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Abstract

Tea tourism and “agritainment” have emerged as innovative and experiential models transforming tea-producing
regions into dynamic tourism destinations. This article explores global examples-from Darjeeling, Assam and
Kerala in India to Indonesia, China, South Korea and Sri Lanka and analyses economic impact, community
engagement, sustainability and visitor satisfaction. Data show substantial economic benefits: US $68 M in
Suzhou’s Biluochun tea tourism and significant income diversification in Pagilaran (Indonesia). Agritainment
elements like tea plucking, factory tours, homestays, digital storytelling and creative marketing which enhances
visitor experience and community livelihood, though challenges such as infrastructure, equity and environmental
sustainability remain. The article proposes best practices for integrating agritainment, ensuring inclusivity and
balancing conservation with tourism development.
Keywords: Tea Agritainment, Sustainable Tourism, Community-Based Tourism, Tea Heritage, Agrotourism
Innovation and Cultural Preservation.
1. Introduction
Tea tourism is also known as tea agritainment which is the fusion of agricultural production and tourism, where

visitors engage deeply with tea culture, cultivation, processing and lifestyle. Moving beyond mere
sightseeing, agritainment integrates hands-on experiences like tea plucking, factory tours and local cuisine, aiming
to promote sustainability, cultural heritage and community livelihoods. This review emphasizes original published
data and regional case studies to evaluate the benefits, models and challenges of tea tourism worldwide.
2. Economic Impacts of Tea Tourism
2.1 Biluochun Tea, Suzhou (China)
Feng in 2012, used travel cost and contingent valuation methods in Dongting Mountain, Suzhou, finding tea
tourism’s total economic benefit at ¥678.95 million (approximately US $96 M) with ~¥656.75 M attributable to
usage and ¥22.19 M to non-use values. This large valuation underscores the strong tourism-driven economic
potential of tea landscapes.
2.2 Pagilaran Tea Plantation (Indonesia)
Researchers evaluated Pagilaran’s agrotourism model involving penta-helix collaboration among academia,
government, communities, corporations and media. Activities such as tea walk, factory visits and cultural
performances-augmented by educational dimensions-bolstered sustainable livelihood outcomes.
3. Agritainment Experiences & Visitor Satisfaction
3.1 Hands-On Tea Engagement
Rungruang studied tourists in Chiang Rai’s tea/coffee communities (N=384), showing that perceived novelty and
social value, alongside creative tourism marketing skills, significantly influenced visitation intentions.
Malaysia’s BOH Plantation analysis (2022) highlighted that activities, cleanliness, English signage and security
drive memorable experiences and loyalty; hands-on lessons in tea-picking and brewing were key to visitor
satisfaction.
3.2 Community Integration & Cultural Exposure
In China’s Anhui region, a livelihood-sustainability study found increased income diversity but growing income
gaps due to uneven tourism participation. Assam’s tea tourism circuit includes heritage bungalow stays, cultural
festivals and weaving displays, but challenges remain: poor infrastructure, inequality and seasonal constraints.
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4. Agritainment Infrastructure & Hospitality Models
4.1 Homestays & Factory-Turned-Hotels
Makaibari (Darjeeling) offers homestays hosted by Gorkha workers, enabling guests to experience tea cultivation
and village life first-hand; it also supports community income through heritage stays.
Sri Lanka’s Heritance Tea Factory converted a colonial tea factory into a boutique hotel, preserving heritage
architecture and enhancing tourism appeal.
4.2 Museums and Brand Experiences
O'Sulloc Tea Museum on Jeju Island attracts 1.5 M annual visitors, showcasing Korean tea history and processing-
and is recognized globally for its design and marketing. East Frisian tea culture in Germany, honoured by
UNESCO, integrates museum exhibits into regional tourism branding, reinforcing local cultural identity.
5. Digital Innovation & Agritainment
Virtual Tours & Digital Marketing
In Munnar (Kerala), digital technology-virtual tours, mobile apps and social media which enhances heritage
preservation and visitor engagement. These innovations have helped market the region’s tea estates to global
audiences.
Technology & Heritage Storytelling
Technology-enabled tours in Munnar help educate tourists, raise awareness of tea heritage, and support
conservation-a model increasingly used in agritainment.
6. Sustainability and Community Empowerment
6.1 Community Engagement & Benefit-Sharing
Active community participation in decision-making ensures local ownership over tourism practices. Tripura’s
“Tea Boutique” and museum initiatives by the Tea Board of India and TTDC demonstrate how government-driven
agritainment can strengthen local identity and economy.
6.2 Inclusive Community Uplift
Assam government’s Swadesh Darshan scheme, Tea Festival and tribe welfare initiatives link tourism with social
uplift; however, they face issues such as poor connectivity and seasonal limitations.
In China, tourism improved livelihoods for some but also widened income disparities, underscoring the need for
inclusive strategies.
7. Challenges and Mitigation Strategies
7.1 Infrastructure & Seasonality
Remote estates often lack roads, accommodations and digital connectivity-limiting visitor access. Monsoon
seasons in Assam reduce tourism flow and revenues.
7.2 Equity & Access
Unequal community participation can lead to widening income gaps.
Ensuring benefits reach tea tribes requires inclusive planning and small-scale tourism initiatives.
7.3 Environmental and Cultural Constraints
Environmental impacts, crowding and cultural commodification need monitoring. BOH Plantation noted
overcrowding on weekends.
8. Best Practices for Sustainable Tea Agritainment
1. Diversify Experiences: Combine factory tours, plucking experiences, tea tasting, cooking workshops,
birdwatching, yoga, etc.
2. Promote Digital Engagement: Use apps, virtual reality and social media to build brand and reach global
tourists.
3. Empower Communities: Ensure locals are decision-makers, hosts and service providers; preserve
cultural traditions.
4. Investin Infrastructure: Improve roads, accommodations, safety, English signage and hygiene to boost
satisfaction and repeat visits.
5. Seasonal Planning: Offset monsoon slowdowns in Assam with festivals, wellness retreats, or indoor
museum experiences.
6. Monitor and Evaluate: Adopt visitor surveys, economic tracking and environmental assessments to
adapt and scale.
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9. Conclusion

Tea tourism and agritainment are transforming traditional tea landscapes into vibrant, community-led tourism
destinations. With economic influxes reaching tens of millions of dollars, transformational community
development and elevated visitor experiences, the model holds great promise. Yet success hinges on inclusive
participation, environmental stewardship, equitable benefit-sharing and robust infrastructure. By adopting this
best practice- technology integration, hands-on agritainment, community homes and supportive policies-tea
agritainment can balance cultural preservation, environmental sustainability and economic empowerment in
global tea regions.
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Abstract
Climate change threatens the global coffee sector-especially Coffea arabica, which is highly sensitive to heat,
drought, pests and reduced suitable growing area. To safeguard supply and livelihoods, researchers and breeders
are developing climate-resilient varieties through interspecies hybrids (e.g., C. arabica x C. canephora), F1
hybrid cultivars like Starmaya and rediscovery or utilization of wild species such as C. stenophylla, C. excelsa,
C. liberica and C. racemosa. These varieties offer traits including rust resistance, drought tolerance, heat resilience
and wider elevational adaptability while maintaining quality. This article reviews key breeding programs, varietal
performance, challenges and future directions based on scientific and field data.
Keywords: Climate change, Coffee breeding, F1 hybrids, Wild coffee species, Coffee leaf rust, Drought tolerance
and Starmaya
Introduction
Coffee faces unprecedented climate-driven pressures. Global warming is reducing suitable land: studies
estimate that by 2050 the area for C. arabica could decline by 50 per cent or more worldwide. Rising
temperatures and drought accelerate the spread of pests like coffee berry borer and coffee leaf rust into formerly
safe zones. Effective strategies include deploying existing durable varieties (e.g., Robusta), accelerating breeding
of F1 hybrid Arabicas and reintroducing wild, climate-adapted species. These approaches aim to secure
productivity, cup quality and producer resilience as climates shift.
1. Arabica x Robusta and F1 Hybrids
1.1 Traditional Varieties: Robusta and S795
Robusta (C. canephora) inherently tolerates higher temperatures (22-26 °C), drought and pests, making it more
climate-resilient ~ than  Arabica-though  with  altered  flavour  and lower cup  grade
In India, S795 (a hybrid of C. arabica and C. liberica) was developed in the 1960s to combine rust resistance,
high yield and acceptable quality. Today, it covers 25-30 per cent of India’s Arabica acreage and is used in
specialty coffees.
1.2 F1 Hybrid Varieties: Centroamericano, Starmaya Others
F1 hybrids combine hybrid vigour with desired traits like yield, disease resistance and cup quality.
Centroamericano (Arabica Hybrid H1) was developed by crossbreeding Sarchimor (a CLR-resistant cultivar) with
wild Rume Sudan. Released in 20186, it offers high rust resistance, climate adaptation and quality comparable to
Avrabica standards.
Starmaya, developed by CIRAD and ECOM, is the first F1 hybrid reproducible by seed (via male-sterile lines),
dramatically lowering cost and increasing scalability. It shows 30 per cent higher yield than parental cultivars,
greater stability, lower rust susceptibility than standard lines and cupping scores around 82-83, solid specialty
level. Field trials under rainfall reduction conditions also show Starmaya maintains taller canopy and good yield
under moisture stress compared with other cultivars. Worldwide, World Coffee Research has advanced F; hybrids
across countries like E; Salvador, Costa Rica, Rwanda. Among 43 crosses in 2015, 4 finalists increased yield by
approximately 28 per cent and achieved cup-quality scores above 84 in trials by 2022.
2. Wild Climate-Adapted Coffee Species
2.1 Coffea stenophylla, C. excelsa, C. liberica, C. racemosa
Over 100 wild coffee species exist with traits valuable in a warming climate. Kew Gardens and CCRI in India
have prioritized several species with built-in heat and drought resilience:
1. C. stenophylla is naturally heat-tolerant (survives 6-7 °C higher temperatures than Arabica), has an Arabica-
like taste (sweet, acidic) and grows at low elevations (~150 m). Though not yet commercially scaled, interest
is growing due to its sensory appeal and resilience. (C. excelsa, cultivated in Uganda and South Sudan, shows
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strong drought and heat tolerance, pest resistance and is being exported commercially (~5.5 tonnes from
India), though still <1% of market share.
2. C. liberica, historically overlooked, is now appreciated for resilience and unique cup profile. It grows in low-
elevation warmer zones and is being trailed by farmers and specialty roasters.
3. C. racemosa, along with the above, is part of Kew and CCRI’s prioritized set, valued for climate hardiness.
2.2 Genetic Diversity & Conservation Importance
Genomic studies (39 Arabica varieties sequenced) reveal low genetic diversity due to historic inbreeding,
increasing vulnerability to disease and climate stress. Sequencing of wild relatives offers new gene pools for
breeding.
Protecting wild populations is urgent, as many species are threatened by deforestation and monoculture farming.
3. Performance in Climate Stress: Field Evidence
3.1 Drought & High-Temperature Tolerance
Multi-site trials under simulated drought conditions show F1 hybrids like Mundo Maya outperform traditional
cultivars under rainfall reduction, maintaining higher yields, leaf area, and physiological resilience.
Robusta performs well up to approximately 26 °C but declines above that; Arabica is optimal between 18-23 °C
and shows quality degradation above 23-24 °C, prompting altitude range shifts in Brazil and elsewhere.
3.2 Disease Resistance-Rust & Borer
Coffee leaf rust (CLR) has become more prevalent in warmer climates. Varieties like Starmaya, Centroamericano,
Catimor, Castillo and S795 exhibit CLR resistance ranging from reduced susceptibility to major tolerance.
Berry borer populations increase approximately 8.5% per °C above baseline, especially in drought-stressed
Arabica fields, demanding resistant genotypes or species with tolerance traits.
4. Genetics, Breeding, and Production Challenges
Breeding timelines remain long-traditional Arabica breeding can take 20-30 years. F1 hybrid development cycles
(10-20 years) are faster but still slow relative to climate protection urgency.
Propagation is a constraint: Most F1 hybrids require tissue culture or somatic embryogenesis, limiting scale.
Starmaya’s seed-medium propagation via male sterility is a breakthrough to scale elite hybrids affordably.
Adoption barriers: Smallholder farmers may struggle with high initial costs of hybrid seedlings; ensuring local
adaptability and training is essential.
Seed and germplasm access: Seed banks and cooperative systems are vital for distributing resilient varieties and
preserving biodiversity, though social and financial barriers exist.
5. Real-World Adoption & Farmer Projects
Kenya’s Innovea project, led by World Coffee Research, supports breeding climate-resilient varieties across 9
countries. It is the largest global Arabica breeding initiative since the 1960s and targets immediate availability for
farmers in highland regions.
Kew Gardens & Ugandan farmers are trailing C. excelsa and C. stenophylla in small-scale production and taste
assessments, with positive blind-cup results and local buy-in.
In India, CCRI Kodagu’s field station is evaluating four wild species (stenophylla, excelsa, liberica, racemosa)
for climate resilience and cup acceptability, with growers exporting excelsa to global markets.
6. Consumer Acceptance & Cup Quality
F1 hybrids (Centroamericano, Starmaya) and wild species must satisfy taste expectations. Starmaya scored
approximately 82-83 in cupping tests, on par with specialty Arabica standards. Stenophylla has been described as
“complex and naturally sweet with medium-high acidity,” making it attractive for consumers and roasters. Excelsa
and Liberica also show acceptable flavour when processed carefully, though quality variability is higher than
Arabica in current trials.
7. Challenges & Future Directions
Scaling propagation remains difficult for tissue-cultured hybrids; seed-based F1 varieties like Starmaya offer cost-
effective production but require expanded seed gardens. Regulation & intellectual property must balance breeders’
rights and farmer access to prevent monopolistic concentration.
Consumer awareness: for species like stenophylla and liberica, educating consumers about taste and climate
benefit is key for mainstream adoption.

Volume-01, Issue-09 JULY 2025 Page | 5




INNOVATIVE AGRICULTURE (%@Q

¥ _AGRICULTURE *
= g www.innovativeagriculture.in ISSN : 3048 - 989X

Biodiversity protection: Preserving wild germplasm requires conservation efforts alongside exploitation in
breeding.
Integrated strategies: Varietal development must be paired with agroforestry, shade management, irrigation, and
soil health practices to maximize resilience.
Conclusion
Developing climate-resilient coffee varieties is essential to secure global supply, conserve farmer livelihoods, and
maintain quality in the face of rising heat, pests, and land loss. Interventions span powerful F1 hybrids like
Starmaya and Centroamericano offering yield, rust resistance, and cupping quality; robust traditional varieties like
Robusta and S795; and wild species such as C. stenophylla, excelsa, and liberica offering natural heat tolerance
and low-elevation adaptability. Success depends on expanding seed systems, protecting germplasm, supporting
farmer access and training, and building markets for diverse flavour profiles. Integrated with sustainable farming,
these strategies position coffee for a credible future despite climate uncertainty.
References
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Abstract
Mycotoxins are toxic secondary metabolites produced by fungi that contaminate food and feed, especially grains.
Found primarily in crops such as maize, wheat, rice and soybean, these toxins can originate during pre-harvest or
postharvest stages, especially under warm and humid conditions. Major groups include aflatoxins, fumonisins,
ochratoxins, zearalenone and deoxynivalenol (DON), each with severe health and economic implications. Chronic
exposure can cause liver cancer, immunosuppression and reproductive disorders in humans and animals. This
article reviews the sources, health risks, detection methods and mitigation strategies for mycotoxins, emphasizing
the importance of good agricultural and postharvest practices to minimize contamination and safeguard public
health and food security.
Introduction
ycotoxins represent a significant and growing concern in global food safety. These naturally occurring
toxins are produced by certain fungi, predominantly Aspergillus, Fusarium and Penicillium species,
which infect crops under field conditions or during storage. Their contamination is influenced by multiple factors,
including climate, harvesting techniques and storage practices. Grains such as maize, wheat, sorghum and soybean
are particularly susceptible.
According to the FAQO, up to 25% of global crops are contaminated by mycotoxins, though recent studies suggest
this may reach 60-80%o, owing to advances in detection technology. Mycotoxins pose a dual threat-compromising
human and animal health while causing substantial economic losses through food rejection, reduced livestock
productivity and increased healthcare costs.
Occurrence and Classification of Mycotoxins
There are over 300 mycotoxins identified, but only a few are considered significant for food safety:
1) Aflatoxins (AFs) - Produced by Aspergillus flavus and A. parasiticus, these are the most toxic, often found
in maize, peanuts and rice. Chronic exposure can lead to liver cancer, immune suppression and even death.
2) Fumonisins - Produced by Fusarium verticillioides, these affect corn and cause organ damage in animals.
Detected in 93% of Indian corn samples (2011-2021).
3) Deoxynivalenol (DON) - Also known as vomitoxin, found in wheat, oats and barley. It disrupts protein
synthesis and causes vomiting.
4) Ochratoxin A (OTA) - Detected in poorly stored grains, coffee, and dried fruits, OTA is nephrotoxic and
possibly carcinogenic.
5) Zearalenone (ZEN) - Associated with reproductive issues, ZEN often contaminates corn, sorghum and
wheat.
Environmental conditions, such as humidity, temperature and storage method, significantly influence their
development. For instance, aflatoxins and OTA often thrive postharvest, whereas DON, ZEN and fumonisins are
more prevalent preharvest.
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Human and Animal Health Impacts
Mycotoxins are toxic at both acute and chronic exposure levels:
Human Health:
1) Acute effects: Nausea, vomiting, abdominal pain and liver failure.
2) Chronic effects: Liver cancer (aflatoxins), kidney damage (OTA), immune suppression, birth defects
and developmental delays in children.
3) High-risk groups: Children, pregnant women, the elderly and immunocompromised individuals.
Transmission: Aflatoxin M1 can pass into milk from contaminated animal feed, posing further risks.
Animal Health:
Livestock exposed to contaminated feed suffer from:
» Reduced productivity (e.g., lower milk and egg output).
» Immune dysfunction.
» Reproductive problems.
» Economic losses due to animal illness and reduced growth rates.
Soybean in India showed up to 95% OTA contamination, highlighting the widespread risk in feed chains.
Postharvest and Field Management Strategies
Postharvest contamination is largely preventable with proper practices:
1) Drying: Rapid and uniform drying of grains to moisture levels <13%.
2) Storage: Use of sealed, dry, ventilated, and cool storage units.
3) Insect and pest control: To prevent entry points for fungi.
4) Transportation and packaging: Clean, moisture-resistant materials are crucial.
Grain processing-such as sorting, cleaning, fermentation, baking, roasting and extrusion-can reduce toxin levels.
Field management includes:
1)Crop rotation to prevent fungal build-up.
2)Resistant crop varieties through genetic engineering.
3)Biological controls and targeted fungicides, although public concern over chemical use is increasing.
Detection and Monitoring:
Advancements in detection play a crucial role in managing risks:
HPLC-MS/MS: Highly accurate, detects multiple mycotoxins simultaneously.
ELISA Kits: Cost-effective for preliminary testing in field conditions.
Biosensors and PCR: Emerging tools for real-time detection and early fungal identification.
The FDA and USDA collaborate on surveillance and set regulatory limits for aflatoxins and other major toxins,
particularly in nuts and animal feed.
Conclusion
Mycotoxins are a persistent and evolving threat to global food and feed security. Their widespread occurrence in
grains-particularly in tropical and subtropical climates-necessitates urgent and coordinated mitigation strategies.
From improved farming practices and stringent storage protocols to cutting-edge detection technologies, multiple
points in the supply chain offer opportunities for control. Effective risk management must integrate Good
Agricultural Practices (GAP), Hazard Analysis and Critical Control Points (HACCP) and robust regulatory
oversight to ensure food safety, protect public health and maintain the economic viability of agriculture
worldwide.
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Abstract

As India confronts the dual challenges of climate change and food security, carbon farming has emerged as a
transformative approach to make agriculture both environmentally sustainable and economically viable. This
article explores the principles and practices of carbon farming, emphasizing its potential to sequester atmospheric
carbon through soil management, agroforestry, organic inputs, and conservation agriculture. It highlights how
green extension services infused with climate awareness, digital tools, and grassroots capacity building are crucial
for promoting farmer adoption. The integration of carbon credit markets provides a financial incentive for farmers,
enabling them to monetize climate-positive actions. Drawing from successful case studies, policy initiatives, and
innovative partnerships, the article outlines a roadmap for scaling carbon farming across diverse agro-climatic
zones in India. With proper institutional support, digital platforms, and farmer-friendly certification systems,
carbon farming can help achieve climate resilience, enhance rural incomes, and establish Indian farmers as key
players in global climate mitigation efforts.

