Biological crop protection has matured from quirky field trials to serious practice, and the timing aligns with
another shift in agriculture: unmanned aircraft that can place droplets exactly where they need to land. When
biologicals behave differently than synthetic chemistries, coverage becomes less about blanket application and
more about placing living agents into the microhabitats where they can colonize, outcompete, or infect the target.
Agricultural Drone platforms, once used mainly for spot herbicide work and foliar nutrition, now carry carefully
formulated microbes, viral biocontrols, natural elicitors, and biostimulants. That pairing, biology plus precise

placement, changes how we think about Agricultural Spraying.

| have spent the last eight seasons helping growers test and scale biological sprays from drones across cereals,
orchards, vineyards, and vegetables. Some lessons came easy, like keeping tank mixes gentle for microbial viability.
Others came after failed plots, including a summer when a strain of Bacillus kept clogging a nozzle set that had
been flawless with copper. The details matter, and drones expose those details, because bad settings or poor fluid

handling show up within minutes on flight logs and leaf surfaces.

Why biologicals fit drones better than you might think

The usual critique goes like this: microbes are fragile and drones atomize sprays with high shear, so viability will
suffer. There is truth there, but it is not the whole picture. Many Biologicals tolerate moderate shear just fine,
particularly spore-formers such as Bacillus and Trichoderma. What hurts viability more often is desiccation at the
droplet scale and UV exposure in bright midday conditions. Drones help on both fronts by allowing tight control
of droplet size, swath width, and timing. An operator can fly at civil twilight to avoid UV and heat, choose larger

droplets, and deliver rates that hug leaf surfaces without drift.

The second argument centers on payload. Ground rigs carry hundreds of liters, drones usually 10 to 40 liters per
flight. Biologicals typically run at low active rates and can operate at low spray volumes if the formulation spreads
well and the canopy is not excessively dense. That lets drone operators work with 20 to 50 liters per hectare on
row crops and 30 to 80 in orchards, ranges that align with many drone platforms. Where volume must be higher,
batch refills and staged tanks near plot edges keep throughput acceptable, especially for targeted jobs like hot

spots of powdery mildew.

Finally, drones put nozzles close to the canopy. That proximity is a liability with synthetic herbicides where drift and
off-target damage loom large, but it is an asset for living agents that need to hit the leaf surface, fruit clusters, or
bark crevices. A rotor wash that lightly disturbs the canopy helps droplets wrap around and settle into the

microclimate under leaves, which is where many pathogens begin and where microbial antagonists thrive.

The biology in the tank
Biological sprays is a broad label. In the drone context | see four useful buckets.

Microbial antagonists. Bacteria Agricultural Drones and fungi that compete or produce metabolites hostile to
pathogens. Common examples include Bacillus amyloliquefaciens, Bacillus subtilis, and Trichoderma harzianum.
Spores are robust in suspension and tolerate moderate agitation. They perform best when placed near infection

courts before or during early disease development.

Bioinsecticides. These split into living and inert agents. Bacillus thuringiensis formulations carry crystalline toxins,
not live cells, and handle much like conventional products. Entomopathogenic fungi such as Beauveria bassiana

and Metarhizium anisopliae are living spores that need humidity and careful droplet management. Viral
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bioinsecticides, such as nucleopolyhedroviruses for certain lepidopteran larvae, require distribution on feeding

surfaces and benefit from low UV exposure.

Biostimulants and elicitors. Seaweed extracts, chitosan, salicylic acid mimics, and yeast derivatives prime plant
defenses or improve stress tolerance. These do not rely on colonization, and they tolerate a wider range of droplet
sizes and volumes. Drones give them reach for patchy applications, for example, ahead of a forecasted heat event

in susceptible blocks.

Beneficial microbes for the phyllosphere. This category aims to colonize leaf surfaces. You are trying to establish a
resident population that fills niches and resists displacement. Applications should be early, repeated, and timed

with weather that favors establishment: cool evenings, dew formation, or light rains.

Each bucket has its own sweet spot for droplet size, timing, and frequency. For instance, Trichoderma goes on
trunks and pruning wounds in orchards at higher volumes with coarse droplets so spores lodge and stay moist. Bt
sprays on vegetables can run with medium droplets targeted to feeding sites on the underside of leaves, spaced to

maintain toxin intake as larvae move.

Formulation matters more than most labels admit

Two biofungicides with the same active species can behave differently because of carriers, wetters, and protectants.
Agueous suspensions with protective polymers keep spores hydrated longer. Oil dispersions reduce immediate
evaporation but can change drift behavior. Some companies now disclose median spore size and recommend
nozzle classes to match. If that data is not printed, ask for it. If they cannot provide it, run a jar test and a quick

viability check yourself.

