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Non-invasive sensing of plant water status?

• Active thermography

• Cavity resonance

• Portable NMR 

• Mobile MRI

Measurement speed
Ease of use

Information content  
Sensor proximity

Accuracy



Tleaf – Tair ~ rate of  transpiration?

oversimplification

Kuromori et al. PNAS 107 (2010).

Infrared thermography: easy method to measure transpiration?

gLW:  infrared radiation
gH:    sensible heat

Cleaf:  leaf heat capacitance ~ leaf water content

Boundary layer



Measuring time constants with an 
active thermography approach 

𝜏 ~  
𝐶

𝐴
 
𝑙𝑒𝑎𝑓

~ 𝐿𝑊𝐶 

Albrecht et al., submitted



Measuring time constants with an 
active thermography approach 



Cavity resonance for 
biomass measurements

Menzel et al., 2009
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Redevelopment of the concept for
use in a scanning mode and for 
plants of various size



Calibration and dependency 
on environmental factors
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head heart

magnet

MRI magnet - medical style

Nuclear Magnetic

Resonance imaging

=

NMR

=

MRI

Medical MRI
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4.7T supercon

310mm bore

objects < 17cm Ø

1.5T supercon

490mm gap

objects < 38 cm Ø

< 4.50m tall

beechMRI = (N)MR Imaging

Making NMR mobile: the magnet is key

poplar
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Automation of MRI measurements
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Also see: Metzner, Van Dusschoten, Bühler, Schurr & Jahnke, Frontiers in Plant Science, 5 (2014).
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Also see: Metzner, Van Dusschoten, Bühler, Schurr & Jahnke, Frontiers in Plant Science, 5 (2014).
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Sensorifying MRI and NMR: first prototypes

Windt C.W., Soltner H., Dusschoten D.v. & Blümler P. (2011) JMR, 208, 27-33.

velocity spectrum
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Openable Halbach: Tree scanner

magnet ~ 200Kg

objects < 80mm Ø

Windt & Blümler (2015) Tree Phys, tpu105.
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C-shaped magnets: robust, temperature stable

current “NMR-

sensor” workhorse

Temperature stabilized

Temperature stable



Spectrometer and probe housing

Johannes Kochs

Mansour Yaacoubi
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Sensor-like usage: measurement principle
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Number of Capillary Tubes
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Quantitative and linear?

bean pod rice leaveswheat ear oak
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Proton density - liquids

01  03  05  07  09  11  13  

le
a
f 

w
a
te

r 
(a

.u
.)

94

96

98

100

102

104

106

A

B

Transpiration

Time (d)

01  03  05  07  09  11  13  

tr
a
n

s
p

ir
a
ti

o
n

 (


O

 m
o

l 
m

l-
1
)

0

1

2

3

4

5

6

A

B

Leaf water status: stress response rice

A)

B)

200

200200

200

150
10050

Osmotic stimulus

Treatments

(PEG gr/l)

Licor 6400 cuvette next to magnet

Work: Moritz Nabel
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Fruit growth and seed filling: bean pod

• fully automated

• remotely operated

• time resolution up to 1s 

(10min typical)

• data evaluation fast, robust 

& simple

*

*
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Mapping water content

current “NMR-

sensor” workhorse



Outlook: NMR-multiplex

NMR-MULTIPLEX (3D construction and image: Alexander Putz)


