
Published: 26 August 2025 Official Website: trendsinagriculturescience.com 
e-mail Address: trendsinagriculturescience@gmail.com 

4023 

 

Trends in Agriculture Science Singh et al 

Abstract 

Agronomy is moving from intuition-first to insight-first, powered by drones, in-field sensors and smart 

farming software that turns data into decisions. This article explains how these tools fit together in everyday 

crop management what they measure, how they work and where they add the most value. You’ll learn the 

roles of multispectral and thermal imaging from drones, the practical differences among soil, plant and 

microclimate sensors and how decision-support platforms stitch these streams into variable-rate actions. 

Along the way, we’ll keep it grounded: what to buy first, how to avoid common pitfalls like poor calibration 

or “dashboard overload,” and how to build a realistic roadmap for adoption on both large and small farms. 

Two “ready-to-use” tables map the tools to 20 real agronomic decisions and outline a stepwise, 20-item 

checklist for building a resilient digital stack. The goal is simple and human: reduce guesswork, save inputs 

and make agronomic calls with more confidence without losing the hard-won wisdom that already lives in 

farmers’ heads and field notebooks. 
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Why this shift matters (and what it feels like in the field) 

If you’ve ever walked a field and felt that nagging sense that something was “off” but couldn’t 

pin it down, you already know the problem modern tools are trying to solve. Crops don’t fail all at 

once they whisper first, then shout. Drones and sensors help us hear the whispers: a patch of water 

stress on the south edge, a hint of nitrogen deficiency in the low corner, a disease triangle quietly 

closing after a week of warm, humid nights. Smart farming platforms pull those signals together, 

compare them to weather and soil context and nudge you toward the right intervention, at the right 

time, in the right place. This new workflow isn’t about replacing agronomists or farmers. It’s about 

giving them better “eyes and ears” and a calmer, more defensible path from observation to action 

less gut churn, more clarity. 
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Drones: fast scouts, precise eyes 

What they do best 

Drones turn a 4-hour walk into a 15-minute flight. With RGB cameras, you’ll spot emergence 

gaps, lodging and storm damage. Add multispectral and you unlock indices (like NDVI/NDRE) that 

highlight changes in canopy vigor before they’re obvious to the eye. Thermal payloads reveal 

irrigation uniformity and heat stress, while LiDAR (where budgets allow) captures canopy structure 

and terrain for smarter irrigation and drainage planning. 

The practical magic 

1. Speed + resolution: Sub-inch ground sampling distance makes small problems visible early. 

2. Repeatability: Running the same flight path weekly turns pictures into trendlines. 

3. Task focus: Scouting and mapping are the entry point; spraying or spreading with drones 

comes later for most farms as rules, training and workflows mature. 

How drone data becomes agronomy 

• Vegetation indices from multispectral imagery flag suspicious zones. 

• Thermal maps overlay with soil and irrigation data to separate true water stress from nutrient 

or disease issues. 

• Orthomosaics become georeferenced layers you can send to a variable-rate controller or, at 

minimum, a precise to-do list for targeted ground scouting. 

Common pitfalls and fixes 

• Shadows and time-of-day bias: Fly close to solar noon when possible. 

• Calibration drift: Use reflectance panels and consistent camera settings; verify against 

ground truth. 

• “Pretty map” syndrome: Every flight should end with a yes/no decision scout, tissue test, 

adjust irrigation, or vary rate. If not, reduce frequency or sharpen objectives. 

Sensors: the quiet workhorses underfoot and in the canopy 

Soil sensors measure moisture (tension or volumetric water content), temperature and salinity/EC. 

Properly placed, they shift irrigation from calendar-based to plant-need-based scheduling, saving 

water and energy while improving root health. 

Plant sensors range from leaf wetness and chlorophyll/fluorescence probes to trunk/fruit 

dendrometers in perennials. They excel at catching stress transitions when conditions go from “fine” 

to “fix this now.” 

Microclimate sensors (temperature, humidity, wind, radiation) refine disease risk and spray 

decisions. Even a couple of well-placed nodes can dramatically improve the timing of fungicide 

applications and reduce missed windows. 

Getting placement right 

• In row crops, place soil probes near the root zone and in representative management zones 

(e.g., hilltops vs. swales). 

• In orchards and vineyards, pair sensors with known variability (block edges, different soil 

series) and avoid atypical micro-sites (shaded low spots, wheel tracks). 

• Use at least one “benchmark” node that never moves; rotate a second one to explore 

variability. 