Keywords: Carbon farming, Green extension, Carbon credit market, Sustainable farming, Carbon sequestration

Introduction: The Imperative for Sustainable Agricultural Transformation

I ndia's agricultural sector, a cornerstone of the nation’s economy and employment, is facing an existential
challenge. With a population surpassing 1.4 billion, the pressure to produce more food is increasing, even as
farming practices face the harsh consequences of climate change. Accounting for nearly 18% of the national GDP
and providing employment to almost half of the country’s labor force, agriculture is paradoxically both a cause
of environmental degradation and one of its foremost casualties. According to recent government data, agriculture
is responsible for approximately 14% of the country’s total greenhouse gas (GHG) emissions. These emissions
arise primarily from methane released by flooded rice fields and livestock, as well as nitrous oxide generated by
synthetic fertilizers. Meanwhile, Indian farmers are grappling with unpredictable rainfall, extreme temperatures,
and soil degradation—factors that threaten food production and rural livelihoods. Against this backdrop, carbon
farming offers a promising solution. This practice seeks to enhance the soil's ability to capture and store carbon,
transforming farms from emission sources into climate solutions. When this approach is coupled with
environmentally-focused agricultural extension services and supported by a well-regulated carbon credit market,
it can create a sustainable and economically rewarding agricultural model. This article explores how carbon
farming, backed by green extension and financial incentives, can lead India toward a more climate-resilient and
profitable agricultural future.

Understanding Carbon Farming: Turning Soils into Carbon Sinks

Carbon farming revolves around increasing the natural ability of soil and vegetation to absorb and store carbon
from the atmosphere. Through photosynthesis, plants convert atmospheric carbon dioxide into organic matter.
When managed correctly, this organic matter—via roots, crop residues, or organic amendments—becomes part
of the soil organic carbon (SOC) pool. Studies by ICAR suggest that Indian agricultural soils have a much lower
SOC content than their potential. Degraded farmlands currently have only 0.3-0.5% organic carbon, compared
to their natural capacity of up to 2%. By adopting carbon farming techniques, SOC can be improved by up to 1.5
tons per acre each year, translating to the removal of several tons of CO: annually from the atmosphere.
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Table 1: Carbon Sequestration Potential of Key Indian Cropping Systems

Cropping Svstem Current Carbon Stock Potential Increase Additional Income
PRINg =Y (tCO2/ha) Potential (F/acre/yr)

Rice-Wheat (Punjab) 25-30 +40-50% with DSR* 3,500-5,000

Cotton-Maize (MH) 15-20 +60% with agroforestry | 4,200-6,000

Coffee (Karnataka) 40-50 +30% with shade trees ﬁr?gz;ooo (premium

Millets (Rajasthan) 10-15 +80% with biochar 2,800-3,500

*DSR = Direct Seeded Rice | Source: ICAR All India Soil Carbon Assessment (2023)

Major Techniques of Carbon Farming in India

India’s diverse agro-climatic zones necessitate region-specific solutions. Some of the most effective carbon
farming practices include:

Agroforestry: Incorporating trees alongside crops or livestock to improve soil structure and enhance
biodiversity.

Conservation Agriculture: Practices like minimal tillage, cover cropping, and crop rotation help
maintain soil health and reduce emissions.

Organic Nutrient Management: Composting, vermicomposting, green manure, and biochar enhance
soil fertility while sequestering carbon.

Efficient Water Use: Innovations such as the System of Rice Intensification (SRI) and micro-irrigation
with fertigation contribute to water and carbon efficiency.

Integrated Farming Systems: Mixing crop cultivation with livestock, fishery, and forestry components
ensures optimal resource use and carbon gain.

For example, the Indo-Gangetic Plains benefit from crop residue management and direct seeding of rice, while
the Deccan Plateau emphasizes drought-resistant tree-based systems and in-situ water conservation.
Table 2: State-wise Carbon Farming Adoption & Benefits

A Area Covered | Avg. Carbon .
State Key Practice (2023) Gain Farmer Earnings
Andhra ;
Pradesh Zero-Budget Natural Farming | 700,000 ha 0.8 tCOz/ha/yr %5,200/acrelyr
Maharashtra Agroforestry (Bamboo) 120,000 ha 2.1 tCO2/ha/yr %7,500/acrelyr
Punjab Happy Seeder Technology 1.5 million ha 0.6 tCO2/ha/yr Z3,800/acrelyr
Kerala Organic+Coconut-Based 350,000 ha 1.2 tCO2/ha/yr %9,090/acre/yr (incl.

premium)

Source: State Agriculture Departments (2024)

Green Extension: A Catalyst for Climate-Smart Farming

While the scientific foundation for carbon farming is robust, implementation on the ground is still in its infancy.
The lack of awareness, reluctance to change, and limited access to resources remain significant barriers. This is
where green extension services—which promote eco-friendly practices along with productivity—can play a
pivotal role.

India’s extension ecosystem is undergoing a transformation:

Volume-01, Issue-09

Krishi Vigyan Kendras (KVKSs) are leading localized awareness campaigns. For example, KVK
Malappuram has established “Carbon Farmer Clubs,” while Solapur KVK has introduced “Soil Carbon
Health Cards” to measure and improve SOC levels.

Digital Advisory Tools like the Kisan Suvidha app, participatory videos, and Al-powered services from
companies such as Cropln and Ninjacart are enabling real-time and personalized guidance.

Farmer Producer Organizations (FPOs) are emerging as important platforms for training,
aggregation, and collective marketing. Groups such as Sahyadri Farms and Sikkim’s Organic Farmers
Society exemplify successful FPO-led carbon initiatives.

Private Companies are also stepping in, with ITC’s water conservation program and Mahindra’s
“Prerna” initiative making tangible impacts in soil and water management.
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Moreover, the National Institute of Agricultural Extension Management (MANAGE) is building the capacity of
frontline workers by offering specialized training in climate change mitigation, carbon accounting, and digital
extension methods.
Carbon Credits: Turning Sustainability into Profit
A key motivation for adopting carbon farming is its ability to generate carbon credits—tradable certificates
representing a ton of carbon dioxide removed or avoided. These credits are sold in either compliance markets
(regulated by governments) or voluntary markets (used by businesses seeking to offset emissions).
Indian farmers can tap into this system through:
1. Project Setup: Measuring baseline carbon levels and implementing certified carbon farming methods.
2. Verification: Getting certified by global bodies such as Verra or Gold Standard.
3. Credit Sales: Marketing the generated credits directly to buyers or through aggregation platforms like
India’s upcoming Carbon Exchange.
Case studies reveal significant benefits: natural farming practitioners in Andhra Pradesh earn up to 7,000 per
acre annually through carbon credits, while farmers using direct seeding methods in Punjab receive additional
payments. Coffee growers in Karnataka have even started selling “carbon-neutral” beans at premium rates.
Table 3: Cost-Benefit Analysis of Transition to Carbon Farming

Component Year 1 Year 3 Year 5

Initial Costs (¥/acre) 8,000-12,000 3,000-5,000 1,000-2,000
Yield Impact -10% to -15% +5% to +10% +15% to +25%
Carbon Credits 31,500 34,200 26,800

Total Net Benefit -26,500 +37,200 +314,500

*Assumes 2-acre smallholder farm | Source: NABARD Pilot Studies (2023)
Challenges and Strategies for Broader Inclusion
Several barriers must be addressed to make carbon markets accessible to all farmers, especially smallholders:
e High costs of certification and monitoring can be reduced through satellite imaging and group
certification models.
e Technological complexity is being simplified using Al tools like ISRO’s Carbon Atlas.
e  Price unpredictability can be countered through price guarantees or long-term contracts, such as those
supported by NABARD.
Policy Support: Enabling a Carbon-Smart Agricultural Economy
Numerous national and state-level policies are already fostering a supportive environment for carbon farming:
e The National Mission for Sustainable Agriculture (NMSA) promotes resilient, climate-smart
practices.
e The Soil Health Card Scheme now incorporates carbon tracking.
e The Paramparagat Krishi Vikas Yojana (PKVY) focuses on the organic methods that contribute to
carbon capture.
e  States such as Andhra Pradesh, Sikkim, and Kerala are pioneering localized models that integrate
carbon farming into mainstream agricultural development.
Table 4: Comparative Analysis of Global Carbon Farming Programs

Country | Program Payment Rate érl;?ille d Key Lesson for India

USA Conservation Stewardship | $50-150/acre/yr 25 million ha | Pay-for-performance works

Brazil ABC+ Low Carbon Plan R$1000- 18 million ha | Large-scale adoption possible
3000/farm/yr

Kenya Qr%rjiec(;ltural Carbon $6-10/tCO2e 45,000 ha Smallholder inclusion model

Australia | Carbon Farming Initiative | AUD$15-30/tCOz¢ | 8 million ha gggg;ilid measurement

Source: World Bank Climate Smart Agriculture Report (2023)
International collaborations with the World Bank, EU, and others further boost India’s capacity in research,
funding, and cross-learning.
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The Road Ahead: Five Strategic Priorities
To truly scale up carbon farming, India must:

1.

w N

e

Launch a National Carbon Farming Mission, integrating it with existing schemes and setting
measurable carbon targets.

Build a robust carbon market, with platforms designed specifically for agricultural stakeholders.
Strengthen green extension infrastructure, including helplines, mobile tools, and women-led
outreach.

Foster public-private collaboration, leveraging CSR initiatives and market access partnerships.
Invest in research and innovation, especially for affordable measurement tools, biochar, and digital
agriculture.

Conclusion: Sowing Seeds for a Climate-Smart Tomorrow

Carbon farming is not just a sustainability strategy—it’s a pathway to transforming Indian agriculture into a low-
emission, high-reward sector. By increasing carbon sequestration, supporting rural incomes, and enhancing
resilience to climate shocks, this approach offers a blueprint for a greener, more inclusive future. India has the
potential to capture more than 8 million tons of CO: annually through agricultural reforms. With the right
alignment of policies, technologies, and extension mechanisms, the country can position its farmers not only as
food providers but also as environmental stewards in the global climate mission.
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Introduction

I n the evolving landscape of agricultural development, Participatory Rural Appraisal (PRA) stands as a timeless
yet highly relevant approach to ensure farmer-centric, inclusive, and sustainable extension services. Rooted in

the philosophy of “learning with the people”, PRA emphasizes local knowledge, active participation, and

empowerment of rural communities. With the increasing complexities of agriculture due to climate change, market

uncertainties, and technological advancements, modern extension can no longer be a one-way delivery system.

This is where PRA finds renewed significance.

The concept of PRA was significantly developed and popularized by Dr. Robert Chambers, a British
development scholar from the Institute of Development Studies (IDS), UK. He emphasized the importance of
putting the last first—bringing the voices of the rural poor into planning and decision-making.

What is PRA?

Participatory Rural Appraisal (PRA) is a set of participatory and visual techniques employed by extension
workers, researchers, and planners to gain a deep understanding of rural realities from the perspective of the local
community. It enables the identification of problems and available resources, helps prioritize community needs,
supports the design of context-specific interventions, and encourages solutions that are led and owned by the
people themselves.

Participatory Rural Appraisal (PRA) is a collection of visual, interactive, and participatory tools that help
communities analyze their own realities, identify challenges, and plan solutions. It is widely used in agricultural
extension, rural development, and environmental planning to ensure farmer-led and context-specific development.
Relevance of PRA in Modern Agricultural Extension
1. Farmer Empowerment
Modern extension is not just about transferring technology—it's about co-creating knowledge. PRA gives voice
to marginalized farmers, women, and youth, empowering them to participate in the planning and execution of
extension activities.

2. Localized Solutions

Unlike top-down models, PRA respects indigenous knowledge systems. It ensures that the technologies or
practices recommended are practical, relevant, and locally acceptable.

3. Real-time Ground-Level Data

PRA tools such as social mapping, seasonal calendars, resource mapping, and problem ranking help extension
workers gather authentic and real-time information about communities, which is often missing in formal surveys.
4. Promoting Ownership & Sustainability

When farmers are part of the decision-making process, they develop a sense of ownership over interventions. This
leads to better adoption rates and more sustainable outcomes.

5. Adaptability with Digital Tools

PRA is now being digitally enabled—maps, timelines, and feedback are being recorded through smartphones and
apps. Thus, traditional methods blend well with modern ICT tools, enhancing reach and impact.

| Modern Needs ||PRAContribution |

|Farmer ParticipationHEmpowers rural communities to co-create solutions |

[Climate Resilience ||Helps document local coping strategies |

[Sustainable Farming] Integrates indigenous knowledge |

|Digita| Integration ||PRA now merges with ICTs and mobile-based tools|

|Bott0m—up PIanningHEnsures need-based, not top-down interventions |
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Key PRA Techniques
Here are some widely used PRA techniques in agricultural extension:

Social Mapping Resource Mapping
Shows location of houses, Drawn to show natural
landholdings, water bodies and man-made resources

institutions

Seasonal Calendar
January Priority Priority | Criterion 1
B 1 2 3
Fesbivar Problem A | 6 6]l2]4 2 1
Labor poblemB| 1 |6 |o |8 | 4| 3
Rainfail ProblemC| 1 6 |5]4 7 1
Posts ProbiemD| 1 | 7z |2 | 3 3 1
Problem Ranking Problem Ranking Venn Diagram
Community members (Matrix Ranking) (Institutional
rank problems based Shows institutions Mapping)
on importance in terrns of Shows institutions
influence, accesibility in terms of influence,

accessibility

1. Social Mapping

Social Mapping is a visual representation of the layout of a village. It is drawn with the help of community
members and shows the location of houses, landholdings, roads, water bodies, and institutions. This technique
helps extension workers understand resource distribution, social structure, caste patterns, and land use in a
particular area. It also encourages community discussion on disparities and needs.

2. Resource Mapping

Resource Mapping is used to identify both natural and man-made resources within a village. Created by the
villagers themselves, it includes features such as forests, wells, ponds, schools, temples, grazing lands, etc. This
technique is particularly useful in planning resource utilization, management, and conservation based on local
knowledge.
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3. Seasonal Calendar

A Seasonal Calendar displays seasonal trends and patterns throughout the year. It records important information
such as cropping seasons, labor availability, rainfall, pests and diseases, food availability, and income flow. This
tool helps in planning agricultural interventions that are climate-resilient and well-timed to local conditions.

4. Problem Ranking / Matrix Ranking

In this technique, community members collectively list out their problems and rank them based on urgency or
impact. It helps identify priority areas for development or intervention. Matrix ranking may involve scoring
different options (e.g., crop varieties, farming tools) against criteria like cost, availability, and suitability.

5. Venn Diagram (Institutional Mapping)

A Venn Diagram is used to understand the roles and relationships of different institutions in a village. Circles
represent organizations such as banks, cooperatives, NGOs, KVKs, and health centers. The size of the circle
indicates importance, and its placement shows accessibility or influence. This tool helps assess institutional trust
and connectivity in the community.

Challenges

While Participatory Rural Appraisal (PRA) offers significant benefits in empowering communities and improving
extension outcomes, it also faces certain challenges in practice. One major concern is the time-consuming nature
of PRA, especially when applied in large-scale implementations without proper planning and support. There is
also a strong need for well-trained facilitators who possess both technical knowledge and the sensitivity to guide
participatory processes without bias. Additionally, possible manipulation of participation can occur when
community involvement is superficial or symbolic, rather than truly inclusive. Ensuring genuine community
engagement and building a pool of skilled facilitators are critical steps in overcoming these challenges and
maintaining the integrity of PRA in modern extension systems.

