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Introduction  
Chronic endometritis in dairy cattle is an 

underdiagnosed but economically significant 

reproductive disorder. Characterized by 

persistent inflammation of the uterine lining 

(endometrium), it often leads to reduced 

conception rates, prolonged calving intervals, 

and repeat breeding problems. Traditionally 

addressed with antibiotics or hormonal therapy, 

recent advances are opening new avenues in 

biochemical intervention, targeting the 

molecular and cellular mechanisms underlying 

this condition for more precise and sustainable 

treatment outcomes. 

Understanding the biochemical roots of 
endometritis  
Chronic endometritis is primarily caused by 

persistent bacterial infections, most commonly 

Escherichia coli, Trueperella pyogenes, and 

Fusobacterium necrophorum. These pathogens 

disrupt the normal uterine environment, leading 

to excessive production of inflammatory 

mediators such as prostaglandins (PGs), 

cytokines (like IL-6 and TNF-Ŭ), and reactive 

oxygen species (ROS). This disrupts the 

endometrial repair process and compromises the 

implantation of embryos. The condition is also 

associated with hormonal imbalances especially 

suboptimal levels of progesterone, which are 

essential for preparing the uterus for pregnancy 

and modulating the immune response. 

What Causes Endometritis in Dairy Cattle?  
Endometritis is an infection or inflammation of 

the uterus (womb) in cows. It is one of the most 

common reasons why cows donôt conceive even 

after repeated inseminations. Understanding the 

causes can help farmers prevent it and take early 

action. 

1. Bacterial infections  

After calving (giving birth), the cowôs uterus is 

open and exposed. Bacteria from the 

environment can easily enter and cause 

infection. If the cowôs body doesnôt clear these 

bacteria properly, it leads to chronic 

endometritis. 

Common bacteria involved: 

¶ E. coli ï comes from dung or dirty 

surroundings 

¶ Trueperella pyogenes ï causes pus and foul-

smelling discharge 

¶ Fusobacterium ï makes the infection worse 

2. Retained placenta (Afterbirth) 

If the placenta does not come out within 12 

hours after calving, it starts rotting and attracts 

bacteria. This is a major cause of uterine 

infection. 

3. Poor cleanliness during or after calving 

¶ Dirty calving pens 

¶ Unhygienic handling during assisted 

deliveries or artificial insemination 

¶ Flies and manure in calving areas 

4. Difficult or assisted Calving 

¶ If the cow had a hard delivery or required 

pulling of the calf 

¶ Use of unclean hands or tools during 

delivery 

¶ Injury or tearing of the uterus during 

delivery 

5. Weak immunity or nutritional deficiency 

¶ Cows with low energy, low calcium or 

lacking in selenium and Vitamin E canôt 

fight infections well. 

¶ They also heal slowly after calving. 

On-Farm Detection of Chronic Endometritis: Biochemical 

and Cytological Approaches 

Dr. Bogapathi Sampath Kumar 

Associate Professor, Department of Veterinary Biochemistry, College of Veterinary Science, 

Rajendranagar, Hyderabad, PVNRTGVU 
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6. Repeat breeding and hormonal imbalance 

¶ If a cow doesnôt come into proper heat or has 

low progesterone, the uterus doesnôt heal. 

¶ Repeated insemination in such cows can 

worsen the infection. 

7. Other risk factors 

¶ Overcrowding 

¶ Heat stress 

¶ Poor drainage in sheds 

¶ Overuse of antibiotics without proper 

diagnosis 

When to suspect endometritis  
¶ Cow had a difficult or assisted calving 

¶ Placenta was retained for more than 12 

hours 

¶ Cow has abnormal vaginal discharge after 

calving 

¶ Cow is not getting pregnant despite showing 

heat 

¶ Cow is otherwise healthy but not conceiving 

Symptoms  
¶ Repeat Breeding 

¶ Delayed or Irregular Heat 

¶ Vaginal Discharge: White, yellowish, or 

brownish Mucus mixed with pus   

¶ Sometimes foul-smelling, often noticed 

after the cow lies down or gets up 

¶ Prolonged Uterine Involution 

¶ Low Milk Yield 

¶ Mild or No Fever 

¶ Retained Placenta or History of Difficult 

Calving 

Biochemical changes: 
1. Persistent inflammatory cytokines 

o ŷ Tumor Necrosis Factor-alpha (TNF-Ŭ) 

o ŷ Interleukins  such as IL-1ɓ, IL-6, and IL-

8 

These cytokines sustain inflammation, 

damage endometrial cells, and impair 

implantation. 

2. Oxidative stress markers 

o ŷ Reactive Oxygen Species (ROS) 

o Ź Total Antioxidant Capacity (TAC) 

o ŷ Malondialdehyde (MDA) ï a byproduct 

of lipid peroxidation 

 

3. Altered prostaglandin profile 

o ŷ Prostaglandin F2-alpha (PGF2Ŭ) causes 

luteolysis, affecting progesterone 

production and disrupting the estrous cycle. 

4. Endocrine imbalance 

o Ź Progesterone (P4) ï essential for uterine 

quiescence and embryo survival 

o Erratic estradiol (E2) levels ï affects 

immune modulation in the uterus 

5. Elevated acute phase proteins 

o ŷ Haptoglobin 

o ŷ Serum Amyloid A (SAA) ï systemic 

indicators of inflammation 

Diagnosis: Biochemical and molecular 

techniques  

1. Uterine cytokine profiling  

o ELISA-based quantification of TNF-Ŭ, IL -6 

and IL -1ɓ in uterine washings or endometrial 

tissue 

2. Oxidative stress analysis 

o Spectrophotometric assays to measure ROS, 

MDA, GSH, SOD, and catalase activity 

3. Hormone profiling 

o Progesterone and estradiol levels in serum 

or milk using RIA/ELISA 

4. Acute phase protein assays 

o Colorimetric or immunoturbidimetric 

methods to quantify haptoglobin and SAA 

5. PCR and qPCR for pathogen detection 

o Molecular detection of bacterial DNA (e.g., 

E. coli, T. pyogenes) from uterine swabs 

6. Endometrial biopsy with histochemistry 

o Evaluates glandular structure and 

inflammatory cell infiltration; often 

combined with immunohistochemical 

staining for cytokines. 
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Common risk factors associated w ith 
endometritis in domestic animals.  
 

 

Field-Level Tests for Detection of Chronic 
Endometritis in Dairy Cattle  
Chronic endometritis often goes undetected due 

to subclinical presentation. Early detection is 

crucial to prevent reproductive inefficiency. 

While field-level tests offer rapid, cost-effective 

and on-the-spot screening options for 

veterinarians and dairy farmers 

Recommended Combination for Field 
Screening 
For herd-level screening, a combination of WST 

+ cytology or WST + Metricheck provides a 

reliable and field-adaptable diagnostic approach. 