From raw readings to action 

• Moisture thresholds translate into irrigation setpoints (e.g., trigger at specific kPa for your 

crop/soil). 
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• Leaf wetness + nighttime temperature drive disease models into “spray now,” “hold,” or 

“scout first.” 

• EC spikes after fertigation can confirm distribution or warn of salt accumulation. 

Smart farming platforms: turning signals into decisions 

Think of the platform as the conductor. It ingests drone maps, sensor streams, weather 

forecasts and historical yield, then uses rules, statistical models and increasingly AI to prioritize 

actions: variable-rate prescriptions, irrigation schedules, scouting routes, or alerts that say, “this is 

unusual for this field at this time of year.” 

What good platforms share 

• Interoperability: They import/export standard formats and connect to controllers. 

• Explainability: Not just a score, but the “why” behind it. 

• Edge + cloud balance: Critical alerts work even when connectivity blips. 

• Role-based views: The irrigator sees setpoints; the agronomist sees indices and layers; the 

manager sees KPIs. 

A word on people and process 

Tools succeed when they serve the weekly rhythm of the farm. That means short, reliable 

alerts; maps that open fast on a phone in sunlight; and summaries that fit in a 15-minute stand-up 

with the team. The best systems disappear into routine, letting fieldcraft and local wisdom steer the 

final call. 

Table 1. Twenty agronomic decisions and the digital signals that sharpen them 

Decision/Question Dominant Signal(s) Tool That Helps Most 

Is emergence uniform? High-res RGB, stand counts Drone with RGB; counting 

app 

Where is water stress starting? Thermal map, soil moisture 

trend 

Drone thermal; soil probes 

Should I irrigate tonight? Soil tension, ET forecast, leaf 

temp 

Soil sensors; weather-linked 

scheduler 

Is nitrogen limiting canopy? NDVI/NDRE trend, tissue test 

follow-up 

Multispectral drone; lab test 

Where is compaction hurting 

roots? 

Poor vigor zones + yield 

history 

Drone multispectral; 

penetrometer 

Did hail or wind cause actionable 

damage? 

RGB orthomosaic, lodging 

map 

Drone RGB; rapid reflight 

Are there blocked 

emitters/pressure drops? 

Thermal stripes, uneven 

moisture 

Drone thermal; pressure 

sensors 

Is disease risk peaking? Leaf wetness + temp/humidity 

hours 

Microclimate nodes; risk 

model 

When to time fungicide? Dew duration forecast, canopy 

wetness 

Microclimate sensors; 

platform alerts 

Where to pull tissue/soil samples? Persistent low-vigor polygons Multispectral layer; 

sampling app 
Is fertigation reaching the zone? EC drift, soil moisture profile Soil sensors; EC probes 

Can I cut one irrigation set this 

week? 

Moisture recovery rates, crop 

stage 

Soil probes; scheduler 

Where to apply variable-rate N? NDVI stability + soil OM map Drone multispectral; VRA 

file 

How to route scouts efficiently? Change detection week-over- 

week 

Drone map comparison 
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Are weeds breaking through? RGB object detection, bare- 

soil index 

Drone RGB; detection 

plugin 

Is harvest maturity even? Thermal night maps, 

color/intensity 

Drone thermal/RGB 

How much drift risk today? Wind layers, inversion risk On-farm met node; forecast 

Are trees/vines over-vigorous? NDRE high zones, pruning 

history 

Multispectral; block records 

Is drainage plan working? Post-rain pooling, flow paths Drone RGB/LiDAR; terrain 

model 

What’s the ROI of this tool? Yield vs. input trends by zone Platform analytics; weigh 

maps 

Table 2. Build-your-stack checklist: 20 steps from foundation to advanced 

Step What to Do Why It Matters 

1 Map fields accurately (boundaries, pivots, zones) Clean maps prevent headaches later 

2 Standardize naming for fields/blocks Keeps data aligned across tools 

3 Start with 1–2 reliable weather/microclimate nodes Anchors all risk and timing calls 

4 Add soil moisture at representative zones Moves irrigation from habit to need 

5 Establish “benchmark” thresholds per crop/soil Turns numbers into yes/no actions 

6 Run a monthly drone RGB flight Fast,  early  detection  of  obvious 

issues 

7 Add multispectral flights at key stages See stress early; target scouting 

8 Define a weekly data review routine Prevents backlog and missed signals 

9 Document ground truth after each alert Trains human + digital intuition 

10 Pilot  one  variable-rate  application  (N,  P,  or 

seeding) 

