(®)
2018 2020

Molecular and mathematical basis of rhizosphere metabolodynamics
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The rhizosphere is a pivotal area for plant growth and health. However, it
is difficult to distinguish between the rhizosphere and the non-rhizosphere (bulk) in the field
environment, since the rhizosphere changes according to the growth of plants. Using daidzein, an
isoflavone secreted from soybean roots, as a model, we aimed to define the rhizosphere area based on

the dynamics of plant metabolites secreted from the roots in the rhizosphere. The movement of
daidzein in the rhizosphere was simulated by the governing equation of daidzein movement. It was
calculated that the distribution of daidzein was limited to a very small region from the root. To
verify this result, we grow soybeans in rhizobox and field. It was confirmed that this simulation

was applicable to estimate the dynamics of daidzein in the rhizosphere.



Hiltner 1904

invitro
30 ¢ 300 mL
50, 100, 200, 400, 600, 800 pg 2
8000 rpm 5 pH3.0
Sep-pak MeOH HPLC
C mg/L
S mg/kg
S = KdC
COMSOL Multiphysics ver. 5.4 COMSOL 10 cm
20 cm 2 mm 10 cm
2
Millington-Quirk
/ % 28 % 14
45 28
2 mm 2~4 mm 9
10 mL MeOH
HPLC
30
25
*
AZO
cw 215
Cs Bl )y k=095
67 L/kg 1 '
5k
1. 5 19 , . . . .
0 0.1 0.2 0.3 04 0.5

Cw (mg/L)



14 70

2 mm

20

X107

ZA4EAL BE (kg/m?)

oON B O

HAEA 5% (nmol/gsoil)

70 1/ 3
2
2 mm
14
28 % 2
2 mm 2 mm
2 mm
9
6 0.665 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
= (m)
0.14
0.12 ®
0.1
&
0.08 @
L
0.06
0.04
0.02
ﬂ L ' ]
Bh e 2mm 2 mmits
TE AwTlLw
3
4 2 mm

1 nmol/g soil

10 mm
1-2mm

14

2 mm

2 mm

2 mm



Depth from soil surface (cm)

nmol/g soil

4.7 1.0
0.9
0.8
0.7
0.6
5.0 0.5
0.4
0.3
0.2
0.1
: 0
0 1 2 3 4

53

Distance from root surface (mm)



8 8 0 2

Okutani Fuki Hamamoto Shoichiro Aoki Yuichi Nakayasu Masaru Nihei Naoto Nishimura Taku 43

Yazaki Kazufumi Sugiyama Akifumi

Rhizosphere modelling reveals spatiotemporal distribution of daidzein shaping soybean 2020

rhizosphere bacterial community

Plant, Cell & Environment 1036 1046
DOl

10.1111/pce.13708

Sugiyama Akifumi 19

The soybean rhizosphere: Metabolites, microbes, and beyond?A review 2019

Journal of Advanced Research 67 73
DOl

10.1016/j . jare.2019.03.005

Kakegawa Hirofumi Shitan Nobukazu Kusano Hiroaki Ogita Shinjiro Yazaki Kazufumi Sugiyama 83

Akifumi

Uptake of adenine by purine permeases of Coffea canephora 2019

Bioscience, Biotechnology, and Biochemistry 1300 1305
DOl

10.1080/09168451.2019.1606698

Kakegawa Hirofumi Shitan Nobukazu Kusano Hiroaki Ogita Shinjiro Yazaki Kazufumi Sugiyama 1

Akifumi

Uptake of adenine by purine permeases of Coffea canephora 2019

Bioscience, Biotechnology, and Biochemistry 16

DOl
10.1080/09168451.2019.1606698




Sugiyama Akifumi

The soybean rhizosphere: Metabolites, microbes, and beyond-A review 2019

Journal of Advanced Research 5
DOl

10.1016/j . jare.2019.03.005

Nakayasu Masaru Ohno Kohei Takamatsu Kyoko Aoki Yuichi Yamazaki Shinichi Takase Hisabumi 0

Shoji Tsubasa Yazaki Kazufumi Sugiyama Akifumi

Tomato roots secrete tomatine to modulate the bacterial assemblage of the rhizosphere 2021

Plant Physiology in press
DOl

10.1093/plphys/kiab069

Toyofuku Miwako Okutani Fuki Nakayasu Masaru Hamamoto Shoichiro Takase Hisabumi Yazaki 0

Kazufumi Sugiyama Akifumi

Enhancement of developmentally regulated daidzein secretion from soybean roots in field 2021

conditions as compared with hydroponic culture

Bioscience, Biotechnology, and Biochemistry in press
DOl

10.1093/bbb/zbab017

Matsuda Hinako Nakayasu Masaru Aoki Yuichi Yamazaki Shinichi Nagano Atsushi J. Yazaki 4

Kazufumi Sugiyama Akifumi

Diurnal metabolic regulation of isoflavones and soyasaponins in soybean roots 2020

Plant Direct e

DOl
10.1002/pld3.286




42 17

61

2021
2020

2020

61

2021
2020

2020




2020

2020

62

2020

Akifumi Sugiyama

Fate and function of plant specialized metabolites

in the rhizosphere

MBSJ2020

2020

2020




2020

2020

2021

2021

69

2020

Rui Nakasone, Shoichiro Hamamoto, Naoto Nihei, Taku Nishimura

Effects of Moisture Content on Soil Water, Potassium and Cesium Movements in the Vicinity of Soybean Roots

JpGU-AGU Joint Meeting

2020




Akifumi Sugiyama

Spatiotemporal distribution of daidzein influences bacterial community assembly and function in the soybean rhizosphere

International Symposium on the Future Direction of Plant Science by Young Researchers

2019

Akifumi Sugiyama, Fuki Okutani, Shoichiro Hamamoto, Naoto Nihei, Taku Nishimura, Yuichi Aoki, Kazufumi Yazaki

Rhizosphere modelling reveals the spatiotemporal distribution of daidzein, which alters bacterial communities in the
rhizosphere

Rhizosphere5
2019

29
2019

29

2019




29

2019

Akifumi Sugiyama, Fuki Okutani, Shoichiro Hamamoto, Naoto Nihei, Taku Nishimura, Yuichi Aoki, Kazufumi Yazaki

Specialized metabolites in the rhizosphere of soybean: dynamics and functions in biological communications

5th Asian Conference on Plant-Microbe Symbiosis and Nitrogen Fixation

2019

2020

2020

61

2020




2020

2020

2020

2020

2020

2020




Cs

19

2019

2019

2019

2018

2018




2018

2018

160

2019

2018




Akifumi Sugiyama

PLANT SPECIALIZED METABOLITES IN THE RHIZOSPHERE: DYNAMICS AND FUNCTIONS IN BIOLOGICAL COMMUNICATION

The Plant Microbiome 2018

2018

Akifumi Sugiyama

Dynamics and functions of plant bioactive compounds in the rhizosphere

3rd ARN symposium

2018

32

2018

2019

2018




2018

2021

2021

2020

2020

Akifumi Sugiyama

Fate and function of plant specialized metabolites

in the rhizosphere

MBSJ2020

2020




69

2020

Rui Nakasone, Shoichiro Hamamoto, Naoto Nihei, Taku Nishimura

Effects of Moisture Content on Soil Water, Potassium and Cesium Movements in the Vicinity of Soybean Roots

JpGU-AGU Joint Meeting 2020

2020

http://www.rish_kyoto-u.ac.jp/Ipge/index.html

(Hamamoto Shoichiro)

(30581946) (12601)







