Although production, consumption and marketing of the fruit crops, especially the commercially 

produced ones, have gained their own place as the second large pillar of horticulture, after the vegetables. 

Unfortunately, not all crops coming under the category of “fruits” are harvested from huge commercial 

orchards, loaded with selective and effective inputs, packed with expensive kits and even transported along 

miles of distance for being exported. A vast portion of the fruit family also exits that are random bearers 

and most underrated. More than about 150 species of such fruit crops exist in India and are referred to as 

stray fruits/ minor fruits/ under-utilized fruits/ under-exploited fruits/ lesser-known fruits/ wild fruits etc. 

These are usually numerable, stand as a single tree or an aggregation of a few at a particular area, lasting 

from months or years back. Some of the recognized names are Passion Fruit, Fig, Karonda, Persimmon, 

Loquat, Kiwi, Phalsa, Carambola, Mangosteen, Mulberry, etc. while some other like Bilimbi, Longan, Hog 

plum, Elephant apple, Durian, Bread Fruit are even lesser known in Indian states, in spite of some being 

the native to India. The sad part of this group of flora is that they are not manually regulated, starting 

from their propagation till the end of their life span. The category is basically nature dependent for growth, 

where the planting material follows the process of germination, blossoming, etc. only when tapped by the 

nature. These fruit crops are usually self-occurring humus feeders, wind harvesters and the canopy are 

often managed by natural calamities. Though the management is non-commercial here, the production and 

distribution of these fruits is indefinite. And where the same is negligible, there is no question of marketing. 

Even if some fruits are fate-favored, they are limited only to the trollies of some fitful vendors, earning 

them hardly a lunch for the day. 

Potentiality of Stray Fruit 
However, irrespective of their habit, habitat, abundance and the ongoing market demands, they are no less 

contributors of luscious flavor, nutrition, aesthetic gratification and vital medicinal values to the society. 

In contrast, most of the values are only restricted to the pages of horticultural text books. It would be 

surprising to know that in India still many of the fruits from the list are potentially higher in terms of local 

consumption rate, culinary utility, spiritual demand, etc. and gain tremendous values in comparison to the 

frequently available ones. Some fruits are even found effective against deadly cancerous diseases, 

hypoglycemia, heart diseases, dermatological disorders, hair abnormality, sexual dis-functioning, aging, 

etc. A number of the stray fruits help tuning up of the central nervous system and stabilizing the body 

RBCs count as the primary function. It is acceptable that there is a strong reason for the minor fruits to be 

under-utilized. Perhaps due to the fact that most of the minor fruits are non-palatable and without an eye-

catching morphology, unlike other dominant fruits, these are swiped out of the marketing chain system. 

Selection of promising varieties of such fruit crops, followed by analytical studies on their physiological and 

genetic behavior along with the chemical components present in them would perhaps be the frontline 

revolution to their success. Moreover, understanding the values of food security, the studies and researches 

on the minor fruits are to be prioritized and simultaneously creating commercial orchards for their smooth 

cultivation, establishment of small-scale industries, as startups, for the post-harvest treatments especially 

grading and packaging is also a vital factor. The produce, in some cases, may not be consumed raw but can 

be effectively converted into wide range of value-added products like pickles, marmalades, jam and jellies, 
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squash, etc. indulging a large number of youths to find their way to self-employment. Due to the medicinal 

significance, a number of stray fruits can provide raw materials for the pharmaceutical industries and 

ayurvedic homes for manufacture of drugs and medicines out of their dried flesh, rind or kernels. Again, 

the same can be made to contribute to the wine industries, oil industries, fiber industries, etc. as well. 

Conclusion 
Last but not the least, introducing and popularizing the minor fruits in all over the nation through 

advertisements of value-added products, extension educations through campaign programs and setting up 

of fruit kiosks at affordable prices would even add to the purpose. Large more aspects are yet to be covered 

in order to encourage the production and productivity of stray fruits. However, these stray fruits are under-

exploited resources of our nation which perhaps deserves, not just an extended syllabus, but an ultimate 

‘Minor Fruit Revolution’ in the coming days. 

Pictures 

 
Pic.1. Longan (Dimocarpus longan), Belongs to family Sapindaceae. 

(Other fruits like Litchi and Rhambutan are from the same family. These are sweet in taste 

and has effective treatment for diebetic patients). 

 
Kumbhi Fruits (Careya arborea) Belongs to family Lecythediaceae 

(Also called as Wild guava, Slow match tree. The fruit has a lot of medicinal values. 

Photograph taken from a road side forest at Keonjhar District of Odisha. 
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The term "sustainable development" has been more popular over the past ten years, and current research 

and the expansion of knowledge in this area have raised interest in it. As suggested by its name, green 

technology serves a "green" function. We do not refer to green as the color. Green inventions are those that 

are favorable to the environment and frequently address issues like energy efficiency, recycling, health and 

safety, and renewable resources. Natural resources are finite and some of them are already exhausted or 

destroyed. Human health is at serious risk. 

The main criteria for green technology are social equity, economic viability, and sustainability. Green 

energy, organic farming, eco-friendly textiles, green building construction, and the production of related 

goods and materials to support green business are some of the potential sectors where these developments 

and growth are anticipated to emerge from. 

Principles 
Environmental, Ecological, Economic, and Societal Principles make up the systems' basic building blocks 

(principles): 

Environmental principles: These concepts are grouped from preventative to control principles and 

include renewable resources, resource minimization, source reduction (dematerialization), recycling, reuse, 

repair, regeneration, recovery, remanufacturing, purification, end-of-pipe, and deterioration 

Ecological principles: Understanding the interactions between natural habitats requires taking into 

account ecological concepts. For the interplay of multiple systems, these principles are crucial. Through 

indirect or direct links, every subsystem in nature is connected to every other subsystem. 

Economic principles: Economic principles embrace terms like Environmental Accounting, Eco-efficiency 

(Factor X, Factor 4, and Factor, and Ethical Investments.  

Environmental accounting: The goal of environmental accounting is to bring environmental costs to the 

attention of business stakeholders who may be able and motivated to find ways to reduce or avoid such 

costs while also enhancing the organization's environmental quality and profitability. 

Eco-efficiency: Eco-efficiency is the supply of competitively priced goods and services that meet human 

requirements and improve quality of life, while gradually reducing ecological impacts and resource 

intensity throughout the life cycle, to a level at least consistent with the earth's projected carrying capacity. 

Societal principles: Social responsibility is the growth of individuals in a secure, liberal, equitable, and 

equal manner while also benefiting both humanity and the environment. The European economic area 

defined the polluter pays principle as the idea that individuals who produce pollution should be responsible 

for the expenses it generates. 

Sustainable Systems 
The maximum level of activity is presented by sustainable systems in order to advance sustainable 

developments are:  

1. Sustainable production   

2. Sustainable consumption   

3. Sustainability policy 

4. Sustainable development. 



 

 
Volume 04 - Issue 11 - November 2022       285 | P a g e  
 

Applications of Green Technology in Our Life 
1. Solar array  

2. Reusable water bottle 

3. Solar water heater 

4. Rainwater harvesting system 

5. Building with green technology 

6. National benefits for energy generation.   

7. Benefits to the rural areas 

8. Benefit to the urban areas 

9. Green nanotechnology. 

Challenges to Green Technology Adoption 
Since environmental costs are often externalized in conventional manufacturing processes, green 

technology is typically more expensive than the technology it seeks to replace. It can be more expensive 

than more established technologies because it is a relatively new technology and because of the 

accompanying development and training requirements. There may be additional obstacles that prevent the 

adoption and dissemination of these technologies. Others may be related to technology, finance, politics, 

culture, or the law. The identification and elimination of these obstacles that prevent the wide-scale 

transfer of clean technologies to developing nations is necessary to promote green growth. 

Conclusions 
Product demand from consumers for green technology is rising. The range of products covered by such 

regulations is expanding, and government customers are being compelled to buy green whenever possible. 

The R and D phase is where green technology items are being deployed. Products are being redesigned to 

utilize less hazardous materials, use less shipping material, use less energy, and support recycling at the 

end of their useful lives. They are making changes to either avoid unfavorable effects, satisfy green demand, 

or both. Whatever the reason, there is no denying that they are moving in the direction of green. In order 

to move our society toward sustainable development, it is essential to grasp sustainability words, their 

definitions, and how they relate to one another. 
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B.N - Ficus carica L. 

Family – Moraceae 

Chromosome No – 2n= 26 (diploid) 

Origin – West Asia 

Inflorescence – Hypanthodium 

Fruit type – Syconus 

Edible part – Fleshy receptacles 

Growth curve – Double sigmoid 

Propagation – Hardwood cutting 

Pollination – Wasp (Blastophaga psenes) 

Training – Singe stem. 

Introduction 
Fig is among oldest fruits to be cultivated on earth. Fig has different name in different languages. In Urdu 

it is called “Anjeer”. Fig is a very important fruit of the world. It is said to be fruit of heaven. This is a very 

old plant on earth. The scientific name of fig is Ficus carica. Ficus is a genus and carica is a specie. Fig 

belongs to moraceae family. The origin of fig is Mediterranean region and western Asia. It is an umbrella 

type tree with spreading branches and 7-10 m in height. Leaf of fig are broad with grey colour branches. 

Fig bear twice in a year. Flowers are unisexual. 1st bearing on previous year growth and 2nd is on new 

emerging shoot. Fig is botanically multiple fruit. The hollow fleshy fruit of fig is known as syconium. Fruit 
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contains numerous seeds. The colour of fruit is green when ripe changing into blue or brown and fruit 

become soften 

Climatic and Soil Requirements 
The fig is a subtropical fruit the optimum temperature for its good growth being 15.5 to 21oC.  Buds of most 

cultivars requires some winter chilling. In mild tropical and subtropical areas, figs exhibit continuous 

growth without a distinct rest period. However, the tree usually has a semi- deciduous habit and enters 

into mild dormancy during October-January. Fruit qualities are also got influenced by climate. 

A dry climate with temperature especially at the time of fruit development and maturation produces the 

best quality figs. High temperature like 35 to 38oC will result in premature ripening of fruits. Similarly, 

very low temperature will result in splitting and poor-quality fruits. Fig can be grown on a wide range of 

soil type. But deep, clay-loams are the best suited. Well drained alluvial clay loams or medium black soils 

are also good for fig cultivation. The fig is one of the most drought tolerant crops. It can tolerate sulphate 

and chloride salts. Soils having a high lime content produce fruits of better quality suitable for drying. But 

even a small amount of sodium carbonate in soil is injurious to fig. 

Use 
Figs can be eaten in both form fresh and dried. It can also be used in making jams and pickles. Fig is 

transport in dry or processed form. Once the fig is pick and do not transport in fresh form for distant market 

because fresh fig has very short shelf life. Different type of food products of fig is being use like fig paste, 

fig concentrate, fig powder, fig nuggets and sliced figs. Fig is being used in making fig jam. Flavour of fig 

is extracted and use in other product. 30 percent oil is contained by the fatty acids. Fig oil is edible and use 

as grease and lubricant. Humectants of figs make them a beneficial constituent in such wellbeing and 

loveliness goods as soap, conditioners and scent. 

Nutrition Value 
After the fruit harvesting, leaves of fig are being used for animal fodder. Calcium and fiber also found high 

quantity in fig. Experiments prove that dry figs are high in fiber, copper, manganese, magnesium, 

potassium, calcium and vitamin K according to human needs. Fig comprises small quantities of additional 

minerals. It is also use as antioxidants. Fig is a good source of flavonoids and polyphenols. Two figs 

produced a significant increase in plasma antioxidant capacity. Eight ounces of figs provide 30 percent of 

the recommended daily fiber. Figs have a reservoir of potassium and manganese. Fig fulfils 6% daily need 

of vitamin A, 9% of B1, 13% of B6, 10% of vitamin E and 13% of vitamin K. Kidney or gallbladder patients 

cannot use fig in high amount because it contains oxalates. The leaves of fig have less amount of insulin 

and triglycerides. 

Types and Cultivars 
The figs are classified into four types based on the nature of flowers and the methods of pollination. 

Common Fig: The flowers are pistillate, Fruits develop by parthenocarpy viz., without the stimulation of 

pollination and fertilization. Kadota, Mission, Adriatic, Brown Turkey, Celeste and Conadria are some 

cultivars of this type. Poona is one of the most important commercially grown fig. Introduction and 

evaluation of exotic figs from California at IIHR Bangalore reveals that varieties like ‘Deann’, ‘Conadria’ 

and ‘Excel’ have superior fruit and plant characters. These new varieties when grown on ‘Brown Turkey’ 

root stock (through chip budding) hold great promise for exploiting marginal lands in arid and semiarid 

regions. 

Capri fig: This type has short styled pistillate and functional staminode flowers. Most caprifigs are not 

edible, but are grown because they harbour a small wasp viz., Blastophaqa psenes which is necessary for 

pollination and fruit set in other types like Smyrna fig by transferring the pollen grains from caprifig. 

Smyrna fig: It is commercially the most important one. However, the fruits develop only when the flowers 

are pollinated with pollen from the male flowers of the caprifig transmitted by the wasp. Calimyrna is the 

common cultivar of this type. 
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Sanpedro fig: In this type, the first crop is completely parthenocarpy, but the second crop develops only 

if the flowers are pollinated. The common cultivars of this type are Sanpedro, King and Gentile. In India, 

common fig is mostly grown. Some of the cultivars grown are Black Itchier, Brown Turkey, Turkish White, 

Kabul and Marseilles.  

Propagation and plantings: Rooting of hard wood cuttings is the common method of propagation in fig. 

Rooting was the best in cuttings from 3-year-old wood with 30-40 cm length and 1.5 cm dia. Cuttings from 

the base of the shoot and lower part of crown have to be used as they root better. 

Cuttings are taken during January-February at the time of pruning in North India whereas, the cuttings 

are taken during rainy season in South India. Fig can also be propagated by air layering, shield or patch 

budding and side grafting. Focus glomeration rootstock offers resistance to root knot nematode. 

Spacing: A spacing of 8×8 M2 is recommended depending upon the fertility status of the soil for maximum 

yield. Planting season varies from place to place viz., South India – August – September, Western India – 

June – July, North India – January – February. 

After cultivation to keep the trees more productive and to facilitate inter cultivation operations, the fig 

trees are trained to a desired height and shape. The fig tree bears tow crops in a year, the first crop on the 

wood of previous season and the second crop on new wood of current season. Pruning is necessary to induce 

growth of flower bearing wood. The time and amount of pruning are adjusted according to the growth habit 

and bearing capacity of the tree. 

Manuring and irrigation: Fig respond well to manuring. A quantity of 20kg of FYM, 500-600g N and 

350-400g P2 O5 per year per tree can be recommended. Since it is a drought tolerant crop is mostly grown 

as rainfed crop. However, irrigation helps to increase the yield. During summer, the crop can be irrigated 

once in 10-12 days. Frequent irrigation lading to excess soil moisture will cause splitting of fruits. It should 

be borne in mind that during fruit ripening, the plants should not be given any irrigation because it will 

result in insipid fruits viz., fruits with bland taste. 

Varieties: 

a. Excel: for fresh eating and canning, suitable for HDP. 

b. Conardia – for drying and table purpose, suitable for HDP. 

c. Deanna – for table purpose, large size fruit. 

d. Dinker – (MAU, Parbhani)- Improvement over Daulatabad. 

e. Brown Turky – grown in India, used as rootstock. 

f. Poona – main cultivar of Bombay green. 

g. TP-7(MAU, Prabhani) – High TSS and big sized fruit. 

Pruning: Pruning and training are very important in maintaining the yield and quality of fruit. After 

planting side branches are removed to increase the apical growth. Heavy pruning is recommended in the 

fig cultivation. Dead and disease able part remove immediately. 

Diseases 
Rust: It is caused by Cerotolium fici Small, round brownish to black eruptive lesions occur on the leaves. 

The rust causes heavy defoliation of leaves. It can be controlled by dusting with sulphur. 

Fruit set, harvest and storage. 

Disorder: 

a. Sunburn – Common problem in newly planted trees. 

b. Fruit Splitting or Cracking – Nutritional deficiency, Coonardia and Deanna are, resistant. 
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What is Carbon Foot Print? 
A carbon foot print is the amount of greenhouse gases primarily CO2, released into the atmosphere by a 

particular human activity. A carbon foot print can be a broad measure applied to the actions of an 

individual, a family, an event, an organization, or even an entire nation expressed as carbon dioxide 

equivalent. 

Why Carbon Trading? 
The carbon credits measure and track the quantity of carbon sequestered in the soil and the corresponding 

GHG emissions reduced. The Socio cost of carbon (SCC) is the marginal cost of the impacts caused by 

emitting one extra ton of greenhouse gas (CO2) equivalent at any point in time, inclusive of ‘non-market’ 

impacts on the environment and human health. The purpose of putting a price on atone of CO2 emission is 

to aid policy makers or other legislators in evaluating whether a policy designed to curb climate change is 

justified. 

The ecological foot print is a method promoted by the Global Footprint Network to measure human demand 

on natural capital, i.e., the quantity of nature it takes to support people or an economy. It tracks this 

demand through an ecological accounting system. 

It contrasts the biologically productive area people use for their consumption to the biologically productive 

area available within a region or the world (biocapacity). In short, it is a measure of human impact on the 

environment. 

Footprint and biocapacity can be compared at the individual, regional, national or global scale. Both 

footprint and biocapacity change every year with number of people, per person consumption, efficiency of 

production and productivity of ecosystems. At a global scale, footprint assessments show how big 

humanity’s demand is compared to what earth can renew. 

Global Footprint Network estimates that, as of 2014, humanity has been using natural capital 1.7 times as 

fast as Earth can renew it, which they describe as meaning humanity’s ecological foot print corresponds to 

1.7 planet earths. 

Carbon Trading-Role of Agriculture 
More than 100 billion metric tonnes of CO2 (GtCO2) were reportedly emitted into the atmosphere 

throughout the course of the last 200 years of agriculture, according to studies which was three times as 

much carbon that was released in 2019 from all human activities (43.1 GtCO2). And now it’s time to 

sequester as much carbon possible and contribute to carbon trading in order to reduce the greenhouse gas 

emissions. 

Agricultural practices give farmers the great potential to turn their farms’ carbon sequestration into cash 

with carbon credits. The biological carbon sequestration cycle is the best way of farming to capture and 

store the atmospheric CO2. The agricultural practices such as conservation tillage/ no-till farming and 

planting cover crops can slow down the rate of soil carbon loss and can even potentially increase soil carbon 

levels. Regenerative farming is one other way to meet the C trading objectives. 
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Biological carbon sequestration cycle 

What is Regenerative Agriculture? 
Regenerative agriculture includes the farming practices that hand degraded land back to nature. They act 

as real carbon sinks for ecosystems, allowing them to store CO2 that contributes to the greenhouse effect. 

This method of farming also encourages biodiversity and wildlife growth. Many regenerative farming 

methods follow the traditional ways of farming that were used for thousands of years. These include: 

1. Reducing soil disturbance that is caused to excessive land tillage (no-till farming) 

2. Preventing the use of synthetic fertilizers and pesticides through organic farming, integrated farming, 

soil, weed and pest management practices and using manure/compost for balanced fertilization. 

3. Maximizing soil coverage through living roots and mulching (covering the soil with mulch) 

4. Promoting crop rotation by moving away from monocultures and growing cover crops, which improves 

biodiversity 

5. Combining livestock rearing with crops and other plants. 

Carbon may be absorbed and stored for a very long period by establishing grasslands, reclaiming peatlands, 

and raising cover crops. Additionally, regenerative farming encourages farmers to utilize much of the on-

farm resources which reduces the credit requirements and loan burdens specially in case of the small and 

marginal farmers in India and eventually fetches the income year-round. Farmers can even help prevent 

soil desertification process while earning more with carbon credits. 

Regenerative Farming and Carbon Credits 
Regenerative farming helps farmers and ranchers transform their land from a net GHG emitter to one that 

sequesters carbon. Alternatively put, acting as a carbon sink. 

Carbon credits may be produced as a result of the sequestration or reduction of CO2 through regenerative 

agricultural practises. Project developers produce and commercialise these credits. Thereafter, they offered 

the credits for sale to large corporations looking to reduce their own emissions while also helping farmers. 

In exchange, farmers get paid more for every tonne of CO2 that their farms reduce or capture. To confirm 

that there is actually a decrease or sequestration taking place, a third-party organization will measure and 

validate the farmers' assertion. For instance, soil testing is a component of carbon credit systems. Federal 

crop records and field data are also used to validate conservation techniques. 

Who will Credit the Sequestered C? 
On the side of the purchasers, financiers and businesses like Cargill, JPMorgan Chase, Shopify, and 

Microsoft have made a commitment to supporting farming practices that regenerate the soil by purchasing 

carbon credits from farmers. Corporations can even make investments to enhance soil health and support 

farmers' income growth through a variety of regenerative farming practises. They can assist farmers right 

https://www.nrdc.org/stories/regenerative-agriculture-101
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now and drive the transition to regenerative agriculture. Additionally, there will be a huge reduction in 

GHG emissions. Another exceptional possibility for farmers to obtain carbon credits is nitrogen emissions. 

The Unpopular Concept of Nitrogen Carbon Credits 
Farmers can modify their operations in a variety of ways to minimise nitrogen or nitrous oxide (N2O) 

emissions because of the several elements that influence these emissions. One technique to do this is to use 

the no-till method to provide nitrogen to the soil at the proper depth. The objective is to decrease the 

quantity of N2O that leaves the soil and enters the crop for better development and increased yield. 

Regenerative agriculture includes agricultural methods like no-till. Do not forget that tilling contributes to 

desertification. As a result, no-till farming is a popular agricultural method that can lower N2O emissions. 

No-till, as opposed to chisel tilling, which incorporates crop residue into the top layer of soil, has been shown 

to lower N2O emissions by 57%. 
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Introduction 
Hydroponics or Soilless culture is a technology for growing plants in nutrient solutions that apply all 

nutrient elements needed for optimum plant growth with or without the use of an inert medium such as 

gravel, vermiculite, rockwool, peat moss, sawdust, coir dust, coconut fiber etc. to provide mechanical 

support. It is derived from the two Greek words-hydros means water, and ponos means labour i.e., water 

working. The science of hydroponics proves that soil is not required for plant growth but the elements, 

minerals, nutrients that contain are very essential. Hydroponics was practiced many centuries ago in 

Amazon, Babylon, Egypt, China and India where ancient men used dissolved manure to grow rose, gerbera, 

gladiolus, cucumber, watermelon and other vegetable crop. Later on, when plant physiology started to grow 

plants with specific nutrients for experimental purposes, they gave the name Nutricuture’’. In 1929, Dr. 

William F. Gericke of the University of California succeeded in growing tomato vines of 7.5 m height in 

nutrient solution. He named this new production system Hydroponics”. 

Advantages & Disadvantages of Hydroponics 
Advantages:  

a. Require smaller growing area. It can be practiced even in upstairs, open space and in protected 

structures.  

b. Faster plant maturity and higher yield  

c. Clean working environment. The grower will not have any direct contact with soil.  

d. Continuous cultivation & off-season production is possible  

e. Great plant quality and taste  

f. Precise control of the nutrient  

g. No weeds & fewer pests.  

h. Possibility of growing a wide variety of vegetables and flower crops including anthurium, 

marigolds, etc.  

Disadvantages:  

a. High initial investment: A large-scale cultivar may have to purchase instruments to measure. pH 

and EC of the nutrient skill solution. Energy inputs are necessary to run the system. 

b. Economically viable for limited number of crops. 

c. Special skill is required: High degree of management skill is necessary for solution preparation, 

maintenance of pH and EC, nutrient deficiency judgment and correction, ensuring aeration, 

maintenance, etc. 

Methods of Hydroponics 
Current hydroponics systems of cultivation can be classified according to the techniques employed. 
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1. Liquid hydroponics (solution culture) 

2. Aeroponics. 

Liquid Hydroponics 
A system of hydroponics in which liquid medium is used. It is of two types:  

1. NFT (Nutrient film technique). 

2. DFT (Deep flow technique). 

Nutrient film technique (NFT)-Pipe System: It is true hydroponics system where the plant roots 

directly exposed to nutrient solution. A thin film (0.5) of nutrient solution flows through channels. The 

channel is made of flexible sheet. The seedlings with little growing medium are placed at the center of the 

sheet and both edges are grown to the base of the seedlings and clipped together to prevent evaporation 

and to exclude light. The growing medium absorbs nutrient solution for young plants and when the plants 

grow the roots form a mat in the channels. The maximum length of the channel is 5-10 m and is placed at 

slope drop of 1 in 50 to 1 in 75.the nutrient solution is pumped to the lower end wetting the root mat. At 

lower end of the channels nutrient solution gets collected and flows to the nutrient solution tank.  

Deep Flow Technique (DFT)-Pipe System: Single plane pipe system DFT Zigzag pipe system DFT. As 

then name impiles,2-3cm deep nutrient solution flows through 10cm diameter PVC pipes to which plastic 

net pots with plants are fitted. The plastic pots contain planting materials and their and their bottoms 

touch the nutrient solution that flows in the pipes. The PVC pipes may be arranged in one plane or in 

zigzag shape depending on the types of crops grown. The zigzag system utilizes the space efficiently but 

suitable for low growing crops. The single plane system is suitable for both tall and short crops. 

Aeroponic Technique 
Aeroponic is a method of growing plants where they are anchored in holes in Styrofoam panels and their 

roots are suspended in air beneath the panel. The panels compose a sealed box to prevent light penetration 

to encourage root growth and prevent algae growth. The nutrient solution is sprayed in fine mist form to 

the roots. Misting is done for a few second every 2-3 minutes. This is sufficient to keep roots moist and 

nutrient solution aerated. The plants obtain nutrients and water from the solution film that adheres to the 

roots. 

Conclusion 
Hydroponics is a valuable technology for attaining a high production of flowers. The possibilities of better 

control over different factors influencing the growth and development of the plant will lead to further 

improvement of this technique. It offers a clean working environment and lessens the need of expensive 

labour per unit area. Hydroponics offers opportunities to provide optimal conditions for plant growth and 

therefore, higher and quality produce is expected as compared to open and traditional system of 

agriculture. However, it needs to be studied, refined and experimented to make it more use worthy on 

commercial scale. 
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Introduction 
The lack of vegetation in urbanized areas, as result of human establishments, directly affects the quality 

of life, from physical and aesthetical point of view. The construction of vertical gardens is recommended 

both in interiors and especially in the exterior of buildings. By applying these technologies, any kind of 

area can be used at its maximum capacity, obtaining esthetic valences, benefic for environment and human 

health. Even if the price of constructing and maintaining the vertical gardens is higher than a classical 

landscape it’s compensated by the environmental benefits, raising the vegetation surfaces, with impact for 

reducing the pollution effect. The new modern concepts for landscape development are keen on using any 

kind of concrete or glass, turning them in real vertical gardens, being possible to overcome the development 

of the urban areas making a smooth transition for a healthy green urban environment. 

Vertical Gardening is a special kind of urban gardening suitable to small spaces, particularly for decorating 

the walls and roofs in various styles. This is an alternative method for gardening by expanding the scope 

of growing plants in a vertical space. Intensive urbanization has left hardly any horizontal space for outdoor 

gardens. 

Types of Vertical Greening System 
1. Green façade 

2. Living/green wall 

a. Modular green walls. 

b. Vegetated mat wall. 

Green facades: Green facades are a type of green wall system in which climbing plants or cascading 

groundcovers are trained to cover specially designed supporting structures. Plants are either grown in the 

ground or in the elevated containers where they are watered and fertilized. Examples: Hedera helix, 

Pathinocissus spp. etc. 

Green walls / Living walls: Living wall system composed of pre-vegetated panels, vertical modules or 

planted blankets that are fixed vertically to a structural wall or frame. These panels can be made of plastic, 

expanded polystyrene, synthetic fabric and support a great diversity of plants species ( eg.Dracena, 

Phalaenopsis spp, Asparagus sprengeri etc., and a lush mixture of ferns, ground covers, perennials and 

edible plants). 

a. Modular green wall: Vertical Garden Modules is made up of recycled poly propylene material. 

It has attractive look, highly durable in nature and it can be easily installed. It provides instant 

solution for making garden in your residing place. 

b. Vegetated mat wall: This system, pioneered by Patrick Blanc, is composed of two layers of 

synthetic fabric with pockets filled with the plants and growing media. The fabric walls are 

supported on a framework and backed by a waterproof membrane against the building wall 

Nutrients and water are delivered through an irrigation system at the top of the wall 

Structures and Components for Green Wall System 
1. Front panel 

2. Stabilizers 

3. Bottom drainage tray 

4. Side panel 

5. Geo textile pouch 

6. Hanging hook. 
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Importance of Vertical Garden 
A vertical garden keeps a building cool in summer and warm in winter, thus enabling you to save electricity. 

Aesthetic benefits: Vertical gardens enable you to maximize limited space and reclaim disregarded space. 

A green wall can transform empty space into aesthetically pleasing and creatively stimulating eye candy. 

Benefits of Vertical Gardening 
Vertical gardens provide several aesthetic, economic, physiological and environmental benefits. A vertical 

garden enables you to maximize and fully utilize limited space, especially in congested urban areas. 

Benefits of a Green Wall 
1. Food security: Vertical gardening is an excellent method of growing food in areas where space is 

limited. The different vertical garden technologies provide effective, simple and sustainable methods of 

growing fruits, vegetables and herbs, thus enhancing food security for urban communities and populations 

that face lack of agricultural spaces. 

2. Improvement of air quality: Vertical gardens improve both indoor and outdoor air quality by removing 

harmful VOCs (volatile organic compounds) and absorbing pollutants. Growing plants vertically, even in 

compact spaces such as windowsills, balconies, front entrances, and so forth, makes an appreciable 

difference to the air that you breathe in. 

3. Thermal insulation: Green walls provide insulation to buildings, so there is less demand for power to 

heat or cool them. A vertical garden keeps a building cool in summer and warm in winter, thus enabling 

you to save electricity. 

4. Aesthetic benefits: Vertical gardens enable you to maximize limited space and reclaim disregarded 

space. A green wall can transform empty space into aesthetically pleasing and creatively stimulating eye 

candy. 

   

Indoor Vertical Garden Public Buildings/ 

Apartments 

Malls 

Conclusion 
This Technology aims to advance the productivity levels of urban and sub-urban agricultural production 

sites where most often available space is the biggest agricultural limitation. Vertical gardens also help to 

reduce the carbon footprint of a building by filtering pollutants and carbon dioxide out of the air, which 
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also benefits those living nearby as the quality of the air is improved. It act as natural air filters; they help 

create a clean and healthy environment that improves humans' overall health and productivity. 
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Introduction 
Due to the maximum expenditure on food in the animal husbandry business, balanced diet is of special 

importance. Due to the supply of nutrients at the lowest rate in green fodder, they have been considered as 

the best animal feed, but due to the severe famine situation at present, their availability has become very 

less. After sowing of fodder crops, due to lack of water, the growth of the crops stops and the fodder starts 

drying up due to which toxic elements are produced in the undeveloped and withered fodder, due to which 

the food poisoning occurs in the animals. 

In the absence of green fodder during famine, to supply nutrients and other dry fibrous fodders are fed with 

urea treatment. Inadvertently or inadvertently by consuming more quantity of urea treated fodder while 

preparing dry fodder treated with distance. Food poisoning can occur due to many reasons, which are not 

controlled by the animal owners, but some poisonings which often occur due to the lack of knowledge of the 

animal husbandry, the animal owners can take some precautions on them and keep their animals away 

from their effects. 

1. Cyanide poisoning 

2. Nitrate poisoning 

3. Urea poisoning. 

Cyanide Toxicity 
Plants Contains cyanogenic glucosides. These glucosides have enzymes present in the feed or rumen. In 

cyanide poisoning, oxygen-carrying enzymes are affected, resulting in a lack of oxygen to the body’s tissues, 

leading to the death of the animal by suffocation. Although there are many plants/fodders whose 

consumption can cause cyanide poisoning, but the amount of cyanide in these varies in different seasons 

and different parts of the plant. mainly tides,Bajra, Chari, etc., sometimes some special have sodium nitrite 

3 grams and cyanogenic glucoside in sodium conditions due to high thiosulfate 15 grams, 200 ml of water, 

animals die due to their consumption. 

The amount of poison in the fodder, its state, the presence of nitrogen in the soil, do not allow the farmer 

to eat the sorghum and chari crops at the time of sowing. The amount of urea or other fertilizer given for 

the growth of fodder depends on factors like water scarcity etc. Especially the plants whose growth and 

development have stopped due to lack of water, the leaves dry up and turn yellow, Cyanide quantity 

increases in such feed. In the absence of green fodder, hungry animals see this fodder and eat it out of 

greed. In the absence of information, the livestock owners also start giving withered and underdeveloped 

jowar, millet and chari in the absence of green fodder, due to which the animal dies. 

Symptoms 
1. Symptoms of poisoning in the animal begin to appear within 10 to 15 minutes after a sudden overdose 

of feed containing cyanide. The animal becomes restless, with saliva pouring out of its mouth. 

2. It seems There is difficulty in breathing and the animal breathes by opening its mouth, mainly due to 

the consumption of such four. 

3. There is spasm and pain in the muscles, due to extreme weakness, the animal staggers on the ground 

and hydrocyanic acid are formed which becomes toxic and falls. 

4. The mouth smells like bitter almonds. The color of the blood becomes bright red. 

5. There is groaning and pain like suffocation at the time of death. 
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Treatment 
1. After onset of signs of cyanide toxicity give 3-gram sodium nitrite with 15 gm sodium thiosulphate in 200 

milliliters of water by intravenous route 

2. The amount of poison in the fodder, its state, the presence of nitrogen in the soil, do not allow the farmer 

to eat the sorghum and chari crops at the time of sowing. The amount of urea or other fertilizer given for 

the growth of fodder depends on factors like water scarcity etc. 

3. Especially the plants whose growth and development have stopped due to lack of water, the leaves dry 

up and turn yellow, the amount of cyanide increases in such fodder. In the absence of green fodder, hungry 

animals see this fodder and eat it out of greed. In the absence of information, the livestock owners also 

start giving withered and underdeveloped jowar, millet and chari in the absence of green fodder, due to 

which the animal dies. 

4. Give only well irrigated jowar and chari to the animals as green fodder. After two to four rains, feed the 

standing crop to the animals. Cyanide infested feed can be preserved as ‘Hey’. 

5. After drying the cyanide affected fodder for some time, mixing molasses in it and feeding it in the form 

of silage also reduces the effect of the poison. Do not use small wilted, yellow and dried up plants as fodder. 

Nitrate Toxicity 
Nitrate poisoning results from consumption of feed containing high nitrates. The amount of nitrate in 

fodder is generally not high, but when nitrogen-containing fertilizers are given in excess quantity in the 

land, then the amount of nitrate increases in the green fodder grown on that land, especially maize, oats, 

Sudan grass etc. 

Sudden overdose of feed/water containing high nitrates results in the conversion of nitrates to nitrites, 

which are extremely toxic. 5, converts hemoglobin into Met hemoglobin, due to which oxygen does not reach 

the body’s tissues. Of the four, up to 0.15 percent nitrogen is not harmful on a dry basis, while the amount 

above 0.45 percent is extremely toxic. 

Symptom: 

a. In case of nitrate poisoning, the respiratory and pulse rate of the animal increases. 

b. The animal turns its head towards the stomach and keeps its mouth open. 

c. In the acute stage of poisoning, the color of the blood becomes chocolate brown and the animal 

dies within 1 to 4 hours. 

Treatment: 50 to 100 Ml Of 1 Percent solution of methylene blue. The dose should be given directly into 

the vein. Ascorbic acid 5 mg should be given intravenously according to body weight. 

Urea Poisoning 
One of the most prevalent types of toxicity encountered in ruminants, particularly cattle and buffaloes, is 

urea poisoning. For more than a century, ruminants have been fed urea and other non-protein nitrogen 

compounds as a cost-effective alternative for vegetable and animal proteins. Nitrogen is released as 

ammonia from urea in the rumen and can be utilised by rumen microorganisms to help ruminants 

synthesise protein. This protein is subsequently made accessible to the animal through regular digestion 

and absorption processes. 

If too much urea is ingested, ammonia is taken into the bloodstream from the rumen. In the liver, ammonia 

is converted to urea, which is subsequently expelled by the kidneys. When excess ammonia and urea 

circulate in the blood, this route is readily overloaded, resulting in poisoning. The intentional use of urea 

in cattle feed has the potential to be lethal and result in significant farm animal loss. As a result, farmers 

should be well-versed in the dose and manner of urea addition in cattle feed, as well as be cautious in this 

case. 

Causes of urea poisoning: 

a. Excessive urea intake in supplemented ration. 

b. Introducing large amounts of urea to animals who haven’t been exposed to it before. 

c. Low calorie, low protein, and high roughage diets have an improperly mixed or high urea content. 

d. A urea-based wet supplement. 
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e. After transportation, urea separates from the supplement. 

Doses of urea supplement: 

a. It is advised that urea make up no more than 3% of the concentrate ration, or 1% of total feed 

intake, and that NPN make up no more than one-third of total nitrogen consumption. 

b. In cattle, doses of 0.3-0.5 g/kg/day are poisonous, while doses of 1-1.5 g/kg/day can be deadly. 

Signs of urea poisoning: Clinical signs of urea poisoning included restlessness, abstinence from food and 

water, suspension of rumination, subnormal rectal temperature (98.5°F), grinding of the teeth, frothy 

salivation, nasal discharge, increased respiratory rate (60 per minute), dyspnea, coughing, increased heart 

rate (95 per minute), arrhythmia, muscle tremors, tympany, atony of rumen, fluid filled rumen felt on 

percussion Animals are frequently discovered dead near the source of the urea supplement. 

Diagnosis of urea poisoning: The history of urea access and the indications displayed by live, afflicted 

animals are the most effective diagnostic markers. Blood tests in the lab aren’t particularly useful, and 

post-mortem examinations reveal no identifiable alterations. 

Treatment of urea poisoning: 

a. Acetic acid was used orally as an antidote. Oral administration of 4 L vinegar is the remedy for a 

mature cow suffering from ammonia poisoning, and it may need to be repeated every 20-30 minutes 

until the symptoms diminish.  

b. Use of acetic acid after 90 minutes of urea administration does not appear to have significant 

impact. 

c. To dilute the poisons in the blood, fluid treatment was given. Oedema was treated with diuretics.  

d. To increase appetite and digestion, stomachic and live yeast extracts were administered. It’s 

possible to use cold water as a treatment. 
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Introduction 
India is the second largest producer of cereals after China. During 2017-18, the country produced 284.83 

million tonnes of food grains from 127.56 million hectares of area. Large variety of cereal are grown in 

India, Rice, Wheat, Maize, Sorghum, Pearl millet, Barley and oat are the major ones. 

Although cereals are grown throughout of the country, the major cereal growing states are, West Bengal, 

UP, Karnataka, Rajasthan, Punjab, MP and Gujarat. Cereals are rich source of carbohydrate, essential 

amino acid and small amount of protein. Over the last decayed the production of cereal increase about 9.72 

million tonnes per annum. 

The word silicon is derived from the Latin wordsilex, meaning Flint. The word was originally used to denote 

any hard rock or stone. Silicon was first isolated and described as an element in 1824 by Jons Jacob 

Berzelius. It constitutes 27.7 % of the total weight in soil after the oxygen (46.6 %). Silicon is also known 

as a Ballast element. 

Its content in soil varies from <1 to 45 % by dry weight.  The traditional practice of collecting the ashes 

from the back yard of houses supplies not only potash but also silicon. Silicon is an Agronomically important 

fertilizer element that enhances plant tolerance to abiotic stresses. 

Silicon improved photosynthetic activity and ultrastructure of cells in cereals crop and reduced electrolyte 

leakage in the leaves enhancing the plant growth at high salinity. Si is categorized as beneficial element 

in plant biology. 

It is unquestionably an important requirement for the normal growth of many plants and must be called 

as “Quasi essential”. It maintains the plant water status under saline conditions. It reduces uptake of Na+ 

by improving K+: Na+ and also alleviates the heavy metal toxicity. 

Silicon Containing Minerals 
Important silicates minerals include the clays, feldspar, olivine, pyroxene, amphiboles, micas and zeolites. 

In compounds, silicon dioxide occurs both in crystalline minerals (e.g., quartz, cristobalite) and amorphous 

minerals (e.g., agate, opal, chalcedony) in all land areas. In soil solutions, silicon is found mostly in the 

form of silicic acid. In plants, silicon is found mostly as silicon dioxide. 

Sources of Silicon 
Si source Chemical formula Si content (%) 

Salicic acid H4SiO4 29 

Calcium silicate slag – 18–21 

Calcium silicate CaSiO3 24 

Potassium silicate K2SiO3 18 

Sodium silicate Na2SiO3 23 

Quartz sand (fine grind) SiO2 46 
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Silicon is a Beneficial Element 

 
Diagrammatic representation of silicon cycle in soil 

Factor Affecting Si Availability 
1. Types of Soil and Parent Material: Soil availability and Si-supplying power vary with soil types, 

depending mainly on the type of parent materials, weathering and eluviation and illuviation. Soils derived 

from granite, quartz and peat are prone to Si deficiency, while those developed from basalt and volcanic 

ash are Si sufficient. 

2. Soil Eh: Soil Eh is one of the most important factors that influence the solubility of soil Si. Flooding 

results in soil reduction, lowering soil Eh and normally leading to an increase in soil-available Si 

concentration. 

3. Soil Texture: Many studies have shown that soils with light or sandy texture are usually deficient in 

available Si and thus have low Si-supplying power, while those with heavy or clayey texture are Si 

sufficient. 

4. Soil pH: Si concentration in soil solution may low when pH value decreases from 7 to 2. The highest 

concentration is observed at pH 8–9. 

5. Organic Matter: So far, contrasting results on the effects of soil organic matter on Si availability have 

been reported. Most of the authors agree that soil available Si content is positively correlated with soil 

organic matter content. 

Silicon in Soil 
Si content and its availability in soil depend greatly upon soil-forming processes and consequently soil 

types. Si is mainly present in soils including various categories of alumino silicates and quartz (SiO2), which 

may account for up to 75–95 % of soil inorganic constituents. Except organic soils (Histosols), most mineral 

soils are composed of sands (largely SiO2), various crystalline forms of primary and secondary minerals. 

Monosilicic acid or orthosilicic acid is the only form of water-soluble Si, while poly-silicic acid (polymerized 

silicic acid) is only partially water soluble in soil. Water-soluble Si is present in soil solution and can be 

adsorbed on the surfaces of inorganic, organic and organic–inorganic colloids in soils such as soil clays, soil 

organic matter and organic–inorganic complex. 

Silicon in Plant 
Concentration of silicon in plants on the basis of dry weight varies between 0.1-10%. High concentration in 

monocot plant than dicot. Concentration of silicon in a plant varies from organ to organ and accumulate 

higher in mature leaves. Monosilicic acid or Orthosilicic acid is the Si forms that are absorbed by plants 

root. 
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Its level increased from: 

legumes<fruits<vegetables<grasses<cereals 

Silicon Uptake 
Active Si Accumulator Passive Si Accumulator Si Rejective 

Wheat Cucumber Tomato 

Rice Melon Sunflower 

Barley Strawberry Gerbera 

Sugarcane Soybean Geranium 

Maize Oats 
 

Silicon Deficiency Symptoms 
1. Leaves and culms become soft and droopy thus increasing mutual shading. 

2. Reduces photosynthetic activity. 

3. Severe Si deficiency reduces the number of panicles/m2 and the number of filled spikelets/ panicle. 

4. Si-deficient plants are particularly susceptible to lodging. 

5. Si deficient plants are more susceptible to severe pest – disease attack. 

Corrective Measures 
1. For more rapid correction of Si deficiency, granular silicate fertilizers should be applied: Calcium silicate 

120-200 Kg/ha, Potassium silicate 40-60 Kg/ha. 

2. In the long term, Si deficiency is prevented by not removing the straw from the field following harvest. 

Recycle rice straw (5-6% Si) and rice husks (10% Si) 

3. Avoid applying excessive amounts of N fertilizer, which increases yield and total uptake of N and Si, but 

also decreases the Si concentration in straw because of excessive biomass growth. 

Plant Diseases Suppressed by Silicon 
Plant Disease Pathogen 

Rice Brown leaf spot Helminthosporiumoryza 

Leaf and neck blast Magnoporthagrisea 

Grain discoloration Fusarium, Biolaris 

Wheat Powdery mildew Septorianodorum 

Barley Powdery mildew Erysiphegraminis 

Plant Insects and Pests Suppressed by Silicon 
Plant Pest Scientific Name 

Rice Stem borer Scirpophagainterculus 

Green leaf hopper Nephotettixvirenses 

Brown plant hopper Nilaparvatalugens 

Wheat Green bug Scizaphisgraminum 

Red flour beetle Triboliumcastaneum 

Sorghum Green bug Scizaphisgraminum 

Maize Borer Sesamiacalamistis 

Conclusion 
From foregoing discussion, it can be concluded that the application of silicon from different sources 

significantly increased growth & yield attributes, nutrient content and their uptake in various cereal crops 

like rice, wheat, maize, sorghum, barley, pearl millet and oat. 

Application of silicon through foliar spray during reproductive stages gave better results in terms of growth 

and yield of cereal than other growth stage. Silicon application may also gave hardening to plant and 

prevent the plant from lodging as well as reduce salt stress in plant. 
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Summary 
Indians are food lovers and their love for traditional foods is known to the world. They often consume spices 

in every meal for faster digestion and refreshment. However, these spicy seeds are not just for refreshment 

purposes but also essential for their indispensable medicinal and culinary practices. People across the 

world use spices as a seasoning in food and for taste. It is also a popular remedy in traditional medicine for 

good reason to treat disease through food intake. They are known to offer a wide range of nutritional 

properties that improve health. This is because spices have a rich content of phytonutrients that helps in 

breaking down excess fat and also improves our body metabolism. In our daily diet, species in food can cure 

lots of diseases that make our kitchen into pharmacy. 

Introduction 
People use dried flower buds, leaves, root bark and stems to make species. By improving the fiber levels in 

our diet, aromatic seeds contribute better heart health as numerous studies have linked higher fibre diets 

with a lower risk of cardiac diseases. Some of the species we are using are cumin, turmeric, cardamom, 

cinnamon, fenugreek, pepper, mustard, fennel and clove. Most of them are used as herb to cure lots of acute 

diseases besides giving aroma, taste and flavor. Each of the species used in kitchen consist phytonutrients 

which have numerous medicinal properties to cure various diseases. They are mainly rich in vitamin C, E, 

K, minerals, calcium, magnesium, zinc, potassium, selenium, and iron, antioxidants such as polyphenol, 

fibre, organic compounds combats improves our health. 

 

Turmeric 
It is a common spice that comes from the root of Curcuma longa that have warm, bitter taste and is 

frequently used to flavor or color curry powders, mustards, butters, and cheeses. Because curcumin and 

other chemicals in turmeric might decrease swelling, it is often used to treat conditions that involve pain 

and inflammation. It contains a chemical called curcumin, reduce swelling. People commonly use turmeric 

for osteoarthritis, hay fever, high cholesterol, liver disease. Most research showed that taking curcumin, a 

chemical found in turmeric, reduces depression already using an antidepressant. 

Cloves 
Clove is used for upset stomach and as an expectorant. Clove oil is used for diarrhea, hernia, and bad 

breath. Clove and clove oil are used for intestinal gas, nausea, and vomiting. It is applied directly to the 
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gums for toothache, for pain control during dental work, and for a complication of tooth extraction called 

“dry socket.” It is also applied to the skin as a counter irritant for pain and for mouth and throat 

inflammation. In combination with other ingredients, clove is also applied to the skin as part of a multi-

ingredient product used to keep men from reaching orgasm too early. In foods and beverages, it is used as 

a flavoring and in manufacturing, clove is used in toothpaste, soaps, cosmetics, perfumes, and cigarettes. 

Cloves are best known as a sweet and aromatic spice, but they have also been used in traditional medicine. 

It contains fiber, vitamins, and minerals, so using whole or ground cloves to add flavor to your food can 

provide some important nutrients. Antioxidants are compounds that reduce oxidative stress that can 

contribute to the development of chronic disease. It also contains a compound called eugenol, which has 

been shown to act as a natural antioxidant. It is found that eugenol stopped oxidative damage caused by 

free radicals five times more effectively than vitamin E, another potent antioxidant. Cloves have been 

shown to have antimicrobial properties, meaning they can help stop the growth of microorganisms like 

bacteria types of bacteria, including E. coli, which is a strain of bacteria that can cause food poisoning. It 

is also high in antioxidants, which may help prevent liver disease due to their ability to help decrease 

oxidative stress. 

Cinnamon 
It is a spice that is made from the inner bark of trees scientifically known as Cinnamomum. It used to be 

rare and valuable and was regarded as a gift fit for kings. These days, cinnamon is affordable and widely 

available in most supermarkets. It’s also found as an ingredient in various foods and recipes. Cinnamon is 

loaded with powerful antioxidants, including polyphenols and its supplementation could significantly 

increase antioxidant levels in the blood while reducing levels of markers used to measure inflammation, 

such as C-reactive protein. The antioxidant effects of cinnamon are so powerful that it can even be used as 

a natural food preservative. Cinnamon has been linked to a reduced risk of heart disease, which is the 

leading cause of death around the globe. Supplementing with at least 1.5 grams (g), or about 3/4 of a 

teaspoon (tsp.), of cinnamon per day was able to reduce levels of triglycerides, total cholesterol, LDL 

cholesterol, and blood sugar in people with metabolic disease. Beneficial effects on insulin resistance, 

cinnamon can lower blood sugar through several other mechanisms. Cinnamon is shown to decrease the 

amount of sugar that enters our bloodstream after a meal. Cinnamaldehyde, one of the main active 

components of cinnamon, may be beneficial against various kinds of infection. It can kill certain fungi that 

cause respiratory tract infections and inhibit the growth of certain bacteria, 

including Listeria and Salmonella. 

Cumin 
Cumin has been a part of the human diet for thousands of years. It’s grown in the Middle East, 

Mediterranean, India, and China. Cumin packs a lot of health benefits into a few tiny seeds. For 

generations, people have used cumin to treat conditions ranging from indigestion and diarrhea to 

headaches. People in India have used it to treat kidney and bladder stones, eye disease, and even leprosy. 

It has been shown to limit the growth of microorganisms, including E. coli cause food poisoning. Its 

antibacterial properties might explain why people have traditionally used cumin as a preservative.   More 

studies are needed to determine if cumin can help prevent cancer in humans and cumin may help people 

control their cholesterol levels. In one study, cumin powder dissolved in yogurt helped reduce “bad” (LDL) 

cholesterol and triglycerides while increasing “good” (HDL) cholesterol. Cumin may help people living with 

diabetes manage its symptoms and effects. Cumin is also a good source of Vitamin A, calcium, iron and it 

can help with several types of digestive issues. In one study, cumin extract significantly relieved IBS 

symptoms like belly pain, bloating, and the urgent need to go to the bathroom. Cumin has long been a 

popular folk remedy for diarrhea, and may help people lose weight as part of a healthy diet. Antioxidants 

can help neutralize unstable particles called free radicals that cause cell damage. By neutralizing these 

particles, antioxidants can help prevent diseases like cancer, heart disease, and high blood pressure. 

Fenugreek 
These aromatic seeds come from Foeniculum vulgare – a herb and is mainly grown in India and the 

Mediterranean areas. The seeds are used in cooking, to make medicine, or to hide the taste of other 

medicine. Fenugreek seeds smell and taste somewhat like maple syrup. Fenugreek leaves are eaten in 
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India as a vegetable. Fenugreek is taken by mouth for digestive problems such as loss of appetite, upset 

stomach, constipation, inflammation of the stomach (gastritis). It is also used for diabetes, painful 

menstruation and polycystic ovary syndrome, and obesity, atherosclerosis. Fenugreek is used for kidney 

ailments, a vitamin deficiency disease called beriberi, mouth ulcers, boils, bronchitis, skin infection 

(cellulitis), tuberculosis, chronic coughs, chapped lips, baldness, cancer, Parkinson's disease, and exercise 

performance. 

Some men use fenugreek for hernia, erectile dysfunction (ED), male infertility, and other male problems. 

Women who are breast-feeding sometimes use fenugreek to promote milk flow. It is used to treat local pain 

and swelling (inflammation), muscle pain, pain and swelling of lymph nodes (lymphadenitis), pain in the 

toes (gout), wounds, leg ulcers, and eczema. In foods, it is included as an ingredient in spice blends and is 

also used as a flavoring agent in imitation maple syrup, foods, beverages, and tobacco. Dried fennel seeds 

are a storehouse of various nutrients, with low calories and high in different micro and macronutrients. 

Fennel seeds are mainly rich in vitamin C, E, K, minerals, calcium, magnesium, zinc, potassium, selenium, 

and iron, antioxidants such as polyphenol, fibre, organic compounds combat bad breath, improves digestive 

health, helps to regulate blood pressure, promotes lactation, reduces asthma and other respiratory 

ailments, improves skin appearance, purifies blood. 

Black Pepper 
It also known as the king of spices has a load of health benefits and a major benefit of consuming pepper is 

that it aids in weight loss. It is also said to be good for digestion and prevents cancer by detoxifying the 

body. When this spice is added to the food, it makes our food taste better and spicier. If we need fitness 

looking to lose weight quickly, then we need to add black pepper to our daily menu and it cleans our 

intestines and stomach. Ever wondered black pepper is called the ‘King of Spice’. It helps in losing weight, 

detoxifies our body, prevents cancer. It consists of potassium that helps in regulating heart rate and high 

blood pressure, helps in producing red blood cells, rich in vitamin B and produces calcium, prevents 

constipation, prevents skin deformation & wrinkles. Black pepper is said to prevent cancer when it is mixed 

with turmeric. This can be consumed in the form of milk by mixing turmeric and black pepper. This drink 

is usually given to individuals suffering from severe cold. It is said to consist of antioxidants, Vitamin A 

and carotenoids that help in curing cancer and other deadly diseases. Also, it must be added to most of our 

daily diet as it is the best way, we can stay fit naturally. 

Black Mustard 
There are approximately 40 different species of mustard plant. Three different types are generally used to 

make the mustard condiment. Black mustard is a plant seed and oil from the seed is used to make medicine. 

Black mustard oil is used for the common cold, painful joints and muscles (rheumatism), and arthritis. 

Black mustard seed is used for causing vomiting, relieving water retention (edema) by increasing urine 

production, and increasing appetite. Some people make a paste by mixing ground black mustard seed with 

warm water. They pack the paste in cloth and apply the cloth directly to the skin as a “mustard plaster.” 

This preparation is used for treating pneumonia, pain and swelling (inflammation) of the lining of the lungs 

(pleurisy), arthritis, lower back pain (lumbago), and aching feet.  In foods, black mustard leaves (greens) 

are used in salads and other dishes. Also in foods, black mustard seed is used as a spice and to flavor 

mustard condiment. 

Conclusion 
Food is the fuel source of energy that is needed for the vital activities of the body. Plant based herbs are 

the major species used in Indian cooking and in small quantity of them produced the health benefits, are 

significant. Turmeric and black pepper improves our digestion, antioxidant property, heart protective 

effects and also helps to detoxify body, and cleanses stomach. In diet, our kitchen species helps to reduce 

disease and detoxify the body. Hence kitchen species keep us to disease free and act as traditional medicine 

of pharmacy. 
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Vegetable production is a subject of applied science that investigates the biology and technology of vegetable 

crops grown in greenhouses and open fields. The primary goals are to increase vegetable crop yields, 

preserve the environment, and produce high-quality edibles that are safe for human consumption. 

Herbaceous plants that are classified as annual, biennial, or perennial vegetables seldom produce a woody 

stem by the time their vegetative cycle is over, usually in the bottom part of the stem. The edible portions 

of vegetables may be either fresh or cooked and are high in water (95% of them are water). 

In contrast to conventional production (open-field) or production in standard greenhouses, there are several 

benefits to producing vegetable crops in modern-equipped greenhouses and covered regions without 

daylight. Modern greenhouses, especially glass ones, have the ability to completely manage the climate, 

plant nutrition, the application of CO2 and other essential equipment, or automation of the production 

process. This makes year-round and/or off-season manufacturing possible, which is increasingly in demand 

in global markets. In particular, it applies to warm-season vegetable crops like tomatoes, cucumbers, and 

peppers, as well as to cool-season crops (lettuce, spinach, radishes, broccoli). 

Selecting Greenhouse Locations for Producing Vegetable Crops 
Modern greenhouses, whether made of glass or plastic, operate as a mechanical barrier between the outer 

weather and an indoor space with carefully regulated climate conditions that are best for growing the 

chosen vegetable crops. Vegetable crops are shielded in this way from the harsh weather, wind, snow, rain, 

hail, birds, and insects. The type of a greenhouse, as well as the kind and calibre of the interior fittings and 

installations, all affect how productive and efficient it is to operate there. The following elements need to 

be considered while choosing a place to construct a contemporary greenhouse: 

1. Site Microclimate: The climatic circumstances may be very diverse at various geographic latitudes and 

longitudes, and some elements may even impede the growth of vegetable crops, such as insufficient daylight 
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intensity, frequent fogs, severely poor weather, excessive amounts of tree shadow, high mountains, etc. The 

majority of vegetable crop kinds cannot be grown in such harsh external climate conditions, therefore 

constructing a greenhouse there would need significant investments in inside infrastructure. The wind rise 

chart is one of the most crucial elements. 

2. Water Availability and Quality: Water supply and source for irrigation of greenhouse crops and other 

requirements are frequently disregarded. Vegetable crops produced in a contemporary greenhouse must 

have access to enough amounts of high-quality water since they are extremely sensitive to water shortages. 

It is essential to send samples of a possible water supply to an irrigation water testing laboratory for 

analysis—quality tests, along with both chemical and biological ones—before beginning any form of 

vegetable crop production, whether in an open field or a greenhouse. A recognised and accredited laboratory 

should conduct water testing (ISO 17025). Due to the utilisation of contemporary technology, contemporary 

irrigation systems, and contemporary vegetable crop feeding, water chemical testing is crucial for current 

greenhouse crop irrigation. 

3. Greenhouse Site Physical Requirements: The location of a developing building is impacted by the 

topography of the site. (Topography describes how the terrain is shaped; examples are mountainous, steep, 

rocky, and flat.) The ground should have a level surface. It is advised to maintain a slope of 0 to 5%. Because 

it makes it simple to modify the many mechanical controls in the greenhouse, placing a growing structure 

on a level surface is effective. It is advised to construct many independent greenhouses with axes parallel 

to contour lines in hilly terrains. Greenhouses shouldn't be placed in hollow areas where landslides are 

likely to occur, and provisions must be created for the evacuation of rainfall water. 

4. Space for Expansion of The Nursery: The farmer purchases more acreage that is greater than what 

is now required. To account for service buildings, storage facilities, access roadways, a parking lot, etc., this 

space should be included in the estimated calculated area. It implies that more room may be set aside to 

meet unanticipated requirements. 

5. Availability of Labour: In order to deliver the necessary labour on time, it is important to accurately 

predict both the present and future labour demands. The horticultural sector has long struggled with a 

lack of labour supply. To undertake normal, harvest-related, and post-harvest tasks, it is required to 

ascertain if the work force is qualified. 

6. Infrastructure: When choosing a location for the greenhouse, it is important to consider its proximity 

to transportation networks (like roads and railroads), accessibility to communication systems (like the 

telephone and Internet), and energy supply (like gas and electricity). Access to supplies for growing plants 

in greenhouses is also necessary (growing media, fertilizers, pesticides, etc.). 

7. Legal Considerations: There are several legal considerations to be made when choosing and buying a 

site. The location where a greenhouse may be erected, as well as the materials that can be utilised, are 

governed by permits, licences, and zoning laws. These factors can also include pertinent Occupational 

Safety and Health Administration regulations that guarantee worker safety. The impact of the greenhouse 

operation on the area's neighbours is another factor in site selection (schools, hospitals, parks, farms or 

ecological areas, etc.). 

8. Greenhouse Orientation: The greenhouse should generally be oriented to the north-west in order to 

provide the developing plants with the best possible overall light and heating, which is especially important 

for winter vegetable crops. When a greenhouse is oriented east-west, its longer sides should be facing north 

and south and its shorter ends should be facing east and west. A greenhouse might be erected on a variety 

of surfaces and at varied slopes. Additionally, there may be different climate zones, such as deserts, 

Monsoon regions, or frigid regions; in these cases, the proper characteristics should be taken into 

consideration. A brief and an exhaustive feasibility study should be conducted before making a final choice. 

Some Major Greenhouse Structural Elements 
1. Foundation/footing 

2. The modern greenhouse frames 

3. Roof and side walls 

4. Roof and side wall vents 

5. Roof and side wall vent insect screens 
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6. Doors. 

Conclusion 
The harsh weather, wind, snow, rain, hail, birds, and insects are protected from vegetable crops in this 

way. The style of greenhouse, as well as the calibre and kind of the interior fixtures and installations, all 

have an impact on how productive and effective it is to work there. While selecting a location for a modern 

greenhouse, the following factors must be considered. Operational assistance and production monitoring of 

a specific crop may be of highest relevance with regards to preventative measures in horticulture and the 

growth of vegetable crops. 
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Introduction 
Seaweeds are macroscopic, multicellular, marine algae found attached to the bottom in relatively shallow 

coastal waters.  Photosynthetic, on vascular and eukaryotic organism. Grow also in solid substrate such as 

rocks, dead corals and pebbles.  Primitive plants without any true root, stem, leaves, seeds and flowers. 

Treatment by seaweed extracts and products also causes significant changes in the microbiome components 

of soil and plant in support of sustainable plant growth. Seaweed extracts contain a plethora of substances 

which are mostly organic, but trace levels of inorganic nutrient elements are also present. seaweed extracts 

(SEs) are a kind of bio stimulant extracted from seaweed (especially brown algae) that can promote crop 

growth, improve crop quality, and enhance crop stress resistance. 

 

Types of Seaweed 
Seaweeds are classified into three higher taxa according to colour pigmentation. 

Classification Known as No. of species Occurrence Uses 

Rhodophyta Red Algae 

 

   >6000 

 

Subtropical & tropical 

waters 

Commercially in 

Agriculture 

Phaeophyta Brown Algae  

 

    2000 

 

Cooler, temperate 

waters 

Commonly used 

in agriculture  

Chlorophyta Green Algae  

 

     4000 Fresh & marine waters, 

moist soils 

Mainly as food 

Red Algae 
Red algae, or Rhodophyta, are one of the oldest groups of eukaryotic algae. The Rhodophyta also comprises 

one of the largest phyla of algae, containing over 7,000 currently recognized species. Red algae 

show antioxidant activity due to its polyphenol, vitamin and polyunsaturated fatty acid contents. The non-

protein amino acids in red algae have been shown to reduce cholesterol levels. There are also benefits to 

the skin, thyroid function, blood sugar levels, gut health, bone health and the immune system. 
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Gelidium spp. Duse (Palmaria palmata) 

Brown Algae 
Brown algae, comprising the class Phaeophyceae, are a large group of multicellular algae, including many 

seaweeds located in colder waters within the Northern Hemisphere. Brown algae are the major seaweeds 

of the temperate and polar regions. They are dominant on rocky shores throughout cooler areas of the 

world. Most commercial seaweed extracts are made from brown seaweeds, including Ascophyllum 

nodosum, Fucus, Laminaria, Sargassum, and Turbinaria spp. 

  
Wireweed (Sargassum muticum) Rockweed (Fucus  vesiculosus) 

Green Algae 
The green algae are a group consisting of the Prasinodermophyta and its unnamed sister which contains 

the Chlorophyta and Charophyta/Streptophyta. The land plants have emerged deep in the Charophyte alga 

as sister of the Zygnematophyceae. green algae, members of the division Chlorophyta, comprising between 

9,000 and 12,000 species. The photosynthetic pigments (chlorophylls a and b, carotene, and xanthophyll) 

are in the same proportions as those in higher plants. 

  
Sea lettuce (Ulva lactuca) Helimeda spp. 
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Biostimulants 
Biostimulants are materials, other than fertilizers, that promote plant growth when applied in low 

quantities.”  

They are derived from natural or biological sources and can: 

a. Enhance plant growth and development  

b. Help to improve the efficiency of plant nutrients, as measured by either improved nutrient uptake 

or reduced nutrient losses to the environment, or both. 

c. Act as soil amendments and helps to improve soil structure, function, or performance and thus 

enhance plant response. 

Importance of Sea Weeds 
1. Food  

2. Fodder 

3. Fertilizer additive 

4. Manure for agricultural & horticulture crops 

5. Gelling agent or Growing media (Agar) 

6. Pharmaceutical purposes (carrageenan)  

7. Source of fuel (Bio-ethanol) 

8. Alternative to conventional chemical fertilizers. 

Uses in Agriculture 
1. Improves plant vigor, root development, chlorophyll content  

2. Promotes early flowering, fruit setting, uniformity of fruits 

3. Retards senescence 

4. Improves nutritional quality 

5. Imparts resistance to stress, drought, salinity 

6. Alleviates diseases 

7. Assists in pest control of insects, soil nematodes 

8. Adjuvant action in pesticide mixture. 

Specific Effects of Seaweed Extracts on Plants 
1. Plant nutrient uptake, growth and yield: 

a. Enhance seed germination and yields  

b. Enhance root development  

c. Stimulate mineral nutrient uptake  

d. Increases microbial diversity and activity in the rhizosphere 

e. Increases leaf chlorophyll content. 

2. Resistance to environmental stresses: 

a. Enhance plant resistance to abiotic and biotic stresses  

b. Resistance to stress and increase chlorophyll content. 

3. Plant metabolism and physiology: 

a. Polysaccharides and oligosaccharides – enhance plant growth  

b. Oligo-alginates – enhance N assimilation and basal metabolism  

c. Oligo-carrageenans - enhance photosynthesis, N assimilation, basal metabolism, cell division, and 

protection against viral, fungal, and bacterial infections in tobacco and chickpea (Vera et al., 2012). 

4. Plant hormones: 

a. Contains cytokinins, auxins, abscisic acid, gibberellic acid and salicylic acid. 

b. Improving postharvest shelf life (Craigie 2011). 

Some of the Sea Weed as Fertilizer Used in India 

• Sargassum wightii • S. polycystum 

• Rosenvingea intricate • U. fasciata 

• Ulva lactuca • Gracilaria spp 
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• Dictyota dichotoma • Zizyphus mauritiana 

• Sargassum trichophyllum • Enteromorpha intestinalis 

• S. salicifoloides • Kappaphycus spp 

• S. kasyotenese • Enteromorpha clathrata 

• S. tenerrimun • Furcellaria fastigiata 

• S. carpophyllum • Ascophyllum nodosum 

• S. duplicatum • Durvillea potatorum 

• S. ilicifolium • Padina tetrastomatica 

• S. cristaefolium • S. polycystum 

Conclusion 
Sea weed has a great potentiality as a bio-stimulant in agriculture due to presence of multiple growth 

regulators as well as presence of macro and micronutrients which are necessary for plant growth and 

development.  Wide range of beneficial effects of seaweed extract on plants, such as early seed germination 

and establishment, better crop performance and yield, inducing resistance to biotic and abiotic stress and 

many more. Seaweed has significance of both, as a food and as an economic asset. The research on seaweeds 

needs to be conducted for getting more information about their unknown benefits. 
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Any biotic or abiotic factor, which induce the disease in plant, are referred as the cause of diseases. Plant 

diseases are considered an important biotic constraint, which leads to significant crop losses worldwide. 

Biotic factors that cause infectious disease include fungi, bacteria, viruses, viroids, virus like organisms, 

phytoplasmas, protozoa, nematodes and parasitic plants and environmental conditions such as lack or 

excess of nutrients, moisture, light, etc. to presence of toxic chemicals in Air or soil. Plant disease can be 

defined as “a series of harmful physiological processes caused by continuous irritation of the plant by a 

primary agent” Therefore, the plant disease is a structural abnormality or physiological disorder or both 

due to an organism or unfavorable environmental conditions that may affect the plant or its parts or 

products or may decline their economic value. Integrated Disease Management (IDM) is a concept 

originated from the successful Integrated Pest Management (IPM) systems which consists of scouting with 

timely application of a combination of strategies and tactics. 

Principles of Plant Disease Control 
1. Avoidance- Prevents disease by selecting a time of the year or a field where there is no inoculum or where 

the environment is unfavorable for infection.   

2. Exclusion - Prevents the entry of inoculum.   

3. Eradication- Eliminates, destroy or inactivate the inoculum.   

4. Protection - Prevents infection by means of a toxicant or some other barrier to infection.  

5. Resistance - Utilizes cultivars that are resistant to or tolerant of infection.   

6. Therapy - Cure plants that are already infected. 

Importance of the Plant Disease 
Plant disease sometimes spread as epiphytotics and destroy the crops growing in the very large areas. They 

damage the crop growing in the field as well as stored products in the storage. The disease can occur any 

time and at any stage of the plant growth from the time of sowing of seeds to the storage of the products 

and cause a great economic loss. 

Components of Integrated Disease Management 
The components of IDM include quarantine & regulatory measures, cultural, genetic resistance, physical 

and mechanical, biological and chemical. 

