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T=o %X /% (Diospyros kaki cultivar. jiro) % 5i82, #REN (TRP : trans-root electric potential) . HE
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%Z@%/u&%ﬁ%% ZIAREN O B ERBOREE/A S B FEEEO AEES L XEMETH D,
EEABRBOBREKEELATH DD, REEAMET L TOABESICEHE O BIRGITBED
'VCI:"L& JENTFRIZ 2 0 . B A BRI\ AL T3 HRORBEENCREHMIICEL, BEL LI
T35, b ZHEOBEROBMOMEBEGRIL, BYESET O BERABEENHEEDEFH(Okamoto et
al. 1978 N GEL EROEREA T o bR T EEENT o bR T OERO AT AN A E
KRB SRS, ENEENTH-OIBEORESY Lif 2 BDEBEER STV, BEMPEAICRD &Y’“’%’f
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Studies on the physiological root activity of a persimmon tree for 15 years. : Hisashi OKAMOTO (Mori
Laboratory of Plant Physiology)

Abstract: We have developed a handy system to investigate continuously for a long time the
physiological activity of the root in field trees, and investigated the correlation between the annual
change in the electrogenic activities of proton pumps, both in root surface membrane and in
xylem/symplast interface, the xylem pressure(Px) in the trunk near the earth and the velocity of the
ascending sap-flow. In the foliate phase when the sap-flow rate is high, the amplitude of the diurnal
oscillation in trans-root electric potential(TRP) is relatively small and the phase relation with the
change in air temperature is inverse. The temperature dependency of the Px is negative and linear.
While in the defoliate phase, the amplitude of the diurnal oscillation of TRP and the temperature
dependency of the Px increase and attain their maxima just before leaf sprouting in the end of Maxrch.
The oscillation of both TRP and Xp are in right phase with the diurnal change in the air temperature.
These inter-relationships are reasonably elucidated with the theory of electro-physiological structure
of the plant axial organ (Okamoto et al. 1978, Katou and Okamoto 1992). For further confirmation of
this explanation, a lumbering experiment was undertaken to increase the illumination intensity,
which resulted in the simultaneous increase in transpiration and in the activation of the root surface
pump. The accumulated observations show the decrease of transpiration caused by rain etc. always
resulted in the activation of the xylem pump like in the end of defoliate phase.

Keywords: electrogenic proton pumps, electro-radicogram, transpiration, trans-root electric potential,
xylem pressure*
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CHEEEITAOFEIELT D (A), BHEHIC
VIR IER AR D BRRIZ A A (B),
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X2/ EY (BKT 0.3070F), ZHiEEYH

ChoDEEFEHIEEDEHE L L HEIR R
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ELLEEEZITSL, WERT A0, 20 TIEHtEIZIEA O
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BEPEWHACIESHVERDEL LTS,
ZHLTRSE TRP IREIOMFAN N RS 50
BEEH O CREMICBIT T 24 A, BOWE
HIICAZ 10 AL, £2EBONAEFIIRS,

2. BEEXOBRAZEIL (APX) OFM & EE
Pt |4

EIHDOLHITEEEDABELORKKED
10 HEESEIIZBOBEA 2 BRI 4%
BAOEEZIAH, FEERIO2~3 8, BikE
Sl & 2 RBUER B R/ OB 72 HIXIEEDE
LD, TITRTZRAF—RFHZESN IR
JEMBEELTWDZ LRSS, EME@E
CCEEEDREERGEE2E EDOERNEO
HThsd, BHEHO 1 HORIEME (A) &, B
HHEAMOEEHO 1 AoEHEME (FE) Wywh
HRIBITEF L T B0, AT R E— 0 E
IS O ZRT O U, %EIREREE
RIS 2B oBE (LERIGEET) ONE
EHWA SR E—BRLTNE,

