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hen Farm Management Meets Public and

Planetary Health

India ranks first globally in milk production
contributing approximately 24% of world output yet the
average Indian dairy cow yields
barely one-third of her genetic
potential. A crossbred cow

capable of 20 litres per day

often produces only 7-9 litres

because the systems i*
surrounding her  nutrition, e

. HEALTH
health, reproduction, and

housing are managed reactively
and in isolation rather than as an interdependent whole.
Compounding this productivity gap is a public health
burden of equivalent scale: brucellosis alone causes
economic losses of over 328,700 crore annually in India
(DAHD, 2024), combining cattle productivity losses with
the cost of human illness in farm families, while the
country's livestock sector is the world's third-largest
consumer of veterinary antibiotics.

Two conceptual frameworks Integrated Cattle
Farming (ICF) and One Health offer complementary
solutions to these intertwined crises. ICF treats the cattle

enterprise as a living system where every decision about
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ENVIRONMENTAL
HEALTH

*

feeding affects reproduction, every reproductive outcome
affects lactation, every lactation performance affects
manure output, and every manure management decision
affects crop yields and fodder availability. The One Health
framework, formalised by
WHO, FAO, OIE, and
UNEP, recognises that
human health, animal
health,

health

and ecosystem

are one: a

formulation demonstrated
with devastating clarity
by COVID-19

reaffirmed daily by the slow pandemic of antimicrobial

and

resistance.

Cattle farming sits at the precise intersection of all
three health domains. Cattle share pathogens with humans.
Cattle manure shapes soil microbiology and groundwater
chemistry. Cattle grazing patterns determine grassland
biodiversity and carbon storage. The antibiotics
administered to cattle flow into the soil, water, and
ultimately back to human bodies as antibiotic-resistant
bacteria. When ICF integration is consciously oriented
around One Health principles asking not just 'is my cow

healthy?' but 'is my family healthy, is my soil healthy, is my
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water safe?’ ICF becomes the most powerful vehicle
available to India's 75 million dairy farm households for
simultaneously advancing human wellbeing, animal
welfare, and ecological health.

This article is structured around the seven core
pillars of ICF (1) breed selection, (2) stage-specific feeding,
(3) health and biosecurity, (4) reproductive management,
(5) circular resource use, (6) technology adoption, and (7)
market linkage and integrates One Health dimensions of
zoonotic disease prevention, antibiotic stewardship,
ecosystem restoration, and social equity throughout each
pillar.

2. Breed Selection: The Foundation of ICF

No amount of management excellence can overcome a
genetic ceiling. The first decision of any ICF system one
that will shape performance for the next 12—15 years is
breed or crossbreed selection. Table 1 compares the key
production parameters of breeds relevant to Indian
conditions.

Table 1: Performance Comparison of Cattle Breeds

Suited to Indian ICF Systems

Avg. | Lactation Best
Breed / Heat

Milk Length Suited

Cross Tolerance
(L/day) (d) Region

HF x Punjab,
Sahiwal = 18-24 | 305 Moderate = Haryana,
(F1) UP

Gujarat,
Jersey X ) )
12-18 | 290 High Rajasthan,
Gir (F1)
MP
Red
Arid/semi-
Sindhi 812 270 Very High
arid zones
(pure)
Indo-
Sahiwal
10-14 280 Very High = Gangetic
(pure) :
Plains
Holstein Temperate
25-35 | 305 Low
Friesian highlands

Source: BAIF Research Foundation [1]; NDDB Breed
Improvement Data [7]; ICAR Annual Report [5]
Within-breed genetic improvement through progeny-tested
Artificial Insemination (AI) semen remains the most cost-
effective upgrade available to smallholders. NDDB's
Genomic-Estimated Breeding Value (GEBV) programme
makes high-accuracy semen from top-ranking bulls
available at 150-300 per dose through village-level Al
workers.

3. Stage-Specific Nutrition: Feeding the Cow She Is
Today

A lactating cow's nutritional requirements shift dramatically
across her productive cycle. Feeding a flat, uniform diet the
most common practice on Indian smallholder farms results
in energy deficits at peak lactation, excess body condition at
dry-off, metabolic disorders at calving, and suppressed
reproductive performance throughout. ICF replaces this
one-size-fits-all approach with stage-specific feeding (Table

2).

