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As a crop plant, maize has seen consistent yield
improvements, yet the ceiling for grain yield has not
been reached. Further, extreme and unpredictable
environmental conditions are resulting in increasingly
negative impacts on realized grain yields. To meet the
demands for increased crop production in the face of
adverse environmental conditions, it is imperative that
the mechanisms that drive both yield potential (i.e. the
genetic potential of an individual under ideal conditions)
and the realized yield (i.e. the yield that results from the
interaction of the individual’s genome and growing
environment), as well as their relationship with the
growing environment are understood (Figure 1). This
project added to an ongoing project within the Hirsch
Lab in which ~500,000 diverse, inbred lines of maize
were grown over two years. High resolution images and
phenotypic data were taken after harvest of both
unpollinated and pollinated ears. An algorithm was
created to extract more phenotypic data from these
images and reduce the time and labor needed. In order to
ensure the algorithm was accurate, hand measurements
were compared to algorithm output (Figure 2).

INTRODUCTION

The algorithm’s accuracy was evaluated in seven steps
(Figure 3). The original data collection occurred after
the harvest in each experimental year. The image
processing platform ImageJ was used to collect hand
measurements for the project (Figure 4).

METHODS CONCLUSIONS

The algorithm is not yet accurate enough to be a
viable option for data collection. The R2 values do
not show significant correlation between the data
being compared. There are three options moving
forward:
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Relationship analysis between grain yield 
and the environment in maize (Zea mays).

The objective of the project was to analyze the accuracy
of an algorithm created to extract phenotypic data from
high resolution images of maize. This algorithm will
save time and labor requirements in future projects.

OBJECTIVE

Figure 2: An image with extracted phenotypic data (Left) and an 
image hand measured using ImageJ (Right).

Three tools were viable options for hand measurements.
The tools were each used to take measurements for ~50
images before evaluating which tool could be used
(Figure 5). It was determined that the oval tool was the
most time efficient and is also most similar to the tool
the algorithm uses for data collection.

Figure 1: Examples of yield component traits in maize.  

Figure 3: Methods used to analyze algorithm accuracy. 

Figure 4: Example of the ImageJ interface, the image processing 
platform used to take hand measurements. 

Figure 5: Tool options for hand measurements in ImageJ.

After ~ 500 data points were collected by hand, the data
needed to be formatted before it could be compared against
the data generated by the algorithm. The hand
measurements taken included: cob and ear circumference
and kernel number (Figure 6A). From these data points, top
and bottom of kernel width and kernel height were
calculated (Figure 6A). These data points could then be
compared to the data extracted by the algorithm of MAJ
and MIN Kernel Width, Kernel Depth, and Kernel Number
(Figure 6B).

After the correlations were complete, all of the
information could be processed and analyzed to draw
conclusions. From the conclusions, next steps and
recommendations can be made.

Figure 6: (A - Left) Hand measurements and calculations, (B - Right) 
Algorithm measurements.  

After all of the data was formatted, correlations between
each data point were ran. This included Kernel Top Width
vs. Kernel MAJ Width, Kernel Bottom Width vs. Kernel
MIN Width, Kernel Depth vs. Kernel Height, and Number
of Kernels vs. Kernel Number (Figure 7). Scatter plots
were created in Microsoft Excel to compare the
correlations and calculate the R2 value.

Figure 7: Graphs comparing hand measurements to data generated by 
the algorithm. 

BROADER IMACTS

In a changing growing environment it is increasingly
important that farmers are able to use the best
technology available to grow crops that feed, fuel,
and clothe the world. Research projects like this
provide scientists a foundation to continue increasing
crop yield and tolerance to environmental conditions,
furthering American agriculture and preserving the
Earth’s natural resources.
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1. The algorithm is discarded and hand 
measurements are be taken to collect all data.                                   
2. A new algorithm is developed to generate the 
data needed from the images.                                            
3. The algorithm is reformatted to try and refine the 
accuracy without starting over.   

Option 3 is the suggested solution because the hand
measurements and calculations are already complete.
Any new data generated by a reformatted algorithm
could easily be compared to check the accuracy.


