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Differential responses of growth, transpiration and nutrient absorption properties between Japanese and
Dutch cultivars of tomato to root restriction : Hidetoshi INapA*, Masaichi NARAHARA and Toshihiro UgTa
(Horticultural Research Institute, Ibaraki Agricultural Center)

Abstract : The experiment was designed to evaluate growth rates and concentrations of xylem exudate,
root metabolic activity, leaf stomatal conductance and transpiration of tomato under the condition of root
restriction. The Japanese cultivar ‘Reiyo’ and a Dutch cultivar ‘Levanzo’ were grown in 3 L pots. Root
restriction treatment was carried out by limiting soil volume to 0.3 L. The growth of both cultivars were
significantly reduced by root restriction treatment. Although the transpiration rate of leaf in cv. ‘Reiyo’ was
not significantly reduced by root restriction treatment, that in cv. ‘Levanzo’ was significantly reduced by
such treatment as compared with the control. The amount of water transport from root to leaf in cvs.
‘Reiyo’ and ‘Levanzo’ under the condition of root restriction were estimated to 1/3 and 1/8 of that in
control plant, respectively. The root metabolic activity and rates of xylem exudate of both cultivars were
low level in plants under the condition of root restriction. Minerals of xylem exudate in cv. ‘Levanzo’ were
concentrated by root restriction treatment. These results suggest the differences of cause of growth
reduction by root restriction treatment between Japanese and Dutch cultivars. The low levels in amount of
nutrient transport to leaf by root restriction treatment promote the inhibition of plant growth in cv.
‘Reiyo’. Root restriction treatment induces unbalance of water absorption and transpiration in cv.
‘Levanzo’.

Keywords : Root pressure, Root restriction, Tomato, Transpiration rate, Xylem exudate.
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Fig. 1. Method of root restriction treatment in this experiment. Tomato plants in the control were grown in soil volume to 3 L. Tomato plants
in root restriction treatment were grown in limiting soil volume to 0.3 L. By setting the foundation in the inner bottom of pot, the
height of soil surface on pot in root restriction treatment were same as that in the control.
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Table 1. Daily mean, photoperiod mean and darkperiod mean of air temperature, relative humidity, vapor pressure deficit and concentration

of CO, inside the greenhouse during the experimental period.

Air temperature (°C)

Relative humidity (%)

Vapor pressure deficit (hPa) Concentration of CO, (ppm)

Period (2010) 24-h  Photoperiod Darkperiod 24-h  Photoperiod  Darkperiod 24-h  Photoperiod Darkperiod 24-h  Photoperiod Darkperiod
mean  mean”  mean” mean  mean”  mean” mean  mean”  mean” mean  mean”  mean”
28 April-30 April 19.2 234 14.7 835 71.3 97.3 6.1 10.9 0.5 537.7 483.0 595.9
1 May-31 May 22.7 27.2 18.0 79.8 65.0 95.5 8.7 15.5 1.1 527.9 464.5 594.8
1 June-30 June 25.5 29.9 21.1 82.5 71.6 93.6 7.9 13.6 1.9 454.6 411.0 498.7
1 July-31 July 29.5 33.6 25.3 82.3 70.7 94.1 10.5 18.2 2.2 423.5 389.4 457.1
1 August-16 August ~ 30.6 34.3 26.7 79.8 68.2 91.8 11.6 19.5 3.1 462.6 405.2 518.8

Y Photoperiod: 6 : 00-18 : 00
? Darkperiod: 18 : 00-6 : 00

Table 2. Effects of treatment with root restriction (RR) on stem length, leaf area, SPAD values, dry weight and root length of both cultivars

of tomato on 16 August (110 days after treatment : DAT) 2010.

Dry weight
Cultivar ~ RR treatment Stem length Leafarea  SPAD values Shoot Fruit Root Total Root length
(cm) (m?) (& (& (& (& (m)
Reiyo 3L 128.8 (5.0) 0.61(0.12) 473.4)a 96.9(9.8) b 1124(19.9) 3.9(0.9b 213.2(30.5)a 248 (24)
0.3L (RR) 130.3 (16.2)  0.19(0.07) 27 (5.6)c 349(5.7) ¢ 59.3(9.6) 2.1(0.6) c 96.3(15.8)b 218 (42)
Levanzo 3L 132.2(10.5)  0.59 (0.08) 39 (4.4)ab 123.4(20.4)a 104.7(28.9) 84 (1.2)a 236.5(50.5)a 501 (132)
0.3L (RR) 132.8 (13.0)  0.19(0.08) 33 (7.2) bc 43.9(125)c 421237 34(019c 89.4(38.1)b  331(149)
ANOVA  Cultivar n.s. n.s. n.s. ok * Hox n.s. o
RR n.s. skkk skkk shkck shkk shkok EEE S keksk
Cultivar X RR n.s. n.s. o * n.s. Hox * n.s.

The plants were treated with root restriction (RR) from 28 April to 16 August 2010.

Each value is the mean of 8 plants, and the standard deviation is shown in parenthesis.

The values of stem length, leaf area, dry weight and root length were measured on 16 August (110 DAT) 2010.

The values of SPAD were measured on 21 July (84 DAT) 2010. Twwo-way ANOVA : *5<0.05, **p<0.01, ***p<0.001, n.s. = not significant.