We test every new biological on a bench table before it sees a drone. A simple protocol suffices: mix at field
concentration, recirculate through a diaphragm pump for 20 minutes, and pull samples at 0, 10, and 20 minutes
to plate for colony-forming units. Repeat with the drone pump if accessible, or replicate the pump’s pressure
profile on the bench. A 10 to 20 percent drop in CFU after 20 minutes is rarely a problem, but if the curve falls off

a cliff, change the agitation or nozzle set.

Avoid harsh adjuvants. Nonionic surfactants formulated for synthetic chemistry sometimes strip spore coats or
destabilize virus occlusion bodies. Look for labels or tech sheets that explicitly approve use with microbial products.
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If in doubt, run a small plot side by side. | have seen Beauveria efficacy cut in half by a “universal” wetter that

performed beautifully with fungicides.

Droning biology: flight settings that keep it alive and effective

The drone is both delivery vehicle and mobile microclimate. Rotor wash alters boundary layers and droplet paths.
That means you cannot simply copy ground rig settings. Three variables dominate: droplet spectrum, height and

speed, and flow rate relative to canopy density.

Droplet size. For microbial life, err on the coarse side, usually 250 to 400 microns VMD. That range resists
evaporation in dry air and survives rotor turbulence. Very coarse droplets over 500 microns may bounce on waxy
leaves or fail to penetrate dense canopies unless you reduce altitude. On vines and fruit trees with targets tucked

inside, pair coarse droplets with slightly lower flight heights to let wash draw droplets inward.

Height and speed. Lower altitudes, 2 to 3 meters over the canopy, use wash to wrap leaves, but too low can blow
off fine droplets and reduce uniformity. Slower speeds, 3 to 5 meters per second, increase deposition, which
matters when you have fewer droplets by count because of the coarse spectrum. Watch for banding at high

speeds, especially in row crops with tall canopies.



Flow and volume. Biologics rarely need the 150 to 250 liters per hectare that contact fungicides demand. For
cereals and soy, 20 to 40 liters per hectare is typical if the vegetation is not overly dense. Orchards and vines often
benefit from 40 to 80. Calibrate by canopy: if tracer cards show sparse coverage on the lower third, increase

volume or fly a twin-pass pattern that alternates row centers.

Temperature and humidity. Schedule flights when leaf temperature and air humidity favor survival. Early morning
and late afternoon into evening work well. Some operators use onboard thermal cameras to avoid hot canopies. If
the relative humidity at leaf level is under 40 percent and temperatures exceed 30 C, expect spore survival to drop

unless you increase droplet size or add humectants approved for microbial use.

Tank hygiene and the “living equipment” mindset

A tank that has seen cupric hydroxide or quaternary ammonium disinfectant without thorough rinsing is a hostile
environment. Washouts that pass for synthetic products will fail with biologicals. Rinse protocols should include a
triple rinse with clean water, followed by a dilute food-grade acid cleaner to remove residues, then a final flush with
neutral water. If the drone uses shared hoses and pumps with conventional chemistry, plan dedicated lines for

biological days. We color-code lines and quick couplers to avoid a late-night mistake when fatigue sets in.

Temperature management matters from tote to tank to nozzle. Keep totes shaded. Use water that is cool, not hot
from a sunbaked bowser. If staging premix tanks in the field, drape them with reflective covers. A batch that sits
for two hours in full sun can drop viability even if the label looks unbothered. In hot regions, we have staged

injection systems that meter concentrate into the line just before the pump, avoiding a long dwell time.

Some microbes will form films in hoses if residue sits overnight. Flush at the end of the day. If you must store the
rig with biological residues, run a food-grade sanitizer approved by the supplier and rinse thoroughly before the

next job.

Diagnostics in small blocks before big acres

Drone operators can test quickly without tying up an entire rig. That should be exploited. Before the first wide-
area run of a new biological, set out water sensitive paper or fluorescent tracer cards across a half hectare, fly the
intended pattern at the target settings, and collect the cards. Check droplet density and distribution under a
simple UV lamp if you used tracer. If lower canopy or underside coverage looks sparse, adjust height and speed.
Then spray two strips with the biological and sample leaves two hours later for viable count or spore presence
depending on the product. Yield response will take weeks, but coverage and initial deposition can be known the

same day.

| learned to do this after wasting an afternoon applying a yeast-based elicitor on squash with beautiful top
coverage and almost nothing underneath. A minor change in path, flying diagonals rather than straight down the

rows, brought wash that curled droplets up into the canopy.

