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Smart Agriculture loT: Precision
Farming at Scale

Executive briefing — Agribusiness operations and technology leaders | ~20 min
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Why Precision Agriculture, Why Now

e Input costs (fuel, fertilizer, water) remain a top margin pressure across row-crop and livestock operations

e Sensor, connectivity, and analytics costs have fallen enough to make field-level instrumentation commercially
viable, not just experimental

e Labor availability in rural operations continues to be a constraint, pushing automation and remote monitoring up
the priority list

e Regulatory and buyer-side interest in resource-use and sustainability reporting is increasing, adding a reporting
dimension to operational data

e This briefing frames the technology building blocks, adoption sequencing, and the decision this group is being

asked to make
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Soil and Moisture Sensing Networks

» In-field probes measure soil moisture, temperature, and in some cases electrical conductivity (a proxy for
salinity/nutrient status) at multiple depths

* Networks of probes across a field or farm reveal variability that a single point measurement or manual sampling
misses

e Data feeds irrigation scheduling, planting decisions, and fertility planning rather than sitting in a dashboard unused

e Sensor density is a cost/resolution tradeoff — industry-reported ranges suggest one probe per several acres to
tens of acres depending on soil variability and crop value

e Calibration and periodic ground-truthing remain necessary; sensor drift and installation error are common sources

of bad data
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Weather and Microclimate Monitoring

e On-farm weather stations capture temperature, humidity, wind, rainfall, and solar radiation at field level,

supplementing regional forecast data

e Microclimate variation within a single farm (elevation, canopy, proximity to water) can materially affect disease

pressure and frost risk

 Combined with soil sensors, weather data supports evapotranspiration-based irrigation models rather than fixed

schedules
e Disease and pest risk models rely on accurate local humidity and leaf-wetness data to time interventions

e Station density and maintenance (sensor fouling, power, calibration) are recurring operational costs, not one-time

capital items
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Variable-Rate Irrigation and Input Application

» Variable-rate systems apply water, fertilizer, or crop protection products at different rates across a field based on

sensed or mapped variability

* Irrigation systems can be zone-controlled or, in more advanced setups, individually addressed per sprinkler or drip
line

e |Input savings are commonly cited in industry-reported ranges rather than guaranteed outcomes — actual savings

depend heavily on baseline practices and field variability

* Requires integration between sensor data, prescription maps, and the control systems on irrigation and

application equipment

e Return on investment is typically driven more by input savings and yield consistency than by labor reduction alone



6 / 15

Livestock Monitoring Applications

e Wearable sensors (ear tags, collars, boluses) track activity, rumination, temperature, and location for cattle and

other livestock
e Applications include early illness detection, estrus/breeding timing, and virtual fencing in some deployments
e Location and movement data support pasture rotation decisions and can reduce time spent locating animals
e Data quality depends on tag retention, battery life, and connectivity in the specific grazing environment

* |llustrative scenario: a mixed-herd operation piloting rumination and activity tags on a subset of animals before

farm-wide rollout, to validate alert accuracy and staff workflow fit
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Connectivity Challenges in Rural and Remote
Farmland

e Cellular coverage is frequently inconsistent or absent across large or remote field areas, limiting real-time data
transmission

» Low-power wide-area network options (e.g., LoORaWAN-class technologies) extend range for low-bandwidth
sensor data but require dedicated gateway infrastructure

o Satellite connectivity is increasingly viable for remote sites but adds ongoing service cost that must be weighed
against the value of real-time data

e Edge storage and periodic sync (store-and-forward) is a practical fallback where continuous connectivity isn't
justified

e Connectivity architecture should be selected per use case — livestock alerts and irrigation control have different

latency and reliability requirements than end-of-season reporting
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Drone and Satellite Data Fusion with Ground
Sensors

o Satellite and drone imagery (multispectral, thermal) provide field-wide visual context that point sensors cannot,
including vegetation indices and canopy stress patterns

e Ground sensors provide the depth and precision (soil moisture, temperature at specific points) that remote
imagery cannot directly measure

e Fusing the two data types allows anomalies seen from the air to be diagnosed using ground-truth data, and
ground sensor placement to be informed by imagery-identified variability zones

o Satellite revisit frequency and cloud cover are practical constraints; drone flights offer higher resolution and
control but add flight-operations cost and, in many jurisdictions, regulatory requirements

e This fusion is where most of the near-term analytical value in precision agriculture is currently concentrated, per

industry commentary
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Yield Prediction and Decision Support

e Combining historical yield data, current-season sensor and imagery data, and weather inputs supports in-season

yield forecasting rather than only after-harvest analysis

e Decision support tools translate raw data into recommended actions (irrigation timing, fertilizer top-dress, harvest
scheduling) rather than requiring staff to interpret raw sensor feeds