Quarantine and Regulatory Measures 
Plant quarantine is the legally forced restriction on the movement of diseased plant materials or of fungi, 

bacteria or viruses that cause disease in plants. The legislation has been placed on the statute-book in most 

agriculturally advanced countries. When plant pathogens are introduced into an area in which they did not 

previously exist, they are likely to cause much more catastrophic epidemics than do the existing pathogens. 

Cultural Practices 
Cultural practices play an important role in plant disease prevention and management. The benefits of 

cultural control begin with the establishment of a growing environment that favors the crop over the 

pathogen. Reducing plant stress through environmental modification promotes good plant health and aids 

in reducing damage from some plant diseases.  

1. Deep ploughing of the field results in exposure of propagules to elevated temperature and physical killing 

of the pathogen. This can be regarded as dry soil solarization.  
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2. Flooding of the field somewhat resembles soil disinfestation. Long-term summer soil flooding, with or 

without paddy culture is found to be decreased populations of soil borne pathogens.  

3. Sanitation practices aimed at excluding, reducing, or eliminating pathogen populations are critical for 

management of infectious plant diseases.  

4. In order to reduce dispersal of soil borne pathogens between fields, stakes and farm equipment should 

be decontaminated before moving from one field to the next.  

5. Avoid soil movement from one site to another to reduce the risk of moving pathogens.  

6. Crop rotation is a very important practice, especially for soil borne disease control. For many soils borne 

diseases, at least a 3-year rotation using a non-host crop greatly reduces pathogen populations. 

Genetic Resistance 
It is the inherent ability of a plant to prevent or restrict the establishment and subsequent activities of 

potential pathogens. A particular host may be resistance against all races of the pathogens (i.e. horizontal 

resistance) or may be effective against a few races of the pathogens (i.e. vertical resistance). Control 

measures by the development of new disease resistance varieties are being applied in almost all the 

economically important plants. 

Physical and Mechanical Measures 
Mechanical and physical controls kill a pathogen directly or make the unfavorable environment for it. The 

common methods are:  

1. Collect and destroy the disease infected plant parts.  

2. Soil sterilization at 50-60ºC for about 30 min kills the all soil borne pathogens.  

3. Hot air treatment is applied to remove excess of moisture from plant parts and protect them from fungal 

and bacterial attack.  

4. Refrigeration (low temperature treatment) is most common method to prevent post-harvest diseases of 

perishables fruits and vegetables. 

Biological Control 
To prevent disease, use of biocontrol agents is increasing, especially among organic growers. These products 

are considered safer for the environment as well as applicator than conventional chemicals. Examples of 

commercially available biocontrol agents include the fungi Trichoderma viride/harzianum and 

Gliocladium virens, an actinomycete Streptomyces griseoviridis, and a bacterium Bacillus subtilis. 

Bacteriophages (phages) have been found to be an effective bio-control agent for managing bacterial spot-

on tomato. The fungus has shown promising results for use as a bio-control agent to control the growth of 

destructive root-knot nematodes. Cross protection is also a one of the modern bio-control method for the 

disease management. In this method mild strain of virus or microorganisms is inoculated in host plant. 

Chemical Measures 
When all the above methods are ineffective and pathogens cause economic loss of the crops then we should 

go for chemical measures. Fungicides and bactericides are an important component of many diseases 

management programmes. It is important to remember that chemical use should be integrated with all 

other appropriate tactics mentioned in this chapter. Physical mode of action of fungicides can be classified 

into four categories: protective, after infection, pre symptom, and anti-sporulant (post symptom). Protectant 

fungicides include the bulk of the foliar spray materials available to producers. In order to be effective, 

protectant fungicides, such as copper compounds and mancozeb, need to be on the leaf (or plant) surface 

prior to pathogen arrival. Systemic (therapeutic) fungicides, based on their level of systemic nature are 

active inside of the leaf (can penetrate at different rates through the cuticle). Systemic fungicides may stop 

an infection after it starts and prevent further disease development. 

Constraints in IDM and Future Thrust 
The consultant group of the IDM Task Force has conducted as in-depth study of the constraints on the 

implementation of IDM in developing countries, which are mainly institutional, sociological, economic and 

political.  
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1. Institutional constraint: IDM needs interdisciplinary approach to solve pest problem. Lack of 

coordination among different institution is a constraint. Research programme based on farmer’s need is 

lacking.  

2. Informational constraint: Lack of information on IDM among farmers and extension worker. Lack of 

training on IDM.  

3. Sociological constraint: Some farmers feel that, it is risky to adopt IDM compared to use of pesticides 

alone. Our farmers are more depend on pesticides.  

4. Economic constraint: Lack of funds for training of farmers and extension workers on the use of IDM. 

These are the Some Other Constraints for the Implementation of IDM 
1. By offering seeds, fertilizers and fungicide on credit to the farmers, fungicide dealers pose a threat to 

IDM.  

2. Pesticides companies use mass media like television and newspapers for popularizing their products 

through attractive advertisements.  

3. Farmers are addicted to subsidy and they always look for some financial support for adopting NPM 

methods.  

4. Bio-pesticides, bio control agents and other IDM components are not readily available. 

The Future Thrust 
All of the above considerations illustrate that by using fungicides reduction techniques in agriculture is a 

wise shift in ecological stewardship. Recent market trends show the public is increasingly recognizing the 

need to go fungicide-free as organic sales are growing for virtually every commodity, from vegetables to pet 

food to lawn care products. Adopting IDM practices that emphasize fungicide reduction, and organic 

practices, provide real-world solutions for a healthier environment. 

Conclusion 
The disease occurs in plant is caused by biotic and abiotic means and result in a significant loss in 

agriculture system. The success and sustainability of IDM strategy, especially with marginal and small 

farmers greatly depends on their involvement in helping to generate locally specific techniques and 

solutions suitable for their particular farming systems and integrating control components that are 

ecologically sound and readily available to them. 

Training and awareness for raising of farmers, disease survey teams, agricultural development officers, 

extension agents and policy makers remains to be an important factor for the successful implementation 

of IDM strategies. All direct stakeholders including farmers, extension workers, and local crop protection 

technicians should have a practical understanding of the ecology, etiology and epidemiology of the major 

diseases of the crop. Intensive training using participatory approaches should be used to empower farmers 

with the appropriate knowledge to become better managers of their own fields translating this knowledge 

into appropriate decision-making tools and practical-control tactics. 
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Abstract 
Gibberellic acid is also called ‘Gibberellin’ is very popular Phytoharmone. It is naturally produced in plants 

for their better growth and development, but it can also artificially synthesis in laboratories by the help of 

microorganisms. Now a days, Gibberellin is commercially used for enhancing morphological characters of 

plant and also have direct effect of seed germination, ions uptake, photosynthetic activity, enzyme 

production and abiotic resistance. By treating the seed with Gibberellic acid, it aids seed germination and 

also decrease the time required for germination. Gibberellin is also responsible for breaking seed dormancy, 

which is very advantageous for seeds having hard outer covering. Gibberellin is a chemical which have 

numerous industrial and nutritional importance in agriculture. It directly alters with crop physiology. 

Introduction 
The plant growth regulators (PGRs) are considered as a new generation agricultural product after 

fertilizers, pesticides and herbicides. They are the chemicals produced by plants that regulate their growth, 

development, reproductive processes, longevity, and even death. These small molecules are derived from 

secondary metabolism and are responsible for the adaptation of plants to environmental stimuli therefore 

called as Phytohormone. These organic compounds are also synthesized in laboratories and are called as 

synthetic hormones. They are majorly dividing into five classes, based on their chemical structures and 

roles. These five major classes are: Auxins, Cytokinins, Ethylene, Gibberellins and Abscisic acid. Out of 

these Gibberellin are second important growth hormones found in the plants. It was first known by a 

Japanese farmer Konishi (1898) but Kurosawa working in Farmosa discovered GA in 1926. It was first 

extracted from the ascomycetous fungus Gibberella fujikuroi (Fusarium moniliforme), the causal 

organism of "foolish seedling of rice " or commonly called bakanae disease of rice. The infected plants were 

unusually taller, seedless and pale in color. These symptoms were produced due to a substance secreted by 

the fungus. Yabuta, Hayashi and Kahnbe first isolated the active principal toxin from fungus which was 

called Gibberellin by them. In 1938, Yabuta and Sumuki isolated Gibberellins A and B in the form of 

crystals from the fungus but soon after it was also isolated from the higher plants. Gibberellins are 

determined synthesized from acetyl CoA via the mevalonic acid pathway. The structure of Gibberellin is 

composed of long chain of carbon molecule which groups together to form a ring like structure. In total it 

has four to five rings, which joined by hydrogen bond. Its chemical formula is C19H22O6. 

 
Fig 1: It is the 2-D molecular structure of Gibberellic Acid or also known as Gibberellin 

Gibberellins are believed to be produced in meristematic tissue of the shoot and also the developing seed. 

It is yet to defined the production of Gibberellin in developing root tissue. Also, there are some researches 

which show leaves as a production unit for biosynthesis (Sponsel, 1995; Salisbury and Ross). 

Depending on the type of plant spices and form of Gibberellin present, they have different physiological 

effects on plants. Some of the physiological processes stimulated by gibberellins are Initiate stem elongation 
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by stimulating cell division and elongation, Produce bolting/flowering in response to long days, Breaks seed 

dormancy in some plants which require stratification or light to induce germination, Stimulates enzyme 

synthesis (a-amylase) in germinating cereal grains for mobilization of endosperm , Stimulate male 

flowering in dioecious flowers (sex expression), cause parthenocarpic (seedless) fruit development, delay 

elderliness of plant and specially citrus fruits. (Davies, 1995; Mauseth, 1991; Raven, 1992; Salisbury and 

Ross, 1992). Currently different forms of gibberellins are there in market but out of those Gibberellins is 

widely used for agriculture purpose. The gibberellins induce elongation of plant, it even elongates 

genetically dwarf varieties. It also promotes flowering (application of 0.5ppm of Gibberellins on rice help to 

get early flowering). 

Gibberellins/Gibberellic acid spray increase seed viability and also increase germination percentage 

thereby helps in better and sound seedling emergence (Özdenet al., 2016). Gibberellins enhance the source 

and sink relationship and stimulate the translocation of photo-assimilates, thereby helping better fruit set 

by increase the numbers of flowers per plant. The promotion of growth either in terms of increase in the 

shoot length or the leaf area and leaf number has been believing to be by increasing plasticity of the cell 

wall in continuous with hydrolysis of starch to sugars which lowers the water potential of cell, those 

increase the osmotic potential of cell, resulting in the entry of water into the cell causing elongation. 

Gibberellin produce osmotic pressure which result in increased the photosynthesis activity, contribute 

translocation of photosynthetic product which stimulate cell enlargement and excessive cell division in 

developing segment (Sargent, 1965).  Lots of research is done to know the effect of Gibberellins on nutrient 

uptake of plant and it is found that Gibberellins increase nutrient uptake of plant, which are made 

available by the efficient manipulation, absorption and utilization of the available nutrients, triggered by 

the Gibberellins spray (Shah, 2006). On spraying Gibberellins at vegetative stage of N. sativa, it is found 

that maximum nutrient uptake take place this may be due to the spray of Gibberellins during the active 

growth phase of the crop triggers effective usability of resources and increase source-sink correlation. 

Hence, the cause creates a nutrient pull in plant which ultimately increase the nutrient uptake by root and 

also may increase assimilation of all nutrients effectively during the vegetative phase, (Shah et al,2006).  

Plants are most sensitive to environmental factors during critical growth stages like germination, 

emergence, and early seedling periods. All of these environmental factors are called stress factors. The 

unfavourability of these factors might cause hinder on growth and development of nursing plant. And they 

are either Abiotic or Biotic based on their sources (Anonymous, 2015). The most harmful environmental 

stress that destroy agriculture productions are saline irrigation and saline soil. More than 37% of world 

agriculture land is under salinity (Javed et al., 2019). Salinity is considered to be one of the Abiotic stresses 

that reduce the growth and efficiency of most glycophytic plants worldwide. Induces both osmotic and ionic 

stresses leading to deterioration of many physiological and biochemical processes including salinity, water 

relations, ionic homeostasis, gas exchange and mineral nutrition and at most plant start showing wilting 

and at sever stage it may lead to death of plant due to unavailability of proper amount of nutrient (Parida 

and Das, 2005; Azeem et al,2017). It is found that the most sensitive stage in growth period of any plant is 

either early germination or seedling periods in terms of salt resistance. And also, they are the stage to 

detect the extent of salt resistance in any species of plant (Shannon, 1984), (Van Hoorn et al., 2001). 

Germination  percentage delayed and decreased with increasing NaCl concentration. Salinity influence 

germination by decreasing the water uptake, restrict root development and germination percentage also 

declined with increase of salinity level, result obtained by (Singh and Jakar,2018) in Vigna mungo and 

(Fardus et al.,2018) in wheat. Plant growth regulators, especially Gibberellins may have a significant effect 

of reducing salt stress on seed germination and seedling growth. It is reported that gibberellins have major 

effect of salt stress reduction and it is one of the hormones that control primary dormancy by inducing 

germination of seeds (Çavuşoğlu et al., 2007). In Echinacea plant, photosynthetic activity is get majorly 

affected by salinity (Sabra et al., 2012). A similar reduction in photosynthetic rate and stomatal 

conductance is noted in E. purpurea when irrigated with increasing concentrations of saline water 

(Zollinger et al., 2007). In addition, different levels of salinity significantly reduced germination rate, 

germination index, viability and seed vigor (Sanam et al., 2014). The results showed that by increasing 

salinity levels, the percentage of germination, emergence and seedling growth get significantly affect and 

the mean time to germination increased. But it is also found that when the seeds are treated with 

Gibberellins showed higher viability and better performance under salinity stress condition. Application of 
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Gibberellins enhanced growth parameters (shoot length, shoot fresh weight, shoot dry weight, root length, 

root fresh weight, leaf area etc.) under saline condition. (Ali et al.,2012) and (Zadeh et al.,2015).  

Increasing doses of salt prevent germination and growth parameters of wheat (Triticum durum) seeds 

(Oral et al.,2019). It was observed that the doses of Gibberellins, which were increased gradually before the 

doses of salt (NaCl), affected germination and growth positively and significantly. It also concludes that 

Gibberellins not only increases the rate of germination but it also influences the germination time, with 

increase concentration of Gibberellins the rate of germination increases along with decrease in germination 

time (Oral et al., 2019). The gibberellins applications had positive and significant effects on germination 

index despite the increasing salt doses, stated by (Yuonesi and Moradi, 2015). They have many uses in 

agriculture like modify the growth, yield and yield contributing characters of plant (Rafeekher et al., 2002). 

 
Fig 2: It shows the different applications of Gibberellin in plant. 

Conclusion 
Gibberellins is one of the plant growth regulators which has many uses it not only responsible for cell 

elongation or growth promotion it also helps plant to increase their nutrient uptake by creating an osmotic 

pressure in the cell which lead to increase the water moment from soil to plant and thereby facilitate ions 

uptake. It increases the photosynthetic activity of plant by increasing number of leave and leaf area per 

plant which leads to greater yield. Gibberellins is one of the hormones proposed to control primary 

dormancy by inducing germination (Cavusoglu et al.,2007). The gibberellins applications had positive and 

significant effects on germination index despite the increasing salt doses (Yuonesi and Moradi,2015). 

Gibberellins not only increases the rate of germination but it also influences the germination time, with 

increase concentration of Gibberellins the rate of germination increases along with decrease in germination 

time. 
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Abstract 
Breeder continuously seek for new techniques which can be used for assembling target traits into new 

cultivars and achieve the same breeding progress in a much shorter time than through conventional 

breeding by selecting large segregating populations for numbers of years. The main goals of breeding 

programs are increasing the yield, improving the resistance, and the quality traits. While simple 

quantitative traits can easily be detected, but other complex traits such as disease resistance or drought 

tolerance are much more difficult to determine for the breeder. Young (1999) wrote: “Prior to DNA marker 

technology invention, the concept of identifying the loci monitoring complex multigenic traits seems 

impossible”. Now with the advancement in the field of genetics, this is no longer a dream. The ability of 

Genomic markers to detect allelic variation in the genes underlying traits offers a great promise for plant 

breeding. By using DNA markers to assist in plant breeding, efficacy and precision greatly increased as 

well as it lessens the time required to developed a new variety. The use of Genetical markers for crop 

improvement is called Marker-assisted selection (MAS). MAS is used to characterize new parental 

materials for disease resistance genes as well as in screening advanced lines with a focus on association 

mapping and identification of new QTLs. 

Introduction 
Marker assisted selection (MAS) is a modern breeding approach in which gene of interest is isolated with 

the help of marker closing linked to it. The maker is generally a part of DNA or either its product. There 

are three types of markers are available which helps in selection process i.e., Phenotypical marker/ 

morphological marker; Biochemical marker and genetical marker/ Molecular marker. Marker-assisted 

selection (MAS) is an alternative for conventional breeding. MAS is called indirect selection, where the 

gene of interest is selected with the help of marker linked to it without actually contact the gene itself. A 

conventional breeding approach involves phenotypical selection of superior genotype from large segregating 

populations for biotic (bacterial late blight, blast) and abiotic stresses (drought, submergences) across 

generations, helped scientists to develop varieties which have combining tolerance of both stresses. 

Superior lines or ideotype are those which perform better under different agronomical environments, have 

good yielding characters, and resistance to different biotic and abiotic stresses are promoted for release 

(Kumar et.al. 2014 Sandhu and Kumar, 2017). 

Molecular markers have enormous potential to improve the efficiency and precision of conventional plant 

breeding with the help of marker-assisted selection (MAS) by reducing the reliance on laborious and intense 

screening procedures. MAS accelerates the breeding process by allowing selection for desired traits to take 

place independent of environmental influence and plant maturity.  

Advancements in Molecular marker technology have led to the development of different co-dominant and 

dominant markers for use in selection. This provides an opportunity to increase the speed and efficiency of 

the selection process (McCouchet al., 1997). MAS also helps to identify trait of interest which are governed 

by recessive gene, this type of gene trait cannot be detect under heterozygous conditions but in MAS by 

developing or identifying the marker linked to that trait it can be detected.  

The use of MAS in crop improvement will not only reduce the cost of developing new varieties but will also 

increase the precision and efficiency of selection in the breeding program as well as reduce the amount of 

time required to developed new crop variety. MAS can be performed on seedling material, thus reducing 

the time required before a plants genotype is known. In contrast many important plant traits has observed 

only when plant have reached flowering or harvesting maturity but by knowing the plant genotype before 

flowering can be particularly useful in advance plan of different mating between selected individuals of 

segregation generations.  
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The process of selecting parental lines became more efficient and effective by analyzing genetic diversity of 

different genotype of the species with the help of Molecular markers.The application of molecular markers 

in backcrossing has increased the efficiency of selection. Marker-assisted backcrossing involves the use of 

selected molecular markers to track either the target gene of interest or the background of the recurrent 

parent. The end product of such a process is a genotype that contains only the major gene that is obtained 

from the non-recurrent donor parent, while the genome of the recurrent parent remains intact.  

Lombardi et al. (2014) reported that a selection of divergent parental genotypes for breeding should be 

made actively on systematic assessing the genetic distance between genotypes, rather than passively based 

on geographical distance. The genetic distance estimates based on molecular marker estimates have been 

effective in grouping related germplasm (Melchinger et al., 1998). Genetic distance is measure of genetic 

divergence (change in the gene pool of population of any species or in between species originated from 

common ancestors). Zhao et al. (2008) and others also suggested that genetic distance revealed by 

molecular markers were highly and positively correlated with heterosis in rice.  

Plant diseases are the result of infection by microorganisms that alter the growth, physiological functioning 

and productivity of a plant. Plant diseases can significantly affect a country’s economy. Therefore, disease 

management has always been supreme objectives of any crop improvement program. There are around 

50000 diseases of economical and commercial cultivated plants are known and many new diseases are 

discovering every year (Lucas, 1992). Using plant resistance genes for developing disease-resistant 

varieties are a suitable alternative to pesticides or other chemical control methods which used to protect 

crops from diseases (Gururani et al., 2012). Use of chemicals method for disease resistant is costly and 

also sometime pathogens become resistant to chemicals, in that situation it become hard to control them 

and they may cause some serious yield loss.  

Generally, in conventional breeding program this transfer of resistance gene is done through backcrossing 

the susceptible genotype with resistance one until a desirable genotype is not achieved. However, it’s a 

lengthy process, in order to develop a superior genotype through conventional breeding methods, it takes 

time of around 10 years or may be more and by this end, in some instances, the pathogen has already 

evolved a variant that is not recognized by the improved cultivar, leading to susceptibility. Especially for 

durable resistance or no specific, that be-comes a challenge and the best way to overcome the new races 

pathogen evolution is Marker assisted Pyramiding in which combining multiple disease resistance gene in 

a genotype for specific race of pathogen which is difficult to achieve using conventional breeding alone. 

Because it’s impossible to phenotyping a plant for multiple resistance gene (Bernardo, 2008).  

Several studies reported the application of molecular markers is a complimentary approach, which aides’ 

phenotypic method for improve concerned traits. For example, Miklas et al., (2006) reported in bean that 

the most effective procedure for improving bean host plant resistance to common bacterial blight is a 

combing MAS with recurrent phenotypic selection, because it allows the retention of minor QTL and selects 

useful epistatic interactions that contribute to improved disease resistance. Wilde et al. (2008) noted the 

effectiveness of MAS by combining along with phenotypic selection, results in improving resistance against 

Fusarium head blight. Zhao et al. (2012) succeed in transferring the QTL - qHSR1 (which have resistance 

against head smut), in susceptible genotype via marker-assisted selection, which has significantly reduced 

disease incidence over time in maize. 

MAS is often used to assess hybrid purity by screening seed lots with a panel of molecular markers. MAS 

can also use for quick germplasm selection for disease resistance or fruit quality.Often, a group of linked 

markers is used on individual selections or pools of seed or tissue from early generation populations to 

“index” breeding populations. This helps breeder in identifying about which disease resistances or fruit 

quality traits are segregating or which are fixed in a given population. The genetics of a quantitative trait 

is hard to study, since the effect of each gene is small and often influenced by environment, additive effect 

or by the interaction with genes of different loci (epistasis). Many important traits are genetically controlled 

by a combined action of QTLs with favourable alleles often present in the wild species. To transfer the wild 

favorables allele into commercial cultivated varieties, marker-assisted selection plays an important role in 

mapping positions of different markers linked to the QTLs, which provide an opportunity for breeders to 

design optimal breeding strategies. 
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Conclusion 
Molecular markers are not influenced by either genetic or environmental factors, which make MAS a useful 

tool in crop improvement. Markers that are to be used for MAS must be tightly linked to the genes or QTLs. 

In recent years, it is widely accepted that QTL effects, QTL validation or gene mapping with high resolution 

is a requirement for MAS. The important concern of molecular markers application in plant breeding is 

that major effect QTLs and genes should be mapped with high accuracy. In addition, these genes should 

not affect other traits or have no alternative effect on other traits. Beside some disadvantage it is have 

enormous ability to ease the productivity and accuracy of conventional plant breeding by reducing the 

reliance on laborious and intense screening procedures, which not only reduced the time of research but it 

is also economically effective. 

References 
1. Ayres, N.M., McClung, A.M., Larkin, P.D., Bligh, H.F.J., Jones, C.A., and Park, W.D(.1997), Micro satellites and a single-

nucleotide polymorphism differentiate apparent amylose classes in an extended pedigree of US rice germplasm. Theor Appl 

Genet (1997) 94 : 773—78. 

2. Albrecht E. Melchinger,* H. Friedrich Utz* and Chris C. Scho ̈n(1998), Quantitative Trait Locus (QTL) Mapping Using 

Different Testers and Independent Population Samples in Maize Reveals Low Power of QTL Detection and Large Bias in 

Estimates of QTL Effects,Genetics vol149(1):383-403. 

3. Bernardo, R. and Charcosset, A. (2006),  Usefulness of gene information in  marker-assisted  recurrent  selection:  a  simulation  

appraisal, Crop Science/ volume 46(2):614-621.  

4. Bernardo,  R. (2008), Molecular  markers  and  selection  for  complex traits in plants:  Learning from  the last 20 years, crop 

science/ Volume 48(5):1649-1664.  

5. Edwards, J. and Mccouch, S.(2007), Molecular Markers for use in Plant molecular Breeding and Germplasm Evaluation, 

Marker-assisted selection: current status and future perspectives in crops, livestock, forestry and fish 2007 pp.29-49 ref.many.  

6. Firas Rashad Al-Samarai, Abdul Kareem A. AlKazaz (2015) ,Molecular Markers: an Introduction and Applications, European 

Journal of Molecular Biotechnology, 2015, Vol.9(3). 

7. Fatima Henkrar (2020),Marker Assisted Selection (MAS) in Plant breeding. Mor. J. Agri. Sci. 1(5): 237-247.  

8. Jhansi Rani, P., Satyanarayana, P.V., Chamundeswari, N. and GirijaRani, M. (2014),. review on  Marker Assisted Selection 

in  crop improvement.  International  Journal  of  Applied   Biology  and pharmaceutical.   

9. Khela Ram Soren, Kishwar Ali, Vandana Tyagi1 and Aruna Tyagi (2010), Recent advances in molecular breeding of drought 

tolerance in rice (Oryza sativa L.), IJBT vol.9(3):233-251.  

10. Kumar A, Dixit S, Ram T, Yadav RB, Mishra KK, Mandal NP (2014), Breeding high-yielding drought-tolerant rice: genetic 

variations and conventional and molecular approaches. Journal of Experimental Botany, Vol 62, page:6265–6278.  

11. Lombardi M., Materne M., Cogan N.O.I., Rodda M., Daetwyler H.D., Slater A.T., Forster J.W,. Kaur S. (2014). Assessment of 

genetic variation within a global collection of lentil (Lens culinaris Medik.) cultivars and land- races using SNP markers. BMC 

Genet., 15:150. 

12. Mayank Anand Gururani, Jelli Venkatesh  Chandrama Prakash Upadhyay, Akula Nookaraju, Shashank Kumar Pandey, Se 

Won Parka,*(2012),  Plant disease resistance genes: Current status and future directions, Physiological and Molecular Plant 

Pathology 78:51-65.  

13. McCouch, S.R, Chen, X., Panuad, O., Temnykh, S., Xu, Y., cho, Y.G, Haung, N.,Ishii, T., and Blair, M. (1997)Microsatellite 

Marker development, mapping and application in rice genetics and breeding. Plant molecular Biology vol 35:89-99.  

14. MelchingerAE, Utz HF,Schon CC(1998), Quantitative trait locus (QTL) mapping using different tester and independent 

population samples in maize reveals low power of QTL, detection and large bias in estimate of QTL effect. Genetics 

vol149(1):383-403.  

15. Nevin Dale Young(1999), A cautiously optimistic vision for marker-assisted breeding.Molecular Breeding vol5:505-510.  

16. Phillip N. Miklas, , James D. Kelly, Steve E. Beebe & Matthew W. Blair(2006), Common bean breeding for resistance against 

biotic and abiotic stresses: From classical to MAS breeding, Euphytica 147:105-131.  

17. Reif JC, Hallauer AR, Melchinger AE (2005), Heterosis and heterotic patterns in maize. Maydica 0025-6153, vol 50(3):215-

223. 

18. Sandhu N, Kumar A (2017), Bridging the rice yield gaps under drought: QTLs genes  and their use in breeding programs. 

Agronomy vol7(2):27. 

19. Wilde F., Schön C.C., Korzun V., Ebmeyer E., Schmolke M., Hartl L., Miedaner T. (2008). Theor. Appl. Genet., 117: 29. 

20. Zhao Q.Y., Zhu Z., Zhang Y.D., Zhao L., Chen T., Zhang Q.F., Wang C.L. (2008). Correlation analysis between genetic distance 

of SSR markers and heterosis japonica. The Fifth National Congress of Plant Molecular Breeding- cum-academic exchanges 

Proceedings. 

21. Zhao X., Tan G., Xing Y., Wei L., Chao Q., Zuo W., Lübberstedt T., Xu M. (2012). Marker-assisted introgres- sion of qHSR1 to 

improve maize resistance to head smut. Mol. Breeding, 30:1077–1088. 

  



 

 
Volume 04 - Issue 11 - November 2022       326 | P a g e  
 

Interaction Between Atmospheric Temperature and 

Insect-Pests 
Article ID: 38513 

Vishal D. Wale1, Dr. V. A. Sthool1 
1Department of Agricultural Meteorology, College of Agriculture, Pune, Mahatma Phule Krishi 

Vidyapeeth, Rahuri. 

 

 
 

Summary 
The information on insects, insects’ population and fluctuations in context with the environment situation 

in the agrosystem is very important for their proper and effective management. Any fluctuations in the 

biotic and abiotic components of the environment are influential in insect life are critical for formulating 

successful management practices. The developmental response of insects to temperature is important in 

understanding the ecology of insect life histories. Temperature dependent phenology models permit 

examination of the impacts of temperature on the geographical distributions, population dynamics and 

management of insects. The measurement of insect developmental, survival and reproductive responses to 

temperature poses practical challenges because of their modality, variability among individuals and high 

mortality near the lower and upper threshold temperatures. 

Introduction 
Temperature is the degree of hotness or coldness. Solar radiation is the main source for air temperature. 

The insect ecology is the scientific study of how insects, individually or as a community, interact with the 

surrounding environment or ecosystem. Ecosystem is the basic functional unit of ecology, is composed of 

abiotic components of the environment and biotic community both interacting with each other. Abiotic 

components are the non-living aspects of the environment that affect an organism, such as temperature, 

moisture and humidity, rainfall, light, atmospheric pressure, air currents, water, oxygen, pH, salinity, 

place to live etc. Temperature is one of the important variables, which influences all stages of crop and 

insect-pests activity during its growth development and reproductive phase. 

Animals are divided in warm blooded, cold blooded and socio-homoeothermis animals based on the 

maintenance of body temperatures. Warm blooded also known as homeothermic and endothermic animals 

which maintains the body temperatures constant irrespective of atmospheric temperatures. e.g., Mammals, 

Birds. Cold blooded also known as poikilothermic and ectothermic animals which change their body 

temperature when the atmospheric temperature changes. e.g., Insects. Socio-homoeothermic animals such 

as honey bees can able to maintain their body temperatures slightly above the atmospheric temperatures, 

and are able to air condition their nests. They maintain their own temperatures inside their colony 

irrespective of the temperature outside. 

Insects have been considered as poikilotherm animals which means animals in which body temperature is 

variable and dependent on ambient temperature However, the term thermoregulation, is currently used to 

describe the ability of insects and other animals to maintain a stable temperature either above or below 

ambient temperature, at least in a portion of their bodies by physiological or behavioral means. While many 

insects are ectotherms, the animals in which their heat source is primarily from the environment, others 

are endotherms, the animals which can produce heat internally by biochemical processes. These 

endothermic insects are better described as regional heterotherms because they are not uniformly 

endothermic. When heat is being produced, different temperatures are maintained in different parts of 

their bodies, for example, moths generate heat in their thorax prior to flight but the abdomen remains 

relatively cool.  

Temperature directly influences the distribution of insects in nature, because certain amount of warmth is 

essential for growth and reproduction. Temperature is the most important factor determining distribution, 

survival, development, multiplication, dispersal, distribution, movement, metabolism, fecundity, 
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reproduction, migration and behavior of insects. The various factors of Insects influenced by temperature 

are as follows. 

Insect Development 
The highest temperature limit at which the insect just lives and dies beyond it, is known as a vital 

temperature maximum while the lowest temperature at which the insect can live but may not exhibit any 

activity is called the vital temperature minimum. E.g., stored grain pest Rhizopertha dominica dies at a 

temperature of 62.8oC exposed for 5 minutes. Hibernating insects can survive at a very low temperature of 

-50oC. In general, it is convenient to discuss the effect of temperatures in three zones viz., zone of effective 

temperature, zone of inactivity and lethal or fatal zone. The growth of cold-blooded animals is arrested at 

10oC and this temperature is called developmental zero or threshold development. The optimum 

temperature for the normal development of insects is 10-35oC is known as zone of optimum or normal 

development. Active development takes place in zone of effective temperature zone. The zones immediately 

below and above the threshold of development, and in these zones the insect will live but without 

development, and they can recover if removed to favorable temperatures known as zone of inactivity (-5oC 

to 10oC, and 35oC to 50oC). Zone of fatal temperatures (-5oC to -14oC, and 50oC to 60oC) is the zone fatal for 

insects, and cannot survive and die. 

The optimum range of temperature depends on the specific species. It also depends on the physiological 

state of the individual insect. Some insects can tolerate the lower temperature during fall and winter than 

in the spring or summer. Insects of tropics tolerate less of cold than those of temperate areas. If the insect 

is given a choice to move along a temperature gradient, it prefers a narrow limit of temperature known as 

temperature preferendum or preferred temperature. Certain insects do not get freezes even the 

surrounding temperatures go below the freezing point known as cold hardiness/super cooling. These insects 

have cryoprotective compounds like glycerol, sorbitol and erythritol which help insects not forming ice 

crystals in haemolymph by depressing the freezing point. The freezing point of most insects is between -

100C to -2oC. 

Under unfavorable temperatures, insects suspend their activities known as diapause, and these are two 

types; Hybernation is the period of suspended activity occurring during seasonal low temperatures i.e 

winter, while Aestivation is a period of suspended activity occurring during seasonal high temperatures or 

in dry season i.e., summer. This reversible inactivity can last for number of weeks during winter and 

summer, respectively. As soon as the temperature becomes moderate, these insects resume activity. 

Fecundity / Reproduction 
The insect’s fertility its development ceases beyond the tolerable temperature range for reproduction and 

development. Within the tolerance range the development of eggs, the rate of oviposition, and larval and 

pupal development normally increase with the increase in temperature. E.g., Pediculus which does not lay 

eggs below 25oC and Tenebrio molitar which shows a considerable decrease in the pupal period with the 

increase in temperature within tolerable range.  

Fecundity is the egg laying ability of the insects. In insects, fecundity is maximum at moderately high 

temperatures and decline at both upper and lower limits of favorable temperature. Aphids remain 

parthenogenetic under high temperatures and many hours of sunshine while the opposite condition gives 

rise to oviparous forms. Within the optimum temperature range during which the reproduction and 

development ranges are maximum. Under fluctuating temperature, the development rate is higher than 

under constant temperature, e.g., eggs of grasshoppers. Such a situation is common under field conditions. 

Moulting 
The moulting process in insects is also affected by temperature. In some insects the number of moults 

increases at high temperature whereas in other it decreases. E.g., at a temperature of about 22oC, 6 moults 

are recorded but at 32-37oC there are only 7 moults by grasshopper. Grasshopper lays 20-30 times more 

eggs at 32oC compared to 22oC. Oviposition of bed bug inhibited at 8-10oC. Early shoot borer of sugarcane 

attacks higher temp. Larval period of sugarcane internode borer very short 16-24 days in summer, 

prolonged 141-171 days in winter. 
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Insect Distribution 
The distribution of insects is affected by temperature particularly in low temperature zones. The 

distribution limit of insects in the northern extreme in temperate zones is determined by the low 

temperature extremes. Below the extreme distribution limits there is a zone which is densely populated 

during summer but during winter the insects usually die. The insects are abundant in high temperature 

zones because of variations in the temperature. As insect in north has a smaller number of generations in 

a year as compared to the insect of southern zone.  Mediterranean fruit fly (Ceratitis capitata) could not 

establish in England and North Europe, because it cannot withstand temperature below 10oC.  Mosquitoes 

are abundant at 10oC, but are rare at 30oC. 

Dispersal 
The rate of dispersal of insects is dependent on the temperature. Insects are more active in tropical zone 

than in temperate zone. Insects tend to move away from unfavorable temperatures. The rice weevil 

(Sitophilus oryzae) found in the upper layers of storage bins, because the inner layers are warm and it 

cannot tolerate beyond 32oC and hence adults migrate to upper layers of the bins. Desert Locust 

(Schistocerga gregaria) start gathering in basking groups to gain warmth and they take flight only when 

the temperature near the ground is between 17-22oC and stop migrate when the temperature goes down to 

14-16oC. 

Acclimation 
Acclimation is the process in which an individual organism adjusts to a gradual change in its environment 

such as a change in temperature, humidity, photoperiod, or pH, allowing it to maintain performance across 

a range of environmental conditions.  Low Temperature Acclimation: The insects have been found 

adapted in the arctic by showing cold hardiness. Certain insects like Aedes aegypti can survive at low 

temperatures for a longer period and even show acclimation to cold but die due to freezing of the body 

fluids. Some insects can withstand super cooling thus can prevent freezing. The presence of some 

cryoprotective compounds in haemolymph such as sorbitol, glycerol and erythritol which depresses the 

haemolymph freezing point are helpful in freezing tolerant insects. During their inactive stage, the glycerol 

appears in the tissue and disappears soon after this state is over. High Temperature Acclimation: It is 

useful to insects living under natural circumstances of daily high temperatures. It has also been observed 

in certain insects like Calliphora and Phormia. At high temperatures, locusts expose minimum body 

surface to sun rays by lying parallel to them while they expose maximum body surface to sun rays at low 

temperatures laying at right angles to them. 

Temperature and Consumption of Food Reserves 
When only limited quantity of food is available, the rate of consumption of food reserves is also dependent 

on the temperature. This in turn affects the survival of the insect. For example, Glossina spp. fly depends 

on food reserves between two meals. If after one meal the food reserve is completely consumed and the fly 

does not get another meal immediately it will die. 

Insect Body Temperature 
Sun radiations and metabolic rate are major sources of heat gain. It is due to solar radiation that the 

temperature of the insect body becomes different from the ambient temperature. The different factors like 

size, color, and shape of the insects and orientation with respect to sun, influence the effect of solar 

radiation on the insect body temperature. A larger surface area having insect is more affected than the 

smaller insect. The insects of lighter colours absorb less radiations, than the dark ones.  

Heat loss in an insect is caused by various processes like evaporation, convection, conduction and long-

wave radiation. In case of solar radiation, the metabolic heat is the only source of heat during movement 

of insects. In the absence of solar radiation, the major loss of heat from the body takes place by evaporation. 

The rate of evaporation is dependent partly on the size of the insect. A smaller insect loses more water than 

the larger insect as the smaller insect has a larger ratio of surface area to volume.  

The movement of air also increases the heat loss as a steep gradient is maintained on insect and its 

surroundings. Hairs and scales present on the body of insects prevent the heat loss. In the event of a fall 
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in surrounding temperature the insect maintains its body temperature by active body movement and 

muscles contractions. E.g., Sphingididae family moths the body is kept warm by continuous wings 

movements. The activity of insects is directly proportional to the body temperature. When the body 

temperature falls, the metabolism slows down and its activity retards whereas on rise in the body 

temperature, the insects become more active until at a certain temperature it becomes inactive. A further 

rise in temperature causes death. 

Conclusion 
The growth and development of the insect is more in the optimum temperature range and below or above 

that it affected. Insects are capable to suspend their activities under unfavorable conditions. The rate of 

oviposition, larval and pupal development normally increase with the increase in temperature. The insects 

are abundant in high temperature zones because of variations in the temperature. Insects tend to move 

away from unfavorable temperatures. Insects are more active in tropical zone than in temperate zone. 

Hairs and scales present on the body of insects prevent the heat loss. 
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Abstract 
Soil crusting is a serious problem occurring under a wide range of soil and climatic conditions. It generally 

occurs and become very problematic in arid and semiarid climatic condition and in vermiculite type of soil 

but, now it also become widespread in the overgrazed rangeland and overgrazed areas in parks and national 

parks. Soil crusts affect seedling emergence and reduce the infiltration rate causing loss of water and crop 

yield. Soil factors determining the susceptibility of a soil to crusting include soil organic matter, 

sesquioxide, particle size distribution, exchangeable sodium percentage, magnesium: calcium ratio and 

parent material. Negative impacts of soil crusting include the reducing of water infiltration, increased 

runoff and erosion and induced drought; inhibiting soil aeration; inhibiting germination and seedling 

emergence; inhibiting root functioning and development. Management practices that lead to the 

development of bare areas on crusted soils or are aimed at deliberately maintaining bare areas e.g., under 

drip and micro irrigation, or offroad driving in game parks, aggravate soil crusting and its negative impacts. 

Crusted soils often do not recover even after several decades. In this paper the existing knowledge on soil 

crusting in is reviewed, as well as viable practical solutions to prevent and alleviate soil crusts are 

discussed. 

Introduction 
Soil crusts are specific modifications in the top soil caused by natural events such as raindrop impact and 

the following drying process. They consist in the formation of hard thin layers at the soil surface and are 

widespread especially in the soils of arid and semiarid regions. Their thickness usually ranges from less 

than 1 mm to 5 cm (Evans and Boul, 1968). When dry, these features are more compact, hard and brittle 

than underlying soil materials and not only decrease both the size and the number of pores, but also modify 

the arrangement of the pore system (Pagliai et al., 1983; Bresson and boiffin, 1990; Valentin and Ruiz 

Figueroa, 1987; West et al., 1992). In temperate areas, surface crusts mainly develop on unstable loamy 

soils (Mucher and De Ploey, 1977), especially when cultivated (Pagliai et al., 1983; Pagliai, 1987; Norton 

and Scrhoeder, 1987). In tropical areas, soil crusting occurs on a wider range of soils and is serious not only 

in the drier regions, but throughout the range of climatic regimes. In humid areas, intensive cultivation 

results in exposure, for some time, of the soil surface to the destructive effect of high energy rains. At the 

same time, the loss of organic matter content is very rapid. In these fragile environments the extent of bare 

areas increases, and the sustainment of biomass production is reduced (Valentin and Janeau, 1989). 

Soil Crust Formation 
A soil crust is a thin hard layer formed on the surface of the soil due to dispersive forces in rain drops or 

irrigation water followed by drying. The physical mechanism of crust formation can be summarized as 

follows. Due to wetting and impact of raindrops the soil aggregates slake, and small particles, like clay and 

silt attached to larger grains (sand) get separated and disperse at the soil surface. These small particles 

form a suspension in the water and move within the top layer through the voids between grains, because 

of the capillary suction from the underlying layers. The voids become choked with fine particles and a thin 

layer is formed at the surface. Densification of the soil surface layer during wetting and subsequent drying 

is enhanced due to: tendency of the platy particles, in a state of semi-suspension, to settle with their long 

axis in a horizontal direction; attraction among adjoining particles; retreat of water held in space between 

particles during drying. Cementation of the surface layer takes place due to reorientation of particles and 

precipitation of calcium carbonate during the drying process. 
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Factors Influencing Crust Formation 
1. Soil factors: 

a. Soil Organic Matter: SOM acts as a binding agent between both primary and secondary soil 

particles as well as a water- absorbing agent that reduces clay wetting and subsequent aggregate 

breakdown. Binding agents are of three types, i.e., temporary, transient, and persistent agents. 

Transient binding agents are organic materials, which are decomposed rapidly by microorganisms. 

Temporary binding agents are roots and hyphae, particularly vesicular arbuscular mycorrhizal 

hyphae. Persistent binding agents consist of degraded humic material associated with amorphous 

iron, aluminium and aluminosilicates. In particular, Particulate Organic Matter (POM) improves 

soil aggregation by forming an organic core surrounded by clay, silt and micro-aggregates. 

Therefore, the stability of POM is directly related to soil aggregate stability. 

b. Soil texture: Although soil crusting has been widely studied, there is no clarity as to which 

particle size fraction plays the most significant role. Crust formation has been shown to decrease 

with an increase in clay content because the clay particles cement and protects the soil aggregates 

against the disruptive effects of raindrop impact. Equally, high infiltration rate occurs if the clay 

content is too low to clog soil pores. The lower crust strength for SCL than SL soil could be due to 

high stability of the aggregates, which increased with an increase in clay content, as suggested by 

Kay and Angers (1999). Clay particles bind aggregates together thus contributing to cohesive 

strength of the aggregates, minimizing breakdown upon wetting and thus reducing the tendency of 

the soil to crust. 

c. Clay minerology: It is generally agreed that mineralogy affects the dispersion of clays, which 

occurs when the attractive forces between the clay particles are not sufficiently sturdy to hold them 

together under wetting conditions (Lado and Ben-Hur, 2004). Moreover, the differences in the 

dispersive behavior of clay minerals are due to differences in their morphology and electric charge. 

Kaolinitic soils are stable and have a porous structure due to the comparatively large interactions 

between the positive charge at the edge and negative charge at the planar surface of the other 

tactoid. Wakindiki and Ben-Hur (2002) observed three times higher steady-state infiltration rate 

(SSIR) in a kaolinitic soil compared to smectitic soils despite both soils having similar clay content. 

Therefore, smectitic soils are more dispersive than kaolinitic soils. Soil with kaolinite clay minerals 

tends to form thin crust which curls up and breaks on drying Monmorillonite type of clay tends to 

form thick and hard crust. Kaolinitic soils are known to be less dispersive and highly stable 

(Wakindiki and Ben-Hur, 2002).  

2. Environmental factors: 

a. Vegetation cover: Effect of vegetation cover on soil is very fruitful in reducing crust strength. 

There was reduced laboratory infiltration (hereafter referred to as infiltration) in exposed, open soils 

in comparison with permanently vegetated soils at most sites. results suggest that the tendency of 

soils to crust (as measured by laboratory infiltration, modulus of rupture and water dispersible clay) 

was greater in soils from open, bare ground than soils from under natural vegetation. Infiltration 

in soils under vegetation was about double, modulus of rupture about a half, and water dispersible 

clay about 80% of that in soils in the open. Such changes in soil chemistry tend to increase 

flocculation of clay, and thereby reduce crusting and improve infiltration (Shainberg & Singer 1985). 

b. Rainfall: The effect of rainfall characteristics on aggregate breakdown and soil crusting is largely 

through slaking due to raindrop impact and rapid wetting. The raindrops break down soil 

aggregates and set off the process of physical crust formation. The succeeding collapse and 

consolidation of micro aggregates and soil particles alter the soil surface hydraulic processes such 

as steady-state infiltration rate (SSIR) and runoff (Carmi and Berliner, 2008). 

Effects of Crusting on Soil Properties 
The crusting phenomenon has been the subject of many reviews and investigations, which signified its 

significance and lack of clear understanding thereof. Crusted soil condition has serious detrimental effects 

on the environment and agriculture such as: 

1. Reduced water infiltration; 

2. Downslope soil erosion; 

3. Mechanical impedance of seedling emergence; 
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4. Curtailed aeration in the soil below the crust; 

5. More energy needed for tillage operations; and 

6. Need for repeated tillage and delay in farm operations. 

Management Strategies 
1. Surface mulch: Mulch that is spread on the soil's surface prevents the formation of a crust by 

dissipating the energy of raindrops before they strike the soil surface. It breaks the direct contact between 

soil surface and atmosphere, resulting in a reduction in evaporation and thus keeps the surface layer at 

higher moisture content for a more extended period. This also helps to keep the soil strength low and 

facilitates emergence.  

2. Tillage methods: Tillage practices play an important role in controlling surface crust and affecting 

seedling emergence. Intensive tillage causes deterioration of soil structure and may cause severe crusting 

and seedling emergence problems if heavy rains followed by sunny days occur immediately after seeding. 

Generally, reduced tillage systems leave an uneven and rough surface that can withstand several storms 

of rain before they seal and develop a hard crust (Kemper and Miller, 1974). Researchers have repeatedly 

concluded that minimum or no-tillage systems benefit soil structure and reduce crusting problems 

substantially because these systems are favorable for earthworm activity and the higher microbial 

population at the soil surface layer. Earthworms secrete gelatinous substances that coat and stabilize soil 

aggregates. The stability of soil aggregates is also increased with water-insoluble gummy substances 

secreted by organisms. 

3. Organic amendments and soil conditioners: Soil crusting is a severe problem in weakly aggregated 

soils. Enhancing the stability of aggregates provides the key to the development of better techniques for 

reducing soil crusting. Organic matter has a tremendous effect on increasing the resistance of soil 

aggregates to the destructive impact of raindrops. Organic amendments contain ingredients that can 

improve the physical and chemical characteristics of the soil. Mixing of farm-yard manure and waste 

products from dates and sugar beets near the soil surface increases water-stable aggregates significantly. 

Plant residues (leaves, straw, roots, etc.) lose their physical strength as they are decomposed. 

Consequently, the incorporation of organic materials generally decreases crust strength as the organic 

matter decomposes (Kemper and millar, 1974). The addition of gypsum significantly improved aggregate 

stability and reduced crust strength of red-brown earth, where the original exchangeable sodium 

percentage (ESP) content exceeded ten. Application of synthetic polyelectrolytes and several other 

synthetic organic soil aggregating agents [VAMA (vinyl acetatemaleic acid) and HPAN (hydrolysed 

polyacrylonitrile)] on crust forming soils results in increased aggregates, aggregate stability, water 

infiltration and percolation, reduced crust and improved seedling emergence. Both VAMA and HPAN were 

found to be effective in ameliorating soil hardness or crusting tendency. The high cost and limited 

effectiveness of most of these soil conditioners have inhibited their extensive use. 

Conclusion 
From the above discussion we can come to the conclusion that high intensity rainfall or irrigation in bare 

land are the main causes of soil crusting. Low organic matter and presence of quartz in soil increase the 

chances of crust formation. On the other side presence of high organic matter, kaolinitic clay minerals and 

mulch protect the soil from crust. once crust is formed it’s difficult to manage, so precaution like mulching 

and adding FYM or addition of synthetic soil stabilizing agents are best strategies. 
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Bioecology 
Asian yellow legged hornet (Vespa velutina Lepeletier, 1836) and Asian giant hornet (Vespa mandarinia 

Smith, 1852) are social wasps with annual life cycle occurs naturally across Asia, including India, Nepal, 

Srilanka, Vietnam, Taiwan and Japan. The hornet has a body length of 45 mm, a wingspan around 75 mm 

and a stinger 6 mm long, which injects a large amount of potent venom. Like other Vespa spp., the Asian 

hornet is voracious predatory insect, particularly it has a large negative impact on Diptera, social 

hymenopterans (honey bees, wild bees and other social wasps). Simillarly V. mandarinia has a significant 

deleterious effect on human beings, it is responsible for 30 to 50 deaths per year in different parts of the 

world (Yanagawa et al., 2007). Honey bees, with their large colonies, represent a food bonanza for hornets. 

Asian hornets have a direct impact on honey bee colonies by killing honey bees and honey bee brood to feed 

their own brood larvae. 

The Asian giant hornet (Vespa mandarinia) is native to Asia, where it is a predator of arthropods, including 

honey bees. Attacks by V. mandarinia on beehives involve pheromone marking to recruit hornets and rapid 

killing of workers. Japanese honey bees (Apis cerana) can counter these attacks, but Apis mellifera 

(European honey bee) lacks effective defences (McClenaghan et al., 2019). 

Asian Hornet Life Cycle 
Vespa mandarinia are social hornets, with an annual colony cycle. Adult females are divided into two 

castes: queens that are responsible for starting a colony and laying eggs, and sterile workers that are 

responsible for gathering food and rearing larvae. A solitary queen will start a nest, then raise a colony of 

workers that take over foraging and many nest duties. 

Spring: The queen emerges from overwintering in the spring and enters a brief pre-nesting stage in which 

she feeds, develops her ovaries, and looks for a suitable nesting site (Matsuura, 1984).    

Summer: Upon selecting a suitable site, the queen enters a solitary phase in which she alone is responsible 

for building a nest, foraging, laying eggs, and caring for young. There is a brief cooperative phase in which 

some of her worker offspring have matured and assumed all duties aside from laying eggs, but the queen 

will still leave the nest to forage for her young. When there are about 40 workers in the nest, the colony 

enters the polyethic phase in which the queen becomes completely nest-bound and the workers assume all 

duties outside of the nest (Matsuura and Sakagami, 1973).  

Fall: When there are many workers, the colony begins producing reproductives: males and next year’s 

queens. Workers feed the new reproductives within the nest because reproductives do not forage. Males 

develop and leave the nest before females and will perch at the entrance of nests waiting for the emergence 

of new queens about one month later. Mating takes place at the nest entrance, often with many males 

ambushing each new queen as she emerges (Matsuura, 1984). Males will remain alive and mobile for a few 

weeks after leaving their natal nest, and will feed on nectar from flowers, tree sap, and some mushrooms 

to maintain their energy. New queens must mate prior to overwintering, as males will not be present when 

they emerge the following spring.  

Winter: After mating, a new queen will spend the colder months overwintering in a sheltered spot she has 

excavated in the soil, rotting wood, or piles of straw until the cycle begins again the following spring when 

new queens emerge from overwintering. Adult queens live nearly a year, whereas adult workers live for 

~15 days (maximum ~35 days). Males and workers will die before the onset of winter (Matsuura, 1984). 

Nesting: The Asian Giant Hornets construct their nest in the ground usually, in old rodent burrows or 

rotten tree stumps and these nests found almost exclusively in holes in the ground, near river 

banks and rarely inside buildings, these nests can reach up to 1 m height and 80 cm diameter. 
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The Yellow Legged Hornets construct their nest above the ground in exposed area on top of trees and 

shrubs. There will be series of horizontal combs with elliptical envelope in which brood rearing takes place. 

Usually, these nests were made out of wood removed from dead trees, shrubs by scraping. Nests are made 

by chewed and mixed wood fibers, leaves and saliva. 

Distribution 
The Asian giant hornet (Vespa mandarinia) is native to Asia, where it is a predator of arthropods, including 

honey bees. Attacks by V. mandarinia on beehives involve pheromone marking to recruit hornets, and 

rapid killing of workers. Japanese honey bees (Apis cerana) can counter these attacks, but Apis mellifera 

(European honey bee) lacks effective defenses. 

In September 2019, a V. mandarinia nest was found on Vancouver Island, British Columbia, Canada; later 

that year, four workers were found in Washington State, United States. In 2020, three additional queens 

were found. Introduction of V. mandarinia in North America is concerning because honey bees are highly 

vulnerable to hornets. V. mandarinia is also medically important, delivering painful stings with cytolytic 

venom. It is currently unclear if V. mandarinia is established in North America and efforts are underway 

to identify introductions and prevent spread. 

Vespa mandarinia is established in many parts of Asia including Thailand, China, Nepal, Russia, and its 

native Japan. Species is not established in Western Europe, but sporadic records of its occurrence have 

been reported in several countries. A colony of Vespa mandarinia was discovered in September 2019 in 

British Columbia, Canada. Vespa mandarinia is not considered established in any part of North America 

at this time. 

Potential Threat 
Negative impacts of Asian hornet: 

a. Economic threats: Loss of honey bee colonies and decreasing of beekeeping products; cost for 

control activities and nests removal 

b. Ecological threats: Impacts on biodiversity; impacts on pollination activity; competition with 

native species 

c. Public health threats: Potential risk for citizens. 

A total of 95 216 ± 5551 honey bee colonies is under threat if the species colonizes the invadable zones in 

the whole USA. In the west coast, Washington has 4568 ± 299 threatened colonies, while Oregon has 1065 

± 72, representing 11.0% and 1.8% of their total colonies. 

In the east coast the states with more threatened colonies are New York, Pennsylvania and North Carolina, 

with 11 193 ± 655, 10 388 ± 541 and 6886 ± 455, respectively. The total national area of threatened bee-

pollinated croplands was 60 837.8 km2, consisting of 3385.1, 29 813.0 and 27 639.8 km2 under high, medium 

and low threat levels, respectively. 

The largest area under a high threat level is the east coast, mainly the states of Massachusetts, Connecticut 

and New York, with 793.9, 578.6 and 372.3 km2, respectively (Alaniz et al., 2020). 

When we look at the distribution range and potential threat to bees and the human population, there is an 

urgent need to follow strict quarantine and formulate sound management strategies by using various 

attractants, baits, traps and new technologies to mitigate this predatory pest. 

As nest destruction is an effective management strategy especially for introduced social wasps, we can 

locate the nests by using harmonic radar, radio-frequency identification tags and radio telemetry then 

destruct the wasp colonies to save the key pollinators from this monster. 
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Artificial seeds can be defined as artificially encapsulated embryo but sometimes under in vitro or in vivo 

conditions some vegetative parts of plant such as shoots, buds, cell aggregates, auxiliary buds and micro 

propagules can be converted into new plants. This technique is very important as it can be used as a 

replacement of F1 seeds and utilized for the cultivation of commercial crops such as fruits, medical plants, 

ornamentals, forest trees and orchids which cannot be germinated from direct seed sowing, that is why 

artificial seeds is significantly crucial method for mass propagation of elite plant genotypes, and they also 

provide a scope of improvement in various plant species of tree and crops. 

Introduction 
Artificial seeds are also known as Syn seedsor “an encapsulated single somatic embryo”. And they can also 

be defined as in vitro or in vivo conditions some vegetative parts of plant such as shoots, buds, cell 

aggregates, auxiliary buds, nodal segments and micro propagules can be converted into new plants because 

they have the capacity to be sown as a seed and converted into a plant under in vitro or ex vitro conditions. 

They are used for the commercial propagation of economically important plants. For creating artificial seed, 

it depends on the similarity between physiology, morphology, and biochemistry of somatic embryos to 

zygotic embryos. Artificial seeds eliminate the acclimation steps which are required for the plant to have 

the ability to be sustained in the surroundings produced by breeders using micropropagation giving them 

great flexibility. 

There are two types of artificial seeds which are commonly produced: 

1. Desiccated artificial seeds: They are only produced in desiccation tolerant somatic embryos they are 

produced the somatic is embryo is naked or encapsulated with polyoxytheylene, after which desiccation is 

applied in 2 ways either by rapidly applying pressure and keeping the artificial seeds in an open Petri dish 

overnight or by using more control measures such as taking care of relative humidity. But in some cases, 

to produce more desiccated embryos high osmotic potential is induced at maturation period by using 

osmoticants such as mannitol, sucrose, etc.   

2. Hydrated artificial seeds: They are produced by encapsulating somatic embryos in hydrogel capsules.  

They are specifically used in plant species which cannot handle desiccation as they are   recalcitrant and 

sensitive to desiccation.  Encapsulation technology is used in hydrated artificial seeds as it is one of the 

best methods to supply protection and enhance the convertibility of in vitro micro propagules into artificial 

seeds 

Procedure for Artificial Seed Production 
Artificial seed are encapsulated mature somatic embryo along with artificial endosperm, some growth 

regulator and fungicide. For producing artificial seeds, there are many different ways available which 

largely depend upon the type of plant, economic feasibility and type of artificial seed produce. 
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Fig1.  Procedure for Production of Artificial Seed 

For Encapsulating somatic seeds, two methods are broadly used. The Dropping method and another is 

Molding method. 

1. In Dropping method, 2% sodium alginate is used as gelling agent prepare in MS basal: Medium 

solution where Calcium chloride or calcium nitrate is used as complexation solution. First the mature 

somatic embryo is mixed with 0.5-2% sodium alginate and later this mixture is poured dropwise into 

solution of calcium chloride, leave it undisputed for around 20-30 minutes. Later capsules are isolated and 

wash them with normal water. In this method, ion exchange take place between Sodium and Calcium which 

lead to form a calcium alginate, a hard round jelly like structure surrounding the embryo. 

2. Molding method, in this temperature depended gel is used for encapsulating: Embryo. The gel 

like Gelrite, Agar, Gaur gum, etc is preferred but out of other Gelrite is most demanding. At low 

temperature, this gel gets hard and closely form encapsulate embryo forming beads like structure. But the 

seeds produced by this method are very susceptible to open field conditions and can easily be deteriorate 

by biotic factors because of the weaker bonding. 

Gelling Agent 
There are number of gels like Agar, Guar Gum, Gelrite, sodium Alginate, Potassium Alginate and 

carrageenan are available in the market, which are isolated and tested for encapsulating material 

inartificial seed production but out of all Sodium Alginate is most preferred. Sodium Alginate is cheap, low 

spinnability of solution, less lethal to embryo, thick gel with fast gelation action and have bio-compatible 

characteristics. Because of this rigid bonding, it can withstand unfavourable conditions without 

deteriorating the somatic embryo which give artificial seed along with their shelf life. 

Applications of Artificial Seed 
Artificial seed technology is becoming very promising and viable technology for production of plants. It has 

impacted biotechnology very largely. There are many uses of this technology in the field of agriculture as 

well as in many different fields. 
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1. It had made propagation of hybrid plants very easy. 

2. Environment friendly plantation has improved using this technology. 

3. Disease free plants is being produced. 

4. Cereal crops, fruits, vegetables and medicinal plants can be studied easily by artificial seed technology. 

5. Artificial seed technology can easily conserve the endangered species and good lines of germplasm. 

6. Seeds can directly be planted in the field. 

7. Genetic informality of crops and varieties can be maintained through artificial seed technology. 

Conclusion 
Artificial seeds are vegetative reproduced propagules for better crop improvement and aiding to improve 

the crop which are difficult to reproduce normally. There are 2 ways one is desiccated and hydrated 

artificial seeds and have various advantages such as disease-free plants, propagation of hybrid plants and 

genetically modified plants for more crop improvement for helping people, farmers and breeders. 

Emasculation is an important step for the development of hybrid seeds, and it can be done by dropping 

method and molding method. Many scientists are heavily doing research on artificial seeds as it is the 

future of agriculture development and improvement. 
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Abstract 
Our country of India is the second largest country in the production of vegetables in the world; vegetables 

are a rich source of vitamins, protein and minerals. If we talk about the production of vegetables, then the 

Cucurbitaceous family has a major contribution in the rainy season, because in the rainy season, about 80 

percent of the vegetables are produced from the Cucurbitaceous family. We already know that everyone 

has some enemy in nature; in the same way the enemies of Cucurbitaceous crops family are also insects 

which harm them. The major insect - pests of cucurbits are fruit fly, red pumpkin beetle, aphid, whitefly, 

Epilachna beetle, cucurbit sting bug, cutworm, blister beetle. Among them fruit fly infestation is high 

followed by aphid and red pumpkin beetle and high cause economic losses. Aphids and blister beetles also 

cause damage to the field and other pests such as whitefly and cutworms are in small numbers. Farmers 

use Cultural, mechanical and chemical methods as a pest management strategy. About 40 Percentages of 

respondents use chemical methods to control insect-pests. Twenty-six percent are using mechanical 

methods. For mechanical method they use sex pheromone traps i.e., cue lures. In case of botanical, they 

use Neem, Asuro, Bakano, Titepati etc. Use of chemical insecticides or Pesticide the disease has resulted 

in pest resistance, resurgence and occasional outbreaks. Therefore, to get rid of these problems, harmful 

insects should be controlled by using integrated pest management. 

Keywords:  Insect pest of Cucurbits, IPM, Cucurbitaceous, and Management practices. 

Introduction of Cucurbits 
Cucurbitaceous are a medium-sized and botanically highly specialized family of primarily climbing plants. 

The Cucurbitaceous family is a vegetable the most commonly used edible species for human consumption. 

Cucurbitaceous are an important and large group of large-scale vegetable crops grown in India, mainly in 

tropical and sub-tropical climates. Cucurbitaceous include - cucumber, bitter gourd, pumpkin, gourd, 

spiked gourd, gourd, pumpkin, gourd, gourd and summer squash. There is a wide range of vegetables in 

this group. These are all summer crops and are sensitive to frost. Of the 90 genera and 750 species 

belonging to Cucurbitaceous, only 9 genera and 17 species are cultivated. The important insect pest of 

cucurbits is Red pumpkin Beetle, Fruit fly, Epilachna Beetle, Cucurbit Stink Bug, Banded Blister Beetle, 

Snake gourd, Whitefly, Aphid, Cutworms. 

Red Pumpkin Beetle 
Phylum:  - Arthopoda 

Class:      - Insecta 

Order:     - Coleoptera 

Family:   - Chrysomelidae 

Nature of damage: The damage is caused by both grubs and adults, having biting and chewing type of 

mouthpart. The larva feed on the roots, stem, and fruits touching the soil. Adult beetle feed voraciously on 

the leaf lamina by scrapping off the chlorophyll and making irregular holes on leaves with net like 

appearance. The grubs damage the root portion. The attached plants wither and die. They also attack the 

fruits near the portion resting on the ground and become unmarketable. In some cases, the losses due to 

this pest have been reported up to 30-100% in the field. 

Management:  

a. Early Sowing. 

b. Collect the beetles and destroy. 
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c. Preventive measures like burning of old plants, ploughing, harrowing of field after harvest of the 

crops.  

d. Use of Neem oil cake in the soil is effective in killing the pest larvae. 

e. Use of Entomopathogenic fungus Beauveria bassiana resulted in maximum reduction in 

controlling the red pumpkin beetle. 

Fruit Fly 
Phylum: Arthopoda 

Class: Insecta 

Order: Diptera 

Family: Tephritidae 

Nature of Damage: The damage is caused by larva and Adult stage, having biting and chewing type of 

mouthpart. Female flies select soft and young fruits for oviposition by puncturing the rind with their sharp 

ovipositor. Such damaged fruits show sign of brown resinous substance at the sites of oviposition punctures 

due to discharge of fruit juice through punctures. After hatching, maggots feed on the pulp of fruit as well 

as on the immature seeds and cause premature drooping of fruits. Infested fruits rot and are not fit for sale 

or human consumption. Infested fruits show internal decay, give out foul smell and numerous maggots are 

seen when cut open. It has been reported to infest 95% of bitter gourd fruits, 90% loss in snake gourd and 

60 to 87% loss of pumpkin fruits. 

Management: 

a. Field sanitation, 

b. Bagging of growing fruits also minimizes fruit fly infestation. 

c. Set up fly traps (cue lure) in the field. 

d. Grow maize plants as trap crop in rows at a distance of 8-10 in cucurbits field as flies rest on such 

tall plants.  

e. Use extract of Neem fruits, tobacco or zinger to repel female flies.  

f. Chemical control of the B. cucurbitae is relatively ineffective However, some insecticides such as 

Malathion, Dichorvos, Phosphamidon. 

Cucurbit Stink Bug 
Phylum: Arthopoda 

Class: Insecta 

Order: Hemiptera 

Family: Pentatomide 

Nature of damage:  The damage is caused by Nymph and adults, piercing and sucking type of mouthpart. 

Adults and Nymph are very destructive in nature. Adult suck the sap from leaves and tender shoots and 

devitalize the plants. Both Adult and Nymph cause damage with their piercing and sucking type mouth 

part. Both adults and nymphs of plant-feeding species may damage plants, mostly by piercing the plant 

tissues and thus opening a path for pathogens to enter the plant. 

Management:  

a. Sweep net and beat sheet sampling methods are recommended for monitoring stink bugs in field 

crops. Cucurbits stink bugs, can be monitored using black light traps.  

b. Blacklight trap catch may be useful for improving the timing of scouting and management 

methods for stinkbugs. 

Blister Beetle 
Phylum: Arthopoda 

Class: Insecta 

Order: Coleoptera 

Family: Meloidae 

Nature of damage: The damage is caused by both grubs and adults, having biting and chewing type of 

mouthpart. The adults feed on the leaves in the tops of plant but are especially attracted to flowers where 
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they feed on nectar and pollen. They gather in groups, so large numbers can occur in concentrated clusters 

in the field. The larvae feed on grasshopper eggs. 

Management: 

a. Collect and destroy adults manually or buy using sweeping nets during morning hour.  

b. No parasites or predators have been discovered to control blister beetles.  

c. However, use neem cake in the soil to kill larvae.  

d. The beetle insecticide should be applied only a day before harvest to lessen the chances of new  

e. Blister beetles entering the field.  

f. Common names: carbaryl, lambda-cyhalothrin, and gamma-cyhalothrin. 

Aphids 
Phylum: Arthopoda 

Class: Insecta 

Order: Homoptera 

Family: Aphididae 

Nature of Damage: The damage is caused by both nymph and adults, having biting and chewing type of 

mouthpart. Aphids attack nearly all species of plants. When leaves are attacked by aphids, damage often 

appears first as spotty yellow discolorations, usually on the undersides of leaves; the leaves may later dry 

out and wilt. Leaves, twigs, stems, or roots may be attacked by aphids, whose mouthparts are designed for 

piercing the plant and sucking the sap. Aphids attack nearly all species of plants. Indirect damage can be 

caused by deposits of honeydew. Honeydew is the sticky, sugary liquid waste produced by aphids as a result 

of feeding on plant sap. Honeydew can attract other insects, such as ants, that will feed on the honeydew.  

Management:  

a. Reducing numbers on seedlings and small plants, and can reduce transmission of aphid-

transmitted viruses in summer squashes, melons, and other susceptible vegetables.  

b. Insecticidal soaps, Azadirachtin, and certain oils are acceptable for use in organically grown crops.  

c. Spray the crop with safe chemical pesticides like Malathion(50EC) or Endosulphan(35EC) @1.5-

2ml/lit of water. 

Conclusion 
The study revealed that farmers were more concerned with insect pest damage in their crop but they had 

little knowledge about the specific insect that cause harm to the crop. A low literacy rate of the farmers 

was one of the challenging problems in agriculture development. It has been a hurdle in their awareness 

regarding identification of pest, selection of proper pesticides, calculation and use of correct dose and 

handling practices and safety precautions while handling pesticides. The study shows that insects like fruit 

flies, red pumpkin beetle, aphid, cucurbit stink bug, epilachna beetle were causing high economic loss to 

the farmers. Apart from them there was also other insect that was difficult to identify by the farmers. 

Because of this indiscriminant killing was very common so that they kill both beneficial and harmful insect.  

The study shows that majority of farmers dependent upon chemical pesticides for controlling the insects. 

