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Forests are one of the largest carbon sinks, playing a major role in mitigating climatic changes. The main process that 

sequesters carbon is photosynthesis, which converts atmospheric CO2 into sugars using water and light. The capacity of a tree to 

sequester carbon is thus linked to water availability and its dynamics. It is critical to estimate water content in plants directly, in 

their natural environement, i.e. in-situ, to better understand plant water use. Most of the current methods to measure water are 

either invasive, indirect or limited to laboratory use. To non-invasively measure water properties, NMR and MRI are one of the 

analytical tools of choice. To bring the spectrometer outside the laboratory, the magnetic field must be decreased. Several groups 

demonstrated the feaseability of such an approach by measuring tree water content [1], flow rates in fruits [2], and imaging a 

tree trunk with high contrast [3]. We recently reviewed the different applications of portable MRI to study plants and compared 

this sensor with others [4]. One of the major limitations of portable MRI deals with the magnet design and the size of its bore, 

limiting the size of the plant which can fit inside to a few centimeters. To avoid this main limitation, we decided to use a unilateral 

magnet which can be put in contact with the plant independently of its size. Beyond the plant sciences, the interest of unilateral 

magnets has been demonstrated in several applications, like cement drying, polymers and painting, reviewed in [5]. The aim of 

our study is to evaluate the potentiel of a unilateral magnet to study tree water content in-situ. 

We used the profile NMR-MOUSE PM25 (Aachen, Germany) as our MRI sensor. To test the capacity of the sensor to 

estimate water content, we cut branches and monitored their dehydration with the profile NMR-MOUSE and by weighing. Thirty 

branches were taken from 6 different species (Abies alba, Betula pendula, Fagus sylvatica, Pinus sylvestris, Picea abies and 

Juglans regia) belonging to two functional types (conifers and diffuse porous). NMR data consisted of CPMG decays at each 

depth of the profiles. To increase the SNR, we summed the signal over all depths and adjusted the CPMG signal decay by using 

a biexponential model. After normalisation, the amplitude of the long T2 pool was linearly correlated to the water content obtained 

by weighing the branches. In-situ tree measurements were performed in the same way and data points were added to the graph 

of the linear model. 

 

Figure 1 – (Left) NMR profiles recorded at two hydration level on the same branch coming from a Pinus sylvestris tree. (Right) Linear 

relationship obtained from the different banches. The black dots were obtained from branches and were used to build the model while 

the blue triangles were measurements from in-situ trees and were added to the plot. 

The profiles obtained from the MRI sensor contained different types of information as illustrated in Figure 1 (left). First, the 

signal evolution in function of the depth gave information on the type of wood. Indeed, the highest signal intensity (from 5 to 15 

mm in depth) was linked to active xylem tissue, while the lower intensities were linked to heartwood, or older xylem tissue, 

which contains significantly less water. The second information deals with the temporal evolution of the profile. A clear decrease 

of the NMR signal was observed in funtion of the branch water content. These profiles were T2-weighted (the sum of several 

echoes) and to have a quantitative estimate of water content, we adjusted the CPMG signal decay by using the best suited model, 

i.e. a biexponential model. We hypothesized that the fast T2 pool represented protons from the organic matter while the long one 

represented the protons from water. The MRI intensity was linearly correlated to the branch water content in a general model, 

independent of either the species or the functional type. Most of the in-situ measurements fit well within the model. For the few 

points which were outside the model, experimental conditions explained the variations. 

To conclude, we demonstrated that this unilateral magnet is an excellent candidate to study water content in trees directly in 

their natural environments.  
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