When significant combined effect of cultivar and RR treatment was detected, Tukey's HSD test was performed to identify significant differences among
the 4 treatments. Values with different letters are significantly different at <0.05.
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Table 3. Effects of treatment with root restriction (RR) on relative water content (RWC) of leaf and stem, stomatal conductance to H,O (Gs)
and transpiration rate (E) of leaf of both cultivars of tomato on 17-29 July (80-92 days after treatment : DAT) 2010.

RWC G, E
Cultivar RR treatment Leaf Stem 6:00 10:00 12:00 6:00 10:00 12:00
(%) (%) (molm?®s™  (molm®s™) (molm?s™) (mmol m?s™) (mmolm?s™) (mmol m?s™)
Reiyo 3L 96.1 (4.2) 97.7 (0.6) 0.25(0.04)  0.48(0.14)a 0.45(0.05) b 1.38(0.32) 7.69 (1.41)a 7.93(0.80) b
0.3L (RR) 93.2 (3.5) 95.5 (3.1) 0.23(0.05)  0.44(0.04)a 0.35(0.02) ¢ 1.11(0.50)  7.85(0.95)a 8.35(0.72) ab
Levanzo 3L 95.3 (1.9) 96.6 (1.4) 0.25(0.05)  0.48 (0.02)a 0.59 (0.02) a 1.53(0.03) 8.76 (0.92)a 9.65(0.63) a
0.3L (RR) 90.1 (5.5) 94.2 (2.7) 0.27 (0.05)  0.14(0.02)b  0.15(0.01)d 1.66 (0.16)  3.51(0.06)b 3.95(0.19) ¢
ANOVA  Cultivar n.s. n.s. n.s. * n.s. n.s. * *
RR * ok n.s. * sk n.s. * *
Cultivar X RR n.s. n.s. n.s. * o n.s. ok ok

The plants were treated with root restriction (RR) from 28 April to 16 August 2010. Each value is the mean of 6-8 plants, and the standard deviation is
shown in parenthesis. The values of G, and E are the mean of 8 plants, and were measured at 6 : 00, 10 : 00 and 12 : 00 on 17-29 July (80-92 DAT) 2010.
The value of RWC is the mean of 6 plants, and was measured on 21 July (84 DAT) 2010.

RWC: relative water content; G,: stomatal diffusive conductance to H,0; E: transpiration rate.

Two-way ANOVA : *p<0.05, **p<0.01, ***p<0.001, n.s. = not significant. When significant combined effect of cultivar and RR treatment was detected,
Tukey's HSD test was performed to identify significant differences among the 4 treatments. Values with different letters are significantly different at $<0.05.

8 . 2.0
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= a;’ —O-Levanzo 3L > i Cultivar *
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§ ] s E § - i Cultivar X RR_ **
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i b b E E 1.0 ] a
s ] b b 2% ]
% 8 . J
o 2 - =205 ] b b b
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R &
. - |
0 T T T T T T T T T 0.0
0 2 4 6 3 10 3L 03L 3L 03L
(RR) (RR)
Time after decapitation (h) Reiyo Levanzo

Fig. 2. Effects of treatment with root restriction (RR) on bleeding rate of xylem exudate (A) and root metabolic activity (B) of both cultivars
of tomato on 16 August (110 days after treatment : DAT) 2010. Each value is the mean of 8 plants, and vertical bars indicate the
standard deviation of the mean. Two-way ANOVA : *$<0.05, **»<0.01. Tukey's HSD test was performed to identify significant
differences among the 4 treatments. Values with different letters are significantly different at p<0.05.
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OCHMoEmEEREIL SHEEXTIIER LV THD, 12:00 2BV TIIKELR RS IEHAEERE A
Levanzo DHAKEL, RECWEILEE OL0K TFTLALODOEFGHEIIMKT Larorz, —J,
otz T, BEERTHIIBI AWM, H L il R [X @ Levanzo (L5 10 : 00, 12 :00 & % (Zxf R
VoW E, REGYE WEZYEBLIOREEE, Wt KICHERFELR LA
& b RIS ARSI PR X C A R o 72 SEARFR 110 H B2 3B 2 ARG W o 1 # B 1,
SEMTA 84 HHIZBIF 5B L O EOMM & KEIL, ZYIWIEZISHIRIX O BE TR, TOBRMKIRERTIC
PR & o IR XA eI BR X CH B -7z KT L7z (Fig. 2A) . A HEIX O Levanzo 12813 A il
(Table 3) . sEHEf%: 80 HHA S 92 HH F TOMMIZE HEEIL, ZEYVMER ISR, ORI FIZHIT TR
VBT 6 000 DRZERASILHUREE B L O G R BA Lz, —7, BIHIBRIX IO T b il
PRI CHE R EDRO SN o7z 12100 & YW R O MGEE ARG KETIER L7, o



FGH & /M oRF%E (Root Research) 25 (2) : 29—36 (2016)

TTC #ITIHEIT X O B T, BUSHIRX D
HEA, ARX B L OHRIEHIBRX @ Levanzo TIHK
#7- (Fig. 2B) .