Table 2: Stage-Specific Feeding Recommendations for Crossbred Dairy Cows under ICF

Recommended Feed Mix

Maize silage + soybean meal + mineral mix

Lactation Stage Daily DM (kg) Key Nutrients

Energy, bypass protein,
Early (0-90 d) 1822 = DYPES P

Ca, P
Peak (91-150 d) 2024 High NEI, RUP, Mg
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TMR: silage + cottonseed + bypass fat
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Mid (151-250 d) 1620 Maintain BCS, fibre
Late (251-305 d) 14-16
Dry period (>305) 10-13 Vit A, D, E; Selenium

Green fodder + straw + oilcake

Flushing + dry-off prep | Legume hay + mineral bolus

Wheat straw + berseem + dry cow mix

Source: NDRI Nutrition Guidelines [8]; Thakur et al. (2022) [11]; NRC Dairy Cattle (2001) norms

Where TMR mixers are unaffordable, manual mixing in a
50:20:30 ratio (green fodder: dry roughage: concentrate)
delivers substantial improvement over conventional basket-
plus-bag feeding. Bypass fat supplementation (calcium salts
of long-chain fatty acids, 150-200 g/cow/day) during early
lactation bridges the energy gap without acidifying the
rumen.

4. Zoonotic Disease Burden and the One Health
Interface

India bears one of the world's highest burdens of zoonotic

disease. The 2022 DAHD report estimated that brucellosis

alone causes economic losses of over 28,700 crore
annually combining cattle productivity losses with the cost
of human illness in farm families. Bovine tuberculosis, Q
fever, Leptospirosis, and Cryptosporidiosis compound this
burden, yet remain dramatically under-reported because
farm families rarely connect their own fevers, abortions, and
diarrhoeal episodes to their cattle. Table 3 maps the six most
epidemiologically significant zoonotic risks at the cattle-
human interface in India, identifying the animal host, human
health consequence, and the ICF-based prevention strategy

for each.

Table 3: Key Zoonotic Diseases at the Cattle—_Human Interface and ICF-Based Prevention

Disease Animal Host Human Risk ICF-Based Prevention Strategy
Vaccination (S19/RB51); raw milk avoidance;
Brucellosis Cattle, Buffalo Undulant fever, abortions
PPE at calving
. ) Tuberculin testing; reactor culling;
Bovine TB (bTB) Cattle Pulmonary TB in handlers
pasteurisation; ventilated housing
o Calves (<t o Colostrum  management; clean  water;
Cryptosporidiosis Diarrhoea in children
month) handwashing after calf contact
o . Placenta disposal protocol; quarantine of
Q Fever Cattle, sheep Flu-like illness; pneumonia
aborting animals
. ) Haemorrhagic fever in Acaricide tick control; personal protection at
CCHEF (tick-borne) | Cattle (reservoir) .
humans slaughter; surveillance
Antibiotic Cattle (AMU  Resistant infections in Antibiogram-guided therapy; no  sub-
Resistance source) humans therapeutic use; withdrawal periods

Source: WHO (2023) [14]; OIE (2022) [10]; DAHD (2024) [2]; Wiethoelter et al. (2015) [13]

4.1 Preventive Health and Biosecurity: The ICF Health
Pyramid
ICF replaces a reactive, fire-fighting approach with a

pyramid-based preventive model across three tiers:
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* Tier 1 Vaccination and Deworming: A structured
calendar covering FMD (biannual), BQ & HS (annual
pre-monsoon), Brucellosis (heifers), and Theileriosis

(endemic zones) is the non-negotiable foundation.
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Deworming every 90 days prevents production losses of
%¥800-1,200 per animal annually from subclinical
parasitism.

* Tier 2 Routine Monitoring: Monthly body condition
scoring (BCS) flags energy imbalance before it becomes
clinical disease. Milk conductivity testing detects
subclinical mastitis at 20.50 per test. Regular hoof
trimming every six months prevents lameness, which
suppresses estrus expression and reduces milk yield by
5-8% per lactation.

* Tier 3 Biosecurity and Housing: Maintaining head-to-
tail housing space of at least 3.5 m? per animal, providing
clean water (minimum 80—-100 L/cow/day), quarantining
new animals for 21 days, and removing dung twice daily
reduce pathogen load and fly-borne disease (IBK,
summer mastitis) by 40—-60%.