3. H#EHE (10 HEY) OEHEIL
WIRDFERNLEKRIZ 7T ~8 A OB, &
MMT 12 BOBEICRONE, # 10 HIHEE
FHA 4 FER O FHEOFEHEN & T,

ERG /3% —  OFHEAN S, ROFEAGL
BT T bR T EEE IR FIEEO RS
YADEL (BEEMEOREE) NHEETE S, &
MHGAOWEET LV (B 1XK-B) 5

TRP= Vps — Vpx = Vx
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Temperature-Dependency of xylem pressure
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HEEHIE L THD 7 THS D 2 H#h
FESTEHFENRERB LLEZBTO TRP OIEIE
WIEEAK-C 7T L0 REIREENRRS
na,
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CUBPRRICELN, FIIARERLLT
B RN TH D, FRHEEL L HLITENLD
HAIILEFE Y, ENPEBENR S TERESYE
HZEHLEZOND, (ZOWPHRNLELHR, R
TRV e~ OIEEREED Vpx Z BB S8
AZEDBHBITWS, Pavlovkin et al. 2002),
AV EDIFEBERORE E2H#EHHSO
VI FADBBTIIRONE VNI EZTH D,
F DT DB T ONERAKOB I O#A (Y
75, sabreF, FHIXZFLAURE) O
B2 Bt U CBRIE O BE 2 ERIC B, &
HELBRITEDZEThHoTn, TORRITE
I EHIR U728 Y T, BHETROEEMN E23 5 &
EBLICHHES D 9 A, TADOFM | IZIEN TV 5
TRP @ A ERIEIZ 20mV 76 70mV IZ#k$ 5,
T b HEE IR 7 OIEMI T 5B ORE
BUR > FEEOBLAERBINIC LR35, &2
A3 —E %GR N @R LR, RE
DREBFETICH > TEBEEN —-RIETT5 L
EBIZHER Y T OFEEORBFRITHER L, TRP ©
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O F BN L L=,
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MIZY D bLz, SHITEERRY TEEA—RIC
R LT E%EFRY, (Masaki and Okamoto 2009 &
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BEOLON THROER) ObH 5 —DDE
BHIE 12 KR TEOEROR TH 5,2008
FEOTAS, 6[MA., BRIEE L TRPOHJE
RENIFIEE & B CHBNRBEROLOTH -
Tro LZANT, 8 ADFHEMLWERNER
L., BB —RIZIET T 5 L Fh CREIFIC TRP 1
EFEIC ER/ L, EENAR S 7 OEENEKE
MR 7 OFNE R L TEMIZSL 272 b DT
b5,

FLIZF U 2008 ED 4, 6 B, B
HoltAEERELIIEVDOR LD TRP OF
KOEN (FROFENRH D) &RBRO A
KEDOHEETH D, BROHEIIERLELTE
Y| ARBGHEROE T I TRP @ A JBIESIR ME %L
EOFENS, TibbEEMAR 7 OEME 28

W (defoliate phase)

W (foliate phase)

pressuxe probe

B13E BEEEHICE-TEETHEHEDNS
DABIG  BENEEENOBOEEOE
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HiER (#bE 15cm) OB TR LN S EESTIIFERIC
FEANNEHTH-OEDEE LY., BEHICITE
EXREHMTEL-HEDEE LS ; KD Push-Pull B
HZTRED, Px: EHEE. APX/AT : Px OEEKE
. KWK TEHABE. LRS-
THRETHEH, RSEFENSOXKESEFRT, (A
KRR, IEAR 2009(2) &YekZE)

SN R &5 F ATV 5,

LT OOEMBEEND, B 13 FIcHEX
FNSR LRI, EEEOMEITBOIFEICL D
ToboMETFE, ELbORMICL D558
&S i push-pull BIfRD/NT o A TR
£2, EEQA A ROTOEEEZHELTH
B0V E-ETHELEHEBEEEDL DTN
EAID2HIEABROERIC L Ebhbd iy
VI EOMBBEIZII I FER R A PV AR
BAFVF XU RNABHDT ENEITEINTN
% (Shimmen 2006), #fADRRITEEMA 4>
Ry # L TENOEREREZD
mechano-sensitive 2fEREW T AT AR H D
ME I DPREBITE SN EBEREORETH
Al
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HURATFLIZDNT