Biochemical treatment options  
1. Antioxidant Therapy  

o Vitamin E and Selenium: Enhance 

antioxidant defenses 

o N-Acetylcysteine (NAC): Acts as a 

precursor for glutathione synthesis 

o Plant polyphenols: Quercetin, curcumin, 

and resveratrol reduce ROS and inhibit NF-

əB pathway 

2. Cytokine Modulation 

o Lactoferrin: Downregulates IL-1 and TNF-

Ŭ expression 

o Recombinant IL-10 or TGF-ɓ: Anti-

inflammatory cytokines to restore uterine 

homeostasis 

 

 

 

3. Prostaglandin Inhibitors 

o NSAIDs (e.g., flunixin meglumine): 

Reduce PGF2Ŭ and help in luteal 

maintenance 

o Targeting COX-2 enzyme can reduce 

uterine inflammation 

4. Hormonal Therapy (Biochemically 

Timed) 

o Progesterone supplementation via CIDR 

devices to support luteal function 

o GnRH analogs to induce ovulation and 

synchronize estrus 

o PGF2Ŭ (in mild inflammation) to induce 

uterine clearance 

5. Exosome-based Biotherapeutics 

(emerging) 

o Exosomes from mesenchymal stem cells 

(MSCs) or granulosa cells carry anti-

inflammatory miRNAs and peptides, 

reduce oxidative stress, and promote 

regeneration 

6. Nutritional Immunomodulation  

o Supplementation with zinc, omega-3 fatty 

acids and amino acids like arginine 

improves the uterine immune environment 

Biochemical Interventions: A Paradigm Shift  
Recent research focuses on modulating these 

biochemical pathways instead of relying solely 

on antibiotics. The key strategies include: 

1. Antioxidant therapy: Vitamin E, selenium, 

N-acetyl cysteine (NAC), or plant-derived 

polyphenols helps neutralize ROS, improving 

uterine tissue repair and reducing inflammation. 

2. Immunomodulators: ɓ-glucans, bovine 

lactoferrin, or recombinant cytokines (e.g., IL-

10) are used to modulate the local immune 

response. By balancing pro- and anti-

inflammatory signals, these agents promote 

endometrial healing and help the cow return to 

normal fertility faster. 

3. Prostaglandin modulators: Non-steroidal 

anti-inflammatory drugs (NSAIDs) or specific 

inhibitors of prostaglandin synthesis (such as 

flunixin meglumine) can reduce uterine 

inflammation and improve conception rates 

when timed appropriately post-calving. 
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Table 1. Field-Level Tests for Detection of Chronic Endometritis in Dairy Cattle 

Test Name Purpose Materials Needed 
Procedure (Simple 

Steps) 
Result Interpretation  

Time 

Required 

White Side 

Test 

(WST) 

Detect 

inflammation 

(pus cells in 

mucus) 

Cervical mucus, 

5% NaOH, test 

tube, heat source 

Mix 1 mL mucus with 1 

mL 5% NaOH Ÿ Heat 

for 1ï2 mins Ÿ 

Observe color 

Yellow = Normal; 

Turbid/Brown = 

Infection 

5 minutes 

Metri 

check Test 

Check mucus 

quality/discharge 

Metri check device 

or clean gloved 

hand 

Insert device in the 

vagina and collect 

mucus Ÿ Examine for 

color, odor, consistency 

Clear = Normal; 

Pus/discolored/foul = 

Suspected infection 

2 minutes 

Vaginal 

pH Test 

Detect abnormal 

pH due to 

infection 

pH paper or 

portable pH meter 

Collect mucus sample 

Ÿ Dip pH paper or 

probe Ÿ Read pH 

Normal: 6.8ï7.0; 

Infected: >7.5 
1 minute 

Uterine 

Cytology 

(Smear 

Test) 

Count 

neutrophils 

(PMNs) in uterus 

Cytobrush or AI 

sheath, glass slide, 

stain, microscope 

Collect uterine sample 

Ÿ Smear on slide Ÿ 

Stain (Giemsa/Diff-

Quick) Ÿ Observe 

under microscope 

>5% PMNs = 

Endometritis 

15ï20 

minutes 

Rectal 

Palpation 

Assess uterine 

size and tone 

Arm-length gloves, 

lubricant 

Insert gloved hand per 

rectum Ÿ Feel uterus 

size, symmetry, and 

consistency 

Enlarged/flabby uterus 

= Delayed 

involution/infection 

2ï3 

minutes 

Discharge 

Scoring 

(Visual) 

Grade discharges 

in post-calving 

cows 

Clean gloved hand 

or visual exam 

Pull vulva, observe 

discharge 

Score 0 (clear) to 3 

(purulent/foul); Score 

2ï3 = Infection 

Instant 

4. Hormonal synchronization and 

biochemical markers: Ovsynch, combined 

with biochemical monitoring of progesterone 

and estradiol levels, can be used to regulate 

estrous cycles and enhance uterine recovery. 

Additionally, measuring biomarkers such as 

acute-phase proteins (haptoglobin, serum 

amyloid A) helps in diagnosing subclinical 

infections and evaluating the response to 

therapy. 

Control Measures for Chronic Endometritis in 
Dairy Cattle 
Preventing chronic endometritis begins with 

maintaining good hygiene during and after 

calving. Clean and dry calving pens, proper 

sanitation of hands and instruments during 

assisted deliveries or artificial insemination and 

timely removal of placenta are critical. Cows 

that experience difficult calving, retained 

placenta, or stillbirth should be closely 

monitored for signs of uterine infection. 

Providing balanced nutrition, especially after 

calving, with adequate levels of energy, protein, 

minerals (like selenium and zinc), and vitamins 

(like A and E) boosts the cowôs immunity and 

supports uterine healing. Regular reproductive 

health checks using simple field tests like the 

White Side Test or Metricheck device can help 

in early detection. If symptoms are noticed, 

timely veterinary intervention with appropriate 

anti-inflammatory, hormonal, or supportive 

therapy is essential. Avoid overuse of antibiotics 

without proper diagnosis and always follow the 

vet's advice. Good record-keeping, maintaining 

proper breeding intervals, and avoiding stress 

through proper housing and management are 

also important long-term strategies to control 

endometritis and improve fertility in dairy herds. 

Conclusion 
Chronic endometritis is a complex, 

multifactorial disease that no longer needs to 

rely solely on conventional therapies. 

Biochemical interventions offer a smart, 

targeted approach to understanding and 

resolving the underlying pathophysiology. With 

a growing body of research supporting these 

methods, the future of reproductive health in 

dairy cattle looks promising, healthier cows, 

improved fertility, and greater productivity.  
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Introduction  
The Indian Ocean has been the source of 

livelihood and life for millions, particularly 

coastal fisherfolks. Seafood consumption is 

increasing all over the world, putting more 

pressure on marine resources. To address this 

increasing demand without over-exploiting 

marine resources, it is crucial to embrace 

sustainable management of fisheries. This 

method not only saves the environment but also 

assists other efforts at an international level to 

achieve Sustainable Development Goals like 

poverty eradication (SDG 1), zero hunger (SDG 

2), community wellness (SDG 3), gender 

equality (SDG 5), clean water and sanitation 

(SDG 6), economic growth (SDG 8), sustainable 

consumption and production (SDG 12), climate 

change (SDG 13) and life below water (SDG 14) 

will fulfil present demand without 

compromising the future resources (Ratheesh et 

al., 2023). 

Although, the fisheries sector made notable 

contribution of 5.23 percent to Indiaôs GDP in 

2019, the socio-economic position of fisherfolk 

still remain underdeveloped. Most fisherfolk in 

India are poor with limited access to nutrition, 

education and healthcare. Rahaman et al., (2021) 

observed that these vulnerable communities 

often contend with overcrowded households, 

irregular seasonal works and weak social 

infrastructure. Health risks often arise from 

occupational exposures and poor sanitation.  

Similar economic struggles are encountered in 

Cirebon coastal region of Indonesia, A study by 

Sukono et al., (2021) found that income was 

influenced by fishing technology, environmental 

degradation, capital and climate variability. 

Seasonal bans often lead to loss income, food 

insecurity and noncompliance. As there is lack 

of options during these fishing ban period, many 

fishers are forced to borrow money or rely on 

informal sectors pushing them to cycles of debt 

(Islam et al., 2021; Tripathy et al., 2017). 

