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INTRODUCTION
Corn production in the U.S.

• 107 million metric tons (t) of corn was produced in 82.5

million acres in 2020 in the U.S.1

• Fertilizer use in corn is one of the largest contributor to

the corn production costs, nutrient losses and harmful

algal blooms in the Lake Erie and Gulf of Mexico.2

• Nutrient needs can vary within the fields due to soil types,

drainage conditions, crop health and growth stages.

• Crop health is conventionally monitored by crop scouts,

and more recently using remote sensing technologies,

including unmanned aerial system (UAS) (Fig. 1).

METHODOLOGY

Assumptions
• Farm size for base case: 1,000 acre (farm sizes usually vary 

from 50 to 4000 acres).

• 3 crop scouting events per season were considered.

CONCLUSION AND FUTURE WORKS
• UAS and ML based crop scouting approaches reduced the

crop scouting costs, fertilizer use and overall corn production

costs and increased net profit of corn production.

• UAS and ML based scouting approaches are better suited for

large farms or in conditions where multiple farms can be

scouted using the same UAS-ML system.

• This approach can reduce excess fertilizer use and potentially

minimize environmental impacts due to excess nutrient runoff

and in-field emissions.

• This study needs further validation with data from multiple

years and research sites.

• Similar approach could be implemented for weed and pest

control which can further improve crop health and minimize

crop production costs and environmental impacts.

SIGNIFICANCE

Annual cost savings of ~$43-78 per acre can be obtained using

UAS and ML based crop scouting. To put this in perspective, the

total annual savings in corn production costs by implementing

UAS and ML based crop scouting in 20% of total corn production

area of 82.5 million acres in the U.S. [1] could be $0.7-1.2 billion.

Reduced nutrient losses off the field to water bodies will also

reduce negative environmental and health impacts.
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OBJECTIVE
Evaluate the techno-economics of crop health monitoring in

corn production using four crop scouting approaches (Fig 3.

and Table 1):

RESULTS AND DISCUSSION

Table 1: Comparing different crop scouting scenarios

Scouting costs

Operating Time
• UAS-ML based scouting time was 59% lower than

conventional UAS-based scouting due to reduction in the

flight path with the use of ML algorithms (Fig. 5).

• 64% of crop scouting time was spent on the field while the

remaining was spent on data processing

Resources use and outputs
• UAS-ML approach had lowest labor, battery swaps and

energy use due to flight path and time reductions (Table 2).

• Fertilizer use was highest when crop was not scouted as

excess fertilizer was added to ensure crop yield. Traditional

crop scouting reduced the fertilizer use. However,

maximum fertilizer reductions were obtained in

comprehensive crop scouting using UAS and ML.

• Crop yield was higher for no scout and traditional crop

scouting scenarios.

• UAS-ML approach had a range of accuracy in determining

the crop health. Thus, crop yield was similar to UAS when

higher accuracy was considered and lower than UAS

approach for lower accuracy.

Fig 1. Using UAS to monitor crop health and estimate nutrient requirements

Net profits for corn production

Fig 4. Data sources and framework for technical and economic analysis

Fig 5. Time requirements for UAS and UAS-ML systems for crop health 

monitoring of a 1,000-acre farm 

Table 2. Resources and outputs based on crop scouting for a 1,000-ac farm 

Scenarios Benefits Tradeoffs

No Scouting • No scouting costs

• High crop yield with high 

fertilizer use 

• High fertilizer use

• Potential excess 

nutrient runoff

Traditional 

crop scouts

• Lower fertilizer use than 

‘No scouting’

• Costs for scouting

• Limited observations

Comprehen

sive UAS-

based 

scouting

• Detailed within-field 

observations 

• Enable variable-rate 

fertilizer application and 

thus, lower fertilizer use

• Lower labor requirement

• Costs for UAS 

scouting system

• Specialized workforce 

for image analysis

UAS-ML-

based 

scouting

• ML supplemented detailed 

within-field observations

• Lower fertilizer use

• Lowest labor requirement

• Costs for UAS-ML 

system

• Specialized workforce 

for data analytics

Fig 2. Variation in crop health at different times as monitored by UAS

Fig 6. Crop scouting costs per year for different (a) scouting scenarios for a 

1,000-acre farm, and (b) farm sizes using UAS and UAS-ML (Note: Error 

bars represent 90% central range values)

1: No Scouting

2: Crop scouts

3: UAS-based scouting

4: UAS-ML based scouting 

(a) (b)

Resources 

and outputs
Unit

No 

Scout

Crop 

Scout
UAS UAS-ML-

Low accuracy

UAS-ML-
High accuracy

Labor hr - 167-333* 49 19.5 19.5

UAS no. - - 1 1 1

Battery swaps no. - - 44 18 18

Battery charging kWh - - 5.1 2.0 2.0

Fertilizer $/ac 185 149 106 106 106

Crop yield bu/ac 233 233 231 219 231

UAS market for agricultural applications

• The agriculture UAS market is expected to grow from

~$1.2 billion in 2020 to ~$5.7 billion by 2025, with 30%

market in the U.S.3

• Crop scouting application for enhanced productivity and

risk mitigation is projected to witness significant growth

over the projected period.

Precision agriculture using UAS

• UAS can quickly fly over the field and collect high

resolution data (millimeters per pixel) from large areas.

• UAS can assess crop variation across and within fields

(Fig. 2) to provide suggestion for site-specific

management practices, which can help reduce

resources, time and costs.

Research gap

Conventional crop health monitoring by crop scouts is time

and labor intensive with limited observations. UAS crop

scouting involves flying a UAS throughout the field and

capturing images, which will be used to compute different

vegetation indices to monitor crop health. New machine

learning (ML) augmented UAS are being developed at the

Ohio State University (OSU)4 to reduce flight and data/image

processing times while being reasonably accurate in

monitoring crop health of entire field (Fig. 2). However, a

thorough techno-economic evaluation is needed to highlight

their potential advantages and limitations and their impacts

on crop health and overall production costs compared to

existing crop scouting approaches, which can foster their

widespread use.

Fig 3. Overview of crop scouting scenarios

• Modeling framework was based on our previous study.5

• Technical analysis involved evaluating the field logistics,

fertilizer use and crop yield, and estimating resources

requirements, supplemented by data obtained from multiple

sources (Fig. 4).

• Crop scouting, fertilizer and crop production costs were

estimated, and corn yield and market prices were

considered to estimate net profit of corn production.

• Uncertainty analysis (Monte Carlo simulation with 10,000

randomized trials) was performed to consider spatio-

temporal, technical and market uncertainties in the analysis,

as shown by 90% central range (error bars) in the results.

• UAS and UAS-ML based scouting costs were 9 and 26%

lower than conventional crop scouting costs (obtained from

market study) (Fig. 6).

• UAS system was the major contributor to UAS and UAS-ML

based crop scouting.

• Crop scouting cost for ML-UAS approach was higher than

UAS approach for smaller farm sizes as the added costs for

ML tools and equipment was higher than the reductions in

flight and processing times.

• UAS and UAS-ML based scouting reduced the scouting

costs.

• The scouting costs were negligible when compared to the

overall production costs. However, UAS and UAS-ML based

crop scouting enabled substantial reductions in fertilizer use,

which reduced production costs and increased the net profit

for corn production (Fig. 7).

Fig 7. Corn production costs, income and net profits for different crop scouting 

scenarios (Note: Error bars represent 90% central range values)

Note: * Variation based on farm size and conditions, topography and access roads

Modeling Framework
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