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Visualization of Water-uptake Process in Excised Roots of Arabidopsis
using Synchrotron X-ray Imaging Technique

Bae Geun Hwang, Hae Koo Kim and Sang Joon Lee

Abstract. Water-uptake through roots, is an essential process of the water flow in plants. Its visualization
is very useful for understanding sap flow dynamics at whole plant level. In this study, the tips of Ara
bidopsis' root hairs were excised and exposed to repeated dehydration and rehydration processes. The
water-refilling through individual xylem vessels was visualized using the synchrotron X-ray micro-imag-
ing technique. The high tempora resolution (2 um) and beam intensity of the X-ray source alowed to
acquisition of consecutive X-ray images of the water-refilling process up to 10 frames/sec. Various flow
patterns were observed and the ascending speed of the water-air interfaces was analyzed. The relation
between the water-rising height and ascending speed was also analyzed. The present results would provide

better alternative for investigating sap flows in roots.
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Fig. 1. Schematic diagram of synchrotron X-ray imaging
technique. Coherent X-ray beam passes through
the sample then converted into visible ray at the
scintilator crystal.
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Fig. 2. X-ray image of a scae bar, showing the spatiad
resolution limit of the PAL 7B2 beamline. Contrast
and brightness is enhanced.
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Fig. 4. Consecutive images of water refilling process of
vessel#3, sample #4 in 2" cycle.
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Fig. 3. Experimental  setup established a PAL 7B2
beamline.
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Table 1. Recording conditions
Sample  Beamline CCD Camera Pixels Exposure Frame rate FO.V
#1, #2 1B2 Redlake Megaplus Il ES2001  1024x1024 30 msec 24 fps 735X735 um

#3, #A 7B2 Vieworks VM-2M35 1600x1200 90 msec 10 fps 1013%x795 um
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Fig. 5. Magnified perforation plates (highlighted with dotted
lines) and ar-water interffaces (solid lines). The
curvatures and contact angles with nearby vessd walls
are discernable in vessds of large diameter.
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Table 2. Charecteristic properties of individua xylem
vessals in Arabidopsis' roots during water-uptake
process.

Sample Vessel Max.speed Average Mass flow
diameter (um/sec)  speed rate
(um) (um/sec)  (102mL/
)
#1 13.72 457.2 17.14 253
16.43 15.68 10.03 213
16.45 168.5 28.12 5.98
22.48 144.8 138 5.48
17.12 183.6 24.88 573
#2 13.34 236.4 136 19
22.84 494.1 1.043 0.43
14.78 90.2 20.02 3.44
12.13 454.5 55.77 6.44
857 57.15 17.69 1.02
15.34 245 11.61 215
#3 19.6 293.9 23.19 7
19.99 942.1 21.36 6.7
21.56 100.3 35.08 12.8
#4 16.2 438.8 19.69 4.06
18.79 141 29.13 8.08
17.19 94.28 9.589 223
19.65 94.28 18.56 5.63
19.65 1345 77.76 23.6
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(a) vessel #1 of sample #2, in 2" cycle.
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(b) vessel #3 of sample #2, in 1™ cycle.

Fig. 7. Typicad results of water-refilling processes. Left
images are sectiond X-ray image of the root hair
right graphs the relation between the ascending
length (um) and the uprising speed (um/sec) &t the
correponding position of left image.
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