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Simulation Modeling Platform Provides a Powerful Tool
for Identifying Optimal Traits and Management Practices

for Wheat Production

Global demand for food security places an emphasis
on the need to improve crop yield. The complexity of
plant development and its interaction with dynamic
growing environments and management practices
challenges our ability to select optimal crop genotypes
based solely on yield, placing a significant emphasis
on identifying structural and functional plant traits
that influence yield but are less influenced by envi-
ronment and more closely associated with the geno-
type. Despite substantial advances in ground-based,
high-throughput phenotyping platforms (White et al.,
2012; Sankaran et al., 2015), data bottlenecks persist due
to the large number of potential traits (e.g. sometimes up
to 50 for wheat [Triticum aestivum]), thus limiting our
ability to predict the best traits and management practices
for optimal growth (White et al., 2012; Salas Fernandez
etal., 2017). In this issue of Plant Physiology, Liu and Baret
(2019) illustrate how simulation modeling can pro-
vide a powerful and heuristic tool for helping to
integrate and summarize much of the available phe-
notypic data to identify a smaller range of plant traits
and management practices that might improve future
wheat yield.

Liu and Baret (2019) present a digital plant pheno-
typing platform (D3P) that generates virtual wheat
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canopies (Fig. 1, A and B) and simulates observations
of their corresponding phenotypes (Fig. 1, C and D).
The virtual canopy structure model incorporates sev-
eral management practices, certain environmental
conditions, as well as wheat architectural traits that
control canopy development from emergence to the
beginning of stem elongation. Based on prior experi-
ments, the authors had been able to reduce the number
of parameters required by the structure model for
wheat to five parameters that drive wheat structure
dynamics before tillering starts and five additional
parameters that drive tiller development and leaf se-
nescence during the tillering phase. In addition, each
different wheat canopy is simulated at 10 time points,
five before tillering and five after tillering, thus adding
a temporal component to the phenotyping platform
(e.g. Fig. 1, A and B, represent two different time pe-
riods). The simulated observations are meant to mimic
those obtained from LiDAR and multispectral and
RGB cameras (Fig. 1, C and D) and can be used to
quantify Green Fraction, the proportion of each image
of the canopy that is photosynthetic (i.e. contributes to
yield). Liu and Baret (2019) use the Green Fraction
values to train a machine learning algorithm to iden-
tify traits that optimize wheat performance.

Figure 1. Simulation modeling platforms that
generate virtual wheat canopies (A and B) and
simulate observations of their corresponding
phenotypes (C and D) provide a powerful tool for
identifying optimal traits and management prac-
tices for crop production.
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To demonstrate the utility of their phenotyping plat-
form, Liu and Baret (2019) ran simulations of virtual
wheat canopies generated using 2,500 different com-
binations of the five initial traits randomly sampled
from a normally distributed trait database. Observa-
tions of virtual canopies were captured at each time
point from five view directions, generating a large
number of snapshots (2,500 simulations X 10 time
points X 5 views = 125,000 snapshots). These snap-
shots provide a database of pseudo-observations
that allow Liu and Baret (2019) to train their model
and assess its accuracy. By showing that the D3P
modeling platform provides an accurate assess-
ment of the known wheat phenotypic traits and can
reliably assess the Green Fraction, Liu and Baret
(2019) accomplish their goal of identifying traits
that under particular management practices and
environmental conditions have the potential to op-
timize wheat yield.

The future looks promising for data-driven plant
breeding and crop improvement, but there is still plenty
of work to be done. Linking the optimal simulated
plants to known databases of wheat genotypes seems to
be an important and obvious next step. Identifying
genotypes that are associated with the different trait
parameters in the modeling platform will ensure that
the model can be applied to field trials where it can be
tested using actual observations to avoid possible
systematic modeling error. It will be equally important
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to ensure that different growing environments are
accounted for. For example, it will be crucial to test
whether the relatively few traits in the modeling
platform can accurately capture wheat performance in
warm and dry environments or whether additional
functional traits should be considered (Araus et al.,
2012). Finally, training the model on other crop spe-
cies might have important benefits.
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