They are also using natural botanical resource and trap for the management of insect pest. The field 

experiment revealed that trapping is more effective in controlling fruit flies & other insects, managing 

highest number of fruit flies without harmful effects to the environment and human health. Despite of the 

negative effects on the human health and environment, chemical method was still predominant in study 

area. 

Suggestions 
1. Farmers need formal and informal trainings about proper diagnosis of damage done by several abiotic 

as well as biotic factors so that any level of pesticides misuse may be reduced.  

2. Effort should be directed towards developing and introducing the eco-friendly IPM methods. 

3. Botanicals and locally available control measures should be given more priority rather than chemicals. 

4. The Indian government should discourage the use of pesticides by imposing high taxes on such chemical 

and providing subsidy on the eco-friendly tools of pest management. 
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Introduction 
Why do we treat seed?  

Qualitative improvement in the seed, Improve the field performance and storability, enable mechanized 

sowing and prevent infection or predation of seeds and seedlings by pathogens and pests. 

What are botanicals? 

Botanical are derived from plants belonging to different families and are either utilized as plant extracts, 

essential oils or both. Plant parts used to make botanical pesticides include barks, leaves, roots, flowers, 

fruits, seeds, cloves, rhizomes and stems. 

Advantages of Botanicals Over Chemicals 
1. Botanical insecticides tend to have broad-spectrum activity and bio-degradable pesticides with greater 

selectivity.  

2. Safe, relatively specific in their mode of action 

3. Easy to process and easy to use 

4. Safe for higher animals and natural enemies’ environment.  

5. Farmers and small-scale industries can often easily prepare botanical insecticides. 

6. Developed from the indigenous plant 

7. Formulated locally with indegenous materials available 

8. Thus aid in saving farmers money and contributes to nations valuable foreign exchange. 

Disadvantages of Chemicals Over Botanicals 
1. Higher cost 

2. Soil borne pathogens especially root rot pathogens are very difficult to control with these chemicals. 

3. Resistance against widely used chemicals by pathogens gradually increasing. 

4. They are highly resistant to degradation. 

5. Many of these chemicals are bio-accumulative (i.e., they are transmitted up to food chain). 

6. They pollute soil and water. 

7. These chemicals kill many useful microorganisms, which take part in nutrient cycle. 

8. The most promising botanicals for use at present and in future are species of families: Meliaceae, 

Rutaceae, Asteraceae, Malvaceae, Labiatae and Canellaceae (Jacobson, 1989). 

Ideal Characteristics of Botanicals 
1. Perennial and easy and inexpensive to grow.   

2. Non competitor for space, water or fertilizer etc. with the regular agricultural crops.   

3. Plants should have no potential to become weeds or the host for plant pathogens The insecticidal product 

should effectively control the range of pests encountered in local storage situations 

4. Be easy to extract, formulate, store and use with available skills  

5. No environmental or other hazards. 

Uses of Botanicals 
1. Controls a variety of common storage insect pests. 

2. They are most effective in conditions of low humidity, because they introduce mortality by causing 

desiccation, ie., water is lost because the dusts remove the waxy layer of cuticle in exoskeleton by 

adsorption.  
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3. These materials are most effective when applied as dusts formulation 

4. They have repellant action Ex. They include vegetable oils (e.g., Castor oil) and botanicals (e.g., Sweet 

flag rhizome powder). 

5. Vegetable oils probably interfere with the respiratory mechanism of insect  by restricting oxygen supply 

resulting in higher mortality of the insects due to suffocation in treated seeds. 

Application of Botanicals 
1. Seed dressing: Treating the seeds with botanicals in the dust form 

2. Seed film coating: Application of precise amount of active ingredients along with a liquid material 

directly on to the seed surface without obscuring its shape 

3. Seed Colouring: Application of precise number of natural dyes or pigments directly on the seeds to 

improve its brand identity and marketability 

4. Seed pelleting:  Process of enclosing the seed with small quantity of ingredients along with filler 

materials to produce a globular unit of uniform size to facilitate precision planting. 

Limitations 
1. The botanicals are required in large quantities 

2. New products are to be developed 

3. Requires low humid condition 

Table 1: Key botanical pesticides: 

Pesticide Source Limitations 

Nicotine Nicotiana tabacum L. N. rustica L, N. glutinosa Toxic to mammals 

Pyrethrum  Chrysanthemum cinerariaefolium  Allergic people 

Quassin Quassia amara L, Aeschrion spp., Picrsma excelsa Extremely bitter 

Rotenone Derris elliptica, Lonchocarpus spp., Tephrosia spp. Toxic to fish 

Ryanodine Ryania spp. Toxic to fish 

Sabadilla Schoenocaulon officinale A. Gray Toxic to mammals 

Table 2: Botanicals used in seed treatments against pathogens: 

Table3: Botanical oils / extracts as seed protectants: 

Test material Dose Test organism Observation 

Adhatoda vasica 

(Malabar nut) alkaloid 

extract 

0.5% T. castaneum Mortality  

(50 %) 

 

Ageratum conyzoides oil  

(Goat weed) 

0.5 % C. Chinensis Mortality 100% 

 

Annona reticulate oil 

(Custard apple) 

0.1 % C. chinensis Inhibited adult 

emergence 

Annonna reticulate 

(Custard apple) oil 

Ether extract 

- C. Cephalonica Moderately toxic 

 

- Tribolium castaneum Moderately toxic 

Arachis hypogea L 

 

0.5%  

 

C. Chinensis 

 
Checked the 

infestation 

1% S. Oryzae Mortality 100% 

Blend of soya & cotton 

seed oil 

- 

 

C. Rhodesianus Reduced adult 

emergence 

Blumea balsamifera L 

(Sambong, camphor) 

- 

 
C. Chinensis 

 
Mortality 100% 

 

Test material Dose Test organism Observation 

Azadirachta indica 

(Neem oil) 

0.01-0.5 % Erysiphe polygoni Checked the growth of 

conidia 

 1 % Alternairia alternate Growth inhibition 

 10% Fusarium moniliforme Growth inhibition 
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Conclusion 
Seed treatment with botanicals is the best alternative to chemical seed treatment and botanicals are 

ecologically safer and economically viable provides support to small and marginal farmers. The most 

promising batonicals are derived from Azadarachta indica, Acorus calamus, Chenopodium album, 

Eucalyptus sp.   Mentha arvensis and Asofoetida. 

Reference 
Jacobson M., (1989). Botanical pesticides. Past, present and future. in: Arnason J.T., Philogene, B.J.R. and Morand, P. [Eds.] 

Insecticides of Plant Origin. ACS Symp. Ser., 387: 1-10. 
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Vertical farming is the practice of growing crops in vertically stacked layers.  

The modern concept of vertical farming was proposed in 1999 by Dickson Despommier, professor of Public 

and Environmental Health at Columbia University. 

It often incorporates controlled-environment agriculture, which aims to optimize plant growth, and soilless 

farming techniques such as hydroponics, aquaponics, and aeroponics.   

Vertical farms use smart sensors to monitor technical variables including temperature, carbon dioxide, 

oxygen, lighting, humidity, nutrient concentration, pH, pest control, irrigation, and harvesting. 

Some common choices of structures to house vertical farming systems include buildings, shipping 

containers, tunnels, and abandoned my shafts. 

Moreover, controlled environment agriculture can utilize advanced imaging and sensor technologies 

including cameras and thermal imaging to measure plant growth, temperature, and other factors. 

Presently, controlled environment systems have proven highly effective in growing leafy greens, herbs, 

microgreens, and vegetables such as tomatoes, peppers, melons, and sweet corn etc. 

 

Advantages 
1. The main advantage of utilizing vertical farming technologies is the increased crop yield that comes with 

a smaller unit area of land requirement. 

2. It increased ability to cultivate a larger variety of crops at once because crops do not share the same plots 

of land while growing. 

3. Crops are resistant to weather disruptions because of their placement indoors. 

4. Fully automated indoor growing systems do not need huge amounts of manual labour. 

5. Indoor farming can be good for the environment because it massively reduces the amount of fossil fuels 

needed for farming equipment. 

The Internet of Things – IoT 

 

https://en.wikipedia.org/wiki/Dickson_Despommier
https://en.wikipedia.org/wiki/Controlled-environment_agriculture
https://en.wikipedia.org/wiki/Hydroponics
https://en.wikipedia.org/wiki/Aquaponics
https://en.wikipedia.org/wiki/Aeroponics
https://www.hortidaily.com/article/9074499/the-role-of-sensors-and-data-collection-in-a-successful-vertical-farm/
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IoT is already used in the agricultural sector to boost yield, monitor crops at any given time, and make 

farming more efficient. IoT enables vertical farming to control the growth environment under which crops 

are cultivated, as the employed smart sensors measure every detail from humidity to pH levels and 

transmit them to the growers in real-time. 

Sensors 
Sensors are the backbone of IoT as they measure physical input such as heat, illumination, humidity, etc., 

convert it into data, and send it to the central cloud, where either machines or humans interpret it. An 

extensive network of IoT sensors is used in vertical farms, including CO2 sensors for monitoring and 

maintaining optimal CO2 levels, especially in the growing chamber and temperature sensors that measure 

light intensity and outside temperature. Other popular sensors include humidity sensors, pH sensors, EC 

sensors, magnetometer sensors, air quality sensors, etc. 

Image Processing for Evaluating Plants’ Health and Maturity 
To monitor the health and growth of their crops, vertical farms also use image processing software and 

sensors. These programs are used to monitor pest damage, measure the content of macro elements such as 

nitrogen, and detect developmental defects. For instance, with the help of hyperspectral imaging, “Agricola 

Moderna” an Italian vertical farm has been able to extract critical information about the presence of macro 

elements in their crops such as nitrogen and phosphorous. In plants, these macro elements are great 

indicators of plant health. 

Data collected by in-situ sensors is transmitted in real-time to a central server where artificial intelligence 

and machine learning can be applied to analyse the data. This enables growers to make the most of their 

data, identify patterns, and troubleshoot any problems in record time. 

Controlled environment agriculture is fundamentally at the heart of vertical farming since it integrates 

several technologies in order to provide plants with the best environmental and growth conditions during 

their growth. By using a controlled environment system, vertical farming can grow fresh, pest-free crops 

all year round. In vertical farms plants are isolated from the outside environment, and workers take 

preventive measures to prevent pest infestations that could damage the crops. Although controlled 

environment systems are commonly associated with vertical farming.  

https://verticalfarmingplanet.com/vertical-farming-technology-how-does-it-work/ 

Controlled Environment Components 
1. Dosing systems: A common approach in vertical farming is to use an automated-dosing system to 

deliver nutrients to the plants and monitor the nutrient solution. Automatic-dosing systems continuously 

assess the reservoir’s nutrient concentrations, pH and EC levels, and water temperature. In most instances, 

the dosing system is connected to the nutrient source by peristaltic pumps that suck the required dose of 

nutrients and dispense them into the reservoir then reservoir measure pH and EC in real-time, and restart 

the dosing cycle when necessary. Having an automated dosing system enables growers to have more control 

over the nutrient solution without having to spend much time fixing pH, EC, nutrients, and temperatures. 

Additionally, plants are supplied with a precise amount of nutrients, avoiding plant shock or stunted 

growth, which are often a consequence of imbalanced growing conditions. 

 

2. Sterilization Systems: Sanitation is necessary for the optimal growth of plants and to guarantee 

compliance with international food safety regulations. To ensure the production of pesticide-free crops all 

https://www.sciencedirect.com/science/article/pii/S1877050919317168
https://aip.scitation.org/doi/pdf/10.1063/1.5002039
https://edinburghsensors.com/news-and-events/perfect-environment-vertical-farming/
https://agricolamoderna.com/
https://agricolamoderna.com/
https://cea.cals.cornell.edu/
https://cea.cals.cornell.edu/
https://verticalfarmingplanet.com/vertical-farming-technology-how-does-it-work/
https://zipgrow.com/an-introduction-to-automatic-dosing-in-hydroponics/
https://zipgrow.com/an-introduction-to-automatic-dosing-in-hydroponics/
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year round, vertical farming practices rigorous sterilization and disinfection strategies. Sterilization can 

be accomplished using several methods however the most commonly used ones include (A) chemical 

disinfection, (B)UV-C sterilization, and (C)ozone sanitation.   

a. Chemical disinfection: Chemicals such as hypochlorite and hydrogen peroxide help to sterilize 

surfaces like floors, transporting equipment, and tools such as harvesting clippers, that if not 

cleaned can easily spread diseases from plant to plant. 

b. UV sterilization: Sterilization using UV emitting lights is a chemical-free technique for 

destroying various types of microorganisms, including bacteria, fungi, and viruses. This is one of 

the most effective methods of sterilization since it kills about 99.9% of all microbes in the treated 

area. Vertical farms most commonly use UV-C for sterilization. 

c. Ozone Sanitation: In this method, the ozone gas, which is ubiquitous in the atmosphere and on 

the ground, is utilized to clean the air in indoor farms. High levels of ozone gas have been proven 

effective at killing fungi and microorganisms. 

3. Recapturing water from moist: The average vertical farm that utilizes hydroponic, aeroponic, and 

aquaponic growing methods uses 95 percent less water . Additionally, many vertical farms reduce their 

water use by recapturing and recycling irrigation water. Plants generally lose most of the water they are 

provided with during the process of transpiration, and some vertical farms collect this water using 

dehumidifiers and air conditioning. After being filtered, and treated the captured water is reused in the 

production process. 

4. Lighting: In indoor farming, the natural light is replaced by artificial lighting, which serves as the crop’s 

sole source of illumination. The colour, intensity, and duration of light all have an impact on plant growth 

and yield. In vertical farming, a great deal of research goes into selecting the best performing light source 

since every stage of plant development has different lighting requirements. 

a. Fluorescent grow lights: fluorescent grow lights are typically used in vertical farming to grow 

leafy greens and vegetables. Light is produced by passing energy through a gas in a tube, and it can 

be divided into two categories: tubular grow lights and compact fluorescent lights. 

i. Tubular grow lights: In addition to their wide range of shapes, forms, and intensities, 

fluorescent lights also provide a wide range of colour temperatures from 2,700K to 10,000K. 

Moreover, they come in thin shapes, which allow them to be easily integrated into smaller 

spaces, and they have a long light life of between 12,000 and 20,000 hours. Despite this, 

fluorescent lights are expensive to repair, require a ballast, contain mercury, and gradually 

lose efficiency. 

ii. Compact fluorescent lights: Unlike traditional fluorescent lights, compact fluorescent 

lights (CFLs) produce less heat, are highly efficient, and do not require a ballast to function. 

Specifically designed for indoor farming, these lamps are also the cheapest of the three main 

lighting options used in vertical farming. Nevertheless, CFLs are characterized by low light 

intensity, which affects plant growth. Additionally, they contain small amounts of mercury, 

and their quality declines over time. 

b. HPS – High-Pressure Sodium Lights: The sodium lights, or HPS as they are commonly known, 

were developed for street lighting in the 1950s. They are a type of gas discharge light 

(HID). According to The Edison Tech Centre, an HPS lamp is composed of an aluminium oxide arc 

tube containing sodium, mercury, and xenon. In vertical farming, HPS grow lights are very popular 

since they emit mostly Red (45%) and green light (52%), both of which are essential to promote 

flowering and fruiting. In contrast, HPS grow lights lack blue light (3%), which could slow plant 

growth during the early stages of development and result in low yields. Additionally, HPS lights 

emit a lot of heat, contain mercury, and have a poor colour rendering index of 24, which makes the 

visual monitoring of the plants challenging. 

c. LED lighting: LEDs were first utilized for growing plants indoors by NASA and are rapidly 

becoming the first choice of lighting for many vertical farms across the globe. The Canadian vertical 

farm “Good Leaf” ditched its old lighting system in favour of an LED one. LED lamps produce light 

when an electric current passes through a semiconductor, which emits that light through 

the process of electroluminescence. A wide range of crops is grown indoors with LED lights, 

including leafy greens, tomatoes, and herbs. But why are LED lights so popular in vertical farming? 

https://www.led-professional.com/resources-1/articles/uv-led-technology-for-emerging-applications-in-agriculture
https://pipphorticulture.com/grow-room-sanitation/
https://www.uvtglobal.com/uv-c-disinfection-for-industry-sectors/vertical-farming/?v=79cba1185463
https://www.uvtglobal.com/uv-c-disinfection-for-industry-sectors/vertical-farming/?v=79cba1185463
https://verticalfarmingplanet.com/hydroponics-in-vertical-farming-what-is-it-and-how-it-works/
https://ifarm.fi/blog/2020/10/how-vertical-farming-helps-save-water#:~:text=Generally%2C%20vertical%20farming%20uses%2095%25%20less%20water%20than%20traditional%20farming.&text=To%20get%20such%20a%20yield,is%20almost%20three%20times%20less.
https://ifarm.fi/blog/2020/10/how-vertical-farming-helps-save-water#:~:text=Generally%2C%20vertical%20farming%20uses%2095%25%20less%20water%20than%20traditional%20farming.&text=To%20get%20such%20a%20yield,is%20almost%20three%20times%20less.
https://g2voptics.com/horticulture-lighting/
https://www.lrc.rpi.edu/programs/nlpip/lightinganswers/t8/05-t8-lamp-life.asp
https://g2voptics.com/horticulture-lighting/
https://www.epa.gov/cfl/what-are-connections-between-mercury-and-cfls#:~:text=CFLs%20contain%20very%20small%20amounts%20of%20mercury&text=On%20average%2C%20CFLs%20contain%20about,sealed%20within%20the%20glass%20tubing.&text=No%20mercury%20is%20released%20when,when%20a%20CFL%20is%20broken.
https://edisontechcenter.org/SodiumLamps.html
https://www.migrolight.com/grow-light-spectrum-explained/
https://www.blackdogled.com/blogs/education/what-is-cri-and-is-it-good-for-comparing-grow-lights
https://spinoff.nasa.gov/Spinoff2018/cg_7.html
https://www.greenhousecanada.com/goodleaf-chooses-signify-to-provide-led-lighting/
https://www.greenhousecanada.com/goodleaf-chooses-signify-to-provide-led-lighting/
https://www.energystar.gov/products/lighting_fans/light_bulbs/learn_about_led_bulbs
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There are a couple of reasons for this. Firstly, LED lights generate less heat than HPS grow lights, 

which allow growers to place them closer to their crops, maximizing space. Secondly, they have a 

long life because they rarely fail, however, their brightness gradually diminishes over time. A major 

advantage of LED lights is that they consume 85% less energy than traditional incandescent bulbs, 

thus reducing energy-related costs in vertical farming. 

 

5. Air control: 

a. CO2 enrichment: The ideal CO2 concentration for indoor farming is estimated to be around 1000 

parts per million, however, these levels can easily fall below 800 parts per million during ventilation 

and photosynthesis. Carbon dioxide is a crucial element for the photosynthesis process, and even 

the slightest variations in its concentration directly affect plant growth and productivity. It has been 

reported that CO2 enrichment promotes rapid plant growth and increases plant productivity. There 

are many different kinds of CO2 enrichment techniques available, ranging from traditional low-tech 

to high-tech sensor-based ones. 

b. CO2 gassing: This conventional technique produces CO2 by burning propane or natural gas using 

carbon dioxide burners. HVAC systems control the CO2 airflow, ensuring an even distribution of the 

gas into the growing area. 

c. Compressed CO2: This technique involves the transformation of compressed CO2 from its liquid 

state into its gas state and injecting the gas into the growing chamber over a time period. The gas 

pressure is reduced using a pressure regulator. 

6. Airflow: For plants to grow properly, a vertical farm must have constant airflow. The airflow in vertical 

systems movies the air through the filtering systems, reduces humidity, removes heat, and circulates CO2. 

The build-up of heat and humidity in the growing area makes it a perfect breeding ground for bacteria, 

fungi, and moulds, thus increasing the risk of infection. 

7. Air humidity: When cultivating plants indoors, humidity is a significant factor to consider, as it 

indicates the amount of water vapor in the air. Typically, most crops thrive when humidity levels are 

between 40% and 50%, and they struggle when they fluctuate. Low levels of humidity stunt plant growth 

and reduce the quality of produce, while high levels result in bolting, reduced yields, and quality. A very 

high level of humidity can lead to fungi growth, which could result in complete crop loss if not treated 

immediately. 

 

Water vapor is released when plants transpire and can build up in the growing environment of indoor 

farms, leading to increased humidity. Vertical farms rely on dehumidifiers and dehumidification systems 

to maintain their humidity levels in check. Dehumidification systems remove excess moisture from the 

https://genless.govt.nz/for-everyone/at-home/use-led-lighting/
https://www.sciencedirect.com/science/article/pii/S2588913318300061
https://www.sciencedirect.com/science/article/pii/S2588913318300061
https://www.nasa.gov/feature/goddard/2016/nasa-study-rising-carbon-dioxide-levels-will-help-and-hurt-crops
https://www.ecogrow.com/index.php?main_page=index&cPath=283_285
https://www.airthings.com/en/what-is-humidity
https://www.pthorticulture.com/en/training-center/how-does-humidity-influence-crop-quality/
https://www.dehumidifiercorp.com/vertical-farming-dehumidifiers/
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growing environment, in order to control its relative humidity and dew point. Moreover, Dutch researchers 

developed a dehumidification system that avoids excess evaporation into the air. By recycling their own 

water and natural humidity, vertical farms can conserve about 10% more water than traditional farming. 

9. Vertical Layout of Farms: Unlike outdoor agriculture, horizontal indoor farming involves planting 

crops in rows. Typically found in greenhouses, this type of arrangement occupies a lot of space. By contrast, 

in vertical systems, crops are planted in vertical tubes and are stacked on top of each other using vertical 

racks. Growing plants vertically gives farmers the ability to grow more crops in a smaller area, enabling 

them to maximize the available space and increase yield per square foot of land. Moreover, various 

technology companies are driving innovation in the field of vertical farming by building racks that use less 

space and maximize space. 

As an alternative to soil-based growing methods normally found in horizontal farming, vertical farms 

employ hydroponic, aquaponic, and aeroponic techniques. Plants are provided with physical support by 

growing media such as clay pellets, perlite, coconut coir, Rockwool, and oasis cubes. An efficient system of 

pipes, tubes, and pumps delivers water and nutrients directly to the roots of the plants. Moreover, this 

system also captures excess water and recirculates it again to the plants. 

Another growing method in vertical systems is aquaponics, which combines hydroponics with aquaculture 

to produce fresh plants and fish. In this method plants are grown in growing media and supplied with 

water and nutrients from the fish tank. This system also does not require fertilizers and fish waste is 

broken down by bacteria and dissolved into plant essential nutrients like nitrogen and phosphorus. 

 

10. Nurseries and Systems for Growing Seedlings: Traditional farming has always used plant 

nurseries to improve crop uniformity, shorten the growing season, and increase crop yields. Vertical farms 

often use plants nurseries to start seeds as well. Typically, the seeds are planted in Rockwool plugs, 

watered, and then placed in nursery rooms, which are equipped with LED grow lights and the climatic 

conditions are tailored according to the seeds’ needs. Seedlings are transplanted from the Rockwool plugs 

to the vertical racks once their roots reach the bottom of the plugs. 

Moreover, nurseries are in vertical systems allow growers to predict the harvest date of their crops more 

accurately and to dynamically maximize space as well. According to recent research, growing leafy greens 

like butterhead lettuce in nurseries with LED lights increases plant weight by about 56 grams compared 

to growing them in the sun. Nurseries also allow vertical farms to grow more than one type of crop at a 

time. 

However, transplanting crops from plant nurseries into the main growing systems comes with a few 

disadvantages as well such as increased labour costs, and possible transplant shock which can impede plant 

growth. Additionally, it is reported that plant roots often adhere to the growing medium, which can damage 

the root system. 

Reference 
1. https://verticalfarmingplanet.com/vertical-farming-technology-how-does-it-work/ 

2. Jump up to:a b c Terazono, Emiko (31 October 2020). "Vertical farming: hope or hype?". Financial Times. Retrieved 7 

November 2020. 

3. Jump up to:a b "Dickson Despommier | Columbia University Mailman School of Public Health". www.mailman.columbia.edu. 

Retrieved 4 November 2019. 

4. Jump up to:a b c d e f g Cooper, Arnie. "Going Up? Vertical Farming in High-Rises Raises Hopes". Pacific Standard. Retrieved 4 

November 2019. 

5. Jump up to:a b c d e f Benke, Kurt; Tomkins, Bruce (1 January 2017). "Future food-production systems: vertical farming and 

controlled-environment agriculture". Sustainability: Science, Practice and Policy. 13 (1): 13–

26. doi:10.1080/15487733.2017.1394054. 

6. Jump up to:a b "Indoor farming and outdoor farming average yield per acre worldwide 2015". Statista. Retrieved 7 

November 2019. 

https://www.smartfog.com/humidification-solution-greenhouses-vertical-farms.html
https://www.montel.com/en/solutions/mobile-vertical-grow-rack-systems
https://www.montel.com/en/solutions/mobile-vertical-grow-rack-systems
https://verticalfarmingplanet.com/hydroponics-in-vertical-farming-what-is-it-and-how-it-works/
https://verticalfarmingplanet.com/hydroponics-in-vertical-farming-what-is-it-and-how-it-works/
https://www.pondtrademag.com/aquaponics-explained-part-1-a-good-fit-for-pond-professionals/
https://www.pondtrademag.com/aquaponics-explained-part-1-a-good-fit-for-pond-professionals/
https://hortamericas.com/blog/news/the-impact-of-transplanting-times-light-exposure-on-hydroponic-crop-production/
https://www.producegrower.com/article/hydroponic-production-primer-utilizing-a-nursery-for-hydroponic-production/
https://www.producegrower.com/article/hydroponic-production-primer-utilizing-a-nursery-for-hydroponic-production/
https://verticalfarmingplanet.com/vertical-farming-technology-how-does-it-work/
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-Terazono_2-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-Terazono_2-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-Terazono_2-2
https://www.ft.com/content/0e3aafca-2170-4552-9ade-68177784446e
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:82_3-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:82_3-1
https://www.mailman.columbia.edu/people/our-faculty/ddd1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-2
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-3
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-4
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-5
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:62_4-6
https://psmag.com/environment/farming-in-high-rises-raises-hopes-3705
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-2
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-3
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-4
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:105_5-5
https://doi.org/10.1080%2F15487733.2017.1394054
https://doi.org/10.1080%2F15487733.2017.1394054
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1080%2F15487733.2017.1394054
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:9_6-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:9_6-1
https://www.statista.com/statistics/752128/average-yield-for-indoor-and-outdoor-farming-worldwide-by-crop-type/


 

 
Volume 04 - Issue 11 - November 2022       351 | P a g e  
 

7. Jump up to:a b Navarro, Laetitia M.; Pereira, Henrique M. (1 September 2012). "Rewilding Abandoned Landscapes in 

Europe". Ecosystems. 15 (6): 900–912. doi:10.1007/s10021-012-9558-7. ISSN 1435-0629. 

8. "Little Leaf Farms Banks a USD 300 Million Funding". iGrow News. iGrow News. Retrieved 14 August 2022. 

9. "Pure Harvest Smart Farm Nets a USD 180.5 Million Funding Round". iGrow News. iGrow News. Retrieved 14 August 2022. 

10. "PitchBook Data Show VC Backs Vertical Farming". iGrow News. iGrow News. Retrieved 14 August 2022. 

11. Jump up to:a b c Resh, Howard M. (19 April 2016). Hydroponic food production : a definitive guidebook for the advanced home 

gardener and the commercial hydroponic grower (Seventh ed.). Boca Raton, FL. ISBN 9781439878699. OCLC 823654700. 

12. Lages Barbosa, Guilherme; Almeida Gadelha, Francisca Daiane; Kublik, Natalya; Proctor, Alan; Reichelm, Lucas; Weissinger, 

Emily; Wohlleb, Gregory M.; Halden, Rolf U. (June 2015). "Comparison of Land, Water, and Energy Requirements of Lettuce 

Grown Using Hydroponic vs. Conventional Agricultural Methods". International Journal of Environmental Research and 

Public Health. 12 (6): 6879–6891. doi:10.3390/ijerph120606879. ISSN 1661-7827. PMC 4483736. PMID 26086708. 

13. Jump up to:a b c d Kledal, Paul Rye (2018). Hai, Faisal I.; Visvanathan, Chettiyappan; Boopathy, Ramaraj (eds.). Sustainable 

Aquaculture. Applied Environmental Science and Engineering for a Sustainable Future. Springer International Publishing. 

pp. 173–190. ISBN 9783319732565. 

14. "Progressive Plant Growing Has Business Blooming" (PDF). NASA Spinoff: 64–67. 2016. 

15. Jump up to:a b c d e Mytton-Mills, Helen (2018), "Reimagining Resources to Build Smart Futures: An Agritech Case Study of 

Aeroponics", in Dastbaz, Mohammad; Naudé, Wim; Manoochehri, Jamileh (eds.), Smart Futures, Challenges of Urbanisation, 

and Social Sustainability, Springer International Publishing, pp. 169–191, doi:10.1007/978-3-319-74549-

7_10, ISBN 9783319745497 

16. Jump up to:a b c Jensen, Merle (1 June 2002). "Controlled environment agriculture in deserts, tropics and temperate regions - A 

world review". Acta Horticulturae. 578 (578): 19–25. doi:10.17660/ActaHortic.2002.578.1. 

17. "Сергей Собянин: В Москве появился уникальный агрокомплекс". Mos.ru (in Russian). 14 November 2019. Retrieved 31 

May 2020. 

18. Jump up to:a b Said-Moorhouse, Lauren (29 May 2012). "'Vertical farm' blossoms at meatpacking plant". CNN. Retrieved 31 

October 2019. 

19. Jump up to:a b c d Lloyd, Matt (2 December 2018). "Old coal mines 'perfect' food farms". Retrieved 4 November 2019. 

20. "Saffa Riffat - The University of Nottingham". www.nottingham.ac.uk. Retrieved 4 November 2019. 

21. Grossman, David (3 December 2018). "Abandoned Coal Mines Could Be Future of Farming". Popular Mechanics. Retrieved 8 

November 2019. 

22. "Growing Up: Skyscraper Farms Seen as a Way to Produce Food Locally--And Cut Greenhouse Emissions". Scientific American. 

Retrieved 4 November 2019. 

23. "This incredible vertical farm skyscraper could feed an entire town". Independent.co.uk. 26 April 2017. 

24. "This incredible vertical farm skyscraper could feed an entire town". Business Insider. 

25. "Vertical Farms Grow Food by Growing Up, Not Out". 14 August 2008. Archived from the original on 14 August 2008. 

Retrieved 8 November 2019. 

  

https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:122_7-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:122_7-1
https://doi.org/10.1007%2Fs10021-012-9558-7
https://doi.org/10.1007%2Fs10021-012-9558-7
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs10021-012-9558-7
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1435-0629
https://igrownews.com/little-leaf-farms-banks-a-usd-300-million-funding/
https://igrownews.com/pure-harvest-smart-farm-nets-a-usd-180-5-million-funding-round/
https://igrownews.com/pitchbook-data-show-vc-backs-vertical-farming/
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:02_11-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:02_11-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:02_11-2
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9781439878699
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://www.worldcat.org/oclc/823654700
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483736
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483736
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3390%2Fijerph120606879
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://www.worldcat.org/issn/1661-7827
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4483736
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/26086708
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:3_13-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:3_13-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:3_13-2
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:3_13-3
https://www.springer.com/us/book/9783319732565
https://www.springer.com/us/book/9783319732565
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9783319732565
https://www.nasa.gov/pdf/164449main_spinoff_06.pdf
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:2_15-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:2_15-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:2_15-2
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:2_15-3
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:2_15-4
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2F978-3-319-74549-7_10
https://doi.org/10.1007%2F978-3-319-74549-7_10
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9783319745497
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:7_16-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:7_16-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:7_16-2
https://www.researchgate.net/publication/267951457
https://www.researchgate.net/publication/267951457
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.17660%2FActaHortic.2002.578.1
https://www.mos.ru/mayor/themes/7299/6082050/
https://en.wikipedia.org/wiki/Mos.ru
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:212_18-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:212_18-1
http://www.cnn.com/2012/05/29/us/plant-chicago-eco-farm/index.html
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:4_19-0
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:4_19-1
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:4_19-2
https://en.wikipedia.org/wiki/Vertical_farming#cite_ref-:4_19-3
https://www.bbc.com/news/uk-wales-46221656
https://www.popularmechanics.com/technology/infrastructure/a25379774/abandoned-coal-mines-could-be-future-of-farming/
https://www.scientificamerican.com/article/earth-talks-skyscraper-farms/
https://www.independent.co.uk/news/world/africa/incredible-vertical-farm-skyscraper-could-feed-entire-town-a7703421.html
https://en.wikipedia.org/wiki/Independent.co.uk
https://www.businessinsider.com/mashambas-vertical-farm-skyscraper-evolo-competition-2017-4
https://en.wikipedia.org/wiki/Business_Insider
https://web.archive.org/web/20080814122514/http:/www.america.gov/st/foraid-english/2008/July/20080630192325AKllennoCcM0.5946161.html
https://www.america.gov/st/foraid-english/2008/July/20080630192325AKllennoCcM0.5946161.html


 

 
Volume 04 - Issue 11 - November 2022       352 | P a g e  
 

Variegation: Adding Colours to the Life of Plants 
Article ID: 38520 
Ashirbad Singh1 

1Master in Agri-Business Management, Utkal University. 

 

 
 

Abstract 
The usual leaf colour of variegated plants is green with white stripes. The cells in the green sectors have 

chloroplasts that appear to be functioning normally, while the cells in the white sectors lack pigments and 

seem to be halted in different phases of chloroplast biogenesis. Mutations in the mitochondrial, chloroplast, 

or nuclear genes can result in variations. The genotypes of the green and white sectors differ amongst 

different plants, whereas in other plants they share a single (mutant) genotype. 

Keyword- Variegation, mutation, chloroplast 

Variegation in plants refers to the presence of distinct colour zones on leaves, stems, fruit, or flowers. A 

variegated plant would therefore appear multi-tonal or two-toned. 

A plant's variegated areas can take the form of stripes, dots, circles, borders, and other patterns. Some 

plants have distinct variegated parts, while others may have their variegations merge slightly across 

sections, appearing more subdued, or completely take over the look of the leaf. 

Any plant that develops patches of various colours in its vegetative sections is said to be a variegation 

mutant. In some of the more prevalent variations, the plant's ordinarily green tissues and organs include 

sections that are white (or yellow) and green. Cells in the white (or yellow) sectors have plastids that are 

lacking in chlorophyll and/or carotenoid pigments, while cells in the green sectors normally have 

chloroplasts that appear to be normal. These plastids usually lack organised internal membrane structures 

and/or have only primitive lamellae, suggesting that they have beenphotooxidized or inhibited at different 

stages of chloroplast formation. 

 
Fig 1. Calathea lietzei ‘White Fusion 

Based on the genotypes of the white and green sectors, there are two main types of variegation. Gene 

mutations in the mitochondrial, plastid, or nuclear genome can result in these kinds of variegations. The 

first shows cells with wild-type (WT) genotypes in the green sectors and mutant genotypes in the white 

sectors. 

In the second major type of variegation, the mutant cells all have the same mutant genotype, but only some 

of them express the mutant phenotype (white sectors). These kinds of variations are frequently brought on 

by nuclear recessive genes. 

A variegated plant's name will reveal whether it is a cultivar. The plant is a naturally occurring species if 

the second half of its Latin name contains the word variegata (lowercase, italics). The word "Variegata" 

(uppercase V, single quotation marks) in the plant's name denotes that it is a cultivar. 

The natural variegation we see in many indoor plants today is the result of breeding. Natural patterning 

is accentuated and manipulated by growers, through selection and hybrid creation. The results are 

‘cultivars’, not native plants as they would appear in the wild. 



 

 
Volume 04 - Issue 11 - November 2022       353 | P a g e  
 

What Causes Variegation? 
The absence of chlorophyll (the green pigment) in some plant cells is the root cause of variegation. 

Variegation still happens in plants whose main colour is not green because some of the plant cells lack 

pigment. Other prominent pigments like carotenoids, which are typically yellow to orange in colour, and 

anthocyanins, which are red to purple, may also be present in these plants. This has some incredible effects! 

Rarely can variation arise naturally the majority of plants with variegations you encounter in nurseries 

and garden centres have been chosen for their individuality and beauty. This is due to the fact that a plant's 

variegation isn't very useful in the wild because it has less energy because it lacks chlorophyll (and plants 

need the energy to convert carbon dioxide and water into glucose). 

There are numerous ways in which variations might develop. A few variations are not heritable; they are 

caused by outside factors. For example, preferential shade, disease invasion, and nutritional deficits can 

all result in chlorotic leaf sections. On the other side, heritable variations are caused by mutations in 

nuclear, plastid, and/or mitochondrial genes that prevent plastids from accumulating photosynthetic 

pigments, either directly or indirectly, leading to regions of the plant with cells that have white or yellow 

plastids. Occasionally, but not usually, the abnormal plastids are considered "permanently faulty." 

Types of Variegation 
1. Chimeral Variegation: The most prevalent type of variegation is chimaera. In this kind of variegation, 

which is brought on by a genetic mutation, a single plant has two different chromosomal make-ups, with 

one tissue able to synthesise chlorophyll and the other not. As a result, a plant with white or yellow zones 

mixed in with the solid green form is produced; this type of plant is known as a chimaera. 

 
Fig 2. Monstera deliciosa ‘Variegata’ 

2. Pattern-Gene Variegation: Some plants with variegation, also known as pigmented or natural 

patterning, aren't even mutants at all but rather have naturally occurring patterns. This pattern can be 

seen in some of our favourite indoor variegated plants, and fortunately, unlike chimaera, this sort of 

variegation is encoded in the species' or cultivar's dna and passed on from parent to child. 

 
Fig 3. Calathea sp 
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While a species may naturally exhibit some degree of variegation, producers frequently choose for 

patterning and develop hybrids to emphasise and manipulate this. The outcome is a plant variation known 

as a cultivar, which was developed through selective breeding and cultivated. 

3. Blister or reflective variegation: Blister variegation or reflected variegation are two further types of 

variegation that are frequently observed in our favourite houseplants. In this kind of plant, the lowest 

layers of the leaves, which are coloured, and the upper, which are not pigmented, generate tiny air spaces. 

These transparent spaces reflect light as it strikes them, giving the leaves a silvery look. However, this 

kind of variegation doesn't always appear symmetrically; for instance, blister variegation is also responsible 

for the sporadic spots on the leaves of scindapsus pictus (also known as satin pothos, 

We find reflecting variegation to be particularly appealing when it appears along the leaf veins. This is 

frequently observed in aroid plants like philodendrons, alocasias, and anthuriums. For instance, the leaf 

veins of philodendron gloriosum, alocasia frydek, and anthurium clarinervium all exhibit reflective/blister 

variegation. 

 
Fig 4. Anthurium clarinervium 

3. Viral variegation: Some variegated leaves, like the mosaic virus, are genuinely brought on by viruses. 

Even though it's not very frequent, a virus can occasionally cause a desirable variegation that can be passed 

on to others. Even though they are not intended for indoor use, several hosta cultivars can exhibit this 

particular viral variegation. 

 
Fig 5. Viral variegation 

4. Chemical variegation: To temporarily alter the colour expression of leaves, plant manufacturers can 

use chemicals and dyes. For instance, producers of the Pink Congo Philodendron fed the plant a chemical 

to temporarily stop it from producing chlorophyll, resulting in pink leaves. However, the chemical only 

lasted for 6 to 12 months before the leaves returned to their original green. The Pink Congo Philodendron 

caused quite a stir among gardeners. These expensive plants with lovely pink colours were offered without 

mentioning that the variegation was artificial and temporary. 



 

 
Volume 04 - Issue 11 - November 2022       355 | P a g e  
 

 
Fig 6. Pink congo philodendron 
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Introduction 
The United States launched its first earth observation satellite in July 1972. This satellite's original name 

was Earth Resources Technology Satellite-1 (ERTS-1), which it retained until January 1975, when 

Landsat-1 became its new designation. Three return beam vidicon (RBV) television cameras and a four 

waveband multi-spectral scanning system (MSS) in the visible and near-infrared spectral regions were 

mounted on this first earth observation satellite. This sensor made history by demonstrating how crucial 

it was in establishing remote sensing as a crucial environmental method. Since the first launch of this 

satellite, remote sensing has become a more common method of gathering data on environmental processes 

like crop production, land cover and vegetation dynamics, water quality, urbanization, seabed topography, 

etc. 

In remote sensing, the information about any object or area is obtained with the help of electromagnetic 

radiation (light) without being in close proximity with that object or area. It is a type of remote sensing 

when farmers or ranchers look at their pastures or fields to judge their condition without touching them 

directly. The state of a plant can be assessed by looking at its leaves’ colours or general appearance. From 

a vantage point far above the field, remotely sensed images captured by satellites and aircraft offer a way 

to evaluate field conditions without actually touching them. Therefore, it is a day-to-day business for 

human beings. Reading the newspaper, observing the automobiles in front of you as they drive, and 

focusing on a lecturer during class are all examples of remote sensing activities performed by the human 

eye. Human eyes detect the solar light reflected by these things, and your brains decipher the colors, shades 

of gray, and changes in intensity. These data are then converted into information that is helpful. The 

human eye can only see a small portion of the electromagnetic spectrum, from around 400 to 700 nm. 

Remote sensing employs a variety of tools and devices to make electromagnetic radiation visible to the 

human eye that is not visible to the naked eye, particularly near infrared, middle infrared, thermal 

infrared, and microwaves. Remote sensing is now used extensively in many environmental disciplines, 

including geography, geology, zoology, agriculture, forestry, botany, meteorology, oceanography, and civil 

engineering.  

In the field of agronomical research, remote sensing has several advantages. An important insight into the 

agronomic factors has come from the evaluation of crop canopies in agriculture. Remote sensing is 

important in crop classification, crop monitoring, and yield estimation. Because agronomical research is 

highly vulnerable to variations in soil, climate, and other physicochemical changes, the use of remote 

sensing is required. Precision agriculture uses remote sensing to track crop development and detect water 

or nutrient deficits. Remote sensing is used to collect information required for forest maintenance and to 

monitor nature reserves. 

Components of Remote Sensing 
In a broad sense, "remote sensing," sometimes known as "earth observation," refers to the equipment, 

methods, and processes used to sense or view the earth's surface, typically by forming an image in a position 

that is stationary or mobile and some distance away from that surface. In case of earth observation, 

electromagnetic radiation is emitted from the earth’s surface, which is being measured and converted into 

information related to the earth’s surface or into some processes related to it, under remote sensing.  

The components relevant in the former measurement phase (depicted in Fig.1) are: 

a. Electromagnetic radiation source 
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b. Atmospheric path 

c. Interaction with object 

d. Sensor recording the radiation. 

The second phase involves the following components: 

a. Transmittance, receptance and pre-processing of the radiation recorded 

b. Remote sensing data interpretation and analysis 

c. Final product creation. 

 
Figure 1. Depiction of the process of remote sensing 

What are the Applications of Remote Sensing in Agriculture? 
Remote sensing has the advantage of providing repeated information without destroying the crop, which 

can be used to provide valuable information for precision agricultural applications. Remote sensing is a 

low-cost option for collecting data over large geographic areas. Satellite remote sensing is primarily used 

in India for crop acreage and crop production estimation.  

1. Vegetation cover monitoring: In the areas of crop classification, crop acreage calculation, and yield 

evaluation, the science of remote sensing is extremely important. It reduces the amount of field data that 

must be collected while increasing the precision of estimates. In terms of crop health and produce, some 

remote sensing techniques are more focused on physical parameters of the crop system, such as nutrient 

stress and water availability. Other researchers, meanwhile, are concentrating on synoptic perspectives of 

regional crop condition using remote sensing indices. SAVI (Soil Adjusted Vegetation Index) is an example 

of a vegetation index that limits the influence of soil on remotely sensed vegetation data. Indexes used for 

mapping and monitoring drought and assessing vegetation health and productivity include the normalized 

difference vegetation index (NDVI), vegetation condition index (VCI), leaf area index (LAI), General Yield 

Unified Reference Index (GYURI), and Temperature Crop Index (TCI). By offering timely spectral data 

that can be utilized to evaluate the bio-physical indicators of plant health, remote sensing can play a 

significant role in agriculture. 

2. Status of nutrients and water: Utilizing remote sensing and GIS to identify nutritional constraints 

enables us to regulate nutrients at specific sites, lowering cultivation costs and improving crop fertilizer 
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use efficiency. By minimizing runoff and percolation losses, drip irrigation in combination with data from 

remotely sensed sources, such as difference in canopy air temperature, can increase the water use 

efficiency. Bandara (2003) evaluated the effectiveness of three sizable irrigation projects in Sri Lanka using 

NOAA satellite data. In this investigation, irrigation efficiency was determined by comparing remote 

sensing estimations of crop water use to actual water availability. A soil moisture and temperature map 

for India was created by employing a high-resolution land data assimilation system (HRLDAS) as a 

computing tool, with the goal of providing soil moisture and temperature at 1 km spatial resolution in near 

real-time (few hours' latency) at four soil depths and vegetation root zones. 

3. Evapo-transpiration in crops: Estimating crop evapo-transpiration helps in the assessment of 

irrigation scheduling, computations of water and energy balance, in meteorological and climatological 

purposes. Various vegetation indexes like crop water stress index (CWSI), surface temperature (ST), water 

deficit index (WDI), stress index (SI) can be used to describe the relationship between crop water stress 

and thermal properties of plants. When land surface temperatures (LST) are correlated with the vegetation 

index, it can be helpful in detecting the agricultural drought in a region and will be able to provide early 

warning systems to the farmers. 

4. Identification and management of weeds: Remote sensing technology provides a means for 

identifying weeds in crop stands based on differences in spectral reflectance properties between weeds and 

crop. It also aids in the development of weed maps in the field so that site specific and need based herbicides 

can be applied for weed management. Geographic information systems (GIS) can be used to create weed 

prescription maps, based on which farmers can be recommended to conduct preventive control measures. 

5. Infestation of pests and diseases: Remote sensing methodologies must be refined in order to identify 

insect breeding grounds and develop strategies to prevent their spread and implement effective control 

measures. In assessing and monitoring insect defoliation, the remote sensing approach has been used to 

relate differences in spectral responses to chlorosis, yellowing of leaves, and foliage reduction over a given 

time period, assuming that these differences can be correlated, classified, and interpreted. 

There are various other areas where remote sensing is useful, which includes forecasting crop yields, site 

specific nutrient management under precision agriculture, forecasting weather conditions, etc. 

Conclusion 
For managing the agricultural production system in a sustainable way, it is important to analyse all the 

factors influencing the agricultural crop production on the basis of spatio-temporal scales. Remote sensing 

offers a good approach in agricultural production, in combination with geographical information system 

(GIS) and global positioning system (GPS), by estimation of crop acreage, monitoring crop growth, 

estimation of soil moisture, evaluating soil fertility, etc. 

Reference 
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Abstract 
The post-harvest value chain in Indian Agriculture remains long and the farmers often do not get a fair 

share of the value. This includes losses, owing both to post harvest operations (in food crops) during 

harvesting, threshing, drying etc. and once harvesting is over, losses that occur due to several other 

reasons: poor storage facilities, transportation problems, defective packaging, legacy marketing practices, 

flawed policies etc. Some of it may be due to lack of awareness and some due to unavailability of 

infrastructure to manage post-harvest activities efficiently. Fair and remunerative prices of crop produce 

benefit all farmers, including tenants and sharecroppers, who constitute a large majority of Indian 

smallholder farmers, in a big way. Use of better grading, storage, transportation and packing is the key to 

reducing these inefficiencies. It is thus imperative to facilitate the farmers for utilizing these improved 

facilities to enhance incomes and margins, from either the same crop or by diversifying to other crops which 

are more profitable. Modern solutions include ‘geo-tagging’ of agri-warehousing, cold storage, linking the 

‘GPS coordinates and data are planned to be uploaded to a mobile app, which can be used by the farmers 

to locate the nearest warehouses and store their produce, reducing the risk of wastage, with a touch of 

‘artificial intelligence’ to it will do miracles. Further we require an open access, data-science-based mobile 

application, using machine learning and physics-based food modeling, which will enable smallholders to 

access sustainable cooling facilities through the servitization business model, and to benefit from available 

data and market information to optimize decisions on produce and farm management. Key steps in making 

it successful are 1. Identify smallholder farmers that currently do not have access to cooling facilities and 

have the largest potential to adopt and implement our solution. 2. Predict the current quality of the stored 

food. 3. Forecast remaining postharvest life for the current cold storage conditions. 4. Use predictive market 

analytics to inform farmers about the optimal time to sell. 5. Provide cold chain control of the facility to 

maximize energy efficiency as post-harvest management of crops plays a crucial role in both value 

generation as well as value distribution along crop value chains, by mitigating post-harvest losses. 

Keywords: Post-harvest, inefficiencies, diversifying, geo-tagging and artificial intelligence. 
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Anemia is a serious global public health problem that particularly affects young children and pregnant 

women. World Health Organization (WHO) estimates that 42% of children less than 5 years of age and 40% 

of pregnant women worldwide are suffering from anemia. The African and Eastern Mediterranean regions 

and Southeast Asian countries carry a high burden of anemia among WRA. India is one of the countries 

with a very high prevalence of anemia in the world. 

According to WHO estimates (2021), anemia affects 53% of women of reproductive age (15-49) in India. 

According to NHFS-5 data (2019-2021), 67.1% of the children (6-59 months), 57.2% of the non-pregnant 

women (15-49 years), 52.2% of pregnant women (15-49 years), 57.0% of all women (15-49 years), and 59.1% 

of all women age 15-19 years are suffering from anemia, while in Telangana state, 70% of the children (6-

59 months), 57.8% of non-pregnant women (15-49 years), 53.2% of pregnant women (15-49 years), 57.6% of 

all women (15-49 years), and 64.7% of all women age 15-19 years are suffering from anemia.  

Anemia is more common in women of reproductive age (WRA) with low socio-economic status, who are 

underweight, or who have recently given birth. The prevalence of iron deficiency anaemia is highest among 

low and middle-income countries. The major approaches followed globally to control or prevent iron 

deficiency anaemia (IDA) are supplementation with iron and folic acid tablets, fortification and natural 

food-based approaches. In India, rice and wheat are the major staple foods, which have replaced the 

traditional nutritious foods such as millets. Milled, refined rice and wheat are abundant in starch but lack 

other micro-nutrients such as zinc and iron. 

Animal sources are rich in iron content and well known for their high bioavailability. However, the 

vegetarian population requires alternate plant sources that are rich in iron content and bioavailability or 

absorbable iron to tackle iron deficiency anemia. Millets are rich in health-promoting nutrients and 

nonnutritive phytochemicals. The dietary fibre content of millets is higher than that of staple cereals. They 

are also a good source of essential minerals, such as calcium, iron, zinc, and B-complex vitamins. Millets 

are a great solution for increasing dietary iron density. Millets, including sorghum, rich in iron and millets, 

are a traditional staple in many of these countries. Many studies have revealed that regular consumption 

of millets can improve haemoglobin and serum ferritin levels, thereby reducing iron-deficiency anemia. 

Iron Requirements for the Body 
Age group Category of work Body weight Iron (mg/d) Zinc (mg/d) 

Men  Sedentary 65 19 17 

Moderate  

Heavy  

Women Sedentary 55 29 13.2 

Moderate  

Heavy  

Pregnant women   27 14.5 

Lactation   23 14.1 

infants 6-12 months 8.5 3 2.5 

Children  1-3y 12.9 8 3.3 

4-6y 18.3 11 4.5 

7-9y 25.3 15 5.9 

Boys  10-12y 34.9 16 8.5 
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Girls  10-12y 36.4 28 8.5 

Boys  13-15y 50.5 22 14.3 

Girls  13-15y 49.6 30 12.8 

Boys  16-18y 64.4 26 17.6 

Girls  16-18y 55.7 32 14.2 

Source: RDA for Indians, ICMR, NIN – 2020. 

Iron and Zinc Values in Millets (100g) 
Millets Nutrients 

Iron (mg) Zinc (mg) 

Bajra (Pearl Millet) 6.42±1.04 2.76±0.36 

Sorghum (Jowar) 3.95±0.94 1.96±0.31 

Finger Millet (Ragi) 4.62±0.36 2.53±0.51 

Little Millet (Panicum miliare) 1.26± 0.44 1.82±0.14 

Kodo Millet (Setaria italica) 2.34 ± 0.46 0.7 

Source: Indian Food Composition Tables, NIN – 2017 

Millets are not only good since they are nutritious and healthy, but also good for the planet because they 

are environmentally sustainable and good for farmers since they are resilient and climate-smart. Therefore, 

there is a need to diversify the staple diet by including naturally iron-rich foods such as millets in the diet 

to reduce the incidence of anemia. 
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Abstract / Summary 
One of the most significant sub-temperate fruits, Asian pears (Pyrus pyrifolia L.), are mostly grown on the 

plateau and hill regions of eastern and north eastern India, as well as the foothills of the Himalayas. To 

achieve the maximum production single spray of thiourea (3-5.0%), pruning of new shoots up to 50% level 

and irrigation of 32 lit/week after fruit set resulting in increases in fruit set % and yield (70.0 kg/plant of 

14.0 years old). Additionally, applying and Boron (0.2 %) and Putrescence (0.1 %) to Asian pears of the cv. 

Netrahat Selection in Ranchi, Jharkhand improves the fruit quality by minimizing russets on the skin of 

fruits. 

Keywords:  Asian Pears, Pruning, Thiourea, Putrescence, Boron, Flowering, and Yield. 

Introduction 
The pear is ranked 2nd in the world after the apple as the most important temperate tree fruit. About 72% 

of all commercially cultivated species of the genus Pyrus are native to Asia. The United States 

accommodates about 1,500 clones, of which 40% are varieties of Asian pears. Overall, world pear production 

reached 195 million metric tons in 2005. According to FAO (2012), it has been indicated that India’s pear 

production is about 340.000 tons from the area of about 38500 ha Japanese pear (P. pyrifolia) despite large 

production of only three varieties, 'Kousui', 'Housui', and 'Nijisseiki' 290 thousand Tons produced. China 

produced more Asian pears than any other country in the world (USDA, 2004), with an annual output of 

about 8 million tons. The area under pear is rapidly increasing in north India including the northeastern 

hilly region and eastern plateau and hill region and the Nilgiri hills. Pears in Punjab have an area of 2147 

hectares with an annual production of 42940 tons. The new promise is likely to further expand the area 

under pears, with the introduction of semi-soft pear cultivation.  The hybrid Le Contee and Kieffer plays 

an important role in the production of lowland pear growing in India. Although 23 K ha is cultivated in 

pears in India and 200 K tons is produced as per FAO report 2005. Patharnakh has become the commercial 

fruit crop of Punjab. In Kodaikanal, TN now, the total area under pear cultivation has been expanded to 

780 hectares, mostly at Shenbaganur, Prakasapuram, Pallangi, Vilpatti and Kodaikanal block in adjoining 

areas. More farmers are tempted to adopt advanced techniques in the cultivation of Asian pears in this 

region with good returns. North Eastern Hill States, Eastern Plateau and Hilly Region and U.P are the 

suitable place to grow Asian pear.  The Asian pear is cultivated in the hills nowadays. 

Nutritional Importance of Asian Pears 
Asian pears have essential nutrients for the maintenance of good health, such as folate, potassium, 

magnesium and vitamin C and vitamin K. Health benefits include the prevention of diabetes, heart disease, 

birth defects, cancer and the immune system, improved bone health and healthier hair. Asian pears are a 

good source of vitamin C and stimulate white blood cell production which helps to ward off conditions like 

flu, cold and other illnesses. Dormancy is always associated with the common occurrence of temperate crops 

like the Asian pear at low environmental temperatures where there is cessation of growth and buds covered 

with many bracts. Induction refers to the dormancy period of temperate fruit flowering plants (such as the 

Asian pear) by initiating biological activities at least in dormant plant cells. Many biochemical and plant 

growth regulators have their own methods of application to the Asian pear for induction of flowering when 

plants have grown out of their natural place. Cultivation is done in and around Netarhat hills in 

Jharkhand. Low chill Asian pears can be cultivated successfully in low-lying areas of Ranchi, Gumla and 

Lohardaga. Winter temperatures in these regions are not high enough to meet the pear's cold need for 

flowering. Therefore, most pear gardens are not found productive even after the plants have matured. 
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Various growth regulators such as Ca, hydrogen peroxide and thio-urea have been attempted as a 

supplement to the winter season flowering in different warm regions with the need for cooling. GA3 (250 

ppm) at high doses was recorded in the pear cultivar Li-Contee in Egypt. The hydrogen peroxide content 

increased and peaked in late dormancy when the endo-dormancy was broken. Most effective for breaking 

down the rest of the harvested apples, Japanese plums, peaches and apricots are thio-urea (1.5 percent). 

Thio-urea (2%) induced flowering in a twenty-year-old Asian pear cv. Patharnakh in India. Utilization of 

the growth retardant SAADH by bond cleavage and inhibiting C-ethylene synthesis in the damaged cell 

caused flowering to occur. 

Cultivation of Asian Pears in Eastern India 
Pear is cultivated in Jharkhand in and around the Netarhat hills. Low chilling pear cultivation can be done 

successfully in low-lying areas of Ranchi, Gumla and Lohardaga. Winter temperatures are not high enough 

to meet the pear's cooling requirement for flowering in these regions. Therefore, most pear orchards remain 

unproductive even after the plants attaining maturity. Various growth regulators, such as GA3, hydrogen 

peroxide and thio-urea, are required for flowering during the winter season in different warm regions. 

Dormancy is always associated with low environmental temperatures, where growth cessation and buds 

covered with many imperfections are common occurrences in temperate crops like the Asian pear. 

Flowering harvests of temperate fruits are meant to shorten the dormant period of plants (such as the 

Asian pear) to initiate biological activity in dormant plant cells. When plants are grown from their natural 

location, there are many biochemical and plant growth regulators to include flowering and their application 

methods to the Asian pear. Fruit production of Asian pear (Pyrus spp.) trees is increased by the use of plant 

growth regulators through bud breaking and flowering of plants grown in subtropical to tropical areas. The 

effective growth regulators are Hydrogen Cyanamide, Thioureas, KNO3, H2O2, GA3 and GA4 and GA7. 

These plant growth regulators (PGRs) may be used singly or in combinations. In cell PGRs produce 

superoxide ions that alter protein structure by phosphorylation which may cause higher C:N ratio resulting 

in heavy flowering (Jana, 2015). In Asian pear, the recommended dose of Dormex was 2-4% (Griesbach, 

200,7 Jana ,2015). Klinac et al., (1999) investigated that the onset of flowering and shoot extension were 

advanced in cultivar Shinseiki and Nijiseiki when the application rate was 3.0% A.I. Most responses were 

found according to application time, particular dose, cultivar and age of the tree and the dose may vary. 

Technology Related to Intercultural Operations, which are Critical for Maximum 

Production of Quality Asian Pears 
1. One year old shoots are cut from the apical end by 50% and allow dormant spur to grow for the next year 

(Fig-1). 

2. Spraying 3-5 % of Thiourea at dormancy stage only when the temperature rises above the minimum 

temperature constantly (End of January to First week of Feb.) enhances flowering (Fig-2). 

3. Irrigation of 32 liters/week/plant after flowering and fruit   increases no of fruit/spur (Fig-3). 

4. Spraying of Copper sulfate (CuSO4) @ 0.1% and GA3 20.0 ppm spray after 45 days of fruit set enhances 

the quality of fruits (size).  

5. Spraying of   Boron (0.2%) and Putrescence (0.1%) at the peanut stage effectively reduces the russet in 

Asian pear (Fig-4). 

Economics 
Table-1: Calculation of benefits from Asian pear farming with new technology: 

Sl. No. Yield/plant Yield/plant Cost/plant 

(INR) 

Price (Farm Gate: 

INR 20.0/kg) 

Income/plant 

Net Income 

(INR)/ plant  

1. No treatments 14.0 125.00 280.00 155.00 

2. Treated Plants* 70.0 175.00 1400.00 1225.00 

*Pruning + Thiourea + Irrigation + Copper sulphate and GA3+ Boron (0.2%) and Putrescence (0.1%). 

From the yield obtained and expenditure involved the new technology comprising of *Pruning + Thiourea 

+ Irrigation + Copper sulphate and GA3+ Boron (0.2%) and Putrescence (0.1%) paved the way for maximum 

benefits that farmers should be taken care off and practice in the orchard production system. Net extra 
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profit from treatments is INR 1070.00 /plant (INR 1225.00-INR155.00) in an adult bearing orchard (>9.0 

years) (table-1). 

Conclusion 
Asian pears require less than >250 hr chilling hours for flowering. The orchards remain unproductive even 

after plants mature under subtropical conditions.  Pruning and thiourea spraying, followed by irrigation, 

copper sulphate application, and GA3 application, are required to assure stable yield. Additionally, by 

lowering resetting, the use of boron and putrescence improves the look and appearance of the fruits. 

 
Fig-1: 50.0 % pruning of new Shoots Fig-2: Flowering of Asian Pear 

 
Fig-3: Fruit Set % Fig-4: Fruit obtained from spraying of   Boron (0.2 %) and Putrescence (0.1 

%) at the peanut stage 
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Introduction 
Black Aromatic Rice (Chak-hao): Black rice, also known as purple rice, emperor’s rice, or forbidden 

rice, is a range of rice types of Oryza sativa. Black rice gets its dark purple colour from the pigment 

anthocyanin, which has antioxidant properties. Oryza sativa is the cultivated form of wild rice. It comes in 

various colours like red, white, brown, and black. The reason for these colours is different types of pigments 

in the grain’s outer layer.Black rice has been part of Asian traditional food since ancient times. It is 

considered royal food in many Asian cultures. However, according to historical evidence, it first appeared 

in Chinese culture and eventually got a place in many Asian cultures. Depending upon its growth, black 

rice has different tastes in different regions. But usually, they are slightly nutty in flavour, more like brown 

rice. 

Black Aromatic Rice locally named as Chak-hao in Manipur is well known for its attractive colour and 

aromatic flavour and considered as one of the richest sources of anthocyanin found among food grain 

product apart from its optimal content of vitamins, minerals, fibre, proteins, and many othe nutrients. 

The uniqueness of the black aromatic rice of Manipur is, its pleasant aroma coupled with stickiness which 

is not common in other black rice grown in other parts of the world. Having realised the inherent unique 

properties, a good scope for commercial cultivation and value addition of its products for a profitable agro-

business have already been envisioned with its gaining importance and demands from around the globe.It 

is considered to be rice variety with a higher vitamin and mineral content than both white and brown rice. 

Black aromatic rice owes its colour to powerful natural black colouring pigments called anthocyanins which 

boast an impressive antioxidant activity adding to the health benefits of this rice variety. In addition to 

being a good source of vitamins E, fibre and protein, black rice is shown to reduce inflamation levels in the 

body. According to findings, black rice consumption contributes to the prevention and management of 

ailments such as atherosclerosis, diabetes, Alzheimer’s disease, hypertension, high cholestrol levels, 

arthritis, allergies, aging signs and even cancer. 

Nutritional Value Per 100g 
Total crude protein : 12.15% 

Total carbohydrate : 72.43% 

Amylose : 8.27% 

Total fat : 4.8% 

Ash : 1.57% 

Curde fibre : 0.71% 

Minerals 

Calcium : 24.06 mg 

Magnesium : 58.46 mg 

Manganese : 1.03 mg 

Copper : 4.30 mg 

Cobalt : 0.43 mg 

Iron : 23.34 mg  
Total anthocyanin : 69.2-74.0 mg (cyanidin 3-glucoside) 

Total phenolic : 500 and 577 mg (Gallic acid equivalent) 
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Winner Amongst the Variety of Rice 
White rice, red rice and brown rice have been around for long but amongst these, black rice might emerge 

as the clear winner in nutritional and health benefits. Says clinical nutritionist Kanchan Patwardhan, 

"While polishing white rice, vitamins and minerals especially Vitamin B2, B6 and B12 in large amounts 

are lost whereas black rice comes packed with micro nutrients. As compared to other varieties of rice, the 

glycemic index of black rice is 42, which is a very good score for weight watchers and diabetics." 

Pleasant Nutty Flavour Makes It Popular 
The texture of black rice is a bit heavier as compared to other varieties of rice but its natural flavour is rich 

and sweet. It has a pleasant, nutty flavour, best enjoyed with coconut milk and in sweetened desserts, 

particularly rice puddings. Black in colour when harvested, once cooked it turns deep purple. Popular in 

cuisines in Kerala and North Bengal, it is also a good option to make European salads or Italian dishes like 

risotto. Currently available at high-end restaurants, it seems to be steadily gathering support. "I had the 

black sticky rice soup with palm sugar at one of the restaurants in town. It was purple in colour and had 

the texture of kheer but the taste was completely different. After knowing the properties, I am going to try 

and make it at home too soon," says homemaker Shanti Sen. 

 

 
Figure: Photographs of Black Aromatic Rice products 

Health Benefits 
1. Full of Antioxidants: Black rice has a deep black purplish color, which is an indication of its high 

antioxidant properties, similarly to how deeply-colored antioxidant berries like blueberries, raspberries, 

and cranberries appear. Sources show that the anthocyanin content of black rice is higher than any other 

grain, including brown rice, red rice, red quinoa or other colored whole grain varieties. It even has more 

anthocyanins than blueberries. 

Anthocyanin has the ability to help prevent a myriad of common but serious illnesses, according to 

numerous studies that have looked at the benefits of this antioxidant. 

2. Protects Heart Health: Research studies have shown that black rice decreases dangerous 

atherosclerotic plaque formation in the arteries. This is very important for keeping arteries clear and 

preventing heart attacks and stroke. 

https://www.ncbi.nlm.nih.gov/pubmed/12639403
https://www.ncbi.nlm.nih.gov/pubmed/11340093
https://www.ncbi.nlm.nih.gov/pubmed/11340093
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Epidemiological studies also demonstrate that anthocyanins consumed in the diet have a preventative 

effect on the development of cardiovascular disease. The anthocyanins in black rice can help maintain 

healthy cholesterol levels by reducing total cholesterol, as well as LDL “bad” cholesterol. 

3. Improves Digestive and Metabolic Health: Black rice contains an impressive amount of fiber per 

serving. The fiber in black rice helps prevent constipation, bloating and other unwanted digestive 

symptoms. Fiber binds to waste and toxins within the digestive tract, helping pull them out and contribute 

to regular bowel function. Black rice can also help prevent or improve cases of diarrhea, since fiber adds 

bulk to your stool. 

The dietary fiber found in black rice can also importantly help you feel full after eating and stay satisfied 

for a longer period of time between meals, potentially aiding in weight loss. Clinical research published in 

2014 demonstrates how a diet high in dietary fiber from whole grain rice varieties has positive effects 

on metabolic parameters, including insulin resistance, which affect weight. 

4. Helps Slow Down Absorption of Sugar in the Blood: Compared to eating processed carbohydrates 

that are stripped of their fiber, antioxidants and other nutrients that help slow down the absorption of 

sugar in the bloodstream, black rice is a much healthier option. Black rice contains the entire bran of the 

grain where the fiber is stored, and fiber is able to help glucose (sugar) from the grain to be absorbed by 

the body over a longer period of time. 

When researchers examined white and brown rice consumption in relation to type 2 diabetes risk, they 

found that white rice was more likely to contribute to insulin resistance and diabetes risk. 

The substitution of whole grains, including brown or black rice, in place of white rice, white bread, pasta 

and sweetened cereals may lower the risk of type 2 diabetes and other complications, in addition to keeping 

your weight in check and your energy levels balanced. 

5. Better at Preventing Obesity than Refined Grains: It is very important for those with prediabetes, 

diabetes, or other forms of metabolic syndrome and insulin resistance to consume 100 percent whole grains, 

as opposed to processed “white” types that lack fiber. 

The same can be said for those who struggle with losing weight, since the fiber and nutrients in whole grain 

rice help shut off hunger signals and prevent overeating. Research shows that whole grain rice varieties 

can help prevent insulin resistance that is related to an increased risk for obesity. 

Conclusion 
Black rice is rich in antioxidants and high nutritional contents of carbohydrate, fibre, vitamins and 

minerals. It is beneficial for curing several harmful diseases such as cancer, diabetes, dermatitis and 

asthma etc. So, it is not just food but it is a new superfood. 
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Summary 
The butterfly pea is a plant native to Asia that is known for its bright blue flowers. Its rich in antioxidants 

and often used as an herbal tea and natural dye. Some research suggests that butterfly pea flower and the 

compounds it contains may help support skin and hair health, increase weight loss and stabilize blood 

sugar levels. 

Introduction 
It is a perennial herbaceous plant, with elliptic, obtuse leaves. It grows as a vine or creeper, doing well in 

moist, neutral soil. Its most striking feature is the color of its flowers, a vivid deep blue; solitary, with light 

yellow markings. They are about 4 cm (1+1⁄2 in) long by 3 cm (1+1⁄4 in) wide. Some varieties yield white 

flowers. The fruits are 5–7 cm (2–2+3⁄4 in) long, flat pods with six to ten seeds in each pod. They are edible 

when tender. It is grown as an ornamental plant and as a revegetation species (e.g., in coal mines in 

Australia), requiring little care when cultivated. As a legume, its roots form a symbiotic association with 

soil bacteria known as rhizobia, which transform atmospheric N2 into a plant-usable form (a process called 

nitrogen fixing), therefore, this plant is also used to improve soil quality through the decomposition of 

nitrogen rich plant material. 

