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INTRODUCTION
Seed shattering is a major cause of yield reduction in
perennial ryegrass seed production, one of the most
important sown grasses worldwide. Shattering occurs
when the seeds detach from the spikelet due to abscission
(Fig. 1).

Seed yield is genetically influenced by spike morphology.
Such architecture is defined by a combination of
inflorescence features, many of which are pleiotropically
controlled and may also be associated with shattering.

Understanding the spike morphology of perennial ryegrass
may lead to the identification of genes controlling
shattering and seed yield that can be used for marker-
based breeding. However, current phenotyping methods
rely on visual score, which is subjective and low
throughput.

The OBJECTIVE of this preliminary study was to develop and implement an imaging 
system to explore the association between seed shattering and spike architecture.

RESULTS AND DISCUSSION
There was substantial variation for shattering
across accessions; some revealed multimodal
distribution (Fig. 3). This may be due to different
maturity levels and seed moisture content within
accession, which is a characteristic of
asynchronous flowering species.

The imaging pipeline described multiple
morphological aspects of the spikes in a rapid
manner. We quantified the spike colors,
dimensions, curvature, as well as number of
branches and their geometrical properties in less
than 10 seconds per image i.e., less than one
second to fully analyze a spike. As the imaging
system improves, we aim to add more traits,
especially those related to the spikelet
morphology.

FURTHER WORK
Although our results indicated an association between seed shattering and spike morphology using the imaging system,
more work is needed to validate this relationship. An accurate phenotyping system may be useful for techniques such as
Genome-Wide Association Studies (GWAS) to identify genes controlling spike architecture, shattering and seed yield.
This will facilitate marker-based breeding for seed retention and increase in seed yield.

Fig. 1. Spikes of perennial ryegrass. (A) Morphological features of a spike. (B) Abscission 
zones in the floret cause detachment (seed shattering).

MATERIALS AND METHODS
We phenotyped mechanical shattering on a genetically diverse group of replicated plant introductions from the USDA
National Plant Germplasm System (PI accessions) . Detachment was induced by dropping a bottle containing spikes of
each replicate (n = 10), three times from a 1-meter height. We defined shattering as the proportion of the spike's
weight that was detached.

We developed an imaging pipeline in Python to characterize the spike architecture of perennial ryegrass using images
that were obtained with a flatbed scanner. In summary, the pipeline begins with segmentation of each spike producing
a binary (black and white) image that was used to estimate the spike attributes based on morphological operations
including dilation, erosion and skeletonization. The system returned a first dataset with single trait values per spike
obtained using ‘regionprops’. The second dataset relies on the ‘Skan’ (skeleton analysis) package to identify branching
and ending points (Fig. 2) that returned attributes per detected branch.

Fig. 2. Zoom from left to right
into the spikelet to identify
branching features. Yellow and
dark-blue pixels (circled) are
detected as branching and
ending points, respectively.

Fig. 3. Probability distribution function of shattering data across accessions. Values close to 
100 indicate that most spikelets and florets detached during the induction whereas those 
close to zero indicate that more seeds were retained by the spike.

Fig. 4. Scree plot of the principal components and their individual contribution 
to explaining spike morphology. 

We performed a principal component (PC) analysis of the
morphological traits (Fig 4.) and used the eigenvectors as
predictors of seed shattering in a principal component regression
approach.

PC1, PC2, and PC8 had the highest correlation with seed
shattering (Fig. 5) and explained 76% of the variation for the trait.
These preliminary results suggest that the spike architecture,
represented by a linear combination of some traits (Principal
Components) is associated to seed shattering.

Furthermore, by using stepwise variable selection we
found a significant increase in the adjusted coefficient of
determination (R2) from 0.54 to 0.67 when including the PI
accession as a predictor. This implies that despite
substantial phenotypic variation within accession, there
are subtle morphological features in spike architecture that
could only be detected with image analysis. Nonetheless,
further work is necessary to account for potential
correlation among traits and a stringent validation of such
traits by comparing them to visual phenotyping.

Fig. 5. Correlation matrix of the eigenvectors with strongest association to shattering. 
The upper panel shows positive and negative Pearson's correlation coefficients in 
different size (larger represent higher values). *p < 0.05; ** p < 0.01; and *** p < 0.001. 
The red lines in lower panel are scaled kernel regression smoothers indicating potential 
linear and non-linear relationships.

Fig. 6. False detections in 
branches and spikelets. White 
circles indicate false positives 
(solid) and false negatives 
(dashed). (A) Sample of scanned 
image. Axes are in pixels. (B) A 
detected spike for which the 
background has been removed.
(C) Branch detection. (D) Spikelet 
characterization where each 
color represents a detected 
object. 

(B)

(C)

(D)

(A)

A stringent control for false positives (erroneously detected) and false negative (not detected) branches and spikelets
(Fig. 6) will substantially improve the accuracy and reproducibility of the system. Similarly, characterization of spikelets
at detail may reveal valuable information that cannot be easily visualized. These and other improvements can be
accomplished with the use of machine learning techniques in our imaging pipeline parallel to comparisons with visual
scores.
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CONCLUSIONS
• We found a significant association between spike morphology and seed shattering.

• The spike architecture, represented by a linear combination of traits could be potentially serve as a
proxy for high throughput phenotyping of seed shattering.

• Further improvement of this system may be useful for genetic studies such as GWAS aimed to map
loci controlling seed shattering. This will facilitate the development of varieties with high seed
retention in perennial ryegrass.
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