In addition, similar issues prevail in Kuala 

Dungan region of Malaysia, where, Ahmed et 

al., (2021) noted that the seasonal nature of 

fishing coupled with limited education and few 

supplementary income sources, keeps families 

trapped in poverty. These recurring patterns 

across coastal communities indicate a pressing 

need for structured and sustainable alternative 

livelihood programs. Whereas, In Ghana, 

Studies shows that only four to 20 percent of 

fishers engage in alternative income generating 

activities such as crop farming, livestock 

rearing, teaching and petty trading to 

supplement their low and unstable fishing 

income. Despite the cultural attachment to 

fishing, they expressed willingness to shift to 

alternative occupations (over 70%), this study 

emphasizes the livelihood diversification as not 

only a part of poverty reduction but also for 

easing fishing pressure a sustainable fishing 

management (Asiedu & Nunoo, 2013).  

Need for Economic and Livelihood 
Diversification  

Globally, marine fishing communities face 

increasing livelihood stress due to declining 

marine stocks, climate impacts and economic 

uncertainty. Studies from Zanzibar to the U.S. 

West Coast reveal growing dependency on 

supplementary and alternative job opportunities 

Beyond the Nets: Exploring the Sustainable Alternative 

Livelihood Opportunities for Coastal Fisherfolks 

S. Adithiyalakshmi* and PL Sridevi Sivakami**  

Research Scholar* and Associate Professor** 

Avinashilingam Institute of Home Science and Higher Education for Women 

Coimbatore 641043, Tamil Nadu  
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like farming or construction to buffer seasonal 

or income shocks (Ali et al., 2023;Hamad et al., 

2023; Trekle et al., 2023). However, such 

transition is difficult in regions with limited job 

diversity and deep cultural ties to fishing. 

In India, this is accurately evident in coastal 

states like Kerala and Tamil Nadu, where more 

than 60% of fishers depend solely on fishing. 

There is now an urgent need to identify and 

implement sustainable alternative or 

supplemental livelihoods that are ecologically 

viable, economically rewarding and socially 

acceptable (Salim et al., 2019). 

Alternative Livelihood Opportunities among 
Coastal Fisherfolks  
1. Deep Sea Fishing 

India's expansive Exclusive Economic Zone 

(EEZ) is still untapped, especially for marine 

fauna such as yellowfin tuna, skipjack and squid. 

Diverting fishing efforts from saturated coastal 

areas to deep-sea areas can be a turning point. 

With proper training, sophisticated boats and 

official patronage, deep-sea fishing can lift 

incomes while relaxing pressure on coastal 

fishing (CMFRI Annual Report, 2017). 

2. Seaweed Farming 

Seaweed cultivation is becoming a sustainable 

and equitable source of livelihood for coastal 

peoples, particularly in low and middle income 

countries (LMICs). 

In contrast with intensive aquaculture systems 

such as shrimp farming, seaweed farming needs 

less input, has a low environmental impact and 

can assist climate resilience by sequestering 

excess nutrients and mitigating coastal. Despite 

these benefits, its embracement across low and 

middle income countries is uneven because of 

several impediments. Seaweed is missing from 

the food and agriculture policies of most of 

Africa, South Asia and Latin America. In 

countries other than Indonesia or the 

Philippines, few LMICs have invested heavily in 

developing value chains for seaweed (Webb et 

al., 2023).  

India's coast accommodates more than 1,000 

species of seaweeds. It is emerging as a 

sustainable solution to address nutritional 

deficiencies and to improve coastal livelihoods. 

Of the 844 seaweed species identified, around 

60 are commercially valuable, prompting 

government support through Pradhan Mantri 

Matsya Sampada Yojana (PMMSY), which 

allocated 640 crore from 2020 to 2025 for 

seaweed cultivation (Ministry of Fisheries, 

Animal Husbandry & Dairying., 2025). 

Seaweed cultivation sustains eco-restoration, 

provides employment and provides raw 

materials for food, pharmaceutical and 

cosmetics industries. But concerns such as 

climatic volatility and post-harvest 

infrastructure are issues that require 

concentrated policy attention (CMFRI, 2017). 

Seaweed farming is a new and low-profile 

livelihood option, especially for women's self-

help groups (SHGs) in Tamil Nadu. Cultivation 

of Kappaphycus alvarezii with basic bamboo 

rafts has empowered fisherwomen in 

Ramanathapuram and Kanyakumari districts of 

Tamil Nadu, India, earning 3,000 to 10,000 

per month (Rajasree and Gayathri, 2014). 

With brief cycles of cultivation (around six 

weeks) and small returns per crop, it is already 

changing lives in places such as Tamil Nadu, 

Zanzibar and Madagascar (Rajasree & Gayathri, 

2014). Still, challenges such as disease 

outbreaks (e.g., ice-ice syndrome), salinity 

changes, lack of quality seedstock and limited 

access to food safety monitoring remain 

pressing concerns (Ward et al., 2022; Koch et 

al., 2021). Opportunities and Challenges in 

Seaweed Livelihoods (LMICs) 

Opportunities and Challenges in Seaweed 
Livelihoods (LMICs) 

Domain Opportunities Challenges 

Farming/ 

Production 

- Ideal for many 

LMIC coastal 

zones  

-Women-led 

microenterprises 

possible  

-Supports 

pollution control 

-Lack of 

technical 

training  

-Limited 

public 

research  

-Seasonal 

labor and 

climate 

variability 
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Processing  

&  

Value 

Addition  

-Potential to 

boost income 

through food, 

cosmetic & 

pharma sectors  

-Expands rural 

jobs post-

harvest 

- High cost of 

processing 

units  

-Weak 

supply 

chains and 

infrastructure  

- Food safety 

issues 

Export 

Trade 

- Global demand 

is rising  

- Can become a 

new export 

commodity 

-Poor 

regulation  

- Few species 

are premium 

prices  

-Limited data 

on local 

capacity 

Consumption 

& Nutrition  

-Rich in 

micronutrients  

-Can improve 

local diets in 

coastal areas 

- Low calorie 

content  

-Expensive 

relative to 

vegetables  

-Cultural 

unfamiliarity 

3. Mariculture and Aquaculture 

Mariculture the production of sea species in 

coastal and open ocean habitats has become an 

essential solution to global food and nutrition 

security. As wild fish stocks plateau, mariculture 

now accounts for one-third of total aquaculture 

production and more than half the seafood eaten 

worldwide. 

A recent international study assessed 117 coastal 

countries with a Mariculture Opportunity Index 

identifies its unrealized potential, particularly in 

island countries of Southeast Asia and the 

Caribbean, where there is high seafood 

dependency and malnutrition persists. Aligning 

the development of mariculture with nutritional 

and economic objectives, these countries can 

derive substantial benefit. Yet, for this to be 

maximized, the challenges of limited governing 

frameworks, underinvestment and ensuring 

local consumption of mariculture products need 

to be addressed. Mariculture therefore promises 

not just as a source of food but also as a route to 

coastal livelihood resilience and national 

nutritional enhancement (Liu et al.,2024). 

 Open sea cage farming, oyster and mussel 

culture and Integrated Multi Trophic 

Aquaculture (IMTA) are becoming popular in 

India's coastal regions. Cage rearing of fish such 

as seabass and cobia can produce 1.5 to 4 

lakhs per cycle, while mussel culture in Kerala 

is highly rewarding with low land usage. IMTA 

systems increase environmental sustainability as 

they integrate fish, seaweed and shellfish 

farming in a harmonized ecosystem 

(Gopalakrishnan, 2017). 

In Lakshadweep and the Andaman and Nicobar 

Islands, CMFRI is spearheading research to 

develop location-specific fishery management 

plans and mariculture models. These include sea 

cage farming, black-lip pearl culture and 

seaweed cultivation, tailored to local 

environmental and socio-economic conditions 

(Parappurathu et al., 2017). 

