


Content

• Contrasts between ecotron and field settings

• Complementarity of field and ecotron
approaches for understanding plant/stand and
ecosystem respiration

• Perspectives (future needs)



Contrasts

Feature ECOTRON FIELD
Biological complexity can be

controlled
always high

Environmental control

Temporal yes no

Spatial yes limited

Past/future climate yes no – limited

Reproducibility yes limited

Importance mechanisms, 
predictions, 

tools

relevance,
develop

hypotheses



Pathways of carbon flow through
ecosystems

TRUMBORE 2006 Global Change Biology



Labeling facility

Grünschwaige pasture

OTC

Van

GAMNITZER et al. 2009 New Phytologist
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Figure 4. Compartmental models at different scales: grassland ecosystem respiration (a), shoot and 788 
root respiration in a grass plant (b), and carbohydrate metabolism in a grass leaf (c). (a) Three-pool 789 
model of the substrate supply system of ecosystem respiration based on Gamnitzer et al. (2009) and 790 
Ostler et al. (2016). Assimilated carbon (P, photosynthesis) enters a well-mixed metabolic pool (Cmet) 791 
that supplies plant respiration (Ra, autotrophic respiration, including rhizospheric organisms) and 792 
synthesis of structural plant biomass (Cstruct). The structural biomass pool is designed as a layered pool 793 
to which layers are continuously added by ongoing structural biomass synthesis (in the form of leaf 794 
and root production) and shed to the ‘dead’ biomass pool (Cdead) in the form of litter when the layer 795 
has reached its tissue life-span. Litter forms the primary substrate for heterotrophic organisms and 796 
associated heterotrophic respiration (Rh). (b) Three-pool model of the substrate supply system of shoot 797 
and root respiration of Lolium perenne growing in continuous light (adapted from Lehmeier et al. 798 
2008). Photosynthetic carbon (P) enters the respiratory substrate system via pool Cmet1 that supplies a 799 
rapidly labeled respiratory flux Ra1. The main respiratory activity Ra2 is sustained by Cmet2 which 800 
exchanges substrate with a store (Cstore). (c) Four-pool compartmental model of central carbohydrate 801 
metabolism in source leaves of Lolium perenne (adapted from Lattanzi et al. 2012). Suc, sucrose; Glc, 802 
glucose; Fru, fructose. Percentages indicate the relative size of the carbohydrate pools. Carbon enters 803 
the system via sucrose. Sucrose is consumed in fructan synthesis and sucrose hydrolysis. Fructan 804 
degradation produces fructose. Glucose and fructose are used in re-synthesis of sucrose. Carbon is 805 
exported from the system in the form of sucrose. 806 
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and root production) and shed to the ‘dead’ biomass pool (Cdead) in the form of litter when the layer 795 
has reached its tissue life-span. Litter forms the primary substrate for heterotrophic organisms and 796 
associated heterotrophic respiration (Rh). (b) Three-pool model of the substrate supply system of shoot 797 
and root respiration of Lolium perenne growing in continuous light (adapted from Lehmeier et al. 798 
2008). Photosynthetic carbon (P) enters the respiratory substrate system via pool Cmet1 that supplies a 799 
rapidly labeled respiratory flux Ra1. The main respiratory activity Ra2 is sustained by Cmet2 which 800 
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glucose; Fru, fructose. Percentages indicate the relative size of the carbohydrate pools. Carbon enters 803 
the system via sucrose. Sucrose is consumed in fructan synthesis and sucrose hydrolysis. Fructan 804 
degradation produces fructose. Glucose and fructose are used in re-synthesis of sucrose. Carbon is 805 
exported from the system in the form of sucrose. 806 

QUESTIONS:
- model valid?
- Same kinetics
in shoot and roots?
- Substrate identity?

