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INTRODUCTION & AIM RESULTS & DISCUSSION

Deposition by Canopy Stratum

Biostimulants enhance stress tolerance and metabolic activity in crops,
but efficient foliar delivery in tall, dense canopies remains challenging. | I l .

~- = Ganopy Deposition:
=owen o UAV-ULV achieved 70-72%
upper-canopy deposition, with
near-zero ground loss.
« Manual spraying showed higher
ground deposition and lower

uniformity across the vertical

Sugarcane, with canopy heights >2.5 m and high leaf-area density,

presents major operational barriers for uniform manual spraying.
Unmanned aerial vehicles (UAVs) offer a low-volume, contactless
alternative capable of producing fine droplets and penetrating complex
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Objective: e Caeament T intermediate penetration but less
Evaluate the feasibility and efficiency of UAV-based biostimulant delivery VI Response Over Time mid-canopy uniformity than ULV
In sugarcane through: oo Plant Physiological Response
| | (NDVI&SPAD):
(i) droplet deposition profiling, g 062 /\ «  UAV-ULV produced strongest
(ii) NDVI/SPAD canopy response, and NDVI and SPAD increases at 7—
(iii) yield & economic assessment. 0.58| + T o 14 DAT, aligning with expected
LSl biostimulant activity windows.
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Days after Treatment (DAT) « Manual spraying showed modest
M ETH O D improvements; UAV—-coarse
SPAD Response Over Time

outperformed manual but did not

 Location: Saharanpur, Uttar Pradesh, India (2023). 57 match ULV.
- Design: RCBD, 3 treatments x 3 replicates. e * ULV droplet-size optimization
. Treatments: g en_hgnced canopy light-use
O 50l efficiency and chlorophyll

T1: Manual spray (150 L-ha™, flat fan) g formation.

T2: UAV-coarse droplets (30—40 L-ha™) %2: 4 T

T3: UAV-ULV fine droplets (20—-30 L-ha™, rotary atomizer) 5 ‘ R 2 Operational Efficiency:

 UAV methods reduced carrier

. Measurements: ot Yield Across Treatments volume by >70% Compared to

manual spraying.

« Improved application precision
reduced labor demand and
minimized off-target losses under

« \Water-sensitive papers at upper/mid/lower canopy
* Fluorescent tracer quantification
« NDVI & SPAD at 0, 7, 14, 28 DAT
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* Plot-level yield and cost metrics | é field wind conditions (1-4 m/s).
« NDVI-guided timing ensured
. 80} optimal biostimulant
* Modeling: . . . : -
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PRE-FLIGHT =g Course BLOCK DESIGN  DEPOSITION
MAPPING B 0"?" :?3:” P oitn The experiment uses a MEASURED . . . . . . . . .
Adone e o uidng l G B soun Chmee b5 Leatates v vt UAV-U L\/ spraying |mpr.oved canopy interception and physiological response by optimizing
it | Aaoiaes e o e droplet size and airflow interactions within tall sugarcane. Enhanced NDVI/SPAD gains aligned

with modeled mid—upper canopy deposition, translating into higher yield and more uniform field
performance. UAV-based biostimulant delivery provides a precise, low-volume, and operationally
efficient alternative to manual application, especially in dense, vertical canopies.

FUTURE WORK / REFERENCES

Future efforts will integrate full CFD modeling with field-measured turbulence to refine droplet—canopy interaction predictions. Multi-location trials across varieties and crop stages are needed
to validate robustness. Additional work will assess long-term economic feasibility, carbon savings, and multi-sensor (RGB—-thermal-LiDAR) guidance for real-time UAV spray optimization.
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