 

 
Figure: Butterfly Pea Flower 

Traditional Medicine 
In traditional Ayurvedic medicine, it is ascribed with various qualities including memory 

enhancing, nootropic, antistress, anxiolytic, antidepressant, anticonvulsant, tranquilizing, and sedative 

properties. In traditional Chinese medicine, the plant has been ascribed properties affecting female libido 

due to its similar appearance to the female reproductive organ. Using its extract have also shown its ability 

to reduce intensity of behavior caused by serotonin and acetylcholine.  

Its extracts possess a wide range of pharmacological activities including antimicrobial, antipyretic, anti-

inflammatory, analgesic, diuretic, local anesthetic, antidiabetic, insecticidal, blood platelet aggregation-

inhibiting and for use as a vascular smooth muscle relaxing property. This plant has a long use in 

traditional Ayurvedic medicine for several diseases and the scientific studies has reconfirmed those with 

modern relevance. 

https://en.wikipedia.org/wiki/Perennial_plant
https://en.wikipedia.org/wiki/Herbaceous
https://en.wikipedia.org/wiki/Legume
https://en.wikipedia.org/wiki/Rhizobia
https://en.wikipedia.org/wiki/Ayurvedic
https://en.wikipedia.org/wiki/Nootropic
https://en.wikipedia.org/wiki/Anxiolytic
https://en.wikipedia.org/wiki/Anticonvulsant
https://en.wikipedia.org/wiki/Traditional_Chinese_medicine
https://en.wikipedia.org/wiki/Serotonin
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Textile Use 
The flower can be used to dye natural fibers and is used by traditional societies in Asia to do so. 

Chemical Constituents: Chemical compounds isolated from C. ternatea include 

various triterpenoids, flavonol glycosides, anthocyanins and steroids. Cyclic peptides known 

as cliotides have been isolated from the heat-stable fraction of C. ternatea extract. The blue colour of C. 

ternatea is a result of various anthocyanins, most importantly ternatins - polyacylated derivatives 

of delphinidin 3,3', 5'-triglucoside (Da-T). 

Butterfly pea flowers may be associated with several health benefits. 

Supports Skin and Hair Health 
Cosmetic manufacturers boast about butterfly pea flowers’ effectiveness in everything from skin care 

serums to hair mists and shampoos. According to a 2021 study, butterfly pea extract may increase your 

skin hydration by 70% one hour after topical application. A 2012 animal study found that butterfly pea 

extract may be more effective at promoting hair growth than minoxidil, which is a common product used 

to treat hair loss. Butterfly pea flower contains a rich array of antioxidants, which may also be beneficial 

for promoting hair and skin health. Still, more research is needed to fully understand how butterfly pea 

flower may affect your hair and skin. 

May Promote Weight Loss 
Some studies even suggest that butterfly pea flower may aid in efforts. One test-tube study suggests that 

butterfly pea flower extract may slow the formation of fat cells by regulating certain pathways involved in 

cell progression. Some older test-tube and animal studies have found that ternatins, which are found in 

butterfly pea flower, may also block the synthesis of fat cells in your body. Further research is necessary to 

evaluate how butterfly pea flower may impact your weight, especially when worked into your diet. 

Stabilizes Blood Sugar Levels 
Studies indicate that butterfly pea flower may reduce your risk of diabetes and related symptoms. For 

instance, one study in 15 men showed that drinking a beverage containing butterfly pea flower extract 

increased antioxidant levels and reduced blood sugar and insulin levels, despite the sugar levels in the 

drink. Moreover, an animal study found that administering butterfly pea flower extract to rats with 

diabetes significantly reduced their blood sugar levels compared with a control group.One study even 

reported that the antioxidant properties of butterfly pea flower may protect against cell damage and 

complications related to diabetes. However, additional studies are needed to determine how butterfly pea 

flower may impact your long-term blood sugar control. 

Some of the Health Benefits of Blue Tea are as Follow 
Acts as a Paracetamol: Blue tea is believed to aid in bringing down a fever by dilating the blood vessels 

right beneath the skin. This would enable the air to cool the blood more easily. 

Stress Buster: A high dosage of blue pea flowers has had beneficial anxiolytic effects in humans and has 

helped the body deal with stress. 

Immunity booster and anti-inflammatory: The blue flowers are rich in flavonoids, which are powerful 

antioxidants with anti-inflammatory properties. They also help boost immunity. 

Asthma healer: Blue tea can help give relief from cough, cold, and asthma, as it acts as an expectorant. 

In other words, helps clear the mucus from the airways, lungs, and trachea. 

Boosts memory: Blue tea has garnered a lot of interest across the world and this can be attributed to the 

memory-boosting properties it has. Studies have shown that the Blue Pea flowers assist memory and brain 

function as they help increase Acetylcholine (a Neurotransmitter). 

Reduces risk of cell damage: The rich color of blue tea indicates the high quantity of antioxidants in it. 

Antioxidants reduce the risk of cell damage, they are also known to slow down the effects of aging on skin 

and hair. 

https://en.wikipedia.org/wiki/Triterpenoid
https://en.wikipedia.org/wiki/Flavonol_glycoside
https://en.wikipedia.org/wiki/Anthocyanin
https://en.wikipedia.org/wiki/Steroid
https://en.wikipedia.org/wiki/Cliotide
https://en.wikipedia.org/wiki/Anthocyanin
https://en.wikipedia.org/wiki/Delphinidin
https://en.wikipedia.org/wiki/Delphinidin
https://www.healthline.com/nutrition/12-foods-for-healthy-skin
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Anti-diabetic: Butterfly pea flowers help inhibit glucose uptake from food and thus, help treat type II 

diabetes. The benefits of having blue tea are not just internal in nature, they have a number of external 

benefits too, like for the skin and overall beauty. 

How to Use Butterfly Pea Flower? 
1. Butterfly pea flower is found in many cosmetic products, including hair mists, toners, shampoos, and 

face masks. 

2. You can also use the plant to brew an herbal tea, which is known for its earthy flavor and vibrant blue 

color. 

3. To make butterfly pea flower tea, also referred to as “blue tea,” simply add 1 teaspoon (4 grams) of dried 

flowers to 1 cup (240 mL) of hot water. 

4. Let the tea steep for 10–15 minutes before straining out the dried flowers. Enjoy hot or served over ice. 

5. You can also add a bit of lemon juice, lime juice, or honey to ramp up the flavor. The acidity of citrus 

fruits can also turn the drink a deep purple hue, thanks to the ternatins the plant naturally contains. 

Does Butterfly Pea Flower have Any Side Effects? 
Nutritionists generally consider butterfly pea flower safe when consumed in moderation. There are some 

anecdotal reports of side effects like nausea, stomach pain, and diarrhea following consumption of butterfly 

pea flower, but there is no research to support these effects. However, if you have underlying health 

conditions or are taking any medications, you should talk with your doctor before using butterfly pea flower 

or other herbal products. 

Conclusion 
Blue butterfly pea tea contains nutritive and medicinal values. The tea produced from the flower of blue 

butterfly pea is positively accepted and has good market potential due to its health and wellness benefits. 
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Introduction 
Elephant foot yam (Amorphophallus paeonifolius L.) is a well-known tuber crop of the Araceae family, 

tubers/corms of which are used for making vegetables, pickles and many other value-added food items. It 

has been used as staple food in many countries like-Philippines, Indonesia, Malaysia, Java, Sumatra, 

Bangladesh, China, India and some other south-Asian countries. It is commercially cultivated due to its 

production potential and popularity as vegetable in various Indian cuisines. Among Indian states, it is 

mainly cultivated in Andhra Pradesh, Tamil Nadu, Maharashtra, Bihar, West Bengal Gujrat, Karnataka, 

Uttar Pradesh, Madhya Pradesh, Kerala, Jharkhand and north-eastern states. It is rich source of starch, 

fibre, protein, minerals and vitamins. 100 grams of elephant foot yam provides the following nutrients-

Calories: 118 calories; Moisture: 66 grams; Carbohydrates: 25 grams; Fat: 1.5 grams; Protein: 9.81 gram; 

Dietary fiber: 5.7 grams; Potassium: 1208 mg; Calcium 20 mg; Iron: 1.8 mg; Magnesium: 82 mg; Sodium: 

14.2 mg; Zinc: 2 mg; Copper: 0.3 mg. It has several health benefits also- i) Good for weight loss: Since 

elephant foot yam is exceptionally high in dietary fiber and low on calories, it is weight-loss-friendly. ii) 

Possesses anti-inflammatory properties- methanol cxtract of the elephant foot yam has anti-inflammatory 

properties. Therefore, it is useful in several medical conditions. For example. it helps relieve pain during 

inflammatory diseases like arthritis, ulcerative colitis, etc. iii) Protects liver function. A chemical compound 

called “Quercetin” found in elephant foot yam is effective in protecting liver functions. iv)  Rich in 

antioxidants- Elephant foot yam is incredibly high in antioxidants. Thercfore, it protects against oxidative 

stress, which helps prevent cancer. These antioxidants also may help slow down the agıng process. v) . 

Good for diabetes-Elephant foot yam has a low glycemiç index which means it will not raise your blood 

sugar levels rapidly. Additionally, it is very low on carbs and has a significant amount of fiber, which may 

slow down the release of glucose into the blood. vi) Hormonal balance-Elephant foot yam maintains the 

estrogen levels in the female to the optimum level. vii) Helps reduce blood pressure-Elephant yam is an 

excellent source of potassium. 100 grams of elephant foot yam provides 1208 mg of potassium, which is 30% 

of the recommended daily intake. Eating potassium-rich foods is one of the efficient ways to reduce blood 

pressure without medications. viii)Improves gut health-Elephant foot yam helps ease constipation by 

improving digestion. It also helps treat serious gastrointestinal disorders like persistent diarhea and piles. 

Therefore, it helps maintain our digestive system healthy. Despite all the beneficial health benefits, 

elephant foot yam has a few anti-nutrients such as oxalate and tannin. Hence, it is advised to cook it 

thoroughly to remove these anti-nutrients.  

It has been cultivated on small scale in India since ancient times.  In view of its importance, it has also 

been given a special place in our religions and it is considered auspicious to use it in the days of Deepawali.  

In view of the use of elephant foot yam, today it is being cultivated commercially and as a cash crop.  

Although in Bihar, elephant foot yam is known as “OL”, but in India it is known as arasashna, balukand 

(Sanskrit), jimikand (in Hindi), ol (Bengali), suran (Gujarati), kand (Telugu), karnai-kilangu (in Hindi).  It 

is known by many names like Tamil), Suvarnagahi (Kannada) and Cheena (Malayalam). 

Two decades ago, commercial cultivation of elephant foot yam was a dream in Bihar.  Neither improved 

recommended strain was available nor was the improved production technology.  In the early years of the 

1980s, under the All India Coordinated Tuber Root Research Project, some tubers of elephant foot yam 

from Rajendra Nagar (Hyderabad) were made available for use at Dholi Center, which was later known as 
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'Gajendra' for commercial cultivation.  Recommended for other states as well as Bihar, which has grown 

into a major cash crop today. 

In Bihar, elephant foot yam has often been cultivated in small area for the purpose of vegetable, pickles 

and medicine in almost every corner but on commercial scale it has gained importance in some of the 

districts of north Bihar like- Samastipur, Muzaffarpur, Vaishali, Begusarai, Purnia, Bhagalpur, 

Darbhanga, East and West Champaran etc. where it is being cultivated on large scale and the farmers are 

getting good returns. In addition to this, many farmers of these districts have left the cultivation of tobacco 

and shifted comfortably to elephant foot yam cultivation. This crop has special ability to sustain better 

yield than most of the food crops particularly in changing climate scenario. 

Soil and Climatic Requirement 
Since elephant foot yam is a tropical tuber crop it requires warm and humid climate with mean annual 

temperature of 30-40 *C and well distributed annual rainfall of 1000-1500 mm. Although it can be grown 

on almost all types of soils but well drained loamy soil with high organic matter content having good fertility 

is best suited for this crop. It prefers soil reaction having pH value in the range of 6.5 – 8.5. Heavy clayey 

soil and fields having waterlogging problem should be avoided. 

Land Preparation 
Field should be ploughed to a depth of 25-30 cm by a soil turning plough to make it favourable for tuber 

bulking. Land should be well levelled, weed free with the provision of efficient drainage. 

Improved Varieties of Elephant Foot Yam 
Sl. 

No. 

Varieties Tuber Yield 

(t/ha) 

 Sl. 

No. 

Varieties Tuber Yield 

(t/ha) 

1. Gajendra 50-55  4. NDA-9 35-40 

2. Shree Padma 41-42  5. Bidhan Kusum 40-45 

3. Shree Athira 40     

The 'Gajendra' variety has been found to be the best among the varieties of elephant foot yam prevalent in 

India.  This strain was developed by the Kovuur center which was recommended for commercial cultivation 

in Bihar in the year 1992.  Its yield potential is 56 tonnes per hectare.  Plants of this variety are 1-1.5m 

tall, stems are dark green in colour on which light white spots are found.  Due to the very less amount of 

'calcium oxalate' and another type of harmful chemical (alkaloid) in its tubers, there is no itching and 

burning in the mouth and throat when eaten. Only one tuber is formed in this variety unlike other local 

varieties which have small tubers (cormel) from main tuber side. Tuber is curvy, thick in shape and its 

flesh is light orange in colour.  This variety matures in 210 to 240 days and it has a bulking capacity to 

increase its weight by 5 to 6 times. 

Planting Time, Spacing and Seed Rate 
Best planting time of elephant foot yam is in the month of March-April. However, it can be planted from 

the last week of February to the first week of June. 

Sl. No. Seed Size (g) Spacing (cm x cm) Seed rate (t/ha) 

1. 200-250 60 x 60 5.5-7.0 

2. 500 75 x 75 8-9 

3. 1000 90-100 x 90-100 11-12 

Seed Treatment and Planting Method 
For commercial production, size of seed tubers/corms should be of 500g size whereas for seed production 

optimum seed size should be around 200-250g. Before planting, the seed tubers should be dipped in a cow 

dung solution mixed well with 2.0-2.5 grams of Mancozeb or Bavistin and 1.0 ml of Dimethoate (30% liquid). 

It has also been found that if the seed tuber is treated in a solution having mixed with 5.0 g of Trichoderma 

viridae per litre water or in a cow dung solution the chances of fungal diseases are reduced.  After dipping 

the tubers in the solution for half an hour, it should be taken out of the solution and then dried for half an 

hour in shade. Thereafter, transplanting should be done.  
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If the size of tuber is large viz., > 1.0, 2.0 or >2.0 kg etc. then the whole tuber should be cut into small pieces 

of about 500g size. Cutting should be done vertically with a sharp knife/cutter retaining some portion of 

the central/ main bud. It should also be treated in the same way as discussed above. While planting care 

should be taken to keep the bud portion of the seed tuber (whole or cut piece) upper side otherwise 

germination will take unnecessarily minimum 15 days more than the required germination time. Planting 

of tubers should be done at a soil depth of 4-6 inches. After planting seed tuber, it should be covered by the 

soil from all sides of the seed tuber in a pyramid shape. Planting whole tuber is always better than cut 

tuber because of early and evenly germination, better plant growth, realization of tuber yield and 

ultimately net return to the farmers. 

Planting Methods 
Broadly two methods of planting are followed: 

1. Plain/flat planting: In this method, full dose of farmyard manure or compost, 1/3rd dose of nitrogen and 

potash and full dose of phosphorus is well mixed in the soil at the time of last field ploughing. Thereafter, 

furrow to a depth of 20-30 cm is opened at a distance decided on the basis of seed size and treated seed 

tuber is placed at a pre-fixed (as per the size of tuber size) in the furrow vertically keeping the bud point of 

the tuber upward. Thereafter tubers are covered by soil making the furrow in a ridge shape. 

2. Pit planting: In this method a pit of 30x30x30cm dimension is dug at pre-fixed row to row and plant to 

plant spacing of 75x75 cm (for 500g tuber size). In this pit, 1.0-1.5 kg farmyard manure or compost and a 

basal dose of 7.0-8.0g diammonium phosphate, 0.5-1.0 g urea and 2.5-3.5 g muriate of potash is given and 

mixed well with the pit soil. Thereafter treated seed tuber is placed in the pit vertically keeping the bud 

point of the tuber upward and then tubers are covered by soil making it in a shape of pyramid up to a 

height of about 15 cm. 

Manures and Fertilizers 
Compost or farmyard manure @ 15-25 tonnes per hectare is applied as a basal dose to get a good tuber yield 

of elephant foot yam along with 80.0 kg nitrogen, 60.0 kg phosphorus and 80.0-100.0 kg potassium. 

Quantity of manures and fertilizers and their application time is being given below: 

Manure and 

fertilizers 

Total 

quantity 

(Kg) 

Quantity (Kg) 

applied 

as basal dose 

Quantity (Kg) 

applied 60 days 

after sprouting 

Quantity (Kg) 

applied 90 days 

after sprouting 

Farmyard manure/ 

Compost 

(15-25)000 Entire quantity ----- ----- 

Urea (46%) 

 

125-140 7.0-10.0 60.0-65.0 60.0-65.0 

Diammonium 

Phosphate (18:46) % 

130-140 Entire quantity ----- ----- 

Muriate of Potash 

(60%) 

135-150 45.0-50.0 45.0-50.0 45.0-50.0 

QUANTITY FOR PER PIT / PLANT APPLICATION 

Farmyard manure/ 

Compost 

(15-25)000 1.0-1.5 kg ----- ----- 

Urea (46%) 125-140 0.5-1.0 g 3.0-4.0 g 3.0-4.0 g 

Diammonium 

Phosphate (18:46)% 

130-140 7.0-8.0 g ----- ----- 

Muriate of Potash 

(60%) 

135-150 2.5-3.5 g 2.5-3.5 g 2.5-3.5 g 

Equal dose for second and third top dressing of nitrogen and potash for per plant are 3.0-4.0 g and 2.5-3.5 

g, respectively and it should be applied on both sides of the plant by forking or pocketing method at 2.0-3.0 

cm soil depth and 8.0-12.0 cm away from the plant. 
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Mulching 
If possible, mulching with dry leaf or straw or by polythene sheet must be done immediately after planting. 

Mulching controls the soil temperature favourable for seed germination and soil microorganisms. It also 

controls weed growth, minimises moisture loss and after its decomposition, it provides nutrients to plants 

of elephant foot yam. All these help in a better growth and development of plants that ultimately reflected 

in good tuber yield.  During hot summer months number of irrigations are also reduced. Cost of cultivation 

is decreased to the tune of 5.0-10.0 % at one hand and there is 5.0-10.0 % increase in tuber yield on the 

other. 

Weeding 
If mulching has not been done and there is weed problem in the field, weeding must be done at appropriate 

time. In general, three manual weedings at 30,60 and 90 days after planting should be done either by hand 

hoe, khurpi, small spade or by any other means. Weeds can also be controlled by the use of herbicides, 

combination of herbicides or by integrating manual and herbicides. Herbicide like pendimethalin @ 1.0 

kg/ha as pre-emergence can be applied effectively within three days after planting when there is sufficient 

moisture in the filed. In case of problem of narrow leaf weeds, spraying of quizalofop-p-ethyl @ 50-75g is 

very effective as post-emergence application. If the weeds are of both narrow and broad leaf types, spraying 

of glyphosate @ 2.5 ml/litre water as post-emergence can be applied very effectively. Application of 

herbicides can be done once, twice or thrice depending on weed types and intensity of weed problem. 

Irrigation 
Generally, 7-10 irrigations are required for elephant foot yam cultivation. Irrigation interval depends on 

soil structure and moisture availability of the field. However, 10-15 days interval is normally given for one 

irrigation. In general, irrigation is not required in rainy season and irrigation interval is widened in rabi 

months. Care should be taken not to allow water stagnation in the field and at the same time sufficient 

moisture in the field must be ensured. 

Intercropping in Elephant Foot Yam 
Twice intercropping can be done in elephant foot yam. First one during the planting time and the second 

intercropping can be done when leaves start yellowing, drying and plants fall on the ground in the month 

of October.  Since the germination of elephant foot yam takes about 25-30 days and about one month for 

its canopy development and spread canopy. Earliar the planting (last week of February or mid-march) more 

will be the time gap for taking short duration suitable crops like- Green gram, black gram, cowpea (tender 

pods), cucumber, radish, lady’s finger, maize (green cobs) etc. can be taken successfully as intercrops in 

between interrow spaces of elephant foot yam that will increase the net return of the farmers. Additionally, 

these intercrops with their synergistic effect on elephant foot yam either by nitrogen fixation in the soil or 

by mulching with their haulms/leaves/biomass accruing there upon several beneficial effects on soil and 

plants.    

In the month of October when leaves start yellowing, drying and plants falling on the ground, some short 

duration rabi crops like- carrot, vegetable peas, rapeseed-mustard, radish, coriander (for green leaves) can 

also be taken for additional income to the farmers. Elephant foot yam as intercrops can also be taken 

profitably in the newly developing fruit orchard/garden (mango, litchi, guava etc.), plantation crops like 

rubber, coffee, coconut, arecanut, banana etc. In intercropping with elephant foot yam with other crops, 

care should be taken to apply manures and fertilizers to both the crops separately. 

Plant Protection 
Some of the important and serious diseases of elephant foot yam and their management practices are being 

provided as under- 

1. Collar rot/stem rot: This is very serious disease and occurs in all those areas where there is a problem 

of water stagnation, poor drainage facility and clay content is more in the soil. This disease is caused by 

soil pathogen Schlerotium rolfsii. This disease becomes destructive during rainy season followed by warm 

dry weather. Although this disease can be visible at any stage of the crop but the outbreak of this disease 

usually occurs on plants from in the later part of crop growth (July to September). Injury to peudostem at 

collar region during intercultural operations act as a predisposing factor for infection by this pathogen. 
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Water-soaked lesions appear on stem just above the soil surface (collar region). Leaves starts turning yellow 

from the tip portion of the leaf and gradually spread downwards. The collar region gradually starts to rot 

and shrinks.  Infected plants turn yellow and fall to the ground due to collapse of peudostem at collar 

region. Tuber is not formed and even if tuber is formed, it is small in size, due to which there is a huge 

reduction in yield. In severe case, the plants collapse leading to complete loss of the crop.   

Remedy: The disease can be managed by: 

a. Adopting crop rotation of minimum 3-5 years. 

b. Avoid growing elephant foot yam in low lying areas of areas where there is a problem of water 

stagnation or where there is poor drainage facility. 

c. Tuber seed must be treated with biocontrol agents like- Trichoderma viridae/T. harzianum @ 

5.0g/litre water. 

d. Removal of infected plant parts from the field 

e. Use of disease-free planting materials. 

f. Practice of mulching thickly by straw or with any other organic materials that will minimise 

weeding / intercultural operations and hence, plant injury will be reduced and ultimately incidence 

of collar rot will be minimised. 

g. Drenching of soil of collar rot region with Captan @ 0.2% at least twice at 15 days interval. 

2. Mosaic: It is a viral disease. Common symptoms of this disease are- dwarfing and chlorotic appearance 

on leaves especially more pronounced on younger leaves, narrowing and distortion of leaves, puckering and 

upward curling of leaf lamina etc. This disease is spread by insect vectors like-aphid (Myzus persicae). In 

severe case, plant growth stops and tuber is not formed. 

Remedy: This disease can be managed by: 

a. Use of mosaic free planting materials. 

b. Spraying of dimethoate @ 0.05% twice will reduce the spread of this disease by controlling insect 

vectors. 

c. Uprooting diseased plants from the field and burying them in the soil. 

Harvesting 
It can be harvested by digging the tuber any time six months after planting and afterwards. Harvesting 

mainly depends on prevailing market price. In general, when there is heavy rain in the months of July-

September, standing vegetables in the fields get damaged, elephant foot yam is harvested from the month 

of August onwards when there is high demand in the market. Farmers are getting very good price for their 

freshly harvested elephant foot yam and for the same reason, fresh harvested elephant foot yam from Bihar 

is sent to other neighbouring states vegetable market of Jharkhand, Kolkata in West Bengal, Uttar 

Pradesh, Delhi etc. for vegetable purpose. 

Harvesting for seed tuber is done in the month of February- March and are used for replanting. Harvesting 

of is usually done in the month of October-November. At the time of digging, care should be taken to avoid 

any injuries in the tuber by cut or any other means so that during transportation or during storage period 

further spoilage or quality reduction in tubers could be minimised. After digging the tubers, it is cleaned 

by removing the soil and roots from the tubers and then sorted according to the size of the tubers. Thereafter 

it is dried in shade for 2-4 days before storing them in well ventilated store room on bamboo/wooden racks. 

Yield 
The avaerge yield of a well-managed good elephant foot yam crop is 45-55 tonnes per hectare and a farmers 

can earn a net profit of Rs. 3-4 lakhs excluding the income from intercrops. 
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Biopesticides are the formulated form of active ingredients based on microorganisms such as bacteria, 

viruses, fungi, nematodes or naturally occurring substances, including plant extracts and semio-chemicals 

(e.g., insect pheromones), used for biological control of plant diseases and pests. They are effective and 

biodegradable without any residues in the environment. Although, synthetic pesticides are the earliest and 

most common method used for controlling pests and diseases in plants, but intensive use of these chemicals 

have resulted in various environmental problems like degradation of soil quality, groundwater pollution, 

as well as ecological imbalance in nature. Currently biopesticides comprise only a small share (5.0 per cent) 

of the total crop protection market globally, with a value of about 3 billion US dollar worldwide (Christos 

et al., 2018). Till recently, about 175 biopesticide’s active ingredients and 700 products have been registered 

worldwide (Kachhawa, 2017). However, the use of biopesticides is increasing globally by approximately 10 

per cent every year (Kumar and Singh, 2015).  It seems that, if the global market increases further in the 

future, the biopesticides can play a vital role in substituting chemical pesticides reducing the current over-

reliance on these ecologically harmful chemicals.  

It has been estimated that the biopesticides, which is regarded as a vital component of organic farming 

leads to a decrease of farms yields by an average 10-15 per cent less than of conventional farms. However, 

the lower yields are balanced by lower input costs and higher margins, benefits in terms of soil quality and 

fertility. As part of 10th Five-year Plan, Government of India has earmarked about Rs. 100 crores for the 

promotion of organic agriculture in the country. The Planning Commission (2001) has declared the 

Agricultural and Processed Food Products Export Developmental Authority (APEDA) as the nodal agency 

for promotion of the Indian organic agriculture and its export opportunities. India holds second position in 

the world with respect to total number of certified organic farms (44,926) and occupies 13th position in terms 

of area. The total area under organic agriculture in India is 5, 28,171 ha including certified area and area 

under organic conversion accounts for about 0.3 per cent of total agricultural land. Economically, organic 

farming in India is estimated to be 78 million US dollar and is entirely export oriented (Ramesh, 2010). 

Because of increasing market demand and increase in inclination of farmers to organic agriculture, there 

is much scope for the industry of biopesticide to grow and meet the organic demand of the country. Organic 

pesticides contribute only 4.2 per cent of the entire pesticide market in India and Compound Annual 

Growth Rate (CAGR) is likely to increase by 20.2 per cent from 2010 to 2020. In India, organic pesticides 

have been estimated to have market value of about 23.92 million US dollar in 2015 (Gautam, 2018). 

For management of these diseases, besides good agronomic and horticultural practices, growers often rely 

heavily on chemical fertilizers and pesticides. However, due to environmental concerns and health-

conscious attitude of human beings, use of biopesticides is gaining importance.  In this direction, several 

commercial products have been registered both at national and international levels based on different 

fungal and bacterial antagonists. Some of these commercial products include Biocon, Biogaurd, Ecofit, 

FStop, Soilgaurd, etc. with Trichoderma sp. as active ingredient, and Mycostop, Rhizoplus Subilex, etc., 

utilizing various Bacillus species as active ingredient (Junaid et al., 2013).  

In most of the cases, now-a-days, the active ingredients of biopesticides are formulated in the same way as 

that of the synthetic pesticides and are made more convenient for application. In the biopesticides 

manufacturing process, the bacterial or fungal antagonist micro-organisms are mass-produced using either 

a submerged liquid or solid-substrate fermentation process. Depending on the physical states of the 

biopesticide formulation as dry or liquid forms, the active ingredients are produced by addition of 

stabilizers, synergist, spreaders, stickers, surfactants, colouring agents, anti-freezing compounds, 

additional nutrients, and dispersants and melting agents. The different carriers and adjuvants are added 

during the formulation process for improving the bioactivity, protecting from environmental factors and 
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maintain storage shelf life. The basis of good quality biopesticides is the viability of the bioagents during 

the process of formulation until the time of application. (Mollet and Grubenmann, 2001). 

The antagonistic microbes have come under the Central Insecticides Board (CIB) Pesticide Registration 

Act since 2001 and there are now more than 100 registered products of Trichoderma, around 50 of 

Pseudomonas fluorescens and a few of NPVs. Till date, more than 500 biopesticides are registered by the 

CIB that are available in the Indian market (Gautam, 2018). In India, since early nineties, microbial 

biopesticides have been produced by a good number of entrepreneurs which now counts to be around 400. 

But, only 10 percent of these production units have proper facility and rest of the 90 percent biopesticides 

enterprises are run for short term gains which are mostly ‘one-man-shows’. The later do not have good 

facilities regarding fermentation equipment, qualified microbiologists, trained staff, and sufficient space 

for operating each step of production, enough buffering capacity and rolling capital. Such enterprises with 

lack of proper infrastructure often end up with physical and biological contamination. Therefore, quality 

control is still a major problem in most of these products though CIB is constantly involved in registration 

of the biopesticides. Rahman et al 2020a, b reported in their study, most of the biopesticide products do not 

retain the indicated bioagents. Some of them also contained microbial contamination at a high amount.  So, 

we can say that it is very difficult to produce biopesticides with constant purity like synthetic pesticides, 

which are produced in desired purity and yield. This is because a wide variation occurs in the active and 

associated ingredients during processing and transporting of the products if mishandled without proper 

processing factors and these leads to variation in the chemical, physiochemical, phyto-compatibility, 

toxicological and other related properties of the products. However, the most important issue with the 

biopesticide products is contamination of the products with other microbial contaminants. The lack of 

proper standards and analytical procedures for manufacturing of these products and poor shelf life of the 

bioagents in the products. are the serious impediments in quality control of biopesticides (Isman, 2006). 

Quality control needs to be ensured at all levels of mass production of the nucleus culture (biocontrol 

agents) by taking extreme care in all the steps of production, i.e., culturing, preserving, storage methods, 

transportation and releasing techniques. Government of India has evolved National Organic Standards 

and criteria for Accreditation of certification agencies, Accreditation Procedure and Inspection and 

Certification Procedures under the National Program for Organic Production (NPOP). Moreover, due 

attention has been paid to the guidelines as enumerated by international organizations such as 

International Federation for Organic Agricultural Movement (IFOAM), European Union Regulations and 

Food and Agriculture Organization Codex Standards. As part of this program, a National Logo for organic 

products on behalf of Govt. of India has also been developed. Government has finalized quality control 

standards and data requirements for registration of biopesticide products which outlines  the registration 

data must include its composition and description, biological properties and quality control standards at 

different stages, specificity of packaging, delivery system, label information for market products, tolerance 

limits, residues, safety to non-target organisms, taxonomic identification, detail production technology, 

efficacy and biological impact, contamination, and shelf life under storage and regular use (Dubey et al., 

2003). For maintaining all these aspects, considerable Research & Development strategy is required which 

is a relatively tedious task and not all companies are proficient towards following the correct production 

methodology and technology. Extensive research on biopesticides in national laboratories and State 

Agricultural Universities can clearly demonstrate the efficacy of biopesticides before releasing them into 

the markets. 

Generally, the biopesticide production units are mostly of short-term gains. They lack proper 

infrastructure, facility for fermentation equipment, trained staff, qualified microbiologists, sufficient space 

for each stage operations, enough buffering capacity. Also, the transfer of antagonists from public research 

institutions to private firms is like a relay race with the aim of achieving adequate control of a disease. So, 

at the beginning of the relay there must be a baton that meets certain size and weight specifications or else 

the team might be disqualified at the end if it does not retain the proper characters. A good infrastructure 

for quality check, a proper supply chain for nucleus cultures and a stable ecosystem with required 

temperature and humidity should be established. Several characteristics are desirable for the biocontrol 

agent to become commercial reality. 

Strong synergies between Ministry of Agriculture, Govt of India, CIPMCs, State Agriculture Departments, 

SAUs and ICAR Institutes, Private Biopesticides Industries, KVKs, NGOs etc. need to be developed to 
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attain the overall goal of promotion of use of biopesticides. Certain quality issues like the original and true 

to type of biocontrol strains, efficacy, minimum spore concentration, physical parameters of formulated 

products and free from contaminants and chemical pesticides are of paramount importance for the the 

registration of biopesticides. The quality of biopesticides should not be compromised at any cost during 

production and storage for ensuring the supply of authenticated products to the farmers. At the same time 

the registration process of biopesticides should be simplified as compared to chemical pesticides to 

encourage a greater number of applicants to come forward for registration as well as more number and 

varieties of biopesticide products in the market. 
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Abstract 
Bio-waste represents a diverse range of organic waste materials produced by a variety of sources. It 

includes commercial waste, garden waste, household waste, as well as municipal solid waste (MSW). The 

important feature for bio-waste determining its biodegradability is C/N ratio is typically in the range of 10–

25, whereas the biogas potential range between 0.15–0.60 m3 kg-1 d. o. m. (Kowalska et.al., 2020). It is also 

called biodegradable waste (Rigby et al., 2013). Bio-waste can be classified according to their origin such as 

forest & wood processing, agriculture & agro-industry, animal waste, municipal waste and food processing 

& paper industry (Bhatia et al., 2018). In India about 500–550 MT of crop residues, 48 MT MSW, 9 MT 

sugarcane pressmud and 4.5 MT food processing industries waste are produced annually (Indoria et al., 

2018). Managing bio-waste in a cost-effective manner is very important to protect the environment and 

improve standards of living. Therefore, integrating it with techniques such as soil incorporation, mulching, 

composting, manuring and irrigation can help to solve waste management problems while also generating 

revenue (Manna et al., 2018). Therefore, scientific and logical recycling of bio-waste is of prime importance 

to eradicate the huge piles of bio-waste material in agriculture. 

Introduction 
Biowaste is defined in the landfill directive as ‘waste capable of undergoing anaerobic or aerobic 

decomposition such as food and garden waste, and paper and cardboard’. The waste can come from a variety 

of sources, including plants, animals, fungi, and bacteria, with plant and animal origins being the most 

common. In India, where urbanisation, industrialization, and economic expansion have resulted in 

increased municipal solid waste (MSW) generation per person, waste management (SWM) is a major issue 

for many urban local bodies (ULBs). According to a recent prediction, more than two-thirds of the world's 

population would live in megacities by 2050 (WEF, 2017) and India will have 7 megacities by 2030 (United 

Nations World Cities Report 2016). Currently, 3 billion residents of world cities generate about 1.2 kg solid 

waste per capita per day (i.e., 1.3 billion t per year). According to the report of CPCB, 2019-20; India 

generates 1,52,076 tonnes of solid waste per day (CPCB annual report, 2019-20). Due to financial 

constraints and insufficient infrastructure, Indian city municipalities are having to deal with the massive 

volume of daily generated municipal solid waste (MSW), leaving a huge percentage of solid garbage 

unprocessed (Sharma and Jain, 2020). 

Bio-Waste Sources and its Potential Availability 
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Biowaste is made up mostly of biomass and can thus decompose under aerobic and anaerobic conditions. 

Managing biowaste in a cost-effective manner is very important to protect the environment and improve 

standards of living. Therefore, integrating it with energy producing technologies may help to solve energy 

and waste management problems while also generating revenue. 

Waste Management and its Basic Principles 
Waste management refers collectively to the: 

1. Collection 

2. Transportation 

3. Handling and Disposal. 

Opportunities of Bio-Waste Management in India 
1. Soil incorporation and residue retention: Crop residues are important natural resources and their 

effective recycling improves the soil physical, chemical and biological properties. Conservation agriculture 

(CA), implying minimal mechanical soil disturbance, permanent organic soil cover and diversified crop 

rotations is an alternative farming practice for restoration and improvement of soil and environmental 

health, especially in intensive rice-wheat (RW) systems of Indo-Gangetic Plains. The CA practices have 

shown significant effect on the dynamics and distribution of soil organic carbon (SOC), soil inorganic carbon 

(SIC) and nitrogen (N), besides improving and sustaining crop yields. Though continuous supply of labile 

soil organic matter (SOM) to soil, CA improves soil aggregation and soil structure, thus facilitating water 

movement and better establishment of wheat after rice under RW system. Rice straw incorporation coupled 

with organic manure increases grain yield of wheat and improves soil physical condition. Residue 

incorporation results more microbial activity than residue removal or burning. Thus, if residues are 

managed properly, then it can warrant the improvements in soil properties and the sustainability in crop 

productivity. 

2. Mulching: Different organic mulches significantly increase the soil organic carbon, soil and leaf nutrient 

status. Soil properties are highest with paddy straw mulch and lowest in control as studied by Bakshi et 

al. (2014). Results showed that effect of different types of mulches on soil pH and soil electric conductivity 

(EC) were non-significant among all the treatments, while it was significant on soil organic carbon N, P, K, 

Ca and Mg and leaf N, P, K and Ca in all treatments. Paddy straw mulch recorded highest soil organic 

carbon (5.67 g/kg), N (231.20 kg/ha), P (19.96 kg/ha), K (160.41 kg/ ha), Ca (387.14 kg/ha) and Mg (407.70 

kg/ha). Among the different mulching treatments, paddy straw mulch also showed maximum leaf N (3.38 

%), P (0.27 %), K (3.19 %) and Ca (2.10 %) content followed by saw dust. From the present investigation, it 

can be concluded that paddy straw mulch was superior among all the remaining mulches for soil pH, EC 

and leaf nutrient status under rainfed conditions of Jammu. 

3. Composting: Application of sugar industries by-products, such press mud and bagasse, to soil improves 

the soil chemical, physical, and biological properties and enhanced the crop quality and yield. Organic 

waste, such as press mud or filter cake, is generated as a by-product of sugarcane industries and 

characterized as a soft, spongy, amorphous, and dark brown to brownish material. In general, when 100 t 

of sugarcane is crushed, about 3 t of press mud are produced as a by-product. It is considered as rejected 

waste material of sugarcane industries that cause problem of storage and pollution to surrounding of sugar 

mills on its accumulation. Press mud supplies a good amount of organic manure and can be an alternate 

source of plant nutrient and act as a soil ameliorates. Better soil physical environment coupled with 

sufficiency of water and nutrients helped in better uptake of water and nutrients and hence the yield of 

wheat in FYM and inorganic fertilizer plots from that in control plots. 

4. Irrigation: Effect of continuous irrigation with sewage effluents for more than three decades on soil 

physical, chemical and biological properties; and major, secondary and micronutrient and pollutant 

element status of soils and plants in Nalegaon and Burudgaon villages around Ahmednagar city of 

Maharashtra was ascertained. The physical properties of soils were observed to be improved due to sewage 

irrigation. An appreciable increase in organic carbon; available N, P, K, micronutrients; and soil microbial 

count was recorded in the sewage irrigated soils over that of the well-irrigated soils. Electrical conductivity 

of sewage irrigated soils was much below the threshold limit of salinity. Long-term application of sewage 

water resulted in the accumulation of heavy metals in surface soil, the concentration of these elements is 
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approaching the maximum permissible limits suggested However, accumulation of heavy metals in soil and 

plant necessitates its safer use after pretreatments to safeguard soil health and reduce the risk of animal 

and human health hazard. 

Conclusion 
The rapid increases in the world’s population, food grain production, economic growth, urbanization, and 

industrialization is coupled with accelerated generation of waste. CR, animal waste, and MSW now 

constitute national and global problems. The major dilemmas concerning CR burning are soil health, soil 

biodiversity, crop productivity, and these wastes’ heavy contribution to global warming and climate change. 

Most animal waste is being used as fuel cakes which are a very good source of plant nutrients and soil 

organic matter. Two of the major problems being encountered are the insufficient collection and 

inappropriate final disposal of MSW. Various collection systems employed by the municipalities collect less 

than half of the total waste generated. As a result, wastes are either scattered in urban centers or disposed 

of in an unplanned or poorly managed ways in low-lying areas or open dumps or burned by residents in 

their backyards. The unscientific or unsystematic management of all waste has made the situation worse 

and led to several environmental and health-related problems simply increasing and not being solved. All 

these organic sources have great potential for plant nutrient, and particularly SOC in the Indian scenario. 

Keeping in mind the present situation, the current review examines the opportunities and improvements 

that could be introduced to CR, animal waste, and MSW management systems. 
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Abstract 
Milkfish, Chanos chanos is an economically important and popularly farmed food fish suitable for low 

input-based culture systems practiced by small and traditional farmers who subsist on return from 

aquaculture at regular intervals to meet up their daily needs. A new model of milkfish farming, multiple 

stocking and multiple harvesting (MSMH) was developed to augment the fish production from traditional 

and small brackishwater ponds. MSMH model with a higher stocking density of 15000/ ha could yield up 

to 3.8 ton/ha, thus having the potential to be adopted by small and marginal coastal aquafarmers. 

Introduction 
Milkfish, Chanos chanos is an economically important and widely cultured food fish of south-east Asia and 

has distribution in the tropical and subtropical areas of the Indo-west Pacific Ocean. It is a herbivore fish 

which feeds on benthic algae, periphyton and detritus and grows rapidly in natural water bodies. It can 

tolerate a wide range of salinity, thus making it a suitable candidate species for brackishwater aquaculture 

(Biswas et al., 2011). ICAR-Central Institute of Brackishwater Aquaculture has developed the technology 

for captive breeding and seed production of this species (Bera et al., 2021). Milkfish is an appropriate species 

for low input-based culture system easily adoptable by small and traditional farmers. For small farmers 

return from farming at regular intervals is most desirable to meet up their daily needs. In this context, 

MSMH technique of milkfish culture could be suitable to these farmers. Moreover, this method can 

augment productivity of a small pond by many folds. 

Culture Management 
Before stocking ponds were prepared by liming and fertilization. Two consecutive trials were conducted 

with two stocking densities (7500 and 15000/ha). Milkfish fingerlings (6-10 g) were stocked and reared in 

fertilized ponds. Fish were fed with a formulated feed (CP 30%; Price: Rs. 40/ kg) @3-5% of body weight 

daily. After 100 days, harvesting was started when the fish attained at least 150 g and ponds were restocked 

with same quantity of advanced fingerlings (25-50 g) at 15-day intervals keeping the total number of fish 

same to that of initial stocking. For this system, a separate nursery pond is required to maintain seeds 

restocking throughout the culture period. 

Production Level 

 
Fig 1. Harvested milkfish from MSMH pond 
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In the first trial, higher production of 3.6 ton/ ha in the high density compared to 2.8 ton/ ha in the low-

density culture was achieved after 160 days. In the second trial, this model yielded higher production of 3.8 

ton/ ha in the higher density compared to 3.0 ton/ ha in the low-density culture in 180 days. 

Table 1: Economics of milkfish MSMH culture demonstration (0.2 ha): 

Operational cost (OC) Amount (Rs.) 

Pond cleaning, fencing and periphyton net (10% surface area) 3000 

Electricity 2500 

Milkfish seed: 3000 no. (@Rs.5) 15000 

Organic, inorganic manure and lime 1000 

Feed (600 kg @Rs.40/ kg) 24000 

Watch and ward 3000 

Labour charges 2000 

Pond lease  2000 

Total OC (TOC) 52500 

Return   

Milkfish sale (750 kg @Rs.160) 120000 

Gross return (GR) 120000 

Net return (TOC-GR) 67500 

Benefit-cost ratio (BCR): GR/TOC 2.29 

Conclusion 
MSMH model with a stocking density of 15000/ ha can improve production and profitability in low input-

based milkfish farming. This model could be suitable for small and marginal farmers with several added 

advantages. The farmers do not require having a large capital to meet up various recurring expenditure. 

After managing the ponds for a maximum 3-4 months, the farmers start receiving return, which is utilized 

for purchase of different inputs for use during the rest period of fish rearing. Thus, a small farmer with 

limited resources can also undertake scientific milkfish farming by adopting this culture model and meet 

up their day-to-day needs from fish harvests at regular intervals. Moreover, regular netting during harvest 

could help in raking up of pond bottom and releasing the obnoxious gases, and causing nutrient influx into 

water, which finally leads to elevation of primary productivity of the pond. 
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Introduction 
Due to the adverse effects of the green revolution on soil fertility, emergence of new insect pests and 

diseases and declining of water table level (Jain 2010) tempted the farmers to consider alternate methods 

of cultivation which could curb the adverse effects of green revolution and provide an opportunity to grow 

crops throughout the year. Protected Cultivation Technology was one such alternative which was promising 

to the farmers. Climate change and poor water availability will necessitate growing more food with less 

and less water. India being a vast country with diverse and extreme agro-climatic conditions, the protected 

cultivation technology can be utilized for year-round off-season production of high value, low volume 

vegetables, production of virus free quality seedlings, production of quality hybrid seeds and as well as for 

disease resistance breeding programmes. 

 

Constraints in Adoption of Polyhouse Technology 
1. Environmental constraints: Over-exploitation of nutrients from soil has led to their decline in fertility 

status. Highly erratic weather conditions outside the polyhouse lead to higher care and better management 

of crops inside the polyhouse and inturn higher cost of cultivation. Occurrence of pest and diseases inside 

the polyhouse sometimes exceed when compared to open cultivation because of favourable climatic 

conditions (high moisture and humidity) inside the polyhouse. Continuous irrigation to soil through drip 

or mist irrigation or water spray inside the polyhouse has also led to poor drainage conditions. Among the 

major constraints in production of horticultural crops in India are temperature (hot or cold), sunlight 

duration and quality, water deficiencies or excesses, atmospheric moisture (relative humidity), weeds, 

deficiency of nutrients, heavy winds, carbon dioxide and host of diseases and insect pests. 

a. Relatively higher perishability of flowers/ vegetables 

b. Scarcity of water for irrigation under polyhouse 

c. Highly fluctuating weather conditions 

d. Poor drainage of soil 

e. Low soil fertility status 

f. Occurrence of pest and diseases 

g. Occurrence of physiological disorders. 
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2. Technical constraints: Production of crops under polyhouse conditions is highly knowledge and skill 

intensive. However, farmers find it difficult to get the latest information and techniques of crop production 

under polyhouses, especially in their regional languages. Availability of quality planting material at 

reasonable prices is a challenge. The fact that planting material is supplied only by few private players has 

resulted into farmers being completely dependent on them. Lack of scientific knowledge about crop 

production under polyhouse non-availability of required quantity and quality planting material at right 

time Limited and irregular power supply: 

a. Non-availability of quality inputs like pesticides and insecticides at right time 

b. Non-availability of quality polyhouse equipments at local market 

c. Lack of technical guidance about production techniques 

d. Lack of relevant literature in local language 

e. Difficulties in following the recommended practices. 

3. Labour related constraints: Polyhouse cultivation is labour intensive and demands skilled labour 

throughout the year. Migration of rural folk to urban areas in search of better jobs, alternative employment 

opportunities at the village level (including MNREGA scheme) and indifferent attitude of youth towards 

agriculture has led to acute shortage of skilled labour especially in the peak seasons of planting/ sowing 

and harvesting. This has naturally raised the wage rates of skilled labour required for polyhouse 

cultivation. 

a. High cost of skilled labour 

b. Scarcity of labour during peak seasons 

c. Lack of availability of skilled labour. 

4. Economic constraints: The economic constraints of the farmers in adoption of polyhouse shows that 

the initial cost required to establish a polyhouse is still very high and is beyond the reach of small and 

medium farmers. The cost of establishment of polyhouse varies between ` 1.2 million to ` 1.4 million. 

Polyhouse cultivation requires quality planting material, inputs, etc. which adds economic burden to the 

farmers. The poor accessibility to subsidy and absence of pricing policy including crop insurance has further 

increased the risk of polyhouse cultivation. 

a. High initial investment in construction of poly house 

b. High cost of planting material 

c. High cost of plant protection chemicals 

d. Lack of adequate and timely disbursement of loan from financial institutions 

e. High cost of transportation 

f. Complexity of loan procedure 

g. Lack of awareness about credit and subsidy facilities 

h. Poor accessibility to subsidy 

i. Absence of crop insurance scheme for flowers and vegetables. 

5. Marketing constraints: Indian farmer is a price taker and not a price fixer. It is more so in crops where 

price policy is completely absent as in case of flowers and vegetables. Hence, unfavourable market prices 

may cause huge financial losses. Farmers fetched good prices from international markets when compared 

to domestic market. Even in the domestic market, farmers fetched good prices during the months of 

January-April and the season is generally slack during September to December. The deficiencies in the 

infrastructure such as poor grading and transport facilities and cold chain management combined with 

market malpractices add to the risk component of farmers in India. The markets for polyhouse products 

are generally exclusive and far, sometimes crossing the boundary of the nation. 

a. Fluctuation in market prices 

b. Lack of marketing facilities at local place (block/district headquarters) 

c. Lack of exclusive markets for flowers/ vegetable grown under polyhouse 

d. Existence of middle men malpractices 

e. Lack of specialized supply chain management including cold chain 

f. Difficulty in grading the produce at the production level 

g. Distress sale due to immediate need of money. 
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Introduction 
The major constraints being the scarcity and poor quality of on-farm feed resources and the uncertain 

supply of purchased concentrates. Underfeeding in basal diet and supplementary feeds has created protein 

deficit leading to reduction in milk production, also inconsistent feeding plans contributes to low milk 

productivity the estimates that about 1000 million ton of animal feed is produced globally every year, 

including 600 million ton of compound feed. 

More than 80 percent of this feed is produced by 3800 feed mills, and 60 percent of the world total is from 

10 countries. The nutritional evaluation of different Fodder tree leaves, shrubs and brows plants of district 

Dir (Sartaj Khan et al 2015) the importance of an appropriate available energy supply in a balanced diet 

for efficient protein use by livestock was stressed, a high energy to protein ratio being needed to optimize 

the use of the protein. The availability of imported protein materials is often essential for local feed 

manufacture. Considerable efforts are being made to utilize more diverse local sources of feed ingredients, 

in particular protein materials, in many developing countries.  Protein supplements have been indicated 

as one of the most limiting nutrients for dairy cattle during the dry season (Kavana et al 2005). This is due 

to the inherent low crude protein content of tropical grasses that are used as the basal diet. Multipurpose 

trees and shrubs (MPTS) constitute a rich and critical source of supplementary fodder and protein in the 

diet of ruminants especially during the dry season (Phiri et al 2000). Sources of protein for animal feeds 

are many and varied, with considerable opportunities for further diversification and substitutions and 

utilization of waste land for growing of tree fooder. 

Sl. 

No. 

Common 

name 

Botanical 

Name 

Family  Uses 

1. Shisam/Indian 

Rosewood 

Dalbergia 

sissoo  
Fabaceae ➢ Timber tree, the young branches 

and foliage eaten by livestock.  

➢ After teak, it is the most important 

cultivated timber tree in India. 

2. Soundal Leucaena 

leucocephalea  
Fabaceae ➢ The legume provides an excellent 

source of high-protein cattle fodder. 

➢ yield of foliage corresponds to a 

dried mass of 2,000–20,000 

kg/ha/year 

➢ It is also efficient in nitrogen 

fixation (more than 

500 kg/ha/year). 

➢ It has a very fast growth rate: young 

trees reach a height of more than 

20 feet in two to three years. 

3. Indian coral 

tree 

Erthyrina 

indica  
Fabaceae ➢ It is a fast-growing deciduous 

tree and it attains height of 50 feet 

and has green and yellow 

variegated leaves.  

➢ The leaves are used as green 

manure and green fodder. 

https://en.wikipedia.org/wiki/Nitrogen_fixation
https://en.wikipedia.org/wiki/Nitrogen_fixation
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4. Indian siris/ 

Woman's 

tongue 

Albizia 

lebbeck  
Fabaceae ➢ High productivity under repeated 

cutting, grazing or browsing and 

high seed production ability or 

reliable vegetative propagation. 

➢ High production of good quality 

forage in terms of protein and 

mineral contents, palatability and 

digestibility. 

5. Krishna Siris Albizia amara  Fabaceae ➢ Albizia amara is a mid-sized, 

deciduous tree. 

➢ Its wood is used for construction 

and furniture, and as a firewood.  

➢ Albizia amara provides many 

environmental services: control of 

soil erosion, wind break, shade 

provider. 

➢ It is also an ornamental tree in 

urban areas. Ruminants can feed 

its leaves. 

6. Indian kino tree Pterocarpus 

marsupium  
Fabaceae ➢ Leaves given to goats for more milk 

➢ It is also grown as shade tree in 

coffee plantations and is often 

cultivated as a multipurpose tree in 

home gardens and as component of 

agro-forestry systems in India. 

➢ The tree is heavily exploited for its 

timber, resin and medicinal bark. 

➢ It provides a good bulk of leaves for 

green manure. 

7. Red Sanders  Pterocarpus 

santalinus 

Fabaceae ➢ Leaves are used as cattle fodder. 

➢ Red sanders are a small to medium-

sized deciduous tree and the tree 

supplies a very good timber and is 

the source of a red dye.  

➢ It also has a range of medicinal 

uses.  

➢ It is a good windbreak for Citrus 

plantations. 

8. Hummingbird 

tree 

Sesbania 

grandiflora  
Fabaceae ➢ In hedgerow planting or intensive 

production system, green fodder 

production of 2–10 tons/ha.  

9. Common sesban Sesbania 

sesban 
Fabaceae ➢ Sesban is used as forage (grazed or 

cut-and-carried), and as green 

manure.  

➢ It provides good quality firewood 

and fibre for cordage 

10. Mexican lilac/ 

Mother of cocoa 

Gliricidia 

sepium 
Fabaceae ➢ In hedge row planting system, 

green fodder yield 2–10 tons/ha. 

11. Manilla 

Tamarind 

Pithecellobium 

dulce 
Fabaceae ➢ Leaves of manila tamarind used 

as a fodder for goats. 

➢ It is often planted for living fence or 

thorny hedge; and hedge clippings 

are often gathered for animal feed 

(sheep & Goat). 



 

 
Volume 04 - Issue 11 - November 2022       388 | P a g e  
 

12. Bidi Leaf Tree Bauhinia 

racemosa 
Fabaceae ➢ fodder yield per tree is 15-20 kg of 

dry matter.  

13. Indian 

Blackwood/Acha 

Hardwickia 

binata 
Caesalpiniaceae ➢ The leaves are used as fodder and 

green manure. 

➢ The leaves, succulent stems and 

twigs serve as fodder for livestock 

➢ The timber obtained from 

Hardwickia binata is used for 

making agricultural equipment like 

cart wheels, oil 

mills, pestles and ploughs. 

14. Dhaman Grewia 

tilifolia  
Tiliaceae ➢ The main use of this plant 

is fodder and fibre. 

➢ Leaves and twigs are lopped for 

fodder. 

15. Kumila maram Gmelina 

arborea  
Verbenaceae ➢ leaves are considered good for cattle 

and are also used as a feed  

➢ Agroforestry Uses: A highly light-

demanding species utilized in agro-

forestry systems. 

 

16. Malai vembu  Melia dubia  Meliaceae ➢ Extracts from the tree are 

medicinal and the leaves are lopped 

as fodder 

➢ It is used as dual purpose which has 

a medicinal value and also used 

for fodder. 

➢ Fast-growing deciduous tree used 

as raw material for manufacturing 

plywood & match sticks.  

17. Indian tulip 

tree/poovarsu 

Thespesia 

populnea  
Malvaceae ➢ The leaves are a good source of 

protein, calcium and phosphorus; 

hence, foliage is  used as fodder 

➢ Young shoots are used as 

fodder and as green manure. 

18. Jackfruit  Artocarpus 

heterophyllus  

Moraceae ➢ The leaves and fruit waste provide 

valuable fodder for cattle, pigs and 

goats. 

19. Indian ash tree Lannea 

coromandelica  
Anacardiaceae ➢ The leaves are copped 

as fodder and fed the livestock in 

inflammatory and digestive. 

➢ Use of plants as fodder as a part of 

the traditional livestock husbandry 

practices. 

20. Cashew  Anacardium 

occidentale 
Anacardiaceae ➢ Agroforestry; Erosion control or 

dune 

stabilization; Fodder/animal feed;  

21. Indian 

mulberry 

Morinda 

tinctoria 
Rubiaceae ➢ Legume trees and 

other fodder trees as protein 

sources for livestock  

22. Indian Elm  Holoptelia 

integrifolia 
Ulmaceae ➢ Charcoal; Erosion control or dune 

stabilization; Fodder/animal feed 

23. Peepal tree   Ficus religiosa  Moraceae ➢ It is a fast-growing tree. 

https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Oil_mill
https://en.wikipedia.org/wiki/Oil_mill
https://en.wikipedia.org/wiki/Pestle
https://en.wikipedia.org/wiki/Plough
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➢ Feeding systems based on the 

traditional use of trees for feeding 

livestock. 

24. Banyan tree Ficus 

benghalensis  
Moraceae ➢ It is a fast-growing tree. 

➢ Feeding systems based on the 

traditional use of trees for feeding 

livestock. 

25. Indian 

satinwood tree 

Chloroxylon 

swietenia  
Rutaceae ➢ The leaves are used as fodder and 

green manure. 

➢ The leaves, succulent stems and 

twigs serve as fodder for livestock 

➢ The timber is used for making 

agricultural equipment like cart 

wheels, pestles and ploughs. 

26. Helicopter Tree Gyrocarpus 

jacquini  

Hernandiaceae ➢ It provides fodder from their 

vegetative parts.  

27. White Bark 

Acacia 

Acacia 

leucophloea  
Mimosaceae  ➢ Acacia leucophloea is an 

important dry-season fodder and 

pasture tree throughout its range.  

➢ Leaves, tender shoots and pods are 

eagerly eaten by goats, sheep and 

cattle and used as heavy use as a 

dry-season fodder. 

28. Gum Arabic Acacia nilotica  Mimosaceae  ➢ The trees are browsed by livestock 

or lopped for fodder.  

➢ Pods can be eaten on the ground or 

browsed by livestock or collected to 

be fed on the farm. 

The forage management 

of Acacia nilotica can be quite 

complex as various parts of the 

plants are used at different periods 

of the year for different types of 

animals. 

29. Pala 

indigo plant  

Wrightia 

tinctoria  

Apocynaceae ➢ Leaves are used as fodder. 

30. Kadamba  Neolamarckia 

cadamba 
Rubiaceae ➢ Agroforestry; Fodder/animal feed; 

Revegetation; Shade and shelter; 

Windbreak.  

31. Ber   Ziziphus 

mauritiana  
Rhamnaceae ➢ Leaves are used as fodder. 

32. Chinese 

banyan/ 

Laurel Fig 

Ficus retusa  Moraceae ➢ Leaves are used as fodder. 

➢ The trees are browsed by livestock 

or leaves can be lopped for fodder. 

Conclusions 
It is clear that the feed industry and others must continue to look for alternative and enhanced sources of 

protein for animal feeds. Nutritionally enhanced crops have the potential to benefit animal health, growth 

and performance, to reduce feed costs, to make animal protein more affordable, and to add essential protein 

to animal diets. This methods utilization of small and marginal farmer and also wasteland used for growing 

tree fodder. 

 

https://en.wikipedia.org/wiki/Livestock
https://en.wikipedia.org/wiki/Pestle
https://en.wikipedia.org/wiki/Plough
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Introduction 
You use IoT technology every time you check your smart watch to check your calorie intake or ask Alexa 

or Siri to figure out how much a pie is worth. By its most basic definition, IoT is just items controlled by 

the internet. IoT devices are "smart" gadgets with network-capable data transmission. In agriculture, 

technology use is at previously unheard-of levels. There are numerous innovative agricultural technologies 

that appear to hold great promise for the industry's future. IoT was originally an emerging agritech, but as 

it has gained more traction, it has moved into the mainstream. Kevin Ashton, co-founder and executive 

director of the Massachusetts Institute of Technology (MIT) Auto-ID Laboratory, first used the phrase 

"Internet of Things" (IOT) in 1999. 

IOT Applications in Agriculture 
IoT smart agricultural solutions are made to help monitor crop fields using sensors and by automating 

watering systems. As a result, farmers and related companies may conveniently and hassle-free monitor 

field conditions from anywhere. Robotics, drones, sensors, and computer imagery combined with analytical 

tools are used in agriculture to gain insights and monitor the crops. The installation of physical equipment 

on farms monitors and collects data, which is then used to gain insightful knowledge. 

Drones in Agriculture 
One of the main industries to use drones is agriculture. For imaging, mapping, and surveying farms, drones 

with cameras and sensors are employed. Drones can be either ground-based or airborne. Drones that move 

over the ground to examine fields are called ground drones. Aerial drones are flying robots, often known as 

unmanned aerial vehicles (UAVs) or unmanned aircraft systems (UAS). Drones can be commanded 

remotely or they can fly automatically thanks to software-controlled flight plans in their embedded systems 

that collaborate with sensors and GPS. Insights on crop health, irrigation, spraying, planting, soil and field, 

plant counting, yield prediction, and much more may be gleaned from the drone data. Drone surveys can 

be planned in advance (drone as a service) or drones can be purchased and kept close to farms where they 

can be serviced and recharged. After the surveys, the drones must be transported to neighbouring labs for 

data analysis, improving the use of IoT in agriculture. 

 
Figure 1. Drones in agriculture 

Robotics in Agriculture 
Automation has improved since the 1800s' industrial revolution in order to perform complex activities with 

efficiency and boost output. Agriculture robots, sometimes referred to as Agribots, are beginning to draw 
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interest from farmers due to the global labour scarcity and rising demand. Agrobots have gained increased 

prominence as a result of recent developments in sensors and AI technologies. The ag-robotics revolution 

is still in its early stages as we work to fully utilise the Internet of Things in agriculture. The majority of 

the products are still in early trial phases and R&D mode. 

1. Machine guided robots: Tractors and large ploughing equipment can be operated automatically from 

the comfort of home using GPS, just as remote-controlled toy vehicles can. Mobile devices make it simple 

to monitor their movements and the status of their work. 

 
Figure 2.  Multipurpose machine guided robots 

2. Weeding Robots: These clever agricultural robots utilise digital image processing to scan through 

photographs of weeds in their database to find similarities with crops and either remove or directly spray 

them with their robotic arms. Plants that are resistant to pesticides are advantageous for both the 

environment and farmers who previously applied pesticides liberally throughout their farms. Paddy is 

subjected to an estimated 5 litres/ha of herbicides at a cost of 5,725 INR per year, hence lowering their 

overall cost. 

 
Figure 3. Weeding cum spraying robots 

3. Material handling robotics: Robots can carry out unpleasant manual labour activities while coexisting 

with humans. They can lift big objects and space plants precisely, which improves the quality of the space 

and plant and lowers manufacturing costs. 

 
Figure 4. Multicrops material handling robotics 
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4. Crop harvesting robotics: By using agribots to pick crops, the manpower scarcity issue is resolved. 

These cutting-edge machines can work around-the-clock, handling the delicate process of harvesting fruits 

and vegetables. These devices pick the fruits by using robotic arms and image processing to determine 

which ones to pick, thereby controlling the quality. These robots can accurately assess the growth stage of 

crops in greenhouses and harvest them as necessary. 

 
Figure 5. Robotics for crop harvesting 

Remote Sensing in Agriculture 
The way data is gathered from various nodes in a farm is revolutionised by remote sensing in agriculture. 

IoT-based remote sensing uses sensors, such as weather stations, that are installed alongside farms to 

collect data, which is then sent to analytical tools for analysis. Devices that can detect anomalies are called 

sensors. Farmers can keep an eye on their crops from the analytical dashboard and act based on their 

findings. Crop monitoring involves checking the crops for changes in light, humidity, temperature, shape, 

and size using sensors positioned along the farms. The sensors examine any irregularity they find, and 

then alert the farmer. Therefore, remote sensing can monitor crop growth and help stop the spread of 

disease. The information gathered by sensors about humidity, temperature, moisture precipitation, and 

dew detection aids in identifying the weather pattern in farms so that cultivation of suitable crops can be 

carried out. Analysis of the soil's health enables adjustments to be made to the amount of water required 

for irrigation and the selection of the most advantageous form of cultivation by identifying the nutritional 

value and drier farm areas, soil drainage capacity, or acidity. 

 
Figure 6. Remote sensing in agriculture monitored by IOT 

Computer Imaging in Agriculture 
In order to create photographs that are subjected to digital image processing, computer imaging uses sensor 

cameras that are placed in various locations around the farm or drones that are equipped with cameras. 

The fundamental idea behind employing computer algorithms to process an input image is known as digital 

image processing. Image processing examines the photos in various spectrum intensities, including 

infrared, analyses the images acquired over time, and discovers abnormalities, assessing limiting factors 
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and assisting in better managing farms. Machine learning and image processing are used to compare 

database photos with images of crops to ascertain their size, shape, colour, and rate of growth, thereby 

regulating the quality. The accuracy and speed of sorting and grading agricultural and culinary products 

based on their size, texture, colour, and form can be improved post-harvest with computer imaging. The 

mapping of irrigated lands is aided by long-term irrigation monitoring. Additionally, it provides the most 

effective irrigation schedule depending on the physiological conditions of the plants, changeable weather 

patterns, and soil moisture levels. 

 
Figure 7. Computer imaging in agriculture is generated by IOT 

Conclusion 
Smart farming can increase the farmer's bottom line in agriculture. Farmers will save time and money by 

using fewer resources, and hazards will be reduced by more reliable spatially explicit data. By tracking the 

field in real-time, IoT-based smart farming enhances the overall agricultural system. The Internet of 

Things in Agriculture, made possible by sensors and connectivity, has helped farmers save time while 

consuming fewer resources, such as water and electricity etc. 
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Introduction 
Presently, soil organic carbon content in India has come to 0.3% from 1% in past 70 year. Intensive 

cultivation of crop without providing proper compost/farm wastes to the soil is the reason behind the fall 

in soil organic carbon content, which creates imbalance in soil fertility, unfavorable soil physical condition 

and poor in biological system. Thus, it's damaged the soil health. Hence, this can be overcome by use and 

managing soil organic carbon through optimizing management practices. Management of soil organic 

carbon from residues helps to maintain nutrients availability and agricultural sustainability. 

Definition of Soil Organic Carbon 
“Soil organic carbon is the sum of all biologically derived organic materials found in the soil or on soil 

surface irrespective of its source, living stage of decomposition but excluding the above ground portion of 

living plant.”. 

 

Source of Soil Organic Carbon and its Management 
1. Plant or crop residue. 

2. Animal residue or waste. 

Management: 

a. Mulching. 

b. Completely or partially incorporation of crop residue. 

c. Biochar production. 

d. Compost. 

e. No- tillage or conservative tillage practices. 

f. Pusa- decomposer capsule. 

g. Cover crop. 



 

 
Volume 04 - Issue 11 - November 2022       396 | P a g e  
 

h. Green manuring. 

Decomposition: Decomposition is biological breakdown and biochemical transformation of complex dead 

material into simple organic and inorganic molecules.  

Process of decomposition: When crop residue or organic manure apply into the soil, microorganisms’ 

attacks on organic matter because microorganisms need energy, food and nutrients for their cell synthesis, 

protein or protoplasm synthesis and other process. When microorganism attack on residue they release 

some enzymes and enzymes breakdown long carbon chain into simple organic and inorganic compound and 

this process is known as a catabolism. During this process inorganic elements release, like carbon where 

microorganism utilize inorganic carbon for their cell synthesis and nitrogen for their protein synthesis this 

process is known as an immobilization where inorganic is converted into organic. In certain conditions, 

when microorganism dies due to shortage of food source and they release inorganic elements and this 

process is known as mineralization where organic is converted into inorganic element and available to plant 

for their growth. During decomposition of organic matter organic acid produced, in which some soluble 

substance are leached through percolating water this process is known as leaching. 

 
Figure 1. Drones in agriculture 

Case Studies 
Effect of different factor on decomposition rate: Mineralization of organic carbon increased with 

increasing moisture content up to an optimum level at 50% of water holding capacity Further they noted 

decomposition is lower at situations of water stress and anaerobic condition reported by Murwira et al. 

(1990). Mineralization rate of soybean root was slower than that of leaves and stem while in rice organic 

matter mineralization rate was slower in leaves than root and stem because soybean root contain 26% 

lignin observed by Abiven et al. (2005). Soil organic matter decomposition rates were significantly higher 

with the soil bacteria and soil organic matter decomposition rates were significantly lower with the soil 

fungal reported by Zhiwei et al. (2015). Highest   C:N ratio was observed in white meliloti shoots. The 

residues with high C: N ratios are generally having negative effect on the N availability. They also found 

that the decomposition of roots was not controlled by the C: N ratio but also depend on chemical composition 

found by Talgre et al. (2017). Cumulated soil organic carbon-CO2 emissions were significantly higher at 0-

10 cm than at 10-30 cm depth in tree row than alley and control. They also found that cumulated soil 

organic carbon-CO2 emissions were significantly higher in the two topsoil layers than in the two subsoil 

layers reported by Cardinael et al. (2021).  

