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Foreword

Kenji Kurata

Project Leader
Professor Emeritus, The University of Tokyo

Surrounded by sea, people’s activities not only in industrial ones but also in everyday life are much
affected by the presence of sea near around in Japan. Agriculture, taking place on land, is seemingly not
much affected by sea, but the actual effects of sea on agriculture have been poorly understood except for the
visual salt damages of crops caused by strong wind from the sea. However, we can also expect positive
effects of seawater on crops, if the amount of seawater transported to (applied to) the crops is restricted to the
level under the one causing salt damages, because seawater contains plant nutrients. It has also been
reported that slight stress brings about higher quality of agricultural products. However, these positive
effects of seawater on agriculture have been poorly understood.

This research project aimed at disclosing not only the negative effects but also positive ones of seawater
(salt water) on crops, including developing new crop cultivation methods using seawater (salt water) and
accepted candidates from the public. Four studies were selected among many applicants. Although the
initial concept of the project included negative effects of seawater on crops, selected studies were all about
the positive effects. The reason was that the studies on negative effects have a long history and much
knowledge has already been accumulated. Study candidates on applying seawater to crops aiming at
producing high quality fruits (e.g., sweet tomato) were also excluded, because there have also been many
studies in this field and some of them have already been put to practical use. As a result, one study
concerning air-borne salt transport to the agricultural field from the sea and three studies concerning
intentional application of seawater (salt water) to the crops were selected.

Nakanishi et al. quantified the amount of air-borne plant nutrients transported to the land from the sea by
wind at four locations: Tsu city area in Honshu (main land), southern part of Okinawa, Miyako Island, and
Ishigaki Island. The last three are subtropical small islands belonging to Ryuku Archipelago. In Ryukyu
Archipelago areas the amounts of the salts detected on land were more abundant in many species than those
detected in Tsu city area. It is worth noting that the amount of air-borne transported K* in Ishigaki Island
corresponded to about the half of the recommended value of potassium application for sugarcane cultivation.
This finding clearly demonstrated the positive effects of air-borne transportation of seawater to the crop fields
and the authors coined a new word expressing these effects: EN-EKI (EN=salt, EKI=benefit).

Matsumoto, K. et al. selected the salt-tolerant apple and Japanese pear rootstocks using NacCl

solutions and clarified the mechanism of mitigation of the salt stress to the rootstocks by adding CaCl,



in the solution. The study was motivated by the fact that in many parts in the world, in particular in
desert areas, the apple variety ‘Fuji’, bred in Japan and a most widely cultivated variety in the world, is
cultivated using not fresh water as in Japan but in many cases salty water. Therefore, salt-tolerant
rootstock was strongly desired.

Matsumoto, T. et al. developed a defoliation technology of pear trees by spraying saline solution on
the trees. In pear cultivation, pruning and seedling transplanting are conducted after most trees are
defoliated, that is, after late November. However, this time of year is already cold snow season and the
farmers are obliged to work hard in severe conditions. The study was motivated to mitigate the
farmers’ burden and found the appropriate timing of spraying and the concentration of salt in the
solution to accelerate the defoliation to avert the hard season. The effects of saline solution spraying
on trees were not negligible and left for the future study.

Shinohara studied the saline-solution sterilization method of Ralstonia solanacearum which causes
serious wilt disease to solanaceous crops such as tomato. Two days after culturing R. solanacearum in
the medium, saline solution successfully sterilized it. However, after keeping R. solanacearum more
than one month in sterile water, it acquired salt tolerance. The author found the material to add to the
saline solution which sterilized even salt tolerant R. solanacearum. The author got this idea from the
description in an old book written in Edo era. This is a typical ONKO-CHISHIN (to discover new
things by taking lessons from the past).

As above, each group conducted distinctive study either in the ideas such as EN-EKI and
ONKO-CHISHIN or in mativations such as enabling fruit culture in desert areas and releasing farmers
from severe labor, and all brought about fruitful results. It goes without saying that none of the
above-mentioned studies have completed and many questions still remain to be answered.

Last but not at least, most of the above-mentioned studies were conducted outdoors, affected by
outside conditions (weather). This brought about more difficulty in conducting experiments compared
to the indoor experiments such as molecular biology studies. Furthermore, some studies confronted

legal problems to put the results to practice. I appreciate authors’ efforts to overcome these problems.
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Fig. 1. Location of the study areas (Figure source: google)
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Table 1. Location of survey points

Area Point N. Lat. E. Long. Height (m, a.s.l)

No. ° ! " ° ! " G. L. Building Sum

Al 34 48 288 136 27 170 58 3.1 61.1

A2 34 47 371 136 27 388 45 8.0 53.0

Tsu, Mie A3 34 46 373 136 29 2.9 15 10.0 25.0
Ad 34 44 56.6 136 30 43.3 0 149 14.9

A5 34 44 45.2 136 31 25.9 5 27.9 32.9

B1 26 11 56.5 127 46 4.0 9 17.0 26.0

B2 26 10 32.1 127 44 43.2 58 9.3 67.3

Okinawa Is. B3 26 9 1.9 127 42 59.0 37 7.7 447
B4 26 6 36.4 127 41 0.6 55 8.0 63.0

B5 26 5 32.0 127 39 54.0 38 6.1 44.1

C1 24 52 22.8 125 17 53.0 20 4.2 24.2

C2 24 48 19.0 125 17 56.4 46 3.6 49.6

Miyako ls. C3 24 46 52.3 125 18 42.6 63 8.5 71.5
C4 24 44 36.6 125 19 58.4 51 3.9 54.9

C5 24 43 51.3 125 21 6.4 44 9.9 53.9

D1 24 27 134 124 12 75 26 3.3 29.3

D2 24 24 40.0 124 11 51.8 83 55 88.5

Ishigaki Is. D3 24 23 20.1 124 12 315 31 3.9 34.9
D4 24 22 42.7 124 11 44.6 31 94 40.4

D5 24 20 46.3 124 11 43.6 27 12.3 39.3

Marriott tank

Wet & dry aerosol

Tanks for excess water

Fig. 6. Aerosol gauge



FUBER OBREUE, JRRIBYIZA 1 BIOBELL, BRI

AL A= DR IZZ DO ERTEZIZB VT,

ROFINETIT o7, ETEEEOSENL (RS, VA k
Hy, A |ZFE T K EE I~3 LED AR
F—HHWTENENHEL, ZihvE 40 L REOFEED
WNIZ 7T LTz, IRWT, R BB Z K T TV
WITHEEL . ZOKELENENGHIIL 212, [ ERY
BT LT, ED%, RIZ L 7NOREIKE LR
L. 25 100 mL ZRVEASEREL CTERL, o
ZHE LT, F-aBHR I L, WIHRIREERIARIC 9 L ol
KEFAL, HEZFHHL,
BRSOk 4 (Na', NH,, K, Mg?,
Cl, NOy, NO3, SO,%) D% A4 ra~ s F7IEIC
KU, BRI R oy M R (PRI R o S TTE)
DEREFIZBWVTHEL 7o, FHNS V=& FEA A BRI
(CRRBRKER KIS R B2 BA R U EE, A
SRR O THFE (598 cm?) It S4B L
2o Fo, ARLEEOREEIL, itz CIINa® bk
DENEIE T HZENZIVITV, 2O DA 13 H
B9, MK ORERR TS TlitE SN S © LLT-, RBR
BT —2T, BFEOKERIZHBITHBLIEZ -,

3. WHREEE
3. 1 BIERFEEFTM
FHA IR T (2009 4 7 A ~2011 4 12 A) I2vEiE e

EE 2 W COKEBH BB U 72 (B 250, EE g, i,
B S, FHEETERER 16~19 [H, 27 [A], 35~36 [,

28~29 [B]C, ZNODHERI LA L 52— 313 40~45
H.26 H,24 A.,26~27 HTh-7=, 228, 2hd 1ED
LOFEHIM A DR, BRI L),

BB AR DTGB A BT L7/ Do h | Na”
& CI TP 558 1A Fig. 7 1R, PR, AREREICK
DI TERS A9~ 2 7012, A HIEIZ 315 ClNa'
ZHEKDZNEN T Fig. 8 IT/RLT,

Na* O &%, T 1.8~2.6 gm?year” D#ilH
THoT=DITHL, M TIE 13.9~30.7 gm?year™, &
W TIE 10.8~22.4 gm?year?, £#H 5 TlE 10.6~16.4
gmyear® O THY | FE PR I OFE 7 itk Tl

BTz, ZOIHNC, Rk E%Z Na™ TRHMEL7=54 .

F T4 51355 RU MU BT RLAY 5~15 51

FETAHIENTESNT,

Fo, K HIIC BT AT EMSHOENERDLE, H
sk CII R ZE72 D > T=DITxE L, FERE S O 3 HIk Tk
PRI R &7 78D RS, PR Cldferddl 2 Mmook
SIRMEARSNe— T Bl B EAEE TR, RAbHLR
OIS b L, BT T DI EAE A NS A B IE
DRI,

CI IZBIL T, BRI A &lTi L% 3.4~
4.9 gm?yeart THH=DITHL, MRS TIIR LT 25.2
~523 gmiear’, = B TldB LT 19.2~405
gm?year?, fE ) TldI L% 18.2~285 gm?year’ D
PHCHitRE S AL, HEHUIE S T2 PG s O B S, BT
IR T AR N O M S 72T Na® SIRIERER
DA RSN,

—J7., FHuEkD 5 MG IZBW RSNz Na© & CI
BAZNEN LTGRO 72 CIT Na't (Fig. 8) 13, HEH#E
B AR TH D 1.798 126, HHER 1.766., 5
1.774, =& 8 1.762, fAE K 1.793 ThoTo, ZDIHITH
FRAE MU 35 T DA F T, WK IRIIRITE P L 722 &
5. ABFEIC BV TR LM S @ i ko n
TR D T T — 2 DAFHENE I S O I LT,

WA WIS RS T BHE 5% ©, oA e~k
77 ETHRHENSHK /LT, K & Mg? Offift B2
Fig. 9 |Z/RL7=,

K* OfffE I, H I T3 0.16~0.66 gm?year D
JH T 7=DITH L, MR TIE 0.48~1.16 gm2year™,
BB Tl 059~1.36 gmPyear?t, £i4H 5 TlE 045~
1.77 gmyeart OHFH THIFES AL, 4D MU D75 R
Na" = CI' [ZB 3 2 R & B DB M 3 RS 4T,

T HIE - HRIZ B W TR S e KYINa® LA
KDOZNEW T Fig. 10 (TR LT, T O R, WK D
0.038 (2% L, HHI X AL, A3, A5 125 T 1.8~6.7
BRED K" O ETHIZENbh -T2, — 5, B
7 O HU Tl TR LS ITE T O ZERENGRDO LD
HOD, —HMOMEZERE, BIsTe K HICHEC -t
RCHHIENRENT=, ZOENBAL - I, H#
Mot 7 B K L2 K& BRI D EZ R LI LS T, Vi
AKIZH AR, BIZITEIERRC kD KT 25BAL
TSIV ATREME NS 2 HiLD,

iy, ZoOIS Tt S K &% Bk THhH D



U KO [T T DL, T 1.2 5812705, AFHEREET
WS KM OR AR EIE 1.77 gmyear (£ 5) Th-
=T, AVITHE T 5L 2.1 gmiyeart L7p%, D
fe o~ — 3 8 (o oly Jo S0 YR U5 P S i oD LY - 158)

TOFITFEREFTB W THERES L QWD U &1,

4~6 gm?year FLEE D THHDT, ZD 3~5ENTFHY$
HEPGIN Lo TR b sk s Tnaz bicss
Do

Mg Dffifie fi%, HE s TI% 0.14~0.37 gmyear™
HiPH THHTZDITHL, M TIE 1.33~3.14 gm™year™,
BTl 0.95~1.71 gm?yeart, £ BTl 0.61~
1.58 gmyear' O THifES Lz, Mg™ Ot &Iz
WTH K™ ERERIC, 45 Hidel - Hi sz W Tl STz
Mg?*/Na* el KD el ~T Fig. 11 1SR LZ, Zh
(\Z&DE KD 0.12 1T L, ZOfE% L [al> 7o ik,
MR TIXZ AU AL 7B, Eotho 2 B2V ThiE
IEZAUTHEC T L7 o723, ik Tl K OfE R &1

6 .
@Na+ ®Cl-
5
T 4+
=
o
N>:
= 3
Y]
2
1
0 T g7 | T T 1
Al A2 A3 A4 AS
Tsu area (Aug. 2009 - Dec.2011)
45 4
{e,
<
9
N>;
£
]

Miyako Is. (Aug. 2009 - Dec.2011)

gm-2year!

gm2year!

L, BB REMES RS,

. ZoIoTHEnz Mg BEIEEHE Y TH5
H 1 MgO ITHRR 3 5LF D 1.66 (5 EIC/2D, ZNETD
FETERE B 2 d 1 DA A T, HitES U Mo® DO
KEIFTFLZ 3.14 gmiyear! ThH-o7-D T, #HITHak
THEFLE 5.21 gmPyeart L7325,

FTo, WK HSRIEE CIIR WS, [FIRFIC RS e
B ROKREL, TOHOLOMMRIEE R &% Fig. 1212
RUTo, ZHUCLD L, WEEEREZE H e b DN I RE 2 R O
L, HHIR T E N 021~0.67 gm’year”,
0.39~1.05 gm™year" O#iFATH-7=DITHI L, FHHEE T
I% 0.22~0.36 gm?year’, 0.34~0.80 gm?year™, = ik
Ti% 0.13~0.33 gm?year™, 0.32~0.51 gm?year’, £
1% 0.16~0.37 gm?year™, 0.23~0.60 gm?year” D
PCHiES I, 223, WBIRO B ~—Y T Tco)
7R EFELIZ BT, AR L Tl 352 R O HE
BT, 10~22 gmPyear’ Thd 7,

60

@Na+ uCl-

50

40 -

30

B1 B2 B3 B4 BS

Okinawa Is. (Aug. 2009 - Dec.2011)

35
30

@Na+ ®Cl-

25

20
15 1

D2 D3 D4

D1
Ishigaki Is. (Aug. 2009 - Dec.2011)

D5

Fig. 7. The amount of Na" and CI" trapped in aerosol gauge

-10 -



gm-Zyear!

gmlyear!

1.9

Fig. 8. CI'/Na" ratio in each area

0.7 35
0e WK+ mMg2+ UK+ EMg2+
-0 3.0
0.5 ~ 2.5 1
5

0.4 - 2 20 S
0.3 |- Eﬂ 15 A
0.2 -+ { 1.0 -
0.1 0.5 |
0.0 + 0.0 -

Al A2 A3 A4 A5 Bl B2 B3 B4 B5
Tsu area (Allg. 2009- Dec.2011) Okinawa Is. (Al]g. 2009- Dec.2[111)
L8 K+ EMg2+ 2.0

bd " MK+ EMg2+

1.6 1.8 &

14 - 1.6 —
1.2 A T L4 *
-1
10 - 2 12 —
08 | aEn 1.0 - —
0.6 08 1 B

) 0.6 -
04 - 04 |
0.2 A 0.2 -
0.0 - 0.0
Cl 2 C3 4 C5 D1 D2 D3 D4 D5
Miyako Is. (Aug. 2009 - Dec.2011) Ishigaki Is. (Aug. 2009- Dec.2011)

Fig. 9. The amount of K*and Mg?* trapped in aerosol gauge

-11 -



0.30

0.25

0.20

0.15

0.10

0.05

0.00

0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

0.05
Tsu area

2 0.01

0.03
| 0.02
] 0.01
a 0.00

SW Al A2 A3 A4 A5

0.18

Mivako Is. 0.16

0.14

0.12

) 0.10
. 0.08
| 0.06
0.04

l 0.02
B 0.00

SW (1

|‘ Okinawa Is.

SW Bl B2 B3 B4 BS5

Ishigaki Is.

[l

SW D1 D2 D3 D4 D5

Fig. 10. K*/Na+ ratio at each monitoring point

Tsu area 0.14

0.12

0.10
11 0.08
N 0.06
1] 0.04
I 0.02
0.00

SW Al A4 AS

0.14

Miyako Is.
0.12

1 0.08
n 0.06
43 0.04
49 0.02

0.00

SW Cl1 C4

1 0.10 -

Hh

Okinawa Is.

mt

SW Bl B2 B3 B4 BS

Ishigaki Is.

SW DI D2 D3 D4 D5

Fig. 11. Mg”/Na* ratio at each monitoring point

-12-



1.2

10 LUNO3-N
’ MT- inorg N
E 0.8
=
£ 06 - s
=11]
0.4 1 "
0.0 SN - A B

AS

Al A2 A3 A4
Tsu area (Aug. 2009 - Dec.2011)
0.6
LNO3--N
0.5 UT-inorg N B
£ 04 —
o
NP-
g 03 — —
; |
0.2 +— ‘
o L ﬂ al
0.0 . . — ‘
Cl c2 C3 C4 Cs

Miyako Is. (Aug. 2009- Dec.2011)

gmyear!

gmr2year!