4. Pearls, Ornamental Fish and Tourism 

Ornamental fish farming and pearl culture 

present low-space, high-yielding opportunities, 

particularly for women and youth. These 

activities present home-based sources of income 

with small ecological impact. Similarly, 

recreational fishing and ecotourism, regulated 

and linked with community-based tourism 

networks, can also earn alternative incomes 

while supporting marine conservation (Ali et al., 

2023). 

5. National Strategies for Sustainable 

Marine Futures 

Indian Council of Agricultural Research - 

Central Marine Fisheries Research Institute 

(ICAR-CMFRI), National Institution for 

Transforming India Aayog (NITI Aayog) and 

World Wide Fund for Nature (WWF) -India's 

joint effort is a turning point towards aligning 

India's marine fisheries with UN Sustainable 

Development Goal 14 (SDG-14). The major 

policy suggestions are: 

¶ Halting new fishing vessel registrations to 

prevent overcapacity 

¶ Implementing uniform Minimum Legal Size 

(MLS) regulations across coastal states 

¶ Licensing fishing gears and boatyards 

¶ Establishing marine protected areas and no-

take zones 
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¶ Promoting Vessel Monitoring Systems 

(VMS) 

¶ Incorporating marine literacy into school 

curricula (CMFRI-NITI Aayog Report, 

2017) 

CMFRIôs Theeranaipunya project, in 

partnership with the Society for Assistance to 

Fisherwomen (SAF), equips young 

fisherwomen in Kerala with skills in 

communication, entrepreneurship and higher 

education pathways. With stipends and 

experiential learning, the program builds 

employability and leadership among coastal 

women (Salim, 2019). 

Coastal Cleanliness and Awareness 
Under the "Swachh Samundar Abhiyaan", 

CMFRI launched coastal clean-up drives and 

educational campaigns to reduce plastic waste in 

marine environments.  

Source:https://www.thehindu.com/news/cities/

Kochi/fish-cemetery-bags-swachh-bharat-

award/article23166224.ece  

Innovative installations like the ñFish 

Cemeteryò have sparked public awareness, 

earning national accolades for CMFRIôs Swachh 

Bharat initiatives (Parappurathu et al., 2017). 

The Fish Cemetery, an art installation set up by 

the Central Marine Fisheries Research Institute 

(CMFRI) to create awareness on coastal 

pollution, has won national recognition with the 

CMFRI bagging the Swachh Bharat Award in 

2018. 

Conclusion 
Through deep-sea ventures, sustainable 

aquaculture, women-led entrepreneurship and 

forward-looking policy, Indiaôs coastal fishers 

are being equipped to face the dual challenges of 

livelihood security and environmental 

conservation. Institutions like CMFRI play a 

pivotal role in transforming marine resource use 

into models of resilience and sustainability, 

ensuring that the blue economy benefits both 

people and the planet.  
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Spirulina is widely used as nutraceutical food 
supplement worldwide. Currently, there is an 

increase in interest towards the consumption of 

foods rich in bioactive compounds. Spirulina is 

a multicellular, filamentous, blue green 

microalgae which is rich in various bioactive 

compounds and it is also used as a protein source 

for human nutrition. Spirulina is also called as a 

ñSuper foodò. The two most popular species of 

spirulina are Spirulina platensis and Spirulina 

maxima. The cell wall of spirulina is made up of 

easily digestible polysaccharides which makes 

them to highly absorbable by the human body. 

Spirulina has been also explored for a source of 

different bioactive peptides. In this context, this 

article highlights the bioactive properties and 

potential applications of spirulina and its 

bioactive peptides. 

Chemical and bioactive properties of Spirulina  
Spirulina is rich in protein, vitamins, essential 

fatty acids, mineral and carbohydrates.  

Additionally, it has plenty of antioxidants. The 

dried spirulina has a protein content of 50-60%. 

Spirulina contains a major protein called 

phycobilin. Phycobilin consists of three major 

protein includes phycocyanin, allophycocyanin 

and phycoglobin (Hsieh-Lo et al., 2019). 

Spirulina contains about 38-47% essential 

aminoacids (EAA). The major aminoacids 

present in the spirulina includes leucine, valine 

and isoleucine. The Spirulina contains all the 

essential vitamins includes vitamin A, vitamin 

D, vitamin E, vitamin K and vitamin B 

(riboflavin,niacin, pantothenic acid, pyridoxine, 

folic acid and cobalamin). Spirulina has a lipid 

content of 4ï7%. Major fatty acids found in 

spirulina includes palmitic acid, palmitoleic 

acid, myristic acid, oleic acid, linoleic acid, 

gamma-linolenic acid, stearidonic acid, 

arachidonic acid, eicosapentaenoic acid (EPA) 

and docosapentaenoic acid (DHA). Spirulina 

contains 13.6% carbohydrates and it has diverse 

carbohydrates includes glucosamine, 

rhamnosamine, glucogen polymer, glucose, 

fructose, sucrose, glycerine, xylose, galactose 

and mannitol. Spirulina has 8% mineral content. 

The major minerals found in spirulina includes 

potassium, calcium, chromium, copper, iron, 

manganese, magnesium, phosphorus, selenium, 

sodium, boron, molybdenum and zinc. The 

spirulina contains less than 1% pigments which 

includes Alpha and beta-carotenes, 

xanthophylis, echinenone, cryptoxanthin, 

zeaxanthin and lutein, porphyrin, chlorophyll, 

phycocyanin, phycoerythrin, phytonadione and 

tetrapyrrole. Spirulina is found have antioxidant, 

antimicrobial, anti-inflammatory, 

immunomodulatory, Hypoglycaemic, 

Hypolipidemic, anti-viral and anti-cancer 

activities. Spirulina also has a pre and probiotic 

impact due to its high oligosaccharide content, 

which encourage the development of intestinal 

microbiota. Pyocyanin and carotenoids (beta-

carotene, xanthin, orangetin) content in spirulina 

plays vital role in antioxidant and anti-

inflammatory activity. Polysaccharide present in 

the spirulina provides antibacterial, antiviral and 

anti-cancer properties.  

Spirulina Hydrolysate  
Spirulina hydrolysate is prepared from spirulina 

by enzymatic or chemical method of hydrolysis. 

This hydrolysis process improves the 

bioavailability and absorption of nutrients 

present in spirulina, making them more easily 

utilised by the body. Enzymatic hydrolysis can 

Spirulina Hydrolysate: Bioactive Properties and Potential 

Application 
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transform microalgal proteins into molecules 

with increased value and superior functional 

characteristics, such as antioxidant peptides 

(APs), antihypertensive peptides, and 

antibacterial peptides. The major enzyme 

explored for hydrolysis of spirulina includes 

papain, pepsin, pancreatin, trypsin, alcalase, 

flavorzyme etc.  Hydrolysates of Spirulina have 

been shown to have strong antioxidant activity, 

as well as a range of potentially beneficial health 

effects, such as anticancer, blood pressure 

reduction, blood cholesterol reduction, immune 

system strengthening, and probiotic effects.  

Bioactive properties of Spirulina Hydrolysate  
The peptides present in protein hydrolysate 

found to have antioxidant activity. The 

antioxidant activity of protein hydrolysates 

depends on amino acids and peptides 

composition in protein hydrolysates. Spirulina 

hydrolysates are found to have hydrophobic 

amino acids, such as Proline, Leuicine, Alanine, 

Trptophan and Phenylalanine are believed to 

possess high antioxidant activity. Table 1 shows 

amino acid sequence of peptide derived from 

spirulina and its bioactivities. Spirulina 

hydrolysate is found to have Angiotensin-1-

converting enzyme (ACE) inhibitory peptide. 

Angiotensin is a peptide hormone that can 

constrict the blood vessels and increase blood 

pressure in the cardiovascular system.  The 

mechanism of action of peptide derived from 

spirulina are given in table 2. 

