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g JU LICH Bayesian statistics:

Meta-phenomics:

building a unified framework for
interpreting plant growth responses
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Unstructured knowledge:

Current knowledge:

1 J. Exp. Bot.
2 New Phytologist
3 Oecologia 3200 3200 pages * 30 journals =
4 Glob. Change Biol. 2500 5
1
5  Plant Physiology 2400 10 pages year 1l
Dose-response curves: @ A short-term response curve:
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A clear picture:
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SLA vs Light: Babylonian confusion
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After normalisation:
The idea: generalise across experiments
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>1000 data points from >150 experiments on >300 species: Can we make any generalisations? ﬁ%

» Is the response positive or negative?
» Is the response linear or not?
» What are the ‘normal limits’ ?
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Median and the interquartile range for 7 light classes:
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A tropical outlier:

Ann. Bot. (1986)
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Terminalia ivorensis

An overall non-linear equation:
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In(SLA,,) =1.02 — 0.64 DPI’®

r2=0.75;RR = 3.1
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Are there differences between subgroups?

Species traits

Growth environment

- Glasshouse, Growth
chamber, OTC, Garden

- Light (DPI)

- Temperature (24h-
average)

- Substrate (hydroponics /
soil, pot volume)

- Species family / name
- woody / herbaceous

- deciduous / evergreen
- shrub / tree

-annual / perennial

- N, fixing
-C,/C,/CAM

Environmental niche

- Shade / Sun

- Dry / Wet

- Cold / Warm

- Non-saline / Saline

Are there differences in plasticity within subgroups?

—=— Shade tolerant
~e— Intermediate
== Sun tolerant
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How about other environmental factors?

Stress box

Light quantity (DPI)
Light quality (R/FR)
uv-B

co,

Oy

Nutrient availability (N, P, G)
Drought stress
Waterlogging

Submergence
10.Temperature

11. Salinity

12. Soil compaction

CONDARWN
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DPI (mol m?> day’ﬂ)

SLA responses to light, gases, and nutrients: SLA responses to water, temperature, salinity and soil compaction:
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Response Ratios: ﬁ% The matrix has a 3rd dimension:
Range RR
Irradiance 1-50 mol m? day"! 31
CO, 200 — 1200 pmol mol! 14
Salinity 0-100 % seawater 12 1 v x x x x x
Waterlogging - -+ 1.1 2 v % * x ™ %
Compaction 1.0-1.6 gem3 1.1
3 v x x x x x
R:FR | 02-12 | molmol! 10 4 v x x x x x
uv-B 1-20 kJ m? day! 1.0
T 5 v x x x x x
0O, 5-100 nmol mol! 1.0
6 v % x x x x
Nutrients 005-1 | rel.units 11 v x * x x x
Water (Drought) 0.05-1 rel. units 1.3 12 v x x x x x
Submergence -+ 1.8
Temperature 5-35 °c 2.3
There are many other relevant plant traits:
Allocation of biomass:
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DMC of leaves, stems and roots:

Growth box (> 4)

- Yield
-RGR, ULR, LAR
-SLA

—
- LMF, SMF, RMF, (HI) /

Gas exchange (> 3)
- PHOT actual

\ Chem. comp. (> 5)

Enzyme box (> 4)

- Rubisco capacity
- SBPase
-AGPase

- [C1, [N], [P] leaf, stem, root, fruit

—~
B - PHOT capacity (/m2, /g, IN) - Starch, Fructan
© - gs, Transpiration, - Nitrate

o -cjlc, - Sol. Sugars
@ ERYAVAN - Lignin
o - RESP leaf, stem, root, fruit - (Hemi-)Cellulose
= (/9) - Protein, Org. N
a —e— Leaf DMC - Org. acids
-® Stem DMC - Minerals, Ash
Root DMC Morphology / anatomy (> 3) - Sol. Phenolics
00 - leaf size - Tannin
- plant height - Construction costs
05 ' ) ) ) ) - leaf thickness - Delta 13C
. - leaf densit FW /DW)
0 10 20 30 40 Jieaf genoiy (or )
2 1 vol / % epidermis, mesophyll \
- - air spaces, sclerenchyma
DPI (mol m “ day ') - cell size
—_—
Current status: Conclusions:
This approach :
Collated Database:
> |s able to summarise data across many experiments
. and species
# of experiments > 1000
. —— > Yields quantitative response curves
# of species > 800
» As well as normal limits
# of env. factors 12
# of variables 9
» |s applicable to (almost all) environmental factors
» |Is applicable to all plant traits
» Useful for modeling
More info: Thanks to:

- www.metaphenomics.org

- Poorter H, Niinemets U, Poorter L, Wright |, Villar R.
(2009) Causes and consequences of variation in leaf
mass per area (LMA): a meta-analysis. New Phytol. 182:
565-588.

- Poorter H, Niinemets U, Walter A, Fiorani F, Schurr U.
(2010) A method to construct dose-response curves for
a wide range of environmental factors and plant traits by
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