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1
B1 B2 B3 B4 B5

“NO3-N
MT- inorg N

Okinawa Is. (Aug.2009- Dec.2011)
0.7

LUNO3-N

0.6 M T-inorg. N

0.5

0.4

0.3
0.2

0.1

Ll 1

.

Ishigaki Is. (Aug. 2009 - Dec.2011)

0.0 .
D1

D2 D3 D4 D5

Fig. 12. The amount of NO3-N and total inorganic nitrogen trapped in aerosol gauge

3.2 RERLBIERFEEDEEF

BLAS TR TROR B & JRGH & D BIR A AT 351224
720, F9 5 A HE I Z 31T 2 AL A O R 2 F AT 12
TR TP B e v B A Rk U 72 L] 0O 58 AR AR E 4y
il [REITT — 2% FAVERR LTz, ZOf5 3R, Fig. 13
RTINS HUIBIZ WO TR CHARR 2R R 57—
DHHZENRHABINN e Tz, T35 IO JE A
ALV LR BICIEFNORS D — 7, MGG O 3 HIll T
(3 AE~ A BR & B ~ B AU IDOR S AU, 4 5 2 Hi g oo
SR R AL KBNS ZED T RENTZ,

ZOZENE, ALERAMEE LS T BEUHET (F128K -
A H AR AT R (25 HiR) CTRIES AL Na™ i &l
ZOBREHIRI IR B EEGH, B R REGE, H B
A KRG & O BIR A TR~ T, ZOHER, liE OBfR T
Ho EOFHBIRE F RENT=DIF, Fig. 14 (TRLIZE

T, B JEGE o H[# fe KA & oD R CIE O FH B BILR 23
OBV, ZOMEBMREITE <D o7,

ULNULZRDG | £ A S 2 6 G (R ER D BIFR I D
THAI=EZ A, 203 Fig. 15 225N Fig. 16 [RLZ
oI, BEEHEO C5 Mo aEEO DL #igied | W<
OO I LTI, RSz Na© B EsE o
AR R E DR & W IE DA BERIR AV RE NI,

fth 5, B BB B D\ T U B B st
% HEEEGH, H R KEGE, A BRI EEHE, 2FHA
M5 (25 HiS) CHIESILZ Na™ flife fE ORI E R~
2o TOFER AR OMENTHER LR, Na* i Lo
Bt CH o L MBI B <IRENTZDIE, Fig. 17 IR
L7890, B R EGE O # B KAEE DR CIEDFH B
BRSBTS, Z DR BRI TS e h -T2,

Z TR R - BT AT P A o B AR AT b S B L

-13 -



U7, <O T Na* flifig Bk B 7 — &
EIXIEOBEIN RENTZ, £V, Fig. 18 Z25NT Fig.
19 (R LTI e oy B0 A B TR BU M o i
KR JEGE S Nat i B L O RICE o) TEV IEDFRY
LAY gl

PLED I WAk S & JRE I IR BIFR A B |
K EITEHZ —>DOSBEL CELET VAT RTZ
EDOTEDLAREMENDRIB STz, 22T, R DOE
HESIE S b IR E ORIT A D TN FR&R35, Bl

N
(A) Tsu area NNW_ 200 NNE

(C) Miyako Is. N
NNW 2007 NNE

NW, 150 NE

wNw /S O ENE

wsw S A S ese

EETEDOET VADTERIZE STV,

AT &5 T 2009 4735 2011 4200 3 I A7
AHIER I C BRI B B O¥E £ 20T Table 2 12RL, &
TR BUIE P D& JEA R HS 5] Nat filife B4
Fig. 20 ([Z/RL, EBICHEA MO Na* #li it B2 i 4
HsE B Fig. 21 1 RL7Z,

Zhbickbe, AREFCEITS Na© fiife&lx, A+o
FEHEE O 10 gmPyear™ S ELEEL TR PEEE B TIEA 40
~120 gm?year LEBIRIIC S EAVRENTZ,

(B) Okinawa lghw’_:__;oo---' — NNE

Nw, 150 CUNE

100 [ )
WNW A ENE

SSW— | SsE

=W

NW_ 50—/ U NE

wNw S O ENE

wsw st

5

Fig. 13. Histogram of wind direction in daily maximum wind speed from Aug. 2009 to Dec. 2011

-14 -



45 - o 0 18
40 - y =1.56x - 4.33 16 y = 2.35x - 8.64
—_ 2 R2 = 0.648
\—L 35 - R*=0.108 14 '3
© o
N°>{ 30 A glz .
25 - £ 10
(=]
=20 - = b4
+ +
© 1] 2
=z 15 - < 5 .
10 - A
5 i
2
0 .
0
0 5 15 0 5 10 15

Wind VE|OCity (mS'l) Wind velocity (ms?)

Fig. 14. Relation between the amount of trapped Na*and the  Fig. 15. Relation between the amount of trapped Na* and

maximum value in daily mean wind velocities in the period  the maximum value in daily mean velocities in the period

when northern wind mainly blew in the study areas when northern wind mainly blew at C5 on Miyako Is.
25 1,600
20 y=3.31x - 16.0 4 1,400 1 ©
R?=0.816 N/ 1,200 - y=21.6x-176
2 o R?=0.207
‘\.' L 4 o o)
£ g 800 -
7 10 = 600
. 400
* 200
0 0
0 5 10 15 25
Wind velocity (ms?) wind velocity (ms1)

Fig. 16. Relation between the amount of trapped Na“and  Fig. 17. Relation between the amount of trapped Na" and
the maximum value in daily mean wind velocity in the  the maximum value in daily mean wind velocity in the
period when northern wind mainly blew at D1 on Ishigaki  period when typhoon attacked the study areas

Is.

-15 -



120 100
b 90
100 80 y =2.44x - 39.1
R2 = 0.920
70
80 y=387x-655
N R2 =0.985 o~ 60
__I| p -
5 60 & 50
< £
i =2 40
40 i
5 S 30
20 20
10
0 0 °©°
0 10 20 30 40 50 0 20 40 60

Wind velocity (ms?) Wind velocity (ms?)

Fig. 18. Relation between the amount of trapped Na"and  Fig. 19. Relation between the amount of trapped Na" and

the maximum instantaneous wind speed in typhoon events  the maximum instantaneous wind speed in typhoon events

at C2 on Miyako Is. at D4 on Ishigaki Is.

Table 2. Number of typhoons which attacked or approached each study area

Year/Month 1 2 3 4 5 6 7 8 9 10 1 12 Total
Japan 0 0 0 0 2 1 1 2 4 0 0 0 10
Tsu,Mie 0 0 0 0 2 0 1 0 2 0 0 0 5

2011 | Okinawa Is. 0 0 0 0 2 1 1 1 2 0 0 0 7
Miyako Is. 0 0 0 0 2 1 1 0 2 0 0 0 6
Ishigaki Is. 0 0 0 0 2 1 1 0 2 0 0 0 6
Japan 0 0 1 0 0 0 2 5 4 2 0 0 14
Tsu,Mie 0 0 0 0 0 0 0 1 1 1 0 0 3

2010 | Okinawa Is. 0 0 0 0 0 0 0 3 2 1 0 0 6
Miyako Is. 0 0 0 0 0 0 0 1 2 0 0 0 3
Ishigaki Is. 0 0 0 0 0 0 0 2 1 0 0 0 3
Japan 0 0 0 0 2 2 2 5 7 3 1 0 22
Tsu,Mie 0 0 0 0 0 0 0 2 1 1 0 0 4

2009 | Okinawa Is. 0 0 0 0 0 0 0 1 0 2 0 0 3
Miyako Is. 0 0 0 0 0 0 0 1 0 1 0 0 2
Ishigaki Is. 0 0 0 0 0 0 0 1 0 1 0 0 2
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A Quantitative Study on Plant Nutrients Naturally Supplied to Agricultural Land
from Seawater
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*Tropical Agriculture Research Front, Japan International Research Center for Agricultural Sciences,
* Graduate School of Bioresources, Mie University, > Okinawa Environmental Research & Technology Center

Summary

In island countries or areas, it seems salts from seawater frequently fly into land and the amount in typhoon or
monsoon season become larger sometimes to cause serious damages to agricultural crops, which is called engai in
Japanese, especially in subtropical small islands such as in Ryukyu Archipelago, Japan. However, such a transfer
of sea salts means a natural supply of plant nutrients contained in seawater as Mg, S, Ca, K, B to agricultural lands.
In contrast with engai, the nutritious effect to crops by sea salts should be called enenki, sea salt services, in
Japanese. So, this study was focused to evaluate the amount of salts transferred from seawater to land, and to try
to develop a model to estimate the amount of salts under different geological and climatic conditions.  This is the
abstract of the final report for the three-year research in 2009 - 2011.

The measurements were carried out in the following 4 areas of Japan; Tsu area (at latitude around 34°N), the
southern part of Okinawa Is (26°N), Miyako Is. and Ishigaki Is (24°N both). In each area, 5 spatially open points
(on a roof of a building, mainly) were selected to set up the aerosol gauge developed for this study, made mainly of
polypropylene. With using a Marriott tank, the gauge always had a settled height and area of surface (the internal
diameter is 276 mm) of deionized distilled water, in which wet and dry aerosols with sea salts can be trapped.

In the period from Aug. in 2009 to Dec. in 2011, the amounts of Na" trapped in the gauge were in the range of
1.8~2.6, 13.9~30.7, 10.8~22.4 and 10.6~16.4 gm?year™ in Tsu, Okinawa, Miyako and Ishigaki, respectively.
The ratios of CI/Na" in each area were 1.766, 1.774, 1.762 and 1.793, comparing to that of seawater, 1.798. The
amounts of trapped K* were 0.16~0.66, 0.48~1.16, 0.59~1.36 and 0.45~1.77 gm“year’. The maximum
amount of K* 1.77 gm?year?, correspond to almost the half amount of K* required for annual sugarcane
cultivation in Okinawa area. The amounts of trapped NO3-N and total inorganic nitrogen were 0.21~0.67 and
0.39~1.05; 0.22~0.36 and 0.34~0.80; 0.13~0.33 and 0.32~0.51; 0.16~0.37 and 0.23~0.60 gm™year™,
respectively. The amount of Na*trapped in typhoon events had high positive correlation with the maximum

spontaneous wind speed at some survey points on Miyako and Ishigaki islands.
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a7 AF 3 (Pyrus betulaefolia Bunge) Ot 73 i
$,50< (Matsumoto ©, 2006 a) , FEAMMEZ BT 5 A
i L E A~ O OBENZIHIT D720 FEITFEENRAEL
RN ZEEALMI LT (FAARS, 2007 : Matsumoto 5,
2008) , F7o, HtPgEIn R E T BRI S DIZ R I
HMEALTRY, BEEMEL CHRETHHZ AR
(Matsumoto %, 2006 b),

INBORFZEICEY =R T U WL, A
AROBRDBEA TIY | 5 B CTh LI AN ADFE N
EOBRRNPMLETHHES 28D,

— 7 VA ONTI R P TIRSHEE S TVDIC
L L T MHEME G AROIFEMEEAEITONTE
ST, DITMICAKS(1987) D M R B AR O
R L2 IER H DI T E 720, FRIZ, B A ARICE
WSV, BARENTIEE KN EALTWDHTY =

BARBFETHDLIM A, HHERIVTEARBMIZOWTIL,

MR D B AR ZE RN 2SI TR, 20
BRIZ, Vo T8N TR BRI K &2 W S 2175556
FT, B BB CTH LM RMIENE B AR DORKETO
ERHD,

ZOIHNT, =R FUBIO IO AR A5
DGRBS ERLORRZRBUR THDLZ LD | AWFFET
XET VBT HMHEE G AOREEITo72, ED
BT =Ry VAW THEAN ZAORE
15, FFICEAN A T TORDME L EOEELZH S
M LT=,

ZOREIMFTEAAT > TODE T 2011 4F 3 H 11 H,
ASEITH BB DSHFZE L R A SRR M s KR R
REEDI, FARR, &F R, EWMROREMIBICHDY
AR, FURGEIC LD REREE LT T2, RS
DX )0 BB TITEIE L FE ~ DR R ITE T
ST, HEKE W= T Vo SOk ke %
25 LTI THoT-MENE B ROEK B LU AR
ADFRERF LT, B EFE~OX R EL TH 2 12EH
TEHNBELZEALTNDLDEEX D, T2 T, KHFZED
EBLRO—FTIX, BRI ELZ L EEOHS
HlsH DN FBEICZ - ik C=R Bl a%
HIET DO DOHFICONTHE K LTz, AWFFEIHE 5
O E DL CHENL DI EEFE- TS,

2. MEAHE
2.1 NaCl REA)UITEARBOMIEEDEMERIC
RIFTEE

FBRIXB AR S (P, &) J0lEAL 1 4
HEO~NASIARY FE 3, IML, IM2, IM7 O 5 §SLFED
VoaaARE W, 2011 47 4 HIZEBEARE)IID B LD
/R—F A1 500 ml ZFE$EL 7= 10 5 (JEEE 30 cm, £ 8.4 L)
FPESR Y M A AT 7212 ARJEA D 25 cm DLEZAT
GV 7=, AVBEBRAh & Ol B KE K 2 HEK L . RS
DEBEYERT DD AR AT ANTE L, LB
KIZ/KEAKZ %R IX AL T, 50 mM, 100 mM LT 150
mM @ NaCl &gz 35 3 AU X Z25%1F (n=4) | /b fE
M OFRRE I HRi~7-6 A 29 H2H8 H 3 HETD 35
A, 1 B 500 ml ZREHEL L CULERATT ST,

BRI ERNOMEL TODHHOI RS I
EIIALIE T D 2 ROFHEEH DM ETORIZ 5 H
FEICFHIL  FHAIBRAAIE DO FIRE R DO Z RN LY O
&2 RDT,

BEDREERE IARD (1987) O 7 EICHECHR RIS
FHAL ., 0 () | 1(ZED 1 FIRRESZIERET F2I3%
%) 2(RHED 3 BIFLEICEERE T F213% %) . 3(R%ED
5 EIFREEIZHERE T F72 1TV HE) L 4(RFED 8 FIFREEICHE
BET EIITVEHE) L 5 (B CTRFEE/ 1T HE) O 6 B CRE
fliL7-, FEIL 7 BT oT,

P TV T B I OKENLOFREEDOHIEITLL T OB
(AT o7z, WUBRKE T 1% IR A IR E L, 3, B (=i
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O ELZHHY) | 5 (M BRI 35 25 cm) |
R (M FEBICALE 32 E8) | MR (R DR C
WA IZ3 T TV 7 L e, 3, BL, Brl3fif s
HIER ey LT, Pei ik, 9 /KEK TR m Ot
B EVENRL , RN TAGEAIZ S G PER 2R T
R CRIEREDIENEEEL , G233 72
D F KA TYeIFLTZ, D%, 1% HCI IR CHEX |
BT 1% HCI VA BE 3 728 R K TR L7z,
FREFSHIRIX EFEOPEE 5L TR 14 Fritf A EL
77

FNLOFEEOPEIXLL T O IETITo72, HE, kL,
AR MR OFEEARER ., 7 vE 78 COlE
TR R 72 R R LT, 200tk B EZFHIIL
WL ELT,

Stem water potential @ | /% McCutchan - Shackel
(1992) D HFIEIZHEC T T o7, £7°, 7:30 ITHIHH DI B &
b LEICALE T D EH O PRI ORELBRIRL | 7 TATF
VIR BEORBE LU, SHIZED EET
NETEVKIRD LARZMA, £0EE 3 KLU Lf%
BL . AEEREOKRRT S VA RIEDKRT v
N e S LTz, TDRMEEL | EHITKRT o vyr
W& 2 (Model 600, PMS Instrument Company, Oregon,
USA)ZHWTKRT /L& HJIZEL ., Stem water
potential fEEEL7=, HIEIL 7 HfED 11:30~13:00 (217>
2o Fio WEIC - BE X T A E R veve L
78 COTEIRFLIGHET 72 WFRILL LR 72, HEMRL 7o 3
IR AR Sy ORI AL OB EL =,

RO TTCIEMEDRIEIL A (1990) DIz bR 7
=TIV LIaT AR (TTC) iEE AW T To7, ##
HL 72 AR 500 mg A Peiff% ., B IZ A4, 0.1% TTC
ZETe 0.1 M U ERREEK (pH 7.0) ITIZIE L 72, Zivaig
AT B2 30°CDIEIR/KFEN T 2 RFfEIFFE L 72%. 2 ml
D 2 N H,SO &N A S A A IESE T, iRAT LK
EOMTRERAS72%. 5 ml OFHR=F /L EYEIb L LI
FLEKH CTEER LT, Z O BERER )RR =T /L JE A B
%, et R (U-1900, HAZ, B IZEYIEE 470 nm
OWHEZREL., BEBRNS TV~ T AR EEE
HL7=, SHIZ7 v~ EpliEat 7 V& 05 gxiX
JFRERT 2 h TR Z I IVRIEEEZ R DT,