5. Quantifying the One Health Dividend of ICF

The One Health benefits of ICF are measurable across

human, animal, and environmental health indicators. Table

4 presents a comparative analysis of key One Health metrics

on conventional versus ICF farms, drawing on aggregated

data from multi-site studies conducted in Uttar Pradesh,

Haryana, Gujarat, and Maharashtra.

Table 4: One

Health Performance Indicators

Conventional Farm vs. ICF + One Health Farm

Indicator Conventional | ICF + %
Domain Farm One Improvement
Health
Farm
Zoonotic 2.8 episodes | 0.9 —67.8%
disease episodes
incidence
(farm
family/yr)
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Antibiotic use | 6.4 2.1 —67.2%

(vials/cow/yr)
520 185

Milk somatic —64.4%

cell count
(x10?
cells/mL)
Soil 210 380 +81.0%
microbial
biomass (mg
C/kg soil)
Groundwater | 68 24 —64.7%
nitrate (mg/L

near farm)

Net

household

%2.4 lakh 4.9

lakh

farm +104.2%
income (X/yr)
Source: Authors' compilation from ICAR [5]; NABARD [8];
Kocket al. (2018) [6]; Kumar et al. (2022) [7]
The 67.8% reduction in zoonotic disease episodes from 2.8
to 0.9 per family per year represents not only avoided
suffering but avoided healthcare expenditure of 315,000—
25,000 per household annually in a country where out-of-
pocket health spending already pushes 55 million people
into poverty each year. The 64.4% improvement in somatic
cell count reflects better mastitis management and reduced
antibiotic dependency, while the doubling of net farm
income demonstrates that One Health is not a cost it is an
investment with measurable returns across multiple
domains simultaneously.
6. Technology Adoption: Matching Tools to Farm Scale
Technology adoption in ICF must be calibrated to farm
scale, capital availability, and operator skill. A tiered
adoption framework starting with low-cost, high-impact
tools and progressing to capital-intensive precision systems

prevents the common mistake of buying expensive
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equipment without the management bandwidth to use it

effectively. Table 6 presents the financial case for key ICF

Table 5: Technology Options for ICF Investment and Return Analysis

technologies.
Technology Approx. Cost ()
Pedometer (per animal) 3,500-5,000
TMR mixer-wagon (20 cows) 1.8-2.5 lakh
Automatic milking unit 18-25 lakh

Family-size biogas (2 m®) 18,000-25,000

Solar water pump (3 HP) 90,000-1.2 lakh

Milk chilling unit (500 L) 2.5-3.5 lakh

Annual Saving/Gain Payback Period

1 conception rate 15-20% = 6—10 months
Feed cost | 340,000/yr 4-5 years
Labour | 40%; yield 1

6-8 years
12%
LPG saved %9,000-

2-3 years
12,000/yr
Electricity saved

4-5 years
%24,000/yr
Rejection loss !

7-9 years
%30,000/yr

Source: NABARD Cost Estimates [6],; Stellapps Impact Report [10]; MNRE [4]

The most transformative entry-level technology remains the
mobile phone with data access. Applications such as e-
Gopala (DAHD), mooOn (Stellapps), and AaJeevan (BAIF)
provide breed-selection guidance, vaccination reminders,
milk recording, and real-time market prices placing a
veterinarian and agri-economist in every farmer's pocket at
near-zero cost. Digital milk recording linked to payment

systems (as deployed by Amul, Mother Dairy, and

progressive state cooperatives) creates audit trails that
unlock credit from formal institutions.

7. Government Schemes Supporting ICF Adoption
India's policy architecture for dairy and livestock
development has matured substantially over the past
decade. Table 7 maps key schemes to their practical utility

within an ICF system.