Way Forward

To strengthen the role of Participatory Rural Appraisal (PRA) in modern agricultural extension, it is vital to focus
on training extension workers in PRA methodologies, ensuring they are equipped with facilitation skills and a
participatory mindset. The digitization of PRA data collection and integration with digital platforms and
Geographic Information Systems (GIS) can expand its reach and enhance data accuracy. Encouraging active
participation of women and youth is essential to make the process more inclusive and gender-sensitive.
Furthermore, linking PRA outcomes with policy decisions and local governance structures bridges the gap
between grassroots insights and institutional action. Such efforts can ensure that PRA becomes a powerful tool
for community empowerment and sustainable rural development.

Conclusion

In an era of precision farming and digital technologies, PRA reminds us to not lose sight of the human and
participatory dimensions of agriculture. By allowing farmers to analyze, express, and lead, PRA ensures that
extension services are not only effective, but also inclusive and sustainable. As Dr. Robert Chambers believed,
the best insights come not from experts talking—but from villagers drawing in the dust.

In a time when participation, sustainability, and inclusivity are keywords in agricultural development, PRA
serves not just as a tool, but a transformative approach. Its relevance in modern extension lies in its ability to
connect hearts before hands, listen before acting, and empower before implementing. By putting the rural
community at the center of decision-making, PRA makes extension not just effective, but truly meaningful.
Reference
Chambers, R. (1994). Participatory Rural Appraisal (PRA): Challenges, potentials and paradigm. World
Development, 22(10), 1437-1454.
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Introduction

he age-old quote “Let food be the medicine and medicine be the food”, by Hippocrates is the ideology of

today’s health-conscious population (Pandey et al.,2015). The concept of functional food stated that food is
not only for living but also important in the prevention and reduction of risk factors for several diseases and are
also capable of enhancing certain vital physiological functions. Functional foods not only provide essential
nutrients like vitamins, fats, proteins, and carbohydrates, but they also have the ability to positively influence gut
microflora (Rajesh et al., 2020). By including these foods in our diet, we can help maintain a healthy balance of
gut microbes and support their metabolic activities. An imbalance or alteration in this microbial community has
been linked to various diseases-and in turn, illness itself can further disrupt the gut microbiota (Dhar et al., 2020).
A growing body of evidence highlights the beneficial effects of functional foods on the immune system and their
role in reducing disease susceptibility (Olaimat et al., 2020). As public health expert William Foege emphasized,
balanced nutrition isn't just about health maintenance—it also plays a powerful role in disease prevention (Infusino
et al., 2020; Rajesh et al., 2020).
Human Gut Microbiota
The human gastrointestinal (GI) tract is not only our digestive powerhouse but also the largest immune organ in
the body. Gut is home to a vast and diverse community of microorganisms known as the gut microbiota.
Remarkably, our bodies contain about ten times more microbial cells than human cells (Dhar et al., 2020). These
microbes don’t just live in our gut-they’re also found on our skin and in body fluids, forming an intricate
ecosystem that lives in close partnership with us. We share a symbiotic relationship with these tiny organisms.
While we offer them shelter and nutrients, they support us in countless ways-helping with digestion, producing
essential vitamins, and training our immune system (Génzle et al., 2021). Every person’s gut microbiota is unique,
and it plays a crucial role in protecting against harmful pathogens, breaking down complex carbohydrates, and
shaping the development of our immune system (Cho and Blaser, 2012). These gut microbes regularly interact
with immune cells, often promoting health and balance in the body. However, when harmful bacteria gain the
upper hand and disrupt this balance, it can lead to a variety of diseases. Changes in the composition of our gut
microbiota have been linked to numerous health issues. As research continues to grow, it’s becoming clear that
these microbes are vital players in our metabolism and immunity-and they may hold the key to developing new
therapeutic strategies (Hu Jielun et al., 2021).
Probiotics
Probiotic term was derived from the Greek word pro, means “promoting” and biotic, means “life”. Probiotic term
was firstly introduced by Vergin while studying the detrimental effects of antibiotics and other microbial
substances, on the gut microbial population (Pandey et al.,2015). Later in 1965 Lilly and Stillwell redefined the
term probiotic as “A product produced by one microorganism stimulating the growth of another microorganism”.
Currently, probiotics defined by the Food and Agriculture Organization of the United Nations (FAO) and WHO
as “live microorganisms which when administered in adequate amounts confer a health benefit on the host”.
Referring beneficial bacteria as probiotics isn’t completely true. Probiotic must contain live microorganisms that
has got to be beneficial, in adequate amounts to confer a health benefit. Probiotics include bacteria like
Lactobacillus acidophilus, L. amylovorus, L. brevis, L. bulgaricus, L. casei, L. cellobiosus, L. crispatus, L.
curvatus, L. delbrueckii spp. bulgaris, L. fermentum, L. gallinarum, L. helveticus, L. johnsonii, L. lactis, L.
paracasei, L. plantarum, L. reuteri, L. rhamnosus; Streptococcus thermophilus, Lactococcus lactis, Leuconostoc
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mesenteroides, Pediococcus pento- saceus, P. acidilactici, Bifidobacterium adolescentis, B. animalis, B. bifidum,
B. breve, B. essensis, B. infantis, B. laterosporum, B. thermophilum, B. longum, Propionibacterium
acidipropionici, P. freudenreichii, P. jensenii, P. thoenii, Enterococcus fecalis, E. faecium, Bacillus alcolophilus,
B. cereus, B. clausii, B. coagulans, B. subtilis, Escherichia coli, Sporolactobacillus inulinus; as well as only yeast
such as Saccharomyces boulardii and S. cerevisiae (Olaimat et al., 2020). Probiotics contain beneficial microbes
that can be of single strain and mixture of two or multiple strains. Probiotics effects are strain specific. A single
strain exhibit different benefits depending on individual or combination uptake. Multi-strain probiotics are more
competent than single strain (Markowiak et al., 2017). Probiotics exert their beneficial effects on the host through
four main  mechanisms: interference  with  potential  pathogens, improvement of  barrier
function, immunomodulation and production of neurotransmitters. lIdeal probiotic should be non-pathogenic, non-
toxic and non-allergic to host and also able to survive the passage through the digestive system. Probiatic should
have good adhesion or colonization property Probiotic should be able to maintain good viability and utilize the
nutrients in a normal diet (Pandey et al., 2015). For probiotics to be effective, they need to remain stable and retain
their beneficial properties throughout processing, storage, and transportation. ldeally, they should also offer anti-
inflammatory, antimutagenic, and immune-boosting benefits (Markowiak et al., 2017). Probiotics are commonly
consumed through foods or supplements, and they can come from both dairy and non-dairy sources. Dairy-based
probiotic foods include familiar items like yogurt, curd, lassi, sour milk, cheese, ice cream, and even frozen
synbiotic desserts. On the other hand, non-dairy probiotic options can be plant-based, such as bread, bakery items,
health drinks, puddings, fruits, and vegetables, or even animal-based products like dry meat and fish sausages
(Rajesh et al., 2020).

The health benefits of probiotics are wide-ranging. They can ease symptoms of lactose intolerance by
improving digestion, help prevent allergic reactions, maintain a healthy gut pH, and may even assist in managing
heart health by lowering cholesterol levels. Probiotics are also known to support the production of vitamin B,
enhance the absorption of dietary calcium, and strengthen the immune system. Beyond simply enhancing nutrient
absorption, probiotics actively support overall health and help regulate immune responses (Kechagia et al., 2013).
Over the past two decades, they have also been explored as antimicrobial agents against respiratory viruses,
including those responsible for infections like the common cold and influenza. The most compelling mechanisms
behind their antiviral activity involve modulating the innate immune system and enhancing acquired immune
responses (Sundararaman et al., 2021).

Research on various viral infections suggests that preventing such diseases often depends on a strong
immune system, which can be supported by a balanced diet and the supplementation of key nutrients like vitamins,
minerals, fiber, and probiotics (Olaimat et al., 2020). In particular, studies during the COVID-19 pandemic have
shown that probiotics may help in prevention or recovery by boosting immune function. This includes the
stimulation of Immunoglobulin A (IgA) secretion, and increased activity of Peyer's patches, neutrophils,
macrophages, natural killer cells, mesenteric lymph nodes, and intraepithelial lymphocytes—all of which play
crucial roles in immune defense (Bottari et al., 2021).

Prebiotics

Prebiotics are nondigestible dietary ingredient that beneficially affects the host by selectively stimulating the
expansion or activity of a limited number of bacteria within the colon. Prebiotics concept was introduced by
Gibson & Roberfroid in 1995 (Pandey et al.,2015). Prebiotics are the food source meant to stay probiotics alive.
Prebiotics are an alternate for probiotics or their cofactors. Prebiotics are not bacteria; these are special nutrients.
The most common forms (FOS, Inulin, GOS, resistant starch) are based upon 6-carbon sugars such as fructose,
glucose, and galactose. XOS, AXOS are based upon 5-carbon sugars, and have a different bonding structure
(Markowiak et al., 2017). Fermentation of prebiotics by gut microbiota produces short-chain fatty acids (SCFAS),
including carboxylic acid, butanoic acid, and propanoic acid. Prebiotics have multiple effects on the body (Rajesh
et al., 2020). Prebiotics are naturally occurring in many foods. A wide range of plant foods, like whole grains,
legumes, tomatoes, bananas, onions, garlic, and Jerusalem artichokes, contain FOS. GOS are less common but
occur in breast milk and fermented dairy products (Davani-Davari et al.,2019). Ideal prebiotic should supply
nutrient to beneficial bacteria and escape digestion in the stomach to reach intestine. It should promote the
proliferation of beneficial bacteria (Probiotics). Prebiotic favourably affect the immune system and provide
improved resistance against infection. It also helps to increase the absorption of certain minerals such as calcium

Volume-01, Issue-09 JULY 2025 Page | 17




INNOVATIVE AGRICULTURE (@

'
~ _AGRICULTURE
= - www.innovativeagriculture.in ISSN : 3048 - 989X

and magnesium by host body (Markowiak et al., 2017). There is no information directly linking prebiotics to
COVID- 19 infections in any way, although a indirect effects is also hypothesized (Olaimat et al., 2020).
Probiatics and Prebiotics therapy has shown encouraging results in many clinical conditions of human being such
as diarrhoea of multiple etiologies, irritable bowel syndrome (IBS), urogenital infections, allergic diseases, high
blood pressure etc (Pandey et al.,2015). But Pro-prebiotics therapy found to significantly remodel the microbiome
of an individual recovering from antibiotic therapy and therefore, recommended for the prevention of secondary
infection (Olaimat et al., 2020).

Future Prospectus of pro-prebiotics study

Recent technological advancements-such as next-generation sequencing (NGS), metabolomics, and RNA
sequencing have significantly propelled research in the fields of probiotics and prebiotics. These tools have
deepened our understanding of how probiotics function, how they interact with the body’s native microbiota, and
how they ultimately impact human health. In particular, the rise of bioinformatics has played a crucial role in
advancing probiotics and prebiotics research. Bioinformatics tools allow researchers to explore beneficial
microorganisms in much greater detail, enabling their targeted use, safety evaluation, and overall effectiveness.
The decreasing cost and increased accessibility of NGS technology has made these studies more feasible than
ever before. Sequenced genomes of probiotic and prebiotic organisms are now routinely deposited into public
databases such as GenBank, DDBJ, and ENA. Specialized platforms like the PROBIO database (for probiotics)
and ODRAP database (for prebiotics) offer structured access to data on their functions and properties
(Cunningham et al., 2021). Moreover, advances in bioinformatics and data integration have led to the creation of
dedicated pro-prebiotic databases and large-scale analytical tools, breaking down many of the previous barriers
in studying their effects. These technologies not only enhance our mechanistic understanding of how probiotics
and prebiotics work but also help identify new candidate strains and substrates for future applications.

The scientific literature in this field has also expanded rapidly, especially in areas involving high-throughput
analyses of the gut microbiome. In the coming years, research is expected to focus on integrating data from various
omics platforms, including metagenomics, metatranscriptomics, metaproteomics, and metabolomics (Day et al.,
2019). These multi-omics technologies are revolutionizing microbiome research by allowing for comprehensive
characterization—from genetic blueprints to functional metabolic outcomes. As these technologies become more
interconnected and sophisticated, they will provide a more complete picture of the physiological and biochemical
interactions between host and microbes, opening new doors for health and therapeutic innovations (Kurian et al.,
2021).
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Introduction:
hysiological adaptations that occur in the hearts of animals which include bradycardia, change in cardiac
volumes like stroke volume (volume of blood pumped into the aorta / pulmonary trunk by each ventricular
contraction (left / right) is referred to as stroke or pulse volume which is caused due to Ventricular Hypertrophy,
all such adaptations are necessary for normal physiology of the body.

An athletic heart is commonly seen sporting type of dogs due to several factors related to their physiology,
genetics, and lifestyle. The heart of an athletic dog works as a finely tuned machine, pumping blood efficiently to
deliver oxygen and essential nutrients to all parts of the body especially muscles during intense training. The
canine heart undergoes changes when a dog engages in continuous physical training.

Diagnosis:
1. Increased Heart Size: The heart chambers, especially the left ventricle, can enlarge to accommodate
increased blood flow.
2. Improved Stroke Volume: The amount of blood ejected with each heartbeat (stroke volume) increases,
allowing for more effective circulation during both rest and exercise.
3. Lower Resting Heart Rate/Bradycardia: Athletic dogs often have a lower resting heart rate (bradycardia)
due to improved efficiency. This means the heart doesn't have to beat as often to maintain adequate circulation.
4. Enhanced Myocardial Efficiency: The heart's muscles adapt to intense training, become more efficient and
tolerant, which allows the heart to work harder without experiencing fatigue.
5. Increased Capillary Density: Regular training can lead to an increase in capillary networks within the heart
and surrounding muscles, improving oxygen delivery and waste removal to maintain the homeostasis.
Diagnostic Tests:
 Electrocardiography (ECG):
1. ECG can reveal sinus arrhythmia, variability in heart rate, these are common symptoms of athletic heart of a
dog.
2. Changes in the QRS duration and the QT interval are observed in ECG of highly trained dogs.
« Echocardiography:
1. Its helps differentiate physiologic LVH (left ventricle hypertrophy) from pathologic hypertrophy.
Differential Diagnosis:
It is important to differentiate athletic heart from other heart conditions that may cause similar changes.
»  Hypertrophic cardiomyopathy (HCM): it is a heart condition where the heart muscles, (particularly the walls
of left ventricle) becomes thickened and this thickening can cause difficulty in pumping blood and causes
myocardial fibrosis.
» Dilated cardiomyopathy: a disease in heart muscle that results in weakened and enlarged heart chambers.
» Valvular heart disease: degeneration of heart valves, leading to cardiac murmurs and heart failure.
Physiological Advantages of Athletic Heart
Hypertrophy is necessary for improved stroke volume as increased of heart size can enhance the cardiac output
by pumping more blood/ beat, overall blood circulation and enhancing oxygen delivery to time leading to better
performance.

It also helps in improving blood pressure regulation. Enhanced myocardial efficiency can reduce stress
helping in better adaptation and intensifying the recovery.
Increased capillary density helps for reduce risk of ischemia (Ischemia refers to a condition where there is
insufficient blood flow to a specific area of the body which leads to tissue death).
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Conclusion:

Athletic heart in dogs is generally considered benign and doesn’t require treatment, but it is crucial to monitor the
dog for any symptoms like coughing, difficulty in breathing, lethargy or fainting and it is essential to differentiate
athletic heart from underlying cardiac disease. Routine veterinary examination, including cardiac auscultation,
electrocardiography and echo cardiography are essential to monitor cardiac health in cases of athletic heart. A
balanced exercise program, healthy lifestyle, optimal cardiac function and regular veterinary care are essential for
maintaining a healthy athletic dog.
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Abstract

In modern horticulture, improving yield and enhancing plant health while ensuring economic viability are
paramount. Among various cultural practices, 3G cutting (Third Generation Cutting) has emerged as a promising
technique for yield enhancement and better canopy management in certain vegetable crops, especially tomato,
brinjal (eggplant), and chili. It involves systematic pruning of the plant to promote lateral branching and stimulate
fruit production. The technique is simple, cost-effective, and eco-friendly, offering an excellent option for small
and marginal farmers seeking to maximize productivity without intensive input use.

Keywords: 3G cutting, vegetables, horticulture, improvement, production

Introduction

I n modern horticulture, scientific methods of pruning and training are increasingly adopted to improve plant
growth, fruiting, and overall yield. One such effective and farmer-friendly technique is 3G cutting, especially
beneficial in vegetable crops like tomato, brinjal (eggplant), chilli, and okra. "3G" stands for "Third Generation",
referring to the selective pruning of plants to encourage bushy growth, more flowering branches, and ultimately
higher production. This approach ensures better sunlight penetration, air circulation, and resource utilization,
leading to healthier plants and more fruits per plant. This technique is cost-effective, easy to apply, and plays a
significant role in improving crop architecture and productivity by enhancing fruit yield through controlled growth
and branching.
3G Cutting
3G cutting is a systematic pruning or pinching method where selective branches of a vegetable plant are removed
at different growth stages to encourage the development of side shoots. These side shoots are more productive as
they bear more flowers and fruits. The practice is based on apical dominance control, redirecting the plant's energy
from vertical growth to lateral growth, which leads to more fruit-bearing branches.
How it works
1. 1G (First Generation Cutting):
o When the plant reaches about 45-60 days after transplanting or has developed 4-6 true leaves, the
top/main shoot is pinched off.
o This encourages the growth of two new lateral branches (2G).
2. 2G (Second Generation Cutting):
o  When these two branches reach a similar height (around 3045 cm), their tips are again pinched to
promote 3rd generation branches (3G).
o Each 2G branch gives rise to 2 or more 3G branches.
3. 3G (Third Generation Cutting):
o The 3G branches are the main fruit-bearing branches. They should be retained and allowed to grow
naturally.
o Avoid further pinching after 3G to let the plant focus on flowering and fruit setting.
Scientific Basis
The principle of 3G cutting lies in manipulating apical dominance, which is the natural tendency of the main stem
to grow more vigorously than lateral branches due to the hormone auxin produced at the shoot tip. By removing
the apical bud, cytokinins and gibberellins stimulate lateral bud growth, increasing the plant's bushiness and fruit-
bearing capacity.
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Benefits of 3G Cutting in Vegetables

e Increases Yield: Encourages more flowering and fruiting sites per plant.
Compact Plant Growth: Helps maintain a bushy, strong structure that supports more fruits.
Improves Air Circulation and Sunlight Penetration: Reduces the risk of fungal diseases.
Better Pest and Disease Management: Makes it easier to monitor and control pests.
Cost-effective: Requires no external inputs or chemicals.
Suitable Crops for 3G Cutting
Tomato

Most common crop for 3G cutting.