D SPAD EDORIEITHHE DO Biseh EFITALE T2

HRE O RO BEA BN L, SPAD-502 /17 (/L A—4
— (Minolta Crop., Japan) z I\ GHRIL 7=, #I7E 13X NaCl AL
B 35 H B To7,

HERR RSy ST I Z LA R O TIT o7, 5, MR Oz
P T MFa—e—L T, AR, B RSO T L
IEERE L (MF10, IKA, Germany) THyfEL | e 7R
ELTHZ, Na, K, Mg, BXO'Ca & &&HIET 5720
K5 (1991) OHEITH DML — e b AKFE s —
N E RO TR R b E T 70, R v 50
mg ZRREREICED ., IRAEE 1 ml 20Nz 12 FERIFREL
ZD%., H&EF9 ml D 30% EER{LKFEEINZ DD, H—
TT VI NA(ALB-221, A =7 A, HiK) ZH T
200°C C 3 BRI N 52 RISE R D ETMEL 1=, %
D% REKTERL., WEICHWZ, WEIHRLE—
< VRO R (Z-2000, HIZ, B ZHWTIT-
77

Cl & &DOWUEIL lwasaki & (1956) DHREIZH LT A
T RKER — BRIEA IV T T o7z, oY7L 50 mg
Z15ml Ba=hnF 2—71280, 1 N EEER 10 ml 200z,
PNVT I ATIRA LT % S I BE % (USK-5R, 77X
T, KBR) T 10 EHRES LTz, T, IR T 12 Wi
FREL, B75 1 ml &2 &m0 By (MC-150, hR—F
T, B0 T Bz B ARE T NARIRE LT,
FRERE 2950 pl DZREE K Z &N 50 ul OV 7 VIR &N
ZT7 EBIZ 0.417%DF AT K ERERHE 200 pl, 0.5
M fEEEERIAIR 100 pl 2%, BERE AR LT v 7 ATl
AL, RIET 20 MEE L%, 288 R (U-1900,
HSZ, SR 2 FW Tl R 460 nm (23815 DO 230 i
L7z,

2.2 HILYIALIZES NaCl RFLRAEHTDFUER
HEORDBREEDER

FEBRIZIL Pyrus pyrifolia OFE 1% Az, FE1- 135 H
K JEH M B R R TR | %1%, FEBRIC A
HFECTHIR 1'COMKIBENIZBREE CRIFLZ, £
BEL ., fE7-% 1,000 5 (V) (AR L 72 hy 772 MK R
(AAHE, fUR) CTHEL., AR KCHERR L, 1%
ORI — =B F VBN T TAT 74w NI
FEFEL , 27°COMF BT CHRIFEET, FHF% AREK (IRih
BETe) IR —ED RIS TR M 72 EBRITH W
77
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SEITRIG DT AR 200 ml DA A A, B
7 AARAFE AR E BICH2XOFREIL . FARA
WPICIRIE L2, Bl IIA T AR D ST 2T d B
BLORIROEE A i/ NRIZEE DTz, EERITE 1K E
=2/22 hr IZFAEIL7Z 2T°COEIR =N T{ T 7=,

FERIIARBE KA R X L LTI T o7, NaCl AL A5k}
+% CaCl, IR R A A 32535 TIE, 20 mM, 40
mM F721% 100 mM @ NaCl #7712 0.1 mM, 0.5 mM F7=
1% 5.0 mM @ CaCl, ZiRIMUAR D R &DOEWEFAAL
7o Flo WK DR BIEPROMA RN G 2 2B
T 572, 20 mM, 40 mM %713 100 mM @ NaCl iz &
[F4% DR B T IR L=~ = h— LR (40 mM, 80
mM £7-1% 200 mM) IZB W ThH EBR A T 77,

ORI LD CaCly IR R D 2= BA 4 2 R
TIE, 25 mM F721% 100 mM @ NaCl &%, 25 mM £7=
% 100 mM @ KCI &%, 12.5 mM £72% 50 mM @
Na;SO,&IEIZ 0.1 mM 721X 5.0 mM @ CaCl, Z¥RINL
ROMEEOENEZFHEL,

NaCl £721% KCI AR A3 ZENZH KCI £721% NaCl
RINZ L TRIENDDEDEZ AT H IR TIX, 25
mM F7-21% 100 mM @ NaCl ¥k F7-1% KCI iz 0.1
mM F£721% 5.0 mM @ KCI £721% NaCl 2L, iR fm
EEOEWERELL,

ROMERITLEE 4 A% ETEBAEL, BIERIIS
REH LS DI T, B EEOMIL 7 EKD
SERCRUT, WU T 1%, il (FHELTRDH4)) 2 Y
B & il s L OGAR 2 SRS RS 0 S0 BT L2k L 72,

JLPRIX Z BN 7 (EMAR O IR IS L OUMR A £ &0 THrfie
BEPELI%, 15 ml BT TATF 7R BB 2 8 ml D
FHAKREEBIZAIL, DTN DET-20COMEHENIC
RS LT=,

Fh XIS L 7= 05512 30 AR | fifR3-HZ LT
1T, BONTKER O Bz g L, i
? Na, K, Mg 3L 0" Ca & &4 i e YE & (170-30,
AL, B RO &2V CRIELT,

2.3 HILIIALIZED NaCl RRLREHTD TE
REDRDEBREE DR

FEBR3—1, EBR 32 TIZ~V AN IARTOFE T2
7z, FE-1E 2009 4F 11 A IZHARTRF A B bR
BB T X — HRIR RS TR S TV D

20 FAESNANIART IO, 5k 3—3 123~
NIART M9, =V /al TR IR (Malus sieboldii
Rehder) OF& -2 7o, FE 113 2010 4F 11 H LRI
PR B A I AR R RSt — IR
BHTRERREIL TG 20 S~ L 3B ARY | 54 44 M9,
54 A ya) T 54 FAERIIVEREL 72, PHHEL
1% 500 fFIZ AR LIz~ L —hARFIA) (A L, 3
5 THEL, EBRICHWSET ICOMIREN I EREE
TRIFLTZ,

EBRICERL, 2o e — X —Z LTz
T —LWNICHEREL, 27T°COmRE B T CRIESYE -, 53
%, IRE (Wiha 5 de) N—EDOREX oo T- R 1
ZRERIZH,

SEHRTED AT AZE 412 150 ml OIFHEE AdL, /&R
- AR AE R K IS EOICHEE L ERE
R ICIRIE LTz, BEIHTARD S22t BT
BILOKIBOEE Z i/ RIZEE D=, FEBRITR K
=2/22 hr ([ZFHEI L 72 27°COEIREN TI T o 72,

2B 3—1 TIIARBIKA XX EL, 20 mM | 40 mM
F721% 80 mM @ NaCl IFRIZZ £ 4 0.1 mM, 0.5 mM
F721% 1.0 mM @ CaCl, ZHINL | AR E B DiE E 7
T, EITAERX 7 8K CI o7,

FEBR3—2 TlL, HOFEHEIZ LS CaCl IR R D75
ZRA L 72, 25 mM £721% 100 mM @ NaCl i, 25 mM
F721F 100 mM @ KCI %, 12.5 mM £721£ 50 mM O
Na,SO, IRIFIZZNZ 4 0.1 mM £721% 1.0 mM @ CaCl,
EUWIUARD R EOENWEFIA L2, KBTS LBLX
7 EETHD,

2Bk 3—3 TIL, AR KA R RIXEL, 25 mM, 50 mM
FBLOV100 mM D NaCHAEHRIZZZ410.1 mM, 0.5 mM
FBLONL.0 mM CaCly ZIRINL , IRO R B DE\ AR
L7z, BB AKX 7 B TI o7,

ROMEREITLEE 3~4 A% ETEBREL, BRI
WTE RS AL T, SRR B DI 7 RO
TRLTo, RLBRAE T 12, 7 (FIELRDE ) A IV ERE
IR FS JONBHAR & SRR Rl 40 o0 LTk L 72,

RSy B B OMEILLL T D iETIT o7, ALK
T LT T ER O IR F JOWIR A F L TR AR EL
7244, 16 Ml BEOTTAT 73R4 8 ml DR /K EILIC
A T NS ET-20°C O 4 B PN IS ERE PR AE L

Y



oo WS LTZBNGI 30 SEiRIELARIRT 52 & TEbLIL
TR D _EiGE e L, i o Na, K 8L
Ca & &% ICP Ftr )t/ Ard&i&E (SPS 1500, A =1—,
THE) Z#H O THIE L=, Cl & 21X Iwasaki 5 (1956) DT
T T UBRAKER — 8REE AV, e )6 E R (U-1900, H
3, HR) ERWTHIEL,

3. ARHER
3.1 NaCl BT EARBOMIEEDIERMERIC
RIFTEE

i EEIZOThOBEARREIZIHE W TH NaCl LB
FEO ERIZESRWED LT, SRR E 2L R &S~
JLRTIART >IML>IM2 > F 5B 3>IMT DIETRKE) -
72, 50 mM [XIZBIFH2 A ATART O EEITEAR
FED 50 MM X &L EE~_TRED 7223, 100 L0150 mM
KTIEELIOLZ (8 1 ), ;RXICBW TN
HARTIZRNTRED -T2 IML O & 13 NaCl LB
FOFELW D LT, 2, $RE O R ZEIC T K0
HXOMERETNRI 77 TRUEZGE 1K), </
HARY DMEREHLHE R ELFERKIZ50 mM XIZH
W TR R CALER B X DB ARFREE H~ @y MEA R LT
23, 100 BLON 150 mM X CIERICALHEL X DAt 5 AFE &
[FERICE LR N L7z, —77, IML 1Z NaCl LB X238\
THEEPZELILTLTEY, e ARFEL A THERN
EZ/RLTZ, IM2, HH 3 BLUNIMT7 O NaCl LEEX (25
AR RIS LERE LS IZRIRE CTho7z (5 1

60 r E Control
50 mM
100 mM
150 mM

50 F

40

30

Shoot elongation (cm)

20

10

0
M. prunifolia M2

Aodai3

),

HEOREFRE IO THOEAFEIZI T NaCl ALHE
(XN, L2aL, IM21350, 100 35118150 mM [X
ICBWCHEENSESED 1 FIRRETHY, [FIULBRREE X
Dt EAFEL L ARIEDOEERE N Dol HH 3 B
FTVIM7 1250, 100 mM XIZE W TREENEED 1 E(f
FETdh-o72A%, 150 mM X TlE 230 2~3 EIFLfE 1
WFA LT, —F . =V SIARTEBLON IML 1% 50, 100
MM X (2B W CREENEEED 1 EIFLE ThoT-, L,
150 mM [XCITALERH 15 H B DR 2 ICREERRE A F
AL, 35 HEIZIREDY L. EORETRENHAEL
72o BEDOREITNT O EARTED TEIZHDHHE D Je i
HARE DOEENDFEA L IRONT_EERIZE D FTHY O Se il
(T DOZEITFEEFENTEAE LT, T ORBIIHR 2 (ZHHE S b
DB A~ EFEE N IR T2, FEEITIEDZE D
FEEL, ZEOBRIEENRM ~LIRA ST,

FEOFEEITNT OB ATES NaClLERRED 57
[ZEBIRNBA T A A A DT, ~ VS HARTIX 50
MM X230 TR U AL FE X il B ARFE L H A~ A
KE-T278, 100 BL V150 mM X Clfa) CALER R B X
DA B ARTEAEAFFRE T -7, IM1 1% NaCl ALFE X
IZBW T A AR Z A~ Fr it B2V S h o7, 50, 100
BLONI50 mM XKIZEITEIM2, F 5 3. IM7 OFfEE T
FRLE T2, MRXOMEIL IM2 TRRKE o
77

FOFFERITOT OB AFES NaCl LB o |5

7 100

60

40

(1011u02 9%) ajel uoiebuo|g

20

0
M7 M1

Fig. 1. Effect of NaCl treatment on the growth of shoot of Malus rootstocks. Values are the means of four

replications. The bar graphs indicated actual shoot elongation (cm). The line graphs indicated comparative

elongation rate (% control).
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WZEBRVNBA T DM B A DT, S IAR T (X
FEEN/RKEWEDHBREBIO 50 mM XKIZBW TR
JVERJR FE X O AR FEE b~ O A K& D o7,
ZOMOEARTELIZEFFEEOFFEE CTHY, M FEHR =
B30 hhoT,

HMOHREEIT IM2 LIS OB AFEIZF T NaCl LE:
RED EFIZESB RN T DR BT, Lo,
IM2 1% 50 3108100 mM @ NaCl QLB %47~ CTh Hrfif i
ISR Lo Tz, WO BT EE PR DT (TR
720 NaCl BRI Z LD RREE D 7oz,

R OFIEEI TN T IO B ATV TEH NaCl Lgt
WL Lisd oz, IM2 I3V O ALER X2 B\ T
Bt EOEM R EL IM7 BEOVIML W o
SUER X 33U CTh B B O A3 FLl i/ NS [ &R L
77

AR OFEEE TV T OB ARTEIZISU T NaCl ALB]
REO EFIZEL2 AL, ~ VAT ARTBID
IM2 13 50, 100 mM [X (23U CTHE B O A3 Ll ) K&
Mofe, —77 . IML 13 RRIXIZ I W TR AL B FE X
fih B ATEL L ~HHEERE DAY NS 7225, 150 MM [X

CIXFIRFALELR FE X D fth 5 AFEL [FFRE Tholz,

O EITNT IO BEARFEIZIBN TS NaCl JRED

HIZEB 72NV THEIME R LT, VW SHARTE
FOVIM2 13 100 mM KI8T IR CALERR FE X o fth 5
ARFEE L AR EOENKENST2,

DTN T OB AFEIZI T NaCl AL
FEO EFIZESBIRWNBA LTz, LrL, IMLIE NaClZLEE 2
XD EOWVFEE N DI oTz, ~ VS IARDT %)
FRIX, 50 33570100 mM [X (2380 C IR UALER I B2 X DA
AR LA EOENRED ST,

WO EIZ NV ASTART IM2 BEONIML (230
T NaCl ALBR D EFIZES 72V D D 2R~ LTz,
HH 3BLONIMT7 1% 50, 100 mM X284 T NaCl 4LEL
WRED EFICES IRV B D L7203, 150 mM - X
TIXHZEDS 50 MM X E[RIFREE OfEIZ ML=,

R ORI BTN T IO B ARFEIZIS T NaCl ALgt
RO Liinode, MIROEY EITNT IO B AT
2BV TH NaCl AAFRREED EFAZEH7RUNBA L7223,
nn R R TR T,

Stem water potential

TWIFnoaARFEIZBWNTH

NaCl LR EED EFIZEBRWME T LTz, /L TARD
RUNC IM2 [ Stem water potential LA T 23t 5 AFE
LTI 0Tz, — 5 IMT BEOVIML 1E 150 mM
KIZI W TALERT% 14 H B2 Stem water potential fE D
TR LL, RIC AL BRI BE X D il 5 AFE & B~ M
%Lz, IM1 0 100 mM [XI3ALEF% 35 H B IZB\WClE
CAVERJE FE X OB AR L ~ERVMEE R LT, A 3
1T 150 mM KIZEWTAETE 7 H BB Stem water
potential EASFHE LK T L2, ALt 21 H B2DId
XV RREE 7~ (BB 2 X)),

RO TTCIEMEIIWF OB AT I T NaCl 4L
BED EFIZEL72VME T L7223, NaCl ALEEXIZH1T5
s ] 22 B 3 e o7, AR E TR IML 13 RRIXIC
FUNTIR AR FE X Ot B ARFE E Hr A~ MEZ R LT
23, NaCl ALPR X Cldfth B AFEEL R Th ol

D SPAD T~ /LS ARY  IM2, IM7 LTV IM1
(28T 150 mM @ NaCl LBRIZ KK F L=, HH 3 D
SPAD i 100 L T8 150 mM @ NaCl L2 LK T L
72 LU, AR ORI ed -T2,

HED Na & &EIFTWVTHOBARFEIZETH NaCl 4L
BEO_EFHIZELZ2WEEINL, 100 BL0V150 mM X128
WTIRALERTE 21 H B2 H2A80Z Na & &gz, A&
1% 14 H BIZBITFA<A A AR YO 150 mM X iXFELT
VR FE X DA ATEE L Na & &23%<, B
DEREN IO, LB 35 H BIZBITD< /LA
7D 150 mM RXIE[REICALERR B2 X oo i 5 ARFEIZ H < Na
GRINENST-DIZH LT, IM2, IRWTHE 3 @ 150
MM XX (R CALER IR BE X O B ARFRIZEE A~ Na & & A3
oot (55 2 X)),

&@ Na & &IZWV oG ARfES NaCl RO

ZELZRWHENIL 72, IM1 1 50 mM X2 W CIRITAL
fim‘%f; XOMMBEARFEIZEE~ Na & &33P 7ed-7-, 100

BION150 mM XI2EIT5 Na & & MBI 72 R I3720
277,
B0 Na & ®IZ IM2, HFH 3. IM7 BLOVIML iI2k0

T NaCl ERED EAIZEBRVEINL T, ~ /b3 A
Rt713 NaCl 4LERIZ LY Na & E23E L7278, NaCl 4LE
KETIEWT OB REIZH VTS 300 mmol

kg'DW FREELFEBEDEZ R LT, </ A_"HARTD 50
MM X3 R C AL X fi B AR L~ Na & &5
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M. prunifolia
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Fig.2. Effect of NaCl treatment on leaf Na content of Malus rootstocks. Vertical bars indicate the standard error of the mean

for four plants.

