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Abstract

This study investigated the radial transport of water containing mineral elements in the stem of a 2-year-old Japanese oak (Quercus

crispula Blume) sapling using the scanning electron microscope energy dispersive X-ray microanalyzer (SEM-EDXA) method. The 

results obtained were summarized as follows. 

1) Seven kinds of mineral element, which are calcium (Ca), phosphorus (P), potassium (K), silicon (Si), chlorine (Cl), 

sulfur (S) and magnesium (Mg), were detected from the element qualitative analysis of wood sample with the EDXA 

apparatus.

2) In the xylem right before lights-off / lights-on, the contents of either mineral element showed the almost constant low value, 

and gradually increased toward the outer part of the xylem. 

3) The highest contents of mineral elements except for the Ca right before lights-on were found in the cambium and, in the case

of Ca, in the phloem. 

4) The water containing mineral elements as mentioned above was transported, via transpiration, in both directions between the 

mature xylem zone and the phloem zone through differentiating xylem cells. 

5) The model as shown in Figure 5 suggests that xylem is divided into four parts: the cambial and phloem zone (zone A), 

expanding zone (zone B), developing zone (zone C), and mature xylem zone (zone D). 

6) The water was transported through the apoplastic passageways and diffused into the tissue from zone D to zone A when 

transpiration was restricted in the dark period. As a result, mineral element ions in the water were distributed in high 

concentration in zone A and gradually decreased toward the inner part of the xylem through zones B and C. 

7) In contrast, when transpiration was accelerated during the light period, water mainly flowed through vessels in zone D and 

was transported to the upper part of the sapling. Then, water containing mineral elements in zones A, B, and C was drawn 

toward zone D. 
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Table 1. Composition of the culture solution. 

Concentrations of the nutrient solution 

Salts used 

Elements Concentration (ppm) 

NH
4
NO

3
 N 50.0 

NaH
2
PO

4
Z2H

2
O P

2
O

5
 25.0 

KCl K
2
O 30.0 

CaCl
2
Z2H

2
O CaO 20.0 

MgSO
4
Z7H

2
O MgO 10.0 

EDTA-Fe Fe
2
O

3
 2.0 

EDTA-Cu Cu 0.1 

EDTA-Mn Mn 0.1 

EDTA-Zn Zn 0.1 

H
2
BO

3
 B 0.2 

MoO
3
Z2H

2
O  Mo 0.1 

Note: Initial pH: 5.2. 
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Figure 1. Sample preparation for the SEM-EDXA method.
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Figure 2. Diurnal changes in tangential strain. Down arrows,

Lights-on at 6:00 a. m.; up arrows, lights-off at 8:00 p. m.; 

Day 1, Set the strain gauge on the inner bark; Day 2,

Irrigation.
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Figure 3. Example of element qualitative analysis of wood 

sample right before lights-off with the EDXA apparatus. Mg,

1.25 keV; P, 2.01 keV; S, 2.31 keV; Cl, 2.62 keV; K, 3.31 

keV; Ca, 3.69 keV. 



�� ����� ���� ����
��³´¬�¶3J[��)77JÁo*J��/.Dv%

/0z>º
¼b�I�½x%½Âx�^� Figure 3 �Ò�

b�)

3�3� � !%#$

����©�1Í���
»¼b���yK�%-.

Dv�	�Æ/.Dv�	¥$�Ãz>PQ�z¥�%�

��Figure 4�Ò�b�)E	�Ä��ÀX>L$SÐI�

½x%{KÅÆ�Ç�	¥$!È:�SÐI�½x%ÇÈ

�����%QU�ÉÊ`|�T¥��X����6%J

[$)

�%È«�/.Dv%SQJ:��GL%��yK�

�	��6��¹¹:¬Km1%§�¹��b�)7L�

Figure 4. Examples of the distribution of calcium (Ca), phosphorus (P), potassium (K), silicon (Si), chlorine (Cl), sulfer 

(S) and magnesium (Mg) from xylem to phloem of the wood disks right before lights-off / lights-on. 
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Figure 5. Schematic diagram for the water transport and cell 

expansion in the stem with transpiration. A, Cambial and inner 

bark zone; B, Expanding zone; C, Developing zone; F, water 

flow (white arrows); T, Pressure potential (black arrows) 
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Figure 6. Photomicrography of the cross section for a Quercus 

crispula sapling used in this study. 
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