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Quantitative, robust phenotyping represents a crucial bottleneck in maximizing plant 
yield in form of food, biomass or a certain chemical substance. Phenotyping includes 
measurements of the morphological variation in plant organs such as leaves, roots and
shoots with different imaging technologies. These geometric and topologic features
can then be used to help determine functionally-relevant phenotypic traits of the plant. 
Once quantified, such traits may help to reveal a genetic and/or physiological mech-
anism that links plant yield with variable, even stressful, environmental conditions such 
as drought, nutrient deficiency or air pollution. 

Motivation Imaging Challenges
A mature plant rarely fits into standard confines of laboratory or imaging instruments. 
As a consequence, imaging of mature plants above and below ground must generally 
take place in natural, i.e., field conditions. A field setting comes with a number of 
challenges, such as uncontrolled lightning conditions and the intrinsic property that 
below ground sampling of plants is invasive. Additionally, the human factor is larger 
than in controlled environments because accurate positioning of imaging instruments 
is often impossible or excavated plant parts have to be placed manually. 
As a consequence, the development robust algorithms to describe plant morphology 
under field conditions are a prerequisite for phenotyping.

Conclusions
Skeletonization algorithms obtain a detailed description of the plant morphology to 
extract geometric and topologic features that are possibly linked to a genetic and/or 
physiological mechanism to improve plant yield. Future work will also focus on simu-
lation driven trait discovery [4] that can be validated with imaging methods.

Skeletonization algorithms are attractive descriptors for quantifying plant networks and 
therefore support yield maximization efforts. Yield maximization is a key factor towards
a sustainable society that needs 
1. to increase food supply in the face of an expanding human population, 
    changing climate and ongoing soil degradation, 
2. to develop alternative products and energy
    in the context of ending fossil resources and, 
3. to discover substances of medical importance
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(left) A terrestrial laser scanner mea-
sureing the round trip time of a laser
from the scanner to the tree surface.
(right) The 3D point cloud is the result of 
four combined laser scans [1] with 
overall 7183 points. The tree is colored 
by the branching hierarchy. Hierarchy 
order 3 is shown in blue, order 2 in pink,
order 1 in yellow. Green denotes dis-
connected skeleton parts. 

(left) The SkelTre skeleton derived 
from the point cloud [2]. (right) contours
following the shape of the tree crown 

Exponentially increasing number 
of branches per order after correction. 
The results were computed with SkelTre
for the six apple trees above. 

Similar trait correlations. (a) Manual 
field measurements of taproot dia-
meters at 5 cm and 10 cm depth. 
(b) Correlation between the field 
measured 5 cm depth level and the
diameters at 75% of the central path
length. (c) The central path diameters 
extracted from images show similar 
correlation coefficients than field 
measurements. 
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field taproot diameter
 at 10 cm depth

extracted taproot diameter
 at 75% depth

Pearson     r= 0.48     p < 0.001
Spearman r= 0.49     p < 0.001
ANOVA    f= 852.67 p < 0.001

(b)
Pearson     r= 0.48      p < 0.001
Spearman r= 0.47      p < 0.001
ANOVA    f= 3143.28 p < 0.001

(a) (c)
Pearson     r= 0.53      p < 0.001
Spearman r= 0.51      p < 0.001
ANOVA    f= 568.47  p < 0.001

 

Segmentation of the original 
image into a binary image. From 
the binary image a series of fore-
ground objects is extracted [3] .

The imaging pipeline for dicot roots 
and sparse monocot roots [3]: 
(a) Original image, (b) distance field 
where the lighter grey level repre-
sents a larger diameter of the imaged 
object, (c) Medial axis includes loops. 
(d) Root-Tip-Paths are a loop free 
sampling of the root branching struc-
ture.Colors are randomly assigned to
each path. 

Phenotype differentiation of a cowpea 
diversity panel with 188 genotypes. 
All 188 cowpea genotypes could be 
distinguished by at least one trait. The 
lines are three genotypes with error-
bars denoting the standard error of 
the mean.

Field versus SkelTre. Comparison of 
frequency distribution shape for length
and diameter measurements
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