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1. Why model root architecture?
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Above ground. . .

What phenotypic features can identify
usefula crop production practices?b

aWRT resilience, yield, etc.
bE.g., Genotypic (bio-) engineering.
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Heritability

Q: What phenotypic features result in a high h2?

Age-old industry standard:

What above-ground phenotypic features result in a high h2?
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Getting to the ROOT of the issue. . .
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Getting to the ROOT of the issue. . .

Dr Wasson was previously part of the
Root Phenotyping Project which developed
cutting-edge field-based facilities to measure
root performance and root architecture in the
field.
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Cutting-edge root system imaging
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Cutting-edge root imaging
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Cutting-edge root imaging
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2. Data visualization
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“It’s very important to see first hand how the data are collected.
Like, the guy downstream sees a fish swoosh by, yells to the data
entry guy 200 yards upstream: ‘Fish! I think it was a G[???]
Redhorse!’ Could’ve been Greater or Golden or neither; data guy
enters ‘seahorse’.”

— (My dramatized version of) the greatest piece of advice from Peter
Guttorp.
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Fig. 4 Root distributions by
depth at Leeton Experimental
Station 2011. The error bars
show the standard error of the
mean for four replicated observa-
tions. [...]
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=⇒ yijkt !!
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My co-authors

put(0,50)
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3. Inference: Pre-Chiu vs. Chiu
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Pre-Chiu

collapse t: wij? = f (yij?1, yij?2, ..., yij?T ), e.g., f = max
linear mixed model for wij?

I low h2 (≈ 0.1, I think)

Chiu
Don’t collapse anything!!!

yijkt longitudinal WRT t
I 1D spatial Poisson process!

F but obviously overdispersed =⇒

F random intensity curves θij(t)

F Spatial dependence not yet formally modelled.
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Chiu — cont’d

Fig. 4: Gamma probability density γα,β(t) ∝ θα,β(t)

α ↔ root system’s bulk
β ↔ root system’s downward exploration/penetration
(α, β) bivariate
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Chiu — cont’d

yijkt ∼ Poisson(θij(t)),
θij(t) = ψij • γαiβi (t) • eφijt

ψij = eψ0+κj eτi

Note: Smooth γ(t) but jagged θ(t) due to φt
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Chiu — cont’d

Binns’ internship:

Zwart and Binns learned Bayesian inference (from me)
prelim model implementation: Gelman et al.’s Stan

After Binns:

final models in paper: Chiu & Zwart
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4. Key insights
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First, the punchline. . .

“Our integrative approach can allow selective pre-breeding
programs for root distribution and may facilitate the identification
of genetic markers from field data.”
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On to the details. . .
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Heritability is high!

Posterior mean intensity curves θij(t) (Fig. 6):
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Heritability is high!

Posterior mean idealized intensity curves ψijγi(t) (Fig. 5):

Chiu, Wasson, Zwart BIRS – Guttorp 2017-07-10 27 / 35



Heritability is high!

More formally:

σ2log θ(t) = σ2genes(t) + σ2φ

σ2genes(t) = σ2τ + (log t)2(eσ2α − 1)e2µα+σ2α + t2(eσ
2
β − 1)e2µβ+σ2β−

(t log t)(eρσασβ − 1)eµα+µβ+(σ2α+σ2β)/2

h2h(t) =
σ2genes(t)

σ2genes(t) + σ2φ
= depth-specific heritability of intensity function at t,

h2h = heritability of overall architecture
= harmonic mean of h2h(t)

Multiresolution definition
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Heritability is high!

h2α(−β) = heritability of root bulk’s location (and size) on log scale, ignoring
its relation with penetration rate

= harmonic mean of
{

(log t)2(eσ2α − 1)e2µα+σ2α

(log t)2(eσ2α − 1)e2µα+σ2α + σ2φ
for t > 1

}
h2β(−α) = heritability of root’s decline rate of penetration on log scale,

ignoring its relation with bulk location

= harmonic mean of

 t2(eσ
2
β − 1)e2µβ+σ2β

t2(eσ
2
β − 1)e2µβ+σ2

β + σ2φ


h2τ = σ2τ

σ2τ + σ2φ
= heritability of intensity function’s intercept on log scale
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Heritability is high!
Posteriors of heritability metrics (Fig. 7):

overall architecture

bulk

near-surface intensity

exploration
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High heritability of bulking

“[It s]uggests that a breeding program could successfully alter the
depth at which a root system proliferates.”
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Low τ -heritability

“Sampling position [in the field] is likely to have a strong influence
on the surface root counts.”
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Bulking up vs. Exploring

0.9 ≈ median P( cor(αi , βi) > 0 | data)
Tendency to explore downwards negates tendency to bulk up away
from surface.

“[P]lants have evolved randomness and instability in their root system
development (Forde, 2009). . . which may facilitate exploration. . . of
the soil for cracks and pores. [O]ur model implies that more branching
near the surface gives better access to the subsoil.”
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In closing

“If a paper uses a t test to solve an environmental research
problem that no one else has been able to solve, we will publish it.”

— Peter Guttorp in an Environmetrics Editorial Board Meeting as
Co-Editor-in-Chief
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