Moty — 77, IM2 13 100 mM X\ TC R C AL
KO HEATEE L Na & 'R o7,

FRERD Na & &I~/ I AR T LSO EATE T NaCl
JLBRFE D EFIZ 72 WL, =L 3B AR Na
E T NaCl B X0HENL 7243, NaCl ALERX R Clx
WAL AL |2 50 T 120~150 mmol-kg! DW
FREE LRRE DA R LT, </ NHARTD 50 mM X%
[F LB E X D fth A ARFEE b Na 3 &3 %0 072,

RO Na & BElXZWTFhoa AR TH 50 mM
KT RIZ72D, 100 35108 150 mM X Gk NaCl ALEE
FED ERIZEB B L, LnL, SAEKIZEITS
bt Y ARy

KTRXOED Cl & EIFWVTIOAERFICIBUNTHAL
% 21 B B E TR L, ZO%ITHINT a6ME R~ LT,
50 LV 100 mM XIZWF DB AT THALEE
#% 21 B HETIREMIZ 2D, Z2O% EH LA, 100
mM [X 1350 mM K IZEE~_EVMEZ R LT, AE% 7 B H
T BHE IS IARTEBLONIML 1E 150 mM X2\ T
KRR LA Cl G &AL T, A% 14 BEOY
21 HHZHDEXNANIARY (IMT BXO IML (3 150
MM XU THRIB X & CLE BEAEINL T3,
IM2 BEOFE A 313150 mM XIZH1F5 Cl & &A% R

X ERERDEZ R LTz, AWBf% 27 H B ClIWThoER
Fit, 150 mM XIZEWT Cl EENEEINL7-, L% 35
HBICHITD IM2 D 150 mM X[ % R CALERE FE X O
PR Cl B &N DIk ol

£, 8B L OMRER O Cl 5 &I NaCHLEEREE D EFIZ
EHIRWEINU 7228, SRR 72 5213727 o 7, iR Cl
EEET 50 F721% 100 mM K CleRIZARD, £ DT Na
GELFERIC NaCl BRE D _EFIZELRWNED T2
A koA N By b NN TEE - {1z =2 S oA R Y iy

. BBIORBTO K GRIIVThOAAREICE
WTH NaCl ALBRIZES 729 — E DN Z RS -oT,
NaCl ZLH X (2B 50 K G 'EITWV o B AR
W THRRRIX L ~BD L7223, NaCl ALER Xz HsiF 2
ZERII e o7, RO K & BV o EAREICE
WTh NaCl BRI EED AT EH RN A LT, IM2 1
50 MM [XIZHE W TRICALBRR B X O A AR bR K
GHINSDoT,

D K/Na IV o B KR IZ VT NaCl 4L
RED EFICELRNB LTz, W6 ARED
X CIE K/Na 78 70 Bith Thol=oizit L (5 —2 K48
#) . NaCIALEE X TIZZ D 120 LA F & p o7z, = 3014
R B LTNIML D 150 mM X L[] CALER R B X Ol 5 R
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FlEL L~ KINa FEAME 72, B2 KINa i ho &
ARFEIZFUN T NaCHLE R E D LRI ES RN LT,
IM1 X 50 mM KIZ3W VTR ALER R B K oot A AR L
e K/Na Ee 3@ o7z, 100 BL U150 mM KiZB115

SRR AR I o T, MBI OMRERD K/Na it IM2,

F 15 3, IM7 BELNIML 28T NaCl AR E O |- 5.
WZEBIRWERAD T DA R LTz, LinL, v AR
® K/Na Fix NaCl ALEE iz K0isb Len -7z, IM2 BX
NIML 1350, 100 mM KIZHU VTR CALER R FE (X D fh &
AFELLE R KINa L3 g0 Tz, AR O K/Na thidv3°4
DEARFEIZITE NaCl ALERZ L1709 — E DA &7
ST, SRR ERL T,

HEDO Mg FRIZVNAATARTVBLOER 3128V T
NaCl ZLEZ L0 LTz, Ll IM2, IM7 BX T IML
® Mg & &% NaCl LRI L0 Ligds-7z, k2D Mg
EGEITVTNOAAREIZBOTE NaCl LUz L0iEb
L7273, NaCl LEE X[ COZER I oT-, i, iR
JOSHIRD Mg & &IV T HoBEARFEICHE W TH NaCl
SLBRIRFE D EFAZED 72 T A A A AR BT 03,
WTNOENLTEH Mg & &0 Sl 2R3 5T,

HERC, B REE, BROWIRO Ca & &EITWThoh
AFEICFWTEH NaCl ALEIZE G709 —E D &7 RES7R
Molz, TNANTIARTIIEL B L ORI T, IM2 (&
REIZB WA AR Ca RNV ehotz, —

L HH 313100 MM XU TIR U AL X oA
ARFEELE GO Ca & B3 E -T2,

3.2 HILIIALIZED NaCl AL RAEHETDOFUEKR
EOROBREEDER

T BARMHFAZ DOROM KR NaCl AHIZ LD ZELL
P&, MR EICEDLTIEEAEME LR oT
(B 1R, LML, NaCl Z& el 12 CaCl, Z¥sin
THIEILIY M REDOWENHHIZ, 5.0 mM @ CaCl,
T 5281230 NaCl D& TITAEFEL 7= 20 mM, 40
mM F LN 100 mM OUVF7u0D NaCl LR X Tt R X
D BEWFEE DM EN LIV, ARPMGE T Db o7
(3 13%), 20 mM NaCl 2L X Ci% 0.1 mM L _Eo CaCl,
INCekEsh =28, FIARIZ 40 mM X100 100 mM NaCl
JLFRIX TIE 0.5 mM LA_EoD> CaCl, B CA B i 50 B
MFRBHOLIIZ (1),

IR EED NaClHE IR L [R5 DRGSR L o~ =h
— LA (40 mM, 80 mM %7213 200 mM) H CIROfi &
B ELURBEORECZHRT LA, RO
REIFERER IR ST,

Na & &%, NaCl LFRRED ER-LEeb Lz (8
3X), 20 mM 351040 mM NaCl ZLEEX G, CaCl, ¥R
IPREED ER-LEHIT Na B ESBEEIZTREA L, 20 mM
NaCl ZLH X 12 5.0 mM @ CaCl, Z¥RIIL7=34 . Na & &
73 NaCl HELLPR X LA FRE |2 F TR F L= (55 3 %), 100
mM NaCl ZLEEX D54 CaCly, TRINZ LV E A1 23 2
HIVRNN572 0.1 mM CaCl, HX B L O K [RIE 23
P TH-720.1 mM CaCl, #INIX (55 3 X)) D Na & i
IERINX ERIFEEDE LA ETHo7=08, (B EokEsh R

Table 1. Effect of CaCl, to root elongation of Pyrus pyrifolia under NaCl stress

Roor elongation (mm)

CaCl,
(mM) NaCl (mM)
0 20 40 100
0.0 14.6 a* 30b 27¢c 3.0c
0.1 16.1a 9.4a 6.9 bc 28¢
0.5 25.6a 13.0a 10.1 ab 77b
5.0 239a 10.6a 11.7 a 12.0a
ANOVA
NaCl (A) el
CaCl, (B) falaie
(A) x (B) NS

? Different letters within the same column show a significant difference by Tukey-Kramer’s HSD tests at the 5% level.
Y NS, *** indicate non-significant and significant differences at P<0.05 by ANOVA (n=7).
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IAHHHUT25.0 mM CaCl, FRAINXIE Na & & _EH- 238
N7 (% 3 M), Ca & &% CaCl iR E D EH-L28
(ZHIINL 7225, NaCl R EE D E - L1812 Ca a BOHMNN
PSS NDERNICH 72 (55 3 X)), K & &% NaCl ALER I
FOELHAD L= 3 X)), MROUEENRH LR -
72100 mM @ NaCl {2 0.1 mM CaCl, Z %ML 721X T [F]
FRICK EENF LR LIz (BF31X) . 40 mM 35 L1100

O 0.0 mM
0.1 mM
2 0.5 mM
B 5.0 mM

{mmol/kg FW)

Contents

mM NaCl ZLELX CiE, CaCl, T E O LR LEHIC K
GEN EATHEmNHLNZ(F 3 K), v =h—L
AUFEX TlE Na, CaB LUK DWF D5 &t it R X &
FERDE T -T2,

FUBAREFAEZOROMEIL NaCl LB L[EERIC
KCl 31T Na,SO, ALBRIZ Lo ThEL LIS L, L
REICEADLTIZFEALHELRD -T2 (8 2 B), L,

Na contents

40 100
Ca contents

NaCl treatment (mM)

Fig. 3. Effect of CaCl, to root Na, Ca and K content of Pyrus pyrifolia under NaCl stress

Table 2. Effect of CaCl, to root elongation of Pyrus pyrifolia under various salt stresses

Root elongation (mm)

gﬁ% . NaCl (mM) KCl (mM) Na,SO, (mM)

25 100 25 100 125 50

0 157 a* 19D 06b 13b 0.7b 23D 0.1b

0.1 18.6 a 10.1a 1.7b 9.6a 0.3b 93a 0.7b

5.0 194 a 11.7a 12.7 a 124 a 10.4a 13.6a 109a

ANOVA

Main salt (A) FxkY Kk Kk Kk
CaC|2 (B) Fkk Hkk Fkk
(A) x (B) NS NS NS

? Different letters within the same column show a significant difference by Tukey-Kramer’s HSD tests at the 5% level.
YNS, *** indicate non-significant and significant differences at P<0.05 by ANOVA (n=7).
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L. NaCl, KCI X" Na,SO, % & T el i 1 CaCl, %
W 5281280, MEOUGERALNTZ, 25 MM D
NaCl £721% KCI, 12.5 mM @ Na,SO, Z/LEEL 7= X Tl
CaCl, DRI EED EFIZEb0n MR OBEIE R 5
iz, £72. 100 mM @ NaCl F7=i% KCI. 50 mM @
Na,SO, ZALFRL 72X Ti% 0.1 mM @ CaCl, HINCltk #
NRITHEFR TERNWE DD, 5.0 mM @ CaCl, ZFIN4 %

LICEOREFET 22870 MRAMERF T 52 L3RRS
N (FE 23K,

125 mM XL TN50 mM Na,SO, ZLER X T1% 5.0 mM @
CaCly IRINIZEY, NaCl ALER X LA BRI BN XA bE R
Na & EAMK T L7, Cad &L CaClL, ik ED LR-LL
HICHEOFRIEIC DS HINL 7223, 5.0 mM CaCl, %0
XTI E O R L2612 Ca G BEOHMNAMH S LS
BRIz 72, NaSO, MLEEX D K & &DZE k% NaCl
RLER X &R AR ALBRIR EEIZ B O3 F LA LT2as |
12.5 mM Na,SO, ZLELX TIIW 3 LD EE D CaCl, BN
ThH., 2. 50 mM Na,SO, MLELX T 5.0 mM @ CaCl,
WINZED, K & EOMK A kST,

NaCl ¥&ifZ(Z KCI 2L T, KCI 12 NaCl Z ¥
MLTH, WTFNoOBAEY CaCly, IMIFIC AL ZEH572
WOARBEIEIZAONT AL, MFELTZ(EI3R), £
7o KN Na, Ca BLU K & &b KCI E721E NaCl #n

DEBII AL DT,

3.3 HIIUIALIZED NaCl ARLREHTOY TE
KIEORDHREE DR
FT ERI-1DOFRELDEL, vV ASHART DI
AEZ OO R NaCl JLERIZ K0 E LS, AL
PR EIZEDOTIROMRITIFE AONRD o7z, —
77,20 mM NaCl #LH[X Cl% 0.5, 1.0 mM CaCl, %0
C. 80 mM NaCl #LEE[X Tl 1.0 mM CaCl, SN, iR
DI EOUEPRD LI (5 4 ), 50 mM NaCl L
BEX A~ 0.5 mM B LT 1.0 mM @ CaCl,#s01, 80 mM
NaCl AL X~ 0.5 mM CaCl, #hiItR o2k
BULIRDSTZN | IRDEE T HHERLE | AR AD
B A FF O LD RS,

Table 3. Effect of NaCl or KCI supplement to root
elongation of Pyrus pyrifolia under KCI or NaCl stress,

respectively

Root elongation (mm)

NaCl or NaCl (mM) KCI (mM)
KCI (mM)
25 100 25 100
0.0 126 29& 0la 17a 0.0a
0.1 - 20a 00a 27a 0.0a
5.0 - 34a 00a 20a 0.1a

NaCl 80 mM treatment

CaClZ

| -
©9%°4 ¢

b

0mM 0.1 mM

0.5mM 1.0 mM

Fig 4. Effect of CaCl, to root elongation of Malus prunifolia under 80 mM NaCl stress
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WIZ, BRI —2 DFEREHZDE, vV ATART DI
ZDOROMEIL NaCl AL [EERIZ KCI 35T Na,SO,
SLERIZ X0 LIS, AR EEIZ B S TR O
ENEIESTREY AVAvIEY

L2°L, NaCl, KCI 38X 1% Na,SO, I8 H11Z CaCl, 2%
MTLZEICEVRDM RO E R BT, 25 mM
NaCl 33X T8 KCI ALEEX, 125 mM Na,SO, JLEEX Tl
CaCly, ODEINZ LR DR F N BEES DA N A BT,
100 mM NaCl 3 XU KCI ZLFEX . 50 mM Na,SO, ZLFR X
TIE 1.0 mM CaCl, IS KVIR DR RO UGENFED B
7o NaCHIREE DN Rl — D56, IANT2% CaCly AR EE D
EFIEE RO Ca & 'EITHEINLZ,

o> Na & i3 NaCl ALHLEE o RIS
72, LWL, NaCl DORFENE—DFE . I35 CaCl,
JEFE OHEINE AR P O Na & BT LT, iRF D K
Al NaCl AR L0 LB LT, LosL., CaCl, &
WL X C CaCly, RO X L7z,
NaCl 25 mM ZLERE[X Gl CaCl, 0.1 mM 35X 0V 1.0 mM &
fIC. NaCl 100 mM ZLER[XClE CaCl, 1.0 mM #RANCxf
BXLFRED K GEE/mo7,

KCI ALER[X, Na SO, ALK IZH W Th, #RH1od Ca &
1L CaCly, IR EED LA Y CaCly, EERINX &L
AN 72, K & 81T CaCly N EE D _EF N
L7,

Fhk 3—3 OFEREHDHE, FEARFIB IOV A @
W OIEAZ OROM T NaCl LRI XD BRES L, RO
HEIXFEAERDN2 T2, L)L, CaCl, FRANzEy
A B IHI OB H N A DT, 2 TOFET NaCl JJE
O NR O R Bl dsi ) Uiz, NaCl ZLBRYR FE A3
[l — DA, CaCly IR EE D LRI, R RI3HE
ANL7=, NaCl 100 mM ZLER X ClE# 1% 41 1.0 mM CaCl,
I L0 A B MRS AL AR O PR A B
iz,

CaCl, DAFIUTAFL KT T, = /a)ya | X
STIFROME BT RX LFEFRRE ThHo7=n, =/
TIARTTIEFEHR 3—1 L[AERIC CaCl, ZIRINL 72 ALBR X
DR DB XK L L~ S A\ 2R L7z, M9
IZFBUW T CaCly ZUSNC L7 KL F R i i |l B 5
X IRIX JOG R R A -t R EHINLT,

4. &% &,

FRHIHAN 2252 1F 5 EHE~D Na X° Cl O Fl 7o
FBIZEH I AV AN AL BB IE AN A5 Z T 5
(Hasegawa, 2002), —#xHIZEIHIN TWDA A AR A
O BRI IR IR % 72 R O BERES TS (Bernstein,
1965) , T D7 | HE~DEEH DR LD A LI EFLE
D72 B LM ME DR FFC S A ] 22 Bl S T
7o (AED, 1987; Yin &, 2010) , AFRBRIZI UV THIEDfE
FERREOERICIOIEA LY T HBA 5 ShFEOMmHEM:
DRFFZALINTHIENTET =,