Table 1: Bioactive peptide derived from 

Spirulina 
Amino 

acid 

sequence 

Enzyme 

used for 

hydrolysis 

Species 

used 

Bioactivity  

Leu-Asp-

Ala-Val-

Asn-Ar 

Trypsin, Ŭ-

chymotrypsin 

and pepsin 

Spirulina 

maxima 

Anti-

inflammatory 

Ala-Glu-

Leu 

Pepsin Spirulina 

platensis 

Anti-

hypertensive 

Ile-Gln-

Pro 

Alcalase Spirulina 

platensis 

Anti-

hypertensive 

Val-Glu-

Pro 

Papain Spirulina 

platensis 

Anti-

hypertensive 

Thr-Asp-

Pro-Ile-

Ala-Cys 

Alcalase , 

Flavourzyme 

Spirulina 

platensis 

Iron-

chelating 

activity 

Table 2: Bioactive peptide properties and its 

mechanism of action 

Bioactive 

properties 

Mechanism of action 

Antioxidant activity Reduce the oxidative hemolysis 

of erythrocyte, reduce the 

production of malonaldehyde, 

scavenging free radicals  

Anti-inflammatory 

activity 

Inhibit the endothelial cell 

inflammation, inhibit the 

reactive oxygen species (ROS), 

resistant to inflammation of 

different tissues)  

Cholesterol- 

lowering activity  

Reduce the serum cholesterol 

Hypoglycemic 

activity 

Improve the Insulin regulation. 

Reduce the oxidative stress in 

urine and kidneys  

Antidiabetic activity Inhibit dipeptidyl peptidase IV 

(DPP-IV)  

Hypotensive 

activity 

Inhibit angiotensin converting 

enzyme activity 

Antiallergic activity Inhibit the mass cell 

degranulation, inhibit the 

cytokine production 

Anticancer activity Improve the cell oxidative 

pressure, remove the superoxide 

anion and hydroxy radical  

Potential applications:  
Spirulina contains all essential nutrients which 

finds various applications includes agriculture, 

food Industry, pharmaceuticals and cosmetic 

Industry (Matos et al., 2020). In food industry 

spirulina has been used to develop various food 

products such as cookies, crackers, ice cream, 

soft cheese, pasta, soup and yogurt etc.  The 

spirulina is added in the food products either free 

or encapsulated form. Encapsulation is a process 

of coating solid, liquid or gaseous materials with 

suitable carrier which release the active 

ingredient in desired site. Encapsulation process 

protect the bioactive peptide from thermal and 

oxidative degradation. The lutein and 

carotenoids present in the spirulina has anti-

aging effect which finds applications in 

cosmetic formulations (Lucas et al., 2018).  

Unlike free spirulina, bioactive peptides derived 

from spirulina also found to have application in 

food, pharmaceutical and cosmetic applications. 

It has been reported that peptides derived from 
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spirulina act as a functional ingredient in foods 

and pharmaceuticals against inþammatory 

diseases, treatment of hypertension, or as novel 

inhibitor of allergic reactions. Moreover, peptide 

with iron-chelating activity can be used as iron 

supplement.  

Recommendation of intake of Spirulina   

World Health Organization (WHO) has 

approved that spirulina as a nutrient rich food 

due to its high protein and iron content. It also 

named spirulina as a ñSuper foodò.  US Food and 

Drug Administration (FDA) has given approval 

for spirulina as ñgenerally recognised as safeò 

(GRAS) (Villaró-Cos et al., 2024). The 

European Food Safety Authority (EFSA) and 

the Scientific Committee on Food (SCF) also 

recommend 10 g of S. platensis as a supplement 

for daily intake to protect the health of humans, 

and research indicates that there is no risk with 

these microalgae use as a food. According to 

National Cancer Institute of the United States 

research, intake of 4 gram of spirulina per day, 

or 6 mg of beta-carotene, can reduce the risk of 

developing cancer. (Ranga et al., 2010). 

However, the research on intake of hydrolysed 

is not well established and its research is 

underway.  

Conclusion 
Spirulina is reasonably accepted as a functional 

ingredient in food, pharmaceutical and 

cosmetics.  Spirulina also serve as a novel source 

for extracting its bioactive peptide. However, 

the potential of extraction of peptide from 

spirulina is not well explored. Currently, only 12 

different bioactive peptides are isolated and 

characterized.  There is an opportunity to 

explore more peptide with various bioactivity of 

spirulina.  Moreover, these peptides can be used 

as functional ingredient in food and 

pharmaceuticals. Most of the bioactivity of 

peptide derived from spirulina and other food 

sources are tested in animal models. Only, very 

few health claims is accepted and are listed in 

European commission regulations (EU) 

432/2012 for bioactive peptide derived from 

spirulina. More studies are required to human 

intervention demonstrating the health benefits of 

consuming Spirulina-derived peptides and 

hydrolysates will boost the use of these 

ingredients in the food and functional food 

industries. 
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Hydroponics is the technique of growing crops without soil. The term "hydroponics" comes from Latin 

and means "working water." In the absence of soil, water serves to deliver nutrients, hydration, and 

oxygen to plants. Hydroponics allows plants to grow, fruits vegetable gardening and ornamentals 

flowers like orchids. Hydroponic gardens produce gorgeous fruits and flowers in half the time by using 

90% less water than conventional agriculture and innovative design. Hydroponic fruit production is a 

way of growing fruits in a controlled environment in which the plants obtain vital nutrients from a 

nutrient-rich solution rather than dirt. This technology has gained popularity in recent years due to its 

ability to boost crop yields, minimize water consumption, and improve fruit quality. Hydroponics 

enables for fine control of growing conditions, allowing growers to tailor the environment to certain 

fruit crops. 

Introduction  

Hydroponics is a method of growing plants in a 

nutrient solution (which contains water 

fertilizers) with or without the addition of an 

artificial medium (sand, vermiculite, perlite, 

gravel, rockwool, or peat mass) to give 

mechanical support. Using this technology, the 

roots absorb balanced nutrients dissolved in 

water, meeting all of the plant's developmental 

requirements. This approach is particularly 

beneficial in areas where environmental stress 

(cold, heat, desert, etc.) is a significant issue. It 

is gaining popularity since there is no risk of 

soil-borne disease, bug, or pest infection in the 

crops. Photosynthesis is a process that plants use 

to sustain themselves. Chlorophyll, a green 

pigment found in plants' leaves, helps them 

collect sunlight. They use light energy to break 

water molecules that they absorb through their 

root systems. Hydrogen molecules interact with 

carbon dioxide to form carbohydrates, which are 

needed by plants for nourishment. Oxygen is 

subsequently released into the atmosphere, 

which helps to keep our world habitable. Plants 

do not require soil for photosynthesis. r 

fertilizers), with or without the use of an 

artificial medium (sand, vermiculite, perlite, 

gravel, rockwool, peat mass) for mechanical 

support. Using this technology, the roots absorb 

balanced nutrients dissolved in water, meeting 

all of the plant's developmental requirements. 

They require soil to provide water and nutrients. 

When nutrients dissolve in water, they can be 

given directly to a plant's root system by 

flooding, misting, or submersion. Hydroponic 

developments have demonstrated that direct 

exposure to nutrient-rich water is a more 

effective and versatile technique of growth than 

standard irrigation. Controlling the plant's 

environment lowers numerous risk factors. 

Plants cultivated in gardens and fields are 

subjected to a number of stressors that harm their 

health and growth. Fungi in the soil can transmit 

disease to plants. Rabbits and other wildlife can 

harm crops grown in your garden. Pests like 

locusts can fall on crops and decimate them in 

the afternoon. Hydroponic systems eliminate the 

unpredictable nature of growing plants outdoors 

and on Earth. Seedlings mature faster when 

there is no mechanical resistance in the soil. 