Matching biology to crop and pest timing

Biologicals shine when they are applied ahead of or at the very start of disease pressure. Drones make that timing
practical because they set up fast and can treat scattered blocks without moving a tractor and sprayer down the
road. In vineyards, we time Bacillus-based sprays just before a forecasted mildew push, often after a dew event. In
apples, trunk and pruning wound treatments with Trichoderma go on within 24 hours of cuts. In brassicas, Bt goes

out late afternoon so residues persist overnight when larvae feed most.



Warm night windows matter for entomopathogens that need hours of favorable humidity to germinate on insect
cuticle. 1 once ran Beauveria in a semi-arid valley where humidity crashed after dusk. We still saw efficacy by
targeting irrigation sets to raise canopy humidity for six hours and flying drones an hour after the pivots started.

That kind of pairing - water management and flight timing - pushes biologicals from marginal to reliable.

Seeding and the biological continuum

Agricultural Seeding from drones began with cover crops broadcast over standing corn. That practice still makes
sense, and it connects to biological spraying in two ways. First, cover crops alter the phyllosphere and rhizosphere,
often reducing disease pressure or at least buffering extremes. Second, many drone platforms that seed can also
distribute granular biologicals, such as carriers with Trichoderma or beneficial nematodes designed for canopy or
soil application. A combined mission can seed rye between rows while also applying a microbial spray to the

canopy.

We ran one program where a drone seeded crimson clover into a late-season vineyard alley and followed with a
foliar Bacillus on the vines. The clover took hold as the season wound down, nitrogen fixed early in spring, and
mildew pressure dropped the next year under a tighter spray program. No single input did the work, but the

synergy was real.
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Regulations, labels, and the reality on the ground

Labels determine legality. Many biologicals now list aerial application generically, but drone specifics are still
catching up in some jurisdictions. When the label simply says “aerial application allowed,” regulators in several
states interpret drones as aircraft. In others, separate drone endorsements exist with rules around altitude and

drift buffers. Check with your local authority and have documentation ready if you are doing custom work.

Preharvest intervals are generally small or zero with biologicals, but reentry intervals can still apply. Workers
returning to hand-harvested crops will appreciate flights timed to minimize disruption. Drones can cover blocks

between crews, a scheduling trick that keeps operations smooth.

Economics: where drones pencil out with biologicals

The raw numbers vary with crop value, field size, and labor rates. Custom drone spray pricing often runs per
hectare with adjustments for volume and complexity. For biologicals, there are savings that are not obvious on a
spreadsheet. You avoid soil compaction and wheel tracks. You can spot treat hot spots rather than blanket the
field. You reduce water hauling and mixing time. If a biological is sensitive to heat or UV, the ability to fly a narrow

evening window without staffing a full spray crew is a material advantage.

On one 120-hectare soybean farm, drone applications of a Bacillus biofungicide replaced two ground passes at R1
and R3. The operator finished both within two evenings, used 30 liters per hectare of carrier, and avoided a week

of waiting for fields to dry after storms. Disease pressure was moderate that season, yield matched the ground-



sprayed neighbor, and field ruts were zero. The grower did not “win big,” but he banked a risk reduction that

matters in wet summers.

In high-value crops like berries and greenhouse-adjacent vegetable blocks, drones let you treat edges and vents
that are hard for ground sprayers to reach without contamination. One grower reduced spotted wing drosophila
pressure with virus and yeast bait applications to perimeter hedgerows and border rows, areas previously ignored.

That small use of Agricultural Spraying by drone likely paid for itself several times over by cutting cull rates.

Data layers: make maps work for biology, not just herbicide

Most drone software grew up around herbicide spot spraying and NDVI-based vigor mapping. For biologicals,
map layers that matter include canopy density, microclimate zones, and disease risk forecasts. Thermal imagery
can show dry, hot corners that will desiccate spores fast. Humidity sensors on nearby stations feed maps that
predict dew formation. Combine those with disease models for your crop pathogens and schedule flights when
both biology and weather align.

| like to set up "biological windows” on a weekly calendar where multiple blocks across a farm will be receptive.
When that window opens, the drone team moves in. When it closes due to weather or labor, they shift to other
tasks. This rhythm cuts idle time and aligns with the reality that biologicals often need repeated, well-timed hits

rather than one big spray.