Table 6: Key Government Schemes Relevant to Integrated Cattle Farming

Scheme / Programme Key Benefit for ICF Nodal Agency

DEDS 25-33% capital subsidy; loan up to 320 lakh NABARD / Banks
NPDD Milking machine, bulk cooler, Al lab funding DAHD
GOBAR-Dhan Biodigester support; CBG offtake guarantee MoAFW / MoP&NG
RKVY-RAFTAAR Infrastructure grant; agri-startup incubation State Agri Depts.
e-Gopala App Al-based breed selection, vet guidance, market price | DAHD (Digital India)

PM Kisan Samman Nidhi
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%6,000/yr income support; link to input subsidy

DBT, Agri Ministry
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Source: DAHD Annual Report 202324 [2]; NABARD [6]; MNRE [4]

The multiplier effect of stacking multiple schemes is
significant. A marginal farmer establishing a 5-cow ICF unit
can combine a DEDS capital subsidy (33%) with a RKVY
infrastructure grant, a GOBAR-Dhan biodigester subsidy,
and PM Kisan income support reducing the net capital
requirement by 40-55% and cutting the payback period
from 7 years to under 4 years.

8. Market Linkage and Value Addition: Completing the
ICF Circle

Production efficiency without market access delivers little.
Three pathways are proving effective in Indian conditions:
(1) The Cooperative Dairy Model (Amul Pattern) farmers
affiliated with cooperatives earn 15-25% more per litre than
those selling to unorganised traders, and receive annual
bonus dividends; (2) Direct-to-Consumer (D2C) and
Farmer Producer Organisations (FPOs) ICF farms
producing A2 milk, ghee, or vermicompost can access
premium urban consumers at I80—-120 per litre versus 40—
55 for commodity milk; and (3) Carbon Credit Monetisation
India's Carbon Credit Trading Scheme (CCTS,
operationalised 2023) allows registered ICF farms to earn
%18,000-30,000 annually from verified CO:-equivalent
reductions on a 20-cow farm.

9. Social Dimensions: One Health, Gender, and Rural
Equity

The One Health framework, properly applied, is inseparable
from questions of social equity. On Indian dairy farms,
women perform an estimated 70-80% of livestock care
labour feeding, milking, cleaning, and healthcare yet are
rarely the registered owners of assets, named recipients of
credit, or primary beneficiaries of extension services.
Women who manage animals without access to protective

equipment, occupational health information, or income

control are at disproportionate risk of zoonotic disease
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exposure and disproportionately excluded from the

economic rewards of improved farm performance.

ICF programmes that embed gender-responsive design

registering assets in women's names, forming women's self-

help groups as the primary dairy cooperative unit, designing

extension communication in local languages accessible to

women farmers consistently achieve higher adoption rates,

better health outcomes, and greater income equity. The

Kudumbashree model in Kerala and the Lijjat Papad

cooperative dairy clusters in Maharashtra demonstrate that

when women lead ICF adoption, the One Health benefits

amplify and distribute more equitably across the household.

10. Policy Recommendations

Mainstreaming One Health principles into India's cattle

farming sector requires policy action at three levels:

Farm Level

* Mandatory inclusion of zoonotic disease prevention
modules in all DAHD and KVK cattle-farming training
programmes.

* Subsidised supply of basic personal protective
equipment (gloves, boots) through Pashu Kisan Credit
Cards.

* Integration of farm family health screening into
veterinary camp programmes.

Institutional Level

* Formalisation of One Health coordination committees at
district level, co-chaired by the District Livestock
Officer and Chief Medical Officer.

» Shared disease surveillance data between veterinary and
human health departments.

* Development of a national antibiotic use registry for
livestock, analogous to the existing human antibiotic

resistance surveillance network.

Research Level

36


http://www.agrirootsmagazine.in/

Volume 4, Issue 6 | June, 2026

» Establishment of multi-disciplinary One Health research
centres within State Agricultural Universities, co-staffed
by veterinary scientists, public health specialists,
environmental scientists, and social scientists.

* Funding of longitudinal cohort studies tracking health
outcomes across human, animal, and environmental
domains on ICF versus conventional farms.

* Development of ICF-specific carbon accounting
methodologies to enable small farms to access voluntary
carbon markets.

Conclusion
The One Health approach asks us to see the world as it
actually is not as a collection of separate sectors
(agriculture, health, environment) managed by separate
ministries, but as a single, interconnected system in which
every intervention has cascading consequences across all
three domains. Integrated Cattle Farming is the practical
expression of this vision at the farm level: a system where
feeding the cow well means the family eats safely, where
composting the dung means the groundwater stays clean,
and where controlling ticks on cattle means children avoid
haemorrhagic fever.
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