Typically results in a 30-50% increase in yield.

Best suited for indeterminate varieties.
Brinjal (Eggplant)

Promotes bushy growth.

Enhances number of marketable fruits per plant.
Chilli and Capsicum (Bell Pepper)

Especially effective in hybrid chilies.

Reduces the chance of viral infections like leaf curl.

Increases productivity significantly under controlled practices.
Okra (Lady's Finger)

Promotes branching and increases productivity

Precautions while practicing 3G cutting
e Use clean and sterilized tools to avoid infection.
Perform cutting during cool hours (morning or evening).
Apply cow dung slurry or neem paste on cut surfaces to prevent disease entry.
Ensure proper irrigation and nutrient supply after cutting for recovery and regrowth.
e Avoid excessive cutting beyond 3G as it may weaken the plant.
Conclusion
3G cutting is a simple yet powerful technique that holds great promise for increasing vegetable productivity
without incurring additional costs. By enhancing the plant’s natural branching and fruit-bearing capacity, farmers
can achieve better yields, improve crop quality, and adopt a more sustainable cultivation practice. With increasing
awareness, this technique is gaining popularity among vegetable growers across India.
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Introduction

Livestock systems worldwide are under intense pressure due to the compounded challenges of climate change,
population growth, declining natural resources, and the need for sustainable agricultural practices. Livestock

production is a major component of global agriculture, contributing significantly to food security, rural

livelihoods, and national economies. Feed and fodder availability, quality, and efficiency play a pivotal role in

determining the health, productivity, and environmental footprint of livestock production.

However, traditional livestock feeding systems are increasingly becoming unsustainable due to
environmental degradation, resource scarcity, and climate change. Feed constitutes over 60—70% of the total cost
of animal production. Yet, in many parts of the world, especially in developing countries, feed scarcity and poor
quality remain critical constraints to animal productivity. The advent of next-generation feeds and fodders
encompassing innovations in genetic improvement, alternative feed resources, precision nutrition and
biotechnology represents a transformative approach to ensure sustainable and climate-resilient livestock systems.

Climate change has exacerbated these challenges, affecting the quantity and quality of available forage and
increasing the frequency of feed shortages. Rising temperatures, erratic rainfall, and increased incidence of
extreme weather events disrupt pasture ecosystems and crop-livestock interactions. This necessitates a paradigm
shift toward climate-smart, sustainable, and innovative feed strategies. Enter next-generation feeds and fodders,
which include high-yielding and drought-tolerant forage crops, alternative protein sources like insect meal and
algae, precision-fed rations and digital feed management technologies. This article explores the importance of
next-generation feeds and fodders in improving livestock health and productivity under current climate change
scenarios, highlighting key strategies, innovations, and future directions.

Climate change and its impact on livestock production

Effects on feed resources

Climate change directly affects the growth, distribution, and nutritional composition of feed crops and forages.
Rising temperatures and erratic precipitation patterns reduce pasture availability and increase desertification.
Drought stress leads to reduced biomass, protein content, and digestibility of forage crops.

Impact on livestock health

Heat stress and poor nutrition weaken immune responses, reduce reproductive efficiency, and elevate disease
susceptibility in livestock. Water scarcity further exacerbates health and productivity losses, making it essential
to enhance feed-water efficiency.

Greenhouse gas emissions

The livestock sector contributes approximately 14.5% of global greenhouse gas (GHG) emissions, mainly through
methane (CH4) from enteric fermentation and nitrous oxide (N2O) from manure. Feed quality and digestibility
directly influence emission levels, emphasizing the role of improved feeds in climate mitigation.

Role of feeds and fodders in livestock systems

Traditional feeds: Limitations

Traditional feed resources, including crop residues, low-quality grasses, and conventional grains, are often
inadequate in protein, energy, and essential micronutrients. Over-reliance on such feeds leads to suboptimal
performance and high methane emissions.
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Importance of nutritive feeds

Balanced and nutrient-rich feeds improve animal growth, milk yield, fertility, and disease resistance. Feed
efficiency also determines the economic viability of livestock farming and its environmental sustainability.
Next-generation feeds and fodders: Innovations and technologies

As the global demand for animal protein increases, the livestock sector faces the dual challenge of boosting
productivity while minimizing environmental impact. Traditional feeding systems are no longer sufficient to meet
these goals, prompting the development of next-generation feeds and fodder technologies. These innovations aim
to enhance animal nutrition, improve feed efficiency, and promote sustainability across animal husbandry systems.
Alternative protein sources

One of the most transformative innovations is the incorporation of novel protein sources into animal diets. Insects
such as black soldier fly larvae, algae (e.g., spirulina), and single-cell proteins derived from fungi and bacteria
offer high protein content, fast growth cycles, and low resource requirements. These alternatives not only reduce
dependency on conventional soy and fishmeal but also contribute to a circular economy by converting organic
waste into high-value feed.

Insect meal: Rich in protein and amino acids; black soldier fly larvae and mealworms are gaining traction as
sustainable protein sources.

Algae and seaweeds: Spirulina and red algae offer high protein and reduce methane emissions when added to
cattle diets.

Single-cell proteins (SCP): Derived from fungi, yeast, or bacteria, SCPs utilize agricultural waste for protein-rich
feed production.

Genetically improved forages

Through conventional breeding and genetic modification, new forage varieties have been developed with higher
biomass yield, improved digestibility, and enhanced resistance to drought and pests. Crops like Napier grass,
alfalfa, and hybrid sorghum are being optimized for nutrient content and adaptability, ensuring consistent feed
availability in diverse agro-climatic zones.

Precision feeding technologies

Precision livestock farming integrates sensors, automated feeders, and Al-driven decision tools to monitor
individual animal health and adjust feed intake in real-time. These technologies optimize feed conversion ratios,
reduce waste, and allow for targeted nutrient delivery based on species, age, and physiological needs. Mobile
applications and smart collars are making such systems increasingly accessible to small and medium-scale
farmers.

Fermented and treated fodder

Ensiling and fermentation techniques enhance the nutritional value of roughages while increasing shelf life. Use
of microbial inoculants and enzymes can improve fiber digestibility and reduce anti-nutritional factors.
Additionally, biofortification of fodder with minerals and probiotics supports better animal health and
productivity.

Climate-smart feed production

Climate-resilient fodder systems, including hydroponics and vertical farming of green fodder, are gaining
attention. These systems use minimal land and water resources while producing high-quality forage year-round.
Integration of solar-powered irrigation and smart water use further enhances sustainability.

Digital platforms and feed formulation software

Access to real-time data and cloud-based platforms helps farmers make informed decisions about feed sourcing,
mixing ratios, and inventory management. Open-source feed formulation software allows precise nutrient
balancing, which improves growth performance and reduces environmental load from excess nutrients.
High-yielding, climate-resilient forage crops

Genetically improved fodder varieties hybrid Napier such as drought-resistant sorghum and legumes like
Stylosanthes) show greater biomass production, nutritional density and stress tolerance. Agroforestry systems
integrate multipurpose trees with pastures to enhance fodder availability, shade, and soil fertility.

Feed additives and supplements

Probiatics, enzymes, and prebiotics enhance gut health and nutrient absorption. Rumen modifiers like tannins and
essential oils reduce methane production by altering microbial fermentation pathways. Bypass protein and fat
supplements increase nutrient availability in high-yielding dairy animals.
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Precision feed formulation

Use of nutritional modeling software and Artificial Intelligence (Al) helps formulate customized rations based on
animal needs, feed composition, and environmental conditions.

Near-infrared spectroscopy (NIRS) rapidly assesses feed quality to improve ration balancing.

Digital feed management

Smart feeding systems, automated feeders, and 10T sensors monitor feed intake, digestion efficiency, and health
indicators in real time. Data-driven decisions reduce feed waste and improve fanimal performance.

Innovations in feed and fodder technologies are redefining animal agriculture. By embracing sustainable
practices, alternative ingredients and smart technologies, the livestock sector can achieve higher productivity,
reduce its ecological footprint and ensure food security for a growing global population.

Sustainable fodder production and conservation

With increasing pressure on global food systems, sustainable fodder production and conservation have become
critical to ensuring the long-term viability of the livestock sector. Traditional fodder practices, often dependent
on seasonal availability and natural pastures, can no longer meet the growing demands of intensified animal
production. Next-generation approaches focus on resource efficiency, climate resilience, and year-round
availability of quality fodder, while minimizing environmental impact.

Climate-resilient fodder crops

One of the key strategies in sustainable fodder production is the use of climate-resilient forage species. Drought-
tolerant crops like Napier grass, cowpea, lucerne (alfalfa), and sorghum are being widely adopted for their high
biomass yields and adaptability to changing climatic conditions. These crops are often more resistant to pests and
diseases, reducing the need for chemical inputs and ensuring consistent feed supply even in extreme weather.
Integrated farming systems

Integrating fodder production into existing cropping systems enhances land use efficiency and promotes
sustainability. Intercropping legumes with cereals, agroforestry systems, and crop-livestock integration enable
farmers to produce both food and fodder from the same land. Legumes also fix atmospheric nitrogen, improving
soil fertility and reducing dependency on synthetic fertilizers.

Hydroponics and vertical fodder cultivation

Hydroponic green fodder systems allow farmers to grow high-quality forage such as barley, maize, and wheat
grass in controlled environments without soil. These systems use 80-90% less water than traditional methods and
produce fodder within 7-10 days, making them ideal for areas with limited land and water resources. Vertical
farming adds another dimension by enabling multi-layer production in confined spaces.

Conservation techniques: Silage and haymaking

Properly fermented silage and sun-dried hay allow year-round feed availability. Crops like maize, sorghum, and
legumes can be conserved during surplus periods. To ensure year-round feed availability, conservation methods
such as silage and haymaking are increasingly important. Silage, made by fermenting green fodder in anaerobic
conditions, preserves the nutritional quality for several months. It is particularly useful during lean periods or
drought. Haymaking, where fodder is dried and stored, is also widely practiced for preserving excess forage during
peak seasons.

Use of renewable energy and sustainable inputs

Sustainable fodder production also involves reducing the carbon footprint of farming operations. Solar-powered
irrigation systems, organic fertilizers, and reduced tillage techniques help in conserving energy and maintaining
soil health. Encouraging the use of local and recycled inputs—such as compost and manure—enhances ecosystem
services and supports circular farming models.

Sustainable fodder production and conservation are vital for resilient and productive livestock systems. By
adopting climate-smart crops, modern cultivation methods, integrated systems, and efficient conservation
techniques, farmers can ensure continuous, high-quality fodder supply while protecting the environment and
natural resources for future generations.

Intercropping and crop residue management

Sustainable fodder intercropping and effective crop residue management are essential components of next-
generation feeding strategies aimed at improving livestock nutrition, farm productivity, and environmental health.
Intercropping involves growing fodder crops alongside main food crops, optimizing land use and enhancing soil
fertility. Legume-cereal intercropping enhances biomass and soil fertility. Crop residues like straw and stover’s
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are enriched using urea or fungal treatment to improve digestibility. For instance, intercropping maize with
leguminous fodder like cowpea or lucerne improves biomass yield and provides a balanced feed rich in protein
and energy. Legumes also fix nitrogen in the soil, reducing fertilizer needs and promoting sustainable agriculture.

Crop residues such as paddy straw, wheat straw, and maize stover are abundantly available post-harvest
and offer significant potential as livestock feed. However, they are often underutilized or burned, contributing to
pollution. Innovative treatments like urea enrichment, microbial inoculation, and densification improve their
digestibility and nutritional value, transforming them into viable feed resources.

Integrating intercropping and crop residue management not only ensures year-round fodder availability but
also supports circular agriculture by minimizing waste. These approaches enhance soil health, reduce feed costs,
and promote climate-smart livestock farming. When combined with appropriate conservation methods like silage
or haymaking, they form a robust foundation for sustainable, resilient, and efficient animal feeding systems.
Case studies and success stories
India: Climate-resilient fodder crops
The Indian Council of Agricultural Research (ICAR) developed improved varieties of cowpea, sorghum and
berseem that withstand drought and yield high-quality fodder.

Africa: Brachiaria grass adoption
In East Africa, the introduction of Brachiaria grass improved milk yields by 15-40% due to its high crude protein
content and climate adaptability.
Europe: Methane-reducing feeds
In Denmark and the Netherlands, inclusion of Asparagopsis taxiformis (red seaweed) in dairy rations cut methane
emissions by over 30%.
Benefits of next-generation feeds
Enhanced livestock productivity
Improved nutrient profiles result in higher milk yield, weight gain, reproduction efficiency, and lower mortality
rates.
Climate change mitigation
Better feed digestibility reduces methane emissions. Use of by-products and waste as feed lowers the
environmental footprint.
Economic gains
Increased feed efficiency leads to lower input costs and higher profitability for farmers.
Improved animal welfare
Balanced nutrition improves immunity, reduces disease burden, and enhances the overall well-being of animals.
Challenges and barriers
» High cost of advanced feed technologies and supplements,
» Lack of awareness and training among smallholder farmers,
» Inadequate extension services and supply chain infrastructure,
» Regulatory hurdles in approving new feed ingredients (e.g., insects, algae),
» Research gaps in region-specific forage performance under changing climates.
Policy recommendations and future strategies
Investment in research and development
» Breeding programs for stress-tolerant fodder varieties,
» Biotechnological innovations in feed conversion and nutrient absorption,
Public-private partnerships
Collaboration among governments, research institutions, feed companies and farmers can drive innovation and
scale-up adoption.
Capacity building
Training programme should be conducted for farmers and veterinarians in modern feed practices, digital tools and
ration balancing.
Incentives and subsidies
Some incentives and subsidies should be provided as financial support for silage making, hydroponic units and
improved seed access.
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Environmental regulations

Enforcing standards to reduce emissions from feed-livestock systems while encouraging circular bio-economy
models (e.g., waste-to-feed).

Conclusion

The livestock sector stands at a crossroads, where the demands of a growing population, environmental
sustainability and resilience to climate change must be addressed simultaneously. Feed and fodder systems lie at
the heart of this transformation. Next-generation feeds and fodders offer the potential to unlock sustainable,
productive and climate-smart livestock farming. However, this potential can only be realized through integrated
approaches that combine scientific innovation, farmer engagement, policy support and infrastructural investment.
Ensuring availability, accessibility and affordability of these advanced feeds is crucial, especially for smallholders
who form the backbone of livestock production in many countries. In the face of an uncertain climate future,
resilient feed systems are not just an option they are a necessity. Through collective action, the next generation of
feeds and fodders can ensure a healthier, more productive and sustainable future for livestock and the people who
depend on them.
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Sowing of Seeds and Raising of Seedlings for Annuals

Flowers
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Annuals flowers are a group of herbaceous plants which grow from seeds, produce flowers, set seeds
and complete their life-cycle within one year or one season. But in their brief sojourn on earth, they
exude the joy of life, putting forth a great profusion of flowers in a spectacular range of colours. They
provide a beautiful display of colours in the garden. Therefore, more people prefer annuals to other plants for
growing in pots, beds, borders, window boxes, hanging baskets or as cut flower for interior decoration. Whether
it is a small home garden or a big public garden, it is incomplete without beds of annual flowers. They enhance
the decorative value of a garden within a short span of time. At their blooming time, one feels elated when a rain
of beauty drizzles in the garden.

USES:

1. Flowering annuals are grown in beds and pots.

2. They are used for various purposes in the garden.

3. Inbeds, they are grown individually with or without perennial plants in borders.

4. They are grown in hanging baskets,

a) Window boxes or

b) rock gardens,

c) for training on walls and trellises and

d) for planting in the form of edges,

e) Borders or ground covers.

5. Some annuals viz., marigold, china aster, gypsophila, statice, gaillardia, annual carnation, annual
chrysanthemum, cornflower, sweet sultan, bells-of-Ireland, piminella and larkspur are grown commercially
for cut flowers for interior decoration or for loose flower purpose in Karnataka, Andhra Pradesh, Maharashtra,
West Bengal, Uttar Pradesh, Rajasthan, Haryana, Madhya Pradesh, Tamil Nadu and Delhi.

6. Dried flowers of some annuals are also used for interior decoration.

7. Some annuals provide sweet fragrance.

Classification

Based on season, the annual flowers are divided into 3 groups
1. Winter season annuals,

2. Summer season annuals and

3. Rainy season annual flowers.

1. Winter season annuals

This group includes a large number of seasonal flowers. The important ones are acroclinium, agrostemma,
amaranthus, anchusa, annual carnation, annual chrysanthemum, antirrhinum, arctotis, bells-of-lIreland,
brachycome, calceolaria, calendula, campanula, candytuft, celosia, China aster, cineraria, clarkia, cornflower,
daisy, delphinium, dianthus, dimorphotheca, echium, eschscholzia, gazania, godetia, helichrysum, helipterum,
hollyhock, gypsophila, limonium, linaria, linum, lupin, marigold, matricaria, mesembryanthemum, mignonette,
mimulus, myosotis, nasturtium, nemesia, nicotiana, nemophila, nigella, pansy, petunia, phlox, pimpinella, poppy,
rudbeckia, salvia, saponaria, scabiosa, schizanthus, senecio, stock, sweet alyssum, sweet pea, sweet sultan, sweet
william, venidium, verbena, viola and wall flower.
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2. Summer season annuals

The common summer season annuals are coreopsis, cosmos, gaillardia, kochia, marigold, portulaca,
sunflower, tithonia, zinnia etc.