Practical pitfalls and how to avoid them

Two common mistakes recur with biological drone sprays. The first is over-optimistic coverage at very low volumes
in thick canopies. If you push volume too low, top leaves look fine while lower layers stay dry. Use tracer cards
buried in the canopy before committing. The second is poor water quality. High bicarbonate water or residual
chlorine can reduce viability. Carry a portable water test kit. If alkalinity is high, buffer the tank within the range the

label allows. Chlorine can be neutralized with ascorbic acid in low doses, again if permitted.

Another issue is nozzle wear. Ceramic nozzles maintain a stable spectrum much longer than stainless steel, and
that stability is worth the extra cost when droplet size is critical for biological survival. Inspect nozzles weekly under

magnification and replace at the first sign of erosion.

Finally, avoid long dwell times in the mix tank with live microbes, especially in heat. If your workflow requires larger
batches, use slow, gentle agitation and keep the lid shaded. Better yet, mix smaller batches and run more frequent

refills. The few minutes lost on refills are paid back by higher viability and cleaner nozzles.

Integrating drones into disease programs, not replacing them

Biological sprays via drones are not a total replacement for synthetics. They are a complementary tool that
expands your options. A robust program might use a synthetic early to knock down a surge, then switch to
biological maintenance between risk peaks. Drones make those maintenance passes efficient and less disruptive.
They also enable spot responses, like a block of strawberries where one corner catches morning fog and mildew

always starts. That corner can get extra biological attention without running the whole field.

The growers who succeed treat drones as another sprayer with its own strengths. They keep flight logs, spray
records, and efficacy notes as carefully as they do for ground rigs. They tweak settings by crop and by growth
stage. They invest in operator skill, because a good pilot who understands agronomy is the difference between a

nice video and a reliable result.



Looking ahead: formulations and hardware are converging

Manufacturers are starting to design biologicals specifically for aerial micro-droplet environments. Expect more
encapsulated spores that resist desiccation, UV protectants that do not impede germination, and adjuvants that
support both spreading and survival. On the hardware side, variable-rate control tied to canopy maps will improve
distribution. Some drones already modulate flow across the boom in turns to avoid over-application. Future

systems may adjust droplet size on the fly as humidity and temperature change along a path.

Agricultural Drone fleets will also play a larger role in Agricultural Seeding and granular delivery where biologicals
come as microgranules. A single platform that seeds a cover crop, applies a granular predator mite carrier on hot
spots, then sprays a microbial elictor an hour later is not far off. The challenge will be sanitation between product

types and avoiding cross contamination, but the concept is sound.

A field day that changed my mind

A few summers ago, we set up a side-by-side on tomatoes with recurring botrytis on the lower canopy. The
ground rig did its usual pass with a conventional fungicide. The drone, flying at 3 meters per second, 3 meters
over canopy, and 300-micron droplets, applied a Bacillus-based biofungicide just after sunrise. Tracer cards showed
better deposition under the mid-canopy leaves in the drone plot, likely due to rotor-induced movement. Disease
incidence four weeks later was similar across both plots, within noise. That result matters. The biological plus drone
matched a well-run ground program in a tough disease, with less water and no soil compaction. The grower saved

little on input cost, but he gained confidence in a new lever he could pull when logistics got tight.

We have had failures too. A Beauveria spray aimed at aphids missed because we flew at noon and the humidity
crashed. A yeast elicitor that looked perfect on paper struggled because we added a sticker-spreader that reduced
gas exchange on delicate leaves. Each time the autopsy taught us something practical: fly when the biology likes it,

not when the calendar is convenient; keep adjuvants simple unless the supplier proves compatibility.

The bottom line for practitioners

Biological sprays succeed when three layers align: the organism or active must be suited to the pest and crop, the
formulation and carrier must protect viability long enough to reach the target, and the delivery must put enough
of it in the right place at the right time. Drones improve that third layer dramatically. They let you operate in short

windows, hit tight targets, and adjust on the fly.

If you manage the details - water quality, tank hygiene, droplet size, timing - the results can be consistent and
economical. Start with a small block, test coverage with tracer, measure viability if possible, and iterate. Bring the
same discipline you use for conventional Agricultural Spraying to these living materials. Over a season or two, you
will find Agricultural Drones where drones and biology fit your farm. Sometimes that fit will be a few hot spots

and edges. Sometimes it will be a full-season program in orchards. The strength of this approach is its flexibility.

Biology asks us to think like ecologists and logisticians at once. Drones reward that mindset. They give us a nimble
way to place life in the field, not just chemistry, and to do so with care for the canopy’s small climates where crops

succeed or fail.
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