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Electro-physiological Study of Tree Root System

—From Laboratory into the Field—
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Abstract

Theoretical back-ground and principle of electro-physiological method for the study of root

physiology were reviewed. The applicability of a model of electro-physiological structure to the

root system in the field was experimentally examined and discussed. A convenient system via a

perfect liquid junction was developed for long term measurement of trans-root electric potential

(TRP) in field trees. The electro-radicogram of a kaki tree (Diospyros kaki) showed a régular

diurnal changes.

The seasonal change in the potential level and in the amplitude of oscillation

was observed, and discussed in relation to the root activity and the environment.

Key words : Electro-physiology of root system, Trans-root electric potential of a kaki tree,

Electro-radicogram

F |

#£H (HO) WAEMEEHNTEE L TESEY R
hetrrlic LT, MERESEORHOTRLE L TER
HEPERTAREBAR L, ERLTE I, HOMBKINE
BORT 2T~ HEHH 30, BRIV, BHEK
LHEATRID OCEEOKRHEIC X - T, B ORKIE
YIOBBLW D—>DFE & U CIROAEBEME 2 JERE
HICEHlS 2 FEEoBRAE L TE 1,

B2 SE, S ERBENTHRI N FES 20T &
D THATELZ LIRS, FZISHAEENZ
DHOEBEETNT 3ICiE, BOWEL WA E2D
HUTHESSERERCEE, L-ohb LEhRnERE
DI ZREEShAEBERIJovw=FaLr—52H0
T, SENREEAS 1 um FREE O HIREA M/ NERE % SPY i ]

ALBLSTRELREY, BOo—HE2Y0 LTEEE, ¢
TIEBBOFTAI TR H->TWE, LELZEDLS
REEA-SBEL 72 5 & - T8 5 h BRI,
AX TN T 5 BIAT RS OBR T, MRS
BHREOEHEIC EL R VWHAOBAONELEZ 55
BOERE LT, ERNIIREZED 210088 E3 5
CERTED, TO/NRTRERZN TOF O &
I oBoniBREERCESVWT, BEABYY
ERRIC & > TREROE WA © o IRiksE % B%
LT&&7av 2 588NT %,

. ENTOHRE

EAKBRORNS USRI NBRBIE A % 5
CETH B, {HLRELHERGEEPE & 17N BV
ficEBEANZICE, BRI ECHVSNEFE

*FREAMAEEIESE  T437-0221 HEIELHETHH 443-5
* FoRBTERIZEEr T438-0802 B & BT BIE 729-2
¥—U— P BEOBKER, #+OKRMETEL, HEN



22 oYM 825 (1999)

RDIz7av=talb—#ARBIKHVE & RET
EOBRV, BARESHTEERE» IR0 EE
#EiRtk (Okamoto et al. 1984) i« X 3HfFEICi3, L TE
DEDICTEMEDO A = VTV —sEtEEL, 20
FiRERBEO =2 v — ¥ OFRERH 2= F A2

DAY, R B R T R R IKER g 2 = 5 b
(—&km) RV, BIcEIL AR B I 3ME 2 KEiCE
%, BMEOHHE 2= rOBEMV,, TOBKTL
Rizk - CEEE, BELLHEERENELONS,

NS DRI & B L HEPTERE OB BY RIS
BOEARIK-1 ITREN 5, T ORI

(1) FEAMEEEEERVES F+ 27k v 7
5 A ME&EEBRL TWS (Katou 1978),

2) ¥v7 2 rEIEEREE BB AH XY
- by, HEIATRIETHITRIIZA %
HEAEBERAAUE DT B, LEEB->TERFRD
HoEELREEFTRS S (Okamoto et al. 1978,
Do

@) zhrFhofilory 75 2 b REREKEED
AR EEEE 7o b v Ry IHEEL, BEEMOKFES
RZDEFHIKE - TR T w3 (Okamoto et al.
1978, 79, Mizuno et al. 1985, Katou and Okamoto
1992),

B2 2D &S HED anoxia FAREH U w2
iz, 99.998% O Ny % L T—RUCFER & 1E» 5 2 &)
X ARIBER T RS TR Vi ORBHRTOK
XXMV, OFNEFERESD, L dliEORJBICE
BN H 5 721T, Vo= Vo— Vo ORIGICE LW A
BEL 5,

TOLHUREEIEA AN (Plantago sp.) DIBRIT
SHHET BT ENLT S v FOMEST V- Tk »THIC
MR a ntz, MRNENERER VO S OEBRRT
133800 D o » 15 - - Trans-root potential (K-4 ®
V) @ anoxia 239 % " HHERE (K 2-B @ V,ORIG
AN 2) BHRADEFLTRERSICHETEL L
K[V 6 Th 3 (De Boer et al. 1983, De Boer and
Prins 1985),