SEMET% 110 H B2 BT 2 AR WA & 105 25050
B LB O HT#ER T Table 4 (7R L7z, KREP
AR D) VB IZOWTIE BA 12X Levanzo
TEEINDSER S, /1) ™7 2 FEEE I E & b AR ]
FRIX G < e DA A S 72, ARFFECLE, BEH (1989)
eV, R 2 O B3I BE LR 3 2 ARHEREE WA O i
VR e ARSI R L L7, A T~y
77 I RO R RE 45 32 D IREAR AR B AR IS A BR X U2 b~k R
X CEiA o7z (Table 4) . Levanzo TixV ¥ TIEZEN R
Motz hs, ENLDIHNDOA) T L, ANT TN TR
7 A B K OE RIS 25 35 O MR AR RN AT HEIX 12 H AR s
HIRX TE o7z B DWW T R & b AR
HIRIX TR AL, MV LB I V2D wn
TIE A 12X Levanzo TEMREAE <, FFITH
W MZOWTUIBEHIRIX D Levanzo TEidr 72,

B

AHfFETIE, HARDL LI T v F TR ST
Wb MY M B & Levanzo & VT, ARIEHIER
MIRASHEFIZ AT TEHBEIZOWTHAN, S5
IR SN2 T I BT, Hi EF DK IRFER IR
DEFEMEZFRD L2 LY, Ao H Ei~o3

IR ERET T & AR RN R 72,

T3, BERTHICBI D2ERMECEE, REBL
OtRoOuZE, REE, Wil s ok X AR
HIBRIX CH B KA 72 (Table 2) . 72, HEHTH
BT EEBS LRI E LREL, JRXTIE
A LV Levanzo DK E L, RECYEIT E
T OHPKEDPS72) (Table 2) , ZHEBE I2IE
~ Levanzo D FH3R° R K FERITHE T2 ek
WHEZLNT B, HEHKTHO EE BLD
Levanzo DZEFNIxT 5 AHISHIR O EIIFRO H 7k
o 72h% (Table 2) , ZEAT100 cm I2H#E T 2 F T2
TLZ-HBUE M ah il & b RIX TIkERif% 37T HE T
Ho7zolzx L, WIEHIRK CldEhE% 48 HHETh -
el & (F=2E0) , VTR O HEHET
HT® 5% 110 HH £ TIl2 3 Bl 2 FE i L T
5ZEMD, ZITRERNODEENBENZp o2 L
Bbhs, HWHIBRIC LD AT IHI SN S Z &13,
INFEFTIEHME SN TV D, ZOREIZOWT
EARICHT 28K A ML A (S | 2001 ; Hameed
etal, 1987 : FHH 5 ,2007) X ¥ B4 % K (Thomas,
1993) , AERFAHEIK T (Carmi and Heuer, 1981) 72 & &
EZHNTWA, RIFFETIE, X & REHIRX T
FBEOR) KRy ML LEOAEEZ TSI L
RRANT 2K GO THAG SN DS THERL
THY, WA DL AR SN 53K 595w Y)

Table 4. The mineral concentration in xylem exudate and nutrient solution and the ratio of mineral concentration of xylem exudate to
mineral concentration of nutrient solution in both cultivars of root restricted tomato.

Mineral conc. in xylem exudate (me LY

Cultivar  RR treatment
K Ca Mg P NO4-N
Reiyo 3L 33.5(2.7) 31.8 (14.2) 29.5 (2.0) 29.9 (13.0) 34.6 (3.2)
0.3L (RR) 39.2 (0.5) 13.4 (0.4) 14.5 (0.3) 16.0 (0.2) 28.0 (0.5)
Levanzo 3L 24.7 (0.4) 26.3 (1.6) 18.5 (0.5) 38.9(0.3) 16.4 (0.0)
0.3L (RR) 36.2 (1.5) 40.4 (1.4) 22.9 (0.7) 46.4 (3.4) 26.2 (0.7)
Mineral conc. in nutrient solution (me L")
Cultivar ~ RR treatment
K Ca Mg P NO;-N
Reiyo 3L 31.2 (0.1) 34.4 (0.4) 22.8 (0.5) 10.2 (0.6) 36.5 (0.6)
0.3L (RR) 27.1(0.1) 50.3 (0.2) 29.1 (0.6) 7.6 (0.3) 44.8 (0.6)
Levanzo 3L 17.7 (0.5) 10.9 (0.7) 10.4 (0.4) 4.3(0.2) 19.0 (0.6)
0.3L (RR) 18.1 (0.4) 11.1 (0.0) 10.1 (0.8) 4.1 (0.6) 18.8 (0.1)
. Mineral conc. in xylem exudate / mineral conc. in nutrient solution
Cultivar ~ RR treatment
K Ca Mg P NO4-N
Reiyo 3L 1.24 (0.10) ¢ 0.88 (0.40) ¢ 1.31(0.09) ¢ 3.52(1.53) b 0.93 (0.09) b
0.3L (RR) 1.44 (0.02) b 0.37 (0.01) ¢ 0.64 (0.01) d 1.89 (0.02) b 0.76 (0.01) ¢
Levanzo 3L 1.40 (0.03) bc 2.63 (0.19) b 1.85 (0.06) b 9.67 (0.09) a 0.85 (0.00) bc
0.3L (RR) 2.05(0.10) a 424 (0.17) a 2.39 (0.08) a 12.53 (1.04) a 1.36 (0.04) a
ANOVA  Cultivar ek ik s sk ok
RR o n.s. * n.s. *
Cultivar X RR ok ik ook * o

Each value is the mean of 8 plants, and the standard deviation is shown in parenthesis.