JM2 (3150 mM @ NaCl ¥ ik 35 H [FLEEL THEEI
1 B U E DA L) o To ZED DR T M2
B HIENRIESNT-, EOEEICEEL 525 Na B
LN Cl OEREZE DL IM2 IZHED Cl OEFEDMB G AFE
LA~ Na DFEFES D72 o7, FAA (2006) 157
CEARIZEWT Na BLO Cl GESZNTH 87 BL
V141 mmol-kg™ DW A2 %5 L B CFEE N F AT D EH
BLTCQND, ABFZEIZBWTIX, v/ SHART T Na
BIOCIE&E&NZN21 100 3550 200 mmol - kg™ DW
BRBADEREICERENEAELTRY, H6 3 Tik Na Bk
O Cl G &BZNEH 80 3L T8 250 mmol kg™ DW %
ZHEBEITEENREAL CODIEND, BEDOREENFEA
THAAAREITY T EARFEM TR > TV, LIZA
STYTRARMICBITDEDBEE I IA A AN AD T
DMER Tl W ATBEME DS RIB S Tz, IR 2RO K Sy
{RAEZ 7§ Stem water potential % 7~ Tt JM2 @ 150 mM
KATMEDR T 23 72 HEIR N D 7K 53R BB 2 ELige ) fi
B TNDTENDIRIBEAN AEZIFITWEB X
537, Moya (1999 F LT 2003) (X h Y DA AR
[ZBWT Cl OWIUIZEIRICE D70, Cl W&
WK B EFHRE D D SR L TD, IM2 @ 150 mM X1
[ CALER R FE X Dt B ARFEE b CL & & D a2 e
5, WAKEZMHIL TOWDAHEMENE 2Bz, LvL.,
IM2 XK B AL TWOBIZHLE S Stem water
potential DK T 2372 FEMIRNITAK S 2R FFL TV
Do D728 IM2 1T K EAINHIL 2 3B RE AN D
KPR BEZE AR FF CEDMENOHEE AL TWOD AHENE
DRIz, SHIT, 35 HHEW O EHIH OB D=
+o3 7R B BN TAE U T o723, IM2 DR O B fif B 134t
BAFELEA_RKEIVMAM 5D, 20720 IM2 OIRER
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HCIIHEARN A T TONA A v A RS EHIETH
NARFE S 720D Na BEL O CIA AL 728 DA EAF L MK
<IZBHENDNDPHIFIRIBE D, ZE~D Na BLO
Cl BATZMHIL 7 rIBEMED & 2 DAL, IM2 13 bV Wk
BARITHEDOL TR B LU R DY NaCl AL
HXIZBWTHR 3. M7 LFRIFEE ThH-7= (B 1K), L
T2 CLIM2 ITHTR 72 E O EE OB EIHIL AR
BRSO T OAEFTERETHIEICLVH L~
B EAL L OBAT T 2T H O L A 95 Al 6E
PEL I RIBE AT, FAAK (2006) 137 B AFEIC 150 mM @
NaCl ¥4 30 H HIFEK T 228280, EEDRVE
AFIFEEOREEN AT, D Na B Cl D&
FEHY 100~150 mmol-kg™? DW ThH-o7=LHiEL TD,
SROINEE M2 A9 HEL7Z IM2 1% 150 mM @ NaCl i ik
% 30 HEEKRTLZLICIVEDREEF D 1 FIREIAEL
TEY, HED Na FBLT Cl DEFEA 250~300 mmol-kg™
DW Th-oiz, TD7= IM2 [IARMIEIZHW-I T H
ARFED I IETEE R U3, SR DT AR
IZHARDEETH DM THHEE 2 B,

—J7, RNASIARTELON IML (X 150 mM @ NaCl
AiR% 35 BRELEET A2 LI 0 L EOBED RS F
TR IE L2 e DIEE DO WE R TH LI LN R
M7=, 0O Na ZFE 13 150 mM [X 2330 Cla] U ALEE
FEXOMERFEL A~ EMEEZRLTEY, Cl FEb%
N7z, Fo, D KINa bbd 150 mM X2 W TRITAL
HIREXOMARFES L AAME Na A48 K 430D
ENELWILEERL TS, LL, /LT ART &
JM1 & Stem water potential (233 CTRARD a7 R LT,
~ VA1 A R Cld Stem water potential 234 AR A2 LY
K FLZ2W ORI T, ML TiX Stem water potential 23
AN ACED LK F Lz, REFE) 2 HAREE
W T EMERBR A1 T -7 Yin 5 (2010) 1. M5
WAARFEITZICBOTELWRBEAN AEZIF T
HEMELTRY, AMFFED IML bR TH T, 2Ok
RNBAMGE COMBEMEDOTTNZ A 7L RSB EA R
AFXZ TN AF AN RLZ T HE2AT | BLONZ
BEARN ZEAF L AN ZDEBOEZ T HAAT (D2 4
AT HHZ MRS, ZDJRREL T, v/ TAR
TIXHEABARTHIEED Cl FELZ N ENDIIKEN
ZNEEZBIND, ZDT=8 | TNELDKETIAHKEY)

KN ORI RFFETREICLTZEE 2 DTz, — 5, IML I
ARBORE DA DOVMEB ARFED 2 THIRWZ L3
SN THEY (FEED, 2010) , ZOHEF, R TOW KA
SRIBEEAN REZ LR TR E 2o, L
23U IMLIEIR AR A S U7 FTREEE DS DI H D)
THED Cl ZENRL T, TOEHBELT, IML (THED
R ADR 1 BRSO IEE DN EN TS
ND, LT2M- T 1ERSY 720D Cl & &N 7d-7-2 LT
HEE 1 Y700 Cl GRITZ</->TLE), TDD
IMLIFR KR I STz AT REE R S BB B LT CL &
BOWINLIZEZE R DN, £o, vV ATART D 50
MM KIZ 31 TR R Bt KO R 38 13 ) U AL B
EXOMAEARFELEAREVMEZRLTEY (5 1 M), %
DFEEY 1 BRE ThHoT, Lo T A IARTEHK
TR FE O NaCl ALEE NI\ Tk el pg s it E 243
HZEPRBS T, HAN A% (AR DHEE O — DLl
T, RREDEAZ 52 2356 | #t EEOREETEEL
RN DAA AR EZ TR D) 2B TND
(Lazof-Bernstein, 1999; Tozlu %, 2000) , AH#FFED~< /LN
HARTD 50 mM K2 Th BHR TR 72 X 1S HHY
DIGFIRMEN LI, FER IO OBt B [F U
B E X OMEARFEE L RRKENZ LN, RO E
MEYNTZEE 2 DTz, RS (1987) DA IZE VT
<L XHARTE 80 mM @ NaCl ALPRIZ LB £ D
EDRFRAEL NaBLOCIHFELEFEL TV2A3, 20 mM
@ NaCl iR T- 551 3EDOREE R D72 Na 35
L CIE L Do T-, LinL, i EEicB IR &
IR RO TR ToToth | ARAFTE LRI OB 35
ELTEONFIARHTH LD, Fo, AKS (1987) 14 B A
RIS SRS ALY A OEMERBRbIT-THY,
A — OFEAR A S B AR AR LIS A, EORE
FREL Cl & &I — B U mZ2 R L 7hy, BAFEOHO
ity OREEREL Cl GRiIINT L L%
IRSIESTZEHEL TND, < /LSR5 51 50
mM @ NaCl EiRa B 52 LIZ K0 FE R R &3 R
JVERIE FE X O A ARFEL DI L7, AFIEIZFNT
BT ART D 50 mM X R CALER FE X oMl 5 AR
FELOGHRE R RN 800 (5 1 K1) | # B
DEEEIZELTUIBADOIENEARICE L 525
AIREMEAVRIRE NIz, LA LMD, AHFZEICB W THA
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EOLOWEEY, EOREERRE L Cl FEIILTLL
L7z Rl TEHT | SBRBALZEES AL TOME
MR EITOMERHHEE Z LN,

£ 3 BLNIMT 1% 150 mM @ NaCl i#i#%4 35 H [
AERL 722 LICEDEEI 1~3 BIREEEDREER AL T
7o O, FH 3, IMT IZHREOMIEEEZG 5L
Bz b7, Na BLO Cl FREIE IM2 12H~<%< Stem
water potential fEH (K F L, IRIBEARN AZZ 1T TD ]
BEMEDVRIBE L7z, LodL, Stem water potential fEo 7 52
DOMEMIRDZ T CNDIRBAN ADFEE T H B 3D
WEENEE Z B, PRRE DM 2 A 35 A ARIC
WTHERNBHZLNT, SHIZ, D Na FEIZBN T

1 31 IMT (T RERED D 7| HE~D Na AT
HIL TV,

MR N2 B9~ D RFZE D FRICITAR O I B i M 12>
WCOHELHD, FH -4k (1969; 1970) 1 AFBLOT
RIS TR O AVER AR O e B2 il L, AR
DIEMHERE WIHE /1% B LT AR E L TWD,
ARFZETH NaCl ALELEE D EFIZEL 729D TTC iF
PEDAR T ABIL, FRWTHENEA A 55 IM2 1280 T
i B ARFELFRRITIK FIXE L oTo, D7D O MR
TG SMHE M OBREF E O RNTIT LT U A BIRIFR T 720
IO EHERIES =, 7=, Yin 5(2010) TR O E B it
HEPED R CITFHBI BRSNSV I i B A R L TRY, A
WFFEIZ I TH NaCl ALBR XA Z 53 1T 2 AR o B fif F i 3o
T UbMMEIEDRISE —B T DM AR TV ehoTz,
L2>L, Yin 5(2010) O#E TV oA ARREIZE N
Th NaCl LB LR DR DWRITAHILTEH T,
WEHIE G772 10 B CTHLH-OMO K E iz R
WELIRDST2EB R DIV, Z DT RO R & Lt
HPEDBREFIZ I D BRI DN D780 o T,

At - Y IRY (2005) 1ZZ B0V A FEFIT BT
PUVMWEBRARFEZ W BB BN A 2 Ch o Al Retk
ZRIBL TS, bVWEBAREE W BB X
OUME B ARFEZ FH T AR RIS (T B~ FAE S B 3
(FEREARET 1 100 ALA /10 a, #HER LS : 40~60 4/10 a)
ZEDPLE AL, AL ARENMENE DO TENDT
B N ZZ<IMAHND, DA AKFEIIAR R O
IO T R EPEICH AL TND,, ARIFETHR T
WA ATHEFMML. IM2 13D UWWEEARTHY, ¥

R ES T L CND, DT | HEH T OREE O
RO HARRER CHIEHEEL T2 TREPEEL S
TRV O T RIS % B BE L U D BRI
IM2 W REIZ I D B 20 2 R 2 HEE L C
VRETHDHEZ LN, o, AR KE W&

WERFEDAEPEITIB TS, [FARICINE DY N IM2 &
ﬁﬁb\é_&ﬂ@éf‘é@ét%z%hh

ZDINTARMFENZ L > THAEARREMIZ BV THIE
PRI RN DL EN BNl o T, A ENT AR AR
BT RPN D 22 A B BN T 5T I E AT
DH-OMEMERBREAT o7, Vo T IIEARICL DR B
FHCHIGEATOT2D  FEARMFDOME S HE L2215, L

LRG| EHENCE 2 2356 BRI i{ﬁ%%‘@
= bﬁ“(@?ﬁ#é/\’éf&”@@ R T
Té%ﬂztﬁ ZILBARHEDMIENIE NN ] R ET2 D, A% X
HPED TR IM2 IR BV SR A SR L Cf T
HEMERRBRIZ LD, JY BWEER Sl 2 3k 9 5 2 LN B
Ths,

WD RZED NaCl ANVASAE O BE
OV T BARMEDIR O HLE ORI OWTELR T
Do

RO RITH FEOARIZH A~ NaCl AR A2k
DR PEDSFRNZ & AR AT EBIROR D [EEH %
FEFI9 2B MR RS LTS (Bernstein 5, 2004) ,
— 5T, B~ Ca YSIMDHE AR A K512 Na (2L DR
DRI FELIH T2 ETHETHLZEN@MESNT
W5 (Cramer 5, 1986; Cramer o, 1988; Greenway -
Munns, 1980; Kurth ©, 1986; Zekri, 1993) , AFEE T
TV BIOVTEARFEOIFEA X Z VT, Na Dt A
HittLs Ca IINIZE DD RAMERHZ OV TIEZTT>
7

— R, AR A TRB AN AL A AV AN AD 2 F
HDOAN ANBE T 5 L5 2 54TV (Hasegawa,
2002) , £Z°C, AN ADENEZ I T D728 | fEHE
DAL, FELWMHRIAEN O 74 NaCl ik L7 %
DRBIEZFF O~ = = VR IRZ T BARTEITALBL
7eLZAh BEITRAET T MRICHEEL KT
72 Yermiyahu © (1997)13iZiEAR 7T T % /L 723-0.1 MPa
LI kD~ == VIR IZ AT DR O EBE K
EFSRNZEEHEL TVD, E72, Nakamura & (1990) 1
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Yazk (Vigna mungo L.) DR D1 150 mM £Th~
VM VIRIR DR B Z TN EEHEL TS,
DI, AREBRTHUY = 100 mM FLFE D NaClAETR DIz
FHEPROMEICG 2 55203030 THY, NaCl LB
TORDOMEEIZEEL TAA VAN AL TRAE
LizeHipsivic, Vo a3 BARRECTIIARERIIITo TV
URVANTL = L5 71 VAR OV SN a =3V g Wy

eV RICHEE AL MEMFLL TS NaCl &
i~ CaCl, ZIRANL TH R FLE OB OV THIRAL
722 A, CaCly, I ZVFEE DR ARSI, RO
HRIZEIE LTz, DFED, 553K NaCl 223 [E— DY
A, CaCly JED LH LB IChERITH KL, CaCl,
R —O%E 13 NaCl JREEDIR T LEb IR BT
MLz, ZhE, BT ERFEELICEEOME
A Cdh-7-, Kinraide (1998) 1% Ca (245 Na AL AD#E
TR Ic oW T, DCa ICXAfaED K Ao LA
AF 2R ETDH, @Na k> TEDbN-MlaE o Ca
OGS 5. ORTFLLS O T Na DR
WET D, D= HEZET 0D, Reid- Smith (2000) LY
Yermiyahu & (1997) & [RIERIC, AIARIRICRS & L7z Ca D&
BLOVEMEDY, NaCl AL AT OREWY DL R |2 555 K
FTZEEAHRIEL TV, 2D X912, NaCl w1 o CaCl,
DSREAIEN DA A AP 5B % 5- 2 % ATREVE DV RIS
NI=ZEDD, KERTHHMIEND Na, Ca BLOK &
BERELZEZA, CaCl IRINZEAIRN G Ca & E DB
meehiz, BNED Na B ENFELID L, K E&ED
IR T 2MMHI ST, A (1999) 134 A X% VW= FBR T
NaCl &%+ @ CaCl, 25D K 38X Na D%
A R#EL ., Na OFEABLO K Off &35 &
EARIL TD, 2O LT, CaCly iINC LS NaCl AhL
ADOEIFAE R AN BT B85 A A DOBEIR G ENED
HMEFFIZBIE L OB ATREMEA RIBS LT,

AP CIREIRBIB I O W TRV 57
| IO F Sy % KCLE7213 Na,S0, &L, CaClL i
AR A A LT, NaCl i L [FERD CaCl, IRINZh ALA3
Na,SO, I 1 Ch RS, KN D Na, K B8L U Ca &
BOEBMG R THoTZ, 20720, NaClIZ LA O E
PR O E72 A 1 Cl Tlid7e< Na i2db, Ca i Na 233
53 M TS OERZ KIZL TODZERH D
7eote, Fiz, NaCIEHR H L [RER D CaCly isINzh F:3 KCI

IR CHMERS L2 e D, Cald Na loRF BAI/EA
L TR EZEMT DO TIIR, K OX57eMo—{f
DAFAATBIER L, AN AEFEFIT 2 AIREME DS R
e,

Na OFIEN~DOHEAIZBIL TiE K EOREHIER A ME
S THY, Ca IXRIGEEMELHIEH T 57 F el
TN TWD ATREPEDS RIS AL CTE T2 (Yokoi 5, 2002)
LML, 54, IR~ Na O ARREEEL T Voltage
-insensitive monovalent cation channel (VICC) 7= 1%
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Summary

In this experiment, the salt-tolerant apple rootstock was selected. Moreover, the amelioration method of root
growth reduction under NaCl stress in both Japanese pear and apple rootstocks was revealed.

The salt tolerance was compared in 5 Malus rootstocks: Malus pruniforia ver. Ringo, JM1, JM2, JM7 and
Aodai3. Two-year-old rooted cutting were subjected to each of 50 mM, 100 mM, and 150 mM NaCl solutions,
and leaf injury, shoot growth, stem water potential, and mineral uptake were evaluated. JM2 showed the highest
salt tolerance with little visible symptoms of injury even in the 150 mM NaCl treatment. JM2 also showed a
slight decrease of stem water potential under the NaCl treatment. Moreover, Na and Cl accumulation in the
leaves were lesser than the other rootstocks. In contrast, M. pruniforia, and JM1 exhibited lower salt tolerance
with severe leaf injuries and more accumulation of Na and CI in the leaves. The salt tolerance of 5 Malus
rootstocks was ranked as followings; JM2 > Aodai3 >JM7 > M. pruniforia >JM1.