Effect of organic carbon on yield and soil health: Cumulative effect GM + FYM + B gave higher straw 

and grain yield of wheat crop in both year when grown in the rice-wheat cropping system and it was at par 

with cumulative effect of GM + FYM found by Ram et al. (2009). Straw (5 t/ha) incorporated 20 days before 

sowing of wheat along with green manuring (dhaincha) gave highest yield and yield attribute characters 

among all treatments concluded by Dhar et al. (2014). Application of rice husk biochar @ 10 t/ha gave 

significantly higher green pod yield of pea and remained at par with all treatment except wood biochar @10 

t/ha found by Bhattarai et al. (2015).) Application of vermicompost (50% RDN) along with neem cake or 

castor cake (50% RDN) were found equally effective and recorded significantly higher yield and yield 

attributes characteristics of pit planted sugarcane reported by Patel et al. (2020). Incorporation of rice straw 

showed highest soil moisture percentage and further they found that surface mulching of glyricidia leaves 

increased the availability of soil N, P (mg.100g/ soil) as compared to rice straw reported by Sangakkara 
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(2006). Combination of biochar + compost gave highest water holding capacity as compared to other 

whereas, decreased bulk density observed by Safaei et al. (2017). Incorporation of crop residue + green 

manuring significantly improved the physical properties of soil i.e., BD, infiltration rate and aggregates 

stability and microbial count of bacteria and fungi as compared to crop residue removal or burned in rice-

wheat system found by Singh et al. (2020). Organic carbon %, available N, P, K significantly increased due 

to treatments (T9) Enriched Biochar 0.25 t/ha + Vermicompost 1 t/ha but were at par with T10 Enriched 

Biochar0.25 t/ha + FYM 1.25 t/ha + Vermicompost 0.5 t/ha observed by Hirapara et al. (2020). 

Summary / Conclusion 
Mineralization of organic carbon present in the organic matter is a complex process which depends on 

various factors such as moisture, temperature, C:N ratio, lignin content etc along with cultural and field 

management practices. Higher addition of organic matter through different cropping system, green 

manuring, suitable size of the organic wastes, with or without enriched organic manures in sole or combined 

application goes under mineralization is responsible to give higher crop yield. Further adoption of above 

practices improves the physical, chemical and biological properties of soil and it ultimately maintain soil 

health. 
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Summary 
Soil acidity is a major constraint limiting crop production in 30-40% of the world arable land. The poor 

fertility of the acid soil may be due to combination of mineral toxicities of aluminium and manganese and 

deficiencies of phosphorus, calcium, magnesium and molybdenum. In India, approximately 1/3rd of the 

arable land is affected by soil acidity. However, majority of these area are concentrated in NE region with 

nearly 65% of its land being in extreme forms of soil acidity with pH of <5.5. Considering north-eastern 

region of India, acid soil covered an area of 21 Mha and the maximum area being recorded in Arunachal 

Pradesh (6.8 Mha). This acidic nature may be attributed to the parent materials, dominance of kaolinites 

and sesquioxides clay fraction. Due to this acidic nature of the soil, pH declined to less than 4.5 and result 

in loss of exchangeable bases and micronutrients, reduced root growth, degrade microbial population 

thereby result in the decline of N-fixing ability and even more contributes to greenhouse gas emission. So, 

liming has been used as an effective ameliorative measure. Moreover, advanced technology and innovative 

ideas apart from indigenous and contemporary ameliorative measures need to be established in various 

areas along with future research projects on scientific intensive study. 

Introduction 
Soil acidity is a major constraint to cropping globally, particularly in temperate and tropical regions of the 

world. Acidic soil limits crop production on 30-40% of the world arable land. It has become an important 

agricultural problem while determining the potential of most of the crops (Mansingh et al., 2018). The poor 

fertility of the acid may be due to combination of mineral toxicities (aluminium and manganese) and 

deficiencies (phosphorus, calcium, magnesium and potassium). Al toxicity is the single most important 

factor acting as a major constraint for crop production on 67% of the total acid soil area (Eswaran et al., 

1997). Our country being dependent on agriculture as primary source for livelihood, felt the need to restore 

soil health. In India, approximately 1/3rd of the arable land is affected by soil acidity (Mandal, 1997). 

Majority of these area are concentrated in north-eastern region with nearly 65% of its lands being in 

extreme forms of soil acidity with pH of <5.5 (Sharma and Singh, 2002). 

Extent and Distribution of Acidic Area 
The north-eastern region occupied an area of 21 million hectares of acid soils. As the areas are hilly terrain 

and mountainous only 7% of the reported area is under cropping, 5.3 million hectares cropped land is 

supporting nearly 39 million people. 80% of the cropped area is under cereals especially rice. The maximum 

area of acidic soil occurred under Arunachal Pradesh (6.8 Mha), followed by Assam (4.7 Mha), Meghalaya 

(2.24 Mha), Manipur (2.19 Mha) and Mizoram (2.0 Mha). Among them, Arunachal Pradesh occupies the 

largest acidic area which were categorized under strongly acidic soil (pH<4.5). 

Formation and Problem of Acidic Soil 
Acidic parent materials like acid granite rocks which take part in the process of soil formation and 

dominance of kaolinites and sesquioxides clay fraction with low water holding capacity render the soil 

acidic. Heavy precipitation caused leaching of bases, fine earth and organic matter from the surface soil. 

Use of acid forming fertilizers e.g. (NH4)2SO4 and NH4NO3 also contributes to acidic soil formation. 

The major growth-limiting factors associated with acid soil is due to toxicity of Al, Mn and Fe and deficiency 

of Ca, Mg, P, B and Mo. However, Al toxicity and associated P-deficiency are major constraints for crop 

production on 67% of the total acid soil area (Eswaran et al., 1997). Soil acidification decrease soil pH, 



 

 
Volume 04 - Issue 11 - November 2022       399 | P a g e  
 

thereby adversely affect plant and soil microorganism. Most of the plant prefers between pH 5.5 and 6.5 

and the value beyond this range has impact on plant growth. Acid soil restricts plant root access to water 

and minerals. Rhizobium population also declined which affects the legume’s ability to fix atmospheric 

nitrogen. Nitrification activity of microbes are restricted by controlling activities of soil nitrifiers, ammonia-

oxidizing archaea, ammonia-oxidizing bacteria and nitrate-oxidizing bacteria (Robertson and Groftman, 

2015). This impact results the soil nitrifiers limits the conversion of NO2
- to N2O and also results in the 

contribution of greenhouse gas emission. 

Management Strategies for Acidic Soil 
Al toxicity and P deficiency are major constraints in acidic soil. The most common and know ameliorative 

measures is liming. It increases soil pH, improves availability of plant nutrients and crop growth, increases 

nutrient uptake, stimulates biological activity, decreases extractable Al3+ and reduces toxicity of some 

elements. Soil testing could serve better option as it could predict the nutritional status of the field. A study 

revealed that liming the soil below pH 4.5 is not economical unless an integrated approach is being applied 

to enhance the productivity. For examples, the synergistic effect of lime, NPK and FYM treatment 

combination recorded 3-fold increase in maize yield on acid alfisol (pH 4.6) of Meghalaya (Manoj-kumar et 

al., 2010). Advocacy of different agronomic practices viz. enhancing aggregates stability, decreased bulk 

density, enhanced water holding capacity, enhancement of NUE and adoption of suitable cropping system 

along with scientific package practices like contingency crop planning, STCR, targeted yield approach and 

genetic improvement of plants could serve better for probable alternatives. Application of major nutrients 

NPK along with lime continues to be a general recommendation for crop production with disproportionality 

lesser emphasis on micronutrient fertilization. In this context, it envisages that the sole application of 

major nutrients with concurrent use of micronutrients may be inadequate to improve productivity and 

growth of crops which are sensitive particularly for pulses (Manoj-kumar et al., 2016). 

Conclusion 
Soil acidity is the major problem concerned in the north-eastern region of India. The acidity is inherent in 

nature due to high amount of exchangeable Al resulting from heavy rainfall and weathering of acidic parent 

materials. So, amelioration measures need to be established using different methods. Among them, liming 

is commonly known among the farmers but the quantities of lime requirement recommended is practically 

not feasible to the farmers. So, advance methods and innovative ideas need to be incorporated. Moreover, 

the impacts of organic amendments could be boosted through judicious integration with inorganic sources. 

Growth of acid adaptive bio-inoculants as INM approach could serve better priorities. Further future 

research could emphasis more on the advance technology and intensive research in collaboration. 
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Mentha belongs to family Lamiaceae and has distinctive flowers with a prominent liplike lower petal. The 

cosmopolitan distribution of this family from temperate to tropical regions, Mediterranean Basin of the 

world. Members of this family are grown as annual or perennial herbs, shrubs, and small trees (De 

Judicibus M, 2011). The Lamiaceae family includes eight subfamilies Ajugoideae, Chloranthaceae, 

Lamioideae, Nepetoideae, Pogostemonoideae, Scutellarioideae, Teucrioideae, and Viticoideae. Over 47% of 

the Lamiaceae fall within the subfamily Nepetoideae with 260 genera and more than 7000 species 

(Lawrence BM 2007). In Punjab the four main species Mentha arvensis, Mentha piperita, Mentha spicata 

and Mentha citrata are grown in an area of about 13327 hectares with production of 183kg leaves per 

hectare and oil production of 2430 metric tonnes. 

The essential oils extracted by steam or hydro-distillation are natural and volatile secondary metabolites 

are depicted by a strong odor and a complex composition which are used in pharmaceuticals (Zhao D, 2013). 

The essential oil in M. piperita produces peppermint oil along with menthol, menthone and methyl acetate 

as main components. M. spicata sp., M. viridis (native spearmint) and M. gracilis (scotch spearmint) have 

carvone-rich oils with different compositions. M. citrata is a source of linalool and linalyl acetate (Zhao D, 

2013). The major constituents in Mentha citrata oil are linalyl acetate and linalool.  

The collection of over 8000 molecules biologically active compounds, either small or large and also complex 

molecules, have at least one aromatic ring with one or more hydroxyl groups attached are phenolic 

compounds. Secondary metabolites universally present in mentha plants and these are natural sources of 

esters and glycosides as suggested by (Pierra E et al. 2016). The genus Mentha species as reported by 

(Dorman HJD et al. 2003).  contain a range of components which include cinnamic acids,aglycon and 

glycoside or acylated flavonoids Triantaphyllou et al. (2001) reported that water extracts 

from Mentha contain esters of phenolic acids, a flavonoid derivatives and glycosidic flavonoids 

hydroxylated in position 3 or 5. The genus Mentha  rich in phenolic acids such as  caffeic acid and its 

derivatives, chlorogenic and rosmarinic acid as proposed by (Dorman HJD et al 2003 and Triantaphyllous 

et al 2001) also reported  for 60–80% of total phenolic compounds. Also, (Kapp K et al.,2015) reported seven 

salvianolic acids in Mentha plants which includes salvianolic acid H/I, salvianolic acid E, salvianolic acid 

B, and isosalvianolic acid A (caffeate trimers). 

Mentha plants are rich in flavonoids, particularly in flavones and flavanones with Luteolin and its 

derivatives are the main flavones accounted by (Kapp K 2015). The aqueous extracts of mentha species are 

rich in components of eriocitrin, luteolin-7-O-glucoside, naringenin-7-O-glucoside, isorhoifolin, eriodictyol, 

luteolin, and apigenin as described by (Triantaphyllou et al. 2001). The glycoside eriocitrin reported as the 

main component in aqueous Mentha extracts by Areias et al. (2001). In dried leaves of M. spicata, M. 

piperita, and M. citrate lipophilic methylated flavonoids were extracted. Twenty flavonoids were found in 

Mentha spp. are 5,6-Dihydroxy-7,8,3′,4′-tetramethoxyflavone were as major flavonoid of M. spicata and M. 

piperita 5-hydroxy-6,7,8,4′-tetramethoxyflavone identified (Voirin B et al 1999).  

Other compounds In M. spicata and M. piperita other compounds are found and quantified with different 

trace elements by (Kizil S 2010; Choudhury R.P,2006).) The variability of the triacylglycerol, diacylglycerol, 

and free fatty acids in some Mentha species as reviewed   by        Maffei and Scannerini (1992). Also, found 

a high level of fatty acids C18:3 in the leaves of certain species. The fatty acids such as linoleic, linolenic, 

and palmitic acid are among the major components found in peppermint leaves are as reported by (Pérez 

M.G.F et al 2014).  

In mints triterpenoids and steroids were also isolatedalongwith of different pigments which are also 

quantified. M. spicata analysis shown the presence of xanthophylls (neoxanthin, violaxanthin, and lutein, 

zeaxanthin), carotenes (α-carotene) as suggested by (Raju M et al. 2007) and chlorophylls (chlorophylls a 

and b) as reported by (Curutchet A et al 2014 and Dambrauskienė E et al 2008).  The dry peppermint tea 

https://www.intechopen.com/chapters/54028#B35
https://www.intechopen.com/chapters/54028#B94
https://www.intechopen.com/chapters/54028#B96
https://www.intechopen.com/chapters/54028#B30
https://www.intechopen.com/chapters/54028#B96
https://www.intechopen.com/chapters/54028#B132
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constitutes carotenoids (lutein and β-carotene isomers) but only lutein was found in infusion by (Riachi L.G 

et al 2015). A The vitamins found in mints are α-tocopherols and ascorbic acid as stated by (Riachi L. G et 

al 2015, and Dambrauskienė E et al 2008). Mint also contains sugars, saponins, alkaloids, anthraquinones, 

and quinines also reported by (Padmini E et al 2008) but HPTLC-based phytochemical based data needed 

to be further investigated and verified for identity/purity.  

Table 1: Therapeutic use of different mentha species: 

Common name Scientific name  Therapeutic use 

Pepper mint, 

Gamathi Pudina  

M. pipertia Peppermint oil (as well as peppermint leaf) were used 

internally as an antispasmodic (upper gastrointestinal tract 

and bile ducts) to treat irritable bowel syndrome, catarrh of 

the respiratory tract, and inflammation of the oral mucosa. 

Externally, peppermint oil is used for myalgia and neuralgia 

and to relieve menstrual cramps, for headaches, migraines, 

and chicken pox  

Peppermint plants are used for many conditions, including 

loss of appetite, common cold, bronchitis, sinusitis, fever, 

nausea, vomiting, and indigestion 

Field mint, 

Pudina 

M arvensis  It is used as an expectorant, nd highly effective in treating 

headaches, rhinitis, cough sore throat, colic, prurigo and 

vomiting, as antiseptic and plays a significant role in 

alleviating swollen gums, mouth ulcers and toothaches.  

Crushed and bruised pudina leaves are used in treating 

insect bites and sniffed for dizziness and are applied on the 

forehead and temple, to cure headache, for treating arthritis, 

take some fresh leaves and heat on low flame es  

The   infusion of its leaves and stems helps in fever, 

stomachaches, dysmenorrheal diuresis and as a mouthwash. 

The menthol extracted from the plant is used in preparing 

balms and a flavoring agent in many culinary preparations 

Spear mint, 

Pahari Pudina 

Mentha spicata Its leaf, stem, aerial, parts whole plant are used for diabetes, 

against stomach disorders, asthama, headaches, tiredness 

asthama, bronchitis, chest pain, lungs disorder, cold, flu, 

toothache, against ailments of intestine  

Bergamot mint, 

Pudhina 

Mentha citrata It is used to treat the cases of parasites, digestive disorders, 

nausea, headaches and fevers. 

Its optimistic floral components make it use in the bath, or in 

a soothing massage blend. 

The oil is used for calming, relaxing, oil, that isn’t real 

sedative, like the other calming oils. 

It is primarily utilized in the making of perfume oil. 

Climatic Requirements: Crop is grown under irrigated conditions or well distributed annual rainfall of 

200-250 cm and bright sunshine.   

Soil Type: Sandy loam to loamy soil with moderate to high organic matter. The soil should be free from 

acidity, salinity, alkalinity and waterlogging conditions (Mahal and Kaur 2022) 

Crop-rotations: Mentha-Potato, Mentha–Toria, Mentha–Oats (fodder), Mentha-Basmati, Mentha–

Wheat–Maize–Potato, Mentha-Maize-Potato, Mentha-DSR-Potato, Mentha-DSBR-Potato  

Table 2 Improved Varieties of Mentha: 

Variety Herbs Oil content (%) Genus Species  Remarks 

CIM Kranti 0.60-0.70 M. arvensis - 

Kosi 0.60-0.70 M. arvensis - 

Punjab Spearmint 1 0.57 - Rich in carvone  
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Russian Mint 0.57 - Oil with distinct woody flavour 

used in flavour industry.  

Seed Rate: Two quintals of freshly suckers 5-8 cm long are required for one acre.  

Method of Planting: The suckers are laid end to end in 4-5 cm deep furrows and 45 cm apart and should 

be covered with soil by light planking. To obtain higher biomass and water saving, planting should be done 

on 67.5 cm wide beds (two rows) or ridges should be made at 60 cm spacing after broadcasting the suckers. 

Mulching of 24 quintal of paddy straw per acre should be applies along a light irrigation after planting. 

Avoid planting of sprouted suckers.   

Time of Planting: The best planting time is the month of January; however, Kosi and CIM Kranti could 

be planted from end of January to mid of February. The crop can also be raised by transplanting in April.  

Fertilizers Application:  Mentha responds favorably to organic manuring. Apply 10-15 tonnes of well-

rotten farmyard manure per acre before planting Drill one-fourth of nitrogen and the whole amount of 

phosphorus at planting time. Another one fourth of nitrogen is applied 40 days after planting. The 

remaining half dose of nitrogen in two equal splits one after immediately first cutting and second split may 

be applied 40 days afterwards.  

Table3: Fertilizer application in field: 

Nutrients (kg/acre) Fertilizers (kg/acre) 

N P2O5 Urea DAP* or Single Super phosphate 

60 16 130 35 100 

* When 35 kg DAP is used, apply 115 kg urea per acre. 

Irrigation: The crop requires frequent but light irrigations at 10 days interval till the end of March and 

at five- or six-days interval till the onset of the monsoon.  

Weed Control: For better yield and high-quality oil crop should be kept free from weeds by hoeing  

Harvesting and Yield: The crop should be ready to harvest in 140-150 days after planting. The crop 

should be harvested at flower initiation stage or lower leaves of the plants turn yellow and start shedding 

or earlier. The crop is harvested the by leaving 6-8 cm long stumps to obtain better sprouting. Two cuttings 

are obtained, in June and September.  

Processing and Marketing: The harvested crop is allowed to wilt overnight in the field and then 

subjected it to simple distillation. The farmers are advised to plant mentha only in that area where the 

distillation units are available.  

Plant Protection Measures 
Major -Insects:  

Termite: The termite attacks the underground plant parts, roots and stems of crop. 

Cutworm:  These cut the young plants at the ground level remain hidden near the base of the 

plants during day-time.  

Jassid and Whitefly: The sucking pests adversely affect the plant growth and oil content.  

Hairy caterpillars: The caterpillars, appears in an epidemic form, cause serious damage by feeding 

on the leaves and tender stems. The young ones feed gregariously and grown-up caterpillars migrate 

from one field to another. The light-traps help for the destruction of moths. The young larvae are 

feed gregarious so they can be destroyed by plucking the infested leaves or by pulling out the infested 

plants and burying them underground. The grown-up caterpillars can be destroyed by crushing 

them under feet. 

Diseases 
Root rot and Stem rot: The infected portion shows brown lesions which turn dark and later increase in 

size and the leaves wither and die. For preventive measures the infected plants are uprooted and destroyed. 

Avoid taking the planting stock from an infected field and growing mentha year after year in the same 

field. 
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Conclusion 
It is concluded that mentha is used to add flavor or fragrance to foods, cosmetics, soaps, toothpaste, 

mouthwashes, and other products and also have some medicinal uses. Dried or fresh peppermint leaves 

can be used to brew tea. These are also used against many health problem like: flatulence (gas), menstrual 

pain, diarrhea, nausea, depression-related anxiety, muscle and nerve pain, common cold and indigestion. 

The oil is used in indigestion, gastro esophageal reflex disease (GERD), irritable bowel syndrome (IBS), 

bloating, irritation and itchiness as well as reducing eye redness. The oil obtained by distilling green 

mentha herb is used in pharmaceutical, flavor, cosmetic and perfume industries. 

References 
1. Areias F.M., Valentao P., Andrade P.B., Ferreres F., Seabra R.M. (2001). Phenolic fingerprint of peppermint leaves. Food 

Chemistry. 73: 307–311. 

2. Choudhury R.P., Kumar A., Garg A.N. (2006). Analysis of Indian mint (Mentha spicata) for essential, trace and toxic elements 

and its antioxidant behavior. Journal of Pharmaceutical and Biomedical Analysis.;41: 825–832Curutchet A., Dellacassa E., 

Ringuelet J.A., Chaves A.R., Vina S.Z (2014). Nutritional and sensory quality during refrigerated storage of fresh-cut mints 

(Mentha × piperita and M. spicata). Food Chemistry.;143: 231–238. 

3. Dambrauskienė E., Viškelis P., Karklelienė R (2008). Productivity and biochemical composition of Mentha piperita L. of 

different origin. Biologija. 54(2): 105–107. 

4. De Judicibus M (2011) Botanical notebook. UoM Custom Book Centre; Printed by Custom Book Centre, University of 

Melbourne, March 2010 Australia. 232 p. 

5. Dorman H.J.D., Kosar M., Kahlos K., Holm Y., Hiltunen R. (2003). Antioxidant properties and composition of aqueous extracts 

from Mentha species, hybrids, varieties, and cultivars. Journal of Agricultural and Food Chemistry.51: 4563–4569 

6. Kapp K (2015) Polyphenolic and essential oil composition of Mentha and their antimicrobial effect. Academic Dissertation. 

Faculty of Pharmacy of the University of Helsinki. 2015;90 p. 

7. Kizil S., Hasimi N., Tolan V., Kilinç E., Yuksel U (2010). Mineral content, essential oil components and biological activity of 

two Mentha species (M. piperita L., M. spicata L.). Turkish Journal of Field Crops.; 15(6): 148–153 

8. Kumar A and Kaur S (2022). Mentha -Package of practices for crops of Punjab (Kharif crops 2022) Vol.39, No.1 pg 102-105 

9. Kunnumakkara A.B., Chung J.G., Koca C., Dey S. Mint and its constituants. In Aggarwal B.B., Kunnumakkara A.B. (2009): 

Molecular targets and therapeutic uses of spices. World Scientific, Singapore; Hackensack, NJ; 2009; pp.373–401 

10. Lawrence B.M. Mint: the genus Mentha. Medicinal and aromatic plants -industrial profiles. CRC Press/Taylor & Francis, Boca 

Raton, FL; 2007 

11. Maffei M., Scannerini S (1992). Fatty acid variability in some Mentha species. Biochemical Systematics and Ecology. 20(6): 

573–582 

12. Mahal JS and Kaur S. (2022). Mentha Package of practices for Khaif crops. Punjab Agricultural University, Ludhiana: Vol 32, 

No1,102-105, 

13. Padmini E., Prema K., Geetha B.V., Rani M.U (2008). Comparative study on composition and antioxidant properties of mint 

and black tea extract. International Journal of Food Science and Technology. 43: 1887–1895 

14. Pereira E., Pimenta A.I., Calhelha R.C., Antonio A.L., Verde S.C., Barros L., Santos-Buelga C., Ferreira I.C.F.R. (2016).  Effects 

of gamma irradiation on cytotoxicity and phenolic compounds of Thymus vulgaris L. and Mentha x piperita L. LWT—Food 

Science and Technology.;71: 370–377. 

15. Pérez M.G.F., Rocha-Guzmán N.E., Mercado-Silva E., Loarca-Piña G., Rosalía Reynoso-Camacho R (2014). Effect of chemical 

elicitors on peppermint (Mentha piperita) plants and their impact on the metabolite profile and antioxidant capacity of 

resulting infusions. Food Chemistry. 156: 273–278 

16. Raju M., Varakumar S., Lakshminarayana R., Krishnakantha T.P., Baskaran V (2007). Carotenoid composition and vitamin 

A activity of medicinally important green leafy vegetables. Food Chemistry. 101: 1598–1605 

17. Riachi L.G., De Maria C.A.B (2015). Peppermint antioxidants revisited. Food Chemistry. 2015;176: 72–81. 

18. Triantaphyllou K., Blekas G., Boskou D (2001). Antioxidative properties of water extracts obtained from herbs of the species 

Lamiaceae. International Journal of Food Sciences and Nutrition. 52: 313–317. 

19. Sutour S., Bradesi P., de Rocca-Serra D., Casanova J, Tomi F (2008). Chemical composition and antibacterial activity of the 

essential oil from Mentha suaveolens ssp. Insularis (Req.) Greuter. Flavour and Fragrance Journal 23: 107–114 

20. Voirin B., Bayet C., Faure O., Jullien F (1999). Free flavonoid aglycones as markers of parentage in Mentha aquatica, M. 

citrata, M. spicata and M. x piperita. Phytochemistry. 50: 1189–1193. 

21. Zhao D., Xu Y.W., Yang G.L., Husaini A.M., Wu W. Variation of essential oil of Mentha haplocalyx Briq. and Mentha spicata L. 

from China. Industrial Crops and Products. 2013;42: 251–260 

22. Sharma V and Rasool I (2021) Medicinal properties of Mentha species Daily excelsior 20-06-21. 

  

https://www.medicalnewstoday.com/articles/7622.php
https://www.medicalnewstoday.com/articles/158634.php
https://www.medicalnewstoday.com/articles/what-causes-nausea
https://www.medicalnewstoday.com/articles/323454
https://www.medicalnewstoday.com/articles/166606
https://www.medicalnewstoday.com/articles/163484.php
https://www.medicalnewstoday.com/articles/14085
https://www.medicalnewstoday.com/articles/37063


 

 
Volume 04 - Issue 11 - November 2022       404 | P a g e  
 

Anti-Viral Foods / Herbs 
Article ID: 38537 

Smti Porna Sarmah1 
1Subject Matter Specialist (Community Science), KVK Kokrajhar, Assam Agricultural University. 

 

 
 

Viral infections play an important role in human diseases and recent outbreaks in the advent of 

globalization and ease of travel have underscored their prevention as a critical issue in safeguarding public 

health. Thus, some foods which are easily available in home and one can use antiviral foods which are 

listed below: 

Food Biological Acivities Help to Fight Against Picture 

Garlic Antiviral 

Allicin, diallyl trisulfide, 

and ajoene 

Fight viruses, including influenza, 

rhinovirus, cytomegalovirus (a type of 

herpes virus), herpes simplex, HIV, 

viral pneumonia, and rotavirus 
 

Ginger Contains gingerols, 

shogaols, and paradols 

known for antioxidant, 

anti-inflammatory, and 

antimicrobial, antiviral 

properties 

Traditional medicine to treat colds 

and flu. Fresh ginger protected 

against HRSV (human respiratory 

syncytial virus, a major cause of lower 

respiratory tract infections). 
 

Cinnamon 

 

Anti-viral, antimicrobial, 

immune-modulatory, and 

anti-inflammatory effects 

Cinnamaldehyde inhibited the growth 

of the influenza virus, Listeria and 

Escherichia coli in foods, and protects 

against a variety of yeasts and fungi, 

including Candida albicans. 
 

Peppermint Contains Menthol and 

rosmarinic acid, which 

have antiviral and anti-

inflammatory activity 

Fights against respiratory syncytial 

virus (RSV) and significantly 

decreased levels of inflammatory 

compounds 

 
Yoghurt Contains pro-biotic 

components 

Probiotics can enhance respiratory 

tract immunity, speed recovery, and 

lessen the severity of respiratory 

infections caused by the influenza 

virus. Probiotic also fight against 

Coxsackie virus, HIV-1, and viruses 

that cause diarrhea 

 

Fennel seed Contains trans-anethole, 

fennel essential oil shows 

antiviral property 

Fights against herpes viruses, boost 

immune system and decrease 

inflammation also. 

 
Black tea Polyphenols, catechins, 

and alkaloids such as 

caffeine, theobromine, 

and theophylline 

Completely inhibit the infectivity of 

influenza virus. 

 

https://www.healthline.com/nutrition/13-anti-inflammatory-foods
https://www.healthline.com/nutrition/13-anti-inflammatory-foods
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Basil / 

Tulshi 

leaves 

Contains apigenin and 

ursolic acid shows 

Antiviral property 

Potent effects against herpes viruses, 

hepatitis B, and enterovirus 
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Introduction 
Organic farming is one way to promote either self-sufficiency or food security. Use of massive inputs of 

chemical fertilizers and toxic pesticides poisons the land and water heavily. The after-effects of this are 

severe environmental consequences, including loss of topsoil, decrease in soil fertility, surface and ground 

water contamination and loss of genetic diversity. And in good health using organic waste, waste crops, 

animal and farm waste, aquatic waste, and other organic materials. 

Organic Farming in India 
According to FiBL survey 2021 India holds a unique position among 187 countries practicing organic 

agriculture. India is home to 30% of total organic producers in the world having 2.30 million ha. Total 

organic cultivation area, 27, 59,660 total farmers (11, 60,650 PGS and 15, 99,010 India Organic), 1703 total 

processors and 745 traders. 

Organic farming in India is an agricultural process, uses pest control derived from organic manure and 

animal or plant waste. This farming started to respond to the environmental suffering caused by chemical 

pesticides and synthetic fertilizers. It is a new system of agriculture that repairs, maintains, and improves 

the ecological balance. Organic farming uses organic inputs, green manures, cow dung, etc.  

Organic methods can increase farm productivity, repair decades of environmental damage and knit small 

farm families into more sustainable distribution networks leading to improved food security if they organize 

themselves in production, certification and marketing. During last few years an increasing number of 

farmers have shown lack of interest in farming and the people who used to cultivate are migrating to other 

areas. 

Importance of Organic Farming 
Organic farmers utilize practices that: 

1. Maintain and improve fertility, soil structure and biodiversity, and reduce erosion 

2. Reduce the risks of human, animal, and environmental exposure to toxic materials 

3. Fine-tune farming practices to meet local production conditions and satisfy local markets. 

Methods 

 

1. Crop diversity: Organic farming encourages crop diversity. The science of Agroecology has revealed 

the benefits of polyculture (multiple crops in the same space), which is often employed in organic farming. 
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Planting a variety of vegetable crops supports a wider range of beneficial insects, soil microorganisms, and 

other factors that add up to overall farm health. Crop diversity helps the environment to thrive and protects 

species from going extinct. 

2. Soil Management: Plants need a large number of nutrients in various quantities to flourish. Supplying 

enough nitrogen and particularly synchronization, so that plants get enough nitrogen at the time when 

they need it most, is a challenge for organic farmers. 

Organic farming relies more heavily on the natural breakdown of organic matter than the average 

conventional farm, using techniques like green manure and composting, to replace nutrients taken from 

the soil by previous crops. This biological process, driven by microorganisms such as mycorrhiza and 

earthworms, releases nutrients available to plants throughout the growing season. Farmers use a variety 

of methods to improve soil fertility, including crop rotation, cover cropping, reduced tillage, and application 

of compost. By reducing fuel-intensive tillage, less soil organic matter is lost to the atmosphere. This has 

an added benefit of carbon sequestration, which reduces greenhouse gases and helps reverse climate 

change. Reducing tillage may also improve soil structure and reduce the potential for soil erosion. 

 

3. Weed Management: Organic weed management promotes weed suppression, rather than weed 

elimination, by enhancing crop competition and phytotoxic effects on weeds. Organic farmers integrate 

cultural, biological, mechanical, physical and chemical tactics to manage weeds without synthetic 

herbicides. 

Organic standards require rotation of annual crops, meaning that a single crop cannot be grown in the 

same location without a different, intervening crop. Organic crop rotations frequently include weed-

suppressive cover crops and crops with dissimilar life cycles to discourage weeds associated with a 

particular crop.  

Other cultural practices used to enhance crop competitiveness and reduce weed pressure include selection 

of competitive crop varieties, high-density planting, tight row spacing, and late planting into warm soil to 

encourage rapid crop germination. 
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Abstract 
An indigenous ornamental fish species commonly known as highfin barb, Oreichthys crenuchoides is native 

to only Northern Bengal waters. It has a good market price up to ₹150 per individual. However, this fish is 

one of the least known and worked upon species. In this article, we attempt to present the importance and 

potential of this important species. This fish has a good demand in domestic and international markets, 

provided the only source of it is through wild catch. Therefore, this species should be considered as a 

potential species for ornamental fish trade and necessitates various research attempts in order to 

popularize and derive economic benefits. 

Introduction 
India possesses an abundant resource and rich biodiversity of indigenous ornamental fishes which need 

attention for popularization as the indigenous species fetch a good economic value in the ornamental trade. 

At the same time, it is equally important to conserve them to maintain the rich biodiversity of the region 

of availability as the rapid increase of anthropogenic activities is a bane for the aquatic environment and 

may lead to dire consequences if not addressed effectively. In this article we will discuss about an 

indigenous ornamental fish species commonly known as highfin barb, Oreichthys crenuchoides which is the 

least known and worked upon, and listed under the category of Data Deficient (DD) by the IUCN. A tiny 

cyprinid (total length: 2.5 inch), commonly known as neon highfin barb or high-fin variable barb 

(en.wikipedia.org), O. crenuchoides was discovered from the River Jorai in West Bengal (Schäfer, 2009). It 

can be sold up to ₹150 per individual (best4pets.in). The head of this Oreichthys species is unusually 

rounded compared to O. cosuatis and other Oreichthys species. O. crenuchoides was found for the first time 

more than ten years ago in the River Jorai in West Bengal and is distinguishable from other Oreichthys 

species primarily by presence of a black spot at the base of the caudal fin. It has a maximum standard 

length (SL) of 35 to 45 mm. 

Morphological Distinguishability 
According to Schäfer (2009), no mark or blotch on the anal fin distinguishes O. crenuchoides from all other 

species of the genus which possess a clearly visible spot or blotch. It also differs from the other fellow species 

by having a blunt snout, as opposed to pointed ones in O. cosuatis and O. parvus, a black spot at the base 

of the caudal fin that is deeper than 1/3 the depth of the caudal peduncle at the end of the hypural complex, 

as opposed to no spot on the caudal peduncle in O. cosuatis and a much smaller blotch in O. parvus. Head 

consists of 11-13 rows of pores on cheek, as opposed to O. parvus with 9-10; males possess enlarged dorsal 

fin, whereas no such sexual dimorphism is visible in O. cosuatis and O. parvus. 

Highfin barb has a small, deep head and a deep body, thin lips, lower jaw that is shorter than the upper 

jaw, and a horseshoe-shaped mouth, blunt snout, anus just in front of the anal-fin origin and body depth is 

greatest at the dorsal-fin origin and lowest at the caudal-fin base, convex pre-dorsal back. Snout length is 

2.7-3.6 times that of the head and is 0.8-1.0 time that of the postorbital region. Eye diameter is 2.4-3.2 

times the depth of the head and 0.7-1.2 times the interorbital width. Deep peduncle is 1.3-2.2 times longer 

than caudal peduncle (longer in females and juveniles, shorter in males). 

Dorsal fin in males has 3 simple and 8 branching rays, convex border, and greatest height up to 42% SL. 

Anal fin is with 3 simple and 5 branched rays that do not extend to the base of the caudal fin. With 9+8 
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branched rays and a forked caudal fin, the lobes are rounded, with the upper lobe being slightly longer than 

the lower. One simple and seven to eight branching rays make up the pelvic fin, which originates at the 

vertical base of the first unbranched or branched dorsal fin ray. One simple and 12-14 branched rays on 

the pectoral fin that extend to or past the pelvic-fin origin, two scales at the base of the caudal fin, big 

scales, 17-20 in longitudinal series, seven pre-dorsal scales. Some specimens lack the ventral area scales 

that extend forward for almost half the distance between the base of the pectoral fin and the isthmus. 

Incomplete lateral line that pierces 2-5 scales. There are 6-7 rows of pores between the interorbital space 

and the nostrils. Three rows of pharyngeal teeth with the formula 1-1-4 with a slightly hooked tip. Gill 

rakers are absent. Largest specimen reported measured 33.7 mm SL. Typically, males are larger than 

females. 

  
Fig 1. Highfin Barb, Oreichthys crenuchoides Fig 2. A Shoal of Highfin Barb 

Habitat and Distribution 
O. crenuchoides can be found exclusively in freshwater ditches, ponds and streams. It was discovered in 

West Bengal’s River Jorai, a tributary of the Brahmaputra (Schäfer, 2009). The specimens were found in 

the Ghoti Ganga River in the Cooch Behar district, which is near to the Assam border and the Jorai River. 

It was also reported from Buxa (sometimes written ‘Buxar’) Tiger Reserve, a 760 km2 forested area that is 

inhabited by some of India’s indigenous wildlife biodiversity which includes tigers, elephants, leopards, and 

pythons in Alipurduar district (seriouslyfish.com). 

Reproductive Behaviour 
As per the study of Schäfer (2009), O. crenuchoides and O. parvus males, at least throughout the 

reproductive stage are territorial in nature. O. crenuchoides males occasionally engage in mouth fighting 

while performing lateral displays with their large dorsal fin. Small males with a female-like look and 

colouration, as well as those with a low dorsal fin are said to sneak around. After eight weeks when kept 

apart, sneaker males grow a typical, larger dorsal fin. O. crenuchoides females swim upside-down and 

attach eggs to the underside of spawning substrates such as leaves, roots, or stones. Only two individuals 

of the generalist genus Puntius, P. gelius and P. canius, have so far been identified as exhibiting this 

behaviour in the Barbinae (the two species are often confused or synonymised). Only the females of 

Trigonostigma espei and Trigonostigma heteromorpha have been observed to attach eggs to the underside 

of plant leaves while they are turned upside down in other Cyprinidae. 

Feeding Behaviour 
Although highfin barbs eat dry foods of the right size, they should not be fed just that. The best colouration 

and reproductive performance are encouraged by feeding them with live and frozen foods consisting of 

water flea (Daphnia), brine shrimp (Artemia), and similar items. It is known to be a rather timid and 

hesitant feeder (seriouslyfish.com). 

Maintenance 
Although social by nature, this fish prefers to shoal rather than school, developing a clear pecking order 

and engaging in intriguing sparring behaviour in captivity. The tank should be ornamented so that there 
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are numerous broken lines of sight available because it is best kept in groups of eight or more. If housed in 

small groups or in confined spaces, the weaker fishes may be constantly bullied by their superior 

counterparts. Best kept in a setting that is well-furnished, has water plants, and wooden buildings. 

Addition of dry leaves may enhance the environment as it mimics the natural habitat. Filtration and/or 

water flow should be maintained at a lower rate since Oreichthys species have minuscule sensory bristles 

on their lower jaws that are used during foraging and use of a soft substrate is recommended. 

Optimum Water Parameters 
The highfin barb prefers warm temperature conditions within the range of 23-28°C, a pH range of  6.0-7.5 

and thrives well in hardness of the range 36-179 ppm (seriouslyfish.com). 

Conclusion 
In this article, we have attempted to portray the importance and description of the highfin barb, O. 

crenuchoides with an aim to popularize it among researchers, ornamental fish breeders, traders, 

entrepreneurs, and stakeholders for taking up works related to this species to conserve its wild population 

and introduce it to the ornamental fish trade in a larger scale to gain maximum economic benefits. 

References 
1. Debutify (no date) Hi fin barb, Best4Pets. Available at: https://www.best4pets.in/products/hi-fin-barb (Accessed: October 22, 

2022).  

2. Seriously fish (no date) Oreichthys crenuchoides- Drape Fin Barb - Seriously Fish. Available at: 

https://www.seriouslyfish.com/species/oreichthys-crenuchoides/ (Accessed: October 22, 2022).  

3. Oreichthys crenuchoides (2021) Wikipedia. Wikimedia Foundation. Available at: 

https://en.wikipedia.org/wiki/Oreichthys_crenuchoides (Accessed: October 22, 2022). 

4. Schäfer F., (2009). Oreichthys crenuchoides, a new cyprinid fish from West Bengal, India. Ichthyological Exploration of 

Freshwaters. 20(3):201. 

  

https://www.seriouslyfish.com/wp-admin/profile.php
https://www.seriouslyfish.com/wp-admin/profile.php
https://www.seriouslyfish.com/wp-admin/profile.php


 

 
Volume 04 - Issue 11 - November 2022       411 | P a g e  
 

Integrated Approach for Management of Brinjal Shoot 

and Fruit Borer (Leucinodes orbonalis L.) 
Article ID: 38540 

Arun Kumar1, Pawan Kumar2, Pramod Kumar Mishra3, Pankaj Kumar Rajpoot4, Ashutosh 

Singh Aman5 
1,3,4,5,6Department of Entomology, Chandra Shekhar Azad University of Agriculture & Technology, 

Kanpur (U.P)-208002. 
2Department of Entomology, Sardar Vallabhbhai Patel University of Agriculture & Technology, Meerut 

(U.P)-250110. 

 

 
 

Summary 
Brinjal Shoot and fruit borer (L. orbonalis) is distributed throughout India, Bangladesh, Malaysia, 

Thailand, Burma, Srilanka and South Africa. It is a major and regular pest of brinjal which cause 30-50% 

damage to fruits. A number of chemicals and botanicals have been found effective against insect-pests of 

brinjal crop. Most of the available synthetic pesticides have broad spectrum activities which kill both 

harmful and beneficial insects-pests. Which cause negative impacts on insect’s survival, growth, 

development, reproduction and behavior. The current scenario of Integrated Pest Management in brinjal 

can have a great scope for getting higher yield of the crop with low pest and disease infestation. There is a 

need for massive extension training and demonstration trial for motivating the farmers of the district to 

adopt IPM strategies. 

Introduction 
Brinjal (Solanum melongena L.), belongs to family Solanaceae and native to India in South Asia. It is also 

known as eggplant, aubergine or “King of vegetables”. The area under brinjal cultivation in India is 0.74 

Million hectare with estimated annual production of 12.7 million tonnes with a productivity of 17.16 tonnes 

per hectare (MA & FW, 2022). Uttar Pradesh ranked 13th in area and 9th in production under brinjal 

cultivation. Brinjal is susceptible to attack of various insect-pests from seedling to fruiting stage. The 

brinjal crop is attacked by about 140 species of insect pests in India and abroad (Dwivedi et al., 2014). 

Brinjal Shoot and fruit borer (Leucinodes orbonalis) is the most harmful and the first ranked pest of India, 

Pakistan, Srilanka, Nepal, Bangladesh, Thailand, Philippines, Cambodia, Laos and Vietnam (AVRDC, 

1994). Among the various pests it is highly monophagous, most destructive and considered as a key pest 

damaging brinjal crop from seedling stage to maturity throughout Asia. It is the major limiting factor 

causing 11-93% Yield loss in brinjal farming. 

Brinjal Shoot and Fruit Borer 
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1. Scientific name – Leucinodes orbonalis L.  

2. Taxonomic position: 

a. Kingdom: Animalia 

b. Phylum: Arthropoda 

c. Class: Insecta 

d. Order: Lepidoptera 

e. Family: Crambidae (Syn- Pyralidae) 

f. Genus: Leucinodes 

g. Species: orbonalis 

3. Host plants: Primarily it is feed on brinjal crop beside this reported that to be the host of the plants 

belonging to solanaceous family like tomato, chilli and potato etc. 

4. Distribution: It is distributed throughout India, Bangladesh, Malaysia, Thailand, Burma, Srilanka and 

South Africa.  

5. Marks of identification: Its eggs are creamy white in colour and laid singly or in group, Its larvae are 

stout, pink coloured with sparsely distributed hairs on warts on the body and brownish head, while its pupa 

makes a boat shaped cocoon and emerges an adult with white wings with triangular brown and red 

markings on forewing. 

6. Nature of damage: Its larvae bore into tender shoots and fruits and cause withering. Attacked fruits 

are with boreholes plugged with excreta making unfit for consumption and losing their marketable values. 

The economic threshold level of Shoot and fruit borer in brinjal crop is estimated about 0.5% shoots and 5% 

fruit damage or 8-10 moths/day/trap. 

 

7. Life cycle (Bionomics): It is a major and regular pest of brinjal causing 30-50% damage to fruits. Its 

life cycle completed in four stages viz. egg, larva, pupa and adult. Its eggs are creamy white in colour and 

laid singly or in group about 150-350 eggs on leaves, tender shoots, flowers and developing fruits. Its larvae 

are stout, pink coloured with sparsely distributed hairs on warts on the body and brownish head. It bores 

into tender shoots and fruits and cause withering. Attacked fruits are with boreholes plugged with excreta 

making unfit for consumption and losing their marketable values. Its egg incubation, larval and pupal 

period completed in 3-4, 15 and 6-8 days, respectively with 5 larval instars. Its pupa makes a boat shaped 

cocoon and emerges an adult with white wings with triangular brown and red markings on forewing. It is 

complete their entire life cycle within 17-50 days. The ETL of Shoot and fruit borer in brinjal crop is 

estimated about 0.5% shoots and 5% fruit damage or 8-10 moths/day/trap. 
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Integrated Pest Management 
1. Collect and destroy the damaged tender shoots, fallen fruits and fruits with bore holes to prevent 

population buildup. 

2. Avoid continuous mono cropping of brinjal.  

3. Heavy infestations in plants may be uprooted and burning it is good. 

4. Grow the varieties with long and narrow fruits in endemic areas.  

5. Pheromone traps @ 5/ acre should be installed for monitoring and mass trapping of shoot & fruit borer 

Leucinodes orbonalis. Replace the lures with fresh lures after every 15-20 day interval. 

6. Use light traps @ 1/ha to attract and kill the moths.  

7. Bird perches @ 10/ acre should be erected for facilitating field visits of predatory birds. 

8. Grow resistance varieties like Pusa Purple Round, Pusa Purple Long, Pant Samrat, Arka Kusumakar, 

Annamalai, Doli - 5. Chaklasi Doli, SM 67 and SM 68 etc. 

9. Avoid using insecticides at the time of fruit maturation and harvest because the synthetic pyrethroids 

cause resurgence in insects. 

10. Release egg parasitoid Trichogramma chilonis or T. brasiliensis @ 1 – 1.5 lakh/ ha for shoot & fruit 

borer, 4-5 times at weekly interval.  

11. Encourage the activity of larval parasitoids: Pristomerus testaceus, Cremastus flavoorbitalis.  

12. If the borer incidence crosses ETL (5% infestation), spray any one of the insecticides starting from one 

month after planting at 15 days interval, Neem oil 1500 ppm @ 1-1.5 ml/lit. or NSKE 5% 50 gm./lit. or 

Beauveria bassiana, Metarhizium anisopliae @ 5-10 ml/lit or Bacillus thuringiensis Var. Kurstaki 3-5 ml/lit. 

of water.  

13. If the borer incidence crosses ETL (5% infestation), spray Lambda cyhalothrin @ 2 ml/lit. or Emamectin 

benzoate 5% SG @ 1 gm./lit. or Spinosad 45% SC @ 0.20-0.30 ml/lit. water. 

Conclusions 
Brinjal is an important crop in vegetable cultivation. Its cultivation is done on a large scale in almost all 

the states of country. In order to cultivate it well, farmers mainly have pay attention to the selection of 

seeds, soils, besides pests and disease prevention. Brinjal shoot and fruit borer a major and regular pest of 

brinjal which cause 30-50% damage to fruits. For the control of the eggplant shoot and fruit borer, an 

integrated pest management strategy is used. This strategy includes resistant cultivars, sex pheromones, 

cultural, mechanical and biological control methods. There is an outbreak of shoot and fruit borer insect of 

brinjal plants. The adult outbreak of this insect occurs only a few weeks after transplanting and the adult 

insect lays eggs on the plants, due to which the larvae come out of it and damage the stems of the plant. 
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Arecanut palm is cultivated mainly for its kernel obtained from the fruit which is chewed in its tender, ripe 

or processed form. It is native to Malayan Archipelago, Philippines and other East Indian Islands.  In India 

it is grown in the West coast and North Eastern regions of the country and has significant influence on 

economic life of the people. The habit of chewing of arecanut is typical of the Indian subcontinent and its 

neighborhood. It also forms an essential requisite for several religious and social ceremonies and its use 

date back to Vedic period with high antiquities. Although, production of arecanut is localized in few states, 

the commercial product is widely distributed all over the country.  

The area under arecanut in the country during 2019-20 was around 5.12 lakh hectares with a production 

of around 8.28 lakh tones. Production is mainly concentrated in six states, namely, Karnataka, Kerala, 

Assam, Meghalaya, Tamil Nadu and West Bengal. In North Eastern region of India, arecanut grows mostly 

in homestead gardens literally called “Bari system of planting”. Among North eastern states Assam is 

having the maximum area under arecanut followed by Meghalaya, Mizoram, Tripura and Nagaland. 

According to recent data in North East India arecanut grows in an area of around 1 lakh hectares with a 

production of 1.29 lakh metric tons with an average productivity of 1,040 kg chali/ha. Farmers of 

Northeastern India are showing interest in this crop due to its easy to grow nature. 

Soil and Climate 
The arecanut palm is capable of growing under a wide range of soil and climatic conditions. It grows well 

in laterite, red loam and alluvial soils. The soil should be well drained, deep preferably more than 2 m are 

highly suitable for development of root system, growth and yield. 

It grows well from almost sea level up to an altitude of 1000 m in areas receiving abundant and well 

distributed rainfall or under irrigated conditions. However, at high altitudes, endosperm of the fruit does 

not attain sufficient hardiness. The palm grows well within the temperature range of 14 to 36°C. However, 

in some parts of Assam and other North Eastern states, crop performs well as low as 6°C during winters. 

Varieties 
There are few local varieties known by the name of the place where they are grown and are furnished 

below: 

Name of the local variety Place where grown 

South Kanara 

Thirthahalli 

Sreevardhan 

Mettupalayam 

Mohitnagar 

Kahikuchi 

Dakshina Kannada district of Karnataka and Kassargod district of 

Kerala 

Malnad area of Karnataka 

Coastal Maharashtra 

Coimbatore District 

West Bengal and Assam 

Central Plantation Crops Research Institute, Regional Station, Vittal has released three improved 

cultivars, they are: 

Name of the cultivar Special attributes 

Mangala An introduction from China (VTL-3), early bearing, higher fruit set, higher 

yield (10 kg ripe nuts/palm/year), semi-tall variety. 

Sumangala A selection from Indonesia (VLT-11), 17.5 kg of nuts/palm/year at the age of 

10 years. 
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Sreemangala A selection from Singapore (VLT-17), 16.5 kg of nuts/palm/year from 10th year 

onwards. 

Hirehalli Dwarf (HD), a natural mutant with short stature, identified by ICAR-IIHR scientists, serves as 

a good genetic resource for arecanut improvement, especially to develop dwarf hybrids. 

Raising of Planting Materials 
Seed nuts should be collected from high yielding, early bearing palms as well as those which give more 

than 50% of fruit set. Fully ripen nuts weighs more than 35 g should be selected from the selected mother 

plants. The selected seed nuts are sown immediately after harvest, 5 cm apart in sand beds under partial 

shade with their stalk ends pointing upwards. Germination commences in about 40 days after sowing and 

the sprouts are ready to transplant into the secondary nursery after 3 months when they are two to three 

leaves stage.  

The secondary nursery beds of 150 cm width and of convenient length should be prepared for transplanting 

the sprouts. The sprouts are transplanted at a spacing of 30 cm x 30 cm with the onset of monsoon. Partial 

shade can also be provided during summer by pandal or growing banana. Nursery beds should be well 

drained during rainy season and irrigation will be provided during the summer months. The seedlings will 

be ready for transplanting to the main field when they are 12 to 18 months old.  

Seedlings having 5 or more number of leaves should be selected. The height of seedlings at the time of 

planting has a negative correlation with the subsequent yield of the plant. Hence shorter seedlings with 

maximum number of leaves are removed with a ball of earth for transplanting. If the seedlings are raised 

in the polythene bags, these can be straight away transported to longer distance without much damage. 

Planting 
The planting is done during May- June with the onset of monsoon. Arecanut palms need adequate 

protection from exposure to the south western sun-scorch. Proper alignment of the palms in the plantation 

will minimize the sun scorching of the stem. In a square system of planting at a spacing of 2.7 m x 2.7 m, 

the north south line should be deflected at an angle of 35° towards west. The outer most row of palms on 

the southern and south western sides can be protected by covering the exposed stem with areca leaves or 

leaf sheaths or by growing tall and quick growing shade trees. Pits of 90 x 90 x 90 cm are dug and filled 

with a mixture of top soil, powdered cow dung and sand to a height of 50 to 60 cm from the bottom. The 

seedlings are planted in the centre of the pit, covered with the soil to the collar level and pressed around. 

A shade crop of banana can be raised to give protection to the seedlings from sun scorch. 

Manuring 
Although the fertilizer recommendations vary from place to place, however, general dosage of arecanut crop 

is 100:40:140 g NPK per palm per year i.e., 218g urea, 250g SSP and 230g MOP per palm per year. Organic 

manure @ of 10- 15 kg/palm in the form of FYM, Vermicompost, green manuring must be applied along 

with the recommended dose of chemical fertilizers. After transplanting, for first- and second-year old 

seedling, only 1/3rd and 2/3rd of the above recommended fertilizer dose needs to be applied respectively. 

From 3rd year onwards, full dose of recommended fertilizers to be applied. The fertilizers are applied in two 

split doses to avoid the loss of nutrients through leaching. 1/3rd of the above recommended dose is applied 

during March-April at the onset of south west monsoon and rest 2/3rd is applied during October- November. 

Water Management 
Arecanut cannot withstand drought for a long time. Irrigation should be given at an interval of 7 to 8 days 

during October to February and 4 to 5 days during summer months. Adequate drainage should be provided 

during monsoon since the palms are unable to withstand water logging. Drip irrigation is the ideal method 

to provide irrigation in arecanut plantations, since flooding may lead to loss of topsoil as well as wastage 

of water. 

Arecanut Based Cropping System 
More than 80% of the roots of arecanut are within a radius of 75 cm from the base of the palm spaced at 

2.7 m x 2.7 m. the normal cultural operations were also confined within about 75 to 85 cm radius from the 
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base. The estimate indicates that 68.9% of land is not effectively utilized effectively by the root system of 

arecanut palm. Multiple cropping system can also utilize light energy effectively in the arecanut garden.  

Intercropping with vegetable crops such as, radish, potato, cauliflower, cabbage, brinjal etc. or flower crops 

like gladiolus, chrysanthemum and marigold can generate better income to the farmers. Multi-tire cropping 

system with Cocoa, Black pepper, Pine apple or banana for effective utilization of solar radiation in 

arecanut garden. 

Harvesting and Marketing of Arecanut 
Harvesting of nuts should be undertaken at proper stage depending upon the types of uses. The people of 

the state have a habit of taking arecanut (locally called ‘tamol’) along with betal vine leaves (locally called 

‘pan’). Almost 90 percent of the population in Assam and neighboring states like Meghalaya and Arunachal 

Pradesh, from young age to old are having the habit of chewing tamol and pan. People mostly prefer the 

ripe arecanut and the preference for processed arecanut is comparatively low. In Arunachal Pradesh, 

Arecanut fruits comes to ripening during December to May depending up on the physiographic 

characteristics of the region. Buyers comes to the villages of Arunachal Pradesh and purchase arecanuts 

from the farmers, which latter sold in the Assam and West Bengal markets. 

Yield 
More than 10 kg of ripe nuts per palm from the 10th year onwards, considered normal yield in any 

plantation. 
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Introduction 
The issue of climate change and global warming became the topic of international concern since from 1980’s 

because of increase in the earth’s temperature. The effects of this climate change are already being felt 

around the world. If this continues over the next century it may cause rises in sea level, changes in the 

weather events such as heat waves and diseases particularly in developing countries. The Kyoto protocol 

is a first international attempt to address the issue seriously. 

Kyoto Protocol 
The Kyoto protocol is an agreement made under the United Nations framework convention on climate 

change (UNFCC) in 1997. Kyoto protocol is a voluntary treaty signed by 141 countries. This protocol aims 

towards legal binding of the parties (industrialized countries) with the protocol to reduce their greenhouse 

gas emissions. This protocol defines mechanisms like emissions trading and clean development mechanism 

that allow industrialized nations to meet their greenhouse gases (GHG)obligations by buying GHG 

reduction credits from other countries, and make profit by trading the carbon credits. It means that if a 

country cannot meet its greenhouse gas reduction target, it can buy credits from other countries that have 

credits in excess. As a result, carbon has become a commodity, which like other commodities, is traded in 

open market, called carbon market. 

The Carbon Credits 
Carbon credits (often called a carbon offset) are certificates issued to countries that have successfully 

reduced emissions of GHG which causes global warming. Carbon credits (or) certified emission reductions 

are a certificate just like a stock. 

This can be used by governments, industry or private individuals to offset damaging carbon emissions that 

they are generating. Carbon credits create market for reducing greenhouse emissions by giving a monetary 

value to the cost of polluting the air. Each carbon credit represents one tonne of CO2 either removed from 

the atmospheres or saved from being emitted. Carbon credits can be created in many ways but there are 2 

broad types. 

1. Sequestration (retaining or capturing CO2 from the atmosphere) such as afforestation & reforestation 

activities. 

2. CO2 saving projects such as the use of renewable energies (wind power, solar energy, biomass power, 

hydel power. 

Carbon credits can be viewed as a means of empowering the market to care for the Environment. carbon 

credits can be bought and sold in international markets at prevailing market price. 

What is Carbon Credit? 
1. “A carbon credit is a generic term for any tradable certificate or permit representing the right to emit 

one tone of carbon dioxide or the mass of another greenhouse gas with a carbon dioxide equivalent (CO2) to 

one tone of carbon dioxide.” 

2. Carbon credits and carbon markets are a component of national and international attempts to mitigate 

the growth in concentrations of greenhouse gases. 

Example 
If a cement manufacturer reduces its CO2 emissions by one ton by adapting some changes into its process 

or by any other means; say just by planting some trees around its plant, it is awarded “one carbon credit”. 

This carbon credit can be sold to any. 
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Carbon Sequestration 
1. Carbon sequestration can be defined as the capture and secure storage of carbon  

2. Carbon credits encompass two ideas: 

a. Prevention/reduction of carbon emissions produced by human activities from reaching the 

atmosphere by capturing and diverting them to secure storage 

b. Removal of carbon from the atmosphere by various means and securely storing it. 

History of Carbon Trading 
S.No. Year Historic event 

1 1987 Brundtland Report, Birth of the concept sustainable development. 

2 1988 Toronto conference of the IPCC 

3 1992 United Nations framework convention on climate change (UNFCCC) 

Act signed by 165 Nations in 1992 at Rio de Janeiro 

Annexure 1 and Non Annexure 1 countries 

Annexure 1 (Developed countries) agreed to reduce their GHGs by 5.2 % below 

1990 level in 1st commitment period 2008-2012.  

4 1997 Signing of the Kyoto Protocol 

It was adopted in Kyoto, Japan on 11th December, 1997 

 Kyoto protocol is a voluntary treaty signed by 141 countries.  

The Kyoto protocal is legally binding agreement that arouse out of the 

UNFCCC to tackle climate change through a reduction of greenhouse gas 

emission. 

5 1998 The EU begins to develop an internal emission trading scheme. 

6 1999 The world bank sets up a prototype carbon fund (PCF) 

7 2001 The US withdraws from the Kyoto Protocol 

8 2003 European Directive instituting the CO2 cap and trade system 

9 2005 Implementation of the Kyoto protocol and first period of European market 

10 2008-12 First engagement period of Kyoto protocol and second period of European 

market. 

India & Kyoto Protocal 
1. India signed and ratified the Kyoto Protocol in the August, 2002. 

2. Since India exempted from the frame work of treaty, it is exempted to gain from the protocol in terms of 

transfer of technology and related foreign investments. 

The Types of Kyoto Mechanism 
1. Clean Development Mechanism (CDM) 

2. Emission Trading (ET) 

3. Joint Implementation (JI). 

Clean Development Mechanism (CDM) 
1. A clean development mechanism (CDM) involves investing in renewable energy projects or in 

afforestation / community tree planting called carbon sinks. 

2. Tropical forests are also considered as potential natural resource for reducing GHG emissions, especially 

CO2 by creating carbon pools. 

3. UNFCCC started an ambitious programme called ‘Reducing emissions from deforestation. 

4. The Programme aims at providing incentives to developing countries for reducing emissions from 

forested lands and investing in low carbon production technologies for sustainable development.  

5. As per the conventions of Kyoto protocol, India being a developing country has no emission targets to be 

fulfilled.  

6. However, India is implementing CDM projects in 892. 

As per the conventions of Kyoto protocol, India being a developing country has no emission targets to be 

fulfilled. However, India can implement CDM projects. Out of 892 CDM projects currently implemented in 
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India, 84.32% comes under energy sector both in renewable and non-renewable sources, followed by projects 

on energy demand covering 7.4% of total CDM projects. 

Carbon Market Compliance in Indian Rural Sector 
Most of the projects are implemented by private sector or companies and they rarely considered rural 

livelihood aspect. Rural people have no knowledge about the carbon credits or trading and they are not 

stakeholders in the profits. The study explores various prospects in rural sector to harness the benefits of 

carbon projects in India. Three important areas of rural economy, viz. agriculture, forestry and energy 

management are discussed in detail where carbon emission can be managed to earn carbon credits. 

Further, the article discusses the limitations of carbon trading and concludes by suggesting a road map for 

strengthening the rural sector for compliance with carbon market standards of carbon trading. 

1. The whole concept of carbon projects lies in minimizing carbon concentration in the atmosphere either 

by reducing carbon emission, avoiding emission or by carbon offsets. 

2. The three important sectors of carbon trading namely Agriculture, Forestry and Bioenergy are 

considered in the rural sector of India. 

Carbon Trading 
A carbon trading system allows the development of a market through which carbon dioxide or carbon 

equivalents can be traded between participants, whether countries or companies. Each carbon credit is 

equal to 100 metric tons of CO2, which can be traded or exchanged in market. There are two kinds of carbon 

trading- Emission trading and trading in project-based credits. The two categories put together as Hybrid 

trading system. 

Types of Carbon Trading 
1. Emmission trading: A company can reduce its emmission by the half the cost of allowance bought from 

the other company. On the other hand, a company with higher expenditure for reduction of its emmissions 

buys the required allowance from the other company to save its emmission cost.   

2. Project based trading: Government and world bank subsidized credit for project-based trading to the 

companies calculating how much carbon dioxide equivalent they reduces. Project based credit trading 

includes “baseline and credit” trading and offset trading.  

3. Hybrid Trading System: In hybrid trading system, both emission trading and offset trading are used 

and try to make allowance exchangeable for project-based credit. Hybrid trading system is enormously 

complex as it is not only difficult to try to create credible “credit” and make them equivalent to “allowance” 

Joint Implementation (JI) 
1. Under Joint Implementation, rich countries (annex 1 countries) can invest in any developing country 

(annex B countries) to meet their own emission reduction targets. 

2. This mechanism is also known as ‘Flexibility mechanism’. 

3. Emissions trading is also one of the flexibility mechanisms allowed under the Kyoto protocol in which 

rich countries (annex 1 countries) can buy or sell some portion of their emission allowances called as 

‘assigned amount units’ (AAUs). 

Conclusions 
1. Various anthropogenic activities have pushed earth’s ecological system into a critical threshold level. 

2. The increased concentration of GHG in the atmosphere has led to global warming and poses major 

threats to world economy. 

3. We need to understand that the principal objective of carbon management projects is to mitigate 

increasing global temperature and not to secure livelihoods. 
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Introduction 
Agribusiness in India has seen significant changes as a result of the shifting economic conditions in the 

country. Although the idea of business incubation is not a new one in India—technology business incubators 

have long been present even before tech startups. The World Bank first launched the concept of business 

incubation in 2008–09 with the assistance of the Indian Council of Agricultural Research (ICAR). Since 

then, it has expanded greatly. Support mechanisms play a vital role in the life cycle of Startups that include 

angel investors, incubators, science and technology parks, accelerators, small business development 

centers, venture capitals (Salamzadeh, 2015). 

Both accelerators and incubators play a similar function in assisting startups during their vulnerable and 

early phase of growth by avoiding managerial errors, enabling quick access to capital, and boosting their 

chances of survival. As a result, the terms "business incubation" and "accelerators" both refer to a broad 

category of support services offered by a variety of organizations (Dee et al. 2015). Incubators are physical 

work spaces that offer amenities like support services, mentoring support, training and networking with 

investors on relatively flexible terms (Bone et al.2017). 

Indian Council of Agricultural Research (ICAR) had taken the stewardship of commercializing technologies 

through the promulgation of intellectual property and technology commercialization policy conceptualized 

in 2006 (ICAR, 2006). Units under Business Promotion Development (BPD) projects provide a wide range 

of services such as incubation and research support, office space, ICT, advisory services, managerial skills 

and technical expertise besides financial aid (NAIP, 2014). 

In addition to benefits reaching more than 1,40,000 farmers directly or indirectly, the BPD project's 

outcome reveals the generation of 2,000 jobs in the agribusiness sector (ICRISAT Annual report 2014, 

2015). Accelerators assist businesses in developing their goods and services, locating and securing 

resources, plus potential clients. 

The majority of accelerator programs culminate with a great event called Demo Day where entrepreneurs 

speak to a large crowd of eligible investors. Accelerator programs are time-bound, spanning around three 

months, and generally offer work space and seed funding, mentoring, training services, and networking 

opportunities (Cohen 2013). So far, 24 Agri business incubators have been approved by the ICAR.  Together, 

these incubators have supported more than 150 agri-entrepreneurs from various backgrounds, including 

some firms. (Srinivas, 2018). 

There are 332 incubators and 49 accelerators in the field of agriculture (Startup India, 2022). The Indian 

Government will Establish a 500 Crore accelerator for Agritech Startups. Union Agriculture Minister 

Narendra Singh Tomar unveiled a slew of initiatives to encourage Agritech businesses across the nation 

on the last day of the PM Kisan Samman Sammelan. (InC 42, 2022). These business incubators have not 

only eased the introduction for the execution of the plans in real life by carrying them out in an efficient 

and effective fashion, but have also assisted Startups to flourish sustainably. 

Technology Business Incubators 
NSTEDB launched the Technology Business Incubators (TBI) programme in 2000 with the goal of fostering 

technology and knowledge-based Startups. This programme offers services such as technical assistance, 

market research, provision and coordination of legal IPR services, along with ICT facilities. There are now 

3 TBI’s with an emphasis on the agriculture sector; two of them were established at ICAR and one at SAU 

till 2014, and in 2017 four more TBI’s in agriculture were given by NSTEDB (NSTEDB, 2016). 
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Technology Business Incubators Focusing on Agriculture 
Name of the Technology Business Incubator Year Institute Location 

Agri Business Incubator- ICRISAT (ABI-ICRISAT) 2003 ICRISAT Hyderabad, 

Telangana 

Society for Innovation and Entrepreneurship in 

Dairying (SINED) 

2009 NDRI Karnal, 

Haryana 

Agribusiness Incubator Society -TBI (ABIS - TBI) 2011 TNAU Coimbatore, 

Tamil Nadu 

Association for Innovation Development of 

Entrepreneurship in Agriculture (A-IDEA) 

2014 NAARM Hyderabad, 

Telangana 

Pusa Krishi Incubator 2014 ICAR - IARI New Delhi 

Nesting Incubation and Entrepreneurship for 

leveraging Agri- innovations in Nutri-cereals 

(NIELAN) 

2017 ICAR - IIMR Telangana, 

Hyderabad 

Business Entrepreneurship Startup Support 

through Technology in Horticulture                  

(BESST–HORT) 

2017 ICAR - IIHR Bengaluru, 

Karnataka 

ISAP 2017 ISAP-TBI New Delhi 

(Source: NSTEDB, 2016) 

What does an Incubator Offer? 
Agri Business Incubators provide hand-holding support and assistance to Agri-Startups with capacity 

building and technical aid on the fundamental aspects like mentoring, securing capital, production and 

human resource management, networking, branding and market led extension of the products. They offer 

business support services in the areas of legal, financial, intellectual property rights, and secretarial 

compliances. These services are extended throughout agricultural and value chain development sectors. 

(ICAR-RCER, 2022). 

Challenges 
1. Technical expertise: Insufficient expertise of the incubation process among the key staff members was 

one of the biggest challenges that incubators had to deal with. The key staff should be able to work with 

stakeholders to maintain their support for the programme, have business experience, assess the problems 

faced by client entrepreneurs, and establish networks that will assist clients. 

 
ICAR-RCER, 2022 
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2. Selection of incubatees: Gaining access to a pipeline of potential incubatees with the necessary 

entrepreneurial spirit and a solid product to bring to market is the biggest difficulty facing technology 

transfer incubators. 

3. Operational risks: For agricultural value chain incubators include logistics and agreements with 

buyers. However, these kinds of incubators are also vulnerable to hazards to production from outside 

shocks, such as weather fluctuations and the prevalence of pests and diseases. 

Recommendations 
Incubators may be a useful instrument to stimulate greater investment in the agricultural industry if the 

correct circumstances are available. However, to encourage the creation of creative start-ups in 

agribusiness and other important areas of the economy, incubators frequently require ongoing funding 

from donors and government organizations. 

1. Supporting high-risk incubator projects: Therefore, donors should assist incubators by funding 

high-risk activities while leaving the private sector to fund low-risk activities like training programmes for 

growth-stage enterprises. Donors might then push for the adoption of specific Key Performance Indicators. 