Low-risk path to measurable ROI 

11 Integrate irrigation control with sensor setpoints Saves water; protects yield quality 

12 Use change-detection to drive scouting routes Fewer steps, better targeting 

13 Create a season playbook (triggers, actions) Consistency beats improvisation 

14 Add thermal flights during heatwaves Catch stress and irrigation issues fast 

15 Calibrate sensors quarterly Keeps trust high; reduces false 

alarms 

16 Consolidate data in one platform One “source of truth” for the team 

17 Train a backup operator for drone + platform Resilience when people are away 

18 Set data retention + privacy rules Future-proofs compliance and trust 

19 Trial AI-assisted prescriptions in 1 field Learn safely before scaling 

20 Review costs vs. benefits post-harvest Close the loop; decide what to scale 

A season in miniature: a human-centered playbook 

Pre-season 

• Walk the fields with last season’s maps in hand. Mark the stubborn patches that always 

underperform. Commit to testing one question per patch: is it water, fertility, or compaction? 

• Install or service microclimate and soil sensors. Agree on irrigation setpoints, not just “we’ll 

see.” 

• Plan drone missions: emergence, canopy closure, pre-flowering, peak stress (historically), 

pre-harvest. 
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Early season 

• Emergence flights flag skips; you dispatch a crew to replant only where needed. 

• Soil tension holds steady after light rain; you skip a scheduled irrigation and save water 

without anxiety. 

Mid-season 

• NDRE dips in a crescent near the pivot track. Ground truth shows mild N deficiency on sandy 

seam. You write a variable-rate topdress and watch the index rebound over two weeks. 

• Leaf wetness nodes report long dew hours; you time a fungicide just ahead of a storm. Disease 

never gets a foothold. 

Late season 

• Thermal mapping shows a hot stripe two clogged emitters. Fixing them evens maturity, 

smoothing harvest. 

• Post-harvest, your platform summarizes: fewer blanket irrigations, tighter N use, steadier 

canopy vigor. You didn’t work less you worked smarter, with fewer bad surprises. 

Choosing what to buy first (and what to delay) 

Start here: a robust microclimate node and two soil moisture sensors. You’ll act on them 

immediately, saving water and sprays. 

Next: periodic drone scouting (service or your own entry-level platform) for change detection and 

targeted ground truthing. 

Then: a modest decision-support platform that integrates your sensors and maps and exports files to 

your existing controllers. 

Later: specialized payloads (multispectral, thermal), variable-rate hardware if you don’t already 

have it and advanced analytics such as AI-assisted prescriptions. 

Budget-savvy tips 

• Share a drone and pilot across neighboring farms; book regular slots. 

• Lease or trial platforms before committing; insist on your data’s portability. 

• Choose sensors with replaceable parts and clear calibration routines. 

• Invest in training: a half-day on good flight habits and data hygiene beats buying fancier gear. 

Making the data trustworthy 

Data that isn’t believed won’t be used. Bake in these habits: 

• Consistency over intensity: Fewer, repeatable measurements beat occasional blitzes. 

• Calibration + sanity checks: Compare sensor readings to manual measurements monthly. 

• Ground truthing as ritual: Every “red or blue patch” should trigger a short checklist: scout, 

sample, photograph, note the outcome. 
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• Version your decisions: Save “before vs. after” maps alongside the prescription; it sharpens 

your next call and helps when you calculate ROI. 

Connectivity, privacy and the human side 

Many farms still wrestle with spotty connectivity and a patchwork of devices. Favor tools 

that cache data locally and sync later. Keep data governance simple and explicit: who owns the data, 

who can see it, how long you keep it and how to export if you switch vendors. Lastly, avoid tool 

sprawl. The goal isn’t a hundred features it’s three to five reliable decisions you make better every 

week. 

30-60-90-day starter plan 

Days 1–30: Install weather/microclimate and two soil sensors; define irrigation setpoints; run one 

baseline drone RGB map; set a weekly 30-minute review meeting. 

Days 31–60: Add one multispectral flight; set disease risk alerts; pick one field for variable-rate trial; 

document outcomes with photos and notes. 

Days 61–90: Tune thresholds; integrate irrigation control if possible; write an end-of-season “lessons 

learned” one-pager; decide what to scale and what to drop. 

Conclusion 

Modern agronomy tools don’t replace judgment they refine it. Drones compress time and 

reveal patterns. Sensors make the invisible measurable. Smart platforms turn fragments into timely 

nudges and targeted actions. When you pair these technologies with steady calibration, simple 

routines and the practical knowledge already in your team, you get what every agronomist wants: 

earlier warnings, cleaner decisions and steadier yields with less waste. The future is not “fully 

automated farms.” It’s people and tools working together each doing what they do best. 
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