To understand the roles of Ca in enhancement of salt tolerance in Pyrus and Malus seedlings, a hydroponics
culture experiment was conducted. When the NaCl concentration in the growth solution was stable, the increase
of CaCl, concentration ameliorated the root growth reduction. When the CaCl, concentration in the growth
solution was stable, the decrease of NaCl concentration accelerated the root growth. This phenomenon was
observed both Pyrus and Malus seedlings. The increase of Na contents and decrease of K contents in the roots
were suppressed by CaCl, addition. These results implied that the root growth reduction in NaCl solutions was
coursed by Na to distract the selective permeability on cell membrane. As a result, K in the root was lost and an
excess amount of Na was observed. The CaCl, addition may mitigate the NaCl effect to maintain the selective
permeability on cell membrane, therefore, Na uptake by root is suppressed and the growth is maintained in the
NaCl solutions.

In conclusion, Pyrus betulaefolia and JM2 is a suitable rootstock for Japanese pear and apple cultivation
using diluted sea-water, respectively. These rootstocks are also suitable for the cultivation at Tsunami suffered
orchard. To harvest the high quality fruits, we have to make a growth protocol to combine the stress reduction by

CaCl, addition, suitable pruning and fertilization.
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T CERAF LT,

BRI R R A ST R = 2 — R
BRIFSHZIU T, 2010 A1, 4 H 9 B, 2011 A21% 4 A 13
HZ 2010 4EREC 30 FEAD RO I ICEEE LT, #
ERTEA DL, BAAERE T2, R FENER, IHE IRy FL 52 50
BIZHOWTGHRAELZ,

2. 4.2 FREBENSEICETIEFEASESHIE
TOEBR. . REREBICRIEFTHE

IR OFHEHITRES X T i AR AR FER 2 BT
(BIEPHIX, S 87 (LX) O8> 0> 2010 4211 4 10 H |
20 FICERERL728L, B L OMEALEE D 11 A 30 HITEREL
Teke iU Tz, N6 0k% 5°C Tkl | 2011 4+ 1 H
5 BICHEEBICHL-, 1 A 11 BIZA FERA ST~
B W TRIILRL ICEm e LT, BRTE, FE 32, ML Rk
DU DWW TIAE L=,

3. HIRHER
3.1 BIEKICLDZRERENRDRE (HE B
Rt H—)

3. 1.1 BIBKOUEBRENEEICELIZTEE

SHTHL 1 2009 4RO AL X OV (80% P45HE) 1 11
H 24 B ChoT-, Wik ML 7= XTI 6 H #ED
DVEBEN DIV, DR ITHAT L7 KBRS E O X
(EEHIEN R L2 (Fig. 1), bR EMEtES T
6% X ClL A 13 H% (11 A 10 H) IZ5HEN 80% LA 1
BEL | MEALVER|ZLE TR SERIAN 14 H BoE o7z, 2010 4R
BAT % OVESEIT M 2 M BEOHAFEY, Z0% 1
FEEEC 800%ITEEL 723, MERLER X2 b~ 7= S SE (Rt
BHFIE 5 AREE TH o7z, 3~10%DFH CTIT LR E
(XD IEBENAER O 2RO BN 7= (Fig. 2)

DV L IF 2 RS AR AL I ZIEDO B T A
SNIZHOD | HEDHERITE L > TERHY, #ifi X
DD BIRIT I X M FTIE RIS THY, LRI K
HIEHEH DO EITTEAE RN -7 (Fig. 3,4) .

3. 1.2 BIBKOMABHANEEICRITTZE
3.1. 2.1 BABFPLS AR FORARDEEICRIFTT
e

CEK 12009 A, ALK O A R L7 TCIE, W
OB Z BV TH AT B DEENBZE L, i 1
MR ENDEIENAED, ZTO% 1 BEBLANICAMICE
HENHEIRL T 75%LL ESBEHEL | R EER O IREE LR
~72(Fig. 5, 7), LML, OB AEL THEA T
(2 11 A FAETE RIZRDEES b TcHbT, 9 A
27 HAERRst O —EROFE TIIAEZEDO RBEBRIE RO DI
7= (Fig. 8), 2010 4EIZBHAER AR > T=7-> , Bk AR
BAREHIASEITARICEE R 10 B/ Ro7, B K A LLEE
(XA tR A 5~7 H CHENMAEY, 10 HFEET
80%I|ZEEL 7= (Fig. 6), HIE O AREBHAEITZR O B
IR,

SHTHL 12009 AFIT, BHEKHUM B CIXm X &b %
EH CURIEN LA ED | LB 2 3 R LANIZ B3R 80%
(ZEELT= (Fig. 9) . 2010 4213, ViiBH 188 Hi% (11 A 4 H)
AT XTI RTAR AR I AL A% 1R IR B CREZEDMA EY |
2 JAE T 80% LA EDYEHEL o7, 11 A 12 BALEEH A%
[FRRICEHEL 703, BB X OPEE/ L _T 1~2 H
REHRE TH-7= (Fig. 10),
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Fig. 1. Effects of NaCl spray after harvesting on the leaf fall
of ‘Shinko’ pear (2009)
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Fig. 3. Effects of NaCl spray after harvesting on the leaf fall
of ‘Le Lectier’ pear (2009)
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20 —&— spray3 180 DAFE
—2—Control

9/27 1011 10/25 11/8 11./22 12/6
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Fig. 5. Effects of NaCl spray after harvesting on the leaf fall
of ‘Housui’ pear (2009)
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Fig. 2. Effects of NaCl spray after harvesting on the leaf fall
of ‘Shinko’ pear (2010)
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Fig. 4. Effects of NaCl spray after harvesting on the leaf fall
of ‘Le Lectier’ pear (2010)
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Fig. 6. Effects of NaCl spray after harvesting on the leaf fall
of ‘Housui’ pear (2010)
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@ Treatment on Oct.17 SRS v 3 "‘ :
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Fig. 7. Defoliation of sprayed ‘Hosui’ pear and control tree on Nov. 3, 2009
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Fig. 9. Effects of NaCl spray after harvesting on the leaf fall Fig. 10. Effects of NaCl spray after harvesting on the leaf
of ‘Shinko’ pear (2009) fall of ‘Shinko’ pear (2010)
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3. 1. 2. 2 BABHLNEAIVFEROEFEICRIZT
2

WA BRI O R m A b LIRS B R S T,
Atk 3 B BICITEDORE MRS, WL A5
F WAy it

BT OV IEERIIKIC LV R -T2 EIER D
HREEEDE W R R AL EMEL TR LT, &
K EB A% 18~19 H THRIELZEHIIE T2, TOKF
DFEFERIIIAEENDY BHA LI KIZE HHEE
%M L7z (Fig. 11),

BEN BN K IER A T T D L EL X Cl B ZEE T
PEBEDIEIEAE R IZE XA DI T, HKZ LB
72X Tk, BT EORENMEES N (7
— ),

3.2 ZEHIENBARREICRIZTEZEDOER (5
B FRKRFEKRER)

3.2.1 TUITUOESMEERGSVICHZAEED
et

8 5 R LD (1992) 38 L O 1L - Kok (2001)
DWEEBE =R F ORI 7 LB
FiEwS B LTz (Fig. 12) , fii 5 ek id 2 1l - K
(2001) DA IHE Y, F—R BV beayk (Fig. 13) 8 AL,
EBARETHLZEa MR LT, £, G EDT
T Uy DBREEICE DY, — R SR THD
Kojima {EIZOWTHIHMZAEL , AVT TV DO FEITH T
FVERICETOT 7 G BEERTELIEEMRL
7= (Fig. 14)

i 7 B2 D QNS HIE T IEORFHE . ERRIC®ZE
Kojima {ECTHItHL 727 > 7"V W4y %7 = ) — )L — il
ThaERL, MO E TN LT 7 4y 2 i 5
EETHHI—R BV EETHEL, RS-zt
LT, B OO BN T, HIE FIEOEWIZED
T UT U EBOEITRO L7 (Fig. 15),

100 percitipation
50 ——splayt 1016
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iy
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—_— e o o e m e e e e— e— —

monthfday

Fig. 11. Percent of leaf fall after salt spray treatment on nursery plant of ‘Le Lectier’ pear

Sa[nole (0.2 g DW)

“Hot-water” and “Starch” fraction |

+4.5 mL of distilled water (boiling for 10 min at 93°C)

Filtration and washing (20 mL of distilled water)

Filtrate

Resid

Fig. 12. Flow diagram for the simple extraction method of starch in branches of Japanese pear
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FiItrfzte (about 30 mL)
. -1

T 50 p L of 6 mol-L™" HCI 50 mL of sample after dilution
Alxgitation
+ 2.0 mL of 0.05 mol-L™" potassium iodide solution
Agitation \A
| Measurement
?ilution (diluted to 50 mL with distilled (660 nm)

Measurement of absorbance (660 nm)

Fig. 13. Flow diagram for the simple assay method of starch in branches of Japanese pear

Famole (0.2 ¢ DW)

J|r9.0 mL of 80% EtOH (Immersion for 12 hours)

ﬂuzation (3000 rom X 10

Supernatant fluid Fllesid

J|r9.0 mL of 80% EtOH (agitation and washing)

)ltrifugation (3000 rom x 10

Supernatant fluid Resid

|
-ll- 4.5 mL of distilled water (boiling for 10 min at 93°C)

“EtOH” fraction

Cooling
|

I|Enzyme treatment for 120 min at 55°C

/(‘Qtrifu;{ation (3000 rom x 10

Supernatant Resid

+9.0 mL of distilled water (agitation and

)ltrifuqation (3000 rom X 10 min)

Supernatant fluid Resid

“Hot-water” and “Starch”

Fig. 14. Flow diagram for the extraction method of starch in branches of Japanese pear (modified Kojima’s method)

200 T

O Control

B Simple assay method
2 150 T
E % - " NS
; w 100 T NS
o an i
5 = 50 T

0 I I
Tip Middle Basal end

Position

Fig. 15. Starch contents of branches in Japanese pear ‘Shinko’ measured by different two methods. Vertical bars indicate SE
(n=6 (Tip and middle position) or 5 (Basal end position) ) , NS indicates non-significant at P=0.01 by t-test.
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BEFEDENNCEDT V7 G BOENRDON
Moo ZlnG ., fli gL (S HHE Tl L% e —
R AV AL CER) CHIELI-MEEEETE (K2 Kojima
ETHH L7227 = 7 — v — Bt g1k CE &) THIEL
T OB & A LT- (Fig. 16), ZO#E %, i 5 5L
FIEOEEORIITIEDFBENFED bz, AR (r
=0.856) 1L 1%/KHETHE THY, y=0.714x + 23.16 DA
TIEWAAYE =Yg et
3. 2. 2 BIBKBAICEHEELRELI R OBDETRE

TUTVEIZBLIEFTHE

T U EBOSHHEIL, 2009 FEL 2010 £ THEND
ST, FEALEE X A JLAE L U T LR (X ORI 172 7 >
CERITEAC E O 2 SAESL . 2 WAETRIBEOM
mzERLT,

SERIZIBUW T, TiBE 180~181 H £ ALERX Tl AL
X LT TG BICHBREITRD DI To
160 HZLALEE, 170 H 2 ALBE Iy s | b Tl T
T BNE BT I T, AU S B M S R
T 7Bl 3757 (Fig. 17),

HTEL I, TMiBH 188~189 H R ALEEIX, 196~199 H
PLAVER X L | MEVER | 2 LE X CRTIE T~ 7 D 7as
ST, MEFFHHN BWX TF o7 BB DI MBI L R

120 4

100 4

69.8

80

60

40

Starch{mg*g DW-1]

20

160 170 180 Control

130 - 2010

Wiz (Fig. 18),

L LIF O ARICBWTH L EEOTY R (5 —
HWE) | BT DT T G BT AL S O IR
K< Anotz, BETHRIZT 7 UGBm0, LB L
57NN T -7- (Fig. 19),

250 T

200 T y=0.714x + 23.16

r = 0. 856%x

150 T

100

Conventional method
(mg - g DWT)

50

0 50 100 150 200 250

Simple assay method

Fig. 16. Correlation of the starch contents measured with
the simple assay method and the conventional method.
** indicates significant at P=0.01.

153.6a 163.4 @

137.8b

160 170 181 Contro

Treatment {Days after full bloom )

Fig. 17. Effects of NaCl spray on starch content in branches of ‘Hosui’ pear. Bars represent SE (n=27) , and defferent
column letters show a significant defference at p<5% (Tukey’s multiple comparison test)
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Fig. 18. Effects of NaCl spray on starch content in branches of ‘Shinko’ pear. Bars represent SE (n=27) , and defferent
column letters show a significant defference at P<5% (Tukey’s multiple comparison test)
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o
o
E
= 100 T
g
W

Top Middle
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Root

Base ( Base
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Fig. 19. Effects of NaCl spray on starch content in nursery

plant of ‘Le Lectier’ pear. Bars represent SE (n=6)

3.3 EEHNENBEOHREEFTICRIFTHE
3.3.1 BHARDEEHAEN T EOHAEEET. RER
BIZBKIZTEE
B PR :2010 AE1E, B D 160 B R ALHL XTI

O ENL DB HLNH, e AE %
U THHRICA BT B -7 (Fig. 20), #
FFALERTE D 2011 1, B D5 A Th~6 A LRicE
WCHE R R ICH B 200 bz, ZTO%A B ZEIT
7272073, 160 H 14 ALERAS 0O B R | B AL S M
47z (Fig. 21) . BT Cld, A= F WIRT-CliBH 188
H #ALER X OFHE R R 300 DA R L7203, 22
MU CHBERZEITRED LN o7,

%;ﬂ‘%ﬂﬁk-zolo T 2 ShFEEY . AB A B TR
;@*ﬁ BEEITRDLNR -T2 (Fig. 22), 2011 4F

B ‘%m T6 AL T A BRI TRBICEDE
fé%ﬁiéﬁ&%n 170 HRARAE X W CTHEELE X L L
L CRER NS 07223, 7 H AL B 2137
B TeoTz, SHB T, gﬂﬁ%ﬁFﬁﬁ%LUf\ fifiBA 188
A 1% AUER X O SR AN IRALEL I b RCH BEITEL, E R

2357 (Fig. 23)

INCHE SR 52 5 2010 A1, L o0 A RE B LA R 2
DEROLNTD ZN LSO B IZEITFRD bR - T
(7 —ZW%) . 2011 41, Bk CHEEE | BRMRIC/LERIZ X
DRBNGRDOIT, B I T MALER 2 LTl 170 B
?‘ﬁ&&fiﬁfﬂ&@cot (Table 1), “Hr¥l |38 HE, KA
FE | OBERE |\ ZALBR HENTEDO OV, RIS
z:ttm“fiﬁﬁf'ﬂ%ﬁé 188, 196 HMLPR CIE< A o7, — 7,
B FE VT ALERAST L L~ i B 7% 188 HALFRAST T o
7~ (Table 2),
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Shoot length (cm)

ShOot length (cm)

100 100 - ‘ . ’
‘Housui’ Shinko
80 r 80 |
60 r 60
40 - 40 r
Treatment in 2009 Treatment in 2009
—+—spray 160 DAFB —+— spray 189DAFB
20 —&— spray 170 DAFB 20 —@— spray 199DAFB
—&—spray 180 DAFB —O— Control
—O— Control
0 L L L 0 1 | | | |
5/10 5/24 6/7 6/21 7/5 1/19 5/10 5/24 6/7 6/21 17/5 17/19
month,day
Fig. 20. Effect of NaCl spray on following year shoot growth of ‘Housui’ and ‘Shinko’ pear (2010)
T OO r i ] TOO i . ’
Hosui Shinko
NS NS NS NS NS
80 NS an | NS NS NS NS NS
60 + 60
a0 f a f
Treatment in 2010 Treatment in 2010
—t—cpray 160 DAFE
20 N —B—spray 170 DAFB 20 Spray TSDATE
—t—spray 181 DAFE —@—spray 196DAFE
—O— Control —C—Control
O 1 Il 1 | O L
518 86/ 615 B6/29 7.3 5/18 B/ 6/15 6/29 7.3

monthday

Fig. 21. Effect of NaCl spray on following year shoot growth of ‘Housui” and ‘Shinko” pear (2011). * Indicates significant at

P<5%.
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Fig. 22. Effect of NaCl spray on following year fruit growth of ‘Housui’ and ‘Shinko’ pear (2010)
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120 + ‘Hosui’ 120 - Shinko’
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100 f g 100 F
=
£ e | 80 |
3
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"é 40 Treatment in 2010 40 Treatment in 2010
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o0 —@—cpray 1 70 DAFE 70 *| —8—spray 106DAFE
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O Il 1 0 1 1 1 1
5/18 6/18 718 8/18 9/18 5/18 6715 7713 8710 9/7 10/5
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Fig. 23. Effect of NaCl spray on following year fruit growth of ‘Housui’ and ‘Shinko’ pear (2010). * indicates significant at
P<5% , and ** indicates at P<1% .