2. Partnerships with early-stage investors: The establishment of formal collaborations with investors 

should be encouraged for incubators since they are essential to their success. The collaborations might take 

a variety of shapes, such as investors serving on selection committees or serving as mentors for chosen 

incubatees. Other types of partnerships that might be taken into consideration include sponsorships, 

investment in incubators, or providing financial rewards to incubators when they meet specific milestones. 

3. Data capturing should be mandated by funders: By mandating proper data capture from their 

incubatees and alumni on a more regular basis and by providing the necessary resources to carry out proper 

data collection, can enable stakeholders to compare the performances of incubators over time. 

4. Through incubators, gender inequality might be reduced: This may be accomplished in one of two 

ways: either by encouraging technology transfer incubators to use a gender lens when choosing their 

incubatees, or by ensuring that the products and services of the incubators satisfy the needs of female 

consumers. (CASA, 2020) 

Conclusion 
There are more chances than ever before in the current socioeconomic climate to support and create new 

enabling platforms for the nation's agriculture industry. Focused efforts are required to enhance the system 

through R&D and entrepreneurial development, taking into consideration a wide variety of stakeholders 

in the overall agricultural systems. These agribusiness incubators will pave the way for the growth of 

agriculture in developing nations like India, and the success of such incubators will depend on both the 

tenacious efforts of the global organizations and the policy backing offered by the national governments of 

the nation.‘The second area of emphasis is that these agribusiness incubators should support their 

incubatees' as they grow, rather than only focusing on helping them get started. 
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Introduction 
The recent trend in global climate change, which is primarily caused by manmade influences, has not been 

beneficial to people in general. In India, the population pressure on agricultural land is greatly exaggerated 

by the addition of 2 crore people to the base population each year. Protected agriculture is a solution to the 

problems of sustainable food production brought on by irregular climatic conditions and increasing 

population pressure on agricultural land, which together make up the current 140.8 Mha of net cultivated 

area and are on the declining side. A type of crop farming known as protected cultivation that allows for 

convenient adjustment of the plant's microclimate as needed for optimum growth and development. India 

has about 30,000 acres of land under protected agriculture, with states like Maharashtra and Karnataka 

setting the bar high. The commercial protected growing of high-value crops is currently being adopted by 

innovative farmers (Maitra et al. 2020). Crop microclimate and crop activity underwent diverse 

modifications as a result of the shading effect of crops. Shade nets are used to protect a variety of 

horticultural crops from abiotic factors such as intense sunlight, high winds, bird and rodent damage, as 

well as from the thermal environment (Kittas et al. 2009) and diseases spread by insects. Shade netting 

clearly reduces light intensity compared to a typical field environment, and the capacity to alter different 

spectral aspects that alter light quality has a significant impact on plant growth and development. 

Planning Consideration 
Prior to building the shade house structure, consideration should be given to the sort of crop that will be 

cultivated there, the local climate, and the materials that are readily available there. The key to future 

planning is that there should be sufficient space for expansion in the future. 

 

1. Site Selection: In the current situation, the location of the shade net house is essential. For forward 

and backward linkage, the distance and connectivity between the market and the shade net is crucial. For 

safety and security reasons, the shade net structure should be built as far away from trees, industrial 

plants, big man-made monuments, and apartments as possible, with important systems for waste 

management, irrigation, and drainage in place.  

2. Orientation: Two important variables for the orientation of the shade net house are the direction of the 

predominant wind and a sufficient level of light intensity. The orientation direction is typically more 

adjustable for a single span shade net structure than it is for a multi span structure. The north-south 

orientation is ideal for receiving the greatest solar radiation, and it should be placed perpendicular to the 

predominant wind direction to serve as a windbreak structure. 

3. Structural materials: The shade house's primary frame and cladding materials are its two most 

essential and fundamental parts. The frame of the shade net construction serves as a platform for support 

for the cladding material and aids in protection from weather extremes and natural forces including intense 
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rain, excessive wind, hail, and blistering radiation. When manufactured of angle iron, a shade net house 

can last up to 20 years, as contrast to 3–4 years for bamboo-made structures. The design of shade net house 

frames is influenced by the climate, level of usage, and technical issues. 

4. Choice of crops: Different types of crops like vegetables, fruits, flowers and ornamentals are grown 

under shade net. The requirement of specific microclimate varies from crop to crop which in turn depends 

upon shade net materials used and their characteristics. The general cultivation practice followed in a 

shade net can be summarized like.  

5. Preparation of land: The soil is prepared not much in difference with the open field conditions. It is 

tilled as per the seed size of the crop in order to make a seed bed with good air-water conducting properties.  

6. Sowing and Transplanting: As per convenience either direct sowing or transplanting can be done 

after mixing of FYM @ 20 tons per hectare. The no. of days to transplanting or the number of leaf stages 

are of utmost importance whereas seed treatment with various agrochemicals are important in direct 

sowing to get rid out of various soil borne diseases in seedling stages.  

7. Fertilizer application and Intercultural operations: There is a greater scope of fertigation lies in 

these controlled environmental structures than under open field conditions. The recommended dose of 

fertilizers does not vary with open field conditions. Intercultural operations like weeding may be manual, 

mechanical or chemical method, earthing-up, pruning and various plant protection measures are done for 

the yield advantages. 

Colour Variation 
Color-nets are a part of the more modern agro-technology, which on the one thing contributes in physical 

protection and on the other hand modifies light intensity and associated chromatic characteristics. These 

effects are the consequence of the manufacturing process' inclusion of various chromatic additives, light-

diffusing, and reflecting materials into the cladding material. It is employed in two dimensions, either 

directly over net-house constructions or in conjunction with greenhouse technologies. These shadow nets 

have two main effects: they disperse light and change the spectral compositions. The manufacturing process 

for photo selective net products involves adding different chromatic additives, light dispersive elements, 

and reflective components to the netting materials. These shade nets include "coloured- colour nets" that 

absorb spectral bands like infrared or ultraviolet radiation as well as "neutral- colour nets" that do not. In 

particular, the promotion of light morphogenetic-physiological reactions is the goal of the spectrum 

manipulation. Numerous ornamentals (Nissim-Levi et al. 2008), vegetables (Fallik et al. 2009; 2010), fruit 

trees (Shahak et al. 2004), and vineyards have all been researched using the colour net method. Using 

color-shade nets to temper climate spikes production. 

Shading Percentage 
Shade nets come in a variety of shades, or shade variables, including 15%, 35%, 40%, 50%, 75%, and 90%. 

For instance, a 35% shade factor means that only 65% of light will flow through the net while cutting 35% 

of the light's intensity. It varies depending on the crop and variety. For instance, crops like tomatoes 

perform better in 35% shadow factors in terms of both quality and yield characteristics. For the majority 

of crops, a shadow factor of 50–70% is regarded as the typical range. 
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Conclusion 
The lower cost of cultivation and higher returns are keys to success for any agricultural technology. The 

recovery of initial cost of the shade net house to reach the break-even point solely depends on the value of 

crop at the point of consideration. Taking above parameters into consideration, greater life span of the 

structure, lower initial cost of the structure, high value crops with good keeping quality and gauging the 

market demand are keys to the stake holders of protected cultivation. 
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Introduction 
Good food and nutrition are an essential component for mankind to lead an active and healthy life. 

Realizing this, the right to food for all’ has been adopted as a basic human right by the United Nations in 

1974. As per the State of food insecurity report presented by United nations in 2001, Food security is 

defined as a ‘situation that exists when all people, at all times, have physical, social and economic access 

to sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and 

healthy life’.  However, the importance of ‘nutritional food as a right’ received global attention based on the 

outcomes of the Human Genome Project in the late 1990’s.  While food security speaks about the availability 

and the secure access of food to all people, nutritional security is about the intake of diverse foods that 

provide the essential needed nutrients. Thus, food and nutrition security emphasize four important aspects 

viz., Availability, Accessibility, Use and Utilization of food. 

Genesis of Nutrigenomics 
Since green revolution, India has witnessed an unprecedented growth in food production, particularly in 

cereal crops like rice and wheat. Despite its high level of production and success in combating food 

insecurity, India is grappled with the burden of malnutrition, which poses a significant threat to human 

health. Malnutrition is manifested in various forms such as undernutrition, overweight, obesity inadequate 

intake of proteins, vitamins or minerals, and diet-related non-communicable diseases. The fast pace of 

globalization resulting in increased income, easy availability and access to processed foods and sedentary 

lifestyle have cumulatively contributed to a tremendous increase in these lifestyles related non 

communicable diseases (WHO, 2014). A situation has emerged where the idea of ‘medicine as food’ is being 

replaced with ‘food as medicine’ to address these nutritional related diseases and this led to the genesis of 

nutrigenomics. 

Nutrigenomics vs Nutrigenetics 
Nutrigenomics and nutrigeneics are two different aspects of nutritional science. The term ‘nutrigenomics’ 

was coined by Dellapenna and was first described by Pelegrin (2001). Nutrigenomics studies the 

relationship between genomics, nutrition and health. In fact, dating back to early 20th century,  the British 

physician Archibald Garrod has established the linkage  between nutrition, genetics, and phenotype.  

Nutrigenomics is about the interaction of genome with bioactive food components and explains how the 

nutrients influence the expression of genes on the other hand, nutrigenetics analyses the effect of genes 

and genetic variation on nutrient metabolism. 

The Gene-Diet Relationship 
There are several examples to quote regarding the effect of genes on nutrient related diseases. Some 

individuals cannot digest milk proteins due to lactose intolerance and face stomach discomfort. The lactose 

intolerance in these individuals is due to an allelic variant in the lactase enzyme producing gene. 

Flavonoids present in citrus peel have been patented for their ability to increase the expression of cancer 

fighting genes (Ghai, 1996; Koolaji et al., 2020). Obesity risk has been strongly linked with mutations in 

the Fat mass and obesity-associated (FTO) and melanocortin 4 receptor (MC4R) genes (Cyrus et al.,2018; 

Yang et al., 2019).  High glycemic index diet contributes to diabetes type II in individuals carrying the 

allelic variants of Adiponectin gene (Pérez-Martínez et al., 2008).  Carriers of the Apolipoprotein E4 (APOE-

e4) gene are predisposed to Alzheimer’s disease and are prone to absorb greater amounts of cholesterol 

from their diet (Safieh et al., 2019). Similarly, mutations in Low Density Lipoprotein Receptor (LDLR), 

https://www.cambridge.org/core/journals/proceedings-of-the-nutrition-society/article/nutrigenomics-in-the-modern-era/4DBAD038D30F9BB0900AF7F30999D388
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Apolipoprotein B (APOB) and Proprotein Convertase Subtilisin/Kexin type 9 (PCSK9) genes are associated 

with high cholesterol and individuals carrying these genetic variants have a risk of developing 

cardiovascular diseases (Lye et al., 2013). Consumption of low calcium diet doubles the risk of colorectal 

cancer in individuals with ff genotype, compared to those with FF/Ff genotypes (Nicastro et al., 2012). 

Individuals who experience inflammation due to intake of omega 6 fats carry the hyper converter fatty acid 

desaturase (FADS1) gene. This genetic variant has been observed at a high frequency in the African 

population (Mathias et al., 2014). 

Approaches to Study Nutrigenomics - The Omics Platform 
The nutrient related disease phenotypes are manifestations of the gene expression. Diet plays a major role 

in influencing the expression of these genes. The bioavailability of vitamins, minerals, and bioactive 

components present in the diet depends upon a series of physiological processes such as absorption, 

transport, biotransformation, uptake, binding, storage and excretion, and cellular mechanisms of action, 

such as binding to nuclear receptors or regulating transcription factors. Several genes are involved in the 

metabolic pathways, and depending upon the allelic variations, individuals show differential dietary 

responses. Hence nutrigenomics approach uses a wider array of omics platform to identify and quantify the 

bioactive molecules in the food. These technologies which include the proteomics- to identify all proteins in 

the cells of an organism, transcriptomics -to quantify the total RNA expression, metabolomics- to study key 

metabolites and epigenomics -to assess the post translational changes such as DNA methylations, provide 

a comprehensive way to decipher the gene - diet interactions in individuals, paving the way for strategically 

designing a customized diet to ensure good health and disease prevention (Ferguson, 2009). 

Scope: Tapping the Underutilized Food Crops for Nutrigenomics 
Traditionally, Indian diets are cereal based and lack diversity. Sseveral underutilized crops such as 

Buckwheat, Qunioa, foxtail millet, barnyard millet, kodomillet, proso millet and traditional legumes like 

rice bean, moth bean can be utilized in a rice and wheat based cereal diet due to higher nutritive content. 

While the staple cereals are rich in starch, these underutilized crops which are rich in proteins, minerals, 

lipids, vitamins, phenolics and bioflavonoids are known for their nutraceutical and therapeutic properties 

(Bekkering and Tian, 2019). These neglected and underutilized plant species play a potential role in 

reducing malnutrition and life style related diseases by enhancing the nutrition in daily based diets 

(Hunter et al., 2019). These crops can be utilized in the conventional crop breeding programmes for 

biofortification. 

Applications of Nutrigenomics 
Nutrigenomics is emerging as an inevitable field in molecular nutrition and human health. Nutrigenomics 

offers promise to address the concerns of few lives style related diseases and designing personalized 

nutritional diet at individual level. For example, people disposed to type II diabetes due to the Adiponectin 

gene can be recommended with a low glycemic diet.  The food industry is flourishing in developing gluten 

free diets for celiac diseases, phenylalanine‐restricted and galactose‐free, tyrosine supplemented diets for 

phenylketonuria and galactosemia patients, pro-biotics for lactose intolerance individuals which is mainly 

attributed to the developments in the field of nutrigenetics and nutrigenomics. A balanced nutrition has 

also been emphasized in limiting several chronic diseases. 

Challenges and Opportunities 
Although nutrigenomics is known to have health benefits on mankind, the nutrient -gene interactions, 

differential response of individuals to diets, bioactive prediction of   disease predisposition is some of the 

challenges that need to be addressed.  Nevertheless, Nutrigenomics is making a wave in promoting gene 

based personalised nutrition by customizing a tailored diet that can help individuals to tackle their life 

style disorders and reduce the risk of predisposition to non-communicable diseases. 
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Introduction 
Both scientists and laypeople have been fascinated by the potential for creating plants that light in the 

dark. Numerous insect, fungal, bacterial, marine, dinoflagellate, and other species have the ability to 

generate light on their own, yet no known plant exhibits autogenic bioluminescence. Light generated by a 

chemical reaction inside a living thing is known as bioluminescence. 

 

Bioluminescent Plants are the Next Big Thing 
Neonothopanus nambi, a type of mushroom native to Brazillian jungles, has the potential to illuminate the 

night. The fungus produces light as a byproduct of its metabolism by means of a molecular device known 

as a luciferase enzyme. Bioluminescent species (animals that emit light) including fireflies, plankton, and 

jellyfish all contain luciferases. Bioluminescent plants can be produced by inserting the genes from glow-

in-the-dark mushrooms into a plant. Interestingly, scientists have created glow-in-the-dark plants before. 

In earlier methods, luciferases from bacteria were utilised, but the molecular byproducts were poisonous 

to plants. 

On the other hand, the fungal luciferase participates in the caffeic acid cycle, a chemical cycle that is 

present in all plants and does not appear to be harmful to the plant. The phenylpropanoid pathway, which 

results in lignin and other metabolites in vascular plants, includes caffeine as an intermediary. We 

hypothesised that integrating the fungal caffeic acid cycle into plant metabolism would be possible. 

Additionally, the optical transparency window of plant tissue containing pigments aligns nicely with the 

green luminescence generated by the caffeic acid cycle.  

Currently, four genes from the Neonothopanus nambi bioluminescent fungus have been introduced into 

the DNA of tobacco plants. These genes are related to enzymes that undergo a series of stages to transform 

caffeine into luciferin, which produces light energy, and then reverse the process to return caffeine to its 

original form. The result is vegetation that glows with an apparent greenish tint. They appear to be 10 

times brighter than light produced by bacterial genes, and they shine both in the dark and during the day. 

The researchers discovered that the luminescence's location altered as the plants developed, that it often 

decreased as leaves became older and rose where leaves were injured. According to them, flowers produced 

the maximum light. 
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Impact of Bioluminescent Plants 
Aside from being attractive, this has numerous uses in the commercial and industrial sectors, including 

helping us detect plant pests and diseases, learning how plants respond to stress and stimuli, and much 

more. 

It is possible to monitor dynamic plant activities, such as disease, development, responses to environmental 

changes, and the impacts of chemical therapy, by enabling autonomous light emission. These luminous 

properties should be especially helpful for research with plants grown in soil since they eliminate the 

necessity for exogenous addition of luciferin or other substrates. 

Conclusion 
The development of LED technology has had a significant impact on lowering energy usage recently. 

However, there are significant issues that need to be handled, such as the 2.2% annual growth of artificially 

illuminated outdoor spaces and the rise in light pollution from man-made sources. In addition to reducing 

energy use and light pollution, bio-luminance plants may also help with garbage disposal from old bulbs 

and luminaires. 
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Introduction 
Reverse plant breeding is new and innovative plant breeding technique or meiosis engineering technique 

with utilization of which parental lines are produced for any kind of plant in hetero - zygous condition. 

Through the process of engineered meiosis parental generation in perfect homozygous condition are 

obtained. In this method the genetic recombination is suppressed in selected heterozygote plants by 

exclusion of meiotic crossing over. 2The spores i.e., male or the female obtained from such plants contain 

combinations of non-recombinant parental chromosomes, which can be cultured in in-vitro condition to 

develop homozygous doubled haploid plants.   

It was proposed by Dirks et al.2009 in Arabidopsis thaliana. The main objective of reverse breeding is to 

generate homozygous parental lines (complementing parents) that can be mated to recreate a desired 

heterozygote genotype (i.e. the initial hybrid; Wijnker et al.2012). The technique of reverse breeding has 

not been commercialized yet and very limited work has been done. 

What are Doubled Haploids? 
The formation of doubled haploid is result of achiasmatic meiosis and can be developed from unfertilized 

ovules(gynogenesis), microspores, another culture(androgenesis), according to the well-established protocol 

which is applicable to both plants and crop species. The development of reverse breeding is limited upto 

the crops where doubled haploid is common practice. The efficiency of formation of doubled haploids differs 

by species to species and hence is species dependent. This breeding programme is adopted in majority of 

crops by different professional breeding companies in their breeding programmes. However, there are some 

exceptions such as soyabean, cotton, lettuce, and tomato where doubled haploid plants are rarely formed 

or not available at all. In modern plant breeding programmes genotyping of doubled haploids by molecular 

markers is routinely practiced and is also indispensible part of reverse plant breeding. In the complete 

absence of meiotic recombination one polymorphic molecular marker per chromosome would suffice to 

genotype every DH since the entire chromosome would behave as a single linkage block. In the presence of 

any residual crossovers, two markers (as distally located as possible) are required per chromosome. 

Mechanism of Reverse Breeding 
The process of reverse breeding involves essentially involves four major steps they are as follows: 

Step 1: Suppression of the crossing over. 

Step 2: Production of doubled haploids. 

Step 3: Selection of complementary lines (parents) through marker assisted selection. 

Step 4: Crossing appropriate DH lines on the basis of matching molecular markers to develop superior 

hybrids. 

Step 1: The First Step i.e., Suppression of the Crossing Over Involves Majorly Two 

Stages 
They are: 

1. Production of gamete from heterozygote 

2. Suppression of the recombination during formation of spores. 

Suppression of recombination during the formation of spore, involves the suppression of gene required for 

the meiotic recombination. After the suppression the gene is completely knocked out by RNAi to suppress 

the function of DMC1 which is homologous RecA, a meiosis specific recombinase essential for the formation 

of crossover. 
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a. The genes responsible for the meiotic recombination are: 

i. DMC1 gene. 

ii. RecA gene. 

iii. SPO11 gene.  

During the formation of the spores RNAi suppress down the function of these genes. 

b. Application of the exogenous chemical compound which causes the inhibition of the 

recombination. For example, MIRIN. 

Mirin causes G2 arrest and inhibits the phosphorylation of ATM i.e., Ataxia Telangiectasia Mutated (ATM) 

= serine /threonine protein kinase. 

What is RNAi? 
RNA interference (RNAi) is an evolutionally highly conserved process of post-transcriptional gene silencing 

(PTGS) by which double stranded RNA (dsRNA) causes sequence specific degradation of mRNA sequences. 

Andrew fire and Craig Mello in the nematode worm Caenorhabditis elegans and later found in a wide 

variety of organisms including mammals. 

Step 2: Production of Doubled Haploids 
For the production of doubled haploids, Tissue culture of immature pollen is done. Using the technique of 

tissue culture which is also referred to as another culture and isolated microspore culture, immature pollen 

grains grow to produce colonies of mass of cells. The colonies are transferred to media with different plant 

growth regulators and sugars to induce growth of shoots and then roots. 

Step 3: Selection of Complementary Lines i.e., Parents through the Marker Assisted 

Selection 
During this step the complementary lines i.e. parents are selected after the production of the doubled 

haploids from the tissue culture which is another culture or isolated microspore culture. 

Step 4: Crossing Appropriate DH Lines on the Basis of Matching Molecular Markers to 

Develop Superior Hybrids 
At the final stage the doubled hybrid lines are selected appropriately and are crossed with each other based 

on the molecular markers which finally results in the formation of the superior hybrids. 

 
Fig. The Diagram showing difference between reverse breeding and conventional breeding 
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Application of Reverse Breeding 
1. Application in ongoing breeding programmes: Reverse breeding is still in research phase, but is 

clearly a technique with high potential. The main advantage of reverse breeding is that using reverse 

breeding, superior heterozygous plants can be produced in the F1 hybrids because of re-synthesis of 

parental lines. 

2. Breeding on the single chromosome level: Reverse breeding, explains how chromosomes 

substitution lines can be obtained when reverse breeding is applied to an F1 hybrid of known parents. 

These homozygous chromosome substitution lines provide novel for the study of gene interactions. 

3. Reverse breeding and marker assisted breeding: High throughput genotyping speeds up the 

process of identification of complementing parents in populations of doubled haploids. It helps in the study 

of gene interaction in the heterozygous inbred families. 
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Abstract 
This paper discusses ideas for farming businesses other than crop production. This helps marginal farmers 

to improve their socioeconomic conditions and raise their living standards. Because the current situation 

is unfavourable for farmers. Economic situation is not very good, so it cannot take a loss. Here we discuss 

various agribusiness ideas that make it easier for a farmer to start a business with a lower initial cost that 

he can turn into a higher. Agribusiness is a combination of the words "agriculture" and "business" and 

refers to businesses related to agricultural and agricultural commercial activities. Agribusiness includes 

all steps required to bring agricultural products to market: production, processing distribution. 

Introduction 
From elementary school, geography taught us that India is an agricultural country. India is also in the top 

10 of her agricultural countries, along with China, USA, Brazil, France, Mexico, and her countries. In 

addition to her traditional farming, there is a growing demand for organic farming. The product is exported 

in her big scale. The Indian agricultural market in 2020 was about 55,994 billion, which he should be 

111916 billion in 2026. Now, if we want to do business in the agricultural sector, it is not mandatory to do 

just farming. There are wide range of business ideas outside of farming. Let's talk about 10 business models 

that have high demand for today and focus on profitability. 

Market Research 
Agribusiness is a tough business and requires a lot of effort. Before starting a business, the specific market 

should be thoroughly researched. This step will help you understand the market and the business they will 

enter. For updates on all businesses and how they are used, visit Tractor Junction for daily agricultural 

industry news. 

The market research step requires clear answers to the following questions: 

a. What does the future look like for the market? 

b. What problems are consumers facing? 

c. How do you see yourself in this market? 

d. How difficult or simple is the law? 

It is the road that connects the entire business. Therefore, before starting a business, it is necessary to 

create an effective plan. Research facilitates this process. Review of Economic Laws and Regulations A 

review of both federal and state government laws and regulations is mandatory. Agribusiness legislation 

is based on sales contracts, pricing, advertising, human resource management, and more. The types of 

company registrations are owner, partnership, limited partnership, and private limited and public limited. 

You can register at by visiting your company's registrar. 

Mushroom Cultivation 
Normally, when I go to a restaurant and think of him ordering vegetables, always comes to mind 

mushrooms and paneer. When talking about the nutritional value of mushrooms, it is known that 

mushrooms contain he more protein than mutton. Mushroom trend in India increased by 2.3% from 2010 

ha. There is a great demand for Mushroom in India. For this reason, 72% of the mushrooms grown in India 

are button mushrooms alone. Mushroom. When you grow mushrooms, you don't need to till, and you don't 

need to do it on a large scale. 10x10 ft. small space to start your mushroom business. The good thing about 

mushroom cultivation is that you can grow mushrooms for 8 months in years. The best months to grow 

mushrooms are March to October. Always grow indoors. room temperature can be controlled room 
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temperature can be controlled mushrooms can be grown in agriculture by universities or experienced 

farmers Maharashtra, North East, state is a leader in mushroom cultivation. 

 

Poultry Production 
Poultry eggs have always been known for their health benefits. Whether doctors or fitness trainers, they 

always recommend eating eggs. India’s poultry industry, including meat and eggs, is valued at Rs 4,340 

crore. Poultry farming can be considered as Indians rank third in the world for egg production. This is on 

a small scale ranging from Rs 50,000-1, 50000 and on a large scale he can start at Rs 4-8 lakh. 

 

Fertilizer Business 
Fertilizer distribution business No matter what kind of work you do, such as farming, gardening, or 

greening, the demand for fertilizers, fertilizers, and farm equipment will not change. This business will 

have more growth potential if it is located near areas where gardening and farming are thriving. You can 

be a retailer or a wholesaler, but in order to have high yield production for a growing population, it is 

imperative to meet the demands of a growing population that this business will decline. When it comes to 

organic farming, we need to improve our research in this area to learn more about proposed fertilizer 

trends, ideas for improving agricultural productivity, and more. If you want, we can sell natural fertilizers. 

Beekeeping 
Beekeeping honey is highly nutritious and everyone's favorite food, whether it's on bread or in milk. It is 

used in Ayurvedic and medical fields. Therefore, in order to handle honey, it is necessary to breed bees. 

You don't need a big country for that. It can be grown on a small plot of land. you need a box to grow them 

we can buy a box You need to choose the time of fruiting and flowering and propagate them to produce 

more honey. You have to choose a good kind of bees to form a core he colony. Inspections are required every 

7-10 days. This rearing has to be done on a large scale near horticultural crops and flowers, so don't expect 

any benefit from first year experience. 
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Use Hydroponics Technique 
The trend toward aquatic farming, which provides fresh water to grow leafy greens, is increasing day by 

day. If we decide to do this business, it will be profitable. So, the question is, where do we get our food from? 

The answer is water. We are already adding essential nutrients to the water to nourish the plants. This 

technique is advantageous for the future, as future land is decreasing day by day as the population grows. 

Therefore, the future of hydroponics looks bright. 

Vermi Compost Plant 
Vermi compost Organic Fertilizer Plant debris, cow dung, and dry leaves are dug into the soil and 

earthworms are turned into manure and compost. Challenge the demand for Vermicompost as organic 

farming is favoured these days. By doing this, you can easily earn money by acquiring knowledge. 

 

Bioflac Fish Farming 
Fish are raised in large cylindrical tanks. The price is low and the fish production in the pond is high. The 

cost of a 4m tank is around Rs 30,000-50,000 for producing 1000-1200 fish per year. You need electricity 24 

hours a day, and you need temperature control. 

Flower Shop Growing 
Flower Shop Growing, processing and selling flowers is trendy and a good way to make a profit. He is one 

of the largest florist companies in India. This business requires flowers of all kinds, especially unique and 

difficult to grow varieties. 

Broom Production 
Making a Broom Needless to say, a broom is indispensable for household chores. Everyone needs a broom 

to clean their homes around the world. The market size is huge for new entrepreneurs to explore. The 

technical process of broom production is a manufacturing project that can be started with proper planning 

and modest capital. 

Dairy Management 
Dairy Outlets this business requires a reasonable knowledge of the profession. It produces a lot of faces. 

Over time, the demand for milk and dairy products will increase. He is one of the most popular agriculture 

in India. 

 

Conclusion 
Agriculture is a broad sector with many opportunities for farming and entrepreneurship, so choosing the 

right ideas can pay off in terms of wealth, health and improved living standards. Also, creating job 
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opportunities, especially for people in rural areas, can ease urban pressures and reduce the number of 

young people who move to urban areas in search of work. 
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Abstract 
The research you are looking for will primarily determine issues related to sustainable agriculture, in order 

to preserve the present for the future. It also explains the history and benefits of sustainable agriculture. 

Sustainable agriculture is the best way to feed our population. Soil, land, climate, temperature, NPK, etc. 

are some of the factors that influence the growth of sustainable agriculture. This includes practices such 

as composting, intercropping, multiple cropping, crop rotation and organic fertilizers. The study found that 

farmers responded positively to sustainable agriculture. 

Introduction 
First, what is “sustainable agriculture”? The word sustainability is Latin and the word agriculture is also 

Latin. Sustainable basically means using natural products and energy that do not harm the environment 

and can be used for a long time. The term 'sustainable agriculture' was coined by Australian agronomist 

'Gordon McClement'. The term became popular in the 1980s. It is an agricultural cultivation practice that 

meets society's current food and fiber needs without compromising its ability to meet the needs of current 

or future generations. Environmentally friendly agricultural methods are practiced to grow crops and 

produce livestock without harming the environment, humans or natural systems. Agroforestry, mixed 

crops, mixed farming and organic farming are some of the elements of sustainable agriculture. 

 

History of Sustainable Agriculture 
A History of Sustainable Agriculture In the 1960s and 1970s, agricultural sustainability was not a major 

issue. In the 1960s, naysayers predicted that preventing mass extinctions during this era would be a major 

concern (Harwood and Richard 2020). 

Knowledge of the greenhouse effect makes people aware that deforestation through slash-and-burn 

agriculture is a major contributor to carbon dioxide emissions. Early pioneers of the sustainable movement 

were motivated by a desire to reverse agricultural problems such as soil depletion, erosion, fodder and rural 

poverty. Had a holistic view that depends on agriculture, which depends on the long-term lifespan of the 

soil. (Kuepper George 2010). In order to cultivate the soil, it is necessary to practice traditional humus 

cultivation, which not only protects the soil, but also regenerates it. These practices are primarily for crop 
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residue management, livestock manure application, cover manure, composting, etc. This sustainable 

farming began in his late 20th century and early 21st century amid growing concern over the rapid growth 

of the world's population. This became a serious problem and was subsequently widely discussed in 

agriculture in the United States, the world's largest industry requiring critical inputs such as land, water 

and labor. At the turn of the 21st century, experts questioned how the industry can keep pace with the 

growing global population. This discussion is about global food insecurity. A consensus has been reached 

that sustainable agriculture is the most practical and best way to feed a growing population. Many 

obstacles have been encountered during the introduction of sustainable agriculture, as the benefits of this 

agriculture are not immediately visible. So, it saves water as it will only become visible when water 

shortages occur in the future. Benefits such as reduced soil and nutrient loss, improved soil structure, and 

increased levels of beneficial microorganisms take time. 

Sustainable Agriculture Generally Includes 
1. This reduces the problem of weeds, diseases, insects and other pests. It provides an alternative source of 

soil nitrogen reduces soil erosion and also reduces the risk of water pollution from pesticides. 

2. Pest control strategies that do not harm natural systems, farmers, neighbours, or consumers. This 

primarily includes integrated pest management techniques that reduce the need for pesticides through 

practices such as reconnaissance, use of resistant cultivars, timing of planting, and biological pest control.  

3. Improved mechanical and biological weed control. Other soil and water protection techniques are 

practiced. And strategic use of animal and green manures (legumes are used to add nutrients and organic 

matter to the soil) (O'Connell Paul F., 1991). 

 

Factors Influencing Sustainability 
1. Nutrients: NPK is a vital nutrient. 

2. Soil: Soil erosion and land degradation are the major problem in today’s life. 

3. Land: Finite resource on Earth Island.  

4. Energy: Modern agriculture uses energy for agricultural machinery, storage, food processing and 

transportation. 

5. Water: Water is the most important element required for agriculture. Sustainable agriculture includes 

many practices such as agroforestry, biofuels, conservation farming, dairy waste management, food waste 

management, organic farming, precision agriculture, soil nutrient management and water use efficiency. . 

All of these practices are practiced today to conserve agricultural resources and produce good, healthy food. 

In this agriculture, very few fertilizers and pesticides are used. This method helps protect our environment, 

soil fertility and the expansion of natural mineral resources. 

Sustainable Agricultural Practices 
1. Organic farming should be practiced. Practices in this field) Composting: Properly decomposing 

livestock manure, crop residues and vegetable manure over a period of 1-6 months to form compost. b) 

Vermicompost: This method uses earthworms to consume agricultural waste and turn it into high quality 

compost. 
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2. Organic Fertilizers: Improves soil nutrient availability by improving nitrogen fixation. 

Microorganisms are added to the rhizosphere of plants to increase their activity by selecting effective 

varieties 

3. Crop rotation: The sowing of different crops should be done in crop rotation. Legumes and grains can 

be grown in mixed crops such as rice and mustard. 

4. Multicropping: This includes growing two or more crops on the same field. Tomatoes and onions for 

example. 

5. Cover Crop Cultivation: Growing two or more crops simultaneously in the same field. It mainly grows 

two or more crops in close proximity, such as soybeans and corn. 

Benefits of Sustainable Agriculture 
1. Fewer pollinators are killed due to reduced use of chemical fertilizers and pesticides. The impact on 

marine life is also reduced.  

2. Adds space to reduce disease transmission instead of needlessly administering antibiotics to livestock.  

3. The use of chemical fertilizers is restricted. The amount of fertilizer applied is small, so there is little 

burden on the environment.  

4. It also improves the working environment. Animals get a better environment for their welfare.  

5. It also supports the local economy. Farmers don't use fertilizers, so they save money.  

6. The use of organic farming also improves health. 

 

Sustainable Agriculture in India in India, agriculture is predominantly rain-fed, with 60% from net seed 

and 40% from gross food production. Rain-fed agriculture is practiced in India, hence the continued 

development of the rain-fed agricultural economy. Due to the growing demand for food in the country, food 

preservation is also practiced. 

This National Mission for Sustainable Agriculture (NMSA) aims to increase agricultural production, 

especially in areas with high rainfall, including integrated agriculture, soil health management, water 

efficiency and resource conservation. Sustainable agriculture in India improves food security by 

diversifying its sources and incomes It also improves food security for farmers. Today, 3.1 million hectares 

of farmland are organically grown. Over 6 million farmers work under it. 6.2 million hectares of land are 

also certified. 

Conclusion 
Sustainable agriculture is environmentally friendly and environmentally responsible practices aimed at 

improving the quality and quantity of food through efficient use of available resources. Therefore, it is 

essential for the development of a healthy environment. This improves soil fertility and soil health. 

Sustainable agriculture is therefore a better scope for agricultural development. 
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Introduction 
In agribusiness, organic circulation is the establishment of this circular economy. Arguably, the circular 

economy is important as a currency model designed to save the climate and fits perfectly with the way 

agriculture is created to streamline the use of accessible assets and feed back into the production cycle. 

Lynn's lean management is specifically a delegated model. Phosphorus, along with nitrogen and potassium, 

is one of three major components important to plant formation. It is then used seriously in horticulture. 

Nevertheless, the supply of rock phosphate is not unlimited, and potential shortages of this component are 

normal in the most promising of 100 years. Phosphorus is found in significant amounts in animal excreta 

from animal areas. In this sense, promoting the use of this option is part of the circular economy. 

Organic agribusiness committed to reducing the use of external sources (water, pesticides, and 

manufactured fertilizers) demonstrates supportability, reduced environmental impact, and methodology 

for circular economy models. This training, which promotes the reuse of natural materials from the 

agricultural production cycle (pets and plants), in turn makes soils and rivers safer by limiting soil 

immersion in certain components, including phosphorus. Concerned that a circular economy of organic 

agriculture will reduce waste levels, improve land use and free us from dependence on man-made compost, 

while at the same time determining the fate of waste reduction, well-being and climate. We provide staple 

foods that customers pursue. 

 

Organic Farming Leads to a Circular Economy 
As the impacts and consequences of environmental change are increasing, last summer saw unprecedented 

heat, drought and an alarming wildfire season that destroyed homes, community organizations, and 

vegetation and Extensive destruction of natural life. This has created a significant demand for a greener, 
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cleaner and more achievable climate. If waste needs to be diverted from landfills and reused, it will require 

significant changes in the way waste is handled. To achieve this, we need to obtain a closed-loop economic 

model. Circular economy methods of addressing waste diversion are best demonstrated through natural 

farming trials. There is no waste as they support regular recovery frames and cycle through the frames to 

complete the circular economy cycle. The usual framework for direct feeding has long sustained rapidly 

evolving demographic and financial trends, but it also has detrimental effects on water, soil quality, 

biodiversity, management of biological systems, and the environment. Therefore, with the future endurance 

of people around the world in a precarious situation, fundamental change is needed now more than ever to 

create a framework for a global circular economy.  

1. Organic farming practices have the following climatic benefits:  

2. Promote a stable state of ranch health and versatility - Using manure as a natural compost promotes 

the natural material and richness of the soil and aids in the organic movement of the soil. 

3. Combat soil degradation and rot – Natural farming creates healthy soil and helps address real-world soil 

and land problems such as:  

4. Promote biodiversity – Organic farming promotes healthy biodiversity and can impact ranch diversity 

against challenges such as harsh climates, infectious diseases and irritation. 

Establishing a circular economy is the most effective thing we can do as a community these days to combat 

environmental change and create a greener, cleaner and more convenient climate for our people now and 

in the future. That's it. The direct food framework has long sustained rapidly evolving population and 

currency trends. Either way, there are enormous costs to water, soil quality, biodiversity, environmental 

stewards and our environment. It is essential to prevent further consumption of common assets and to 

maintain a climate suitable for human habitation. In a circular economy, some natural practices and 

frameworks play an important role in supporting shared management frameworks where waste does not 

yet exist, but frameworks are needed to end the circular economy loop. 

 

Circulates the Workpiece 
1. Organic and Biodynamic Farming Recycling carbon and supplements, increasing utility while protecting 

the climate, limiting soil decay and degradation, and reducing the use of pesticides and synthetic pesticides 

to improve land health. A guaranteed cultivation framework that promotes Plants prevents fertilizer.  

2. Renewable and viable cultivation these frameworks hope to find a beneficial harmony between the needs 

of food production and the preservation of biological frameworks in the climate. Manageable, recycled 

natural contributions are predominantly used in creations.  

3. Organic carbon and compost Compost as a natural compost diverts food waste from landfills, recycles its 

supplements as compost, and recycles them back into the roundabout economy, making them more 

sustainable in the climate through carbon sequestration and enrichment. Emissions of ozone-depleting 

substances.  

4. Organic products promote biodiversity Organic farming systems use manure as a natural compost to 

promote organic matter and richness in the soil and support organic movement within the soil and 

farmland. 

5. Natural biological filtration in a lesser-known application, recycled organic materials are used in bio 

channels to treat wastewater from large cities and ranches, removing contaminants in storm water before 

it reaches streams. 
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Conclusion 
Organic circulation is the establishment of this circular economy. Arguably, the circular economy is 

important as a currency model designed to save the climate and fits perfectly with the way agriculture is 

created to streamline the use of accessible assets and feed back into the production cycle. Lynn's lean 

management is specifically a delegated model. Phosphorus, along with nitrogen and potassium, is one of 

three major components important to plant formation. Concerned that a circular economy of organic 

agriculture will reduce waste levels, improve land use and free us from dependence on man-made compost, 

while at the same time determining the fate of waste reduction, well-being and climate. We provide staple 

foods that customers pursue. 
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Introduction 
According to this motto, a farmer's market is a place where farmers with different products from different 

farms come together in one place to sell their products locally to people. At first, a farmer's market seems 

like a simple place where a farmer gathers and he sells products and makes an extra profit. But when the 

farmer’s market layer is rolled out, it becomes clear that it is a micro economy integrated with many 

sustainably supported practices and has an eco-friendly approach. CBC News journalist, according to an 

article by Luke Denne, “Farmers markets are physical markets designed to sell food directly from farmers 

to consumers. Farmers typically sold agricultural products such as fruits, vegetables, meat, poultry, dairy 

products, and sometimes value-added products such as jams, bread, and biscuits. Additionally, USDA 

defines a farmer's market as "a multi-stall market in which farmers and producers sell produce, 

particularly fresh fruit and vegetables (including meat and dairy products) directly to the general public at 

a central or fixed location." is defined as). Products and/or grains)” 

Biodiversity 
Buying vegetables and fruits at farmers markets and department stores looks the same to consumers and 

producers. But putting biodiversity into perspective makes a big difference. While shopping for fruits and 

vegetables in supermarkets and department stores, encourages him to produce only one or two economical 

varieties of each fruit or vegetable, generally limited Encourage the production of a range of cultivars. 

Meanwhile, shopping at the Farmers Market helps promote the crop's heirloom varieties and a variety of 

local products. The world recognizes the importance of biodiversity and various measures are being taken 

around the world to conserve and enrich this biodiversity. So simply by shopping at a local farmers market, 

people can help conserve native species that are disappearing from the face of the planet and also promote 

a rich agricultural biodiversity. 

Resource Conservation 
Resource optimization is essential for any economy to operate sustainably, and the farmers market is one 

micro economy where fits this definition perfectly. Farmer's Market is typically operated on or near the 

farm, reducing transportation costs as well as fuel. Minimize the use of cold storage and cold storage, saving 

the fuel and electricity used to run them. Additionally, processing of products is largely negligible unless 

there are value-added products that account for a tiny fraction of sales in the farmer’s market. This helps 

reduce the production of large amounts of packaging material that can end up in landfills and cause 

pollution. 

Strengthen the Local Economy 
Shopping at the Farmers Market instead of the Department Store shows that money is circulating within 

the local economy and local producers are encouraged and sustainably supported. We guarantee that. In 

addition to these purchases at, the Farmer's Market also facilitates local farmers, and more specifically 

smallholder farmers who cannot afford to export their products. 

Farmer Sustainability 
Farmer sustainability is one area where is often overlooked when discussing sustainable agriculture. But 

only farmers make decisions about the sustainability of agroecosystems on the one hand, new people are 

entering agriculture through hydroponics, rooftop farming, permaculture, aquaculture, and many other 
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newly introduced practices, while traditional farming practices are barely surviving. In other farmers their 

younger generation is driving generational farming in search of better alternatives. Local Farmers By 

shopping at his market ensures that farmers are making real profits, thus he keeps interested in farming. 

Environmental Sustainability: His practices in and around farmers markets minimize resource use and 

the need for his packaging materials. It is therefore clear those pre- and post- operations and related to 

farmers' markets place little pressure on the environment and promotes environmental sustainability.  

Scientific Approach: The Farmer's Market is not only an economical business model, but also his scientific 

approach to agricultural practice. The Farmers Market sells many older varieties, as well as traditional 

and wild varieties that, for cosmetic reasons, never make it onto the shelves of supermarkets. These strains 

are grown for sale at farmers' markets, ensuring that the gene pool is preserved within the natural 

ecosystem, providing scientists with enormous breeding opportunities. 

 

Producer-Consumer Integration 
At first, the consumer-producer relationship may seem like just a marketing ploy, but it's more than just a 

farmer's market. Regular Farmer's Market Shopping Through agriculture, consumers often develop 

stronger ties with farmers and become more closely integrated into the agricultural environment. Patrons 

of the Farmers Market occasionally visit the surrounding farms. These visits sow the seeds of future 

farmers in their children and themselves. 

Better for Both Consumers and Producers 
Farmers markets tend to offer better compensation to farmers than regular supply chains, where margins 

on produce are relatively low. Consumers first got fresh, nutritious and minimally processed products at 

Farmers Market. In addition, they can taste his varieties domestically and produce that can never be tasted 

due to his export standards in supply his chain. In principle, it is proposed that whenever something new 

is introduced for mainstream acceptance, its credibility must be tested according to how much it makes 

human life easier. increase. But the fact is, firstly, farmers' markets are nothing new, and secondly, human 

lifestyles never encourage them. The origins of Farmers Market can be traced back to Egypt more than 

5,000 years ago. In, farmers along the Nile gathered to sell their fresh produce. His Farmers Market, the 

first known in the United States, appeared at Boston in 1634. This evidence suggests that the Farmer 

market is not new. Shopping at the Farmers Market couldn't be easier. However, in consumer experience, 

this issue is not significant. The produce that consumers get at Farmers' Markets is much fresher than the 

produce available at 's supermarkets. Choose from a wide range of his products. You can also buy many 

local his products that are rarely available in grocery stores and supermarkets. And most importantly, it 

is harvested perfectly ripe and packed with nutrients, so consumers can enjoy a product that is extremely 

flavourful. For example, heirloom tomatoes have different flavours depending on the colour of the. In 

general, they taste sweeter than hybrid varieties, but darker landrace tomatoes also have a smoky flavour. 

Nothing is perfect. There is always room for improvement. So does Farmers Market. Below are some of the 

areas where Farmers Market practices can improve. 
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Consciousness 
An easy way to make a big concept is Consciousness, and has become much easier in this digital age. A 

farmer can make small videos about his day at the farmer's market and post online. In addition, farmers 

can use it to get creative, talk about their videos, and explain the benefits of shopping at farmers markets. 

Unusable Packaging Materials 
Farmers can use harvesting containers same as shipping containers and Farmers Market in making 

farmer's market more sustainable and environmentally friendly production of plastic containers there. Can 

be reduced. In addition, paper and cloth bags have the potential to replace plastic handbags. 

Composting 
Farmers Market produces large amounts of compostable waste every day that may end up in landfills. But 

what farmers can do is put this waste back into the same container they used to transport their produce 

and compost it to make a fertilizer that can fertilize their crops. Hence, more efficient use of harvest. 

Digitizing 
Farmers can also migrate portions of Farmers his market to his online his platform. This section consists 

of regular customers and loyal customers who already know about their products. But the physical market 

must continue to add more consumers to the farmer's market family. 

Organic Farming 
If all farmers participating in the Farmers Market switched to organically brokered farming practices, the 

Farmers Market would be one step ahead of sustainable farming practices. This makes Farmers Market 

more climate-proof and sustainable. As mentioned earlier, a farmer's market is more than just a 

marketplace where people come together to buy and sell products, it is the essence of bringing people 

together through pure, fresh, local products. Shopping at a nearby Farmer is more than just an alternative 

to grocery stores and supermarkets, it's a commitment. Environmental commitment, supporting local 

producers, strengthening local economies, biodiversity richness, empowering future farmers, and most 

importantly, far fresher than supermarkets Addressing Consumer Satisfaction by Choosing Foods Better 

Taste & + Nutrients. 

Conclusion 
A farmer's market is a place where farmers with different products from different farms come together in 

one place to sell their products locally to people. At first, a farmer's market seems like a simple place where 

a farmer gathers and he sells products and makes an extra profit. But when the farmer’s market layer is 
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rolled out, it becomes clear that it is a micro economy integrated with many sustainably supported practices 

and has an eco-friendly approach. CBC News journalist, according to an article by Luke Denne, “Farmers 

markets are physical markets designed to sell food directly from farmers to consumers. 
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Definitions of Agricultural Marketing 
Agriculture and marketing combine to form the term agricultural marketing. Agriculture typically refers 

to the planting, development, and/or rising of crops and/or livestock, whereas marketing refers to the 

actions involved in getting products from a manufacturing site to a final destination. In their descriptions 

of agricultural marketing, many academics highlighted the significance of time, place, form, and the 

application of love. 

Agricultural marketing is a process that begins with the decision to produce tangible assets on the farm, 

encompassing all aspects of market structure or system, both financially and institutionally, based on 

technical and economic considerations, and includes pre- and post-harvest operations, integration, 

planning, storage, transportation and distribution, 1976). 

Key Aspects 
Agricultural marketing that includes all activities involved in the provision of farm inputs to farmers and 

the transfer of agricultural products from farms to consumers. 

The marketing plan should be such that it can bring general well-being to all sectors (producers, consumers, 

middlemen and retailers) in the community. The government acts as a watchdog in ensuring the interest 

of all advertising-related parties. 

The topic of agricultural marketing includes marketing activities, agencies, channels, efficiency and cost, 

price distribution and market integration, producer surplus, government policy and research, training and 

agricultural marketing statistics and imports / exports of agricultural goods. 

The ultimate goal of agricultural marketing in a developing country like India is to help the first producers, 

namely. Farmers in obtaining paid prices for their product and providing the right type of goods in the 

right place, in the right quantity and quality at the right time and at the right prices for the processors and 

/ or end-users at. 

 

Importance of Agricultural Marketing 
1. Optimization of Resource use and Output Management. 

2. Increase in Farm Income 

3. Widening of Markets 

4. Growth of Agro-based Industries 

5. Price Signals 

6. Adoption and Spread of New Technology 

7. Employment Creation 

8. Addition to National Income 

9. Better Living 
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10. Creation of Utility: 

a. Form Utility 

b. Place Utility 

c. Possession Utility 

d. Time Utility. 

 

Market Structure: Conduct and Performance 
Term structure means something that has an organization and size, size and design; and arising for the 

purpose of doing the work. The name of the market structure means market size and structure. It includes 

how the market works. 

Market structure refers to those market organizations that influence competition and prices, which affect 

the performance of business firms. 

Market structure refers to those market factors that affect the behaviour of traders and their performance. 

Market structure is the legal entity for the operation of a marketing centre. 

Components of Market Structure 
1. Concentration of market power 

2. Degree of product differentiation 

3. Conditions for entry of firms in the market 

4. Flow of market information. 

Importance 
As an agricultural nation where nearly 70% of the population relies on agriculture, one of the many issues 

that directly affect farmers' prosperity is agricultural marketing. About 76% of the fully planted area is 

covered by food and pods. After addressing the needs of the farmers, about 33% of the grain, fragrance, and 

all of the products from cash crops like cotton, sugarcane, oil seeds, etc. are sold as leftovers. Technology 

has entered agriculture thanks to advancements in science, communication, and transportation. Farmers 

may be encouraged to employ scientific planting techniques by the marketing campaign, which can also 

serve as a direct source of new technological knowledge. 

Conclusions 
Agricultural marketing research examines all of the processes that go into distributing farm-produced food, 

raw materials, and raw materials like textiles from farms to end users, as well as the organisations that 

carry out these processes and their consequences on farmers, middlemen, and consumers. Agricultural 
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marketing is the study of all the procedures, organisations, and laws related to farmers' purchases of 

agricultural inputs and the distribution of those goods to consumers. The agricultural marketing system 

serves as a bridge between the agricultural and non-agricultural sectors. It covers pre- and post-harvest 

operations, integration, measurement, storage, transport, and distribution, as well as all operational and 

operational components of market structure or system based on technical and economic considerations. 

Fertilizer, pesticides, farm machinery, equipment, diesel, energy, and repair services manufactured and 

offered by industry and non-farm firms are necessary for a healthy and expanding agricultural sector. By 

providing leftover food and natural fibres that must be transported, stored, digested or processed, packaged, 

and resold to customers, expanding the size of the farm outlet supports advanced connectivity. 
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Introduction 
Modern dairy farming in India is often characterized by a lack of shelter, malnutrition and low levels of 

management without regard for the ethical needs and welfare of the animals. This affects not only their 

growth, production and regeneration, but also leads to the emergence of various types of abnormal behavior. 

These strange behaviours and strange ideas are not seen in free-range or pasture-raised animals, even 

when pets are left in their natural habitat. Growing calves, highly productive cattle and buffalo are at risk 

of not having their moral needs met. Inter suckling or lactation in adult cows. Pica or insect licking. Silent 

heat problems. The prevalence of this unusual behavior in a dairy herd can be considered an indicator of 

the quantity and quality of dairy farm management, husbandry, feeding and health care, but also in 

meeting the animals' behavioural needs. The development of abnormal behavior is related to various 

pressures in the animal's environment. 

 
Fig: animal behaviours 

The incidence of this behavior can safely be considered high under the standard housing and husbandry 

systems that exist in rural India, where animals are confined to one place for most of the day and night. 

Growing calves, highly productive cattle and buffalo are at risk of not having their moral needs met. 

Therefore, under strict housing and breeding conditions, farmers must pay close attention to the natural 

environment of animals and change some management practices to meet the high ethical needs of their 
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animals, which will ultimately lead to increased animal production and profitability in dairy farming. In 

livestock production, producers face a number of problems associated with production systems. Today, the 

public is deeply concerned about sustainable programs and animal welfare. Applied ethology can be 

instrumental in addressing some of these issues in the following ways. 

The purpose of this review is to briefly demonstrate sustainable behavioural technologies whose 

functionality enables animal welfare and productivity. Examples include areas of behavioural problems 

related to multiple births, where scent transfer can be used instead, or adding new-borns to foster parents; 

early weaning, when other forms of slow rest can reduce separation stress; early knowledge of the 

development of food preferences, where behavioural problems such as neophobic can be avoided; early 

detection of sick animals, when recognition of certain behavior can help to diagnose the disease in time, 

even before clinical symptoms appear; social isolation from easy management, where various strategies 

have been shown to be effective in changing animal behavior; resource design and management in which 

emphasis is placed on animal management behavior and how best results are achieved; social isolation, 

facilitation, and restraint, where the presence of other group members can change partners' use and sexual 

behavior or reduce suffering; and human-animal interactions in production, in which the relationship 

between human-animal interactions is emphasized. 

The major abnormal behaviours observed: 

1. Masturbation 

2. Buller steer syndrome 

3. Psychic heat 

4. Nymphomania 

5. Stereotypies 

6. Stealing young/ lamb stealing 

7. Inter suckling 

8. Cannibalism. 

Masturbation 
All domestic animals have been observed to masturbate.it is commonly noted in bulls. The bull performed 

pelvic thrusts, with his back arched. With a partially erect penis. Thus, the penis moves in and out of the 

preputial sheath until ejaculation occurs. Bulls masturbate especially at times of inactivity. Masturbation 

causes no known reproductive problem. 

Buller Steer Syndrome 
The Buller steer syndrome is found among confined and pasture-kept cattle. The Buller behaviour occurs 

when a steer is repeatedly mounted (“Buller”) and ridden by its pen mates (“rider”) until it is injured or 

killed. The usual practice is to remove the animal being ridden. 

Psychic Heat 
Some mares show estrus behaviour without the normal physiological correlates of estrus. This abnormality 

is known as psychic heat. It may occur when any horse is brought into the environment of a solitary more. 

Nymphomania 
A condition in which cow remains always in heat or estrus. It is more common in high-production dairy 

cows. The cow shows intense estrus behaviour either persistently or at frequent, irregular intervals. 

Stereotypies 
Pre-parturient ewes, cows and mares often approach, sniff and remain close to the new born young of other 

members of the group. This leads to reduced maternal support to the young and it became weak. 

In lamb stealing, the foster mother may later reject her own lamb when it is born or may have no colostrum 

left for it. In these various situations lamb may often die. This problem can be controlled by separating the 

ewe or cow should separate from the group before and very soon after parturition. 
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Inter Suckling 
Inter-sucking is most common abnormal behaviour in early weaned cattle and buffalo calves as they have 

not given opportunity to satisfy their natural suckling instinct. They start sucking or licking the naval, 

prepuce, scrotum ears and tails of their herd mates and inanimate objects mostly of teat shaped. The 

scrotum sucking is very common among male calves. 
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Introduction 
Milk is an important part of the world's diet. Because of its high nutrient content, milk plays an important 

role in the growth of the whole body. In addition to meeting the requirements of our daily calcium and fat 

system, a glass of milk is proven to improve metabolism and improve the immune system, thereby 

protecting against certain diseases. Indians generally prefer cow's milk as it is considered very nutritious. 

Goat's milk is the most widespread form of milk in the world. In fact, 65% to 72% of all milk consumed 

worldwide is goat's milk. This is partly due to the ease of raising goats compared to cattle in developing 

countries, where goat milk is an important source of calories, protein and fat. And when it comes to vitamins 

and minerals, both milks have a lot to offer, in different amounts. Goat's milk has more calcium, potassium 

and vitamin A than cow's milk, but cow's milk has more vitamin B12, selenium and folic acid. Goat's milk 

first acquires its flavour due to the presence of the fatty chain. These are fatty acids that give milk its 

unique taste. That's the grassy, goat, earthy smell you get, especially when you eat goat cheese. It is very 

different from cow's milk. Milking should be done twice a day, approximately 12 hours apart. If you don't 

want to wait until the kids are completely weaned before milking, after 4-6 weeks you can wean the kids 

at night, milk the heifer once a day in the morning and return the kids to suckle them during the lactation 

Den 

Uses of Goat Milk 
Goat's milk is a source of protein, healthy fats, vitamins, iron and other essential nutrients. It keeps your 

bones and teeth strong thanks to its high calcium content. It helps ensure enough energy for the growing 

baby. Goat's milk is thicker and whiter than cow's or plant milk, and goat's milk contains many nutrients 

that can provide health benefits. For example: 

1. Easier to digest 

2. Less risk of milk allergies 

3. Better heart health. 

Nutrition Information 
1. Calories: 168 

2. Protein: 9%  

3. Fat: 10%  

4. Carbohydrates: 11%  

5. Fiber: 0% 

6. Sugar: 11 % 

Compared to regular cow's milk, soy milk or peanut milk, goat's milk has a high protein content. Also, goat 

milk proteins seem to be easily digestible, meaning your body can use them easily. Goat milk contains 

much more protein than almond milk or rice milk. Some people who are allergic to cow's milk may find that 

goat's milk does not cause allergies. A study found that about one in four children who were allergic to 

cow's milk were allergic to goat's milk. If you have a milk allergy, you can ask your vet to check that you 

can safely tolerate goat's milk. If you know you have a milk allergy, you should not eat goat's milk without 

asking your doctor. Goat's milk can help lower cholesterol in people with high blood cholesterol. Studies 

have shown that goat's milk can help lower cholesterol levels in the arteries. This can help people with high 

cholesterol to manage their cholesterol easily. Goat milk has more calories per serving than any other type 



 

 
Volume 04 - Issue 11 - November 2022       457 | P a g e  
 

of milk. Eating too many calories can lead to weight gain. If you're working to reduce calories, you can use 

goat's milk in smaller amounts than cow's milk or plant-based milk. 

 
Fig: goat milk and benefits 

Negative Aspects of Goat Milk 
As a nutritionist, Michelle has witnessed first-hand the dangers of feeding goats' milk to infants. “Goat's 

milk can be a good ingredient for children and adults, but it is not suitable for infants. In the early 20th 

century, infants fed goat's milk were often anaemic due to folate and B12 deficiency. The problem was so 

widespread that it was called 'goat's milk anaemia'," he warns. “Today, we still see children coming to 

hospital with goat milk anemia caused by parents giving home-made preparations. Even when used as part 

of a custom formula to address these deficiencies, feeding goat's milk to infants can lead to vitamin and/or 

mineral deficiencies, poor growth, kidney failure, and even fainting if the formula is too diluted." 

Conclusion 
Many people who believe that goat's milk will taste unusual or "goat-y" are surprised when they actually 

taste it. Don't be afraid to try again when planning a healthy, balanced diet and ignore the health benefits 

of goat milk. Due to the differences in lactose, fat and protein, people with cow's milk intolerance are more 

likely to tolerate goat's milk without problems. 
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Introduction 
Jungle jalebi (Pithecellobium dulce) belongs to the Fabaceae family. Jungle jalebi is an equatorial fruit 

believed to emanate from Mexico and was adopted in Asian countries over time. Jungle jalebi is so called 

because its shape resembles with circled jalebi. Although it is available in abundance, not many people 

know about the medicinal properties of jungle jalebi. 

Jungle jalebi (Camachile) is composed of 3% protein, 4% fat, 18.2% carbohydrates, 1.2% fiber, and ash 8%. 

In rural areas, it is often used for medical remedies. It does contain vitamins A, B1, B2, B6, and C which 

are beneficial for health in certain ways. It is rich in Calcium, Phosphorus, Iron, and Potassium. 

Health Benefits of Jungle Jalebi 

 
1. When some inflammations create muscle swells, a paste derived from the leaves is used externally. 

2. It is used for skin remedies like brightening skin and reducing pimples and acne. 

3. It is generally used to treat microbial infections. 

4. All part of the tree from the seed, bark, and flower to fruit it has medicinal uses. 

5. It controls blood sugar levels thus used to treat diabetes. 

6. It is generally recommended for constipation, indigestion, and other stomach-related problems. 

7. Reduces the risk of abortion, good for a pregnant woman. 

8. Seeds also have some antioxidant, anti-septic, and anti-bacterial properties. 

Value Added Products 
Fruit or pod of jungle jalebi is easily perishable and hard to store as fresh. It must be stored in powder 

form. 

Multigrain flour – As the fruit powder only has some sour taste, it is used in multigrain flour to make 

the desired and high-quality flour. 

Cookies – with the addition of wheat flour or other flour cookies are made from jungle jalebi flour. 

Anti-septic powder – considering the anti-septic properties of jungle jalebi. It is used to make anti-septic 

powders. 

Medicine – different compounds have been extracted from the jungle jalebi’s leave, bark, seed, and fruits 

which are used to make medicine to cure various diseases. 
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Conclusion 
Jungle jalebi (Camachile) has many curative benefits for human beings. It is often used in the 

pharmaceutical industry for medicinal purposes. However, it has very less use in the food industry because 

of unawareness of its benefits from it. Value addition and development of new products from jungle jalebi’s 

different parts should be explored furthermore. 
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Bio-enhancers are organic preparations, obtained by active fermentation of animal and plant residues over 

specific duration. These are rich source of microbial consortia, macro, micronutrients and plant growth 

promoting substances including immunity enhancers. In general, these are utilized to treat seeds/ 

seedlings, enhance decomposition of organic materials thereby enrich soil and induce better plant vigour. 

Use of liquid preparations has been an age-old practice in ancient India. Based on local experiences and 

given specific names viz., Amritpani, Panchagavya, Bijamrita, Jeevamrita etc. Similarly in biodynamic 

farming, few effective preparations such as BD-500, BD-501, Cow Pat Pit, biodynamic liquid manures/bio-

pesticides and in homa organic farming. 

Characteristics of Bio-Enhancers 
1. Concentrated manures bio-products in liquid /powder form  

2. Obtained by active fermentation of animal & plant residues 

3. Pesticidal and fungicidal properties 

4. Rich source of microbial consortia, macro, micronutrients, plant growth promoting substances including 

immunity enhancers 

5. Utilized to treat seeds/ seedlings, enhance decomposition of organic materials- enrich soil and induce 

better plant vigour. 

6. Potent tool for fertigation. 

Types of Bio-Enhancers 
1. Plant based 

2. Animal based. 

Bio Stimulants Include 
1. Simple bio enhancers:                                                                                    

a. Cow urine: It is applied in 1:10-15 ratio with water. It can also be used for seed/seedlings 

treatment before Progressive Horticulture, 45 (2) 243 sowing/transplanting. 

b. Biogas slurry: 10-15 kg biogas slurry for 100L water. 10-15 kg biogas slurry tied in a piece of 

cloth and suspended in a drum of 100 liters water for 10-15 days, so that the water in the drum 

turns grey to blackish. Ready extract is very useful for spray on the crop in equal ratio of water at 

every 2-3 weeks interval till flowering. 

c. Matka khad: 15 kg cow dung, 15L cow urine, 250g black jaggery, 200L water. 15 kg cow dung, 

15 liters cow urine and 250 g black jaggery are mixed and kept for fermentation for 8 days in an 

earthen pot (matka), diluted in 200 liters of water. 2-3 spraying of the mixture has been found very 

effective in proper growth, flowering and fruiting of vegetables. 

d. Charota (Cassia tora): 25 kg leaves of charota fermented in 150L water. A leguminous weed 

very common during rainy season. 25 kg leaves of charota, fermented in 150 liters of water for 10-

15 days, is effective liquid manure for promotion of growth and flowering of seasonal crops. 

2. Special bio enhancers: Numbers of cow-based bio enhancer alone or in combination of few other 

products have been developed in different organic farming systems, and their impact has been recorded. 

Salient features of few of the selected bio enhancer and their impact has been discussed as under: 

a. Cow horn manure (BD-500): Fresh cow dung is filled in cow horns and buried in humus rich 

soils. 

b. Cow horn silica (BD-501): Quartz is powdered and stuffed in cow horns and buried. 
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c. Cow pat pit (CPP): Also known as soil shampoo, cow dung is fermented along with crushed egg 

shells, basalt/bentonite (clay) and two sets of bd-502-507 preparations for catalizing the composting 

process and placed in a pint size of 3×2×1.5’. 

d. Biodynamic liquid manure/ pesticides: Includes cow dung, urine, leaves of leguminous tree, 

neem leaves, fish waste, caster leaves and other medicinal plant parts. 

e. Amrit mitti: Used in Amrit jal, preparing of heap, greening of heap.  

f. Amrit jal: 1L cow urine, 1kg cow dung, 50 g black jaggery/ 12 bananas, sugar cane juice, mahua 

flower/cashew apple and with 100 L of water. 

g. Amrit pani: ¼ kg ghee, ½ kg honey, 10 kg fresh cow dung and 200 L water. 

h. Panchagavya: Cow dung, urine, milk,curd and ghee. 

i. Dasagavya: Cow dung, ghee, urine, water, milk,curd, tender coconut water, jaggery, banana and 

foliar extract of weeds (Lantana camara, Datura metal, Artemisia nilgrica). 

j. Jiwamrita: Cow dung, urine, jaggery, pulse flour and virgin soil. 

k. Bio digester extract: Fermenting crushed leaves of plant (neem, Calotropis, Vitex, Adhatoda, 

Agave) along with cow dung and urine and water. 

l. Vermi wash: It is a liquid leachate obtained from excess water to saturate the                          

vermicomposting substrate. 

m. Bio enhancers with agnihotra ash: This is harnessing of cosmic energy through science of   

Pyramidology, biorythm of nature, sonic energy, burning of organic substances. 

n. Biosol: Biodegraded organic matter, worm humus, fresh cattle manure and water. 

o. Kunapajalam: A fermented liquid manure involve boiling of flesh, fat and marrow of animals 

(deer, pig, fish, sheep, goat) in water in earthen pot, adding milk, powders of sesame oil cake, black 

gram, honey, decoction of pulses, ghee and hot water.  

 (Pathak and Ram, 2013; Rattan et al, 2015) 

Conclusion 
Intensification of agriculture which has formed base for use of chemical inputs irrationally has jeopardised 

the soil quality and other unnatural ways for increasing production without given due importance to the 

agro-ecosystem balance resulted in disturbed natural cycles of carbon, nutrient and food chain of flora and 

fauna. The need is to revive natural balance with organic farming concept. Organic nutrient management 

is one such approach which emphasis on maintaining the cycle of input-output with eco-friendly methods. 
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Introduction 
Millets are small-grained, annual, warm-weather cereals belonging to grass family that are grown as grain 

crops, primarily on marginal land in dry areas of temperate, sub-tropical and tropical regions. They are 

cereal crops which are widely used in African and Asian countries. Since ages, these small crops were used 

for human consumption as well as a fodder for animals. They are rain-fed, hardy grains which have low 

requirements of water and fertility when compared to other cereals. They are highly tolerant to drought 

and other extreme weather conditions. Most of millet crops are native of India and are popularly known as 

Nutri - cereals as they provide most of the nutrients required for normal functioning of human body. Millets 

are classified into major millets and minor millets based on their grain size. Millets are nutri cereals 

comprising of sorghum, pearl millet, finger millet (major millets), foxtail millet, little millet, kodo millet, 

proso millet, barnyard millet and Job’s tear/Adlay millet (minor millets). These are one of the oldest foods 

known to humanity. These are one of the several species of coarse cereal grasses in the family Poaceae, 

cultivated for their small edible seeds. Millets are highly nutritious, non-glutinous and non-acid forming 

foods. 

 
Fig 1: Quinquennial mean area, production and yield of millets in INDIA 

(Source: FAO Stat 2021) 

Area decreased (56%), productivity has increased (228%) High adoption of high yielding varieties/ hybrids. 

Up to 1965-70: Millets- 20% of total food grain basket, now only 6% dominated by rice and wheat. 

Small millets as a group include six small-seeded crops, viz. finger millet [Eleusine coracana (L.) Gaertn.], 

foxtail millet [Setaria italica (L.) Beauv.], proso millet [Panicum miliaceum L.], kodo millet [Paspalum 

scrobiculatum L.], little millet (Panicum sumatrense Roth ex. roem. & Schult.) and barnyard millet 

(Echinochloa frumentacea Link) (Table 7.1). They are cultivated mainly as a rainfed crop in an area of 

about 2.29 million ha in India; the largest area (1.6 million ha) being under finger millet. The small millets 

are not important in terms of country's total foodgrain production, as they account for only 1% of it. 

However, they are especially valued for filling specific niches because they often succeed under stressful 

situations, where other crops fail to produce an acceptable harvest. They are known for their resilience by 

adjusting to diverse ecological situations. Probably no other crop can withstand drought as efficiently as 

small millets. Small millets are well suited to diverse agro-climatic conditions of soil, temperature and 

altitudes. This is reflected by their cultivation extending from sea-level in the south to high hills (up to 
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2,000m) in Uttarakhand and North-eastern hills. These crops are generally cultivated where few options 

exist for crop diversification. 

Each individual millet species posseses some unique character(s) for adaptation to adverse conditions like 

tolerance or resistance to drought, high temperature, low soil fertility and infestation by stored grain pests. 