Two-way ANOVA : *5<0.05, **p<0.01, ***p<0.001, n.s. = not significant.

When significant combined effect of cultivar and RR treatment was detected, Tukey's HSD test was performed to identify significant differences among
the 4 treatments. Values with different letters are significantly different at p<0.05.
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THRWI EIZEDFEKGA ML ARBIAES 5 &9 12
BET L7z SoZlnn, MRS X 2 A F ]
13, MRICBIT 23K OWILRE IR S 730K 55
DHh AN REREIN R H T AT REM DY E 2 Sz,

Z2C, MBI X 0 EF G S B EIR % B
LT A7, FEB L OZEOKGTIREIZOWTH
Rz A, ENR 84 HEIIBI 538 L OO
ERERIL, W anfE & b 0 IR AR BR X T &
\2fK7» 572 (Table 3) . sEfEZ 80 HHA2*H 2 HHE T
DN BT 5 DK RS I REEE & 28 Hoi e
1, BB E D ICHEB L 2R R L, KIEASIL
PLHURE R & ZZHORE O BIIZ @ W IEDOH DS % &
T 2\EOWE FRHS |, 2010) &—F LT/ TRl
6100 12 351F 2 KR ZELSKALILTT L B & O 2o
ABRIX I CH B R E=DTRO LN o 7205, T Ok
BTN BEEAICIE R X O ZE DK IREDTE VK e
TSN TnL L EBRL TR EEZ LN b
< b OFEDOH AZHERENLMEM ARSI H Y, FO
BEJNZHARMIEIZIARF TV R TEHW I 55
NTWAH (HH, 2010 ; Matsuda et al., 2013) , ZHF
ZED L) RIRENRIRDI30 EEBZ 5 L) 2ERTY,
X HEIX O ‘Levanzo DD IK G RSLILH LB E B &
ORI E o7 (Table 3) . L2 L7edss, R
PR IX D 3E D K28 A SAFLIL T RE R 3 & UV HH 412
DWTIEMEM TSR E (R - TEY, R
RIXD A 1B HEDOETHEIIEm W EZ R L7z
DXL, RIEHIRX O Levanzo 133 L { K2 » 7=
(Table 3) . ZHOIIEIEMENEANRKEZBR S
EE B C 7o @ G (Bakker, 1991 ; Ferreira and
Katerji, 1992) &%z HN5%, AWFFEClEAALBAED
BTZE 20D, KILONUML (RHES , 2002) 124
BLDPIZOVTIIHL NI TE Rh oz, W
&, ‘Levanzo (& HEA (LB IEMNZE T AT
RENZFEDIZL b 6T, WIEAHIRSN-LBT
TIEEFDIH SN L Z PSP R -T2 2T,
ZEHH L & TEHRE D O H IO K FE h oK EhE
EML, ENOPRIEHIRICL Y EORELZLT S
DOhEFT B, FIH-o TILEhE% 80 HH
225 92 HHDOFHG 10 : 00 (2 BT 5D 72 ) D7
FEEEE & EME L 110 HHOM D 72 0 IEHEFEE 2
ETOEPRERIOGERZT) SMEL72mE e L.
FORER, BE BT LSRG BRI RIX T
304 gt/ BTy o 72 DIZRF L, HRIHIRX Tl 97 gy
BREFR 131K T LTz, —7, ‘Levanzo (3R FRIX
TIE 335 g/ e Cdh o 72 DIk L, BUSBIRIX Cld 43
gh/ BREFI 1B IZEFTIRTLCHBY, BIELHIR S
Levanzo TIIZEHUZ L 2 H FER~OKRGREE) 2 L <
HHFI SN T BT R RIE S 7z,

W2, HABRXIZDOWTIR D B H L E A B3 428
KA EROAETE IO WTTRS — IR S
o AN ORI ENEEFER SARTEICKRE T 5
CFR,1994) Zehs, 9, R THEL-BiHE
D) BREIZ L 2 EKGBEEAAS 2T 572012,
OB TN LIRE I X 0 B 2 ARERRE i %
I, ZoMHE %7z REIGIERIEDL Tl
T OFEBEOEIET E NS KSR E IEREICHE
THHDOTIERWD, HEITRo A EEOIRE (fh
B5,2002) THY, WOOWINSNEREIIBITT L5
SrORZETGAT GRH - B, 2000) <, EFEIIBITT
BEIKSEOYE (B, 1989 ; #EH - BH, 1993) (2
HubsnTnsd, §E-7T, MlsImIEAIEIcB T
D EIADOK T D ik BENE 2 G A5 A 1S
AR FEICRD ) B EE 2 EOREZOR
WL, ARXO BE TR, TORMKEIIET
L7z (Fig. 2A) . HEHRIIARIEIC X 2 BEBIAY 22 K IZ
FEONWTWD (CFR, 1994 ; Fisher, 2002) &2 515
72, WX O BE 12A SNz L) ik 72 i
HEOM T, ZEWHICX 0 T H SBAERT 2
FALEY DL 20722 LIl BbDEE 25N BE
HEOWZE T, T AR RO ERHEEIIHPICEL %
5T ENEL (B - B, 1993 5 FRH - #H , 2000) |
RIFFEIC BT 2R EX O BR ORIEI NS 0
E—HLTw/z LaL, HIX® Levanzo ([2B1F 5
R, & IS TR 2 B LT (Fig.
2A) . AW TR REEX I B W THRIZ B B LR
WEFEOBIETE L o778, BARSMIZIEF
5 2 & D J DS LY DOIRAN ORI E T
W2 (HEFS, 2015) 72©, RIFFERIZBIT 2 HRXO
Levanzo |28\ T ZYIWHET OB FELEW 2 ERE &
n, IR S — BRI AR o R B s HEFR S LT
WZHTREMEAYE 2 bz, — 7, ARIEHIRX I OWT
(T A & b ZEYJIT 2 O T (R K EETHERS L
Levanzo TIIR A HIBR S5 Z & I12 X » THITRHE
AR X O 1/2 1T L7202 L, ARIEHIR S
72 RA CEHMEBEXOM 1/4ICETKTLTEY (Fig
24A) , MRIAHIE S 7z BB CEMREIC L A H EE
NOKGEEDZE L HIH ST B I FEEARIE S
N7z, MOEBIEEOIRIETH S TTC #oihthix, 2
IR ARSI 317 B R DGR & R SBTED,
HBX O BE OihEh-o72 (Fig. 2B) . Loz by
5, BAE ILEIEN RO A BRI F m R
T5HZET, AU L DM EERAN DR % % o
TWTTREMEARIE S 723, MRIASHIR S 7251
TTIEINSOMOEREDME T T 4720, FEMIYIZZE
e R TALENS o EZ N —h,
Levanzo TIEETEMNIENT ASIREE ) 21D, K



