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Experimental data (ArchiNem project)

» 3 plant species: tomato, pepper, » weekly number of leaves
cucurbit » destructive measures:
» 2 plant categories: e plant: fresh and dry masses for
® control shoot, root and fruit
® inoculated by nematodes ® nematodes:
» 3 points in time (T0, T6 =6 ® number of galls (T6)
wai, T12 = 12 wai) ® egg masses (T6, T12)
» 6 replicates*category / point ¢ ?I'glg2)per egg masses (T6,

® soil-extracted larvae (T12)

Dry mass of shoots (12 weeks after inoculation)

== Control
Inoculated

Weight (g)
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Calibration procedure

Two-phases strategy
» calibration of plant model on control data

» calibration of plant-RKN model on inoculated plants & RKN data

Steps
» select parameters to be estimated based on sensitivity analysis

» find parameter values that minimize the criterion

® Global search: ARS (Adaptive Random Searches)
® Local search: Nelder-Mead from minimize() python module

comparison
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Plant model calibration

Tomato dynamics Pepper dynamics
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Plant-RKN model calibration: tomato
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Plant-RKN model calibration: pepper
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Tomato vs Pepper: Plant parameters

Fruit active transport rate (t;)

Shoot growth rate (ks)

Allometry coefficiel

arbon uptake (p)

Root growth rate (k)

—— Tomato
—— Pepper Root mortality rate (d,)

Shoot mortality rate (ds)

Pepper: reduced mortality ,, higher growth k,, faster C allocation
towards fruits t,
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First simulations for virtual tomato plants

Are these traits really important for plant tolerance?
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First simulations for virtual tomato plants

Are these traits really important for plant tolerance?

Virtual tomato plant
® root mortality rate (d,)
® root growth rate (k)
e faster C allocation towards fruits (t,)

Full factorial design

estimated value estimated value
of tomato of pepper

All other parametres are kept fixed to estimated values
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First simulations for virtual tomato plants

Are these traits really important for plant tolerance?

Virtual tomato plant
® root mortality rate (d,)
® root growth rate (k)
e faster C allocation towards fruits (t,)

Full factorial design

estimated value estimated value
of tomato of pepper

All other parametres are kept fixed to estimated values

Tolerance index (over the cropping season)

_ Cumulative dry mass of infected shoots
® Cumulative dry mass of healthy shoots
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Results

Tolerance indices

800

7001 .
Tolerance index

600 1 of real tomato

500 -

400 -

Frequency

300 A

200 -

1001

] T g 7
0.6 0.7 0.8 0.9 1.0

Tolerance index (6s)

Sensible Highly tolerant

0 1
Conclusion: possible more tolerant tomatoes.
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Next steps

» Complete comparison between tomato and pepper traits (parameter
values)

» Robustness of tolerance traits

® infection scenarios (low, medium, high RKN virulence)

® trade-off between tolerance vs soil infestation (epidemiological
risk)
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Tomato vs Pepper: RKN infection parameters

Feeding rate (y)

Rate of increase in hydraulic resistance (¢) Maturation rate (n)

Gall growth rate

Half saturation coef. for reproduction (K,) Male forimation rate (v)

—— Tomato

—— Pepper
Half saturation coef. for establishment (K,,)

Tomato: Higher effect of plant status on RKN reproduction K, and
establishement K, rates
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Tolerance Index

Yield

g wire(e)dt
fOT VVsheaIthy(t_)dt_7
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Plant Model: Mathematical equations
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Plant status on RKN development
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RKN effects on plant growth

aw, G Kn )
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Global sensitivity analysis (GSA)

Goal: Identifying the most influential parameters
inputs : all parameters, outputs : model variables along time (vector)

Steps
1. fractional factorial design to explore parameter space

2. PCA to reduce output and capture its variability
3. ANOVA to compute sensitivity indices (SI)

SS components
Sl = T35 GSI = kz::l Sl x inertiay

SS = sum of squares, TSS = total sum of squares
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Global sensitivity analysis on plant model

Features
® goal: identify the most influential parameters

® inputs: 26 parameters, outputs: W,, W,, W;, G, C,, Cr
Plant traits that most affect root biomass (W,) dynamics

Generalised sensitivity indices

ks
sigma_c
k_r
grand_ks
alpha
r_ph_r
gamma_r

grand_kr I

r_ph_s <I

kj‘l HEm Main effect
r

B Two factor interaction effect

T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
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Global sensitivity analysis on plant model

Features

® goal: identify the most influential parameters

® inputs: 26 parameters, outputs: W,, W,, W;, G, C,, Cr
Plant traits that most affect root biomass (W,) dynamics

Generalised sensitivity indices

Slgmij= o shoot carbon fixation rate

grand_s | I ks & k, shoot and root growth rates
aiohe K half saturation coef. of shoots

gamr::j: « allometry coefficient

grand_kr | ta fruit active transport rate

rphs vs & 7, shoot & root mortality rates

Cf EEm Main effect
— | = Two factor interaction effect

r T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
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Data processing
Objective: increase the number of data points by exploiting
non-destructive measurements (leaf number)

Allometric relation: shoot weight vs leaf number
Pepper

® Spline smoothing of leaf data o .

® average dynamics

® Calibration of a general allometric rela-
tion (3 time-points x 3 species)

M=alb i=speciesl,2,3

M = shoot dry mass, L= number of leaves

4

® Prediction of shoot dry mass from leaf
data at 12 time-points
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Criterion for estimating interaction parameters

Cost function

2 sol obs\ \ 2 2 sol obsy \ 2 2
_ (W), = (W), ) 1 (W), — (W), Wil — wigbs
e {2Z< (W), EZ (Wek), *( wePs )

Inoculated plant
Gsol — Gobs 2 1
( Gobs ) + 2

Fsol — Fl_obs 1 2 rol — pobs
[Fobs E Z robs
i i=1

Nematodes

+ Be

1

® a. and 8. = (1 — ) are the weighted coefficients

o G* F=! r%l are nematode model predictions of galls, females and
egg-laying

o (Gobs Fobs ,obs 5re nematode data
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Carbon transport (T)

The carbon flow® T in phloem vessels T = g C,, with g the volume flow
rate

shoot q
C Ron q
— (")
Ron
Then, Root
{(q )Ron =(G-C) 7= (&G
Ron
Ioh,..
Rph,.. - V\’}T

3Minchin et al., Journal of Experimental Botany, 1993
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Carbon transport (T)

shoot 4 . o

M
R h,s

p

We get,

qr Fruit
Rons C

ar
Rph,r : :
Root

(qr + qf)Rph,s + qr Rph,r = (Cs - Cr)
(gr + qr)Ron,s + gr Ronr = (Cs — Cr)

0000000000080
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Carbon transport (T)

ar Fruit

shoot g, +qs Rons C
: R h,s

P ar
Ron,r : :
Root
We get,
{(qr + ar)Rons + ar Rpnr = (G = C) Tr=arGs
(gr + ar)Ron,s + ar Ronr = (Cs — Cr) T = < we )qus

/n + Wsn
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Water transport

Transpiration process A guides water flow, A = oy Wsf(1)s),

Yy = Psol — Rs A, s =Y, — RXyA7 Vf = Ps.

where 15 the soil water potential and R.. resistances.

I'sr Iy,z
RS" - Wrar7 RX}’J - WZOtz7 Z= {57 r}'

Water regulation function

Xylem vessels

[y

(2

)= g
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