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Identification of Multi-element Accumulation Mechanisms in Legume
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Abstract

In the comparison of two cultivars of Lotus japonicus, MG-20 and B-129, it was suggested that B-129 had a low activity
of iron translocation from root to shoot. To clarify the difference of iron transport mechanism, atmospheric Micro-PIXE
analysis was carried out using their root tissues. The iron accumulation was observed around the vascular bundle tissue in
B-129 root. The vascular specific localization patterns suggested the iron transport was suppressed at the xylem loading
process of iron. To confirm the effect of this deficit of Fe homeostasis on the multi-element accumulation observed in B-
129, metal localizations were investigated using high and low Fe supply plants. The plants treated with high or low Fe
concentrations for 3 weeks were subjected to Micro-PIXE measurements. In this experiment, less accumulation of Mn
around vascular bundle tissue was observed in B-129 root. In our previous experiments using PETIS, high Fe concentration
treatment for 3 weeks showed active Zn translocation from root to shoot in B-129. These results suggest Fe condition in
the plant body regulates not only Fe behavior but Zn and Mn localization in Lotus japonicus, especially in B-129. For
identifying responsible mechanisms in Zn and Mn behaviors, gene expression analysis involved in those elements

translocation are necessary.
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Figure 1. Iron and manganese localization images obtained
by Micro-PIXE. Plant samples are cultivated under high
Fe condition for 3 weeks. Potassium localization was used
for tissue recognition.
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Abstract

Vigna marina is the most salt-tolerant species in the genus Vigna. Our previous study indicated that V. marina suppresses
Na* accumulation by excreting Na* out of the roots. In addition, the results suggested the Na* excretion from the root
occurs at daytime and stops at night. However, control study is necessary to confirm that those features are characteristic
to V. marina. Thus we studied V. luteola, a close relative of V. marina. There are two types of V. luteola: One lives in beach
and is salt-tolerant (beach-type), and the other lives in river bank is salt-sensitive (river-type). We performed PETIS
analysis on both accessions and revealed that the beach-type excreted less amount of Na* from the root, and does not show
a clear diurnal rhythm compared to V. marina. The river-type did not excrete Na* at all. As such, the diurnal rythm in Na*
excretion from the root is a key characteristic of V. marina, which could be an important player in salt tolerance of this
species.
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Abstract

The localization of radioactive cesium in soybean roots and nodules was investigated by positron-emitting tracer
imaging system (PETIS) analysis to clarify the cesium uptake behavior in soybean root system. Radioactive cesium was
significantly localized in soybean nodules, but cesium uptake in the root system was significantly suppressed under high
potassium (K +) conditions. The micro particle induced X-ray emission (microPIXE) analysis showed a difference in
stable cesium and potassium distribution in soybean nodule, and remarkable cesium distribution was confirmed inside of
nodules. This behavior was considered to involve cesium transport from the roots. Under high-concentration potassium
(K +) conditions, the distribution of cesium in nodule tissue could not be confirmed, and it was considered that the cesium

uptake from nodule surface and the cesium transport from roots were suppressed at the same time.

Keyword: soybean, root nodule, cesium
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a) Normal potassium condition (K+ condition)

Figure 1. Real-time imaging by PETIS on '?’Cs uptake in
soybean roots and nodules (Chase experiment).
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a) Normal potassium concentration (K+ condition)

Figure.2 Distribution of stable potassium and cesium in
soybean nodules under different potassium concentration.
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Abstract

The elemental distributions in tea leaves were determined using micro-PIXE/PIGE method. It was found that it is
important to reduce the thickness of the sample to less than single cell for accurate measurement of elemental distribution .
Measurements of samples with a thickness of 20 um show similar distributions of Al, Si, and F in the epidermal region.