FGH & /M oRF%E (Root Research) 25 (2) : 29—36 (2016)

SRENEEICHETAKS L CiThh, RES LI
DEIRTEEICEG L TW5b EER SNz RiEHH
PRENTZEM T D Levanzo T, AWK GIELKZ P
CTOZEBEMETLTEY, SHIHEOAEIEME)
M EEANORK G Otk m b Ak F 2 b
WIS, DO M FEAER SN EARTICEETND
BRIV ZHIRT 52 L2 VBT 500 %8
B B0, EYWRRO KRG O MRS % 5
MLz, BA TIE~ Ay ARWMEREEZOKES
T WAL AT AR B SRS BR IX A2 M~ IR X TR o 72
(Table 4) . F7-, SPAD & & 2 3EMEFIIZB T,
xHHRIX D A A5 b W EA 7R LT\ 72 (Table 2) .
NSO END, BE IGEEMIRENEL, <7
Y ARTEERRE RS T AR S BEIC 401
TN zps, BRI SN 2&ET Tk, 2
NHDEG O FEANOE AR T LG 2
BOECFEALEDEAME T L, EEOREIHIAE
TV REME D E 2 b7z, —7, ‘Levanzo TIZ,
VPANOH) TN, VT IN, T AT LABIO
TR RE 25 38 D UME PRI KT BRIX | 2 A~ ARSI BR X T
< (Table 4) , SPAD M2 X 2 3 EHMIC 5\ T b HUE
HIBRIX & ARSI RSO EZ R LT Y (Table 2) , R
HWHIR T CHIEI NS OBEGHRBBE SN T EE
Z5NTz )T AT T G FE & AR e R X
TIEMRB -7z (Table 4) 205, )T L%
FEARBYIZ % L RER EOWREICBI LY Y 7EEHO
T2V TWATITREMEDSE 2 54172, HF#IZ Levanzo
TIEH N7 LOREMGRIEATFE o725 (Table 4) , 7
Vo MIREZ BB & L CREICBETLEE 2
SNTHY, ARMEICF T v & T 2 o
PHETH LI ENMESN TN L (FEFS | 2015) .
KWFFETIE, BFEFDOH N7 AEEEICOWTIZINE
LTy, RIHIR S 172 Levanzo ICBWTRE
NT2TV T 7 AOFEGIERREIL (Table 4) , HRICBLS
BT &y EEBADOFRATREI DTN C & & S L C
WhEEZ BT AT T TIERAHIR S 75
TTHoTh, HFITHIRE TR L &K IR
DEMfFETZEPMESN TS (LT - wF,
2008) . ARHfFEIZBIT 5 Levanzo Tl Z D &9 RO
RERYZALIZRRD S N o 7278, MRIHIR T T,
Wi e 3D I VDR SN B B RN RE LT
BY, COZEHPPEORTH EHOETY L 572
OOEI 0 BIOHE & & 2 b7,

PltoZrzglosd, AXO M Ml EAE X
KBRS BT, MR TEHINEER L T 5
F T O Levanzo £ ) b EWERENE TR —
J5C, SR S S HRISHIBR X Tl X & D) b L
I o 7. R R T oA FWH O BRI ST

MCTEZLZD, BE Cldb LT~ 5H%EE 0T
PP WEEE D2 ), EEOREENRT Lz
XL, ‘Levanzo TlI# FEBADKFHERE O TICL
DR DK IS T > ARSI, KGRI E B 7202
DOFEBEMMET LW REMEARIE SNz, L OHAR
P IZ IR B | Levanzo (&5 EREBMIEN LI %
RYMETH LD, HAROEF|HRIEAHIR S 7-5
I CHIEET A6, BIBEEDOBVWERE W
THROWIKEZ EO, EOERMELHRTLE Vo7
TRILEZEEbNE, 4%, HRMEE ST~
F I OWT, RIEASHIR S-S TI2BIT 5 H
RO E OB T R ATVR D SIS 72 B
OEEZHHT L &0, PUEHIR T2 #IE T 2120
BRI EOTREN LR FEIZ OV THIHL T 5
VDD 5.

i

RIFZED—HRIL, FEMOKEES #7270 MK E B
ZHEE S HFERBANAZERE] ICXVFEE L2 DT
H5.