GAMNITZER et al. 2009 New Phytologist
SCHNYDER et al 2017 Advances in Photosynthesis and Respiration



Hypothesis testing in ‚Physiological 
Ecotron‘ 

• Steady-state

• 1 plant species (Lolium perenne) growing on 
washed sand ‚soil‘with nutrient solution

• no heterotrophic respiration

• Shoot and root respiration



Physiological Ecotron
13C/12C- 18O/16O-CO2 labeling
and gas exchange mesocosms



13C/12C- 18O/16O-CO2 gas exchange
mesocosms

SCHNYDER et al 2003 Plant Cell Environ



Swapping plants

Switching 13CO2 supply

Time Time

δ13C δ13C

δ13C 
−48‰

δ13C 
−4‰

13CO2 labeling strategies

after SCHNYDER et al 2017 Advances in Photosynthesis and Respiration

Individual plants

Plant stands/
canopies



Shoot and root respiration

LÖTSCHER et al. 2003 New Phytologist



13C tracer kinetics in shoot and root
respiration of Lolium perenne
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Figure 5. Time course of tracer content (tracer kinetics) in shoot and root respiration of 808 
perennial ryegrass (Lolium perenne). Plants were grown under constant conditions with continuous 809 
light and ample nutrient supply (adapted from Lehmeier et al. 2008). Kinetics show the fraction of 810 
labeled carbon in CO2 respired by shoots (closed circles) and roots (open squares) during the first 24 h 811 
of dynamic labeling (a) and a 300 h-long period of continuous tracer application (b). Error bars denote 812 
SE (n = 4-6). Lines denote model predictions (according to Fig. 3b) in shoot (solid line) and root 813 
(dashed line). In this experiment, plants were grown from seed in the presence of either 

13
C-depleted 814 

(δ
13

C of –28.8‰) or 
13

C-enriched CO2 (δ
13

C of –1.7‰) in different growth chambers and labeled by 815 
swapping individual plants between two chambers as in Fig. 1a and b. Plants were kept in their ‘new’ 816 
environment for 1 h to 25 days, and then moved out of the chamber to measure shoot and root 817 
respiration and the δ

13
C values of the respired CO2 (similar to Lötscher et al. 2004 and Klumpp et al. 818 

2005). The direction of swapping (from 
13

C-depleted to 
13

C-enriched CO2 or vice-versa) had no effect 819 
on tracer kinetics. 820 

after LEHMEIER et al 2008 Plant Physiology
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13C tracer kinetics in leaf sucrose and
whole shoot respiration
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Figure 4. Compartmental models at different scales: grassland ecosystem respiration (a), shoot and 788 
root respiration in a grass plant (b), and carbohydrate metabolism in a grass leaf (c). (a) Three-pool 789 
model of the substrate supply system of ecosystem respiration based on Gamnitzer et al. (2009) and 790 
Ostler et al. (2016). Assimilated carbon (P, photosynthesis) enters a well-mixed metabolic pool (Cmet) 791 
that supplies plant respiration (Ra, autotrophic respiration, including rhizospheric organisms) and 792 
synthesis of structural plant biomass (Cstruct). The structural biomass pool is designed as a layered pool 793 
to which layers are continuously added by ongoing structural biomass synthesis (in the form of leaf 794 
and root production) and shed to the ‘dead’ biomass pool (Cdead) in the form of litter when the layer 795 
has reached its tissue life-span. Litter forms the primary substrate for heterotrophic organisms and 796 
associated heterotrophic respiration (Rh). (b) Three-pool model of the substrate supply system of shoot 797 
and root respiration of Lolium perenne growing in continuous light (adapted from Lehmeier et al. 798 
2008). Photosynthetic carbon (P) enters the respiratory substrate system via pool Cmet1 that supplies a 799 
rapidly labeled respiratory flux Ra1. The main respiratory activity Ra2 is sustained by Cmet2 which 800 
exchanges substrate with a store (Cstore). (c) Four-pool compartmental model of central carbohydrate 801 
metabolism in source leaves of Lolium perenne (adapted from Lattanzi et al. 2012). Suc, sucrose; Glc, 802 
glucose; Fru, fructose. Percentages indicate the relative size of the carbohydrate pools. Carbon enters 803 
the system via sucrose. Sucrose is consumed in fructan synthesis and sucrose hydrolysis. Fructan 804 
degradation produces fructose. Glucose and fructose are used in re-synthesis of sucrose. Carbon is 805 
exported from the system in the form of sucrose. 806 



Future demands

Advance from
observational/empirical
knowledge
to a more process-based
understanding

STORKEY et al. 2015 Nature
Park Grass Experiment, Rothamsted, UK



Future demands

Role of Ecotrons

– Disentangle natural system (functional) complexity

• Reducing/managing/controlling biological complexity

• steady-state approaches

• Climatic drivers (CO2, T, rH, ...)