WO & BE~DOXEY ARICE LTS
FCOHR, (Marschner 1995 72 &) Z#ME57 5
EEUUROLIICEREND,

FEEEIZ BT L IRMAREEIZ R LT
HOREEED T RS THY . ATP 4
fEBEE L LCTHETHD ATP 2R L, Wk X

M M
proton pumping proton pumping
e H
I v
Co-t port 7~ > <
Anion . Cation A, Antiport
Pagsive transport passive transport
Cation k———  Anion >
| p— v
Sugar A, Antiport
Surface side Xylem side
Vps Potential profile
Vpx
v
symplast
BEUE EE~DOBREDZEYAAHEE
AXBE (EERE)

F1xR TRPORKENEEHAA., BRRE. BREOHRK

WM M 8 % TRPOEAIENIE & 751 (mV) BERERRXE /R HAR# R R (om)
07.05.17~ | no rain 7 -41.6 +5.8 0.62 +0.07 0
05. 28 rainy 6 +23.6 +7.6 0.43 +0. 06 177
08.06.26~ | no rain 11 -36. 6 *4.4 0.76 +0.12 0
07.10] rainy 4 +47.0 +4.7 0.32 +0.10 C 139
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NAZFNALF—2HNTT e hr%k pHT7 .1~
7.3 DHBEN HHaSMI AR L, 100mV &
2B~ A T A DOEALLAE Vps & Vpx TR
T2, ZTHEREIESND 7 a b ORI ~D
BRICHEE LT NO,, SO, U VB OFE
f&A Ao 3Ll (co-transport) DX A2 &
NE b5 T3 (Ulich and Novacky,
1981 ,Ullrich—Eberius et al. 1981, Las and
Ullrich-Eberrius 1984), T H DA 4 03k
ke 5 A OMBEEMIZILE L THENICAR
pAs el (co-transport) ¥y U v —& W
5 I f&ﬁy\%ﬁ’ﬂ)‘ H =X L EN L CHIBERIZER
NIAEND, KTD LS elGA F i3 i
BOEEMIZ L > TEEICRRA 2T ¥ 2
NEBEUTRYIAENBE 14 K,

YT TARNANLEE~DREA A DEY
AT FDBERACERT V¥ VABRIZIR - T
SEERFRETH D, KT R EBA A Dikh
IABRCETIRE STV BED XV AITERT 5
H* & @ xfm#EantiporthiZ & 5 2 IREVBEENR
EDEEWMBTHA ),

KDE Y AFITIEE DEIC L - TR Sh
TBERT Y VOREEEREN 1 &5 31K
RIREBNE & L CRALT 2, 8 16 B /R LT &
A I KERIED A B = X AtE “standing gradient
osmotic flow” & L CHtAt Ll &2 Diamond <‘:
Bossert (1967) 23/NBOMRE O ZHIHEIEIC
abfﬁﬁbfwéom%\ﬁx\mﬁm\ﬁ
PRI B W TH IO X 572 coupling space A3
ERDOMBEDOMITRE, DE V7T X hDFH
DT RTTFTANERE L THEET A LEERH
L. Frresrdicey &SN stBREERIC
& o THRYNIHL L EEMEERE O ETAL D KK
PUZDNT, DEIZROBEERN~DIEY AR
DWTHREBIHRIKIRE N TRETH D Z L AR LT
W5 (Taura et al. 1988), > 7T & Mok~
TTRT T A NOBEETIEEIHEIVOT, H
LEOEEN—>OF A EEX SN -5HE
YT TR MUADE DEERENTREED LR
KTHLTRT T A MIOBERRELSEDAT
DIRD LS R ERBEAEBKILT D,