51 Ak

TR 52, MHDEAE, “FHE, FE—E 2003. BHiKR v hOH A
AXEFWHBED T Y 77— VFHE: N~ FOWHOAE, BUIHHEZR
5 NIEMH DT LI T 5 #8 B2 © 297-301.
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% FEEERTEHOMOYIY 201649 A 20 H (k) Submit by September 20th, 2016
MS-WORD TIERE L7- i B R A B 7 A —/VOIRN 7 7 A /L Tiko TL &V, A—/LOFEIT
(EEERFE & LTLEEV.  EFA—/ED L | jsrd5@okayama-uacjp
Send the abstract as MS-Word file to jsrr45@okayama-u.ac.jp.

<HEHEEDEXFH> (A4¥~—) Styleofabstract
P56 HBOBFFE (Root Research) 24 %4 5 (2015 December) ZZ2HR LT EEUN.

1. A4fR1~—1Z, E35em F160em 24 25em TOORAEZRD. (A4 =127 D)
One page of A4 size paper with margins (top: 3.5 cm, bottom: 16.0 cm, right and left 2.5 cm for each). The
printing area is around half of A4 size paper.

2. BUCHRE - FEEL - PTE - EARE (BFA—AT FLRA) ARtiiLc, 117h0 TR
FL. GRS (A1 728) 13T REROTT TRAT 2O THRRZIIAE.

Type the title, author(s), affiliation, email address and then abstract sentenses.
3. T : Ty IRHLVIIRIRONT < 10RA b -2V 7 (hRFE).




Use 10-point Gothic (Helvetica, Arial) or Bold Times font with centering for the title.

4. FHEES - PR - B IR c 10 R b B Y VT EHEE (AT RLR)
[IHEIMNCAINS.
Use 10-point Times font (e.g., MS Times New Roman) 10point, centering for the name(s) of author(s),

affiliation and corresponding email.
5. A : BIRLR - 9ARA v FEAHRICT D,

Insert a break line under the affiliation, and then type the abstract sentences with 9-point Times font.

<RELD  HEHZDH>  Workshop: Optional

(1) KBRS LA R0 X O ORAE R ES 30 DRRE TRHIETE 27 Ly vy —F = /3 —
DY AT L, BIO (2) KEEROA A iR OB A O RE A SFRRELR T 57 7 )
71 A FT VIR SRR 2 L E . PR EE ISR LIABECTH LIAA T EEV. AL
BRI TRK 204 £ T MEEZHOGAIIHIAE W LET.

A pressure chamber for rice seedlings, and Xenopus oocytes heterologous expression system.  (Max 20 persons).

<ZZiE> Transportation
BRTHESE L BRI DER AR T TR OAEICH Y £5
JR : [LIEEEEERRA LR S TR ILEGRCTR Y 22 C IR B~ A 0D 15 4.
7SR« [ LIZEHED HZSHEEE S AT JR BEER (br) T/ 3543, TR AR 12> SRR 15 4.
BEATONSADIRNE ZILIR LY T ASZIZFD, [HLERD S JR TEBERE T,
HZEME . TE 372 AHSSEER 2 SR 28V, ted 2 A FH B CHRATOSA I BT
MLELRGEDN DY 3. 545 [ERRMIEES I TR RS E TREVWEDbE TS,

JR or airplane recommended. 15 min form JR Kurashiki station on foot.

<15{A> Hotels

BIEL L EHADT, £HTEH LIAR NIV, BEERE I OEEEEIHIX. @857 4))
JZ S Y £, MHEIRENICIIRES A bAT 2650 £9 GEHED 3000~35000 /A,
http:/Avww.rib.okayama-u.ac.jp/collaboration/guesthouse.html) . 7 A kN7 AFEREEUIE Y 238 W 3D,
TATLDITIIE 45 MURITFEE R FATEE S £ TROICBIEYE - BHIAZIZE 0.

Please reserve hotel rooms by yourself.

<A&ZF> Foods
JR BHERDHEBHPEINT TIREIEDPZEH Y £3. aE=bH 0 £7.
Many restaurants along JR station to Kurashiki Bikan aria.

<ZDfthi> Ohara Art Museum Free Admission Ticket (Optional).
BB & 2 KT 2 RAREOS TR AL () 2R L £ (@EALE —
fiz 1300 1 K57 800 ). A IIZIMNAIAE TRHIAZS TZE0 .

<N - FRFIA, BEESRN, BWEEE>
55 45 [ERITFEER R IATRER
HIFEA « o « S AR (LRI Bl w5 Enn)
E-mail : jsrr45@okayama-uacjp  TEL : 086434-1221  (HJF)  Fax : 086-434-1249
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3. BEOFHE .