Table 1. Effect of NaCl spray on following year fruit quality of ‘Hosui’ pear (2011)

. . . Fruit
Treatment in numb.er Fruit weight hardness Brix (%) oH
2010 of fruits ()
(Ibs)
160 DAFB 14 618 4.5 11.9 ab 4.85 b
170 DAFB 14 572 5.1 11.8 b 4.89 ab
181 DAFB 12 590 4.8 12.1 ab 4.97 a
Control 14 620 5.0 12.3 a 4.94 ab
F 0.7 1.6 2.9 4.1
F-test P 0.55 0.21 0.04 0.01
ns ns * *

# indicates significant at P<5% , defferent letters show a significant defference at p<5% (Tukev's
multiple comparison test).

Table 2. Effect of NaCl spray on following year fruit quality of ‘Shinko’ pear (2011)

Treatment in  number Fruit weight hFilult Brix (%) H
2010 of fruits  (g) e PR P
(Ibs)

188 DAFB 14 706 b 7.2 a 12.5 a 4.1
196 DAFB 14 758 b 6.5 b 12.2 ab 4.0
Control 13 848 a 6.8 ab 11.9 b 4.1
F 8.3 4.3 3.6 1.4

F-test P 0.00 0.02 0.04 0.26

dk & * ns

* indicates significant at P<5% , ** indicates at P<1%. defferent letters show a significant
defference at p<5% (Tukey's multiple comparison test).

-50 -



3.3.2 ‘)L LYFIT BAROEEBRHHNEEOHIK
EBICRIZTEHE

B R OB 2 755 LRI R BRI RO
PRI T2 IS B OER Sy CHEAVER X DI ED D3 K AT
RAZHATHEEN 2L, AHEOLIIC LD BN R
ST (Fig. 24), BEIZHOUNTIRMELLER X L HE /K o AL
X EDFEWTHBREL 72D o T (T —21K) .

3.4 BERNNENTEFBRASETHIETOLES.
RERBIZE&ETEE
3. 4.1 FIEOEERYUNEFRASESTRIETOE
B.REREICBKFTEE(ENTORE)

2010 4F  HEXFHIT A IR A L, B2 RTZ 2~3 ] °F
EHE ST DY, BHEDLERIZ ) )b LTIEE DR E N
RETHY, BAIEEIERIL B T 75~100%, Hril’
Tl 25~50% Chro7z, ZLDIEIV IS, TEHIAEL >
7= BATEHARNCELBIZ R L7283 B BT 7o T,
L, BIEOWLBIC LD EEBIIRD LN 5T
(Table 3, Fig. 25),

HRCERIC LD RFED ABET NS AL, AR I
WD leotziosd | FEIAR SRS G- ~D BT
SRELZRWAS, RIAE DB L D BIIRRO DR - T
(F—4W)

2011 A FEEF TR 2550 & — CERERL72RERIC
PEA_THIR T CERIL7-FEAD 10 AR, BAAE

TEFERIT EK T 80~100%, “FrH Ti% 67~100% T,

[ =P ZE 2o 2 — OEAEAL IR ) S ER B L 7= R AR D BAAE
ISP | LA~ TR B AL BRI LD ¥ BE IR D
EDNROBNT, BAEED RIER O 27~ L 7= (Table
4), —J5, Brig CEEF, P8 L) CEREL-FROBTE
FBATEEIC OV CIILERD D HPIR E L o7z,

3. 4.2 ZEBUNEEICETIEFRASESTHIE
TOEE. REREICRIFTEE

PEREERITOTHLORE 100% THh-o7278, BifE
TE2EZRIL BB ) O MEALEEAY 100% CThHo7=DIZH L, AL
XL 20~60%L (K< 227z, LosL, T8 1L Tldasfiic
HEALFR X DEMEL | B L5 — EDBEITEBD SN
7eino7c (Table 5), #&FE BRI U0 EFHICE
WTHBATEIE LR ERIER OB M RO LIS LBLD
TR LN o T, T L, ENEND X DOIEEE
W70 REUIEN Frn R CHEEAE LR Rl
Wa—EL e,

RIEWEIL, 11/20 BFEX D S E NS DA Hi
T2, ZHUTTE R EE —FINHEL L7720 D VB 75D
WL TWDHEE L, BB THRE L e o T2
(Table 6),

120
Treatment in 2009
100
—— Treatment (Qct. 18)
’:E‘ —8— Treatment (Qct. 26)
L 30+ —t— Treatment (Nov. §)
i —O0—Control
&
& 30
i
S
7]
20
O 1 1 1 | 1 1 1 | 1 1 1 1 1 1 J

30 524 647 8/21 1/ 1/200 8/3 8/31

month day
Fig. 24. Effect of NaCl spray on following year shoot
growth of ‘Le Lectier’ narsely plant (2010)

Table 3. Effects of NaCl spray treatment on following year development in flower bud grafted Japanese pear (2010)

. Period of previous % of Bud break % of Full bloom No. of No. of
Cultivars . : flowers / .
autumn NaCl spray graft—take period flowering bud stage bud fruit set / bud

160 DAFB 100 Apr.23 100 May 8 5.5 4.8

Hosui 170 DAFB 100 Apr.24 88 May 10 4.1 3.7

180 DAFB 100 Apr.22 75 May 9 3.8 23

Control 100 Apr.22 88 May 9 4.4 2.7

190 DAFB 100 Apr.28 50 May 12 2.3 23

Shinko 199 DAFB 100 May 1 38 May 13 23 23

Control 100 Apr.28 25 May 12 2.0 2.0

-51-



Fig. 25. Development of flower bud grafted Japanese pear

Table 4. Effects of NaCl spray treatment on following year development in flower bud grafted Japanese pear (2011)

. . ) ) Bud % of Full No. of No. of
Sampling place L Period of previous % of . .
of scion Variety autumn NaCl sora Cafi—take break flowering bloom flowers  fruit set
pray g period bud stage /bud /bud
160 DAFB 100 Apr.24 100 Mayv 4 4.0 0.8
H . 170 DAFB 100 Apr.25 80 Mav 6 2.6 0.8
. . osui
Seiro(Niigata 181 DAFB 100 Apr.25 80 Mav 5 2.4 0.6
Horticultural _ _
Research Control 100 Apr.2a 100 Mav b 4.8 0.8
Center) 188 DAFB 100 Apr.25 80 May 6 2.4 0.6
Shinko 196 DAFB 100 Apr.25 80 May b 2.8 0.8
Control 100 Apr.25 100 May 7 6.4 0.2
Nov.3 100 May 4 100 May 13 2.3 4.3
Niigata Shinko Nov.11 100 May 5 100 May 14 4.3 2.3
(Warino) AoV ViEy 9 viay ’ )
Control 100 May 4 100 May 13 4.7 4.3
Nov.3 100 May 2 67 May 12 7.5 4.3
Niigata Shink Nov.11 100 Mey 3 100 May 13 2.0 0.7
(Chinoyama) e Sov. vay vay ’ -
Control 100 May 3 67 May 13 2.7 1.0

Table 5. Effects of NaCl spray treatment on following year development in flower bud grafted Japanese pear in Taiwan

(2011)

No. of fruit ;

Treatment bof %of Full  %of dayof bud Fruit

. . . u diameter
- graft— flowerin bloom fruit-set  fruit (mm)
Sampling place Day F’f take gbud stage bud  thinning B‘efo?e :‘%fce‘r mm
of scion sampling thinning thinning Apr.5
N Nowv.10 100 20 Feb.13 20 Mar.15 5.0 3.0 35.1
ligata Nov.20 100 60  Feb.l3 60 Mar.15 3.3 2.0 34.0
(Warino)

Nov.30 100 100 Feb.13 100 Mar.15 5.6 2.6 33.8

Ni Nowv.10 100 60 Feb.14 60 Mar.15 3.7 2.7 21.0
igata Nov.20 100 60  Feb.4 60 Mar.15 1.0 1.0 23.8

(Chinoyama)

Nov.30 100 40 Feb.14 40 Mar.15 2.5 2.0 22.4
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Table 6. Effects of NaCl spray treatment on following year fruit quality in flower bud grafted Japanese pear in Taiwan

(2011)
Treatment ] Fruit  Fruit Fruit )
No. of 14 eicht hard Brix H
Sampling place Day of fruit }'fl) v F‘Elg) a{lbn)ess (%) P
of scion sampling = & S
) Nov.10 3 2856 952 6.7 11.3 4.8
Niigata Nov.20 5 2681 536 8.1 9.5 4.7
(Warino)
Nov.30 7 5019 717 6.2 10.8 4.6
) Nov.10 7 5044 721 5.6 10.4 4.7
Niigata Nov.20 2 1803 902 8.7 9.1 1.8
(Chinoyama)
Nov.30 4 3378 844 6.7 11.7 4.8
4. = RITEONRNZED AL L7257,
4.1 BIEKICKAPZFZEREDROKRE (IR - BEW BEIC LA R OZENRDHNT-Z 22T, F)IS
Tt H—) (1980) 13 W . I1x . =R T 2V, TR IADIE

4.1.1 BIRKOUEBRENZREICELETTZE

AU P 75 HH (1959) 13, SReAs ol B\ (2 B9~ DR FE 0D
HC L WK Z S FRBTREIC B L7282 A, IR
TR R TR EN L MiCIR R 2RO b
HELTWD, REFFRICB W T, B KOEAIZEVE
BENREDBFENTRO LIV, 2009 FFEORERFE R TIL 1~
6% D #LPH TLERT D LR E DO IRWIEI D TEEDO(EHER)
TN o7z, 2010 1% 3%, 6%, 10%DMLERZ L 7-fE R |
BRI ICED RO ETRO SN T, 2 TEDFERN
Bp o7 EL T, BARREZ DBEVRE ZHND, B
- 78 H (1959) I3, HE M | ZHAT S AV K OHE 5y DIEN
SORNEE T BE I TEASN, BENEGWE
RAENE L AR EYEAK T RS L CTH A3
B L72DIENITRALIZLL 72D EL TS, 2009 FFEDHE
A TG R B OFRNCIERMEL , 2010 4124 5 4 ReLIREIC
FHL TNDTED D, WA tE DRz ETORE DRI
7ok RIFL TN EHER S NG, LD ZEND, =Ry
F LTI 3~6%DRIEKEL FICHATHIET
BB HEDB AT XL, 8EIFLE DIEL KIS Y
HUETENHE N R BFONDZENRA LN IR o7,

—Ji, 'L VOV LT ORRTIL, 2009 4L
2010 4EDFERFE R, 1~10%DUWF O E DA
KEWAAL TH, TOREITHDOOLNTLHDOD, EIEILR
F5F, BERHH ORTEZ B A& L7 K B2 75 SEE

(2 %D EIEKREAIRLT-FER, =HR T OFEDHE S
B E A B T2 L TRY, AiFgET=hr
DWEBENEATTF U TRESN BB LT, 3
DI /HZ T L D F BN RIS Tz,
4.1. 2 BEKOBAEFHNERZICRIFTEE
4.1. 2.1 BAFHRANZAROFOBRARDEEICRIZT
e

2 TFEORBRAERD D | IHERL 2 HTBL | B DR
\Z 6% BIRKZEANT DL, WT ORI OBAMIZIB W
Th, BATK LEMENOEIEDIEED T 0% 1 IAKRE
JECROERICTEZEL | BicfiD 2 W R E T EEIT L ET
DEEDFED BT, 2009 1L TEBEL ERFOEIER T
SR 23 < 72 HIE SRR i ML Tdh o723, 2010
FEITWDTNOR T 80~90%0D i W\ EHEREZ R LTZ,
2009 A= 1A Bif P HIAT AL BR 2 SE 0 L TN = DS XL
2010 AEIFHY FATELT=Zemh, A Lz B K L
T HETORFMNELRY, TEA~ORILEN LD,
U3 510 NN SV l] 1= =L /A VAN - de Y g Wl

2 THEDFERDS, BB =R T OULHERS DT
BEMEAEI TR LB R R HDHZ DT O BT, UL
FERL T 28 R BAR A D T K I 2B W TS BE R 2 K
RIZFRDOLNAZEBRHENNI ST,

72E. BT 2009 4EDTHBE 160 H % EATIX (9 A
27 HEU0) 1TV T, U ICARREBRIEDGRD BTz
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2010 FED[R Cimi B 160 H 2 #Am X (10 H 7 H #Ai) Tl
RIEBRIEITRRO DI oTo, ZOFBEL T, B H O
HEONEZLND, PTAE (2011) 1%, =FF v ad— R
ZAER BT, fEEO B RKRIROESIE 9 H T
PABEERS720, 10 A FAICERBIES IR DD, Ny A4k T
EBFZFED THIRIREA DRI IEDLRNEL TS,
2009 1% 9 A H OB Ch-o7o7- 12 B FEIRIRE A
AA-53C, EOFER . BEBRIET HIL T OIEIERBHTEIC
Bofe B2 DD, AT, BIfE#IZ L L Tl
BRIFHIA SR E L7203, ABIKIROBWS 2B B L TARRER
TEABASToOITILE A &2 FEMEL L CL 10 A A BARRIZ AL
HIDHIENMBNEEZBND,

4.2 FBEHAMENSHAREICRIZTZEDOHER (5

18 iR KFEKRER)

2009 FEDHFFEIZLY, =R HB OFRICE £
NHT T AXEGIE L CRBEICE R TEHI LA
DML Te, S EE VT, BRI KB LB L
Te=iR U RAR DR, AT F U EARDRL AR O R
T BD SN A FEE LT B R K A B A
WIEE B RO T T B BMEL AR D T ERIHERR
o7,

/NP (2007) 1, Vo= 1 AEA RO IR BRI
BEIMPAFREL | FELBRF N RV ZET VT U
EMETL, ZOREBLL THAROMEMENTHEH LS
EMHDOTEERCEBTNLDLIEEHLNC L, WA A
% (1986) 137 D AR D FH D4R B > HE AL BRI
RN G BHW DS, BEOAFRICHLEET L
LCW%, A B Seb fi SEALEERC AR 0 B B &
[FIERIZ B OBAT IZ LD HE DGO R ZE A TR
FUT BRI 52 TWAIEERLTWVAEEZD
N5,

B ARG (2004) (348 s D F72 DB BRI O R G &
DEEZEALZ R L 3~4 FEAEDHRITEAITH A~
THEMEZBBLTCT V700G B&NRHER L, £
DIFBRPEDAR FIZD72H30 | AR EARIZ R T E %
ZIFRT W THHEL TS, 2010 FED3HHIZE
Th, BAEX DT 7o EEN=RFT VR TIE
100 mg/g DW Rt T >7=DIZHkt L, BAITF AT
1350 mg/g DW LXKV MECTHY | BIFKBATLEEL 72X C
IESHIZIERYME S 72> TN,

INHDOZEND BIEKEAMICIDEEDRE | Y
HEITITIE T 7 BB A - | RR S R TR
K FRBEOEF~OEENRSINT,

4.3 BEHNMENZEOBARLETICRITTEZE(H
H-EEAEE2—)

4.3.1 RADEEHIELNZEOHAET. RESR
BIZBKIZTEE

KL HTEUORARICIBNT, 2010 AT, AHEAKE
i LU BEHA O RTHEN BHEOFY RO R FEIB K, R,
BIZH L TRIETREEIIIZIEA LR DN/~ T2, e
M3/ (1991) IZ =R F iz, BIfEND 1 » At
TITRTED RS L > THrE R BN E
FSHL, E D% DI LIRE TR HE DA AT LD
LB ICEDHEIIBATT DL TWD, ZOBLA
MHRBE EARIZENTH - EH LB RO Ay 160
H UL X2 35UV T 5~6 H OB iR 2N EEALBR X |2
NTH DA RSILTEY (Fig. 8) | AIFED R AT
DEBPTRBRINDN, ZNLSN CTIERTHEDR LR/ O
WBLZTRTVWEEND 5 H O R, BRERLKT
IEAER X Z S DEAITRD BT, JATO 10 AL
DEEKEA LD EBII DI B 2 DTz, Linl,
2011 AF HARALERL 72 O FE RO R FEIE K IR 2
MEROBITZ, A5 (1991) (F73 D KA ARV RO PN
IIZEL DT T 7 NEZ BN TR, BAETORTH
BORBEDOEBTHRHNINEL TS, ZOZEND,
EH AT 73 D350 T R CIR AR LB 1 C 5 AR A~
DFEERIZREBNTIRND DR T 7 D7)
BHOMNDIINT BAEREEITZ T TDHEB R HILD,
Z D7 EFULITYS 2o T, BRELLE-CRBHA D4y
SUBE NS T REHR D PR AR 53 e ~ DR BN DI TG 1
LD ENHDHEE DD,

—J5. v LIFEARICBWTCE, Ry MNEREE D 5
A0S 6 H OB E AN HEALEE X (2 R TR X Tl
HEIZH>TW=(Fig. 12), Zhid. Bk iTET 7
CEOSHNL TSN ZEEL B LTV, BIEIC
LOREFERTERL 1% DTG & AR RITERD LN -T2 B
HARBATIZ L DTEDIBZE | VEIEWIRITEIC LD DI A AL
MM OFERE VIR T v 7 B BT, BEOAEF
BEOETIZORBSTWAIENHEESN, BARTITIE
MK BARER D R EITR N B 2 DT,
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H—HL TWDTENG | BRI LD TR 77 B DO
VRO MBI EBLI-LDLE X B,

B COHEEARTIL, BRI LR R38R,
SVERIZ XD TR E Ui o 7o | FEARER B A3V
PTHLBMEKEAG 1 4B ThomalREMEb B 25N 5,
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FHEL 72356 AEHFFIR S S R HOFIR B ICH 3
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FEME~ORER OMFREARME ~DO B AL
R, EAEHUA LB Z KO FE 4 O ENRRD LN L
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XHkF

AR LB L 1991, 7RO o< D HAE. SR
SR GG 2. 10-13.
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softening in banana: correlation among stress -relaxation
parameters, cell wall components and starch during
ripening. Physiol. Plant. 90: 772-778.