BARD THEEER] EREBBARIZCDONT
HNEEZEDBEOWIETHE SN ARD
HEFEEMRDHOE, BIEICED T HiEN
ZThYH, BEREEFENZBEND R TMEZ
B> TWDDODPDBHIRE LRWIBERE,

B Z RO E R L B X ATT 2T D0,
BANZBARISBORBEEZBICE WL LT,

DI b4 >OERE CRET DEEMIE

BELTk? : BOEKH, ROV TFAFEE
HRE, BELEBOY T A NRE, B0E
M, FMEREREENEL L7 B CEERORI T
BI-oBEIOY b L EINE{LLE
DH>, FEROTIZ & » TP« FHITIBE D
HLONRH B,

wiIzZE<ix Fensom (1963) =2, £ Tl Gibert
% (2006) ZEORMTICAGNB X ST ﬁﬁw
é%%ﬂ(li%@f%% )%ﬁ%@ﬁ
ERBEBEN DD %i?éﬁ@%u
(streaming potential, @J%ﬁﬁ% : electro~kinetic
effects DUONE-D) THEBL LD ETHRLNDH
%, BIAROBOEWENCEERDOERE & DD
b WixFoEE L ERISE VS L
2, FLE S OERTR T LI TRENEALO
BAHEALEHFIT 15cm BETH D, IZHIE
ENTBAANRT T Z OIS TR O FRENC
Lo THRAELLLRET D L. TRP & BHKIE
ENR—EDHFERENLTEICL 1 O3S
ELTWRThiER bRy, L1 AORIR
EMNESE L TH#iniz TRP & BHRFE O
AEYRENOFHELE (phase trajectory) (3BAZEH]
THHEEHTHLRIUEZ LTEL S, o
MESZLEZTLERADLEDZENTE RN
(Masaki and Okamoto 2009), /=% L7~ &R
D BIBEERT, BHRIRENELRL LT ZEDR
JBIRENMEN /N X WEFEIC TRP @ A BEIE A IE
WWREL 2D Z LIFFATERY, Pl
AR AE O ERFR CRIE SN B O TEEH Sy
IR EE N OIRENENL & IXE X Sy,

Active transport of solutes —-—O—-—-—-’

water flow

Caaparian strip

sym;wlaat '. . 'l xylem vesssl

water

root surface

. Symplast level
\

Apoplast  level

pezl
2
=
&
o
8
3
3
e
2
g
®
=
S
=

— P
Solute enriched zone

FEIE BEE~DKDZEYAHBEDER

HARANRY —BTCHUNPBEESAEEMT7RTISX
FEMBIAGEE L KOEED coupling space &4nb,
HMIIAXSE (BXER),



[fA<, /R DO#FFE (Root Research)

19(3) :103-115(2010)

# U

YA EITHEIT LT OIHE R 72326 D RRICHT -
TWRWAIEN) OFFEET, 1IFEAERFE
D OEBETITONEHIETH I DB LM
RIFELNTNDE, TN THTENERL HE
TeDIX, —DITIIHFFE D ERE & 72 D EOHER
BRFEOWREZETEIHBEIN TV L, b
I —OREEREbEY RV—FT FFH L
IHRAIMEE LR AT THADEK] LD
EX2774 M rOHERTH-EEBS,
ZOWFEIC L - T, BOAEEEZER LA
W CIEREEEAI I B 1213 T & & o0 & 5 1T EHRIE
AT KO ERT RN REE & FIEIITIEH
LT ol ENEEMISHALT, 40
BIARDZEHIC L 2BRESBEOE(LITxSE LZ4
EHFO—REEZHONITH LN TR,
D EHERIR IR 5 B B AL WO AR O FR EE AR
BOBRHIZED L) ITENENEZ T AND
DR TORETHAH L EZ D,

-
N

5| FASCER

De Boer, A.H., Katou K., Mizuno, A,, Kojima, H, and
Okamoto, H. 1985. The role of electrogenic xylem
pumps in K'absorption from the xylem of Vigna
unguiculata: the effect of auxin and fusicoccin. Plant ,
Cell Environ. 8: 579-586. }

Diamond, J.M. and Bossert, W.H. 1967. Standing-garadient
osmotic flow. A mechanism for coupling of water and
solute transport in epithelia. J.general Physiol.
50:2061-2083.