Presentation Yes or No :

4. %3 TH| O%FA inthe case you will have presentation

# E ftitle

EF 4 name(s)

R style : HEAHEE « RAZ—FHER (T ZEALTEIW)

Oral / Poster (select one)

NEERE ML INLGE
HERFEROFEEEIZIIHIRD 5 5720, HIAZEDEEIIR A Z —FRA~DZEHL 4 FFE
THLIERHYETH, BERITATETL L2 Al - AR (WTFIraBATREIWY)

5. BHEZIMMOFEE
Banquet YesorNo :

6. RFROMLANE
Workshop YesorNo : :

7. RIFENER R A SR AR LA 1T
Ohara Art Museum Free Admission Ticket Yes or No :

[H LiAZ5E] Sendto
545 IRMIEERRETERS HIR B (LG R AeAT)
Maki Katsuhara, [PSR, Okayama University
e-mail: jsrrd45@okayama-u.acjp Fax : 086-434-1249
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If you have no response from the organizing committee in three days after your registration, please contact to
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T « 188 - BrEE/2 &, IRICBD Y O H D FMESOERE BFFET SV (E-mail : neken2016@jsrrjp)

EI - sk, BUEOR/NERvEEA.

2H, 5H, 8A, Il HOHARETICHERZBHFEIELS &, ZOEAITHITORBITHHTEET.

BAEXOLOTHIUL, RIFORA— V=2 —ATHLEADARETT.

¥ B SHEOEMRERIIZES TIMR TSV, EESFETIE, BEBASCHIAMUANELTIND Z
LIFELHVET. FLIAL - VWAL, EEFEEETa 27 PLTRIW.

* S TORED AARTELIT, RUFEELFHR CTHEEAMICERLIZHDOTY.

2016 &£
FH10E EEKEHES®E 7H17-228

X International Rangeland Congress
July 17-22, 2016; Saskatoon, SK Canada
http://2016canada.rangelandcongress.org/

FSEIEEEA FI AT U A 8A14-17H
VIII International Strawberry Symposium
August 14-17, 2016; Québec City, Canada
E-mail: iss2016@conferium.com
http://www.iss2016-quebec.org/

FIEIEREYERE 8A14-19R
7th International Crop Science Congress
August 14-19, 2016; Beijing, China.
EEKEY) « April 15,2016
http://www.7icsc.com.cn/home.html

FARAYERFZ L RETLFOESERIE
8H18-19H

Fourth International Conference on Advances in
Bio-Informatics and Environmental Engineering
(ICABEE 2016).

August 18-19, 2016; Rome, Italy
http://www.icabee.theired.org/

F1R2EMEY OBKISESE 9AS59R

12th ISPA Conference "Plants in action - coping with
low oxygen"

September 5-9, 2016; Elsinore, Denmark

FEHKEY) : May 1, 2016
http://www.is-pa.org/ISPA2016.html
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ISHS Symposium 2016

Sensing Plant Water Status -
Applications in Horticultural Science

Methods and

October 5-7, 2016; Potsdam/Berlin, Germany
http://www.spws2016.atb-potsdam.de/

PAREF OREZIZETSERY VRY T A

11 A420-25R

International Symposia on Tropical and Temperate
Horticulture

November 20-25, 2016; Great Barrier Reef, Australia
http://www.istth2016.org/

20174F

FAERE L [UREBI = 3H26-28H  New!
2nd Agriculture and Climate Change Conference
March 26-28, 2017; Melia Sitges, Sitges, Spain
ZERERARY) 0 20166£10H 17H

http://www.agricultureandclimatechange.com/

FBIEIEREYFE TH23-298
XIX International Botanical Congress
July 23-29, 2017; Shenzhen, China (#4I)
PRGBS ¢ July 1, 2016
http://www.ibc2017.cn/

FISEIEFMEM SRR TR 8H21-24H
XVIII International Plant Nutrition Colloquium
August 21-24, 2017; Copenhagen, Denmark
http://www.ipnc2017.org/

FIERELEE IR T 2 RRABMEERSE
8H27-31H

XIII International Symposium on Plant Bioregulators
in Fruit Production

Chiba, Japan(#AT7); August 27-31, 2017
http://www.pgr-fruit2017.org/

R & A XHFFESEEI0 9H10-15H  New!
World Soybean Research Conference Ten
September 10-15, 2017; Savannah, Georgia, USA
http://wsrc10.net/

20184F

FIEIEFRE= 22 8A12-16H

XXX International Horticultural Congress: IHC2018
Istanbul, Turkey; August 12-16, 2018
http://www.ihc2018.org/
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2015, EEHRELZEROb & AFHIERGEE LTEE L, TRiomX - BHS 28
WL FE Lo, 2014 I8 R K7 CRME L 72 [EFE<# [The 6th International Symposium on
Physiological Processes in Roots of Woody Plants| & O3LFE @ & LT, FESHFIATLE Lz,

2016 i, ZERZMEICAZE LE L, AITIOEHRREBE SO R8T 10 FicE-> TEER
Z% 0, Plant Root BT LI TR E o7 HRAMEZEBERIZ, D b0ELRLET, FL <A
FILLk, BEmEZE L LT, FBEELEDIZD, Plant Root DT A L LBAENGIE DML/ L2
ER L TS ofmAREg Eich, ESBILR L BT ET,

AIEEY . L OFNLORRS « %FR T Plant Root % 5t 52 D& HHEEEIZEm O THL X9,
BEADTWH BV L ET, & - fmsEiEl I Eec,