Keyword: tea leaves, Al, F, micro-PIXE/PIGE
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Figure 1 Schematics of the cross section of tea leave.
Measurement regions of 400 pmx400 pm and 50
pmx100 pm are shown by red and blue boxes,
respectively.
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Figure 2. X-ray energy spectra obtained with Si(Li)
detector. Results of Samidori sample of 20 pm
thickness, Samidori sample of 60 um thickness and
Yabukita sample of 120 um thickness are shown with
red, blue and green lines, respectively. Solid and dotted
arrows show K, and Kp X-ray energy.
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Figure 3. y-ray energy spectra obtained with Nal(TI)
detector. Results of Samidori sample of 20 um
thickness, Samidori sample of 60 um thickness and
Yabukita sample of 120 um thickness are shown with
red, blue and green lines, respectively.
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Figure 4. Two-dimensional elemental distribution of Al, Si, F and Ca near epidermal region obtained with the Samidori
sample of 20 um thickness.
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Figure 5. Two-dimensional elemental distribution of Al, Si, F and Ca near epidermal region obtained with the Yabukita
sample of 120 um thickness.
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Figure 6. Line distributions of Al (red), Si (blue) F
(green), and Ca (yellow) near epidermal region obtained
with Samidori sample of 20 um thickness.
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Figure 7. Line distributions of Al (red), Si (blue) F
(green), and Ca (yellow) near epidermal region obtained
with Yabukita sample of 120 um thickness.
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Figure 8. Transmissions for Al, Si, Ca Ko X-rays as a
function of sample thickness.
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Evaluation of Elemental Concentration and Localization of
Cesium and Strontium in Tea Leaves
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Abstract

The spatial distribution of cesium and strontium in tea-leaves were evaluated using a micro-PIXE analysis to reveal the
characteristics of the concentration and translocation in tea-leaves for these elements, and to study similarities and
differences between cesium and potassium or between strontium and calcium. We used tea-leaf samples (Camellia sinensis
(L.) Kuntze) which took in cesium and strontium via root absorption or foliar absorption. The results of the micro-PIXE
analysis have showed that strontium and calcium concentrate in the leaf samples as small dots while cesium and potassium
are almost uniformly distributed. Many dots of strontium and calcium concentration have been observed in different
locations.

Keyword: micro-PIXE, tea leaves (Camellia sinensis (L.) Kuntze), cesium, strontium
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Figure 1. Cultivation of tea plants under the root-
absorption (left) and foliar-absorption  (right)
conditions. When the foliar application was performed,
the pods were covered with plastic sheets to prevent the
solution from seeping into the soil.
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PIXE 754 Fl DA EEBHR IR D 72 D12, iD= 5
E =KD A (Camellia sinensis (L.) Kuntze) & [HZ=
LA AV CoE 2 385 L7z (Figurel) . B> v
LABIORA MU F U LAEZRRICBITIELTZDIC
BEEZVTLABIOA e vrFvLsoiifbtzy v b
EHEA hr Y F T A (CsCl & SrClo, FnYeffisk (#5) )
Z Y, BARRIN & BEE I D H e 5 - THRARE
HE: L7,

ARG S Tl Bk U A bR hr v
FULE—RRICEIN L BT ARERE: (T
NVH3) Uiz, INEIE, BEICHE SN TWHBLT
FRE[2] % E L PIXE CES IR FIRE7ZR A & L
T 300 pg/g BREEIT72 D K O IZIRIE L7z, Table1 IT4%
LBV O TE~ORIEEZ RT, HIEHL 30 B,
RIE10~15 8 B g BREE) ZEIEAICERIL -,

Fo, RIS T, ErmRIOBITIRE %
0.01 LRE L, ZHENT 300 ng/g FREEDIREEICR D
EoWlElbeE A LA hr s TF U AORETE
WRAEAERR L, 28D B D FERE 2 W TR 15ml
g L7 (o7 H3) o Table 2 IZ&ALEH DK
~OVEfRE A R, EERCEIRN THICRE L7
WE DIk E B ==V TE o2 T 24 REHRIC,
RIE10~15 8 B g B ZIEAICERIL -,
Table 1. Additive amount of CsCl and SrCl; in the soil
for the root absorption.

CsCl SrCl,

9.1¢g

Additive amount per 1-kg soil 380¢g

Table 2 The amount of CsCl and SrCl, dissolved in
water for foliar application.

CsCl SrCl,

104.9 g/ (1 L water)

43.6 g/ (1 L water)
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Figure 2. Energy spectra for X-rays from the tea-leaf
sample with foliar-applied Cs and Sr measured using
the Si(Li) detector (top) and the HPGe detector
(bottom).
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Figure 3. Comparison of the two-dimensional elemental
distribution between the soil-applied or foliar-applied
Cs and K absorbed through the roots.

Sr: root absorption

Figure 4. Comparison of the two-dimensional elemental
distribution between the soil-applied or foliar-applied
Sr and Ca absorbed through the roots.
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