Fensom, D. S. 1963. The bioelectric potentials of plants
and their functional significance. V. Some daily and
seasonal changes in the electrical potential and
resistance of living trees. Canad. J. Bot. 41:831-851

Gibert, D., Mouel JL., Lambs L., Nicollin F.and Perrier
F. 2006. Sap flow and daily electric potential
variations in a tree trunk. Plant Sci. 171:572-584.

Granier, A. 1985. Une nouvelle me’thode pour la
measure du flux de se’ve brute dans le tronc des
arbres. Annales des Sciences Forestieres 2:193-200

Ikoma, S, and Okamoto, H. 1988. The quantitative and
chronological relationship between IAA-induced H'
pump activation and elongation growth studied by
means of xylem perfusion. Plant Cell
29:261-267.

Katou, K. and Okamoto, H.
functional unit in plant growth. International Review of
Cytology 142,:263~304.

Lass, B and Ullrich-Eberius C 1 1984. Evidence for

proton/sulfate cotransport and its kinetics in Lemna

Physiol.

1992. Symplast as a

- 114 -

gibba G1. Planta 161:53-60

Marschner, H. 1995. Mineral nutrition of higher plants.
2nd edition. pp.18-63 Academic Press, Harcourt
Brace & Company, Publishers. London * San Diego *
New York + Boston * Sydney * Tokyo

Masaki, N., Okamoto, H, and Hasuike, S. 2004. The
change in trans-root electric potential in the roots of
Pinus thunbergii damaged by pine wilt disease. Journal
of Tree Health 8: 9-16.

EAfRZ 2005, BAROESE R CEE L ERE
~HR D BEALEH & BHRWEE R D W T O BRE—H#t
REZHFFE. 9(2):81-87

Masaki, N. and Okamoto, H. 2007. Correlation between
the seasonal changes in electrogenic activity across
root xylem/symplast interface, sap—flow rate and
xylem pressure in field trees (Diospyros kaki) . Trees:
Structure and Function 21: 433-442

Masaki, N. and Okamoto, H. 2009. Demonstration of the
root surface electrogenic ion pump activity revealed
from the seasonal inversion in the phase relation

the
oscillation of air temperature in a field tree ( Diospyros
kak. Trees:Structure and Function 23:473-478.

EAMZ  2009-1. EHORICET HHEME 186
BARDAEBRFERZER THES(OBAROER LEEE
HID 2 Y BHEND AT = XA D, BED
L UEE 84 (9): 929-935.

EARfRZ  2009-2. HEMORICBET HHME 187
BIARDOAEENE 2 EBR TR S Q) ERG DEFHZE1L
CAEBERGEEN T 2 bR T oEeh), BE
BIUEE 84 (10): 1030-1035.

EARMZ  2009-3. HEYORICET ZEMBE 188
BARDOEBRESZERXTESQ) BORGAULE
W7 a bR TEREEEORE, BERBLUE
3E 84(11):1124~

Mizuno, A., Katou, K. and Okamoto, H. 1980. Structure

and Function of the elongation sink in the stems of

between electro-radicogram and diurnal

higher plants. 1. Effect of anoxia and IAA on the
growth rate and the spaially separate electrogenic ion
pumps. Plant Cell Physiol. 21:395-403.

Mizuno,A., Kojima,H., Katou,K. and Okamoto,H. 1985.
The electrogenic proton pumping from parenchyma
symplast into xylem—direct demonstration by xylem
perfusion. Plant Cell Environ. 8:525-529.