Hydroponics produces healthier and higher 

quality fruits and vegetables because pesticides 

are not used. Without limitations, plants can 

develop at an increasing rate. 

    Hydroponic Technology for Cultivation of Fruit Crops  

Meena Kumari, Savita Kumari, Rajesh Kumar Dogra, Sudhir Verma and Rimpika 
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Growing Media for Hydroponics:  
Hydroponic plants are often grown in inert 

media that sustain the plant's weight. Growing 

medium is a substitute for soil, but it does not 

supply independent nutrients to the plant. 

Instead, this porous medium holds onto moisture 

and nutrients from the nutrition solution it 

carries to the plant. Many growing media are 

pH-neutral, which means they will not disrupt 

the nutrient solution's balance. There are 

numerous media options available, and the 

specific plant and hydroponic system will 

determine which is ideal for your project. 

Hydroponic growth media is commonly 

available, both online and in local nurseries and 

garden stores. 

Types of Hydroponic Systems in Solution 

Culture 

1. Wick system: This is simplest hydroponic 

system requiring no electricity, pump and 

aerators. Plants are placed in an absorbent 

medium like coco coir, vermiculite, perlite 

with a nylon wick running from plant roots 

into a reservoir of nutrient solution. Water or 

nutrient solution is supplied to plants 

through capillary action. This system works 

well for small plants, herbs and spices. 

2. Deepwater culture (DWC): In deep water 

cultures, roots of plants are suspended in 

nutrient rich water and air is provided 

directly to the roots by an air stone. 

Hydroponics buckets system is classical 

example of this system. Plants are placed in 

net pots and roots are suspended in nutrient 

solution where they grow quickly in a large 

mass. It is mandatory to monitor the oxygen 

and nutrient concentrations, salinity and pH 

as algae and moulds can grow rapidly in the 

reservoir. This system work well for larger 

plants that produce fruits especially 

cucumber and tomato, grow well in this 

system. 

3. Drip system: In this system, the nutrient 

solution is set apart in a reservoir, and the 

plants are grown separately in a soilless 

medium. Water or nutrient solution from the 

reservoir is provided to individual plant 

roots in appropriate proportion with the help 

of pump. Drip systems dispense nutrients at 

a very slow rate, through nozzles, and the 

extra solutions can be collected and 

recirculated, or even allowed to drain out. 

With this system, it is possible to 

simultaneously grow several kinds of plants. 

4. Ebb and flow: This is first commercial 

hydroponic system which works on the 

principle of flood and drain. This system 

utilizes a grow tray and a reservoir that is 

filled with a nutrient solution. A pump 

periodically floods the grow tray with 

nutrient solution, which then slowly drains 

away. it is possible to grow different kinds 

of crops but the problem of root rot, algae 

and mould is very common therefore, some 

modified system with filtration unit is 

required 

5. Nutrient film technique (NFT): NFT was 

developed in the mid1960s in England by 

Dr. Alen Cooper to overcome the 

shortcomings of ebb and flow system. 

Similar to aeroponics, the nutrient film 

technique (NFT) is the most popular 

hydroponic system. In this method, a 

nutrient solution is pumped constantly 

through channels in which plants are placed. 

When the nutrient solutions reach the end of 

the channel, they are sent back to the 

beginning of the system. This makes it a 

recirculating system, but unlike DWC, the 

plants roots are not completely submerged, 

which is the main reason for naming this 

method NFT. 

6. Aeroponics systems: This technology 

suspends plants in the air, exposing their 

naked roots to a nutrient-rich mist. 

Aeroponics systems are enclosed structures, 

such as cubes or towers, that can house 

several plants simultaneously. Water and 

nutrients are held in a reservoir and then 

injected into a nozzle, which atomizes the 

solution and disperses it as a thin mist. The 

mist normally exits the top of the tower, 
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allowing it to descend into the chamber. 

Some aeroponics mist plant roots 

continuously, while NFT systems constantly 

expose the roots to a nutrient film. Others 

operate more like an ebb and flow system, 

misting the roots in the gaps. Aeroponics 

doesn't need substrate medium to thrive. The 

roots' constant exposure to air allows them 

to absorb oxygen and grow at a faster rate. 

Aeroponic systems utilize less water than 

any other type of hydroponics. In fact, 

growing a crop aeroponically requires 95% 

less water than an irrigated field. Their 

vertical structure is intended to take up little 

space and allow several towers to be put in 

the same area. Even in constrained spaces, 

good yields can be obtained with 

aeroponics. Furthermore, because of their 

increased exposure to oxygen, aeroponic 

plants grow quicker than hydroponically 

cultivated plants. Aeroponics allows simple 

harvesting throughout the year. Vine plants 

and nightshades such as tomatoes, bell 

peppers, and eggplants all perform well in 

an aeroponic environment. Lettuce, baby 

greens, herbs, watermelon, strawberries and 

ginger all thrive here as well. However, 

fruiting trees are too large and heavy to be 

grown aeroponically, and plants with 

extensive root systems such as carrots and 

potatoes cannot be grown underground. 

Benefits of Hydroponic Fruit Production 

The benefits of hydroponic fruit production 

include: 

¶ Increased crop production and yields: 

Hydroponics can increase fruit production 

by up to 30% compared to traditional soil-

based farming methods. 

¶ Conservation of Water: Hydroponics uses 

significantly less water than traditional 

farming methods, making it an attractive 

option for water-scarce regions. 

¶ Fruit quality Improvement:  Hydroponics 

allows for exact control over growing 

conditions, allowing farmers to adjust the 

environment for certain fruit crops, resulting 

in higher fruit quality and a longer shelf life. 

¶ Reduced land use: Hydroponics can be 

used in a variety of settings, including 

indoor facilities, reducing the need for large 

areas of land. 

¶ Better growth rate: If you give a plant 

exactly what it needs and when it needs, the 

plant is likely to grow as healthy as 

genetically possible. In hydroponics, this is 

exactly the case as it is very much possible 

to create an artificial environment with the 

addition of a light or air conditioning in an 

area enclosed between four walls. As the 

environment created will be suited best 

according to the different plant's needs, they 

will give better results in terms of turning 

out to be fresher, greener and tastier to eat. 

¶ Farming at heights: Farming at heights 

means that less space is used to generate a 

high amount of outputs. This is possible via 

the fact that hydro farms extended vertically 

in even places such as marginal lands, inside 

warehouses, water scarce areas. This is not 

possible with geoponics for obvious reasons 

and thus if comparing both the situations 

then it can be evident that per cubic feet of 

hydroponics generates more output turning 

out to be more profitable and fruitful 

Challenges and Limitations of Hydroponic in 

Fruit Production  

While hydroponic fruit production offers many 

benefits, there are also several challenges and 

limitations to consider, including: 

¶ High initial investment: Setting up a 

hydroponic system can be expensive, 

requiring a significant initial investment in 

equipment and infrastructure. 

¶ Energy consumption: Hydroponic systems 

require a significant amount of energy to 

power the pumps, lights, and other 

equipment. Vulnerable to power outages. 

Both passive and active hydroponics 

systems depend on electricity to power the 

different components such as grow lights, 
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¶ water pumps, aerators, fans, etc. Therefore, 

a power outage will affect the entire system. 

In active systems, a loss of power can be 

detrimental to plants if it goes unnoticed by 

the grower. 

¶ Limited crop selection: Not all fruit crops 

are well-suited to hydroponic production, 

and some may require specialized 

equipment or growing conditions. 

¶ Requires constant monitoring and 

maintenance: Hydroponics requires a 

higher level of monitoring and micro-

managing than growing plants traditionally. 