3. Rainy season annuals

This group includes all summer season annuals and others like amaranthus, balsam, celosia, gomphrena
and torenia.

List of widely cultivated annuals

1. Acroclinium 2. Ageratum 3. Amaranthus

4., Anchusa 5. Antirrhinum 6.  Arctotis

7. Balsam 8. Calendula 9.  Candytuft

10.  Carnation (annual) 11. Celosia 12. China Aster

13.  Chrysanthemum 14.  Cineraria 15. Clarkia

16.  Coreopsis 17.  Cornflower 18. Cosmos

19. Daisy 20. Dianthus 21. Dimorphotheca
22.  Eschscholzia 23.  Gaillardia 24. Garden Poppy
25.  Gazania 26. Godetia 27. Gomphrena

28.  Gypsophila 29.  Helichrysum 30. Hollyhock

31.  Larkspur 32.  Limonium 33. Linaria

34.  Lupin 35.  African Marigold 36. French marigold
37. Matricaria 38.  Mignonette 39.  Myosotis

40.  Nasturtium 41.  Nemesia 42. Nicotiana

43.  Nigella 44,  Pansy 45.  Petunia

46.  Phlox 47.  Portulaca 48. Primula

49.  Rudbeckia 50. Salvia 51. Scabiosa

52.  Schizanthus 53.  Stock 54. Sunflower

55.  Sweet Alyssum 56.  Sweet Pea 57. Sweet Sultan
58.  Sweet William 59.  Venidium 60. Viola

61.  Wall Flower 62. Zinnia 63. Mesembryanthemum

Propagation

Almost all annuals can be propagated by seeds. Marigolds can be propagated by cuttings also. Their sowing time

depends upon climate. It varies in different parts of India.

. Northern plains

1. Winter season annuals are sown during September-October. However, late-flowering types-China
aster, carnation and cineraria are sown during August—September.

2. Summer season annuals: January—February

3. Rainy season annuals: May—June.

I1.  South India: September-October is ideal time for sowing annuals.

111. Northern hills: March—April is most appropriate time for sowing annual flower seeds, whereas March—
May in southern hills.

Sowing and Bed preparation:

The seeds of annual flowers are sown in nursery beds, earthen pots, seed pans or wooden seed trays. The
seeds of a few annuals like sweet pea, morning glory, lupin nasturtium and hollyhock which have bold
seeds can be sown directly at permanent places. The seed compost should consist of one part each of garden
soil, coarse sand, farmyard manure and leaf-mould. For preparing the nursery beds, the soil should be dug up
thoroughly and sufficient farmyard manure should be mixed in soil. Raised nursery beds of convenient size
(normally 60cm wide and 15cm high) should be prepared. If soil is heavy, some quantity of sand may be
added. It is better if the soil of nursery bed or earthen pots is sterilized with 2% formalin. For this, soil is
drenched with formalin solution and is covered with polythene sheet for 45hr. afterwards, the polythene
is removed and soil is dried before sowing the seeds. Before sowing, the seeds should be treated with Captan
(0.2%) prevent the seedlings from damping off disease. The seeds should be sown thinly and evenly as thick
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sowing causes damping off of seedlings. Mixing of fine sand in very small seeds is advisable for even sowing.
The seeds of echium, lobelia and flowering tobacco do not germinate unless first exposed to sunlight,
while seeds of nigella and cineraria germinate only in dark. The seeds recently harvested from the plant, although
given required conditions, fail to germinate. This may be due to physical condition or chemical reaction of seed
coat of seeds. Seeds of clianthus need stratification or scarification for germination. Some seeds require after
ripening period for germination. In nursery beds, the seeds are sown in rows spaced 6¢cm apart. Then, they are
covered with finely sieved leaf-mould. Watering is to be done with a watering can having a fine rose both in
beds and pots. In beds, when germination is over, water is given for proper moisture. Thereafter, the beds should
be kept weed-free.
Cultivation
Planting
Their seedlings are transplanted 25 days after sowing at 4-leaf stage. Before transplanting, seedlings are
hardened off by withholding water for 1 or 2 days or by exposing them gradually to sunlight. Transplanting
is, generally, done either on a cloudy day or in the evening. Transplanting in evening is good as the
night cool temperature is beneficial for the establishment. Light watering every day in early morning or
late in the afternoon is required for about a week for proper establishment of the seedlings.

I. Dwarf annuals (30cm x 30cm): Acroclinium, ageratum, sweet alyssum, arctotis, daisy, brachycome,
cacalia, calceolaria, campanula, wallflower, cuphea, cynoglossum, dianthus, echium, eschscholzia, felicia,
gaillardia, gazania, godetia, candytuft, linaria, linum, lobelia, matricaria, stock, mesembryanthemum,
mimulus, nemesia, nemophila, nierembergia, pansy, petunia, phacelia, phlox, portulaca, mignonette,
salpiglossis, scabiosa, French marigold, torenia, nasturtium, venidium, verbena and viola.

I1l. Medium-tall annuals (45cm x 45cm) : Agrostemma, amaranthus, Anchusa, antirrhinum, Calendula,
celosia, Sweet sultan, Cornflower, Cineraria, Clarkia, coreopsis, Cosmos, Larkspur, Carnation, Digitalis,
Dimorphotheca, Gomphrena, gypsophila, Balsam, Kochia, Limonium, Lupin, bells-of-Ireland, Nicotiana,
Nigella, garden poppy, Rudbeckia, salvia, Schizanthus and African marigold

I11. Tall annuals (60cm apart): Hollyhock, Chrysanthemum, Sunflower, Helichrysum, Heliotrope,
Pimpinella and Zinnia.

Manuring and fertilization

The farmyard manure or compost @ 3kg/m2 is mixed in the soil. Chemical fertilizers— 20g urea, 60-120g
superphosphate and 30-60g muriate of potash/m2 should also be added. Half quantity of urea and full of
superphosphate and muriate of potash should be applied at the time of bed preparation. The remaining quantity
of urea must be applied one month after transplantation. Spraying plants with 2% urea twice or thrice is
beneficial for good growth and flowering. Fertilizers should never come in the direct contact of the
foliage since they cause scorching. Fertilizers should never be applied in the pot-grown annual flowers.
However, some readymade pot-mixtures can be used. The pot-mixture should consist of 2 parts of garden
soil and one part each of coarse sand and farmyard manure. Instead of fertilizers, it is better if pot-grown
plants are given liquid feeding. The liquid manure is prepared by fermenting 1-2kg each of fresh cowdung
and oil cake in 10 litres of water in a drum for one week. It is diluted to tea colour and sieved with the
help of a muslin cloth. It is applied @ 500-1000ml/ pot at 7-10 days intervals.

Growth and flowering

Environmental factors and various cultural conditions affect growth and flowering of many annuals. The
Cosmos bipinnatus, Nicotiana sp. and Callistephus chinensis are typical short- day plants for vegetative growth
and flowering, while Dianthus barbatus and Nigella damascena are typical long-day plants for vegetative
growth as well as flowering. On the other hand, some annuals require long days for flower initiation followed
by short days for flower development. An imbalance of N either hastens or delays flowering. Clarkia,
candytuft and salvia flower prematurely if the soil is deficient in N. If N level is high in soil, sunflower,
lupin, flowering tobacco and African marigold flower prematurely.

Growth retarding or promoting substances play a major role in getting dwarf plants or higher flower yield.
Growth retarding chemicals—CCC (1,000-2,000ppm), B-Nine (2,000- 5,000ppm) and SADH (1,000-
3,000ppm)—are used to control growth and flowering in hollyhock, arctotis, sweet sultan, coreopsis,
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cosmos, phlox and pansy. These chemicals retard plant height, produce more number of leaves and branches
and improve flowering, Similarly, GA3 (100-400ppm) gives beneficial results in respect of growth and
flowering in African marigold, China aster and antirrhinum. Application o f these growth substances is
more effective at vegetative stage.

Aftercare

After transplanting, beds are weeded, hoed and watered regularly. As soon as seedlings are established in
beds, pinching is done for making the plants bushy. Pinching is not practiced in antirrhinum, larkspur, lupin,
stock and hollyhock. Sweet pea, carnation, morning glory and nasturtium, have weak, slender or straggling
stems. They need support when they are 15-20cm tall. The stakes prepared from split bamboos are painted
green so that they can be matched with the foliage colour of the plants. Sometimes, seedlings of carnation,
marigold, China aster, cosmos and zinnia produce flower buds at an early stage. These buds should be removed
as soon as they appear. The number of buds/stem is reduced by disbudding the auxiliary buds, if large
blooms are desired.

Irrigation

Little water is needed everyday up to 7-10 days after transplantation. When the seedlings start new growth,
profuse watering once or twice a week is required in beds. Later, frequency and quantity of watering depend
upon soil and season. In lighter soils, more frequent irrigation is needed than that in heavy soils.

The season of planting also determines the frequency of irrigation. During summer season, irrigation
should be done at weekly intervals in beds, while at 10-12 days intervals in winters. Irrigation during rainy
season depends upon prevailing weather conditions. Potted plants need daily watering during summer, whereas
on alternate days in winter.

Harvesting and Post harvest management

1. Most of the annual flowers are grown for garden display purpose in various ways.

2. Marigold, China aster, antirrhinum, gypsophila, statice, gaillardia, annual carnation, annual
chrysanthemum, cornflower and bells-of-Ireland are grown commercially for cut flower or loose flower
purpose. Their flowers are harvested when they are fully open and are sold in the local markets.
Antirrhinums are cut when one-third of the florets are open.

China aster flowers are cut along with their stemswhen they develop their original colour.
Marigold flowers are harvested when they are fully open.

Gypsophila flowers are cut when these are open, but not over mature.

The flowers, in general, are cut either late in the afternoon or very early in the morning. After harvesting,
cut flowers should be put in a bucket of water filled up to one-fourth of the volume as it helps in their
recovery from the shock of being cut away from the plant. As far as possible, the freshly opened flowers
should be cut as freshness enhances their shelf-life.

In African marigolds, yield of 20-22 tonnes of fresh flowers is obtained from one hectare crop, whereas in
french marigolds 10-12 tonnes/ha of fresh flowers is obtained. China aster gives the yield of 10-12 tonnes/ha
of fresh flowers.

Some annuals are used as cut flowers. Therefore, proper post harvest management is necessary for
prolonging their vase-life. The flowers are graded according to stem length, flower size, flower shape, flower
colour and freshness. The cut flowers/loose flowers of most of the annuals are marketed in local markets.
However, cut flowers of gypsophila, bells-of-Ireland and Limonium are traded in the international market.

Woody-stemmed flowers should have their stems split or crushed to enlarge the surface in contact with
water. Remove all foliage from stems which are under water otherwise they decay and clog up the xylem
vessels of stem. It is better to cut stems diagonally because it exposes more surfaces to water.

Antirrhinum flowers can be stored for short duration at a temperature —0.6°C to 1.7°C. For storing
stock cut flowers, 4°C temperature is optimum. Gypsophila flowers can be stored for 1-2 days at 4°C. Statice
cut flowers can be stored for 2—-3 weeks at 2°C. A temperature of 0°-2°C s suitable for the storage of cut
carnations.

Vase-life: Various formulations are used to prolong the vase-life of cut flowers.
1. Antirrhinum-a solution containing 300ppm of 8-HQC and 1.5% sucrose is most-suited to enhance
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their vase-life.

2. China aster- a preservative containing 60g/litre sucrose + 250mg/litre 8-HQS + 70mg/litre CCC +
50mg/litre AgNO3 extends their vase-life. For stock, a preservative containing 0.3g 8-HQC + 0.05g
CCC + 509 sucrose/liter is ideal.

3. Gypsophila- A solution containing 25ppm AgNO3 and 5-10% sugar produces largest blooms with
longest vase-life.

4. Carnations -can be increased by placing them in solution containing 10% sucrose + 200ppm 8-HQ
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Abstracts

limate change poses complex and far-reaching threats to the health and productivity of fish populations,

carrying significant consequences for the long-term sustainability of global fisheries and aquaculture. Shifts
in environmental conditions such as rising ocean temperatures, increasing acidification, changing salinity levels,
and a greater incidence of disease are altering fish distribution, growth patterns, and survival rates. These
disruptions jeopardize ecosystem balance and place immense strain on communities that rely on aquatic resources
for food security and income. Studies show that fish yields have declined over time, species compositions are
shifting after disturbances like coral bleaching, and small holder fish farmers particularly in Sub-Saharan Africa,
Asia, and parts of Central and Western Africa face heightened risks. Pollution, toxic chemicals, and heavy metals
like mercury add further stress, amplifying the challenges to fish health and productivity. Addressing these
interconnected threats requires comprehensive adaptation and mitigation strategies, stronger management
practices, and targeted research to bridge knowledge gaps and enhance resilience in the sector. This article
highlights the urgent need for collective, proactive action to confront climate related pressures and secure the
sustainability of fisheries and aquatic ecosystems for generations to come.
Keywords: Climate change; Fish health; Fisheries sustainability; Aquaculture; Ocean acidification; Species
distribution; Coral bleaching.
Introduction
Climate change exerts diverse and far-reaching impacts on the health and productivity of fish, with consequences
for both natural fisheries and aquaculture systems. Alterations in environmental conditions can shift fish
distribution patterns, influence their growth and survival, and in turn affect the abundance and economic worth of
fish stocks. Additionally, rising water temperatures and shifts in ocean chemistry disrupt aquatic ecosystems,
posing serious challenges to the long-term sustainability of global fish resources. In this article, a spatially explicit
mechanistic model covering the three main fish functional groups commonly caught in fisheries was combined
with an Earth system model to project future trends up to 2100 (Petrik et al., 2020). To assess how rising
temperatures have affected fish productivity, researchers applied population models that account for temperature
dependence. These models analysed 235 distinct fish populations spanning 124 species across 38 different
ecoregions. The findings indicate that, over the past eight decades, there has been a general decline in fish yields,
highlighting the widespread impact of global warming on fisheries productivity worldwide (Free et al., 2019).
This research investigates how expected changes in key environmental conditions particularly elevated sea
temperatures and heightened ocean acidification resulting from climate change could influence various biological
processes of the coral trout (Plectropomus leopardus), including its reproductive success, growth performance,
and developmental stages. By examining these factors, the study aims to better understand the species’ potential
vulnerability and adaptability in a warming, acidifying ocean (Prachett et al., 2013).
Climate Change Factors Impacting Aquatic Environments
Climate change exerts a substantial and far-reaching impact on aquatic ecosystems, placing fish populations at
particular risk due to a combination of interconnected stressors. Among the most significant of these are rising
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water temperatures, which can disrupt metabolic and reproductive processes; fluctuations in salinity, which can
alter habitat suitability and species distributions; and an increased occurrence of diseases and parasites, which
further threaten fish health and survival. Together, these factors are reshaping the structure and functioning of
aquatic environments worldwide. This review investigates the effects of climate change on the physiological
processes of fish, with a specific focus on how variations in temperature and salinity influence their functioning.
It emphasizes the critical importance of collective measures to address the extensive consequences that these
environmental changes pose for aquatic habitats and the cold-blooded fish species that inhabit them (Agarwal et
al., 2024). The ongoing changes in climate are contributing to the rapid expansion of infectious diseases affecting
fish worldwide, with increasing water temperatures presenting a significant hazard to aquaculture operations and
wild fish populations alike. This escalating risk underscores the necessity for advanced research and robust
management measures to help lessen its adverse effects (Okon et al., 2024). As noted by the authors, the effects
of climate change and global warming on fisheries and aquaculture have significant consequences for
communities and livelihoods, making it essential that adaptation and mitigation efforts remain focused on the
people who depend on these sectors (Murthy, 2022).

Source: Crozier, L. G., & Siegel, J. E. (2023)
Impact on Fish Health
Pollution and toxic exposure have profound negative effects on fish health, triggering direct poisoning and
disrupting key physiological processes. Such stressors can result in stunted growth, lower energy reserves, greater
disease susceptibility, and reproductive challenges. Tackling these issues demands both proactive and reactive
approaches, such as enforcing stronger environmental regulations, promoting sustainable methods, upgrading
water treatment systems, implementing remediation measures, and restoring degraded ecosystems (Satkar et al.,
2024). In this article, the authors underline the crucial role of water quality in maintaining fish health and outline
possible control measures to manage it effectively. They also highlight the pressing need for research into how
contamination of surface waters with various chemicals relates to disease outbreaks in wild fish populations and
the mechanisms driving these interactions (Demeke & Tassew, 2016). This review paper explores how exposure
to microplastics, pesticides, and nanoparticles in aquatic environments induces oxidative stress in fish, and
considers the potential impacts of these contaminants on human health (Ramalingam et al., 2023). Mercury
contamination has a profound negative effect on fish health, resulting in reduced growth, reproductive challenges,
impaired immune function, and other physiological complications. Due to bioaccumulation and biomagnification,
mercury concentrations are particularly high in apex predators. Addressing this global problem demands swift
and collective intervention (Omach et al., 2023).
Impact on Fish Productivity
Climate change affects fish productivity through a range of interconnected pathways, influencing many facets of
marine ecosystems and the fisheries that rely on them. It brings about changes in the composition and distribution
of fish communities, modifies overall production rates, and disrupts the balance and interactions within marine
food webs. These shifts can have cascading effects on ecosystem stability, resource availability, and the
sustainability of fishery-dependent livelihoods. In this study, the researchers analysed how fish productivity and
community composition changed in the Seychelles following extensive coral bleaching events. They compared
reef sites that were able to recover and re-establish coral-dominated habitats with those that underwent a regime
shift, becoming dominated by macroalgae instead. This comparison provided insights into how different reef
recovery trajectories influence fish populations and ecosystem dynamics (Hamilton et al., 2022). Adjusting
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practices to cope with climate change is crucial for increasing fish production in ways that do not damage the
environment. Various adaptation strategies can help raise aquaculture productivity, support sustainable
environmental management, and bolster the sector’s capacity to withstand the effects of a changing climate
(Ahmed et al., 2019). Forecasts indicate that fish production is expected to increase in regions located at higher
latitudes, whereas areas situated in low to mid-latitudes are likely to experience a decline in productivity.
However, these trends will not be uniform, as significant regional variations are anticipated due to differing local
conditions and ecosystem responses. In general, aside from a few outliers, the projected changes in fish production
potential by 2050 are relatively modest, with most estimates suggesting shifts of less than 10%, averaging
approximately 3.4% overall (Barange et al., 2014).