 OBEEE F U BEAOKAORRIC bEHHR S
i B HIEREE LT, bhbhid< YOk
FRTEFNVERETY, dOETZY/ FA1EVYFay
DORYD TRP icxf4 2 HEAPFL L /2 (Okamoto et
al. 1994, X-3,4),

2. BHAICBITEER

FAOKADOR MR & U EBEIEHic 340 L
AR NEREEOIGH RNETH 5 OKEREESR

B-1

Fig.1

px

P,

SYMPLAST
(P)

A\

POTENT!AL PROFILE

ps

/14

Vp

MaEMpEE 2R E O BRI RBEE 7 P,
FEEER TR > TERShicvr v 73
R b S, REXRmAMNEE; X, %1 A
A v ekt AigEE GOESEN R
)~ Py, BREXREM S Ry T
Py, BER 70 by Ry 7V, BEOEBLL;
Vo, ¥v 732 MROEN; V, FTMEHE
REDFENL ; Vor, BEMEBAE (RHREHS
7o bRy PEETHES N AEBK
4%, anoxia THBT 3 ; Vo, oa e =mmlliE
B/ (RHEERAEE R
Electro-physiological model of plant
axial organs:P, symplast; S, cell wall
phase of organ surface; X, xylem
vessel ; I, insulating structure against
movement of ions and water (e.g. Ca-
sparian strip in root}); P;, proton pump
in the cell membrane of the organ
surface ; P;, proton pump in the cell
membrane of the xylem/symplast in-
terface ; V4, electric potential of the
xylem ; V,, electric potential in the
symplast ; Vs, that of the cell wall on
the organ surface; Vy,, membrane
potential across xylem/symplast inter-
face ; Vo, membrane potential across
organ surface. Shadow parts mean the
electrogenic activity which is revers-
ibly extinguished by anoxia.
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Fig.2 Anoxia reaction of the three components of the potential profile.

A, mature zone ; B,

elongation zone of the Vigna hypocotyl in which bi-phasic reaction of V. is observed
because the V,, value is comparable with that of V,, but reacts slower than the latter.
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Fig.3 An indoor system for the measurement

of trans-root electric potential (TRP) of
young pine plants with unpolarizable
electrodes (E) and perfect liguid junc-
tions.
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Fig.4 A scheme of the measuring system for

the trans-root potential : P, symplast ;
Cs, Casparian strip ; St, starch sheath ;
S, bulk water phase surrounding the
root ; ref., reference electrode (liquid
earth in Fig.5); V,, electric potential
inxylem apoplast with respect to S,=
TRP ; The oter notaions are identical
with those in Fig. 1.
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Fig. 5 A measuring system for the TRP in a
field tree ; N, injection needle (0.6 mm) ;
Tu, flexible tube ; B, plastic botile; E,
unpolarizable electrode ; PC, unglazed
ceramic porous cylinder ; A, impedance
convertor
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Fig. 6 Transient change in the TRP after
sticking the needle:( ), depth of the

tip in mm
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Fig. 7 Stability of the measurement and the
noise from the environment : A, ERG in
a calm day; B, an example of noise
with a heavy rain; C, an example of
noise with a strong wind (20 m/sec)
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BE TAKBRICHOOhEAFDOAK : Hi L 15cm
1B BRE 28 cm, KiE# 50 4F, KR

D7 v FNICHIERDEHE N TV B,
Photo. Persimmon tree used in the experi-
ment (Diospyros kaki cultivar. jiro). 28
cm in the trunk diameter, age : ca. 50

years.
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Fig. 8A An example of ERG in defoliate
phase : upper, just after defoliation,
each dot means noon ; lower, 3 weeks
before leaf sprouting. Dotted line
means the relative light intensity (the
lower the stronger).
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Fig. 8B An example of ERG in foliate phase :
upper, just after foliation ;lower,
ERG after complete development of
the leaves.
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Fig. 9 Annual changes in the TRP on the
average for each ten days: closed
circle, 1995-1996 ; open circle, 1996-1997
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Fig. 10 Annual changes in the amplitude
of ERG on the average for each ten
days: closed circle, 1995-1996 ; open
circle, 1996-1997
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The relationship of the difference be-
tween 1996 and 1997 in the total
monthly precipitation with that in the
amplitude of ERG on the average per
each month in the foliate phase
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