To maintain a carefully controlled growing 

environment, all system components need 

constant vigilance-lights, temperature, and 

many aspects of the nutrient solution such as 

pH and electrical conductivity. The nutrient 

solution also needs to be flushed and 

replaced regularly, and the system parts 

cleaned often to prevent buildup and 

clogging. 

¶ Waterborne diseases: Because 

hydroponically grown plants are grown in 

water instead of soil, waterborne diseases 

are considerably higher. With the water 

circulating continuously through the system, 

infections can spread quickly throughout the 

growing system as a whole, affecting the 

whole collection of plants. In extreme cases, 

a waterborne disease can kill all the plants in 

a hydroponics system within hours. 

Conclusion 
Hydroponics is the fastest-growing sector, and it 

has the potential to dominate future food 

production. Hydroponics is one of the 

technologies with the potential to double 

farmers' income. In the shifting landscape of 

food consumption, hydroponics technology will 

play an important role in ensuring sustainable 

and year-round production in urban and 

periurban settings. Hydroponic fruit cultivation 

is a promising way to boost crop yields, save 

water, and improve fruit quality. While there are 

some advantages to this strategy, there are some 

drawbacks and restrictions to consider. As 

population grows and land management 

deteriorates, people will resort to innovative 

technologies such as hydroponics and 

aeroponics to generate new channels of crop 

production. Due to rapid urbanization and 

crowded cities without gardens, we have no 

choice but to use soil-less culture to help 

improve the production and quality of produce 

in order to ensure our country's food security. 

Hydroponic and soilless culture can be 

described as "the next logical step" following 

traditional agriculture. Additional study is 

required to fully explore the possibilities of 

hydroponic fruit production and to build more 

efficient and sustainable systems. 
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The upliftment of women in India is critical in achieving gender equity, economic advancement and 

social development. It helps women to get access to education, employment and even positions of 

authority while shattering the walls of bias and discrimination towards women. The Krishi Sakhi 

Convergence Programme (KSCP) offers rural women innovative training opportunities on skill 

development, sustainable farming and achieving optimal socio-economic status. This program 

appreciates womenôs roles in agriculture by equipping them with managerial knowledge, modern 

farming practices and basic leadership skills to operate as Krishi Sakhis, or community-based providers 

of agricultural advice services. KSCP organizes soil health management, organic farming, water 

management and climate smart agriculture technology as these topics are vital for women farmers. This 

initiative empowers women while simultaneously enhances the rural agriculture ecosystem by bridging 

the knowledge gap and creating a sustainable technology infusion culture. It also provides women better 

access to government schemes, finances and market linkages to ensure optimal economic engagement 

among rural women. By applying science to traditional knowledge, KSCP ensures inclusive growth, 

enhancement of agricultural productivity and food security at the lowest levels. This paper reviews the 

role of Krishi Sakhi Convergence Programme, its contribution to eco-friendly farming and its wider 

effects on the resilience of the rural economy. 

Keywords: Women empowerment, gender equity, rural development and Krishi Sakhi Convergence 

Programme (KSCP) 

Introduction  

Women empowerment is essential for 

achieving sustainable development and social 

justice. Empowered women contribute to the 

betterment of their families, communities and 

nations, leading to sustainable development and 

prosperity (Das, 2024) (Khulbe & Joshi, 2024). 

The importance of women empowerment has 

been emphasised in the recent Sustainable 

Development Goals (SDG) defining the global 

development agenda for the 2015-2030 horizon 

(United Nations, 2015). Womenôs engagement 

in agricultural development is pivotal in 

strengthening rural economies, as it greatly 

improves productivity, economic progress and 

alleviation of poverty. Even with numerous 

hurdles output and women mostly do a mix of 

activities ranging from crop production to 

animal husbandry. Not only does this improve 

agricultural productivity but enhances the 

economic status of families living in rural areas. 

On the other hand, a lack of access to resources 

and decision-making authority tends to inhibit 

output women from reaching their full potential. 

Women's participation in agriculture is linked to 

increased productivity and technical efficiency. 

For instance, in Pakistan, women's involvement 

in rice production improved technical efficiency 

by 47.30 % (Rasheed et al., 2020). In India, 

women contribute significantly to various 

agricultural sectors, including dairy, poultry and 

forestry, despite being underrepresented in 

employment and pay (Pradhan et al., 2024). 

Women face obstacles such as limited access to 

land, credit and technology, which restrict their 

ability to contribute fully to agricultural 

development (Pradhan et al., 2024). This paper 
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examines the key components of the KSCP, its 

role in fostering women-led agricultural 

development and its contribution to 

sustainability and rural economic growth.  

Objectives of KSCP 
The Krishi Sakhi Convergence Programme 

(KSCP), launched on August 30, 2023, is a 

collaborative initiative of the Ministry of 

Agriculture and Farmers Welfare (MoA & FW) 

and the Ministry of Rural Development 

(MoRD). It is part of the broader Lakhpati Didi 

initiative, which aims to empower three crore 

rural women to earn at least 1 lakh annually 

through diversified livelihoods (Press 

Information Bureau, 2024; Statetimes, 2025). 

KSCP is designed to address the persistent gaps 

in agricultural extension services, especially in 

underserved rural areas, by leveraging local 

women as trained Krishi Sakhis or para-

extension workers. The program uses a multi-

pronged strategy with the following key 

objectives: 

ü Skill Development: KSCP offers an 

intensive 56-day training programme that 

covers the entire agricultural cycle from land 

preparation to harvesting. The training 

enhances both technical and managerial 

competencies, enabling women to 

independently manage farm operations and 

offer advisory services (The Times of India, 

2024). 

ü Knowledge Infusion: By integrating 

scientific farming practices with traditional 

ecological knowledge, the program aims to 

enhance farm productivity sustainably. As of 

now, only about 4.00 % of Indian farmers are 

reported to use sustainable methods like 

natural or organic farming (Gupta et al., 

2021) and KSCP strives to increase this 

number through field-level interventions. 

ü Economic Empowerment: KSCP positions 

women as central economic actors in 

agriculture by linking them to government 

schemes, financial institutions and market 

channels. As per Accion Advisory (2025), 

55.50 % of bank accounts in India are now 

held by women, but rural women still face 

significant challenges in accessing formal 

credit. KSCP helps bridge this gap. 

ü Sustainable Agriculture: The program 

emphasizes soil health management, organic 

inputs, climate-smart agriculture and 

efficient water use. These interventions are 

crucial, considering that only about 2.00 % 

of Indiaôs agricultural land is certified as 

organic (Gupta et al., 2021). 

ü Community Engagement: A major 

strength of KSCP lies in building a 

nationwide network of trained Krishi Sakhis. 

As of mid-2024, over 34,000 women have 

been trained and certified, aiming for a target 

of 70,000 (Statetimes, 2025). These women 

act as trusted messengers of scientific 

knowledge and catalysts of rural 

transformation. 

Training and Capacity Building 

KSCPôs structured training approach aims to 

empower women with both knowledge and 

field-level application skills. Delivered under 

the Deendayal Antyodaya Yojana ï National 

Rural Livelihoods Mission (DAY-NRLM) 

framework, training modules are implemented 

in collaboration with national institutions like 

MANAGE, KVKs and State Rural Livelihoods 

Missions. 

Key components of the training curriculum 
include: 
ü Soil Health Management: Trainees learn 

how to conduct soil testing, apply bio-

fertilizers and manage nutrients organically. 

This enhances productivity and soil 

resilience, particularly important in regions 

experiencing soil degradation (The Times of 

India, 2024). 

ü Climate-Smart and Organic Farming: 

Modules emphasize practices like crop 

rotation, mulching, integrated pest 

management (IPM) and efficient irrigation. 