Socioeconomic Implications

Climate change exerts significant pressure on both the health and productivity of fish species, resulting in wide-
ranging socioeconomic repercussions for communities whose food security and income depend heavily on
fisheries and aquaculture. These impacts are multi-dimensional, as they disrupt ecological balance, alter species
distribution and abundance, and reduce overall yields. Consequently, the livelihoods of many vulnerable coastal
and inland communities face heightened risks, with reduced catches, unstable incomes, and greater competition
for dwindling resources further threatening their economic and social well-being. Climate change creates serious
socio-economic challenges for smallholder fish farmers across Sub-Saharan Africa. It is essential to thoroughly
understand these impacts and develop practical adaptation strategies to help safeguard local livelihoods and ensure
that aquaculture remains viable and sustainable in the face of changing climate conditions (Muthoka et al., 2024).
In this paper, the researchers evaluated how susceptible 132 national economies are to the potential effects of
climate change on capture fisheries, using an indicator-based method. The findings showed that countries in
Central and Western Africa including Malawi, Guinea, Senegal, and Uganda as well as Peru and Colombia in
northwestern South America, and four tropical Asian nations Bangladesh, Cambodia, Pakistan, and Yemen are
identified as being especially vulnerable (Allison et al., 2009). This research explored the effects of climate change
on marine socio-ecological systems, with particular attention to how climate-driven changes alter species
distribution patterns. It also analysed the different factors that contribute to uncertainty when using models to
predict future climate impacts (Jones, 2013).

Adaptation and Mitigation Measures

Climate change exerts significant pressure on fish populations and the broader fisheries sector, highlighting the
urgent need for effective adaptation and mitigation efforts. Among the most pressing impacts are rising water
temperatures, which can disrupt fish physiology and breeding patterns; shifts in species distribution, which may
alter ecosystem balance and affect local fishing communities; and an increased incidence of diseases, which can
further threaten the health and productivity of both wild and farmed fish. Together, these challenges pose a serious
risk to the long-term viability and sustainability of global fisheries and aquaculture industries. Climate change is
widely recognized as one of the most pressing environmental issues of the twenty-first century and continues to
generate significant debate and controversy. There is an increasing level of concern about how these climatic
shifts could affect fisheries yields and the condition of marine ecosystems, raising questions about future
sustainability and resource management (Misganaw et al., 2015). This review explores the possible impacts of
climate change on aquaculture production and discusses the implications for the sector’s future sustainability. It
presents a range of potential adaptation measures that could help the industry cope with these challenges, while
also pointing out existing knowledge gaps and emphasizing the need for further research in critical areas (Maulu
etal., 2021). In order to lessen the harmful effects of climate change on aquaculture both in Nigeria and worldwide,
initiatives are underway to tackle its impact on different aquaculture systems. These actions seek to unpack the
complex challenges posed by climate change and to identify practical mitigation measures that can help ensure
more effective management and control in the years ahead (Anyanwu et al., 2015).

Conclusion

Climate change poses intricate and wide-ranging threats to fish health, productivity, and the sustainable future of
wild fisheries and aquaculture around the globe. Challenges such as increasing temperatures, ocean acidification,
shifting species ranges, and the spread of fish diseases disrupt ecosystem stability and jeopardize the well-being
of communities that rely on fish for nutrition and livelihoods. These impacts are especially severe in high-risk
areas like Sub-Saharan Africa, parts of Asia, and Central and Western Africa, where small-scale fishers are
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particularly exposed to climate-related risks. In light of these challenges, it is vital to implement comprehensive
adaptation and mitigation strategies, expand research to close knowledge gaps, and adopt forward-thinking
management practices that protect aquatic resources and strengthen the resilience of fisheries and aquaculture for
future generations.
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Abstract
In the post-genomic era, reverse genetics has emerged as a powerful strategy to unravel gene functions and
improve crop traits. Unlike forward genetics, which starts from phenotype to discover the underlying gene, reverse
genetics begins with a known gene sequence and determines its function through targeted mutations. Advanced
techniques such as TILLING, RNA interference (RNAI), antisense RNA technology, genome editing tools (ZFNs,
TALENSs, CRISPR/Cas9) and artificial microRNAs (amiRNASs) have revolutionized the way we manipulate
genomes to achieve specific agronomic traits. Reverse genetics has been successfully employed to improve fruit
shelf-life, enhance disease resistance, regulate metabolic pathways and delay bolting and flowering in crops. This
review explores the principles, methodologies, achievements and prospects of reverse genetics in crop
improvement, highlighting key case studies and recent innovations that exemplify its transformative impact on
agriculture.
Keywords: Reverse genetics, TILLING, RNA interference, CRISPR/Cas9, crop improvement, gene silencing,
genome editing, antisense RNA
Introduction

odern agriculture is increasingly challenged by climate change, emerging pests and diseases and the need

for higher productivity. Conventional breeding has limitations in precision and speed. Reverse genetics
offers a gene-targeted approach for crop improvement by manipulating known DNA sequences to determine gene
function and engineer desirable traits.

The transition from classical (forward) genetics to reverse genetics marks a paradigm shift. In forward
genetics, random mutations are screened for phenotypes, followed by gene identification. In contrast, reverse
genetics begins with a known gene and introduces specific mutations or silencing strategies to evaluate phenotypic
outcomes.
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Reverse Genetics: Concept and Need
Reverse genetics relies on the central dogma of molecular biology: DNA to RNA to protein. It allows targeted
interventions at the DNA or RNA level to disrupt gene function or modulate gene expression. It is especially
useful when:

e  Gene function is redundant and masked in forward screens

e  Phenotypes are subtle or environment-dependent

e  Specific allelic variants are desired
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e  Targeted and non-transgenic approaches are needed
Classification of Reverse Genetics Approaches
Reverse genetics approaches are classified into two main types: targeted gene alteration and non-targeted gene
disruption. Targeted alteration involves precise changes at specific loci using methods like RNA interference
(RNAI), which degrades target mRNA and homologous recombination, which replaces or modifies gene
sequences using a homologous template (Aklilu, 2021).

In contrast, non-targeted disruption includes methods like transposon-mediated mutagenesis, where mobile
elements insert randomly into genes and chemical mutagenesis through TILLING, which induces random point
mutations using agents like EMS. Both approaches help dissect gene function and improve crop traits through
controlled genetic modifications.

Techniques in Reverse Genetics

a) TILLING (Targeting Induced Local Lesions IN Genomes)

TILLING is a non-transgenic technique that combines chemical mutagenesis (e.g., EMS) with high-throughput
mutation detection (McCallum et al., 2000). It is a reverse genetics technique that uses the mismatch-specific
endonuclease cell to detect point mutations in target genes through heteroduplex formation across a mutant
population. It involves PCR amplification with fluorescent primers, reannealing of mutant and wild-type DNA
and enzymatic cleavage at mismatch sites. Fragment sizes are analyzed using a system like Li-COR. This method
is applicable even in complex genomes like wheat. A major advantage is its non-GMO nature, making it
acceptable in countries with strict GMO regulations.

Shelf-life extension in tomato has been successfully achieved through TILLING by inducing mutations in
ethylene receptor genes such as SIETR1. These mutations reduced ethylene sensitivity, resulting in delayed fruit
ripening, petal abscission and prolonged post-harvest shelf life without compromising fruit quality (Okabe et al.,
2011). Similarly, in pea, mutations in the PSBAS1 gene, which is involved in saponin biosynthesis, led to a
significant reduction in saponin content. This improvement enhances the organoleptic quality of pea protein by
minimizing bitterness, making it more acceptable for human consumption (Vernoud et al., 2021).

Advantages:

v' Applicable to diverse crops

v' Retains public acceptance due to non-transgenic nature
b) RNA Interference (RNAI)
RNA interference (RNAI) is a gene-silencing mechanism where double-stranded RNA triggers the degradation
of complementary mRNA, inhibiting gene expression. First discovered in Caenorhabditis elegans (Fire et al.,
1998), RNAI has become a valuable tool in reverse genetics for studying gene function in the absence of mutant
alleles. The process involves the enzyme Dicer cleaving dsRNA into siRNAs, which guide the RISC complex to
target and degrade specific mMRNAs. RNAI operates across many organisms and is linked to post-transcriptional
gene silencing in plants. It enables efficient generation of loss-of-function phenotypes for functional genomics.

Chen et al. (2018) used RNA interference to knock down the LSFT gene in lettuce, resulting in delayed
bolting and enhanced tolerance to high temperatures. This approach extended the vegetative phase, improving
yield and quality under heat stress.
c¢) Antisense RNA Technology
Antisense RNA technology is a gene-silencing approach that involves introducing a single-stranded RNA
molecule that is complementary to a specific messenger RNA (mRNA) in the cell. This antisense RNA binds to
the target mRNA through base pairing, forming a double-stranded RNA complex that blocks translation by
preventing ribosome attachment or triggering degradation of the mRNA. One of the primary mechanisms of
mRNA degradation involves RNase H, an enzyme that specifically cleaves the RNA strand of RNA-DNA hybrids.
By inhibiting the translation of specific genes, antisense RNA effectively reduces or eliminates the production of
the corresponding protein. This technique has been widely used in plant biotechnology to suppress undesirable
traits, such as softening in tomatoes or production of harmful metabolites and serves as a valuable tool for
functional genomics and crop improvement (Gupta et al., 2011).

The first commercial application was the Flavr Savr tomato, where polygalacturonase gene expression was
suppressed to delay softening. It is the first FDA approved genetically modified food developed by calgene in
1992 (Bruening & Lyons, 2000).
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d) Genome Editing Tools

Reverse genetics has been revolutionized by the advent of site-specific nucleases, molecular tools that allow
scientists to make precise edits in the genome (Fig. 1). Among these, Zinc Finger Nucleases (ZFNs) were the first
to be developed, using customized zinc finger domains to recognize specific DNA sequences and introduce
double-strand breaks via a Fokl nuclease domain. Although powerful, ZFNs require complex protein engineering.
Transcription Activator-Like Effector Nucleases (TALENS) soon followed, offering greater target specificity and
flexibility. TALENS consist of TALE DNA-binding domains fused to a nuclease, enabling precise targeting of
virtually any sequence (Zhang et al., 2020).

The most transformative breakthrough, however, has been the CRISPR/Cas9 system, adapted from
bacterial immune defenses. CRISPR employs a single-guide RNA (sgRNA) to direct the Cas9 enzyme to a
complementary DNA sequence, where it induces a double-strand break. The simplicity, efficiency and versatility
of CRISPR have made it the gold standard for reverse genetic manipulation. This technology has enabled the
creation of gene knockouts, targeted trait enhancements and de novo domestication of wild species. Its precision
and scalability offer unprecedented potential for dissecting gene function and accelerating crop improvement.
CRISPR-based reverse genetics is ushering in a new era of programmable plant breeding faster, smarter and more
targeted than ever before (Sapkota & van der Knaap, 2020).
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Fig 1. Genome Editing with mRNA Encoding (Zhang et al., 2019)

CRISPR-based reverse genetics has enabled significant advancements in crop improvement. In tomato, Zs6gon
et al. (2018) utilized CRISPR to edit six domestication-related genes in Solanum pimpinellifolium, enhancing
fruit size, shape and nutritional quality. In eggplant, Maioli et al. (2020) knocked out PPO genes, reducing
enzymatic browning and improving post-harvest quality. Additionally, Yoon et al. (2020) introduced targeted
mutations in the elF4AE1 gene in tomato, conferring effective resistance to Pepper Mottle Virus (PepMoV),
improving disease resilience.

e) Homologous recombination

Homologous recombination is a gene-targeting method that relies on the repair of double-strand DNA breaks,
typically through models like double-strand break repair and synthesis-dependent strand annealing. Though
initially applied in organisms like Drosophila, where it requires the creation of specific transgenic lines, the
technique has now been successfully adapted to plants such as rice. With advancements including site-specific
recombination systems like Cre-lox, homologous recombination holds significant promise as a precise and routine
tool for genome engineering in crop plants (lida and Terada, 2004).
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f) Transposon-mediated mutagenesis

Insertional or transposon-mediated mutagenesis involves mobile genetic elements like transposons that insert
randomly into the genome, disrupting gene function (Hayes, 2003). This approach has been widely used in
organisms such as Drosophila, C. elegans and Arabidopsis to study gene function through mapped transposon
libraries. In plants, T-DNA from Agrobacterium tumefaciens has enabled insertional mutagenesis in over 70% of
Avrabidopsis genes (Alonso et al., 2003). However, the method has limitations, including low mutation frequency,
lethality in essential genes and limited application in crops like rice and maize. Despite these challenges, it remains
a useful tool, often combined with other transformation techniques for genome studies.

Achievements in Crop Improvement via Reverse Genetics

Reverse genetics has been instrumental in modifying key traits:

Crop Trait Approach Outcome

Tomato Fruit shelf life TILLING Delay in ripening and petal abscission

Pea Saponin content TILLING Reduced bitterness in seeds

Eggplant Flesh browning CRISPR Lower PPO activity

Lettuce Bolting time RNAI Delayed flowering under heat

Tomato Virus resistance CRISPR Resistance to potyvirus infection

Eggplant Male sterility amiRNA Hybrid seed production enabled
Advantages:

e Precise gene targeting
e  Functional validation of unknown genes
e  Suitable for complex genomes and polyploid crops
e  Accelerates breeding timelines
Limitations:
e  Requires prior knowledge of gene sequences
e Regulatory hurdles for genome-edited crops
e  Off-target effects in genome editing
e  Technical challenges in transformation
Future Prospects
As genome sequencing becomes routine and affordable, reverse genetics will play a central role in:
Speed breeding: Rapid development of elite lines
Functional genomics: Elucidating gene networks

ANENEN

Precision agriculture: Tailoring crops to environmental conditions

v" Nutritional enhancement: Manipulating metabolic pathways for biofortified crops
The integration of reverse genetics with multi-omics, machine learning and synthetic biology will revolutionize
modern plant breeding.
Conclusion
Reverse genetics has transitioned from a molecular biology tool to a cornerstone of modern crop improvement.
With tools like TILLING, RNAI, antisense RNA and CRISPR, breeders can now engineer crops with enhanced
yield, stress tolerance, nutritional quality and shelf life. The approach enables targeted and often non-transgenic
trait improvement, aligning well with sustainable agriculture and food security goals. Future advancements will
continue to expand its utility, bridging fundamental research with applied plant breeding.
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Abstract

Ghost fishing, driven by Abandoned, Lost and Discarded Fishing Gear (ALDFG), represents an under-recognized
yet pervasive threat to marine biodiversity and ecosystem health. Durable synthetic materials such as nylon enable
lost nets, traps and lines to continue entangling and killing marine fauna for years or decades beyond their intended
use. Historically emerging as a critical concern in the 1970s with the adoption of synthetic gear, ghost fishing has
since been linked to mortality in over 350 marine species, including commercially important fish, crustaceans,
turtles, seabirds and marine mammals. Gear-specific dynamics reveal that gillnets maintain lethal catch rates long
after loss, while traps and pots become self-baiting death traps and longlines continue passive fishing for weeks.
Ecological impacts extend beyond entanglement mortality, encompassing habitat degradation such as damage to
coral reefs and seagrass beds and ecotoxicological effects from microplastic fragmentation, which facilitates
trophic transfer of hazardous pollutants. Globally, ALDFG constitutes nearly 10% of marine litter inputs, equating
to an estimated 640,000 tonnes annually, with significant implications for food security, fisheries sustainability
and marine ecosystem resilience. Addressing ghost fishing necessitates integrated solutions including gear
marking, retrieval programs, biodegradable components and international policy frameworks to mitigate its
ecological footprint and protect marine biodiversity.
Keywords: Ghost fishing, Habitat degradation, Fisheries management, Gear retrieval.
Introduction

host fishing refers to the phenomenon where Abandoned, Lost and Discarded Fishing Gear (ALDFG)

such as nets, lines, traps and devices continues to entrap, injure and kill marine organisms long after being
lost or discarded. This gear, often constructed from durable synthetic materials like nylon and polypropylene,
remains functional in the marine environment for years or even decades. Matsuoka et al. (2005) showed that
derelict gillnets and pots maintain lethal catch rates well beyond their intended use, perpetuating a hidden mortality
source that evades detection by both fishers and managers. The gear acts as persistent "edge™ in marine habitats,
entrapping species ranging from commercial fish and crustaceans to marine mammals, seabirds and turtles.

The global scale of the ALDFG problem is often underestimated due to the opacity of loss events. A meta-
analysis by Do & Armstrong (2023) reviewed 90 studies and confirmed that ALDFG is a pervasive environmental
hazard with significant ecological and socioeconomic ramifications. Despite this, vast deficits persist in
understanding the spatial distribution, longevity and ecosystem-level impacts of ghost gear.

Adding complexity is the variety of gear types involved: passive gears like gillnets, traps and longlines, as
well as active gears like trawls and Fish Aggregating Devices (FADs). Each gear type differs in buoyancy,
durability and interaction with marine fauna, meaning the intensity and duration of ghost fishing activity vary
widely. For example, loss rates of fishing nets range from 0 % to nearly 80 %, with an average annual loss
estimated at 5.7 %. Similarly, lost lines and traps contribute another 29% and 8.6% respectively to gear loss
globally. Collectively, these contribute millions of tons of derelict gear entering marine ecosystems each year.
Historical Context & Research Development
The recognition of ghost fishing as an environmental and fisheries issue emerged gradually over the latter half of
the 20th century. The widespread adoption of synthetic materials like nylon in fishing gear during the 1960s
marked a pivotal shift enabling previously short-lived gear made of natural fibers to persist and remain functional
in the marine environment for years or even decades. These durable synthetic nets, being nearly invisible
underwater, were soon found to continue trapping marine organisms well beyond their intended lifespan.
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By the 1970s and early 1980s, reports began highlighting the unintended consequences of lost fishing gear,
particularly nets and traps. In Alaska during the mid-1970s, marine mammal entanglements drew early attention
to the phenomenon. By April 1985, the term “ghost fishing gear” had entered scientific discourse, acknowledging
gear that continues its lethal function post-loss. Throughout the late 1980s and early 1990s, fisheries scientists and
marine managers in the U.S., Canada, Japan and Hawaii spearheaded observational research and field studies,
primarily focused on gillnet and crab pots. Notably, field experiments showed that derelict gillnets and traps could
continue passive fishing activities, prompting Reno-scale mortality estimates among both target and non-target
species.