AR AR — A I T A - ORI M LR T -
i IRIEE]. 2004, RO B2 2 EFR O K3 o QR AK
b & B DOZREIRIZAL. I B I o L R R B ik 2
P es. 4:27-31.

HRNATIR AR ¥ FTRIE =18, 1980. vy avuIhy
DWEE DFAERRE LT ORIRICEE T D078, Fepstak
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No. 09B3 - 11B3

Development of Defoliation Technology Using Salt Water on Pear Tree

Tatsuya Matsumoto *, Kiyoshi Nedu', Naohiko Motonaga*, Shuji Chino? and Kiyohide Kojima?

! Horticultural Research Center, Niigata Agricultural Research Institute
2 Graduate School of Science and Technology, Niigata University

Summary

The objective of this study is development of a defoliation technology on pear tree by spraying of salt water
(a NaCl solution).  The effects of concentration of the NaCl solution on defoliation were investigated. The NaCl
solution (0, 1, 3, 6, or 10%) was sprayed once on the tree of Japanese pear ‘Shinko’ and European pear ‘Le Lectier’
after harvesting. The defoliation period of Japanese pear ‘Shinko’ treated with 3% NaCl solution was the same as
6 or 10% NaCl solution, and the leaves of those treatment was lost earlier than the control (NaCl solution of 0%).
However, the promotion effect on the fallen leaves by the NaCl solution was not seen on European pear ‘Le
Lectier’.

To clarify the influence of early defoliation by spraying of salt water on tree growth, elongation of the shoots,
growth of fruits and starch content of the branches and roots were investigated. In previous year, the adult trees
of Japanese pear ‘Hosui’ at 160, 170, or 180-181 days after full bloom (DAFB) and Japanese pear ‘Shinko’ at
188-190 or 196-199 DAFB were treated with 6% NaCl solution in 2009 and 2010, and the nursery plants of
European pear ‘Le Lectier’ on Oct. 10, Oct. 28, or Nov. 6 was treated with 6% NaCl solution in 2009. The
defoliations of the branches of three pear cultivars were promoted by spraying of the NaCl solution. In 2010,
elongation of the shoots on Japanese pear ‘Housui’ and ‘Shinko’ had little difference. However, in 2010,
elongation of the shoots of ‘Hosui’ and growth of fruits of ‘Shinko’ treated with NaCl solution were clearly
reduced. Furthermore, elongation of the shoots of nursery plants of European pear ‘Le Lectier’ treated with NaCl
solution was reduced. The Starch content was investigated by a simple assay method (a potassium iodide
reaction). The starch content of shoot and root was decreased by early treatment of NaCl solution, and starch
content of the nursery plant was lower than the adult plants.  These results show that early defoliation was caused
by spraying of the NaCl solution. In addition, these findings suggest that accumulation of starch content and the
growth of nursery plants in the next year might be affected by spraying of the NaCl solution.  Furthermore, the

growth of adult trees also might be affected by second consecutive years treatment.
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BhRk%& S 09B4 - 11B4

AR R L DHEW IR IR O]

(LI

JRE S - B i PESEBINTHE B WP TERSARE B SR SR T FT B 300 5 HR - o B FZE RIS

B B <EBE-BW> SFMHEEIINNMeE T ARMEMIC R LR E AL IO T HEREME CHDH, HE O
LW TR CZOEDPIAT 2L DM T ARMEY 285 T 52 L3 F 5 LG LT UERn20, 2% Ex ]
BET D720 . L2 PITHEE T DL OKFERES) (ST T DR 2, 1208, Wl T B3R RIRIC
O TRATDREL THEMIBHEOBRALTFTIENHY, £5705 L BPITIT W FEE =T TLED), *IREL T, kil
W R S IR0 B A T DI T 22D TOILCOWDN, ITFEDOBRBEE RO @ F00 0, BREAR O/
BEHAT ORI ROHNTND,

TL AR O I T 11213, SR LM AR AR IR BN EVDFLIR ARSI T D, Fio, BT OIFFE TS,
HHRE LI DI LTIV E VI T e IRE S TUNVD, 2 TANIZE ClE, A E O MEDME &) i 2=
DRI IE D& Ha TR R B OB EED D,
<FE-HER> HBEBOERPFEIL, 35 g/L OREAKPIZ 2 AL T L2 CTRIBAETHRE TN TE
720 HRIREZIREKIZIREL , 25°C T 1 7 AU BRI HEE MR B ITmiE L . 10 BEL 1 35 g/l £k CLLBEL
THHE ML LT, LU 7o E AR 2 L0 BRI E 351218, SOICERE O BIEK B NE ThH T,
35 g/L BHKITHE (7 NV a—RAFE TR —R) ZINZHEME L L7 R A R T DI T 5 H 0 3~4 HIC
MG CE, B (HEEE, 7= F8) | LIS R (R T U hiig NI L) TV A (EE, REETNIT L) EMz5E 1 BT
BETHIENTE, FRTIREE TR A% 20 mo/L % 35 g/l BIE/KICIZDZ LIV HERFEFEE 1 H CEE L
MNTET,

1. ARDEREBH (ZRNRDNDD) | LVIFLHD DY A F AR R

#HHEJRH Ralstonia solanacearum [k~ &) 2Rl
W FEORTNEEIFFE THHY, FRFENFAET
HE TN ARE A STERIHERR T2 28I IR EE T,
TR A FE ML CH AT D ATREMEA Y, T
EA AT AT D BIEHIE AR T L EE DN DL,
B COFMRDHAETDIENHY, ZOHA 1L
UACGRZEFIHA LI B R 2RI DB E 2T HZ &N
DY, HRRDFE A LT R B IR T o B
MDD, TDRE, B RIRD DY | 76 DBR
AR O/NSWFEBE FIENEELL,

ILFRROBETHLFEDH (E<HDOEE ) 1T,
THE T - WX LA 321200 TR L (EARSLHE AKX A9

LIRABITNDY, FHRFE BT KL~ L DA 2
TIHAEETEARVIELIBEICHESN TEYY | HHH
PTG G LT B WO B 24 B D R i AR oM 7k &A1
TELAREMEN®D, T CARIIZETIL, HHHE O A
R AT 5 SOSZ R ET L 72,

2. ARAE
2.1 BRELERREADIETE
(M EETL— L TOFERBFEDIEE

FEIREE 0, 1.4, 9. 35 g/L DA LT N T 2% & e CPG £
W (HVPIER1g/lL, <7109/, Zva—A5g/L, %
K 16 g/L) DFEREFHIZAERL . ZAUSE R O R
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W(an=— 1 A4&H5% 1 mL OBREE/KIZEE)%Z 10
pl AR hL, 30°C CHFE RS LT,

[FREIC, $EIRPE 0~0.2 M DAL LT At~
R A i~ T 2y LEE T CPG o 7L —1 e
TERRL . B EA FFEE R L Can=— Bl a8l 4L
77
(2)35 g/lL BIEKPTOERREDETE M

ARG H 2 35 g/l HAb TR SOKEEIR (MK L[R1SED
BB EDOREK) 12 1.0x10° cfu/ml L7225 X ZIRINL , #%
REAZ Y 7 VAL CH R B O B K T
B AT,

2. 2 EHREAOmIEL
(M KFEFELEDFE

MG AR LT B R B A B B CTRE K ISR L |
1.0x10° cfu/ml |[ZFHRE L7 iz Bk L, 25°C TRE L 7=
OKTRAFAVER) , AKPRIFALERZ 1 A RdD\ %32 BRI
7% . 10 pL % 35 g/L &7k 990 pL (2N, BHEKHC
D 1G99 B O BB B OB A7~ T,
(2)HEIEL - B HRE OmEHE

1 7 A LA KGRI A3 5 2 & Tt Ak L 72 & K599
% 0,06, 1,2, 4 M(0, 35,585, 116.9, 233.8 g/L) Dif
bR LOKERHEIC 1.0x108 cfu/ml O FE L7255
Iz, B E DL ETR T,

FEEIC ., AL S A b~ 2 N Wi~
T LD 0~1 M OKEREZNEIUERL, ZHUZE
PR % 1.0x10° cfuiml OFREFHECNZ KR T
D HEHEEDEACE T,

2.3 FMYDOHE
(M HAEMPIZEIBEENRADEE

35 g/L B /KIZ 10 g/l DRI (=& ) —)v, 7 va—
A, Aya—A, FEifg, 7 W, EE, REBETNU L) E
RL . ZAUCTE L L 7= F AR H 2 1.0x10° cfu/ml 0%
B B L7 DDA | BRIRFAIIS T 7 VBRI L TR %
FEDEALET T,

() AMYDEELZENR

B, 7o Bk, BE | KT RID A KT VR R
NI 2 RS SRR 7 VS B2 0.001~10 g/L
O P FEC VAR U 7o K VIR it A U 7= 5 Rl 18 %
1.0x10° cfu/ml DFREEE L2 DI A, 24 R4 12
0.1 ml % CPG FHZ AT Ly R L, HEfHEO B T&5

an=—OFH AT,

F7-. 35 g/l DEHE/KIZ 0.001~10 g/L DRI (£EK
FElg, 7P, BE, IKEETNID LA, RTUVEEE TR
UL, WHIEREI VD L) ZINZ . LU 72 R
% 1.0x10° cfulml DR E L2 DL, 24 W]
#120.1 ml & CPG EEHIC A7 Ly R L, JBR &S B # Al
REZR T AR B D v = — #2372 7
2.4 ERHRADIEELEEZE

k1 Ralstonia solanacearum MAFF301487 k%
LT, B RS OREE121% CPG 1A vy, 30°C T
T — M EEEE L, HEEZIT CPG BilC LA
SEHGEICKOBE LT,

3. ISR
3.1 REELEHRADIEIE
(M EETL— L TOERBEDIEE

HAE L CPG 5 ECR&7ean=—% Tk L7225,
CPG HiHulZH ENAHEALT NI ADPRRED 1.4 g/L, 9
g/l LEEHIZON, an=—3E/ L., 35 g/L (#1 0.6 M)
THEHEEFEOar=—ERILRO N2 o7 (B 1
),

IRV ThHDMEAL DN LT A b~ R T A
Wi~/ * v hEEHT%5 CPG 7L —h LTI, 0.05
M ETORETHNITTn=—RAFED LA, 0.1
M DL EDOT7 L —hTClIan=—ERniRdbilizinoTe
(2K a,b,c),
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0 g/L 1.4 g/L 9 g/L

(FZ FEHEBEORR) EERIEKLAL) (BKL NI

1K AHEH CPG il EToH I O, 0, 1.4, 9, 35 g/lL ORHEA CPG iz, 47—k ETOHF
MR Oan=— B A EE LT, 1.4 g/L BHKITEBAEG Ch~ M 2R ORI, 9 o/l ITAB KD

WL, 35 gIL 1K RIS D REIE DI,

oN 0.02 M
F2l 2RV A CPG B b COERFH E O, 0~0.2 M DTS FRIb D A, b~ R D A,
Wi~ 7 27 0) % CPG HHUIMNZ . ZHENDOTL—h E TCOFMBHEOau=—El A2 B2 LT, a: kL
PN Y (a7 Sy NN R 1. a4 SN

0.05 M 0.10 M 0.20 N

(2)35 g/L BiE/KPTOBEHBEDEFERME
35 g/L BHE/AKOHTIXHE R E O LR O FHE 1L 8

(WKRFLEDZE
FHAEFEZ 1 A KRIFALEE T 2L 35 gL ki

BT L, 2 BEIIEFEMREOan=—TEUI H#
TIIMER TER 7= (58 3 B), WE K CIE AR
B3 1.0x10°~1.0x107 cfu/ml DEE E THERB L 7=,

3. 2 FHHEAEDMIEIL

2 AL TH#) 3.0x10% cfu/ml 4258 L7- (35 4 X)) , 32
H KRR35 L, 35 g/L BHiKHIZ 2 AFALEIL
THRE O RE RO O, 10 A R&EK
H LB T 1.0x10" cfu/ml LA EAEFR LT,
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(2) HEELI-FHRE OmiEH

AL L= B AR 3. 1 M BLF otk 2 H L
TIXEMRENSKEIZEKLZ, 2 M UL EORHEIKIZ 2
A BB 2 2 S CH AR E Oan=— kiR Sh
727257 (F5H),

AT L S b~ 2T AORE 05 M ELE
DR IS HEHERMIFE Darn=—1% 2 H TEK
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AT WEE I E O B AT ST DRI
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3. 3 HAmMYDMRE
() ARMPIZEEBENRADEZE
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0 — A% MZTKER TR 5L, 4 B UNIZH R
BTSN AeoT=, 10 g/l DOFEE, 7o P, BHil
REETNID DEENEH 35 g/l BYEKICERARL 72K
KT 85A 1%, 24 REEVALERCH AR A IR T S
N7 leot=, 10 g/l =& J— L ORI TR E 2 oo h) b
DRBOBIILN T,

() ARMYDEELRENR

s i W% 35 o/l BHE/KIC 0.2 g/l LL BNz 52
ECHERIFREE 24 FERILINICRIEIRALL FICE TR HE
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R A1 137 3 35 g/l & HE/KIZ 0.05 g/L LA BNz %

|——H20 B —o—KE1H ——KE320
1x107 o -y
1x108 7@%
1% 10
E 1xi0t AN
£ 1x10° - \\o
1102
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incubation time (day)
4R KERTFALEE% O 35 g/l BHEKHP TOFAERFE
DHEFRNE, KORAFLEEZ 1 B ORIk 1 H)HDHVNE 32 A
Ok 32 ) ML 7= AR E 4 35 g/l Rtk T2 HALHE
L. WEEOEET Tz, BEERIT 3 IE DIEHER
7.

EEMI R Z 24 FEFCRITBRFALL TICETRE T 528
INTE, REET R T A 0.02 g/L LL BNz 5L ERR
% 24 WEE TR R UL FICECRE T 528 TET,
B CIRE AR B O 2 R ISER D B A
ST, 35 g/l BHE/KIZ 5 g/l LA BNz A2 THRE
% 24 W CRUHIR UL FICETRETHZ LN TET,

B CORE T CIXR AR B 1L 5> R EE TR
U L>RTVVERER TN A > g =[FEEE, 35 g/L
B KIZEINU TR T 25 A 13 R EE T N 7 A=
HWHREEH N T B> RT VIR N A>T =
Kelie > EEOIECTH- T2,

—-0g/L A& 35 g/L

1x108
1x107 ¢ < =>

\
\
\

1x108
1x104
1x103
1x102
1x10! \
1)(100 L ‘\_ - - L ! g
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Control of Plant Pathogen by Salt Stress

Makoto Shinohara

National Institute of Vegetable and Tea Science,
National Agriculture and Food Research Organization

Summary

Ralstonia solanacearum is a pathogenic bacteria causing significant damage to solanaceous plants such as
tomato. It is difficult to cultivate solanaceous plants in the farm field contaminated with this bacterium.
Hydroponics, also known as soilless culture, is an option to avoid the pest. But the invasion of R. solanacearum
to hydroponic solution occurs infrequently and might take a devastating damage on the yield of crops.
Sterilization of hydroponic devices by hypochlorous acid is often conducted in order to solve this problem.
However, with more people concerned about the environment, there is a growing need for reduction of the effects
on the environment.

In “Zoku monomagire”, an antiquarian book in Edo period, the effect of salt water or sea water on R.
solanacearum is described. Furthermore, recent studies reported that R. solanacearum should suffer from high
concentration of salt. In this study, we develop the disinfect technique by using salt based on the knowledge
about low salt resistance of R. solanacearum.

Ralstonia solanacearum, causing bacterial wilt disease, just after culturing in medium could not be detected
in 35 g/L saline solution from 2 days after addition.  After keeping R. solanacearum in sterile water for more than
1 month at 25°C, the pathogen survived in 35 g/L saline solution for more than 10 days. For killing the
salt-tolerant pathogen, it is necessary to bring it into higher concentrate saline solution. The addition of sugar
(glucose or sucrose) into 35 g/L saline solution killed the salt-tolerant pathogen within 4 days. Furthermore, the
addition of acids (citric acid or acetic acid), alkali (sodium bicarbonate or sodium carbonate) or surfactant (sodium
dodecyl sulfate) into 35 g/L saline solution resulted in Kkilling the salt-tolerant pathogen within 1 day. Especially,
addition of 20 mg/L sodium carbonate into saline solution was sufficient to kill the salt-tolerant pathogen within 1

day.
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