Nakano, H. 1937. Uber den Wechsel des Blutungsdrucks
von Cornus contraversa Hemsl. J.Fac.Sci Univ. Tokyo,
Sect.3 Bot.5(2):75-193.

Okamoto, A., Nakamura, T. and Okamoto, H. 2000. The
isolation of wall-bound proteins regulating yield

threshold in glycerinated hollow cylinder of cowpea



[ A< #B DOHFZE (Root Research)

19(3) :103-115(2010)

hypocotyl. Plant Cell Environ. 23:145-154.

A., Takahashi, K., Kido, N.,

Owaribe, K. and Katou, K. 2000 Molecular cloning of

yieldins regulating the yield threshold of cowpea cell

cDNA characterization of
recombinant yieldin. Plant Cell Environ. 23:155-164.

Okamoto, H., Ichino, K. and Katou, K. 1978. Radial

electrogenic activity in the stem of Vigna sesquipedalis:

Okamoto—-Nakazato,

walls: cloning and

involvement of spatially separate pumps. Plant Cell
Environ. 1:279-284.

Okamoto, A,, Katou, K,, Ono, Y,,
Matsumura, Y, and Kojima, H. 1984. A new method in
growth electro—physiology: pressurized intra~-organ
perfusion. Plant, Cell Environ. 7:139-147.

A M 1991 EHOMLN I DEHN. BEL
# 40 KHHEE

QOkamoto, H. and Okamoto, A. 1994. The pH-dependent
yield threshold of the cell wall in glycerinated hollow

H., Mizuno,

cylinder (in vitro system) of cowpea hypocotyls. Plant
Cell Environ. 17:979-983.

Okamoto H, 1996. A brief note on growth physioclogy of
plants (JPR Symposium). Journal of Plant Research
109:69-74 .

- 116 -

Okamoto, H. and Masaki N. 1999. Long

measurement of the trans—root electric potential in a

term

persimmon tree in the field. Journal of Plant Research
112:123-130.

Pavlovkin, J.. Okamoto, H., Waechter, R., Laeuchli, A,
and Ullrich Eberius CI. 2002. Evidence for high
activity of xylem parenchyma and ray cells in the
interface of host stem and Agrobacterium tumefaciens
-induced tumours of Ricinus communis. Journal of
Experimental Botany 53:1143-1154.

Shimmen T. 2006. Electrophysiology in mechanosensing
and wounding response. In: Volkov AG(ed). Plant
Electrophysiology, Springer , Berlin. pp.319-339.

Taura, T., Iwaikawa, Y,, Furumoto, M., and Katou K.
1988. A model for radial water transport across plant
roots. Protoplasma 144:170-179.

Ulirich—Eberius CI ., Novacky, A., Fischer, E and Luettge,
U. 1981. Relationship between energy—dependent phosphate
uptake and electrical membrane potential in Lemna
gibba G1. Plant Physiol, 67:797-801.

Ullrich WR. and Novacky, A. 1981. Nitrate~dependent
membrane potential changes and their induction in
Lemna gibba G1. Plant Sci. Lett. 22:211-217.






TR OBFZE (Root Research) 19(3) :117- 122(2010) R:@ t

&mb*

A FAREBIBICETHLEE/ ) ADERE

MEBERE-NLE—"BBHBEZER-%Z
ZERBEMER (*xBRJIICA)

H # X*

2] E A FOERBIBIIIE 2 R AT AEASNTWAR, SRR ORIRH 5 IR EE
%#E#i?‘ét@@ﬁ(ﬁ&iﬁ&if%v LT, Z2C, EEHEoixtEe /U zﬁﬁi@ﬁ/ﬁ%n% L
BRI ABRRT A L 2RA. B EETHOW LR TWAE /U AERER WCEBE R
LOEEE A AN TWD A F I E R 5 ;tau\fﬁ%/)z%r*ﬁ%ﬁ&wm@”é afp
&7z, ® /Y ARRHRREBIOEOE R O B2 n’gb A F A ERBEEH T ORI #‘M“Zajﬁ‘
EELTIRETE D,