A landmark meta-analysis by Richardson, Hardesty and Wilcox (2019) consolidated early scattered data,
revealing alarming annual gear loss rates on average about 2.5 % of nets, with traps, lines and other gears also
contributing significantly to total ALDFG. Furthermore, FAO and UNEP collaborated on a seminal 2009 report
that quantified ghost gear as comprising nearly 10 % of global marine litter, estimating annual inputs of
approximately 640,000 tonnes. This report catalyzed a broader international engagement, highlighting the need
for targeted policy, monitoring and mitigation strategies.

In response to growing global awareness, the FAO’s 1995 Code of Conduct for Responsible Fisheries urged
nations to minimize the loss and discard of gear and mitigate the ecological impacts of fisheries. Subsequently,
the Global Ghost Gear Initiative (GGGI) was founded in 2015 by World Animal Protection, with joint support
from FAO, UNEP, WWF and others. The GGGI marked a systematic shift toward cross-sectoral frameworks,
data collection and recovery efforts. Recent initiatives, such as biodegradable escape panels on pots, gear marking,
GPS-based tracking and robust retrieval and recycling programs, reflect the evolving toolbox developed from
decades of foundational research.

Mechanisms & Gear-Related Dynamics

The ghost fishing phenomenon varies significantly by gear type, with gillnets, traps and longlines exhibiting
distinct retention and mortality dynamics due to their design and mode of deployment.

Gillnets

Gillnets function as submerged walls of mesh that entangle fish by the gills, making them effective both for
intended catches and unintended bycatch. Modern gillnets made from durable synthetics like nylon or Dacron are
anchored along the seabed with floats forming a vertical barrier. When lost, these nets can continue passive
fishing, sometimes for months or years. For instance, in Laguna Verde, Chile, discarded gillnets caught 912
invertebrates over 156 days, with the net’s effective area still over 40% after 19 days. This demonstrates the
prolonged functionality of gillnets post-loss and their capacity to entangle a wide range of taxa.

Traps & Pots

Baited traps such as crab pots and lobster pots act as durable, self-baiting death traps when lost. FAO guidance
highlights that lost pots continue actively trapping until structural degradation, although including biodegradable
escape panels can mitigate this impact. Real-world data from Chesapeake Bay estimate 150,000 crab traps lost
annually, with each potentially ghost-fishing for extended durations.

Targeted field studies reinforce these concerns. In coastal Louisiana, 65% of derelict crab traps recovered
between 2012-2013 still ghost-fished, with mean catches between 2.4 and 3.5 blue crabs per trap. In Norway,
divers retrieved 4,128 pieces of lost gear (84% traps, 5% gillnets); 29% of all gear carried live catch—with parlour
traps averaging nearly 2 crabs and 0.9 fish per trap—highlighting the non-selective and persistent nature of ghost
fishing.

Longlines & Trolline

Although less studied, longline and trotline gear can also ghost-fish. FAO notes that lost longlines may cause
mortality, though their habitat impact is lower than nets or traps. In Texas reservoirs, abandoned baited trotlines
caught channel catfish continuously for up to 52 days (winter), retaining over 50% of their fishable hooks. Such
findings confirm that even less conspicuous passive gear contributes meaningfully to ghost fishing.

Ecological & Ecotoxicological Impacts

Ghost fishing gear inflicts profound ecological damage that extends far beyond the immediate capture mortality
of marine animals. At its core, this encompasses entanglement, habitat degradation and the release and trophic
transfer of toxic substances, all contributing to wide-reaching negative effects on marine ecosystems and food
webs.
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4.1 Entanglement and Biodiversity Loss

Abandoned nets, lines and traps indiscriminately ensnare marine fauna, including over 350 species: fish,

crustaceans, turtles, seabirds, marine mammals and even coral. In the Chesapeake Bay, derelict crab pots alone

kill an estimated 3.3 million blue crabs annually, alongside 40 bycatch fish species. The removal of these ghost
pots could increase blue crab harvest by 17 million kilograms, demonstrating both ecological and economic
consequences.

In reef systems, lost fishing lines entangled in hydrocoral (Millepora alcicornis) led to increased coral
mortality, reduced abundance of herbivores like Acanthurus bahianus and disrupted reef herbivory functions
critical to ecosystem balance.

4.2 Habitat Degradation

Ghost nets damage structurally complex habitats: seagrasses get torn, corals are smothered and benthic

invertebrates foundation species for marine ecosystems are directly harmed. The result is diminished nursery

grounds, reduced resilience of reef communities and diminished ecosystem services vital for fisheries and coastal
protection.

4.3 Ecotoxicological Effects: Microplastics & Chemical Pollutants

As gear degrades, fragments into microplastics (<5 mm), acting as vectors for both physical and chemical

stressors. Microplastics are ingested by a range of organisms—from zooplankton to fish—causing oxidative

stress, hormonal disruption, impaired reproduction and genotoxicity . Furthermore, these particles carry a "Trojan

Horse" load of toxic additives (e.g., phthalates, BPA) and adsorbed contaminants (PCBs, PAHs, PFAS), which

are transferred through the food web. This dual burden of synthetic polymers and pollutants increases

bioaccumulation and biomagnification posing risks to marine life and humans via seafood consumption.

4.4 Cumulative Impacts on Ecosystem Health and Resilience

The combination of lethal entrapment, habitat loss and chemical stress weakens ecosystem integrity. Reduced

abundance of grazers like damselfish and parrotfish exacerbates algal overgrowth, decreasing coral recruitment

and reef regeneration potential . Less resilient habitats are less capable of recovering from physical (storms,
trawling) and climate-induced (bleaching, acidification) disturbances.
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Introduction;:

Colocasia esculenta Linn., commonly known as taro, is a herbaceous, tuberous perennial plant belonging to the
family Araceae (Arum family). Often referred to as an "orphan crop," it holds significant importance in traditional
agriculture and diets, particularly across Asia, Africa, and the Pacific Islands. In India, it is cultivated in various

regions including Uttarakhand, Kerala, Tamil Nadu, Karnataka, Maharashtra, Andhra Pradesh, Odisha, West Bengal,

Sikkim, Uttar Pradesh, Madhya Pradesh, Tripura, Nagaland, Assam, and Mizoram, primarily in warm and moist

agroclimatic zones.

This plant is recognized for its versatility and sustainability, often termed a "zero-waste crop™ as all parts—

corms, petioles, and leaves—are utilized for food, medicinal, or cultural purposes. The leaves are large, heart-shaped,
and exhibit a dark green coloration on the upper surface and a lighter green on the underside. They are hydrophobic due
to a waxy, microscopically textured surface that repels water, a feature that supports the plant’s adaptation to high-
moisture environments. The leaves are strongly attached to upright stalks, giving the plant a height of approximately 3
to 6 feet, typically flourishing during the monsoon months (July—August).
The edible underground stems, known as corms, are rich in complex carbohydrates and serve as a significant energy
source in local diets. In addition to carbohydrates, various parts of Colocasia esculenta are rich in micronutrients, dietary
fiber, and bioactive compounds with reported antioxidant and anti-inflammatory properties. Traditionally, taro has been
used in Ayurvedic medicine and folk remedies for managing digestive issues and treating insect bites.With a long history
of domestication in Southeast Asia, C. esculenta is one of the oldest cultivated crops and continues to play a vital role
in food security, especially in subsistence farming systems. Its culinary applications are diverse, with all plant parts
incorporated into regional delicacies, affirming its significance in both nutritional and cultural contexts.
Traditional Recipes:
Nigeria stands as the world’s largest producer and consumer of Colocasia, reflecting the crop’s importance as a staple
food. It is also extensively cultivated in India and other parts of Asia, where it holds deep cultural and culinary
significance. Taro is highly versatile in its use and is consumed in various forms—hboiled, fried, baked, dried, or
processed into flour. Its adaptability in traditional and modern cuisines makes it a valuable dietary component in many
regions. However, while the leaves are highly nutritious, they contain needle-like calcium oxalate crystals known as
raphides. When consumed raw or undercooked, these crystals can cause itching, irritation, or inflammation in the mouth
and throat. To make the leaves safe and palatable, traditional culinary methods include thorough blanching or boiling—
often with salt, turmeric, or lemon juice—to neutralize the calcium oxalates. These preparation techniques are essential
not only for taste but also for reducing the risk of dietary oxalate toxicity. In India, various traditional dishes creatively
incorporate every part of the Colocasia plant—from roots and stalks to leaves—highlighting its status as a zero-waste
crop. This holistic use aligns with sustainable food practices, making Colocasia both nutritionally valuable and
environmentally responsible.

The dishes prepared using Colocasia plants in India are:

Plant Part Dishes

Leaves Patrode, Curry, Chutney, Shaag, Pakode

Corms Curry, Soup, Chips, Taro boba tea, Savoury snacks
Stalks Decoctions, Soups, Stir fried salad, Curry, Stew

Nutritional Properties and Health Benefits:

Leaves:

The leaves of Colocasia esculenta (commonly known as taro) are a highly nutritious leafy vegetable, prized for being
low in calories and high in essential micronutrients and antioxidants. They are an excellent source of crude dietary fiber,
which supports digestive health and helps relieve constipation naturally. Taro leaves are rich in minerals such as iron,
calcium, magnesium, potassium, zinc, sodium, selenium, manganese, and copper—making them a valuable component
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of a balanced diet. They also provide a wide array of vitamins, including vitamin A, vitamin C, and B-complex vitamins
like niacin, folic acid, riboflavin, and thiamine. One of their most notable compounds is [-carotene, a precursor to
vitamin A that plays a critical role in maintaining vision, immune function, and preventing vitamin A deficiency. Beyond
their nutritional value, taro leaves contain a diverse range of phytochemicals known for their health-promoting
properties. These include alkaloids, steroids, glycosides, flavonoids, gallic acid, carotenoids, phenols, saponins, -
sitosterols, tannins, and terpenoids—many of which are found in both the tubers and leaves, especially in methanolic
extracts. The leaves, in particular, are rich in phytosterols and phenols, which are known for their antioxidant, anti-
inflammatory, and other therapeutic effects. These bioactive compounds contribute to a range of pharmacological
benefits, positioning taro leaves as not just a food source, but a functional food with potential to support overall health
and wellness.

Stalk:

Colocasia stalks are valued not only for their culinary versatility but also for their rich nutritional profile. These stalks
are an excellent source of dietary fiber, which aids digestion and supports gut health. They are low in calories and
contain essential vitamins and minerals, including vitamin C, vitamin B6, potassium, magnesium, and iron. The
presence of antioxidants and polyphenols further enhances their health-promoting properties, contributing to reduced
oxidative stress in the body. Additionally, colocasia stalks provide a moderate amount of plant-based protein and have
a low glycemic index, making them a favourable option for individuals managing blood sugar levels.

Corms:

The corms of Colocasia esculenta are not only energy-dense but also packed with essential nutrients, making them a
valuable addition to a healthy diet. Rich in complex carbohydrates and dietary fiber, they serve as a naturally gluten-
free option—ideal for individuals with celiac disease or those seeking gluten alternatives. Compared to common starch
sources like potatoes and white rice, colocasia has a lower glycemic index, which means it causes a slower, steadier rise
in blood sugar levels—especially beneficial for people managing diabetes. With 70-80% of its content made up of
starch, colocasia is a highly digestible root vegetable. It contains mucilaginous gums and fine starch granules that make
it not only easy on the digestive system but also desirable in food processing industries. Its low amylose content, high
swelling capacity, and excellent water and oil retention stability further enhance its industrial appeal. What sets colocasia
apart nutritionally is its combination of resistant starch and high soluble fiber content. These qualities support digestive
health, act as natural prebiotics to nourish the gut microbiome, and may even help lower the risk of colon cancer. Beyond
macronutrients, colocasia corms are a good source of essential minerals such as calcium, iron, magnesium, potassium,
sodium, phosphorus, manganese, zinc, copper, and selenium. They also offer a variety of important vitamins, including
vitamins C, A, and E, as well as folate and niacin.Moreover, colocasia is rich in beneficial plant compounds or
phytochemicals—Ilike flavonoids, glycosides, and polyphenols—that contribute to its wide range of health-promoting
and pharmacological effects. One particularly interesting compound is tarin, a glycoprotein found in colocasia, which
has shown the potential to stimulate the immune system and combat inflammation, infections, and even degenerative
diseases. Early research suggests that tarin may hold promise as a natural agent in cancer therapy, opening exciting
avenues for further exploration.

Conclusion:

Colocasia esculenta, often overlooked in mainstream agriculture, is a hidden gem rooted in traditional practices and
smallholder farming systems. Every part of the plant is usable, exemplifying a zero-waste, orphan crop that holds
immense untapped potential. Its ability to thrive with minimal inputs and adapt to a wide range of climatic conditions
makes it exceptionally suited for sustainable and eco-conscious agriculture. Rich in both nutritional and
pharmacological properties, Colocasia esculenta offers a wholesome, plant-based resource for promoting a healthy and
balanced lifestyle. In an era where climate resilience and resource efficiency are paramount, this versatile crop stands
out as a promising alternative. It can meaningfully contribute to food security, environmental sustainability, and
economic resilience—making it a valuable asset in building a more sustainable future for global agriculture.
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Sapota (Achras zapota L. Syn. Manilkara achras (Mill.) Forsberg) is one of the prominent fruits and belongs
to family “Sapotaceae”. It is also known as sapodilla or chiku in India. Sapota is a native of Mexico and
Central America, and now widely ‘wibay RO T

cultivated throughout tropics for its
delicious fruits. Sapota is an evergreen
tree usually growing up to 10 m height.
Being a hardy crop, it can be grown on
wide range of soil and climatic
conditions. India is the largest producer of
sapota followed by Mexico, Guatemala
and Venezuela. The area under sapota in
India is estimated to be 1.77 lakh hectares,
with an annual production of 17.44 lakh
metric tonnes and productivity 9.91MT
(NHB, 2014). The state’s growing sapota
in India on commercial scale is Andhra G 45 : ‘

Pradesh, Gujarat, Karnataka, WA MR : i
Maharashtra, Tamilnadu, Kerala, Punjab, Figure 1. Overview of Sapota plantation in semi-arid ecosystem
West Bengal and Haryana. It is not known

when it was first introduced into India but sapota cultivation was taken up for the first time in Maharashtra in
1898 in a village named Gholwad. Information on area and production of sapota in Rajasthan is not readily
available as the fruit has recently been introduced in the state and major plantations have not been developed on
significant scale, but potential districts might be Kota, Sirohi, Udaipur and Banswara.

Sapota fruit when fully ripped is delicious and eaten as dessert fruit. The pulp is sweet and melting. The
fruit skin can also be eaten since it is richer than the pulp in nutritive value. The sapota fruits are a good source of
sugar which ranges between 12 and 14 per cent. A 100 g of edible portion of fruit contains moisture (73.7 g),
carbohydrates (21.49 g), protein (0.7 g), fat (1.1 g), calcium (28 mg), phosphorus (27 mg), Iron (2 mg) and ascorbic
acid (6 mg) as reported by Bose and Mitra (1990).

Sapota fruits are used for making jams, jellies, osmodehydrated slices and squash. Products like sweet
chutney, dried sapota pieces, sapota milk shake, nectar, blended sapota drinks, pickle, preserve and candy can also
be prepared with good sensory. The bark of the tree is used for preparation of chicle used in chewing gum.
Climate and soil
Sapota, a crop of tropical region, needs warm (10-38 °C) and humid (70% relative humidity) climate where it
flowers and fruits throughout the year. Areas with an annual rainfall of 125-250 cm are highly suitable. However,
if taken to subtropics or to places of higher elevation like in Punjab, Haryana and Rajasthan, it gives only one crop
from summer flowering in April and May. Under moisture stress also, it produces one crop only. Sapota can be
grown on a wide range of soils. Drainage is most important. There should not be a hard pan in the sub-soil. Deep
and porous soils make a good growth. The sapota can tolerate the presence of salts in the soil or in irrigation water
to some extent.

~ Wice
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Varieties

The important and widely adopted varieties are Kalipatti and Cricket ball (Calcutta large). The other varieties are,
Pilipatti, Chhatri, Baramasi, Dwarapudi, Bhuripatti, Banglore, Dhola Diwani, Co-1, Co- 2, PKM-3, DHS-1 etc.
Propagation and root stocks

Sapota on Rayan or khirni roots is the best combination in respect of plant vigour, productivity and longevity.
Propagation of sapota by inarching using rayan as rootstock is the most accepted method of its commercial
cultivation. Two years old potted rayan plant with pencil thickness are utilized and grafting is done in December
and January. The plants are ready for separation in June-July of following year. The method is tedious,
cumbersome and time consuming. Softwood grafting using rayan as rootstock gives 93% success in situ. It is an
economically viable, faster, efficient and best technique. July- August is ideal time for it.

Planting and season

Since sapota is a crop of warm and humid tropics, it can be planted in any season provided irrigation facilities are
available. But it is beneficial to plant the grafts in beginning of rainy season. In areas having heavy rainfall, it can
be planted in September. In light soils pits of 60 cm x 60 cm x 60 cm size, whereas in heavy and gravely soils pits
of 100 cm x 100 cm x 100 cm size are made in April-May with 8m x 8m spacing and exposed to sun till mid of
June. Top 30 cm soil is mixed with equal quantity of well rotten compost or farm yard manure, 3 kg single super
phosphate and 1.0 kg muriate of potash are used for pit filling. To begin with all sides and bottom of the pit are
dusted with 5% Fenvalerate dust and pits mixture is added to fill the pit and remaining vacant space is filled with
remaining soil to height of 15 cm above soil surface. Such pits are left to monsoon rains for seedling and then
planting is done at appropriate time. At the time of planting, a small hole sufficient accommodate the ball of soil
and roots of graft is made in the centre of the pit and planted with scion in the direction of heavy wind to avoid
damage to joint. After planting soil around the plant is gently and firmly pressed and stalks are provided to avoid
sun heat. The plants are then lightly watered. Young plant should also be protected against sun scald by providing
dry grass thatch on top and three asides excepting the South-east for sun light. Such well cared plants establish
fast.