Table 1. Special characteristics of small millets: 

Millet Special characteristics 

Finger millet Wider adaptability, rich source of calcium (Seetharam, 1998) 

Foxtail millet Short duration, tolerant to low soil fertility and drought (Jijau, 1989) 

Kodo millet Long duration, grown well in shallow and deep soil (Hegde and Gowda, 1989) 

Little millet Short duration, withstand both drought and waterlogging (Doggett, 1989) 

Proso millet Short duration, tolerant to heat and drought (Sahib, 1997) 

Barnyard millet Fastest growing, voluminous fodder (Gupta et al., 2009) 
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Fig 2: Pictorial presentation of different millets 

Nutritional Importance of Millets 
Millets are nutritionally comparable to major cereals and serve as good source of protein, micronutrients 

and phytochemicals. Processing methods like soaking, malting, decortications, and cooking affect the anti-

oxidant content and activity (Saleh et al., 2013). Regular consumption of whole grain cereals of finger millet 

and their products have shown in epidemiological studies that they can protect against risk of diabetes 

mellitus, gastrointestinal diseases and cardiovascular risks (McKeown, 2002). The use of millets as whole 

grain makes the essential nutrients such as dietary fibre, minerals, phenolics and vitamins concentrated 

in the outer layer of the grain or the seed coat form the part of the food and offer their nutritional and 
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health benefits. Millets are not only comparable to major cereals with respect to their nutritional features 

but are very good sources of carbohydrates, micronutrients and phytochemicals with nutraceutical 

properties. The millets contain 7-12% protein, 2-5% fat, 65- 75% carbohydrates and 15-20% dietary fibre. 

Small millets are more nutritious compared to fine cereals. Finger millet is the richest source of calcium 

(300-350 mg/100 g) and other small millets are good source of phosphorous and iron. 

Health Benefits of Millets 
Millets have potential health benefits and epidemiological studies have showed that consumption of millets 

reduces risk of heart disease, protects from diabetes, improves digestive system, lowers the risk of cancer, 

detoxifies the body, increases immunity in respiratory health, increases energy levels and improves 

muscular and neural systems and are protective against several degenerative diseases such as metabolic 

syndrome and Parkinson’s disease (Chandrasekara and Shahidi, 2012). Millets have many nutraceutical 

and health promoting properties especially the high fibre content. Millets acts as a prebiotic feeding for 

micro-flora in our inner ecosystem. Millets hydrate our colon to keep us from being constipated. Niacin in 

millet can help lower cholesterol. Millets contain major and minor nutrients in good amount along with 

dietary fibre. Millets are gluten free and can be a substitute for wheat or gluten containing grains for celiac 

patients. 
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Introduction 
Numerous of the world’s crops are pollinated by insects, wild and managed bees are well reported as 

effective pollinators. still, the benefaction by pollinators other than bees have been little investigated 

despite their potential to contribute to crop production and stability in the face of environmental changes. 

Non-bee pollinators include butterfly, wasps, ants, flies, beetle, moths, birds, and bats, among others. 

Pollinators contain largely heterogenous groups of animal species that transfer pollen in flowering plants 

(Ollerton, 2017). 

The most distinct and abundant pollinators are insects, e.g., Lepidoptera is approximated to consist of more 

than 140,000 species (Wardhaugh, 2015), Coleoptera about 77,300, and Hymenoptera around 70,000 

(Wardhaugh, 2015). The least diverse groups of insect pollinators are Diptera and Thysanoptera (Eliyahu 

et al., 2015; Orford et al., 2015). In reality, Thysanoptera are normally considered as a pest and their role 

in pollination has been largely ignored (Eliyahu et al., 2015). Out of the Diptera, hoverflies from two 

families, the Syrphinae with about 1800 species and Eristalinae with about 3800 species, are proved as 

pollinators (Rotheray and Gilbert, 2011). Even though moth and fly pollinators are not well documented 

future research is required to identify more pollinators among these and other invertebrate groups.  

Vertebrates can also be potent pollinators. For example, birds are the most diverse with more than 1000 

species reported as pollinators (Ollerton, 2017). Bats are also recorded as principal pollinators of crops and 

wild plants. In particular, pteropodid and phyllostomid bats pollinate about 528 species of 259 genera of 

flowering plants (Fleming et al., 2009). 

Importance of Non-Bee Insects as Crop Pollinators 
The contribution to crop pollination by non-bee insects has been mostly unrecognized, with most global 

syntheses interesting on bees or bringing together all bee and non-bee wild-insect pollinators. Divergent 

pollinator group have been demonstrated to raise pollination services as a result of reciprocal resource use 

arising from variations in morphology and behaviour among pollinator taxa. 

For example, pollinator species may visit different parts within a flower or inflorescence or different flowers 

within a plant (high versus low flowers), improving the quality or quantity of pollination services overall. 

Non-bee taxa, in particular, often have vast temporal activity ranges and can cater pollination services at 

different times of the day compared with bees and in climate conditions meanwhile bees are not able to 

forage. 

Furthermore, non-bee taxa perhaps more efficient in transferring pollen for some crops under certain 

conditions and/or transfer pollen farther distances than some bees. It has been proposed that this long-

distance pollen transfer perhaps have important genetic consequences for wild plants. Yet, there is little 

information on the overall importance of the distinct group of non-bee wild pollinators and their importance 

to global crop production. 

Non-bees accomplished 25-50% of the overall number of flower visits. Although non-bees were fewer 

effective pollinators than bees per flower visit, they made more visits; thus, these two factors compensated 

for each other, resulting in pollination services rendered by non-bees that were similar to those provided 

by bees. Non-bee insects provide a valuable service and provide potential guarantee against bee population 

drops. 

One of the most promising benefits of integrating non-bees into agricultural cropping systems is the 

potential for synergies across other ecosystem services, such as biological control of pests. One of the major 
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groups of the Syrphidae- the Syrphinae are both pollinators as adults and predatory at larval stages on 

aphids and other major crop insect pests. 

Other insect taxa that have dual roles as crop pollinators and pest predators include wasps and tachinid 

flies if flowering phenology is matched with pest egg availability. These complementary services have the 

potential to reduce the cost to growers by reducing the need for pesticide applications, which may reduce 

pressure on other beneficial insect pollinator groups utilizing the local environment. 

    
Hover fly Ants Skipper Butterfly 

Management of Non-Bee Pollinators for Agriculture 
1. As floral resources are limited in several agricultural habitats, strategies encouraging wildflower strips 

have been assembled in many parts of the world to build up biodiversity and connectivity in agricultural 

landscapes.  

2. Identifying suitability of distant flower resources is essential because even when many different flowers 

are available, pollinators do not collect pollen from all species.  

3. Many non-bee flower visitors across several different orders have somewhat aquatic life histories 

counting Eristalis tenax one of the most important non-bee pollinators all over. E. tenax and other members 

of the Eristalinae subfamily of the Syrphidae commence their life feeding on decaying organic matter in 

semiaquatic habitats. Agricultural habitats that cater resources for the development of these larvae include 

ponds; effluent holding pits; and streams containing sewage, decaying vegetation, or carcasses. Syrphid 

abundance has been especially identical with pond habitats in agricultural landscapes and strawberry 

pollination. The efficient management and conservation of these habitats is so an important part of 

management strategies to cater for non-bee pollination services.  

4. Management practices in the broader landscape can also be altered to build up particular taxa. Less 

effectively handled grasslands are identical with higher syrphid abundance and beetle species richness, 

perhaps in response to increases in plant height and leaf litter.  

5. Likewise, management practices such as postponed summer cutting of grasslands to produce extended 

flower forage resources and providing uncut refuge areas have been found to boost hoverfly abundance and 

diversity, and staggered mowing of road verges to leave these habitats uninterrupted when they are notably 

productive promotes abundance of bee and non-bee pollinators.  

6. The diversity and abundance of moths have been displayed to fall with grassland intensification 

(increased fertilizer use, grazing, and mowing), although host generalists were less concerned; the structure 

of the moth community depended in part on whether the grassland was animal grazed or mowed. In 

addition, diversification of pastures and grasslands, non-bee pollinators are feasible to respond easily to 

mixing and alternating grazing intensity practices at the local and landscape levels. At the landscape scale, 

however, floral resource effects on syrphids might be reduced by availability of prey for the predaceous 

species.  

7. In times of few floral resources, honeydew from aphids may also be utilized as a supplementary energy 

source by adult hoverflies. 

8. Lastly, careful planning needs to follow decisions and strategies to promote non-bee pollinators, as some 

pollinating fly species can spread disease and negatively impact other types of agricultural production, 

such as livestock (e.g., blowfly strike). Many flower-visiting butterflies, e.g., cabbage butterfly, are also crop 

pests. Identifying the trade-offs and identifying effective management options under these conditions are 

important first steps. 
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Conclusion 
Non-bee taxa are important contributors to many global food crops, yet significant knowledge gaps exist 

with respect to the identity and efficiency of these taxa. These limitations make it difficult to target the 

management of specific pollinators for specific crops or to estimate the economic value of these taxa to crop 

production worldwide. The diversity of resources required for non-bee as well as bee reproduction means 

that farm level as well as landscape management is critical to close the yield gap and create sustainable 

agricultural systems and communities. Targeting specific pollinators for specific crops will require further 

research evaluating the efficiency and life history needs of diverse taxa. 
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Summary 
An effective plant or crop health system is the most critical aspect not only for maintenance of sustainable 

crop production and food security but also plays a pivotal role in raising farmers’ income. Plant clinics/Plant 

Health Clinics is an innovative approach which addresses the plant/crop health problems of small and 

marginal farmers residing in remote villages. This clinic focuses on timely on field detection of the pest and 

diseases of crops and finally providing sustainable and eco-friendly recommendations. These clinics has a 

great impact in reduction in input costs of farmers and thereby increasing the income of the farmers. 

Introduction 
Agriculture plays a fundamental role in the economy of India. However, the constant use of high yielding 

or hybrid varieties, crop diversification, indiscriminate use of fertilizers and pesticides to raise agricultural 

production coupled with global environmental issues like climate change has led to the emergence and re-

emergence of several pest and diseases. According to Food and Agricultural Organization (FAO), in 2015, 

pests and diseases alone are known to cause up to 25% of yield loss in India (Prakash et.al, 2014). 

Maintaining and managing an effective plant/crop health system is very critical for ensuring sustainable 

crop production and food security. Timely diagnostics followed by timely management is the key to 

minimize production loss of crops. Plant clinics/ plant health clinics is an innovative and a very effective 

approach to address plant health problems in a timely manner leading reduction of pests and diseases of 

crops along with input costs per hectare and increasing income of small and marginal farmers of Assam. 

What is a Plant Clinic/ Plant Health Clinic? 
Plant clinic/ plant health clinic is an innovative extension model developed by the Centre for Agricultural 

and Biosciences International (CABI) where a designated trained plant doctor physically visits some 

common location of villages at least twice a month for on field detection and diagnostics of the plant health 

problems of the farmers and provide sustainable recommendations (Rajkumar and Anabel, 2018). Through 

the plant clinics, it is possible to address even the minute issues of the small and marginal farmers. 

The Plant Clinic Model 
The minimum necessary tools for conducting a plant clinic are a laptop or a tablet and a digital field 

microscope (~ 300 X magnifications).  In the plant clinics, the farmers bring the infected plant samples to 

the designated clinics and the plant doctors detect the problem on spot and prescribe preventive as well as 

curative sustainable solutions. The farmers are able to view the symptoms and signs of the diseases as well 

as tiny pests through the laptop or projector screen. This helps in capturing the interest of the farmers as 

well as deepens their understanding on the pest or disease of their crops. The farmers attending the plant 

clinics are also educated to distinguish between the common symptoms caused by pests, diseases and 

nutritional deficiencies. They are also informed about the harmfulness of red labelled or banned pesticides 

and made aware of the after effects of injudicious use of pesticides such as pest resurgence, pesticide 

resistance etc. The recommendations given to the farmers for addressing the pests or diseases usually 

focuses on integrated management strategies with minimal use of chemical pesticides (Rajkumar and 

Anabel, 2018). 

Materials Required for Conducting a Plant Clinic 
1. Diagnostic accessories (digital field microscope/ magnifying lens, needle, forceps, slide, coverslip, petri 

dishes, laptop/ tablet, projector system and screen etc. 

2. Prescription sheet 
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3. Big umbrella to conduct the sessions in field 

4. Portable table and chairs. 

5. Hand gloves 

6. Lab coats/ plant doctor uniform 

7. Signboards, Banners, Flyers 

8. Photosheets of symptoms and signs of common pests, diseases and nutritional deficiencies, photosheets 

of natural enemies,  

9. Validated materials like relevant factsheets and bulletins. 

Some Key Results of Plant Clinics 
1. Farmers practicing sustainable integrated management strategies 

2. Reduction in use of chemical pesticides, increase in use of cultural or biological management techniques 

3. Reduction in input cost 

4. Increase in average income 

5. Knowledge enhancement among farmers on plant health 

6. Improved negotiation capacity of the farmers with the agro-input dealers. 

Plant Clinic in Assam: A Case Study 
The Regional Agricultural Research Station, Assam Agricultural University, Titabar in collaboration with 

M.S. Swaminathan Research Foundation (MSSRF) has been conducting regular monthly plant clinics in 

Golaghat and Sivsagar districts of Assam since the year 2019. The plant clinics are being conducted under 

the Norwegian Government funded project entitled ‘Building climate resilience of Indian smallholders 

through sustainable intensification and agro-ecological farming systems to strengthen food and nutrition 

security’. 

A total of 4 plant clinics have been established; 2 in each district.  They are: INASUB- Ujoni Bharala, 

INASGA- Gatanga, INASGG- Gomariguri, INASAG- Amguri. So far 41 numbers of plant clinics were 

conducted which includes 549 male (69%) and 245 female (31%) participants. It was observed that the plant 

clinics had a substantial impact on the adopters as they experienced around 20% decrease in pest and 

disease problems leading to higher yield and non-adopters experienced no notable changes. Moreover, there 

was around 17 % decrease in the chemical use in adopters with more inclination towards Integrated Pest 

and Disease management strategies. 

The biggest impact of plant clinics was seen during the lockdown period due to Covid-19 where online plant 

clinics were being organized. During these online plant clinics, the farmers were connected with the plant 

doctors via video calls. Owing to the impact of plant clinics in Golaghat and Sivsagar districts, the concept 

of plant clinics has now been up scaled to some other districts of Assam like Jorhat, Sonitpur, Tezpur and 

Lakhimpur. 
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Fig 1 (a,b): Some glimpses of plant clinics organized 

a) b) 
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Fig 2 (c,d): Use of digital field microscope during plant clinics 

  
Fig 3 (e,f): Glimpses of online plant clinics organized during covid-19 lockdown 
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Summary 
In ancient cultures, insects were used as medicine, and today, scientists are studying and trying to 

rediscover many natural products from insects. Insects and insect-derived products are used in many parts 

of the world since ancient times as medicinal agents. The medicinal uses of insects and other arthropods 

plays an important role to treat various maladies and injuries and has a long tradition can be effective and 

provide results. Insect as a natural product having potential source as a medicine that is useful in curing 

as well as giving protection from some major diseases such as Bacterial infections, HIV and Cancer etc. 

Introduction 
Pest Control means management or elimination of insects, wildlife, & rodents that have become pests of 

humans. In ancient cultures, insects were used as medicine, and today, scientists are studying and trying 

to rediscover many natural products from insects. Insects and insect-derived products are used in many 

parts of the world since ancient times as medicinal agents. Honey is applied to treat burns. Honey and 

beeswax combination used for several dermatologic disorders, includes psoriasis, tinea, pityriasis 

versicolor, atopic dermatitis and diaper dermatitis. Royal jelly used to treat postmenopausal symptoms. 

Bee and ant venom have reduced the number of swollen joints in patients with rheumatoid arthritis. 

Propolis, a hive sealant made by bees, has been utilized to cure aphthous stomatitis. Cantharidin, a 

derivative of the bodies of blister beetles, has been applied to treat warts and molluscum contagiosum. 

Combining insects with conventional treatments may provide further benefit. The medicinal uses of insects 

and other arthropods plays an important role to treat various maladies and injuries and has a long tradition 

can be effective and provide results. Insects and other arthropods provide ingredients that have been a 

staple of traditional medicine for centuries in part of East Asia, Africa and South America. 

What is a Plant Clinic/ Plant Health Clinic? 
Plant clinic/ plant health clinic is an innovative extension model developed by the Centre for Agricultural 

and Biosciences International (CABI) where a designated trained plant doctor physically visits some 

common location of villages at least twice a month for on field detection and diagnostics of the plant health 

problems of the farmers and provide sustainable recommendations (Rajkumar and Anabel, 2018). Through 

the plant clinics, it is possible to address even the minute issues of the small and marginal farmers. 

Honey Bee Products Used as Medicine 
To treat diseases, such as arthritis, rheumatism, pain, cancerous tumors and skin diseases Bee venom 

therapy have been used in traditional medicine. Bee venom contains a variety of peptides including 

melittin, apamin, ado lapin, the mast cell degranulating peptide, enzymes (phospolipase-A2), and amines 

like histamine and epinephrine and nonpeptide components with a variety of pharmaceutical properties. 

For the treatment of cancer cells, including renal, lung, liver, prostate, mammary gland as well as leukemia 

cells can be targets of bee venom peptides such as melittin and phospolipase-A2. Recently Moon et.al 

reported that bee venom can induce apoptosis in cancer cells (in human leukemic U937cells) the key 

regulators in bee venom induced apoptosis are Bcl-2 and caspase-3 through down regulation of the ERK 

and Akt signal pathway. 

Maggot Products 
Maggot therapy is a type of biotherapy involves the introduction of live, disinfected maggots (fly larvae) 

into the nonhealing skin and soft tissue wound(s) of a human or animal for the purpose of cleaning out the 
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necrotic (dead) tissue within a wound (debridement) and disinfection. There is evidence that maggot 

therapy may help with wound healing. Maggot therapy divided into 3 processes:  

1. Debridement of wounds 

2. Wound healing 

3. Disinfection of wounds. 

Debridement of Wounds 
Application of maggots to the wound then cleaning and removal of necrotic tissue and debris (eschar) occur 

so that granulation and healing can begin. Maggots clean wounds by the extra- corporeal production of 

enzymes that digest the debris which the maggots then feed upon. 

Wound Healing: It has an immunomodulatory role in the wound healing process 8 In particular, 

neutrophils, macrophages, lymphocytes, and the complement system respond to exposure to the MS. With 

neutrophils, the ES inhibit elastase, the respiratory burst, hydrogen peroxide production, and migration of 

these cells. 

Fruit Fly 
Fruit fly is the type of insect which can detect one of the treacherous diseases which we called “cancer”. 

Cancer cells exhibit a metabolism that is fundamentally altered as compared to that of normal cells leading 

to changes in the tumor’s microenvironment, in lipid peroxidation activity and to a variety of potential 

intra-and extracellular cancer-specific markers. Thus, quantitative and qualitative variations of 

metabolites provide important information on cell condition. 

Ant 
The South American tree ant, Pseudomyrmex sp. commonly called as the samsum ant has venom which 

possesses many pharmacological effects such as reducing inflammation, relieving pain, inhibition of tumor 

growth, hepatitis treatment, and liver protection. According to Bai, a primary alkaloid obtained from fire 

ant Solenopsis invicta exhibits anti angiogenic activity; this toxin has the ability to inhibit a series of 

kinases involving in angiogenesis mechanism. Polyrachisla mellidens, a medicinal ant used in Chinese 

medicine, was confirmed to exert potent analgesic and anti-inflammatory actions. Its therapeutic efficacy 

in the treatment of various inflammatory disorders had been reported. Weak vision was treated with ant 

eggs mixed with an equal amount of white flour to make dough. Most of the native healers used ants. Ants 

were put into canvas bags and put around the legs of paralyzed. 

Termite 
From a serviceable standpoint, termites are commonly used insects in traditional popular medicine. A total 

of 45 termite species belonging to four families were recorded as being used by human populations, with 

43 species used in the human diet or for livestock feeding and nine species used as a therapeutic resource. 

Different species of termites are used to treat various diseases that affect human’s health.  

For e.g., Microkeratomes exiguous used for asthma, bronchitis, influenza, whooping cough, flu. 

Nasturtiums macrocephalus is used to treat asthma, leakage, bronchitis, ‘catarrh in the chest’ coughs, 

influenza, sore throat, sinusitis and tonsillitis. (Table 1) 

Table 1: Insects as medicines in different human cultures: 

Insects as medicines in different human cultures  

Common Name Scientific Name Disease Treate 

Locust  Post childbirth anemia, lung diseases, e.g, asthma 

and chronic cough 

Pod Borer Weevil Helicoverpa armigera Panacea Stomach Pains 

May Beetle Melolontha vulgaris Scratches, anemia, rheumatism 

House fly Musca domestica Eye cysts, baldness 

Cicada Huechys sanguinea Migraine headache, ear infection 

Red velvet mite Trombidium grandissimum Malaria, urogenital disorders, paralysis, aphrodisiac 

Cattle tick Boophilus microplus Chickenpox 

Ground beetle Scarites spp Suture wounds 
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Peanut beetle Palenmbus dermestoides Asthma, arthritis, tuberculosis, sexual importence 

Ghost moth Hepialus oblifurcus Fortifier 

Giant Skipper Aegiale hesperiaris Rheumatism, aphrodisiac 

Palm beetle Pachymerus nucleorum Earache 

Mud wasps Synagris spp. And Sceliphron 

spp 
Provide lime to the fetus 

Stingless bee Trigona spinipes Cough, Acne 

Conclusion 
The purpose of the present study is to focus on the use of insect as a natural product having potential source 

as a medicine that is useful in curing as well as giving protection from the diseases. Here are the significant 

recent advances in developing insect as potential new alternative medicinal drugs. This is an exciting and 

rapidly expanding new field since insects are hugely variable and have utilized an enormous range of 

natural products to cope up the environmental perturbations for many years. 
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Nature displays diversified forms of colour termed as pigment in different species. A pigment is a material 

that selectively absorbs certain wavelengths of light and transmits others. Colour has always had a great 

impact and significance on human life. It is used in food, fabrics, paints, varnishes, cosmetics, and almost 

every other item we use. Biologically derived pigments have been used since ancient times and are 

preferred over synthetic dyes due to their harmlessness. Some very common biological sources of pigments 

are plants such as Indigofera tinctoria, dyer’s green weed, Genista tinctoria, dyer’s rocket, Reseda luteola, 

safflower, Carthamus tinctoria, berries; insects such as Cochineal, Dactylopius coccus, Armenian 

Cochineal, Porphyrophora spp., Kermis vermilio, lac insect, Kerria spp; animals such as murex snails, 

octopuses, etc.  

Natural dyes were used since the ancient period for wool and silk dyeing and cosmetic purposes. Roman 

writer Claudius Aelianus had mentioned the use of bright red colour similar to the dye obtained from 

Kermes spp and cochineal insects way back in 250 AD in volumes of Natural History. Until the late 19th 

century, natural dyes remain in use before the discovery of synthetic aniline-based dyes, by William Perkin. 

However, with time natural colours are again in demand because of their harmless effect on the 

environment and motivated researchers worldwide to explore new sources of colours with negative 

ecological concerns. 

Insect Pigments 
Insects are the most successful and diversified groups of organisms. A recent study has estimated an 

average of 5.5 million species of insects worldwide. They have wider adaptability to almost all types of 

environments. Although their success is owed to different factors, one of the important factors is the 

secondary metabolites used by them for defence, aggregation, communication, etc. Pigments are one of the 

secondary metabolites having very important physiological roles in insects.  

Insect pigments carry out different functions such as defence, camouflage,  mimicry, warning, sexual 

selection, and other forms of signaling. Colour of the insect serves as a defence mechanism in insects such 

as ladybirds, wherein red and black colour deter the predators. Birds do not prefer the cotton harlequin 

bug, Tectocoris diophthalmus with iridescent patches to insects without iridescent patches. In some 

Nymphalid and Pierid butterflies, only males possess bright and/or iridescent colours on the dorsal surface 

of the wings, which are used as mating signals. Females use these colour patterns to select their potential 

mates. In the family Lampyridae, the male beetles fly in the darkness and emit species-specific colour light 

flashes; the colour and temporal variation of the flash contribute to the success of attracting females. 

Peppered moths exhibit colour camouflage to suit the environment where they live. They are whitish and 

speckled on lichen-covered tree trunks in the countryside and dark in colour on soot-covered tree trunks of 

industrialized areas. This is called industrial melanism. Some harmless insects, such as clearwing moths, 

hoverflies, bee flies, and beetles mimic the warning colours of wasps, bees, and ladybirds to confuse 

predators and escape from them. The striking colour pattern in the wings of butterflies resembles the eye 

spots of birds which also deter predators to attack them. 

Uses of Insect Pigments 
Insect pigments such as cochineal dye and lac dye are used in food colours and dying fabrics, especially 

wool and silk. Cochineal dye is used in poultry, meat, dairy, juice beverages, jams, alcoholic drinks, bakery 

products, etc. Cochineal dye is used in cosmetics (skin care products, lipsticks, face powders, etc), artistic 

paintings, handicrafts, and tapestries. It is also used in histology as a preparative stain and in 

pharmaceutical industries for colouring pills and ointments. Lac dye is now legally registered as a natural 

https://en.wikipedia.org/wiki/Mimicry
https://en.wikipedia.org/wiki/Sexual_selection
https://en.wikipedia.org/wiki/Sexual_selection
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food additive in China, (Chinese National Standard, CNS No. is 08.104), Korea (Korean Food and Drug 

Administration, KFDA No. is Natural Additives, 13), and Japan (Japanese no. is Natural Additives, 462) 

(Shamim et al., 2014). Traditionally lac dye was used to dye woollen and silk clothes in India and dye 

leather in China. Lac dye also has pharmaceutical applications. Colourful beetles are used for ornamental 

purposes in some pieces of jewelry and ceremonial costumes. 

Insect Pigmentation 
Pigmentation in insects varies not only between species, life stages, and also between the body parts. The 

extent of variation is not in terms of the variety of colours but also in the pattern. Pigmentation in the 

biological system also depends on whether the colour is pigmentary or structural. Primarily, structural 

colour exists in the cool region such as green, blue, violet, and ultraviolet, whereas the pigmentary colour 

exists in the warm range that is dark in colour such as red, yellow, and orange. 

Structural Colours 
Structural colour is a phenomenon due to the interaction between light and physical microstructures in 

insects. The effect of the colour is due to the arrangement of the structure rather than the chemical nature 

of the structure. Structural colour is due to reflection, refraction, diffraction, interference, or scattering of 

light, but it is not due to absorbance as in pigmentary colour. In insects, both the cuticular surface and 

exocuticle undergo modification to form structural colours, in some insects endocuticle also serves the same. 

Fine gratings of insect cuticles, ridge and cross rib structure of lepidopteran scales, and bristles produce 

diffraction colours. The colour of blue dragonflies and some blue butterflies is due to the scattering of light. 

However, the intensity of the colour is intensified by ommochrome pigments. The iridescent colour in the 

wings of butterflies, dragonflies, hymenopterans, and beetles is due to the thin film interference 

mechanism. Photonic crystals are also one of the mechanisms for structural colours observed in insects. 

The Opal colour of the beetles is an example. 

Pigmentary Colours 
The pigmentary colours are due to the chemical nature of the pigments and absorbance of the colour by the 

pigments. The major insect pigments elucidated are anthraquinones, pterins, ommochromes, tetrapyrroles, 

melanins, and carotenoids; and minor pigments include papiliochromes, flavonoids, and aphins. 

Anthraquinones are structurally polycyclic aromatic hydrocarbons, built from an anthracene ring with a 

keto group on 9 and10-carbon. They are present predominantly in the family of Coccoidea, which give bright 

red to yellow colour. Scale insects are known for producing crimson-coloured dyes and are comprised of 

anthraquinone derivatives such as kermesic acid (Kermes spp), carminic acid (Cochineal insects), and 

laccaic acids (lac insects). Lac insects exhibit body colour due to the presence of five anthraquinone 

derivatives viz., lacaic acids A, B, C, D and E, and their resin colour is due to erythrolaccin, isoerythrolaccin, 

and desoxyerythrolaccin. 

Pterins are nitrogen-containing cyclic compounds derived from guanosine triphosphate. Three forms of 

pterins reported are leucopterin, the white pigment from cabbage butterfly, Pieris brassicae and white 

butterfly, Pieris rapae; erythropterin, a red pigment found in firefly and orange tip butterfly and 

xanthopterin, a yellow pigment from brimstone, Gonepteryx rhamni, from common wasp, Vespa vulgaris 

and the wasp, European hornet, Vespa crabro. They are basically found associated with ommochromes and 

act as cofactors in ommochrome biosynthesis. Pterins are responsible for body, scale, and wing colours in 

insects.  

Ommochromes are among the major pigments involved in the pigmentation of eggs, eyes, and body 

surfaces of insects. They produce a wide range of colours from yellow to red and from brown to black. They 

are generally found in granulated forms in conjugation with Ca2+ bounded proteins and are classified into 

ommatins and ommins. Light colour is due to ommatins and dark colour is due to a mixture of ommatins 

and ommins. Ommochromes in insect eyes function as screening pigments to cut out stray light. 

Tetrapyrroles constitute four pyrrole rings, conjugated with each other by one-carbon bridges, and are 

found either in a linear (bilirubin and phycobilin) or cyclic (porphyrins and chlorins) manner. Tetrapyrroles 

are the most abundant pigments found in nature in diverse organisms from bacteria, algae, and plants (as 

chlorophyll) to animals (as heme). Tetrapyrroles along with carotenoids are the major source of green 
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pigments in insects and the green colour of some locusts, grasshoppers, and lepidopteran larvae is 

attributed by bilins, a linear tetrapyrrole. Phasmida, Mantidae, Orthoptera, and Lepidoptera are the group 

of insects which synthesize tetrapyrroles.  

Carotenoids are a diversified group of pigments and over 800 compounds are found in nature. They are 

lipid-soluble pigments and absorb wavelengths of blue and green light. Carotenoid pigmentation is found 

in the integument and hemolymph of the insects and imparts variants of blue, green, blue-green, and red 

colour depending on the proteins which are to be coupled along the pigment. Some variants which are found 

in insects are retinal, lycopene, zeaxanthin, violaxanthin, astaxanthin, β-carotene, xanthophylls, and β-

carotene monoepoxide. Carotenoids are responsible for the yellow colour of the yellow and black striped 

wing cases of the Colorado beetle and the orange-red colour of the ladybird beetles. Carotenoids are either 

obtained from the diet or from the endosymbionts borne by insects. 

Melanins are dark (black, tan, brown) coloured pigments which most commonly require precursors like 

dopamine and tyrosine. In insects, they impart a dark pattern in the body and wings. Frequently, they are 

found as granules in the exocuticle, and can also be found in diffused forms in lepidopteran scales. It has 

two variants, black form-eumelanin and brown, tan, or reddish-brown form- phaeomelanin. Insects use 

melanins for exoskeletal pigmentation, cuticular hardening, wound healing, and innate immune responses. 

Papiliochromes is a yellow pigment specific to papilionid butterflies. 

Flavonoids are cream or yellow colour pigments derived from plants. In insects, it is peculiar to the group 

Lepidoptera which sequester flavonoids by feeding the plants containing flavonoids.  

Aphins are specific to the aphids; imparting the characteristic purple or black colour to aphids. 

Colour Polymorphism 
Colour polymorphism is an interesting phenomenon observed in insects that serves several functions like 

adaptation to the environment, defence, thermoregulation, etc. The golden tortoise beetle (Charidotella 

spp) as the name implies is golden colour in normal conditions; however, the colour is changed to red when 

disturbed due to the expulsion of the liquid, which would reveal the deep-lying red pigment. In dragonflies 

of the genera Crocothemis and Sympetrum, young males are yellow in colour and turn red upon sexual 

maturation, whereas females remain yellowish throughout their lifetime. 

This is due to changes in the redox state of ommochrome pigments of the epidermis and plays an important 

role in mating and territoriality. Pea aphid, Acyrthosiphon pisum exhibits 2 colour morphs - red and green 

in the same populations. Predators like ladybird beetles tend to consume red aphids on green plants and 

parasitoid wasps preferentially attack green aphids. The predation and parasitism pressures appear to 

maintain the colour variation in natural aphid populations. 

During development, aphids tend to change their colour from red (young nymphal stage) to green (adult 

stage). Various factors including endosymbionts and genetic make-up were found to be responsible for this 

colour variation. Stink bugs lay light-coloured eggs on the lower side of the leaves and darker eggs on the 

upper side of the leaves which are exposed to light. Melanin pigments in darker eggs play the role of 

sunscreen to protect the eggs from ultraviolet radiation. 

Future Perspective 
The pigmentation in insects is a matter of evolution; the insects retain certain colours to evolve and survive 

in their domain. Their mechanism of development keeps on evolving and rather varies among and within 

species. The colours are used in identification and patterning for species and sex recognition, matting, 

mimicry, and camouflage. 

Energy certainly plays a major role; dark object absorbs heat (like butterfly uses their pigment to absorb 

infrared rays). Many questions are still knocking on the door, and we are way ahead in unlocking the 

developmental mechanism of different pathways, molecular networking of the genes, and signalling 

pattern among abiotic and biotic factors in determining colour formation and functions. 



 

 
Volume 04 - Issue 11 - November 2022       478 | P a g e  
 

 

 

 
Figure: Few Colourful insects: Photos courtesy: Dr. M. Ravishankar, Scientist, The World 

Vegetable Centre, Hyderabad 
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Summary 
Chrysiridia rhipheus, the Madagascan sunset moth, is a day-flying moth of the family Uraniidae. It is 

considered one of the most impressive and appealing-looking lepidopterans. Famous worldwide, it is 

featured in most coffee table books on Lepidoptera and is much sought after by collectors. The colours 

originate from optical interference in the iridescent parts of the wings, while the black parts are 

pigmented. Adults have a wingspan of 7–9 cm. It is found throughout the year in most parts of the island, 

with peak populations between March and August, and smallest numbers between October and 

December. Chrysiridia larvae defoliate the whole plant, and even eat the flowers and fruit, and thus have 

a considerable negative impact on the reproduction and survival of seedlings. The plants probably react by 

changing their nutrient and secondary compound levels, becoming toxic to the larvae and causing high 

mortality. 

Introduction 
Chrysiridia rhipheus, the Madagascan sunset moth, is a species of day-flying moth of the 

family Uraniidae. It is considered one of the most impressive and appealing-zooking lepidopterans. The 

colours originate from optical interference in the iridescent parts of the wings, while the black parts are 

pigmented. Adults have a wingspan of 7–9 cm.Dru Drury, who described the moth in 1773, placed it in the 

genus Papilio, considering it a butterfly. Jacob Hubner placed it in the moth genus Chrysiridia in 1823. 

Later redescriptions led to junior synonyms such as Chrysiridia madagascariensis. 

At first the moth was thought to be from China or Bengal, but was later found to 

be endemic to Madagascar. It is found throughout the year in most parts of the island, with peak 

populations between March and August, and smallest numbers between October and December. 

The caterpillars are whitish yellow with black spots and red feet and are covered in club-ended 

black setae.  Chrysiridia rhipheus is the sole specialist herbivore of the four species of Omphalea in 

Madagascar. Omphalea is toxic: the toxins are sequestered by the feeding caterpillar and retained in the 

pupal and adult stages.Thousands of these moths migrate between the eastern and western ranges of their 

host plants. 

Scientific Classification 

 

Kingdom: Animalia  

Phylum: Arthropoda                                    

Class: Insecta  

Order: Lepidoptera 
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Family: Uraniidae 

Genus: Chrysiridia 

Taxonomy 
The Madagascan sunset moth was first described by the British entomologist Dru Drury in 1773 from a 

specimen obtained from a Captain May of Hammersmith. Because of its resemblance to swallowtail 

butterflies, Drury described the species as Papilio rhipheus. The specimen Drury received had the head of 

a different species attached, probably that of a butterfly, which had clubbed antennae this trait is 

frequently used to differentiate moths from butterflies. Once the inaccuracy in Drury's specimen was found, 

the moth was placed in the genus Urania, until 1823 when the German entomologist Jacob Hübner placed 

it in a new genus, Chrysiridia. The moth has also been described under other names. Because Drury 

described his specimen as having clubbed antennae and being tailless, William Swainson thought it was a 

different species than the complete specimen described by Pieter Cramer. In 1833, Swainson named the 

butterfly Rhipheus dasycephalus and the moth Leilus orientalis. Other synonyms include U. crameri by 

Maassen in 1879 and U. ripheus var. madagascariensis by Lesson in 1831.  

Native Malagasy people call it adriandolo or lolonandriana, from lolo for "spirit" or "butterfly" 

and andriana for "noble" or "king", therefore meaning "noble butterfly",  "noble spirit", "king butterfly" or 

"king spirit". 

The genus Chrysiridia is entirely African and the only other species in the genus is the East African C. 

croesus. Chrysiridia is one of three diurnal uraniine genera. The other two genera are Urania, its sister 

taxon, and Alcides, the most basal. In the group, the use of Endospermum is an ancestral state (a 

plesiomorphy). The more basal Alcides feed on Endospermum and Omphalea, 

while Urania and Chrysiridia feed only on Omphalea. 

Distribution and Habit 
Drury's specimen was given to him by Captain May of Hammersmith and believed to have come 

from China. Cramer believed the specimen came from Chandernagore in Bengal, however, giving rise to 

the French name "page de Chadernagor". It is now known that Chrysiridia 

rhipheus is endemic to Madagascar. Thousands of adult moths seasonally migrate between geographically 

isolated populations of their host plant Omphalea spp. They can be found almost everywhere on the island, 

except in the south-west and the extreme subdesertic south of the Androy where their host plant is absent. 

They migrate from the three species in the dry deciduous forest in the west (O. ankaranensis, O. 

occidentalis and O. palmata) to the eastern rainforest species (O. oppositifolia). The western species are 

largely in protected areas. The eastern species, on the other hand, is mostly unprotected and dispersed in 

widely scattered populations threatened by deforestation. Being the only evergreen species, O. 

oppositifolia is probably crucial for the moth's survival. The Jamaican moth Urania sloanus, from the same 

subfamily (Uraniinae), most likely became extinct after the loss of one of its host plant species.  

The moths migrate in response to changes in the host plants. Chrysiridia larvae defoliate the whole plant, 

and even eat the flowers and fruit, and thus have a considerable negative impact on the reproduction and 

survival of seedlings. The plants probably react by changing their nutrient and secondary compound levels, 

becoming toxic to the larvae and causing high mortality. Omphalea populations that are not damaged by 

moths for long periods of time have lower toxicity. These factors cause mass increases in local population, 

followed by sudden crashes. The population crashes might result from increased larval mortality, but are 

more likely caused by the emigration of the adult moths. Through semiochemicals, the plant may 

recruit hymenopteran parasitoids as a protection, hence playing a role in the population dynamics of the 

moth. 

Life Cycle 
Continuous generations of the moth are present all year. The highest populations are found from March to 

August (fall and winter), while the lowest are from October to December (spring). The females lay their 

eggs late in the afternoon or at nightfall, and locate potential oviposition sites visually. Like the eggs of 

other Uraniidae, the sunset moth's eggs are domed with projecting ribs. A single egg weighs about 

1 milligram (3.5×10−5 oz) and usually has 17 ribs, but sometimes 18 or less often 16. The eggs are usually 
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laid on the lower surface of Omphalea leaves, but occasionally on the upper surface. Eggs are laid in groups 

of 60 to 110, usually about 80.  

After they hatch, the small caterpillars only eat the tissue (parenchyma) between the veins of the leaves. 

They do this to avoid the sticky and toxic latex produced by the plant's laticifers and transported in the 

veins. After 3–4 days, the caterpillars also eat flowers, fruit, tendrils, petioles and young stems (as well as 

continuing to eat leaves), defoliating the entire plant. They are particularly fond of the glands at the base 

of the leaf, near the petiole. 

They can deal with the chemical defences in the latex, which does not cause the problem 

of mouthpart coagulation. The caterpillars spin silk from their mouth with an '∞' motion of the head as 

they walk, this keeps them from falling from the smooth surface of the leaves. The silk also permits them 

to climb back to the plant should they fall. Strong rain makes them fall despite the silk. There are four 

instars, and the caterpillar stage lasts from two months in the warm season to two and a half to three 

months in the cold season. The caterpillar is whitish yellow with black spots and red feet and is covered in 

club-ended black setae. It has five pairs of prolegs on segments 3 to 6 and 10, and six true legs attached to 

the thorax.  

After completing all but its last moult, the caterpillar spins a cocoon out of silk. The cocoon can be in the 

tree crown or between two leaves, but is most often near the ground, between moss and bark. It is an open 

network cocoon with large and irregular mesh. In the warm season, the cocoon takes about 10 hours to 

spin, the metamorphosis takes place about 29 hours later and lasts about 6 minutes. These durations are 

slightly longer in the cold season. 

The chrysalis stage lasts 17 days in November, the warmest month, and 23 days in July, the coldest month. 

Five to six days before eclosion, the motifs of the wings start to become visible. The moth emerges during 

the night or in low light, by splitting the pupal case from the top. Once out of the pupal exuvia (the 

pupal exoskeleton), the moth finds a horizontal surface, from which it suspends itself by its four anterior 

legs. 

The wings are deployed in about 10 minutes, by pumping haemolymph into the wing veins. The moth then 

beats them a few times, waits 45 minutes to let them harden, then beats them lightly again. The moth 

finally takes flight between one-and-a-half and two hours later. 

Host Plant 
Like C. croesus and species of the genus Urania, C. rhipheus is a specialist species whose caterpillars feed 

strictly on species of the pantropical genus Omphalea (Euphorbiaceae). Four species of the 

genus Omphalea are endemic to Madagascar: 

1. O. ankaranensis, a shrub from the limestone karst of northern Madagascar 

2. O. palmata, a dry forest shrub, closely related to O. ankaranensis, but from western Madagascar 

3. O. occidentalis, also a dry forest species of western Madagascar 

4. O. oppositifolia, a tree from the east coast rainforest of Madagascar 

Omphalea, like many other members of the Euphorbiaceae, possesses leaf nectaries that attract polistine 

wasps, which are predators of early instar caterpillars. The leaf nectaries also attract ants. The ants 

usually protect their host plant, eating both the nectar and plant-eating insects on it. 

However, they generally completely ignore Chrysiridia caterpillars, making it likely that the caterpillars 

possess a chemical deterrent as a primary defence. This chemical deterrent comes from the host 

plants. Omphalea species contain polyhydroxy alkaloids potentially sequestered or excreted by the 

caterpillar, the pupa and the adult moth. 

Behavior 
Unlike most moths, the sunset moth is day flying and the bright aposematic colours warn predators of 

its toxicity, a strategy seen in many diurnal moths. Another habit the moth has in common with many 

butterflies is the night resting posture—the wings are held vertically over the back. During their migrations 

they roost in a group for the night. The moth flies over the crown of trees and in clearings. Sometimes 

because of high winds it is carried about 100 m (300 ft), it then falls, inert and wings closed, to the ground. 
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Introduction 
1. Organic farming is a crop production method which encourages sustainable agriculture by enhancing 

the biological cycles in nature.  

2. It is targeted at producing healthy, nutritive, pollution free food maximising the use of on farm resources 

and minimising the use of off-farm resources.  

3. It seeks to avoid the use of chemical nutrients and pesticides.  

4. There is no published data available for area under Organic mango.  

5. Organic mango is being practiced by individual entrepreneurs and NGOs in isolated pockets of Theni, 

Kancheepuram, the Nilgiris and Dindigul districts. 

Selection and Preparation of Land 
1. Selecting a location isolated from potential sources of pest, disease, or weed is desirable  

2. Soils with a pH range of 7 -7.5 and more than 1% of organic carbon are well suited for mango cultivation.  

3. It is required to test the soil once a year to check the levels of pH, organic carbon, macronutrients (NPK) 

and microbial population in the field.  

4. If the organic carbon content is less than 1%, apply 25-30 tons/ha of FYM and plough the field 2-3 times 

to mix the manure thoroughly.  

5. Selecting better soils is likely to be helpful and require lesser inputs than poor soils. 

6. Loamy soils are likely to require relatively fewer nutrient inputs and lower water demands than sandy 

soil types. 

7. Adequate buffer zone must be provided between certified organic fields and non-organic fields at a 

distance of about 7 meters from non-organic fields.  

8. Chemical or heavy metal residue in soil must not exceed limits set by organic standards 

9. For certified organic mango production, the land must be managed in accordance with organic standards 

for a minimum of three years.  

10. However, growers can obtain certification as ‘in conversion’ to organic after completion of one year (pre-

certification) of compliance with organic standards.  

11. Markets for ‘in conversion’ status fruit may require careful assessment as premiums can be lower than 

for full ‘organic’ certification.  

12. Product in the first year of conversion (pre-certification) cannot be sold and labelled as organic. 

13. Land must have been free of genetically modified materials for at least five years. The use of genetically 

engineered (GE) organisms and their products is prohibited in any form. 

Varieties and Planting Material 
1. For certified organic mango production, the land must be managed in accordance with organic standards 

for a minimum of three years.  

2. However, growers can obtain certification as ‘in conversion’ to organic after completion of one year (pre-

certification) of compliance with organic standards.  

3. Markets for ‘in conversion’ status fruit may require careful assessment as premiums can be lower than 

for full ‘organic’ certification.  

4. Product in the first year of conversion (pre-certification) cannot be sold and labelled as organic. 

5. Land must have been free of genetically modified materials for at least five years. The use of genetically 

engineered (GE) organisms and their products is prohibited in any form. 
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Manuring 
1. The underlying principle of organic crop production is that "healthy crops grow from healthy soil. 

2. Well balanced, biologically enhanced soil forms the basis of organic production.  

3. Hence synthetic fertilizers and chemical pesticides and herbicides are not permitted  

4. The biological practices include mulching, green manuring, application of bio fertilisers and application 

of compost. 

Age of the plant Nitrogen Phosphorous potassium 

1 75 20 70 

2 146 36 136 

3 219 54 204 

4 292 72 272 

5 365 90 340 

6 438 108 408 

7 511 126 476 

8 584 144 544 

9 657 162 612 

10 730 180 680 

5. 25 kg FYM (mixed with Azospirillum 50 g + PSB 50) + 5 kg vermicompost per pit.  

6. Apply green manure in June/July.  

7. Grow leguminous crops as intercrops for nitrogen fixing and green cover.  

8. Manuring for bearing trees: Upto 40-50 kg FYM/compost/mixed with Bio fertilizers  

9. Or 25 kg of vermicompost per tree should be applied as a ring application about 60 cm away from the 

tree.  

10. Green manure crops or leguminous crops can be grown as inter crops. (Nitrogen fixing crops during 

mango flower initiation time should be avoided). 

Mulching Materials Includes 
1. Bark, nut shells 

2. Wood chips,  

3. Silage,  

4. Paddy/wheat straw,  

5. Rice husk,  

6. Coir dust,  

7. Banana, sugarcane leaf trashes etc. 

8. The fallen leaves of the same plant can also be used as mulch material.  

9. These materials can be applied based on its availability in the region. 

Green Manuring 
Amongst the green manure crops, sun hemp (Crotolaria juncea) and dhaincha (Sesbania aculata) are 

outstanding in biomass production. It is essential that there should be sufficient moisture in the soil when 

the green manure crops are ploughed into soil to facilitate microbial activity. 

Intercropping 
1. It is in practice to grow groundnut as an intercrop.  

2. This not only provides extra income to the growers, but also fixes nitrogen. Other crops like Cowpea 

Soyabean Spinach. The common shrubs and trees used are glyricidia, karanj, subabool etc. 

Biofertilizers 
Are preparations containing effect strains of nitrogen fixing, phosphate solubilizing microorganisms. 

Commonly used biofertilizers are Azospirillum, Azatobacter, PSB, KSB and Blue green algae. CISH 

lucknow, based on their experiments with Biodynamic farming in fruits and vegetable crop 

recommended following practices. Application of Organic manures (10-20 kg/tree) through NADEP, 

Vermi, Biodynamic Compost (BD) or Microbe Mediated Compost in descending moon period. growing of 
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legume for green manuring or as inter/cover crops as per requirement as per moon constellation. mulching 

after application of 100 g Cow Pat Pit (CPP), Spray of cow horn manure (BD 500) and release of earthworms 

in presence of proper moisture as per calendar. Need based foliar spraying of biodyanmic liquid 

manures/vermin wash/ (CPP) in ascending phase. 

Mango Hoppers: Idioscopus niveoparsus, I. clypealis, Amirtodus atkinsoni 
Management: 

a. Avoid dense plantings, maintain open canopy. 

b. Prune overcrowded overlapping branches after rainy season. 

c. Orchards should be kept clean by regular ploughing and removal of weeds.  

d. Conservation of bio control agents like predator, Mallada boninensis, Chrysopa lacciperda, egg 

parasite, Polynema spp. Gonatocerus sp.  Tetrastichus sp. and fungus, Verticillium lecanii.  

e. Spraying of 0.2% Nimbicidin or Azadirachtin 3000 ppm@2m/l at initial stage of hopper population.  

Spraying of garlic extract 5 %. 

Fruit Fly: Bactrocera (Dacus) dorsalis 
Management:               

a. Fruit flies can be controlled by harvesting the crop early when fruits are mature green 

b. Removal of fruits with dimple and oozing clear sap 

c. Collect fallen infested fruits and dump in a pit, practicing field sanitation  

d. Summer ploughing to expose the pupa.  

e. Methyl eugenol sex lure traps 10-15 / ha (NCIPM, New Delhi). 

f. VHT at 48 + 10C for 60 min (100 % control- Verghese et al., 2010).  

g. Biological control- Field release of natural enemies Opius compensates and Oecophylla ants 

(parasitoids). 

Diseases 
Powedry mildew: Odium mangiferae. 

a. Keep an open well ventilated tree population and cut back coronets regularly.  

b. Application of elemental sulphur dust when there is no wind and when the leaves are moist with 

due.  

Anthracnose: colletotrichum gleosporoides 

a. Good canopy, nutrition and soil management are essential.  

b. Close monitoring and application of copper hydroxide (0.3%) & potassium bicarbonate sprays help 

in controlling the disease 

c. Use of Pseudomonas fluorescens, Verticillium lecanii, Beauveria bassiana and neem oil as foliar 

sprays.  

d. In Uttar Pradesh, application of cow dung paste has almost replaced the spray of Copper Oxy 

chloride for the control of die back in rejuvenated old mango orchards.  

e. It is also effective in controlling anthracnose and control of stem borer. 

f. Hot water treatment at 520 ± 10C for 20 minutes 

g. Covering the fruits on tree, 15 days prior to harvest with news or brown paper bags.  

h. Use of bio control agent viz Streptosporangium pseudovulgare. 

Conclusion 
The indiscriminate use of chemical fertilizers have negative impact on fertility of the soil and also it affects 

human health. Organic farming encourages sustainable agriculture. Organic cultivation produces healthy 

food, free from toxic material and eco-friendly in nature. 
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Introduction 
India is livestock and agriculture-based country, livestock plays an important role in Indian economy. 

About 20.5 million populations depend upon livestock for livelihood. It generates employment for 8.8% of 

population in India. Total livestock population of the country 535.78 million, in which total number of Goat 

is 148.9 million and total Sheep population is 74.3 million (BAHS-20th livestock census). In which 4.11% 

GDP is contributed by the livestock. India has got 34 Goat and 44 Sheep breeds among which Karnataka 

is having some important Goat and Sheep Breeds such as Nandidurga, Bidri and Bellary, Hassan, Kenguri 

and Mandya respectively. 

Goat Breeds 
1. Bidri: Mainly found in Bidar and Gulbarga district of Karnataka. The occupation of the people in the 

district is agriculture and related operations. The main food crops are Jowar, Paddy, Wheat, Bajra, Maize 

and pulses. Groundnut, sugarcane and cotton are the cash crops. 

  
Male Female 

Phenotypic characteristics: The coat colour is usually black with white spots on ears, forehead, neck 

and knees. Forehead is straight. Muzzle, eyelids and hooves are black. Ears are pendulous. Udder is hairy 

and small in size. Horns are present both in male and female, curved, directed backward, outward and 

downward. But males are quite longer than females. Bidri goat breeds managed by extensive system and 

are housed in kutcha open shed only during night. The main feeding source of goats is by grazing. Flocks 

are stationary. First kidding is single but afterwards twining is common, sometimes triplets 

Production performance:  

a. Average birth of breed - 2.2-2.5kg.  

b. The average litter size - 1.71 

c. The average Age at first parturition -15.95 months 

d. The parturition interval - 90.4 months  

e. Average flock size - 21-130 

f. The adult weight - 31-47kg in males and 24-40kg in females.  

g. Dressing percentage - 50%  
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Utility: Goat is mainly reared for the meat purpose. Milking not practiced. 

2. Nandidurga: Popularly known as Nandi, Bilimeke, found in Chitradurga, Tumkur and Davanagere 

districts of Karnataka. Its place of origin is Chitradurga district of Karnataka and because of predominant 

white colour it’s called as Bilimeke. 

 
 

Female Male 

Phenotypic characteristics: Coat colour is white with black/brown spots on different parts of the body. 

Ears are leafy and pendulous. Hairy and pendulous udder with funnel shaped teats. In both sexes horns 

are present and they are curved, directed backward, downward, inward and touching neck in few. Male 

have larger horns then females. Usually, this goat breed is managed extensively and grazing is main 

feeding practice. Most of the houses are kutcha, only during night they are provided with separate sheds. 

Flocks are stationary. Separate sheds are provided for housing during night only. Mostly houses are kutcha. 

Goats are raised on grazing only with no supplementation. First kidding is single but afterwards twining 

is common, sometimes triplets. 

Production performance: 

a. The average birth weight - 3.32kg 

b. The average adult weight -38.92kg 

c. The average age at first parturition -15-20 months  

d. Parturition interval - 6-8 months 

e. The dressing percentage – 50% 

f. Adult weight - 26 to 56 kg in males and 24 to 41 kg in females 

g. Average age at slaughter - 8 to 10 months. 

h. These goats have got high fecundity.  

Utility: Mainly use for meat purpose. Not commonly practiced for milking purpose. 

Sheep Breeds 
1. Bellary: Mainly seen in Bellary and Davangere districts of Karnataka and adjoining areas of Haveri 

and Chitradurga districts. The name is derived from the distribution area. 
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Female Male 

Phenotypic characteristics: The animals are string and medium to large sized body. The body is covered 

with coarse hairy and open fleece. The coat colour comprises various combinations of black and white to 

complete black. Most of the animals are black with patches of white all over the body including head, 

thorax, abdomen, belly and legs. The proportion of complete white animals is very low. Horns are present 

only in males and most of the rams are horned (about 89%); few ewes are horned (~ 9.5%), remaining polled. 

Horns are thick at the base, corrugated & curved in rams with pointed tips. Ears are tubular and medium 

in size. Belly and legs are devoid of wool. Bellary sheep flocks are maintained by extensive system of 

management. Grazing is practiced for feeding purpose.  

Production Performance:  

a. Average Age at first Parturition -18-24 months 

b. The average Parturition interval - 14-15 months  

c. The Lambing rate - 80% 

d. The Litter size - 01  

e. Fibre diameter - 59.03µ.  

f. Ewes produces - 6-7 lambs in its lifetime 

g. Lambing season starts from September to November.  

Utility: Mainly this goat breed is used for the Meat and Wool purpose. 

2. Hassan: Found mainly in Hassan. Average annual rainfall in the breeding tract ranges from 610 to 1055 

mm. The soil type is red sandy loam. Derives its name from the name of its breeding tract. 

  

Female Male 
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Phenotypic Characteristics: The animals are small to medium sized. Coat colour is white with light 

brown or black spots. Ears are medium in size (14 cm) and semi-drooping. Fleece is white, extremely coarse 

and open. Legs and belly are devoid of wool. Rams are horned and ewes are usually polled, about 30-40% 

of the males are horned and remaining polled. Horns are curved, backward, outward and downward. 

Medium to small in size. The animals are housed at night in the fenced enclosure with a shed in it. Hassan 

sheep flocks are maintained by extensive system of management and grazing is mainly practiced for feeding 

of sheep without any supplementation. Few flocks migrate during March, April and May within the state. 

Flocks were medium sized; flocks’ size was 34.  

Productive Performance:  

a. The average birth weight - 2.21-2.39 kg 

b. The average height - 60.8 –64.4 cm 

c. The average parturition interval - 15 months  

d. The lambing rate - 70%  

e. The Average Litter Size - 1 

f. Fleece weight (range)- 03-04 kg/year. 

Utility: The breed is used for Meat and Wool purpose. 

3. Kenguri: It is popularly known as Tenguri, Both the names i.e., Kenguri and Tenguri are derived from 

the characteristic coat colour of the breed (Kemp=red + kuri= sheep; Teng=coconut, kuri= sheep). 

Found in Raichur and Koppala district of Karnataka. Some animals are also found in the adjoining area of 

Bagalkote, Gulbarga and Bellary districts. 

  
Male Female 

Phenotypic Characteristics: The sheep are hairy, medium to large in size. The coat colour is dark brown 

or coconut. In most cases, there is a white spot on the forehead and sometimes on legs and other body parts 

also. Some of the Kenguri sheep have black belly and are known as JODKA. Few sheep known as MASAKA 

had a mixture of brown and black colour. Only rams are horned. Horns are thick, curved, running backward 

and downward. Horns in male only and 2 horns are present. Extensive system and grazing is followed. 

Kenguri sheep flocks are stationary and do not go to migration. Litter size is single with rare case of 

twinning. Sheep are generally in a weekly market called SANDY. 

Productive Performance: 

a. The average birth weight is about 2.6-2.7 kg 

b. Height of the sheep breeds - 67.3 to 74.7cm.  

c. The Age at first parturition - 18-24 months.  

d. Parturition interval - 12-15months 

e. The Litter size - 1.6. 

Utility:  Mainly used for Meat purpose. 

4. Mandya: It is also known as Bannur, Bandur, Found in the Mandya, Mysore and Bangalore Rural. The 

names are derived from the distribution area of this breed; Mandya is the name of the district whereas 

Bandur and Bannur are the villages, from where Bandur strain is originated. Smallest sheep breed of 

India. 
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Female Male 

Phenotypic Characteristics: The goat is relatively small in size. Compact body with a typical reversed 

U- shape conformation from the rear.  Coat is extremely coarse and hairy and coat colour is white with 

light brown face usually extending up to neck; few of the animals may be completely white. Ears are 

medium to long in size (13cm), leafy and drooping. Most of the animals carry wattles. It has got slightly 

Roman nose. Horns are both polled. Males may rarely have scours or small horns. Animals rearing mainly 

by Semi-Intensive and Extensive system of management. Migration in some flocks during March, April 

and May within the state. Feeding of adults’ goats by grazing. 

Productive Performance: 

a. The lambing rate - 70% 

b. Lambing interval - 14-15month  

c. The average of birth weight - 2.21kg 

d. The average body length - 60.6- 68.3cm.  

e. The average age at first Parturition - 32month 

f. The Litter Size – 1 

g. The average annual fleece weight - 0.4 – 0.45kg 

h. Dressing percentage – 48%. 

Utility: mainly meat purpose. The animals are unique in mutton quality. 
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Introduction 
A swarm is simply a mass of bees (and their queen) looking for a place to become a colony. Swarming 

represents the natural method of increasing the honey bee colony, in which 50 per cent to 70 per cent of the 

worker bees rush out of the hive, especially colonies of European honey bees. 

Is Swarming Good for a Colony? 
When a colony swarms, it divides into two colonies. As a result, the honey bee population in the 

environment increases, as the newly emerged queen in the parent colony mates with drones from other 

colonies in the surrounding, thus enabling gene exchange. 

From the beekeeper's point of view, the answer is no because the hive population temporarily declines in 

the parent colony, which can adversely affect honey production. Brood rearing is also affected as it takes 

time for a new queen to emerge and begins to lay eggs. 

Biology of Swarming 
Several factors likely cause bees to initiate the swarming process. These factors include: 

1. Colony congestion: As the bee population grows in the beehive with no room to expand, Adequate 

space for brood rearing becomes less. When there is insufficient space for raising a brood, the queen will 

lay fertilised eggs in specially constructed cells known as "queen cups." These cells are situated on the outer 

edge of the comb. Worker bees seal the cells after the female larvae in queen cups fed with brood food known 

as royal jelly. The capping of queen cells signals to the hive that it is time to swarm. With the development 

of several queen cells, a series of behavioural changes occur in colonies. The queen loses its body weight 

and lays fewer eggs. The foraging activity of field bees reduces, and they may congregate at the hive 

entrance. Each swarm consists of the colony queen and a proportion of the workers and drones of the parent 

colony. 

 
Fig 2: Multiple queen cells along the top edge of the frame | Source: Mark Dykes 
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2. Dilution of queen pheromones: The dilution of queen pheromones occurs in two ways: 

a. When a colony becomes overcrowded, it may be more difficult for workers to detect the queen 

mandibular pheromone, a pheromone known to stabilize the colony. This pheromone elicits and 

inhibits numerous behaviours in the hive. The lack of this pheromone signals the workers to begin 

rearing new queens. Thus, swarm preparations may begin in the absence or the dilution of this 

pheromone in a congested colony. 

b. Queen age: As the queen age increases, the ability to produce mandibular pheromone decreases, 

this pheromone signals the workers to begin rearing new queens. As a result, swarm preparations 

may begin in the absence of this pheromone. 

 
Fig 1: Bee Swarm 

Remedial Measures for Swarm Prevention 
There are various measures a beekeeper can employ to limit or prevent swarming. Early spring is the time 

for beekeepers to watch for signs of swarming activity, usually 2-4 weeks before the main nectar flow starts. 

1. Provision of plenty of room for queen egg laying in the brood nest and preventing                                

overcrowding is simple and moderately effective swarm preventive measures 

2. Provision of sufficient nectar storage space. Alternatively, add supers to colonies to reduce colony 

overcrowding. 

3. Equalize strong and weak colonies prior to the primary nectar flow. i.e. Colony equalization. Colony 

congestion can be relieved further by creating "nucleus colonies"(Two to four frames of bees and brood can 

be removed from strong colonies and used to create new colonies). This relieves congestion, replaces an 

aging queen and alleviates swarming tendencies. 

4. Requeening a colony once a year. 
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5. Clipping a queen's wing, as clipping a queen's wing keeps her from being able to leave with the swarm. 

6. Sufficient ventilation should be present, and colonies should receive maximum sunlight early in the 

season but have shade if the temperature becomes high later.  

7. Once a colony begins rearing, a number of queens remove extra queen cells as they are started. 
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Abstract 
The term "nutricosmetics" describes dietary supplements and functional foods that are used orally to 

promote beauty. Nutraceuticals and cosmetics have converged to become nutricosmetics, which has evolved 

into a ritualistic approach to beauty and comprehensive skin care. Products marketed as "nutricosmetics" 

are intended to enhance skin, hair, and nails. In 2020, sales of these products are anticipated to be between 

$6 and $7 billion, with more than 50% of those sales taking place in Asia and Europe. This article will cover 

a wide range of topics related to nutricosmetics. 

Introduction 
Nutricosmetics - The New Beauty Routine with Nutra Ingredients: Nutritional supplements that 

enhance the natural beauty of the skin, nails, and hair are known as nutricosmetics. They work from the 

inside out to encourage inner attractiveness. The newest development in the beauty sector is nutricosmetic. 

Due of its compatibility with contemporary culture, this tendency quickly attracted a large following: 

Today's consumers are extremely cautious about the foods they put into their bodies, and there is also a 

growing market for natural goods that can improve one's health and appearance without having any 

negative side effects. However, because of their long history of use and positive word of mouth, many 

nutricosmetic products are regarded as effective. 

 

Is Inner Beauty the Secret to Outer Beauty? 
In a sense, one's approach to beauty must be fundamentally revised in order to really comprehend and 

enjoy nutricosmetics. Instead of temporarily covering flaws with a cream or mask, one should "treat" 

themselves from the inside out with minerals, micronutrients, and other active ingredients, or what we 

commonly refer to as food supplements, and then reap the advantages on the outside. 

In a broader sense, it involves assisting the skin in better defending itself against the numerous aggressions 

it faces every day, such as stress, pollution, and cigarette smoke. With nutricosmetics, the problem is 

thoroughly and "upstream" treated; it is no longer necessary to work endlessly to fill in the gaps but rather 

to go back to the root of the skin's problems. 

A Booming Global Market 
Nutricosmetics, which first hit the market in the 1980s, are now on the brink of a major revolution. The 

global market was valued at USD 5.36 Billion in 2020. 

The undisputed leader in Nutricosmetics, with a 42% market share, is the Asia-Pacific region, dominated 

by China and Japan. They are highly innovative3, particularly with skin care products for the anti-aging 

and brithening categories. 
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Europe, with a 30% market share, shows the strongest growth rate (8.5% for 2020-2025) for products that 

improve appearance of skin, hair and nails. America, currently with a 24% market share, is positioned 

third, still needing more time to mature. 

By 2026, the Nutricosmetics market could potentially reach 8.8 billion euros. 

 

What Consumers are Looking for? 
Global consumers are seeking a synergy in their routines, with products that can provide beauty benefits 

and improve skin health from the inside out. 

In the U.S. and Europe, senior women over 60 are looking for effective products with scientific 

backing, while their younger counter parts between 25-35 desire natural and clean label 

products that will do them the most good. 

In Asia, particularly in Japan and China, two market-leading countries, nutricosmetics are aimed at young 

fans of new instagrammable trends, employing the strong use of social networks. In another sector, 

Asian seniors over 60 are driven by the culture of “aging well“, and are looking for products that will 

help them in their ongoing fight against aging. 

Key Objectives: Developing Products to Meet Consumer Demands 
1. A holistic approach or "inside out" approach: Food supplements are taking centre stage in the traditional 

beauty routine, which is being reinvented. 

2. Sustainable Transparency: Consumers have demonstrated a greater understanding of product sources, 

particularly vegetal origins, as well as how items are sourced and produced. 

3. A Sensory Experience: New formats, including as beverages, vials, droppers, and gummies, are starting 

to appear in response to the demand for emotional and sensory consumption. 

4. Natural Solutions: There is a rising demand for naturally manufactured goods that have undergone 

minimal processing, including plant-based supplements. Between 2015 and 2019, vegan or plant-based 

supplement claims surged by 34%, and they haven't shown any signs of slowing down afterwards. 
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List of Nutricosmetics and its Uses 

 

Conclusion 
Nowadays people are running behind the chemical cosmetic products, but the actual beauty resides in the 

healthy food habits. Replacing of chemicals from the nutritional basket is a nice idea to solve this problem. 

There are very companies are focusing on this nutricosmetics. In further coming days more companies 

should come up with this idea to get the sustainable nutrition. 
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Introduction 
A greenhouse is a framed or an inflated structure covered with a transparent or translucent material in 

which crops could be grown under the conditions of at least partially controlled environment and which is 

large enough to permit persons to work within it to carry out cultural operations. Greenhouse structures 

of various types are used successfully for crop production. Although there are advantages in each type for 

a particular application, in general there is no single type greenhouse, which can be considered as the best. 

Type of Greenhouse Based on Shape 
The uniqueness of the cross section of the greenhouses can be considered as a factor. As the longitudinal 

section tend to be approximately the same for all types, the longitudinal section of the greenhouse cannot 

be used for classification. The cross sections depict the width and height of the structure and the length is 

perpendicular to the plane of cross section. Also, the cross section provides information on the overall shape 

of the structural members, such as truss or hoop, which will be repeated on every day. The commonly 

followed types of greenhouse based on shape are 

1. Lean-to type. 

2. Even span. 

3. Uneven span. 

4. Ridge and furrow. 

5. Saw tooth and quonset. 

Lean-to Type 
A lean-to design is used when a greenhouse is placed against the side of an existing building. It is built 

against a building, using the existing structure for one or more of its sides. It is usually attached to a house, 

but may be attached to other buildings. The roof of the building is extended with appropriate greenhouse 

covering material and the area is properly enclosed. It is typically facing south side. The lean-to type 

greenhouse is limited to single or double-row plant benches with a total width of 7 to 12 feet. It can be as 

long as the building it is attached to. It should face the best direction for adequate sun exposure. The 

advantage of the lean-to type greenhouse is that, it usually is close to available electricity, water, and heat. 

Even Span Type 
The even-span is the standard type and full-size structure, the two roof slopes are of equal pitch and width. 

This design is used for the greenhouse of small size, and it is constructed on level ground. It is attached to 

a house at one gable end. It can accommodate 2 or 3 rows of plant benches. The cost of an even-span 

greenhouse is more than the cost of a lean-to type, but it has greater flexibility in design and provides for 

more plants. Because of its size and greater amount of exposed glass area, the even-span will cost more to 

heat. The design has a better shape than a lean-to type for air circulation to maintain uniform temperatures 
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during the winter heating season. A separate heating system is necessary unless the structure is very close 

to a heated building. It will house 2 side benches, 2 walks, and a wide center bench. 

Uneven Span Type Greenhouse 
This type of greenhouse is constructed on hilly terrain. The roofs are of unequal width; make the structure 

adaptable to the side slopes of hill. This type of greenhouses is seldom used now-a-days as it is not adaptable 

for automation. 