Currently, IPM adoption in India remains 

limited, covering only around 5 million 

hectares (Gupta et al., 2021). 
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ü Market and Financial Linkages: The 

training connects women with Self-Help 

Groups (SHGs), cooperatives and direct 

market platforms. As of 2024, over 10.04 

crore women are organized into 90.76 lakh 

SHGs under DAY-NRLM (Ministry of Rural 

Development, 2024), offering a strong 

institutional backbone for market access. 

ü Leadership and Advocacy Skills: KSCP 

emphasizes leadership development, 

encouraging women to engage in decision-

making roles in Panchayats, FPOs and local 

agricultural planning. 

Upon successful completion of training and 

evaluation, participants are certified as Krishi 

Sakhis, eligible for formal engagement as para-

extension agents. They receive performance-

based incentives for delivering services like 

training, awareness drives and farmer advisory 

under various government schemes (PIB, 2024). 

Impact on Women and Rural Development 
The KSCP has had transformative effects across 

economic, social and ecological dimensions of 

rural development: 

ü Income Generation: Certified Krishi Sakhis 

are earning between 60,000 ï 80,000 per 

year, supplementing household incomes and 

improving financial security (PIB, 2024; The 

Times of India, 2024). This income comes 

from service-based incentives and agri-

enterprise activities. 

ü Gender Equity in Agriculture: Although 

75.00 % of rural women are involved in 

agriculture, they own only about 13% of 

agricultural land in India (Womenôs Earth 

Alliance, 2022). By equipping women with 

skills and visibility, KSCP helps challenge 

patriarchal norms and improve access to 

decision-making spaces. 

ü Yield Improvement and Knowledge 

Transfer: On average, farms managed by 

women yield 20.00 ï30.00 % less due to 

reduced access to inputs and advisory 

(Womenôs Earth Alliance, 2022). KSCP 

helps bridge this gap by building technical 

capacity and supporting peer-to-peer 

learning. 

ü Strengthening the Rural Economy: By 

integrating trained women into SHGs and 

Farmer Producer Organizations (FPOs), 

KSCP contributes to the creation of 

community-level enterprises and 

diversification of livelihoods. These 

networks promote resilience and collective 

bargaining power (MoRD, 2024). 

ü Environmental Sustainability: Women 

trained under KSCP adopt low-input, 

resource-efficient practices that reduce 

environmental degradation, conserve water 

and improve soil health. This is crucial given 

the growing stress on Indiaôs natural 

resources (Cassen, 2004). 

Collaboration and Sustainability  
KSCPôs strength lies in its convergent model, 

bringing together multiple actors and policies to 

ensure long-term sustainability: 

ü Government Partnerships: The MoA & 

FW and MoRD provide policy oversight, 

funding and integration with existing 

schemes like Soil Health Card Mission, 

Paramparagat Krishi Vikas Yojana (PKVY) 

and Mission Organic Value Chain 

Development (PIB, 2024). 

ü NGOs and Training Partners: 

Implementation support is provided by civil 

society groups and institutions like 

MANAGE, who deliver standardized 

curricula and ensure quality training (The 

Times of India, 2024). 

ü Community-Based Organizations 

(CBOs): The existing SHG network ensures 

grassroots mobilization. With over 9 million 

SHGs active across India, KSCP can 

leverage their scale to institutionalize 

women-led agricultural development 

(MoRD, 2024). 

This convergence ensures a bottom-up and self-

sustaining model, where trained women reinvest 

knowledge in their communities and local 

governance bodies support continued capacity 

building. 
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Challenges and Future Directions 
Despite promising outcomes, several structural 

and operational challenges hinder KSCPôs full 

potential: 

ü Digital Divide: Although 60.00 % of Indian 

women own mobile phones, digital literacy 

and usage for agriculture remain low 

(Kejriwal & Bharadwaj, 2025). Expanding 

mobile-based advisory tools and local-

language agri-apps is essential. 

ü Socio-Cultural Norms: Womenôs restricted 

land ownership (13.00 %) and decision-

making power limit their formal 

participation in agriculture (Womenôs Earth 

Alliance, n.d.). Legal and policy reforms 

ensuring joint land titles, inheritance rights 

and women-centric extension policies are 

critical. 

ü Financial Inclusion Gaps: While the Jan 

Dhan Yojana has expanded bank access, 

credit uptake remains minimal due to lack of 

collateral. KSCP should collaborate with 

agri-fintechs and microfinance institutions to 

enable easier loan access (Kejriwal & 

Bharadwaj, 2025). 

ü Reaching Marginalized Areas: The first 

phase of KSCP covered only 12 states. 

Expanding to remote and tribal regions 

requires mobile training units, satellite 

education and community radio 

programming to enhance outreach (The 

Times of India, 2024). 

Addressing these gaps can amplify KSCPôs 

scalability and make it a national model for 

gender-responsive, climate-resilient agriculture. 

Conclusion 

The Krishi Sakhi Convergence Programme 

stands as a paradigm for women-driven agrarian 

transformation. By empowering women with 

knowledge, resources and leadership skills, 

KSCP not only enhances agricultural 

productivity but also strengthens rural 

communities and contributes to sustainable 

development goals. Its innovative approach to 

combining scientific advancements with 

traditional wisdom creates a replicable model 

for inclusive agricultural development across 

India and beyond. 
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In a world turning increasingly to nature for answers, loquat leaf tea is re-emerging not as a relic of folk 

medicine, but as a powerful, science-backed ally in modern wellness. Sourced from the resilient 

Eriobotrya japonica tree, this bitter, golden infusion is rich in bioactive compounds particularly 

flavonoids and triterpenoids that act on the bodyôs most critical pathways to reduce inflammation, 

neutralize oxidative stress, regulate blood sugar, and support immune balance. This article delves into 

the journey of the loquat leaf from its botanical roots in East Asia to its rise as a promising functional 

beverage. We explore its diverse therapeutic effects, innovations in processing, and its expanding role 

in health-focused foods from herbal teas to fortified noodles and cookies. Clinical and preclinical 

studies are reviewed to validate traditional claims and uncover the mechanisms behind its metabolic, 

respiratory, dermatological, and anti-aging benefits. Yet, for all its potential, loquat leaf tea stands on 

the threshold of greater recognition. With robust research and standardized practices, it could soon 

redefine how we sip our way to better health merging ancient wisdom with cutting-edge science in a 

single, restorative cup. 

Keywords: Loquat leaf tea, Functional beverages, Natural anti-inflammatory, Herbal antioxidants, 

Plant-based wellness, metabolic Health 

1.1. Introduction:  
The Tea with a Healing Legacy 
What if your daily brew could fight 

inflammation, diabetes and more? A simple tea 

with the power to ignite cellular defenses, quell 

inflammation and support metabolic resilience, 

all while offering a soothing moment of calm. 

From its origin in ancient China to its rising 

status as a functional beverage today, this herbal 

infusion is poised to captivate both traditional 

seekers and health minded innovators. 

Eriobotrya japonica more commonly known as 

loquat, a evergreen shrub member belongs to the 

Rosaceae family it bears leathery, serrated 

leaves and fragrant white flowers that bloom in 

late autumn or early winter, giving way to 

succulent orange fruit in spring (Dhiman et al., 

2021).  

 

 
Figure 1. Loquat leaf tea with loquat freshly 

harvested and roasted leaf 

Loquat originated in the misty highlands of 

south-central China and has been cultivated for 

over 2,000 years. It is referenced in classical 

Chinese texts like the Compendium of Materia 

Medica, which outlined its healing properties for 

respiratory and gastrointestinal ailments. It later 

spread to Japan during the Tang dynasty and 
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