– Testing hypotheses derived from field studies

– Improving mechanistic understanding of natural
systems



Testing (physiological, ecological, 
evolutionary) hypotheses
across scales of biological organisation

- Organ 

- Plant

- Plant-MO (symbiont-pathogen-heterotrophs) 
models

- Artificial communities

- Model ecosystems



Future demands

TOOLS

• Non-destructive/minimal-invasive monitoring
techniques (imaging, gases, isotopomers, ...)

• Ecosystem analysis-computing
skills/mechanistic modelling



Support



Tracer kinetics in leaf carbohydrates
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Figure 6. Tracer kinetics in leaf carbohydrates: time course of tracer content in sucrose (open 822 
circles), fructan (filled squares), glucose (filled triangles) and fructose (open triangles) in young, 823 
mature source leaves of Lolium perenne growing under constant conditions with continuous light and 824 
ample nutrient supply (adapted from Lattanzi et al. 2012). Data plotted here are the kinetics in the first 825 
24 h (a) and 300 h of dynamic labeling (b). Plants were labeled using the same protocols as in Fig. 5. 826 
Water-soluble carbohydrates were extracted, separated preparatively by high-performance liquid 827 
chromatography and the δ

13
C of the individual sugars determined by isotope-ratio mass spectrometry. 828 

Lines indicate the tracer content of the individual sugar pools as predicted by the compartmental 829 
model shown in Fig. 4c. 830 

SCHNYDER et al 2017 Advances in Photosynthesis and Respiration
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Sucrose

Glucose

Fructose
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Figure 4. Compartmental models at different scales: grassland ecosystem respiration (a), shoot and 788 
root respiration in a grass plant (b), and carbohydrate metabolism in a grass leaf (c). (a) Three-pool 789 
model of the substrate supply system of ecosystem respiration based on Gamnitzer et al. (2009) and 790 
Ostler et al. (2016). Assimilated carbon (P, photosynthesis) enters a well-mixed metabolic pool (Cmet) 791 
that supplies plant respiration (Ra, autotrophic respiration, including rhizospheric organisms) and 792 
synthesis of structural plant biomass (Cstruct). The structural biomass pool is designed as a layered pool 793 
to which layers are continuously added by ongoing structural biomass synthesis (in the form of leaf 794 
and root production) and shed to the ‘dead’ biomass pool (Cdead) in the form of litter when the layer 795 
has reached its tissue life-span. Litter forms the primary substrate for heterotrophic organisms and 796 
associated heterotrophic respiration (Rh). (b) Three-pool model of the substrate supply system of shoot 797 
and root respiration of Lolium perenne growing in continuous light (adapted from Lehmeier et al. 798 
2008). Photosynthetic carbon (P) enters the respiratory substrate system via pool Cmet1 that supplies a 799 
rapidly labeled respiratory flux Ra1. The main respiratory activity Ra2 is sustained by Cmet2 which 800 
exchanges substrate with a store (Cstore). (c) Four-pool compartmental model of central carbohydrate 801 
metabolism in source leaves of Lolium perenne (adapted from Lattanzi et al. 2012). Suc, sucrose; Glc, 802 
glucose; Fru, fructose. Percentages indicate the relative size of the carbohydrate pools. Carbon enters 803 
the system via sucrose. Sucrose is consumed in fructan synthesis and sucrose hydrolysis. Fructan 804 
degradation produces fructose. Glucose and fructose are used in re-synthesis of sucrose. Carbon is 805 
exported from the system in the form of sucrose. 806 
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Lolium perenne
Poa pratensis
Taraxacum officinale
Trifolium repens



Respiratory substrate from stores at
subambient and superambient CO2

200 μmol CO2 mol-1

1000 μmol CO2 mol-1