Ridge and Furrow Type Greenhouse 
Designs of this type use two or more A-frame greenhouses connected to one another along the length of the 

eave. The eave serves as furrow or gutter to carry rain and melted snow away. The side wall is eliminated 

between the greenhouses, which results in a structure with a single large interior, Consolidation of interior 

space reduces labour, lowers the cost of automation, improves personal management and reduces fuel 

consumption as there is less exposed wall area through which heat escapes The snow loads must be taken 

into the frame specifications of these greenhouses since the snow cannot slide off the roofs as in case of 

individual free standing greenhouses, but melts away. 

Saw Tooth Type Greenhouse 
These are also similar to ridge and furrow type greenhouses accept that, there is provision for natural 

ventilation in this type. Specific natural ventilation flow path develops in a saw- tooth type greenhouse. 

Quonset Greenhouse 
This is a greenhouse, where the pipe arches or trusses are supported by pipe purlins running along the 

length of the greenhouse. In general, the covering material used for this type of greenhouses is 

polyethylene. Such greenhouses are typically less expensive than the gutter connected greenhouses and 

are useful when a small isolated cultural area is required. These houses are connected either in free, 

standing style or arranged in an interlocking ridge and furrow. In the interlocking type, truss members 

overlap sufficiently to allow a bed of plants to grow between the overlapping portions of adjacent houses. 

Naturally Ventilated Polyhouses 
It is suitable for cut flowers like Gerbera, Carnation, Dutch Roses, Anthurium etc. Exotic vegetables like 

Cherry Tomato, Broccoli, Coloured Capsicum and medicinal plants. 
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Introduction 
Forensic entomology is the use of insect, and their arthropod relatives that inhabit decomposing remain to 

aid legal investigation (Amendt et al., 2007). Insects that habitually feed or breed on or inside the corpses 

give information about the death more accurately because of their precisely timed developmental stages. 

Fields of Forensic Entomology 
1. Urban: Concerned with the pest infestations in structural environments such as our homes, school 

cafeteria or hospital etc. 

2. Stored product: Civil actions related to insect infestations of commodities such as food. 

3. Medico- legal: Criminal cases that involving the estimate of PMI. 

 

Ecological Categories of Entomofauna Associated with Corpse 
Omnivorous - Ant, Wasps, Beetle 

Incidentals - Springtail, Spider 

Predators and parasites- Hymenoptera, Diptera 

Necrophagous - Dipteran, Coleoptera. 

How they get Attracted to a Corpse? 
1. Odour of putrefaction primarily due to sulfur compounds and inorganic gases produced in the bowel. 

2. More than 300 compounds are associated with human body decomposition. 

3. Bacteria, fungi and protozoa, results in the production of gases (CO2, H2S, CH4, NH3, SO2, H2) and liquids. 

4. Oozing fluid and odour triggers sensitive olfaction of insects. 
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What do they Get from Carcass/ Corpse? 
Insects Nourishment 

Female Calliphorids  and Sarcophagids Protein for egg maturation in ovaries and egg 

laying. (e.g. 800µg Phormia regina). 

Beetles Protein, fats, carbohydrates, minerals from dried 

corpse. 

Wasps Predate on maggots of flies for protein. 

Moths Keratin from mammalian hair, clothes 

Mites (Pyroglyphidae and Oribatidae ) Protein from dry skin. 

 

Collect Entomological Evidence? 
1. On the corpse: At the death scene and during autopsy: 

a. The natural orifices, eyes and wounds. 

b. Under the body. 

c. In the pleats of clothes, pockets, shoes and socks. 

d. From the carpet, bag or any material. 

e. From the plastic body bag. 

2. Around the corpse at the death scene: 

a. Collect entomological specimens from the surrounding area before removal of the remains. 

b. Search the area away from the body intensively up to at least 2 m and even further (up to 10 m). 

c. Look under stones, rocks and fallen logs outside and under carpets, pillows, skirting boards, etc. 

What to Collect? 
1. On the corpse: Every shape and size of larvae/ pupae., Dead flies or beetles lying on the ground. 

2. Around the corpse:  Check different rooms. Take soil samples up to 2 m away Collect some leaf litter 

or other soil covering detritus. 
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Traditional Methods of Identification of Species 

 

1. Morphology was used: 

a. Difficulty of identifying immature specimens. 

b. Time taken to make a positive identification. 

c. Time consuming in rearing. 

d. Lack of diagnostic features and identification keys. 

2. Scanning electron microscopy: 

a. SEM gives the detailed information about morphological characters helping to identify immature 

forms of flies. 

b. Although maggots looks very similar to our untrained eyes, they have many structures of 

diagnostic value. 

c. On the anterior spiracles- Number of papillae. 

d. On the posterior spiracles- Check if the peritreme is complete, how many spiracular discs are 

located one to each other, how many slits in the spiracular discs. 

  

Posterior spiracle of first instar maggot of 

Calliphora vicina 

Second instar 
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Third instar First instar maggot 

Identification of Forensically Important Fly Eggs Using a KMnO4 Staining Technique 
1. A 1% potassium permanganate solution is used to stain egg surfaces for 1 min, followed by dehydration 

in 15, 70, and 95%, absolute alcohol and the eggs were permanently mounted. 

2. Several features were used for differentiation of fly eggs, e.g., size of the eggs, plastron surrounding 

micropyle, the length and width of plastron, chorionic sculpturing, and the thickening of chorion along the 

hatching lines. 

3. Wide plastron (as seen in C. nigripes, L. cuprina, A. grahami and M. domestica) and narrow plastron (as 

seen in C. megacephala, C. rufifacies and C. pacifica). 

  

Fly eggs after being stained with 1% KMnO4 

solution for 1 min Chrysomya rufifacies. 

Fly eggs after being stained with 1% KMNO4 

solution for 1 min. C. nigripes. 

DNA – Based Methods 
1. Helps in rapid identification of species. 

2. PCR reaction is carried from the extracted DNA of the immature stages using the primers like, RAPD, 

PCR-RFLP, 16S rRNA, STR Cytochrome Oxidase Gene of Mitochondrial DNA- to differentiate between 

different species. 

3. The resulted amplified fragments are analyzed for the identification of species. 

Conclusion 
Forensic entomology plays important role in assessing the early stages of decomposition. Although many 

different kinds of arthropods can be involved in human decomposition, the two most important groups are 

flies (Diptera) and beetles (Coleoptera). Different methods are involved in the help of rapid identification 

of species and it is help in a body evaluation. 
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Introduction 
According to Troup (1921), it is very likely that sissoo is indigenous only to the sub- Himalayan tract and 

has been introduced by man elsewhere. D. Sissoo is considered to be native to TARAT situated in the 

subtropical and dry temperate foothills in Nepal growing at an altitude of 900 to 1500 m with an annual 

rainfall range of 900 to 1500 mm. In Pakistan, it is found along the foothills of the Himalayan Mountains. 

As a species, it extends up the Indus valley to Attock, but does not dominate over any appreciable area 

(Champion et al. 1965). The species was introduced into Punjab (Changa Manga plantations in 1866) to 

produce coal for steam engines. The species is planted on private lands and also in the public plantations 

following demand for the tree for fuelwood and production of furniture. Community forests have been 

planted in Khanewal on quite a large area, and similar plantations exist in Bhagat, Bhakkar and Mianwali. 

Generally, a decline in Sissoo is attributed to the decrease in development, maturation, power and vigour 

of the plant, whereas complete destruction of the tree crown is considered as dieback (Naqvi et al., 2019). 

Fungal pathogens including Fusarium solani, Fusarium oxysporum, Phytohpthora cinnamomi, Curvularia 

lunata, Ganoderma lucidum and Rhizoctonia solani are recognized as causative pathogens for rapid decline 

and death of Sissoo (Ahmad, Khan and Siddiqui, 2013). Rajput et al. (2010) detected ten fungi from different 

parts of the sissoo tree; and by inoculation they observed that F. solani causes higher infections (75%) 

compared to other fungi. Sissoo is under critical risk of dieback disease for last few decades in Pakistan 

(Ahmad, Khan and Siddiqui, 2013). This disease has been a serious threat to Sissoo forest and timber 

production activities in India, Nepal, Pakistan, Bangladesh and Afghanistan since 1993 (Shukla, 2002). 

Wilting is the common symptom of decline and dieback (first observed in natural and plantation forest in 

Uttar Pradesh, India) (Bakhshi, 1954). Wilting takes place when the vessels of a tree get plugged by fungal 

(F. solani) hypha (Bajwa, Javaid and Shah, 2003; Bakhshi, 1954; Bakhsai and Singh, 1959). About 80% of 

Sissoo trees in Punjab of Pakistan were reported to be suffering from wilting along the canal bank and 

roadside areas; however, the trees growing in the agricultural and well-managed lands were less disturbed 

by wilt and dieback disease (Bajwa and Javaid, 2007). Both biotic and abiotic stress agents are responsible 

for the dieback disease hampering the natural physiological activities of plants (Basak, Baksha and Khair, 

2003), among which insects and pathogens are biotic stress agents while extreme temperature, drought, 

and waterlogging conditions are abiotic stress agents (Naz et al., 2015). The Sissoo tree weakened by F. 

solani finally dies due to further stresses from the environment and other biotic factors (Javaid, Bajwa and 

Anjum, 2004). Various secondary factors including insects (termites), fungi (phytophthora), livestock 

(causing girdling on the tree), human activities (pruning, herbicide spray drift, etc.), and climate change 

are responsible for the dieback of sissoo (Simpson, 1993; Bajwa, Javaid and Shah, 2003). Shisham 

(Dalbergia sissoo) is an important multipurpose tree with great economic importance, but this tree has 

been devastated by dieback disease. Seedlings and asexually propagated (cuttings) plants were artificially 

inoculated with four fungi (Fusarium solani, Botryodiplodia theobromae, Curvularia lunata and 

Ganoderma lucidum) to evaluate the potential role of these fungi in shisham dieback disease. Results at 

2years revealed that highest disease was caused by inoculation of F.solani (31.39%), followed by 

B.theobromae (19.042%) and C.lunata (12.22%), but no dieback disease was caused by G.lucidum. During 

both years, seedlings exhibited greater susceptibility to disease (17.24%) compared to cuttings (7.83%). In 

particular, F.solani caused more disease in seedlings (46.18%) compared to cuttings (16.61%). With the 

F.solani inoculations, maximum disease rate was observed at 8 weeks post-inoculation both in seedlings 
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(77%) and in cuttings (31%), but the maximum disease increase was observed at 45weeks post-inoculation. 

Analysis of variance showed significant differences among the different fungi and also between seedlings 

and cuttings. F.solani can be considered as a major fungal pathogen contributing to dieback disease of 

shisham, and asexual propagation can reduce the severity of dieback. 

Symptoms 
Some common symptoms of dieback disease of sissoo trees are dried leaves and branches, alteration in color 

and wilting of the crown, which finally leads to death of the tree (Tantau et al., 2005). Dieback infected 

trees also bear the reduced leaf size, lesioned stem (producing gum), change in leaf color (dark green to 

light green or yellow) and, finally, the entire tree gets defoliated leaving the branches leafless and 

desiccated from apex to base (Ahmad, Khan and Siddiqui, 2013). Pathogens causing dieback are mostly 

found in roots of sissoo but sometimes in trunk bases too (Tantau et al., 2005). Symptoms first appear in 

the crown of the tree and then move downwards, leading to a stag headed condition in the severe stage 

(Khan, 2000; Bajwa). 

 
D. sissoo showing symptoms of dieback 

Causes of Shisham Decline 
Biotic factors: Mycologists have recorded some 62 pathogenic species of fungi on shisham. Most of the 

fungi have been studied from mycological point of view and a little has been mentioned on pathological 

aspects. However, after the recent epidemic of shisham decline diseases, many pathologists conducted 

studies to investigate for the cause of menace. Bajwa et al. (2003b) reported that Fusarium solani is the 

cause of shisham wilt. Shakir et al. (1999) also isolated F. solani from diseased roots and assumed this 

organism to be the cause of shisham wilt. Similar observations have also been reported from Bengladesh, 

Nepal and India (Bakshi and Singh, 1959; Sharma et al., 2000; Baksha and Basak, 2000). The causal 

organisms of dieback are still controversial. There is probability that more than one pathogen, either singly 

or in combination, may be responsible for shisham dieback. It is also likely that in different regions with 

variable edaphic and environmental conditions, different pathogens are causing this disease. However, the 

most probable reason could be the misunderstanding of researchers regarding the shisham decline 

diseases. They generally considered different declined diseases as dieback and so they isolated different 

pathogens from the diseased shisham trees. Afzal et al. (2006) reported that F. solani and Ganoderma 

lucidum are responsible for root rot in shisham causing large scale destruction. Zakaulla (2006) undertook 

an intensive survey of irrigated plantations and naturally growing areas of Peshawar district, CDR and 

roadside plantations of Attack district under “Forest Sector Research and Development Project” of PFI 

Peshawar. They isolated six pathogenic fungal species from affected trees namely Botryodiplodia 

theobromae, Ganoderma lucidum, Fusarium solani, Helminthosporium dalbergiaea, Xylaria sp. and Poria 

ambigua. B. theobromae was the most common and damaging species. Pathogenicity of B. theobromae was 

test on the D. sisso and re-isolation of the pathogen confirmed the results. Rehman et al. (2006) collected 

diseased samples of shisham from various districts of the Punjab for isolation of disease-causing pathogen 

of shisham. B. theobromae was found to be the most frequent followed by P. cinnamomi and F. solani, 

respectively. In one of our earlier studies, Fusarium oxysporum was found in abundance in the roots of 

dying back Shisham trees samples collected from drought affected areas of Quaid-e-Azam Campus, 

University of the Punjab, Lahore (Bajwa et al. 2003). However, later on we isolated Phytophthora 

cinnamomi from samples collected from the roadside of canal BRB. Gill et al. (2001) have also reported that 

dieback is caused by P. cinnamomi. By contrast, Sharma et al. (2000) considered Ganoderma lucidum to be 

the primary cause of this disease. Another fungus Phellinus gilvus has also been isolated from the roots of 

dying back shisham trees (Bakshi, 1974). 
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Abiotic factors: Many abiotic stress factors are also known to be responsible for the initiation and severity 

of shisham decline diseases. Bajwa et al. (2003) recorded the highest mortality percentage of 75–80% along 

the canal banks It reveals that disease incidence and severity is related to high soil moisture contents. 

Water seepage from the canal into the nearby areas rendering the soil water logged. Some other workers 

have also reported that high soil moisture level increases the severity of this disease (Sharma et al., 2000; 

Keerio, 2001). In Punjab University a considerable number of shisham plants were attacked either by wilt 

or dieback diseases during the past few years. The ratio of wilting to dieback incidence at this locality was 

comparatively higher as compared to other surveyed areas. It was observed that disease severity and 

incidence was comparatively higher on dry soil patches as compared to irrigated and well-maintained areas. 

It reveals that similar to water logging, drought stress also provides favourable environment for disease 

attack and severity. He also reported that water logging and drought were the primary causes of 

drying/dying if shisham trees which created stress conditions and made the trees vulnerable to dieback 

disease. According to Afzal et al. (2006) global warming and eratic rain falls could be the possible reasons 

of recent shisham decline in the country. Rehmatullah et al. (2006), however, did not find any relationship 

of dieback with soil physiological properties and plant nutrient status. 

Integrated Management of Dieback Disease of Sisoo 
The following preventive and control measures are suggested to contain the problem:  

a. Plantations on clayey and waterlogged soils should be avoided.  

b. New plants should be planted in suitable sites i.e. on well-drained sandy soils.  

c. The seedbed for shisham nurseries must be disinfected before sowing.  

d. In mixed cropping, recommended rather in mixed cropping the incidence of disease is usually low. 

Introduction of resistant plants such as Mours spp., Eucalyputs spp. And Acacia nilotica is 

recommended. 

e. The dead, wilted and dying plants should be uprooted so that the breeding place of the pathogens 

is destroyed to stop further spread of the disease.  

f. Avoid wounding the trunk and roots. 

g. Complete ban or debarking should be imposed. People use it for snuff preparation. 

h. New shisham nurseries should be raised from the seeds and cuttings of the resistant variety and 

the susceptible varieties should be gradually replaced with the resistant.  

i. Watering is beneficial during relatively dry autumns and during dry summer months.  

j. If dieback symptoms appear, and no specific cause can be determined, try fertilization and 

watering.  

k. Bavistin (carbendazim) and captaf (captan) fungicides can be very effective against Fusarium 

solani. 

l. Add organic materials such as farmyard manure along with some antagonistic fungi to reduce the 

spread of the pathogen. 

m. With proper care and management the rate of dieback and wilt diseases can be reduced and 

further problems can be prevented. 

Conclusion 
Many species of fungi such as Fusarium solani, F.  oxysporum, Ganoderma lucidum, Phellinus gilvus, 

Polypours gilvus, Rhizoctonia solani, Polyporus spongiosum, are the reason of shisham decline.   The 

principal reasons for tree wilting were linked with F. Solani fungus, G.  Lucidum was responsible for 

extreme root rot, and the main cause of dieback is not yet comprehended. It can also be minimized by 

combining approaches such as root injury prevention, soil capacity enhancement by nutrient control, the 

avoidance of any harmful use of fungicide and chemical fertilizers, and the implementation of normal 

cultivation practices.  In order to check the sources of pathogens and avoid further transmission of the 

disease, the dead, wilted, and die-back plants should be uprooted. To replace the susceptible varieties, new 

shisham nurseries should be raised from seeds and cuttings of the resistant variety. 
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Abstract 
Acidity in the subsoil is a common problem, but it is expensive and sometimes practically impossible to 

address. The causes and remedies for subsoil acidity are outlined in this article. Acid production by plant 

roots as a result of excessive cation uptake is a significant factor in the development of subsoil acidity, 

especially in legume-based agriculture. Rather than causing subsoil acidification, the deposition and decay 

of plant residues aid in the formation of subsoil acidity profiles by liming the topsoil. Topsoil acidity is 

mostly caused by nitrification from ammonium-based fertilizers or organic N from residue and subsequent 

nitrate leaching. In contrast, the uptake of leached nitrate in deeper layers may decrease subsoil acidity.  

Management of subsoil acidity is briefly discussed. Surface application of gypsum and deep lime 

incorporation investigated the possibilities of ameliorating subsoils. 

Keywords: Subsoil, Amelioration, Decomposition, Nitrification, Gypsum. 

Introduction 
Ever since pH became an easily measured soil parameter (invention of the pH meter), we have focused on 

an indicator of soil acidity (pH) rather than on the actual plant limiting factors associated with acidity 

(toxicities, deficiencies and imbalances). 

Kinds of Acidity 
1. Active acidity 

2. Exchange acidity 

3. Residual acidity 

4. Total acidity. 

 
Soil with low pH contains relatively high amounts of exchangeable Al3+ & H+ considered as the acid soil. 

 
1. Ultra acidic: 3.3 
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2. Extremely acidic: 3.5 to 4.5 

3. Very strong acidic: 4.5 to 5.0 

4. Strong acidic: 5.1 to 5.5 

5. Moderately acidic: 5.6 to 6.0 

6. Slightly acidic: 6.1 to 6.5. 

Subsoil Acidity 
1. Subsoil acidity refers to acidification below the plough layer, in general below 20 cm (or) Acidity 

developed between 10 to 60 cm depth from the surface of top soil  

2. The depth to which sub-surface (10–20 cm) and subsoil (>20 cm) acidity can reach depends on the type 

of soil and the rate at which acidification takes place 

3. Major cause for subsoil acidity is more uptake nutrients like Ca, Mg, K, P etc. results in subsoil 

acidification. 

 

Causes for Subsoil Acidity 
1. Natural acidity: 

 
 

Parent material: sandstone or granite is 

much more likely to have acidity problems 

Rainfall: High RF regions are more prone to 

acidity (Wang et al., 2016) 

2. Productive agriculture: Accelerates acidification in farming systems 

 
Fig. 1:  Hydrogen ions added in the carbon cycle contribute to soil acidification 

a. Addition of nitrogen from fertilizes and legumes: The high use of nitrogen in agricultural 

systems, whether by growing leguminous crops or pastures or by adding nitrogen-based fertilizers, 

can accelerate soil acidification (Summer and Carter, 2008). 

https://www.tandfonline.com/author/Carter%2C+E
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Fig. 2: Different nitrogen fertilizers follow different pathways in the nitrogen cycle and 

different numbers of hydrogen ions are released 

b. Leaching of nitrate and other nutrients: 

i. Nitrate is prone to leaching accompanied by the positively charged cations  

ii. High rainfall 

iii. Sandy soils with less clay are more prone to leaching. 

 

c. Organic matter accumulation: 

i. Improved pastures, particularly annual pastures species, add organic matter to the soil. 

ii. Organic matter in itself is acidic and its accumulation in the soil can lower soil pH. 

 
Fig. 3: Schematic illustration of nitrogen transformations, nitrate leaching and plant uptake 

in relation to acidification in the soil profile 
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Decomposition of Organic Matter 

 

Proton generation processes in acid precipitation, pyrite oxidation, and C, N, and S 

biogeochemical cycles. 
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Implications of Subsoil Acidity 
Soil acidity reduces farm productivity and long-term sustainability by affecting many aspects of soil and 

plant health. 

1. Increased soil toxicity: Soil pH (CaCl2) drops below 5.0, toxic amounts of aluminium and manganese. 

 

2. Reduced soil fertility: 

a. Decreased plant productivity 

b. Nutrient Loss 

c. Phosphorus and molybdenum inefficiency 

d. Reduced microbial activity  

e. Declining land values. 

 

Impact on Crop Growth 

 
1. The symptoms of surface and sub-surface acidification are not easy to identify 
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2. Show up as un-even crop and pasture growth 

3. Yellowing of crops 

4. Poor nodulation of legumes and  

5. Stunted root growth 

6. Sensitive plants such as Lucerne, lentils. 

7. Decrease productivity 

8. Subsoil acidity causes significant yield reduction. 

 
9. Inhibiting physiological and biological activities, root development  

10. Uptake of nutrients such as P, Ca, Mg, K and Mo as well as water. 

11. Deep-rooted and perennial crops. 

Characteristics of Subsoil Acidity 
Physical characters: 

a. Light texture soil 

b. High permeability 

c. Poor water holding capacity 

d. Poor cation exchange capacity 

e. Poor organic matter content 

Chemical characters: 

a. Base unsaturated soil 

b. More anions than cations 

c. Toxic effects of Al concentration more 

d. At low pH - Al, Fe, Mn, Zn, Cu, Co availability is more and P, Ca, Mg is less 

e. Reduced nutrient availability. 

Biological Properties: 

a. Fungi population is more than that of bacteria 

b. Fungi cause root disease. 

c. Rate of decomposition of biological material and rate of mineralization and nitrification are 

reduced when acidity is increased. 

d. Reduced biological activity. 

e. Reduced legume nodulation. 

Management of Subsoil Acidity 
1. Higher rates of surface lime followed by irrigation 

a. Lime and gypsum mixes  

b. More soluble Lime sources- CaO, CaCO3 & Ca (OH)2   

c. Deep placement lime. 

2. Alkaline N fertilizer sources eg Calcium nitrate  

3. Deep soil amelioration using spaders, manures, organic matter and mixing of the A1 and A2 horizons in 

sandy soils  

4. Biological movement lime- worms, dung beetles. 
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Calcium Carbonate CaCO3 

 

 
Fig. 4: Conceptual flow diagram showing the effect of liming on soil properties Determining 

Lime requirement. 

Calcium Carbonate Equivalent (CCE) = Neutralizing value of any liming material compared to pure 

calcium carbonate 
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Chemical  formula of liming material CCE 

CaCO3 100 

MgCO3  119 

CaO 179 

Ca(OH)2 136 

(Ca, mg)CO3  109 

CaSiO3  86 

Conclusion 
1. Deep lime incorporation ameliorates the profile by reducing the activity of soluble Al, increasing soluble 

Ca and reducing resistance to root penetration by disturbing the hard, dense subsoil structure. 

2. Gypsum increases soluble Ca and reduces soluble Al. Treatments that brought about chemical 

amelioration resulted in yield increases. 
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The increasing demand for food, fuel, timber and fodder due to explosion of human and animal population 

and depletion of available land resources necessitate to increase the production per unit area. The task is 

more challenging in semi-arid regions where the availability of resources i.e., water and fertile land is 

limiting factor. Non availability of high input technology is an anomaly leading to low yields and frequent 

failure of crops because of scarcity of resources.  Hence, it is not appropriate to depend totally on traditional 

agriculture which is uncertain and extremely risky but to develop alternate land use system such as 

‘agroforestry’ which is more suitable, sustainable and boost the income, besides simultaneously helps in 

food and nutrition security and to protect the environment. Agroforestry is a collective name for land use 

systems and technologies where woody perennials are deliberatively used on the same land management 

units as agricultural crops and/or animals, in some form of spatial arrangement or temporal sequence. In 

agroforestry systems there are both ecological and economical interactions between the different 

components (Lundgren and Raintree, 1982). Agroforestry is a land use option that increases livelihood 

security and reduces vulnerability to climate and environmental change. Agroforestry systems play a great 

role in the conservation of natural resources, especially soil and water. The soil is protected from wind and 

water induced erosion. The adverse effects of temperature and wind on soil fertility, soil flora and fauna 

are ameliorated by agroforestry system (Subba and Dhara, 2017). In Agroforestry design main aim is to 

achieve the complementary structuring of annual and perennial plants in different storeys. It combines 

agricultural and forestry technologies to create more diverse, productive, profitable, healthy, and 

sustainable land-use systems. The effective and efficient use of the natural resources available is commonly 

perceived as an important key to sustainability. In doing so, a variety of ecological niches can be 

productively explored whereas inter and intra-specific competition are ideally minimized. An appropriate 

set up requires considering the specific demand for light, water and nutrients of each component in their 

successional, seasonal and spatial variability. The success of such a complex system will depend on 

minimizing the negative interactions associated with forcing crops and trees to grow together spatially 

while enhancing the synergistic interactions between system components. Melia dubia is one of such 

promising tree species which is highly suitable for integrating with annual crops for being its fast growing 

character, narrow crown and versatile in nature. 

Malabar neem (Melia dubia Cav.), commonly called as Hebbuvu or Dreak or Gora Neem, is a dry deciduous 

multipurpose tree belongs to the family Meliaceae. It is indigenous to Western Ghats and Himalayas and 

grown extensively in upper Assam, West Bengal, Khasi hills of Orissa, Western Ghats and moist deciduous 

forests of Kerala up to an altitude of 1500–1800 m above mean sea level (Ashok et al., 2017). Melia dubia 

is a light demander and grows to an average height of 35 m and the bark is rough and peeling. Flowering 

occurs between February–April and fruiting period is usually during November-February in the succeeding 

year. The fruit is a drupe, ellipsoid in shape with 1-2 seeds, which are black and ovoid with long endocarp 

(Nair et al., 2005). It is a multipurpose tree species which is extensively used in plywood, package 

industries, cigar boxes, ceiling planks, construction, agricultural implements, pencils, match boxes, splints, 

etc. In Sri Lanka, it is used for outriggers of boats. It is also suitable for making musical instruments and 

tea boxes as it is resistant to termite attack.  Melia dubia is an indigenous fast growing tree species, which 

has a great potential as a plantation species to meet the raw material requirement of the various wood-

based industries. On other side, the leaves of the tree are lopped and used as fodder in addition to its 

extracts being therapeutic. Linoleic and oleic acids (65–82%) are said to be present in the seeds, and they 

also produce butter oil that is greenish yellow and has the potential to be used in the production of soap 

and hair oil. Half a fruit is the recommended dosage for adults, who can treat colic with the fruit's bitter 

component. Anthelmintic properties of the fruit are exploited. As a treatment for scabies and maggot-
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infested wounds, the juice of the green fruit is boiled in a copper pot with a third of its weight in sulphur 

and an equal amount of curd. 

Due to the fast growth, it is being promoted among the farmers to improve the economic sustainability of 

farmers as well to meet the raw materials requirement of wood-based industries. National Agroforestry 

Policy (2014) envisages increasing area under agroforestry by incorporating fast growing multipurpose tree 

species which offers economic benefits to the farmers and providing various ecosystem services (Dhyani, 

2014). In India, the area under agroforestry is tremendously increased from 4.5 million hectare to 14.5 

million hectare in the last two decades. Under such scenario the fast growing multipurpose tree like Melia 

dubia stands as an option for farmers to incorporate in their fields. It may be cultivated as an intercrop 

between coconut trees. Under Melia dubia, groundnut, black gram, green gram and horse gram can grow 

as intercrops. Additionally, it works well as a bund plant for mango orchards, banana, drumstick, and 

sugarcane crops. Tomato and turmeric cultivation are possible beneath the species. Additionally, it can be 

grown in coffee and tea estates as a shade tree. Being short rotational tree, it fetches additional income to 

the farmers in short period of 5-6 years. The log of Melia dubia fetches price ranging from Rs. 250-600 per 

cft. 

Thus, Melia dubia based agroforestry can be better choice with its huge opportunities for uplifting farmers 

income and livelihood which further brings long term sustainability and economic and environmental 

stability in the society. 
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Abstract 
By 2050, the population of the world is anticipated to surpass 9.7 billion (FAO, 2018). Rapidly increasing 

population, indiscriminate use of chemical fertilizers, harmful herbicides, diminishing land use efficiency 

have led to severe environmental challenges now a days. To carry out all the field level activities in the 

sector of horticulture in a sustainable manner have become an urgent need. More innovative solutions must 

be found straight away to deal with these burning issues. Given that it has been declining over the past 

ten years, the amount of food grain output has given rise to concerns. Globally, the increased use of organic 

fertilizers and mineral fertilizers has also had a negative impact on the quality of soil and water (Bashir et 

al., 2020). To manage such problems nanotechnology has contributed to the agro-technological revolution, 

which could soon transform the reliable agricultural system while ensuring food security. Nanotechnology 

enhances productivity while reducing losses due to the greater specific surface area of the nanoparticle’s 

increased input efficiency. An alternate approach to overcoming the drawbacks of traditional agriculture 

is provided by nanotechnology. To decrease the consumption of inorganic fertilisers and lessen their 

negative effects on the environment, nano-fertilizers are necessary. Since they can penetrate the epidermis 

and allow for targeted dispersion and progressive release, nano-fertilizers are more reactive, reduce 

nutrient surplus, and improve nutrient usage efficiency. 

Benefits of Using Nanofertilzers 
1. Due to their extremely minute size, nano fertilizers have many unique properties that are now being 

explored for new opportunities in agriculture. 

2. In comparison to conventional fertilizers, nano fertilizers are being researched as a technique to boost 

nutrient efficiency and enhance plant nutrition. Any product that uses nanotechnology or nanoparticles to 

increase nutrient efficiency is referred to as a nanofertilizer. 

3. Nanofertilizer improves water holding capacity and nutrient uptake. 

4. Being a smart fertilizer it reduces nutrient volatilization and nutrient leaching. 

5. Nanofertilizer encapsulates beneficial microorganisms that can enhance the health of plant roots. The 

availability of nitrogen, phosphorous, and potassium in the root zone may be improved by a variety of 

bacteria or fungus. 

6. Nanofertilizer offers higher product quality with minimum remnants. 

Types of Nanofertilizers 
Nanofertilizers can be classified as three categories: Nanoscale fertilizers, nanoscale additives and 

nanoscale coatings (Mikkelsen, 2018). 

1. Nanoscale fertilizers: Nanoperticles which contain nutrients. 

2. Nanoscale additives: Traditional fertilizers containing nanoscale additives 

3. Nanoscale coatings: Traditional fertilizers coated with nanoperticles. 

Several potential nanofertilizer designs have also been adapted from Manjunatha et al. (2016) as Slow 

release, Quick release, Specific release, Moisture release, Heat release, pH release, Ultrasound release and 

Magnetic release. 

It can also be divided into three types:  
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a. Micro nutrient nanofertilizer: Nano nitrogenous fertilizer, Nano phosphate fertilizer, Nano 

potassium fertilizer, Calcum nano perticles, Magnisium nano perticles, Sulphar nano fertilizer. 

b. Macro nutrient nanofertilizer: Zinc nanofertilizer, Iron nano fertilizer, Manganese 

nanofertilizer, Copper nanofertilizer, Molybdenum nanofertilizer 

c. Other nanofertilizers: Zeolite based nanofertilizers, Nano clay polymer composits, Humic Acid, 

Other metal perticles. 

Application of Nanofertilizers in Horticultural Plant 
In case of vegetables Tomato (Lycopersicon esculentum) produced the most fruits per plant, fruit weight, 

and fruit diameter when 300 kg/ha of K nanofertilizer was applied. The highest plant height and stem 

diameter were seen when 400 kg/ha of K nanofertilizer was applied (Ajirloo et al., 2015). Drumstick 

(Moringa oleifera) was treated with nano chelated iron at 0, 1, 2, 3 and 4 mg/L, GA3 at 0, 200 and 400 mg/L 

and organic fertilizer Acadian at 0 and 1 mg/L. Nanofertilizer and GA3 at lower concentration showed 

positive response on the production of α-tocopherols, stigmasterols and campesterol (Kadim, 2018). 

In case of fruits the impact of conventional fertilizers and nano NPK fertilization on the date palm cultivar 

Zaghloul was examined by Roshdy and Refai in 2016. The outcome demonstrated that using less nano NPK 

fertilisation increased the growth rate, yield, and quality of treated dates. According to Zagzog and Gad 

(2017) spraying mango shoots and leaves with Zn nanoperticles (1 g/L) before flowering reduced 

malformation by 42-55%, increased fruit weight by 33.74%, and increased yield/tree by 57.36%. 

Additionally, they demonstrated that applying chitosan-nanoperticles at a concentration of 5 ml/L to mango 

plants boosted fruit production per tree (35.28% greater than the control), fruit quality, and physical and 

chemical characteristics of mangoes. Pomegranate (Ardestani) fruit output, fruit quality, including T.S.S., 

maturity index, juice, and declines in total acidity all increased as a result of foliar spraying nanofertilizers, 

nano-zinc, and nano-boron (Davarpanah et al., 2016).  

In case of medicinal plants when treated with Fe3O4 nanoparticles, sweet basil (Ocimum basilicum L.) 

shown improved plant growth, iron content, and oil content (Elfeky et al., 2013). Nanofertilizer treated 

Saffron (Crocus sativus) ecotypes received treatments for Fe, P, K. Although all nanofertilizer treatments 

boosted yield and saffron flowering, other parameters, such as maternal corm weight and the choice of 

saffron ecotypes, also had an impact on saffron production (Amirnia, 2014). 

Nanopesticides 
In respect to the application of pesticides, nanopesticides or nano plant protection products represent a new 

technological advancement that may provide a number of advantages, such as improved efficacy, durability, 

and a reduction in the quantities of active components required. The active ingredient (ai) is either present 

in extremely small quantities or is combined with other small designed structures that have advantageous 

pesticidal qualities. Pesticeds are commonly used in agricultural and horticulture to protect plants from 

the attack of harmful pests and disease so as to get higher profitable return. But application of pesticides 

sometime caused several ill effects to the plant and environment. Nanopesticides may offer a way to control 

delivery of pesticides and to achieve greater effectiveness of much smaller dose of a chemical. 

Microencapsulation may be used as a versatile tool for hydrophobic pesticides, enhancing their dispersion 

in the aqueous media and allowing a controlled release of the active compound. Polymer nanoperticles have 

a potential use in the nanopesticide production (Perletti et al., 2013). Allan et al. published the first report 

on a controlled release system of an insecticide through a polymeric encapsulation. The potential of 

nanomaterials in pest and disease management as a modern approach of nanotechnology has been realized 

in recent years. Nanotechnology can be used in crop protection by two following ways i.e., Nanoperticles 

toxic to pests and pathogen and nanomaterials as a carrier of pesticides and nanomaterials as a carrier of 

pesticides. 

Limitations 
1. The development and use of nanoparticles as nanofertilizers is constrained by research gaps; inadequate 

product standardisation and recognised formulation; lack of diligent monitoring; and ineffective risk 

associated management. Deliberate introduction of nanoparticles nanofertilizers in agricultural activities 

could result in many unintentional irrevocable outcomes (Kah, 2015). 
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2. Ag, TiO2, ZnO, CeO2, and Fe3 O4 nanoparticles have the potential to be hazardous because they may 

reduce the growth, fertility, and survival of earthworms and soil bacteria while also increasing their 

mortality. 

3. The soil is the initial recipient of nanoparticle-containing fertilisers. Due to their large surface area and 

Brownian motion, these nanoparticles cause damaging chemical reactions, pollution of the soil ecosystem, 

and changes in the soil's structure. The soil biota and fertility may be harmed by nanoparticles used in 

fertilizers (Ranallo 2013). 

Conclusion 
Nanotechnolgy undoubtedly offers so many oppurtunities to the agricultural research field. Through the 

nanoformulation of fertilizers and the breakdown of yield and nutritional quality barriers through 

bionanotechnology, nanotechnology promises a progress in increasing the efficiency of nutrient usage. It is 

anticipated that using nanoparticles to deliver fertilizers and pesticides will result in reduced dosage and 

regulated slow release. For foliar application, nanomaterials can be preferred. However, they may also be 

applied to the soil or used as seed treatments. Nanomaterials work better at lower concentrations, can 

increase the effectiveness of nutrient utilisation, and can boost soil fertility in a sustainable way. 
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Abstract 
All of us use a variety of products in our daily life. Many of these products can be made at home and for 

some other products we have to go to market to purchase them from shops. The products we prepare at 

home, for them also we required raw material from market .But the things and items we purchased from 

market we all have no awareness and proper  knowledge about them .Our country is one where more people 

are ignorant and ill informed. 

They rely on the information and guidance provided to them by the manufacturers and shopkeepers. We 

purchase and consume various food items, clothes, electric appliances, household items etc so we all are 

consumers. Consumers are cheated in the market because they do not get proper consumer education.  So 

“Consumer Education” is necessary to educate and to aware people. 

Consumer education is the preparation of an Individual through skills concepts and understanding that 

are required for everyday living to achieve maximum satisfaction and utilization of his resources all of us 

use a variety of products. Further simply it means to educate consumer what, where, when, hoe and how 

much to buy and how to use what they have to bought. Consumer education can make people aware at least 

a wise purchasing. 

Introduction 
Consumer education is defined as an education given to the consumer about various consumer goods and 

services, covering price, what the consumer can expect, standard trade practices, etc 

Consumer education is the preparation of an Individual through skills concepts and understanding that 

are required for everyday living to achieve maximum satisfaction and utilization of his resources all of us 

use a variety of products. Further simply it means to educate consumer what, where, when, hoe and how 

much to buy and how to use what they have to bought 

What to buy: Buy those products that meet your needs and priorities and are of good quality. Before 

buying, conduct a market survey and collect as much information as possible about the product. Then 

decide about a particular brand.  

How much to buy: Buy just the right quantity as per your need, money and storage space available. This 

prevents spoilage and wastage.   

Where to buy: Purchases can be made at retail shops, cooperative stores, company showrooms, authorized 

dealers or at wholesale markets.   

When to buy: Some goods should be bought when they are in season (fruits and vegetables) others should 

be bought during off season or in genuine discount sales (room coolers, electric heaters, woolen clothes etc.). 

Visit shops when the shopkeepers are relatively free. Avoid Sundays and evenings as far as possible.  

How to buy: Things can be bought either in cash or on credit. You pay less when you pay cash and if you 

buy on credit you end up paying more than the original price. You may save and buy by paying cash, or buy 

on credit with installment payments. Analyze the terms and conditions in the case of installment 

purchases. If it is worthwhile, buy the goods on installments rather than exhausting your savings cash 

reserves. Choice is yours! Also ask for the guarantee and warranty cards along with the receipt, it is your 

right!  

How to use: Learn about the proper use of any product or service. Read instructions carefully before use 

and always follow them to avoid any problem. You can also ask for a demonstration of usage. 
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Advantages of Consumer Education 
Consumer Education helps to: 

a. Develop the ability to decide and choose things intelligently. 

b. Demand safe, reliable and good quality products at a reasonable price. 

c. Be alert, well informed and vigilant against corrupt practices in the market.  

d. Take suitable action when faced with a problem. 

Consumer Rights 
In India to safeguard the consumer, the Consumer Protection Act 1986 has modulated eight consumer 

rights as: 

1. Right to basic needs: This right guarantee survival, adequate food, clothing, shelter, health care, 

education and sanitation. With this right consumer can look forward to the availability of basic and prime 

commodities at affordable price and good quality. 

2. Right to safety: The consumer should be protected against the marketing of goods or provision of the 

services that are hazardous to health and life. 

3. Right to information: The consumer should be protected against dishonest or misleading advertising 

or labeling and has to be given the facts and information needed to make an informed choice. 

4. Right to choice: The consumer has the right to choose among various products at competitive prices 

with an assurance of satisfactory quality. 

5. Right to be heard: The right to express the common interests in the making and execution of 

government policies. 

6. Right to Redress: The right to be compensated for misrepresentation, shoddy goods or unsatisfactory 

services. 

7. Right to Consumer Education: This is the right to acquire knowledge and skills necessary to be an 

informed consumer. 

8. Right to healthy environment: The right to live and work in an environment which is neither 

threatening nor dangerous and which permits a life of dignity and well-being. 

Conclusion 
Besides, the consumer rights the Consumer Protection Act 1986 also mandates the establishment of 

Consumer Protection Councils at the Centre as well as in each state and district. To provide speedy justice 

in the consumer disputes, quassi judicial bodies have been established in each district, state and national 

level called the District Forum, the State Consumer disputes Redressal Commission and the National 

Consumer disputes Redressal Commission respectively. Today, our country has 610 district forums, 35 

state commissions with the National Consumer disputes Redressal Commission at the apex. 

A written complaint can be filed before the District Forum up to value of Rs.20 lakh, state Commission for 

value up to Rs. One crore and in National Commission for value more than Rs. one crore in defect with 

good or deficiency in services. The consumer is not required to pay any court fees but only a nominal fee for 

the complaint filed under the Consumer Protection Act. If consumer is not satisfied by the decision of 

district forum, he / she can appeal to the State Commission a consumer can move to the National 

Commission. Be care Be aware before any kind of purchasing from the market whether it is on or offline. 
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Introduction 
Standardized mark is a mark or symbol given to a product which meets certain standards with respect to 

the quality in terms of material used, methods of manufacture, labeling, packaging and performance. 

Standardization marks are one of the most important consumer aids (anything that helps and guides a 

consumer in selecting a product) available to the consumer. The state enforced standardized / certification 

marks in India are discussed below. 

Standardized /Certification Marks 
Standard 

marks 

  

ISI  ISI mark certifies that a product conforms to a set of standards laid by 

the Bureau of Indian Standards. BIS (Bureau of Indian Standards) is a 

government organization that prepares the standard requirements for 

consumer products. Some of the products which need to have ISI mark 

are LPG cylinders, electric cables, drinking water, biscuits, 

thermometers, electric switches etc. 

 

 FPO Mark  FPO (Fruit Products Order) is a mandatory mark for all manufactures 

of fruit and vegetable products including some non fruit products like 

non fruit vinegar, syrup and sweetened aerated water in India. This 

certifies that product was manufactured in a hygienic, food safe 

environment. The products like fruit jams, crushes and squashes, 

pickles, dehydrated fruit products and fruit extracts needs to have FPO 

mark. 

 

AGMARK  AGMARK is employed on all the agricultural or farm products. The 

present AGMARK standard cover quality guidelines for 205 different 

commodities, covering a variety of pulses, cereals, essential oils, 

vegetable oils, fruits and vegetables and semi processed products like a 

vermicelli, ground spices etc  
Indian 

Organic 

Mark: 

 The Indian Organic mark is a certification mark for organically framed 

food products. It certifies that the product conforms to the specifications 

of National Standards for Organic products, 2000. Those standards 

ensure that the product or raw material used in the product were grown 

through organic farming, without the use of chemical fertilizers, 

pesticides or induced hormones. 

 

The Non 

Polluting 

Vehicle 

mark 

The Non Polluting Vehicle mark is a mandatory mark on all new motor 

vehicles sold in India certifying conformity to the Bharat Stage 

emissions standards. The certificate thus issued on a used vehicle is the 

Pollution under Control certificate. 

 
 

BIS 

Hallmark 
The BIS Hallmark is a hallmarking system for gold as well as for silver 

jewellery sold in India certifying to the purity of the metal. It certifies 

that the piece of jewellery conforms to a set of standards laid by the BIS, 

the material standards organization of India. 
 

http://upload.wikimedia.org/wikipedia/en/e/e5/Isi_mark.gif
http://en.wikipedia.org/wiki/File:FPO_mark3.jpg
http://en.wikipedia.org/wiki/File:Agmark.gif
http://en.wikipedia.org/wiki/File:India_organic.jpg
http://en.wikipedia.org/wiki/File:Non_polluting_vehicle.jpg
http://en.wikipedia.org/wiki/File:Bureau_of_Indian_Standards_Logo.svg
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Ecomark:  Ecomark is a certification mark issued by BIS’s to product conformity 

to a set of standards aimed at the least impact of the ecosystem. Food 

items included under this are oil, tea, coffee, infant foods, beverages, 

processed foods, preservatives, food additives including the packaging 

material.  

Wool mark:  Wool mark is a trademark owned by Australian Wool Innovation 

Limited. Australian Wool Innovation licenses this trademark to be used 

by affiliated vendors on their products ensuring that the product 

conforms to a set of standards laid by organization. It signifies the brand 

of wool or woolen garments.  
 

Green and 

Brown Dot 
Green dot for Vegetarian food for Insecticides and pesticide  

Brown dot for Non-Vegetarian Food  

 

 

Red Yellow 

Blue and 

Green color 

–sign of 

danger  

For insecticides and pesticides  

 

CONSUMER Faces Problems needs Knowledge of Knowledge of Solution to Rights & Responsibilities 

Consumer Laws Consumer Problems Comes from CONSUMER EDUCATION. 

Laws of Consumer 
Agricultural Produce (Grading and Marking) Act: Under this Act, the AGMARK standardization 

mark is given by the Government to agricultural or farm produce (e.g., wheat flour, gram flour, honey, 

spices, ghee, etc). This law ensures that these products are tested for purity, graded according to their 

quality and packed suitably. 

Drugs and Cosmetics Act: It regulates and ensures that only standard quality medicines and cosmetics 

are sold in the market with a proper cash memo or bill. 

Prevention of Food Adulteration Act: This law protects the consumer against adulterated and spoilt 

food stuff. 

Essential Commodities Act: As per this Act, the Government ensures that all the goods and services 

essential to life are available in the market at a reasonable price. The Government list of essential 

commodities includes items like cereals, pulses, sugar, raw jute, cotton and woollen textiles, medicines, 

paper, coal, petrol and petroleum products, iron, steel, cattle fodder, etc.  

Monopolies and Restrictive Trade Practices (MRTP) Act: This act protects consumers from being 

exploited by unfair trade practices like giving false or misleading statement and advertisements, sale of 

substandard products, hoarding and black marketing. It also prevents traders from conducting any contest 

or lottery with no intention of giving the promised prizes.  

Standards of Weights and Measures Act: This Act prevents the use of non-standard weights and 

measures. It makes it compulsory for all products to bear a detailed label. You will learn about labels later. 

Fruit Product Order (FPO): Under this Act, it is compulsory for all manufactures of fruit and vegetable 

products to maintain a certain standard in respect of quality, packing, labeling and sanitary conditions 

during production, storage and sale. It ensures that safe canned, preserved and processed products like 

pickles, jams, juices, squashes, frozen vegetables and fruits are sold in the market. All products that meet 

the FPO specification are given the FPO standardization mark.  

Consumer Protection Act (CPA/COPRA): This Act clearly defines consumer rights and responsibilities. 

It seeks to provide consumers with quick, easy and inexpensive redressal of their genuine complaints. 

Under this Act, the consumers can file complaints against goods and services provided by not only private 

http://en.wikipedia.org/wiki/File:Ecomark2.png
http://en.wikipedia.org/wiki/File:Veg_and_non_veg_marks.jpg
http://en.wikipedia.org/wiki/File:Toxicity_labels_all.jpg
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companies but also the Government departments. For the legal settlement of complaints, courts have been 

set up at the District, State and National level. Such courts are called Consumer Redressal Forums.  

Bureau of Indian Standards (BIS) Act: Under this Act, the quality certification mark ISI is given to 

those products which meet the specifications and standards set by the Bureau of Indian Standards. The 

BIS gives specification for products in terms of material used, method of production, labeling, packing, 

storage and sale. For quality control the BIS conducts surprise checks of the ISI marked products. This Act 

also prohibits the improper use and misrepresentation of the ISI mark. Examples of products bearing ISI 

mark are ghee, biscuits, detergent, pressure cooker, electric iron, immersion rod, geyser, LPG cylinders, 

etc. 

Important Points to Keep in Mind 
1. Always conduct market surveys and tap all the sources of information (TV, magazines, newspapers, 

salespersons, and if possible, somebody who is already using the product) before buying a product.  

2. Buy from Kendriya Bhandar, fair price shops, authorized company showrooms, cooperative stores or 

other reliable shops of good reputation in your area. This will enable you to buy good quality products at 

right price. 

3. Obtain bills, receipts and guarantee cards for all purchases made and keep them safely. They will be of 

use in case of any fault in the products.  

4. Instead of loose items, preferably buy properly packed and labeled products.  

5. Read labels carefully for brand names, ingredients, net weight, MRP (maximum retail price), expiry date 

and standardization mark.  

6. Think of alternate items, for those that are in short supply. Refuse to pay more and discourage hoarding 

and black marketing.  

7. Do not accept irregular weights like bricks and stones. Be alert and vigilant about the weights and 

measures and the procedure used by the seller.  

8. Do not get deceived by sales tricks and sales talks, like free gifts and high discounts. 

References 
1. Annette R. Jacobson, Charles A. Malouf, and Ross E Lowe.1989.Consumer Education and Economics, Student Edition. pp.36-

50. 

2. Book by Annette R. Jacobson, Charles A. Malouf, and Ross E Lowe. 2007. Consumer Education and Economics. 

3. Fahmeeda Bagum, 2004 Modern teaching of Home science. PP 59-70,98-119. 

4. Prem lata Mullick. Text Book of Home Science 2012. Pp 117-225. 

5. Home science .Consumer Education (pdf)pp 35 -54. 

  



 

 
Volume 04 - Issue 11 - November 2022       525 | P a g e  
 

Role of Non-Exchangeable K in Crop Nutrition 
Article ID: 38575 

Jyoti Bala1, Vivek Singh2 
1Ph.D. Research Scholar, Department of Soil Science and Agricultural Chemistry, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur (C.G.) 492012. 
2Ph.D. Research Scholar, Department of Soil Science and Agricultural Chemistry, Jawaharlal Nehru 

Krishi Vishwa Vidyalaya, Jabalpur (M.P.) 482004. 

 

 
 

Introduction 
In the photosynthetic tissue of plants, potassium (K) is the 2nd most abundant nutrient after nitrogen. It is 

known to affect significantly the plant functions, especially in economy and water-use efficiency. It is 

essential for a number of physiological processes in plants such as growth, quality, yield and stress 

resistance (Sekhon, 1999; Srinivasarao and Vittal, 2007). Potassium ranges from 0.35 to 4.65% in the 

benchmark soils of India (Sekhon et al., 1992).  In the earth’s crust, it comes among the abundant nutrient 

elements and is largely removed by the crops. It exists in four principal forms in the soil viz. soil-solution 

or water-soluble K, exchangeable K, non-exchangeable and structural or mineral K, which are in a state of 

dynamic and complex equilibrium in the soil (Fig.1). This equilibrium affects the level of K in soil solution 

and readily available forms for plant uptake at any particular time. In the order of their availability to the 

plants and microbes, the fractions follow the order: solution K > exchangeable K > non-exchangeable K > 

mineral K (Sparks, 2000). This depends upon the minerals type in clay and silt fractions of a particular 

soil. 

 
Figure 1. Relationship between the different forms of soil K (Source: Sparks and Huang, 1985) 

Non-exchangeable K, also called as interlayer-K, or fixed-K, or slowly exchangeable-K (Wang et al., 2016), 

is that form of K which is held between the adjacent tetrahedral layers of dioctahedral and trioctahedral 

micas, vermiculites, and vermiculites. It is moderately to sparingly available to the plants. Its removal 

from the soil by plants depends on the species of plants. Monocots, which include cereals, grasses, etc. are 

more efficient as compared to the dicots in removing non-exchangeable K from the soil. Generally, the non-

exchangeable K is higher in mica-rich alluvial soils than the smectitic Vertisols and kaolinitic Alfisols. In 

the intensive crop production systems, the contribution of non-exchangeable K is higher and therefore, the 

rate of its release is an important factor. There are considerable evidences which support the importance 

of non-exchangeable K for crop nutrition. This article discusses in brief about those evidences. 
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Significance of Non-Exchangeable K in Crop Nutrition 
Monocots, particularly remove the non-exchangeable K reserves from the soil (Mengel, 1985).  Many 

workers have reported that non-exchangeable K contributes substantially to the crop nutrition, especially 

under continuous cropping in the absence of K inputs (Srinivasarao et al., 2010b, 2014b; Wang et al., 2016).  

In case of intensive cropping, when K fertilizers are not applied, initially exchangeable K contributes to the 

requirement of K in plants, but with further cropping, exchangeable K reaches to a minimum level. 

Therefore, the requirement of K in plants are succeeded mostly from the non-exchangeable form, which 

accounts for a 90-95% of the total plant K uptake in some cases (Swarup and Srinivasarao, 1999; 

Srinivasarao et al., 2010b).  

In soils whose availability of K to the crops depends largely on the non-exchangeable K form, the response 

of crops to the applied K may not be evident, even when the soils are found low in exchangeable K.  

K-rich 2:1 clay minerals like micas and vermiculite are the major sources of non-exchangeable K in soil. 

But, the release of K from interlayer of these minerals depends upon the weathering stage of these minerals 

and thus, whether the release rates of K in soils under cropping match with the crop K needs becomes the 

most important aspect as far as K nutrition of crop plants is concerned (Srinivasarao et al., 2007b). 

The most common and widely adopted method of measuring the non-exchangeable K in soils are the boiling 

1M HNO3 method. However, no single method is suitable for all soils or crops. The boiling 1M HNO3 method 

has been reported to range from 2 to 8% of total K (Xie et al., 2000). It is still unclear of how much non-

exchangeable K is present in the soils as there is currently no satisfactory method to quantify the total non-

exchangeable K in soils (Srinivasarao et al., 2007c; Wang et al., 2016).  

It has been reported that crops, especially cereals having well branched root system remove a large amount 

of non-exchangeable K from the soil (Srinivasarao et al., 2010c). Some studies have shown a phenomenal 

contribution of non-exchangeable K to the crops of about 80-90% of K uptake by the crop in illite-dominant 

alluvial soils.  

It was observed in a field experiment that if the contribution from surface soils (0-15 cm) is only considered, 

the contribution of non-exchangeable K in plant K uptake of maize and pearl millet varied between 78- 

89%, but when contribution from 60 cm of soil was considered, the non-exchangeable K contribution 

decreased to 54-76% (Srinivasarao et al., 2006b).  

It was reported by Niebes et al. (1993) that the contribution of non-exchangeable K to K uptake varied from 

50% in the fine clay to 80-100% in the coarser fractions and due to high supplying power and their relative 

abundance, the silt fractions provided a major part of the supply of K.  

Therefore, considering the importance of non-exchangeable K to the crop K nutrition, it becomes essential 

to give importance to this in crop K management. 

Conclusion 
The contribution of the non-exchangeable form of K-to-K nutrition in many crops and cropping systems is 

substantial and needs to be taken into account for developing prioritized K fertiliser recommendations. 
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Introduction 
Conservation and identification of plant species with traditional and morphological methods are attributed 

to several demerits. Rapid, consistent, and accurate plant sample identification is a crucial task for plant 

systematist, field ecologists, evolutionary biologists, environmentalist, or applied forensic professionals. 

Using morphological characters in genera with closely related species, species delimitation is often difficult 

(Jamdade et al., 2022). The ever-increasing decline of classical taxonomic expertise drives the need to 

develop molecular marker-based tools for quick, efficient, and reliable detection of organisms, to assess 

their ecological impacts for deepening our understanding of systematic and evolutionary relationships 

between organisms which is central to biology (Ahmed, 2022). In order to make this work easier, "DNA 

barcodes," which are standardized short DNA sequences between 400 and 800 base pairs long that can 

theoretically be quickly isolated and identified for all plant species on the earth, were first created (Hebert 

et al., 2003). DNA Barcoding is a relatively recent concept that has been developed for enabling quick, 

accurate, and automatable species identification utilizing standardized DNA sequences as tags. Genetic 

variation of features used for species recognition and phenotypic plasticity, which refers to an organism's 

capacity to change in response to its environment, can result in inaccurate identification. A global database 

of living things is created using sections of DNA and internationally accepted methods as part of the species 

identification tool known as DNA barcoding. With the advent of high throughput sequencing technology 

such as Next-Generation Sequencing (NGS) technology, DNA barcoding has become more accurate, fast 

and reliable in the last decade (Purty and Chatterjee, 2016). Data regarding previously recognized, named, 

and described species can be quickly and precisely retrieved using DNA barcodes. Additionally, by using 

this technique, many unnamed plant species could be quickly identified, especially in tropical biomes 

(Cowan et al., 2006). 

Why Species Identification is Important? 
1. It provides a central catalog of an organism’s diversity which can be accessed by anyone who needs to 

quickly and accurately identify an organism. 

2. Bar codes allow us to differentiate new, previously undescribed species from those already observed.  

3. It also represents a valuable tool in conservation efforts, the diagnosis of diseases, the monitoring of 

invasive species and many other fields.  

4. DNA Barcode is a crucial tool for the identification of cryptic species. 

5. DNA barcoding is instrumental in advancing our understanding of how species evolve, how they interact, 

and how we can slow down their extirpation and extinction 

6. The main purpose of barcode is automation which means using some computer software or other tools 

one product can be identified. 

DNA Bar-Coding 
DNA bar-coding is a standardized approach to identifying plants and animals by minimal sequences of 

DNA, called DNA barcodes. A DNA barcode is a short gene sequence (400-800 base pairs) taken from a 

standardized portion of the genome that is used to identify species. In the DNA barcode, four nitrogenous 

bases are represented with different colours. Adenine – Green, Guanine – Black, Thymine – Red and 

Cytosine – Blue. 
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An Ideal DNA Barcoding System must have 
1. The target DNA region should contain enough phylogenetic information to easily assign unknown or not 

yet ‘barcoded’ species to their taxonomic group (genus, family, etc.).  

2. It should be standardized, with the same DNA region used for different taxonomic groups 

3. The target DNA region should be short enough to allow the amplification of degraded DNA.  

4. It should be extremely robust, with highly conserved priming sites and highly reliable amplification and 

sequencing.  

5. The gene region sequenced should be nearly identical among individuals of the same species, but 

different between species. 

Basic Features of DNA Bar-Coding 
1. Universality.  

2. Specificity on variation.  

3. Less demand on resources (time, space, manpower and cost). 

An organism may be a plant, animal, fungus, bacteria, etc. So, all organisms are made of cells. Therefore, 

cells are known as the basic unit of life. Inside the plant cell, we find DNA in 3 organelles: inside the 

nucleus, mitochondria, and chloroplast/plastid. For DNA bar-coding in plants, generally, a portion of DNA 

from chloroplast is studied and in the case of animals, a portion of mitochondrial DNA is studied. Therefore, 

for bar-coding, we extract its DNA (which is a double helical structure). So, we concentrate on a particular 

portion of DNA, not the entire chloroplast or mitochondrial DNA and based on that particular sequence, 

one species can be identified this technique is known as DNA bar-coding. 

Components of Bar-coding Projects 
There are four components of bar-coding projects:  

1. The Specimen Collection (from herbaria, frozen tissue collections, seed banks, etc.)  

2. The Laboratory Analysis  

3. The Data Base -Two main barcode databases are- The International Nucleotide Sequence 

4. Database Collaborative (INSDC) and Barcode of Life Database (BOLD).  

5. The Data Analysis – Barcode of Life Data Portal offers flexible ways to store, manage, analyze 

and display barcode data. 

Steps Involved in DNA Bar-Coding 
1. Collection of a tissue sample or bulk sample or it may be a mixture of several organisms or environmental 

samples.  

2. DNA extraction, there are several techniques for extraction of DNA from organisms like the phenol-

chloroform method. 

3. Marker Selection-Marker means based on which portion of DNA we will identify the organisms. The 

marker DNA region must have and characteristics feature within a species it must be conserved. 

 
Fig: Steps involved in DNA Barcoding 
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4. PCR amplification- Then, after amplifying we check whether the desired product is amplified or not by 

using Agarose gel electrophoresis.  

5. DNA sequencing of the amplicon with the same set of primers which were used for PCR amplification.  

6. DNA editing where we give nitrogenous bases a particular colour to represent the final barcode. 

Phylogenetic tree construction. 

Applications 
1. Taxonomists: To rapidly sort specimens by highlighting divergent taxa that may represent new species. 

2. Conservationists: For assessment of threats requires species delimitation and recognition.  

3. Environment managers: For identification of harmful organism’s/indicator species.  

4. Legal: In forensics, wildlife crime, illegal trade in biodiversity.  

5. Health: Identification of species with harmful attributes.  

6. Utilization (in agriculture and medicine): Identification of species with useful attributes.  

7. Horticulture: For stock identification. 

Limitations 
1. Differentiating intra-specific from inter-specific genetic variation is essential for DNA-based species 

identification. These forms of variation ranges are unclear and may vary amongst taxa. Resolving recently 

separated species or novel species created through hybridization appears to be challenging. 

2. No one gene is universal for DNA barcoding, conserved across all life domains, and demonstrates 

sufficient sequence difference for species distinction. 

3. Barcode sequences are typically short (500–1000 bp), which severely restricts their usefulness for 

resolving deep phylogenetic branches. 

Conclusion 
An outstanding source of features relating to stress resistance, therapeutic qualities, etc. is plant genetic 

resources. Over time, the diverse human activities lead to a loss of genetic diversity. The preservation of 

existing species and the discovery of new ones are crucial for sustainable development. There are several 

drawbacks to traditional approaches to biodiversity conservation. DNA bar-coding may be a successful 

strategy for biodiversity conservation while also minimizing the limitations of conventional methods. 

Taxonomists and other people interested in species identification may find DNA barcoding to help expedite 

their task. The results of several investigations mainly support the viability of such a system. Therefore, 

efforts should be made to create nuclear barcodes to supplement the existing barcoding zones. 
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Introduction 
Grafting is the art of joining together two plant parts (a rootstock and a scion) by means of tissue 

regeneration, in which the resulting combination of plant parts achieves physical reunion and grows as a 

single plant (Janick, 1986). The new root system is called the rootstock, and the top part of an interest or 

cultivar is the scion (Ahmed, 2019). "Rootstock" is the grounded part of the plant. Scion, on the other hand, 

is the part of the plant that is above the ground. Grafting of cucumber to reduce soil borne diseases and to 

enhance scion vigour is believed to have started in the 1920s but was not applied on a commercial scale 

until the 1960s (Sakata et al., 2008). 

 

Grafting is a technique that has a long history dating back to the 1920s. It was said to produce vegetables 

and fruits in Japan and Korea. The primary fruit altered through grafting was watermelon. To avoid 

Fusarium wilt, it was mounted onto the squash rootstock (Lee et al., 2010 After that, in the 1950s, 

watermelons were grafted over bottle gourds and eggplants over scarlet. Grafting was popular in North 

America under European influence in the last part of the 20th century. Grafting is currently used in 81% 

of vegetable cultivation in Korea and 54% in Japan. 

Why Grafting? 
1. It is a unique cultural practise that helps reduce pesticide use (Lee et al., 2010; Kubota et al., 2008). 

2. Kubota et al. (2008) describe an alternative tool in integrated pest management practise in various crop 

production systems. 

3. Grafting has become one of the most popular approaches to controlling biotic stress. 

Purpose & Scope of Vegetable Grafting 
Grafting has been used to develop resistance to soil-borne disease in vegetable crops since the 1930s 

Grafting susceptible commercial cultivars onto resistant rootstocks is another successful method for 

controlling root knot nematodes in Solanaceous and cucurbitaceous crops. Presently, grafting becomes 
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popular technology among the vegetable growers and scientist to develop resistance or improve tolerance 

against the broad spectrum of biotic and environmental stresses in the various vegetable crops specifically 

Solanaceaeous and cucurbitaceous crops. Therefore, researchers working on grafting are primarily focusing 

to enhance yield without altering fruit quality; scion-rootstock compatibility/incompatibility; resistance 

towards soil borne diseases; to investigate communication between shoot and root system. 

Pre- Requisites for Vegetable Grafting 
1. Selecting the suitable rootstock/scion 

2. Graft compatibility 

3. Grafting aids 

4. Screening house 

5 Graft healing  

6. Acclimatization of the grafted plants. 

Indian Recent Grafted Plants 
Brimato:  

1. Brimato is developed through dual or multiple grafting, 

2. Hybrid brinjal ‘Kashi Sandesh’ and tomato ‘Kashi Aman’, which were grafted on brinjal rootstock IC 

111056. 

3. Grafting Method is Side / Splice method 

4. Yield was shown 2-3 kg of tomato and 3-4 kg brinjal  

5. Commercial production of Grafted Brimato is continued at the ICAR-IIVR, Varanasi, Uttar Pradesh. 

 

Objectives of Vegetable Grafting 
1. To reduce the biotic and abiotic stresses 

2. Improved qualities traits 

3. Reduce the use of pesticides 

4. Increased vigor and yield 

5. Tolerance to environmental stress   

6. Better water and nutrient uptake 

7. Help to induce new traits  

8. Salt tolerance. 

Advantages of Grafting 
1. The yield and production are greatly determined by the hot and abiotic pressure and modifications and 

better yield in possible. 

2. Grafting has impressively been employed as an alternative to chemical fungicides and pesticides against 

disease-causing pathogens present in the soil; it helps in the development of tolerance to disease and 

nematodes. 

3. Grafting has been helpful in the organic vegetable production since it eliminates the need for harsh 

chemicals to treat illness. Grafting is also environmentally favourable. 

4. It is advantageous in providing high temperature tolerance, enhanced nutrient uptake, enhanced water 

uptake, high salt tolerance, wet soil tolerance, heavy metal and organic pollutant tolerance, quality 

changes, extended harvest period, multiple and/or successive cropping. 
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Disadvantages of Vegetable Grafting 
1. Need for skilled labour 

2. Selecting scion/rootstock pairings wisely 

3. Different combinations for cropping season  

4. High price of seedlings  

5. Increased infection of seed-borne diseases  

6. Excessive vegetative growth 

7. Fruit harvesting may be delayed  

8. Inferior fruit quality (taste, colour and sugar contents)  

9. Increased incidence of physiological disorders  

10. Symptoms of incompatibility at later stages  

11. Different cultural practices should be applied  

12. Increased cost of grafted seedlings. 

Methods of Grafting 
1. Approach grafting 

2. Cleft grafting 

3. Tube grafting 

4. Hole insertion 

5. Pin grafting. 

Approach Grafting 
It is also known as tongue grafting. It requires a lot of labour and requires a lot of area, and it is mostly 

employed by farmers and small nurseries. It has an impressive survival rate. This method is not usually 

used for hollow hypocotyl rootstocks. The Scion and the Rootstock are linked together and clipped using 

this technique. 

Cleft Grafting 
It is also called apical or wedge grafting. This method is one of the simplest and the easiest. It suitable for 

those rootstocks which are with wide hypocotyls. It can be applied to all vegetables. In this method a V- 

shaped cut is made in the stem of the scion. The scion is then inserted into the rootstock, which has a 

vertical slice cut down the center of the stem. The rootstock and scion are then held together by a spring 

clip while the graft union forms. This method is widely used in Solanaceous crops. 

Tube Grafting 
It is also known as splice grafting. It’s carried out when the plants are very small and the rootstock and 

scion are held together with a 1.5-2 mm silicone clip or tube which is used to join the two plant parts (Rivard 

and Louws , 2006). This method of grafting is somewhat similar to slanting method except for the use of 

the tube.This method is widely used in cucurbits and solanaceous crops. 

Hole-Insertion Grafting 
It is usually used in Cucurbits, plants with hollow hypocotyls in rootstock and scion. Large number of grafts 

can be produced.To successfully graft, humidity above 95% must be maintained. A temperature of 21-36 

degree Celsius must be sustained from healing to transplanting. 

Pin Grafting 
Pin grafting is similar to splice grafting. Instead of placing grafting clips, especially designed pins are used 

to hold the grafted position. Pins made by natural ceramic materials. The length of the pin is 15mm and 

the width of the pin is 0.5mm. 
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Major Grafting Method in Cucurbits and Solanaceous Vegetable Crop Tips for 

successful Grafting 
1. Diagnose your soil diseases correctly. 

2. Choose the right rootstock for disease resistance. 

3. Plan ahead so rootstock and scion grow to the same size on the same day. 

4. Provide proper management for the healing chamber. 

5. Use appropriate management techniques such as spacing, pruning, suckering, etc. when planting grafted 

transplants. 

6. Ensure the graft union is above the soil line. 

Conclusion 
1. Grafting can be good approach to control the chemical use.  

2. Grafting can be helpful to increase the total production. 

3. Grafting is more advantageous in avoiding soil- borne diseases such as Fusarium wilt in Cucurbitaceae 

(Cucumber, melon etc.) and bacterial wilt in Solanaceae (tomato, pepper etc.). 
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