Since sapota tree makes uniform all round growth, square system of planting is recommended. However,
in lands with 5-15% slope, contour planting is recommended
Manuring and fertilization
Owing to evergreen nature of the plant, any inadequacy in its nutrition leads to sub optimal yield. Deficiency of
N leads to allowing of leaves from margin to mid rib. The P deficient plants have purplish flecks on lamina with
rusty pigmentation all over and inadequacy of K is marked by development of chlorotic symptoms long leaf
margins which become dark grey in advanced stage. Zinc deficiency is marked by small and erect leaves. Short
internodes and defoliation of terminals, whereas in calcareous soils iron deficiency causes general yellowing of
leaves with premature shedding.

A dose of 50 kg farm yard manure, 1000g N, 500g P.Osand 500g K,O/tree /year is optimum. This quantity
can be regulated on the basis of age of tree and status of nutrients is soil especially of P and K. under rainfed
condition, dose of N should be raised to 1.5 kg/tree. Castor cake is beneficial for high quality fruits. Application
of more N is reported to increase the yield. Under rainfed condition, fertilizers should be applied before the onset
of monsoon. However, under irrigated conditions it should be applied in to splits, total quantity of organic manure
and half of chemical fertilizers should be applied at the beginning of monsoon and remaining half in the post-
monsoon period (September- October). Since 90% of active roots are distributed with in drip up to a depth of 3
cm, nutrients should be applied under tree canopy and mixed thoroughly in soil up to a depth of 15 cm. in zinc
and iron deficiency, the requirement should met through application of organic manures and spraying of zinc
sulphate and ferrous sulphate (0.5%).

Aftercare

Depending on growth habit of sapota tree, a planting distance of 8 x 8 m to 10 x 10 m is ideal. Being a slow
grower, it takes longer to occupy allotted space. Therefore, intercropping is imperative. Intercrops like papaya,
French bean, tomato, brinjal, cabbage, cauliflower and cucurbits can be grown profitable during the pre-bearing
period. In established orchards, pre-monsoon and post-monsoon inter cultivation is recommended for better
aeration and effective weed control. Frequent weeding or mulching should be regular for first few years. Spraying
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SADH 100% ppm gives good fruit set and (Planofix) NAA 300 ppm gives fruit retention. Sprayings are done
twice before flowering and again at pea stage.
Irrigation
Habit of tree and its vegetative growth demand continuous supply of water. But sapota is grown both under
irrigated and non-irrigated conditions. Sapota requires irrigation at 30 days in summer. Adoption of drip irrigation
system is also beneficial, saving 40% water with 70-75% higher net income. This system should be laid out with
2 drippers spaced 50 cm from tree during initial 2 years and 4 drippers at 1 m from tree until 5 years of age. With
dripper discharge rate of 4 liters/ hr, the system should be operated for 4 hr during winter and 7 hr during summer
on alternate days.
Training and pruning
A seedlings tree grows excellently giving a shape of an umbrella. However, plants raised through inarching require
training for appropriate shape and frame work development. No definite system of training has been developed
for sapota. Most trees are trained in central leader system. Sapota being an evergreen tree requires no regular
pruning but regulation of vegetative growth to improve productivity and quality of fruits is necessary. At times
thinning of branches is affected in old plantation. Pruning in sapota is confined to open the tree to light and
removal of dead and diseased branches.
Harvesting and yield
Sapota may start bearing 2" or 3" year but commercial yield can be obtained from 7t year onwards. It takes about
7- 10 months from fruit set to maturity of fruits depending on variety, season and locality. Fruits followed double
sigmoid pattern of growth. Properly developed fruits have high TSS and sugar and reduced acidity, astringency,
latex and vitamin C. Best symptoms of maturity are: milky latex on scratching will be reduced and shows yellow
streak than green streak. Brown scaly material gets reduced. Dried stigma at the tip of the fruit drops easily.
Develops dull orange or potato colour. Fruits should be harvested with stalk intact. Peak harvesting periods are
Jan-Feb and May-June in Maharashtra and March-May in Punjab, Haryana and Rajasthan.
Post harvest handling and storage
Sapota is a climacteric fruit, it has to be ripening artificially. Fruits are highly perishable and they undergo rapid
ripening changes within 5-7 days during which the fruits become soft, sweet and develop excellent aroma with
decline in tannins, latex sapotin, aldehydes and acidity. These changes are associated with increase in production
of ethylene, rate of respiration, catalase, peroxidase and PME activities. These changes can be regulated through
chemicals, temperature and storage gas composition. Harvested fruit should be cleaned of latex and scurf by
washing in clean water to make them look attractive. Such fruit should be graded in to big, medium and small
sizes. Fruits should be tightly packed in cardboard boxes of 10 kg capacity with rice straw as padding material
and with ethylene absorbents and transported quickly to wholesale markets. For extending shelf life and to avoid
storage rots, fruits can be dipped in GA 300 ppm + bavistin 1000 ppm solution at pre-packing stage. For uniform
and rapid ripening ethephon (1000 ppm) cn be utilized at 20-25 °C. Modified storage with 5-10% (c/c) CO; can
be employed for long storage (21-25 days). Refrigerated vans (12-23 °C) should be utilized for long distance and
export markets.
Pests and Diseases
Stem borer: The grub f this small beetle bores into bark of the sapota trunk and feeds on the living tissue inside
the bark. The chewed bark is seen on the hole.
Control measures:

1. Kill the insect by trusting stiff wire into the tunnel.

2. Plug the hole with a wad of cotton in kerosene at 0.1 per cent and plaster with wet mud. This treatment

creates suffocation inside the hole or tunnel which results in death of the insect inside.

Leaf minor: The tinny caterpillar of a grayish moth mines into the surface of young leaves. Affected leaves curl
up, mines are on the surface of leaves and sometimes caterpillars are found inside the mines. Later on, affected
leaves get destroyed, dry up and fall.
Control measures: Spray once or twice Dimethoate (1.5 ml/ litre of water) or Malathion (1.5 ml/ litre of water).
Mealy bug: It is sucking type of insect. It is a small, over in shape with a cottony white, waxy on the under surface
of leaves and base of the fruit near the fruit stalks. They suck the sap and secrete large quantities of sugary sub
stones. Leaves have a block coating which gives them a sickly appearance.
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Control measures:

1. Spray Dimethoate with 1.5 ml/ litre of water.

2. Try to keep free sapota plantation from red ants because these help in distributing mealy bugs from one
tree to another. Red ants are effectively controlled with a dusting of a mixture of fenvalerate 5 per cent
and sulphur dust with 2:1 ratio.

Scale insects: They suck the sap by infesting along the sides of midrib and surface of leaves and twinges. These
scales are green or grown in colour and oval shaped.
Control measures: Dimethoate or Malathion at 1.5 ml in one litre of water.
Fruit borer: Borer attacks on fruits and some time buds which can easily be detected seeing the latex which
comes out on the surface of the infested fruits, the latex later crystallizes.
Control measures:

1. Spray of Fenvalerate with 0.01 per cent just before pre-flowering stage.

2. Second spray of 0.05 per cent Malathion when fruit gets pea size.
Diseases:
Wilt or die back: It is a common where sapota cultivation is being extended to traditionally rice growing regions.
Due to anaerobic conditions in monsoon and post season in such areas wilt is of common appearance aggravated
by Fussarium spp. First symptoms start with the onset of monsoon. Appearance of light yellow foliage with loss
of turgidity and epinasty. Plants at later stage show premature shedding and defoliation.
Control measures:

1. This can be controlled by effective drainage facility before planting.

2. Drenching the plant with Dithane M-@ 2g in one litre of water.

Leaf spot: The casual fungus results in dark brown, the adjacent spots on leaves. When infection is severe, the
adjacent spots become large irregular whitish patches. In severe easer, the defoliation of leaves may be noticed.
Control measures:

1. Spray Dithane M-45 or Dithane Z-78 @ 0.2 per cent at interval of 30 days.

2. Grow resistant varieties like Co-1, Cricket ball. The varieties Co-2 and Kalipatti are tolerant but Calcutta
round are susceptible.

Sooty mould: sooty mould is incited by Capnodiuor. The causal fungal disease develops on the honey like
excretion by scale insects and mealy bugs.
Control measures:

1. Spray Zineb @ 2 g/ litre of water.

2. Spray starch solution @ 5 g/ litre of water. Starch forms this flakes and drop.
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Abstract

The development and implementation of sustainable fishing gear are critical for balancing the demands of
productive fisheries with the urgent need to protect marine biodiversity and maintain healthy ecosystems.
Advances in gear selectivity through innovative design improvements, enhanced material choices, and the
integration of modern technologies have proven effective in reducing bycatch, safeguarding juvenile fish, and
minimizing habitat damage. Collaborative efforts between researchers and the fishing industry have driven
practical solutions, such as the use of larger hooks, improved cod end designs, and the adoption of alternative gear
types, all of which contribute to more responsible and efficient fishing practices. Despite technical, ecological,
and operational challenges, ongoing innovation in modelling methods, simulation tools, and gear design
frameworks continues to create new opportunities for sustainable fisheries management. Moving forward,
prioritizing gear refinement, exploring alternative technologies, and implementing strong regulatory measures
will be vital to sustaining fish stocks, conserving marine biodiversity, and supporting resilient fishing communities
for the future.
Keywords: Sustainable fishing gear; gear selectivity; bycatch reduction; fisheries management; marine
biodiversity.
Introduction

he development and adoption of sustainable fishing gear are essential for improving the operational efficiency

of fisheries while ensuring greater selectivity in what is harvested. Such gear addresses the critical issue of
how to maximize the catch of desired species without unintentionally capturing non-target species, known as
bycatch, which can have significant ecological impacts. In recent years, considerable progress has been made in
refining fishing gear designs and integrating advanced technologies that enable fishers to better target specific
species and sizes. These advancements contribute significantly to the goal of ecological sustainability by reducing
wasteful practices, conserving marine biodiversity, and supporting healthier, more resilient aquatic ecosystems.
Implementing hooks with considerably larger sizes on a broad scale could be a practical conservation measure.
This method supports the preservation of marine biodiversity by giving smaller, unintended species a better chance
to avoid capture, while still permitting fishers to harvest target species responsibly and sustainably (Swimmer et
al., 2011). A detailed age-structured population model was utilized to analyse the influence of gear selectivity on
both the spawning stock biomass (SSB) and the overall yield of the fishery. This approach allowed researchers to
assess not only how selective harvesting practices affect the reproductive capacity and long-term productivity of
fish populations, but also to compare these effects with the impacts of different levels of fishing pressure
(exploitation rates) and a range of biological characteristics, such as growth rates, natural mortality, and age at
maturity. By examining these relationships, the model provides valuable insights into how adjustments in gear
selectivity can contribute to sustainable fishery management (Vasilakopoulos et al., 2016).
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Concept of Sustainable Fishing Gear

Sustainable fishing gear refers to the thoughtful integration of materials, design features, and fishing practices that
together aim to lessen environmental harm, cut down on waste, and protect marine biodiversity. Such gear is
specifically crafted to efficiently capture target species while reducing unintended bycatch and limiting damage
to aquatic habitats. Embracing this strategy is vital for safeguarding fish populations and supporting the long-term
sustainability of marine ecosystems. Over the past decade, extensive bottom-up collaboration through workshops
and research involving fishers from major tropical tuna purse seine fleets has led to significant progress in
mitigating the ecological impacts linked to the use of fish aggregating devices (FADs). These joint efforts have
resulted in the development and adoption of innovative, more sustainable fishing practices now implemented
across all oceans (Murua et al., 2023). The authors discuss how various management controls can influence the
behaviour of fishers, particularly in their decisions to use more selective fishing gear. They illustrate how specific
regulatory approaches can either support or undermine conservation efforts, and describe methods to either deter
or encourage the continued use of gear that is less selective (Graham et al., 2007). A semi-demersal trammel net
specifically developed for targeting cuttlefish has demonstrated notable success in reducing the unintended
capture of juvenile or undersized flounder during prawn trawling activities. By selectively allowing only the
intended catch to be retained, this gear modification effectively minimizes bycatch, supporting both resource
conservation and more sustainable fishing practices (Matsuoka, 2023).

Technological Innovations in Fishing Gear

Advancement in fishing gear technology has significantly reshaped the fishing sector by boosting operational
efficiency while addressing crucial environmental issues. These advancements cover diverse aspects, such as the
development of more sophisticated gear designs and the adoption of refined fishing practices, all aimed at lowering
the ecological footprint of fishing activities. By implementing these modern solutions, the industry can more
effectively limit bycatch, reduce damage to sensitive habitats, and promote responsible harvesting of fish stocks.
Altogether, these measures play an important role in safeguarding the long-term sustainability and health of
marine ecosystems. The development and broad adoption of synthetic materials in fishing gear, combined with
notable advancements in vessel design, navigation technology, gear handling machinery, fish-finding systems,
and scientific understanding of fish behaviour, have brought about substantial changes in the construction, design,
and operation of today’s fishing equipment. These innovations have significantly increased the effectiveness and
catch potential of modern fishing techniques like trawling, purse seining, and longlining. Altogether, these
technological strides have driven large-scale improvements throughout the fishing sector, boosting productivity
while reshaping the way commercial fisheries operate (Boopendranath, 2019). New and advanced technologies
in the fisheries sector are driving significant changes by making operations more sustainable, boosting overall
effectiveness, and ensuring better transparency throughout the supply chain (Latief et al., n.d.). This paper
integrates systematic literature reviews, expert analyses, and descriptive case studies to showcase the multiple
ways in which technological advancements are reshaping recreational fishing. In addition, it explores the broader
implications of these innovations for how fisheries should be managed and regulated in the future, and discusses
how the oversight and adaptation of new technologies can help support sustainable fishing practices (Cooke et al.,
2021).

Improving Efficiency in Fisheries

Enhancing the selectivity of fishing gear is essential for promoting sustainable fishing, reducing unintended
bycatch, and protecting marine biodiversity. Recent studies highlight the importance of a comprehensive strategy
that brings together advanced gear design improvements, insights into fish behaviour, and close cooperation
between researchers and the fishing community. Linear Mixed-effects Models are used to identify functional
traits—such as body size, vision, and movement abilities that distinguish captured individuals from those that
manage to escape (Mouchet et al., 2019). The authors suggested a broader, more unconventional approach to
tackle bycatch issues associated with trawl fishing by exploring the use of entirely alternative gear types. Their
proposed strategy includes: (1) assessing the practical limits of improving poorly selective fishing gears through
existing bycatch reduction techniques, and (2) evaluating the potential of alternative gear designs that, due to their
unigue construction or method of operation, incorporate selective features that could be adapted to improve the
performance of problematic gears (Broadhurst et al., 2007). The findings show that modifications to both the
square mesh panel (SMP) and, in particular, the cod end design greatly influence the size selectivity and catch
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composition for hake and blue whiting. It is recommended that future research should focus primarily on
optimizing cod end selectivity, with the possibility of incorporating additional selective devices once cod end
designs with effective selective performance are developed (Cuende et al., 2022).

Enhancing Selectivity

Improving gear selectivity, whether in fisheries or mechanical systems, requires multiple approaches focused on
boosting effectiveness and minimizing unintended catches or operational inefficiencies. This can be accomplished
through creative design improvements, careful choice of materials, and adjustments to how the gear is used in
practice. The conclusion suggests that, subject to additional testing, cod ends constructed with mesh sizes close
to 29 mm and mounted on the bar are likely to offer suitable size and species selectivity for use in Wallis Lake
stow nets and lagoon seines (Macheth et al., 2005). A simulation-driven design approach that combines virtual
simulations with material selection charts is suggested to enhance design efficiency during the early stages of
product development. This method allows designers to flexibly identify suitable material options for their gear
designs according to specific performance requirements (Yazdanshenas et al., 2020). A new forward,
performance-driven approach for determining gear parameters is introduced, which enhances both efficiency and
precision by developing performance evaluation models combined with a linear weighting technique. This method
produces optimized asymmetric gear designs that outperform those created using traditional design methods
(Zheng et al., 2024).

Environmental and Ecological Benefits

Fishing gear selectivity plays a vital role in reducing environmental and ecological impacts by controlling which
species and sizes of fish are captured, directly affecting the sustainability of fisheries and the well-being of aquatic
ecosystems. Enhancing gear selectivity offers substantial ecological advantages, such as minimizing bycatch,
safeguarding juvenile fish populations, and helping to maintain healthy marine habitats. Whether traditional
artisanal fishing gear in coral reef habitats selectively harvests fish species that exhibit specific ecological traits,
including feeding type, body size, depth preference, vertical position in the water column, activity periods, and
schooling tendencies (Mbaru et al., 2020). The authors reference Bahamon et al., who analyse the effects of better
gear selectivity on European hake, Norway lobster, poor cod, and greater forkbeard by assuming that all vessels
would replace the standard 40 mm diamond-mesh cod end with a 40 mm square mesh (SM40) cod end (Bahamon
et al., 2007). The authors provide an overview of recent progress in fishing gear technology, highlighting
advancements that enhance selectivity and the creation of gear designs that are less harmful to the environment,
thereby helping to reduce some of the ecological impacts associated with fishing (McShane et al., 2007).
Challenges and Barriers

Challenges and obstacles related to gear selectivity are complex and span technical, ecological, and
methodological aspects. In fisheries, for example, gear selectivity is a key factor for sustainable management, as
it determines how effectively target species are harvested while safeguarding non-target species and their habitats.
Similar complexities exist in other gear-dependent sectors, like manufacturing and vehicle transmissions, wher