:3;- rJ f‘ /(az:ltﬁ?r—&/gﬁi'ny i'nﬂﬂ +i§:€/)7<

Soil monolith of culture media profile for high-position strawberry cultivating system : Yasuhiro MASUDA,
Keichi MURAKAMI, Masahide ISOZAKI and *Norio YASUDA (Mie Prefecture Agriculture Research
Institute) (*JICA)

Abstract:  Various high-position strawberry cultivation systems are used. However the method for
the understanding of the feature of the underground part of strawberry in each system is not
established. The general method of soil monolith collection was applied with some modification. We
sampled soil monolith of culture media profile for high-position strawberry cultivation system

without any trouble by this way.

This method appears to be suitable for the observation of

underground part of high-position strawberry cultivation systems.
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Recognizing plant roots as an auropoietic
system with a cognitive sub-process at each
I, level from cell (o ecosystem provides the basis of
" acoherent multi-levelled programme of root-
research,
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- The elapsed time and position in seminal
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_ in wheat was investigated with a method for
- creating hypoxic pot-cuiture conditions using

different water depths.
Hague ME, Abe F, Kawaguchi K
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Gravitropic set-point angles (G5As) of
maize roots varied among the tested inbred
lines ranging from vertical 1o almost horizontal.
The GSAs did not increase at low temperature,
Hund A

R EEEYE Published on July 7, 2010

oot carbon of irrigated corn potentially
vaitable for addition to the Vertisol was
rger with corn monocuiture than that with
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Plant Root Vol. 4 (2010) 18-21

Carbon inputs by irrigated corn roots to a Vertisol

Nilantha R. Hulugalle", Timothy B. Weaver” and Lloyd A. Finlay"

" NSW Department of Industries & Investments, Australian Cotton Research Institute, Australia and Cotton
Catchment Communities Co-operative Research Centre (CRC)

(Received: February 1, 2010)

(Accepted: May 6, 2010)

Abstract: Row crops commonly grown under irrigation in the Vertisols of north-western New South Wales,
Australia, include summer crops such as comn (Zea mays L.) and cotton (Gossypium hirsutum L.). Soil

- 130 -



organic carbon (SOC) and residue (SOR) dynamics in these farming systems have been analysed primarily in
terms of inputs of above-ground material and root mass towards the end of a growing season. Addition of
root material to SOC and SOR stocks either in the form of roots dying and decaying during and after the
crop's growing season may, however, be significant. Carbon inputs by roots of irrigated corn to an irrigated
Vertisol were evaluated in an experiment near Narrabri, Australia, where com grown as a monoculture was
compared with corn sown in rotation with cotton. Root growth in the surface 0.10 m was measured with the
core-break method, and that in the 0.10 to 1.0 m depth with a minirhizotron and I-CAP image capture system.
These measurements were used to derive root length per unit area (LA), root C added to soil through
intra-seasonal root death (Clost), C in roots remaining at end of season (Croot) and root C potentially
available for addition to soil (Ctotal). Ctotal averaged 5.0 Mg ha-1 with cotton-corn and 9.3 Mg ha-1 with
corn monoculture, with average Clost accounting for 11%. Intra-seasonal root death from corn made only a
small contribution to soil carbon stocks. LA of corn was higher with corn monoculture than with cotton-corn.
Keywords: haplustert, image analyses, irrigation, minirhizotron, rotation, Vertisol

Plant Root Vol. 4 (2010) 22-30

Genetic variation in the gravitropic response of maize roots to low temperatures

Andreas Hund"

! Institute of Plant, Animal and Agroecosystem Sciences, ETH Zurich

(Received: November 11, 2009)

(Accepted: May 23, 2010)

