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Fig. 1. Outdoor MRI system for measuring 72, REREIC X AMEOZEL L HET S &N
flow in the trunk of a zelkova X/,

(a) System overview. The zelkova was planted
in March, 2013. The system was waterproofed
by a box made of acrylic plates. The magnet A
temperature was kept almost constant by silicon # i
heaters and heat insulators. (b) RF coil and

s 5 o
0.2T permanent magnet. (c) Gradient coils ABETIE, 0.2T AABA MRI % i\ TR

(efficiency : Gx=0.676 G/cm/A, Gy=0.123 G/ S Y FRBRR O SR A m b L7z, 7
cm/A, and Gz2=0.262 G/cm/A). FOWHS IR, HEHOMB TES RSN
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Fig. 2. Diurnal change in the flow velocity in the zelkova

(a), (e) STE image (q=0) and (b), (f) flow map measured with PFG-STE-QSI. FOV = (10
cm)?, slice=4 cm, matrix size = 1282, TR/TE =800 ms/40 ms, and NEX =4. The flow measure-
ments were performed at (a)-(d) 0: 09 on June 26, 2015 and at (e)-(h) 12: 09 on June 26, 2015.
(c), (g) Overlay of flow maps (>0 um/s) on the STE images (q=0). (d), (h) Overlay of flow
maps (<0 um/s) on the STE images (q=0).
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Comparative Study on Slow Flow Measurement Methods for Living Systems
[ Presidential Award Proceedings ]

Akiyoshi NAGATA, Yasuhiko TERADA, Katsumi KOSE

Institute of Applied Physics, University of Tsukuba
1-1-1 Tennoudai, Tsukuba, Ibaraki 305-8573

We have developed an outdoor magnetic resonance imaging (MRI) system in 2013 that can meas-
ure flow dynamics in a living tree since. In this study, we tested g-space imaging (QSI) for the meas-
urement of extremely slow flow in living systems. The MRI system consisted of a 0.2T permanent
magnet with a 16 cm gap, planar gradient coil set, solenoid radio frequency probe, and MRI console.
Flow in the trunk of Zelkova serrata at 40 cm above the ground level was measured using pulsed field
gradient-stimulated echo (PFG-STE) sequences (repetition time/echo time =800 ms/40 ms, slice =
4 cm, number of excitations =4, matrix =128 x 128, field of view=10cm X 10 cm, =10 ms, and 4 =
100 ms) . The flow velocity was calculated on per-pixel basis as follows : the calculated propagator
was subjected to least-squares fitting to a Gaussian function, and the mean displacement {r) was
derived ; further, the flow velocity was derived from the equation {v)=<r)>/4. This measurement
method could measure flow velocity in the stem on per-pixel basis. We observed upward flow in the
xylem and downward flow in the phloem. In addition, this method enabled assessment of the diurnal
change in the flow velocity in the living tree.
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