* Model accuracy depends on the quality and length of historical data available for a given field or operation —
newer sites will have less reliable predictions initially

* These tools should be positioned as decision support, not autonomous decision-making, particularly during the

adoption period while trust in model output is being established

» Forecast outputs are most useful when tied to specific operational thresholds (e.g., irrigate when soil moisture

model predicts falling below X) rather than presented as general dashboards
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Equipment Telematics for Machinery

e Telematics systems on tractors, combines, and irrigation equipment track location, utilization, fuel consumption,

and machine health indicators

e Predictive maintenance alerts based on engine and hydraulic sensor data can reduce unplanned downtime during

critical planting or harvest windows
o Utilization data supports fleet-sizing and equipment-sharing decisions across multi-field or multi-farm operations

* Integration with input-application equipment (planters, sprayers) allows as-applied data to be logged automatically

rather than reconciled manually after the fact

e Data ownership and access terms vary by equipment manufacturer and should be reviewed before committing to

a single vendor's telematics platform
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Sustainability and Resource-Efficiency
Reporting

e Sensor and equipment data can support water-use, fertilizer-use, and fuel-consumption reporting at a field or farm
level, useful for both internal efficiency tracking and external disclosure

e Buyer and lender interest in supply-chain sustainability data is increasing, and instrumented operations are better
positioned to respond to such requests with primary data rather than estimates

* Reporting frameworks and units vary by market and certification body; data architecture should capture granular
records that can be aggregated to whatever framework is eventually required

» Avoid overstating precision of derived sustainability metrics — sensor-based estimates carry measurement
uncertainty that should be disclosed alongside the figures

e lllustrative scenario: a mid-size operation using irrigation and fertilizer application logs to compile a resource-use

summary requested by a processing partner, rather than relying on estimated averages
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Common Failure Modes to Plan Around

e Sensor data with no connected action — dashboards that are reviewed occasionally but don't change operational

decisions

* Underestimating connectivity and power maintenance as an ongoing operational cost rather than a one-time

installation

e Selecting point solutions (single-vendor irrigation control, single-vendor livestock tags) that don't integrate,

creating fragmented data and duplicate effort
 Insufficient staff training and workflow redesign, leading to low adoption of tools that are technically functional

» Treating pilot results as farm-wide proof without validating across different soil types, field sizes, or seasons
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Phased Adoption Path: Pilot to Full Operation

e Phase 1 — Single-field or single-herd pilot: instrument one representative field or livestock group, validate data
quality and staff workflow over one full season or cycle

e Phase 2 — Expand within a use case: extend the validated use case (e.g., irrigation scheduling) across additional
fields with similar characteristics before adding new use cases

e Phase 3 — Add complementary data sources: layer in imagery, weather, or telematics once the base sensing
network and workflows are stable

e Phase 4 — Farm- or operation-wide scale-up: standardize hardware, connectivity, and data architecture across
the full operation, with governance for data ownership and vendor management

e Each phase should have a defined go/no-go review against pre-set criteria (data reliability, staff adoption,

measurable operational change) before expanding



14 / 15

Building the Business Case

e Frame the investment against input cost savings, yield consistency, and labor reallocation, using the operation's

own historical spend as the baseline

» Pilot on one field or herd group before farm-wide rollout to validate savings assumptions against local sail,

climate, and crop conditions

» Total cost of ownership should include sensors, connectivity, platform fees, and the staff time needed to act on

the data — not hardware alone

» Avoid citing unverified third-party yield or savings statistics — build the case from the pilot's own measured

results

e Financing and cost-sharing options (equipment lenders, cooperative extension programs, input-supplier

partnerships) vary by region and are worth exploring alongside direct capital spend
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Next Steps and the Ask

e Confirm one to two candidate fields or livestock groups for a Phase 1 pilot, selected for representativeness rather

than convenience

e Approve budget and a defined evaluation period (a full season or production cycle) for the pilot, with go/no-go

criteria agreed in advance

e Assign an internal owner accountable for pilot data review and staff workflow integration, not solely a vendor-

managed rollout

e Commission a connectivity and infrastructure assessment for candidate sites before hardware selection, given the

rural-connectivity constraints outlined earlier

e Schedule a follow-up review at the end of the pilot period to decide on Phase 2 expansion scope and budget