Abstract: The distribution of roots in soil determines their acquisition of spatially varying resources. It may
be altered by changing the response of roots to gravity. The aim of the study was to assess gravitropic
set-point angles (GSAs) of maize (Zea mays L.) roots, their response to temperature and the feasibility to
measure them in growth pouches. The GSAs of the primary, seminal and crown roots of a set of nine
temperate inbred lines were measured. The lines were grown under controlled conditions in growth columns
either at 15/13°C or 24/20°C (day/night) until the two-leaf stage (V2). The GSA was measured as the
deviation of the initial 3 cm of root axis from the vertical zero. Low temperature resulted in a decrease in the
GSAs of the crown roots by 10°, i.e. the roots oriented more vertically. The effect of the GSAs on the
distribution of the roots was verified in wider columns using two extreme inbred lines. The proportion of
roots in the upper 5 cm of the columns was 78% for the line S335 with the strongest tendency to horizontal
root growth and only 39% for CM 105 with almost vertical orientation of the roots. The differences in GSAs
between these two genotypes were even more pronounced in growth pouches, thus proving the feasibility of
this system for rapid screening. The results indicate that there is a huge genetic variability available to alter
the growth direction of the seedling roots of maize. However, there was little effect of the temperature.

Keywords: corn, gravitropism, liminal angle, plagiogravitropism, root angle, Zea mays L.

Plant Root Vol. 4 (2010) 31-39
Formation and extension of lysigenous aerenchyma in seminal root cortex of spring
wheat (Triticum aestivumn cv. Bobwhite line SH 98 26) seedlings under different

strengths of waterlogging

Md. Emdadul Haque", Fumitaka Abe" and Kentaro Kawaguchi"

! National Institute of Crop Science (NICS), National Agriculture and Food Research Organization (NARO)

(Received: March 11, 2010)

(Accepted: June 22, 2010)

Abstract:  Aerenchyma promotes gas exchange between shoots and roots that supports plant to survive under
waterlogged conditions. To understand the process of aerenchyma formation under waterlogged conditions,
we developed a method for creating hypoxic pot-culture conditions using different water depths, and used
this system to examine the effects of hypoxia on seedling growth and the anatomy of the seminal roots of
spring wheat (Triticum aestivum cv. Bobwhite line SH 98 26). After 72 h of waterlogging, the redox
potentials of a well-drained control and treatments with a water depth 15 cm below (T-15) and 3 cm above
(T+3) the soil surface were +426, +357, and +292 mV, respectively. The root growth of the seedlings was
reduced in T+3 plants while the shoot growth did not change significantly during 72 h waterlogging. Root
anatomy study showed that wheat formed no aerenchyma under our control condition, but formed
aerenchyma in the root cortex in response to hypoxia in T-15 and T+3 conditions. The aerenchyma was
initially formed at 2 to 5 cm behind the root tip after 72 h in T-15 and 48 h in T+3. The aerenchyma in T+3
plants then extended by an additional 5 cm towards root base during the next 24 h. Evans blue staining
indicated that wheat aerenchyma was lysigenous which resulted from degradation of cortical cells. Thus, the
combination of the plant material and the pot-culture method can be used for a basic tool with which to
analyse the molecular and physiological mechanisms of lysigenous aerenchyma formation in wheat.

Keywords: aerenchyma, hypoxia, root cortex, seminal roots, waterlogging, wheat (Triticum aestivum L.)
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Plant roots: autopoietic and cognitive constructions

Peter Barlow"

! School of Biological Sciences, University of Bristol.
(Received: April 28, 2010)

(Accepted: June 25, 2010)

Abstract: Many facets reflecting the autopoietic process of Life and Living can be found in plant roots at
many levels relevant to their organisation, from cells to ecosystems. At each level, there are sub-processes
dedicated to both the auto-reproduction and the self-maintenance of that level, these processes being
contained within a boundary appropriate for that level. Auto-reproduction and self-maintenance unite with a
third sub-process, cognition, and provide the basis of a coherent multi-levelled programme of root-research.

Keywords: autopoiesis, cognition, living system, roots, self-maintenance
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