R BV E L Editor2016@plantroot.org F T ZEHE < 72 30,

Plant Root D7 L& « BRHLE ORERR 72 E1X. http://www.plantroot.org/ % Z% < 72X\,

BARIBEEREZDEES BESLME. WFhiEE)

W& EETEE Recent advances in woody plant: Preface to a special issue in
Plant Root

Hishi T, Dannoura M, Karahara |

23 PDF http://www.plantroot.org/PDFarchive/2015/9_68.pdf

E:51E%R https://lwww.jstage.jst.go.jp/article/plantroot/9/1/9_68/_article

Original research article  Catechin production in roots of Thujopsis dolabrata var.
hondai in soils on Mt. Hayachine with high Ni concentrations

Okimura S, Yamaji K, Hitsuma G, Mori S

232 PDF http://www.plantroot.org/PDFarchive/2015/9_70.pdf

E:E1E8R https://lwww.jstage.jst.go.jp/article/plantroot/9/1/9_70/ _article

Short report Which is the best indicator for distinguishing between fine roots
with primary and secondary development in Cryptomeria japonica D. Don:
Diameter, branching order, or protoxylem groups?

Tawa Y, Takeda H

éSC PDF http://www.plantroot.org/PDFarchive/2015/9_79.pdf

E551F5R https://www.jstage.jst.go.jp/article/plantroot/9/1/9_79/_article

Original research article  Spatial patterns of fine root biomass and performances
of understory dwarf bamboo and trees along with the gradient of soil N
availability in broad-leaved natural forests and larch plantation

Hishi T, Tashiro N, Maeda Y, Urakawa R, Shibata H

éSC PDF http://www.plantroot.org/PDFarchive/2015/9_85.pdf

E551F5R https://www.jstage.jst.go.jp/article/plantroot/9/1/9_85/_article

Original research article  Changes in the carbon and nutrient status of
Cryptomeria japonica needles and fine roots following 7 years of nitrogen
addition

Nagakura J, Akama A, Shigenaga H, Mizoguchi T, Yamanaka T, Tanaka-Oda A, Tange T
éj( PDF http://www.plantroot.org/PDFarchive/2015/9_95.pdf

EEE1EEH https://www.jstage.jst.go.jp/article/plantroot/9/1/9_95/ article
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Review article The concept of the quiescent centre and how it found support
from work with X-rays. ll. The molecular aftermath

| Barlow PW

| 23X PDF http://www.plantroot.org/PDFarchive/2015/9_56.pdf

E551E5R https://www.jstage.jst.go.jp/article/plantroot/9/0/9_56/_article

Review article The concept of the quiescent centre and how it found support
from work with X-rays. I. Historical perspectives

Barlow PW

| £3C PDF http://www.plantroot.org/PDFarchive/2015/9_43.pdf

E551E5R https://www.jstage.jst.go.jp/article/plantroot/9/0/9_43/_article

shortreport Morphology of lateral roots of twelve rice cultivars of Bangladesh:
dimension increase and diameter reduction in progressive root branching at
the vegetative stage

Robin AHK, Saha PS

23X PDF http://www.plantroot.org/PDFarchive/2015/9_34.pdf

E55FH https://www.jstage.jst.go.jp/article/plantroot/9/0/9_34/ article

Criginal research arlicle Formation of densely branched lateral roots in Sesbania
cannabina triggered by patchily distributed phosphorus in andosolic soils
Funakoshi Y, Daimon H, Matsumura A

23 PDF http://www.plantroot.org/PDFarchive/2015/9_24.pdf

E551E5R https://www.jstage.jst.go.jp/article/plantroot/9/0/9_24/ _article

Criginal research article  Exudation of fumarate from roots contributes to high
aluminum resistance in Melaleuca cajuputi

Noguchi A, Houman Y, Shinmachi F, Chen RF, Zhao XQ, Shen RF, Hasegawa |

£ PDF http://www.plantroot.org/PDFarchive/2015/9_15.pdf

E551EFR https://www.jstage.jst.go.jp/article/plantroot/9/0/9_15/_article

Original research aricle Functional genetic analysis of Arabidopsis thaliana
SYNC1 in Lotus corniculatus super-growing roots using the FOX
gene-hunting system

Yano T, Tanaka H, Kurino T, Yamamoto A, Kunitake H, Saeki Y, Akashi R

£ PDF http://www.plantroot.org/PDFarchive/2015/9_6.pdf

E551ER https://www.jstage.jst.go.jp/article/plantroot/9/0/9_6/_article

#FAE : A little sorrow and some notable joys of the year
Karahara |

23X PDF http://www.plantroot.org/PDFarchive/2015/9_1.pdf
E55EH https://www.jstage.jst.go.jp/article/plantroot/9/0/9_1/_article

http://www.plantroot.org/ T, T X TOMXEZME TEE T,

mEEEBET !

MHEZEH  (Subject editor) LEALMAEZ H (Managing editor) (272 > TV D7 /o 2 BT
T?oMMQm%%MMmmgifwﬁ%<ﬁé%
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Japanese Society for Root Research

Original Paper
Differential responses of growth, transpiration and nutrient absorption properties between Japanese and
Dutch cultivars of tomato to root restriction

HidetOShi Inada’ MasaiChi Nakahara and TOShihirO Ueta ...................................................
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