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NI, BVETIMBED Glycosmis pentaphylla & Murraya koenigi B X UA—ZX +5 Y
7 R REERED Eremocitrus glauca DEYIR N OFE U A)VZ & ANz, NaClo, 0.01, 0.1,
1.0 B L 2.0% 2G5 UicHs i TAHIVZ A5 L, BEAHAAE LT

BEER U 7o pRHR T NaCLIBE IS 5 RUSICZEN R 6N, G. pentaphylla D71V A13 0.01%
® NaCl IS & O EEMBE XN/, ThE EORETRMEI NI, M. koenigii TIHK
EED NaCl Ik D AV ZFEENMIH SN, 1.0%U EORETIERERBEISIF =N E
glauca 1F NaCl |ZHd AMEDTR, EiRED NaCl OFRMTEAERAH SNz bOD, i
D 2 kD REREEN > 7. NaCl EAVADBRR TR, BRI b B8 RIZL
t2. M. koenigii D71 )V 1%, NaCl AN DO ¥ Tla ek e THR U 7c )V X038 0.1% L0 ED NaCl
TIHEBETHEINT 5 X 5107 72, NaCl % 0.01%400 U7 TR OTE A R o ic. NaCl
MAIVZIN S DRFEAAEFHES 5 2 ENPA LML T

¥ 72, Eremocitrus glauca ®71)VAZFAWT, CaCly0.1% %4 & L, NaCl1.0 6 LT 2.0%
IR U T AV AR LI E 2 B, 2.0%DEIRET b AV ADRREMEFS 5 2 &8
TX7z. CaZVittEdEiont U NaCl EAESESRN D 5 Z EEW ST LI,

2. Eremocitrus glauca ®7' 0 M 75 X ~n o DIEFEH: S HEYWHEE

A—Z N5 TEET, MEHITEARY (xerophyte) TH 5 ERIFFIC -24° COIKIRIC BIFA,
IR TP R YRR Z HETOEENRETH S E. glauca IZB T, BRIDFRIBARD - 7203,
7O IR M SIEERBEE TOREMN TS I ENTE. IO RDBRET PRI
DYWL L > TRRD[E_ ENARETH 5. MIRLE I K 58 UOEM (R O TREHE & & - 72,

3. ZHEET I v 7 THT RIS Y X7 L OBI%

ZBHEES Iy 7 TEBIEEME Uil 27 L43EL, BB RT L Y
U DB AT 2. FOER, KVZFLATIRESHEICE T HEMRIENRREE LS
ZENTRmREI NI,
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1. IR/

TOTHIR TN > F Y REBAREEO O EDTH DA, I I3 T
RESNTVARMIIMOAKICL DSIEL 2 BRE THB. H > F VR B TEE L
ERBREREMET 5D ICRAKONAIBATHS. Lil, AAOEMHIL, KA
MOMNBIE, ERDZD DITILRZBIENBERZ &, BYEEEERN N E O H
ICEDFEFITENT NS, ; ‘

TOTHRICE LA S F Y ORKREROKE 2 EEO O ESICHEIA DS . EEA
FTH 22 B 53 MON > FVEOEGERZNE - REL, FREO-DOLBIEET
STn3. B ATARRCMIBMA | & 0 BRMEECRIMEBAED . ke LT ol
EFo TN, £/, WRERLRILEARALEBDNSI 7 BREYICEL T b5

EMELTORAOMREN ORE 21D, 1Tk MEm & %%wmzﬂk;éﬁﬁéﬁh
LTWD., TDDOEMBHINIZE E L THEMEAN 5 OMEY K& fe HEIZ DWW TR %
EDHTNDS,

BRESNTEDEDEARE L TOFMOOEDICHELEEZME 5 = EDNMETH BN,
DBREEHIE S 2T LORRIR+H TH 2. A% T, SAELII V81 TEAN
THBELRTORES AT LAORRELAOWELED TND. D ATFAE AN,
EREOHEBEM IR TH O THIKDBOKEWRBT D2 & TIEM AR T 2 WA
WdHD.

AMFEICBNTEIA CEREY OB, S5 OB IEEEDEEHEORAES L O+
TIVINA T L AR L B O IS B ORRICE T B E AT /-

L. I EmBHEY Ot MBS 2 BF5e

&

T

SACEREYE, KT D7 EROICHERMEN S A — 2 b5 U 7 R ICERD 8 4 17
ETE<AMLTNS, RELLTRENICHRBSINTVLSRIE, HoFVEBEFLH
RIZRSNTWEN, hoE ROBPIIHRILTOEFICESL, FEH, %A, HA 5%
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fEl, BMEEZEM, TOMRERECEAHINATND. NS OREMI BT A
RS L EVEBORME L TORAOMEN b ZNTWS. ARETHE, HIAZHN
AT S A A AEEO LD DEBER £E 220 ICMIEL L TOREZTo .

MR LU

MENTIE, BVETMEE D Glycosmis pentaphylla & Murraya koenigii BL VA — A
kS 7 RREEE D Eremocitrus glauca ANV AZ RNz HIVAVERRAA L 2 EY
WEﬁﬁb,mehyamfmﬁﬂ(w%)M@%ﬂt?a%5%ﬂ&%%gﬂ%%m
Li-kthT 1 » AR RIS E LR L 2. .

Nﬂﬂ%Eﬁﬁ»l@ﬁﬁt&&?%%%%ﬁ?ét@thﬂ%&aﬁ5%m91w5
4%02@”KN£HQO0L01,LOB&UQO%%%Mbt%%Tﬁ»ZE4@%%
3% U7J-. ¥7=, Eremocitrus glauca DNV AZRNT, Ca2*tEEED NaCl AV A
@HEK&H?%%E%ELt.Mﬁyaﬁsyhyzw54%02@mcwhamm
NaCl 10 BEUR2.0%ZRML =8 THIV A% 4 BRERELZ. HILO pH & 5.7 &L
7z

FOV AT 1 BB TR —AROH L WEIICBEL 7Z. BEELME, HWMEND v
— L FET 52.9mol/m2/s, 16 FMIBAM, 8EFRAMEMIE L, BET 25:2CE L.

BRBIUER

Bt L7 MBI T NaCl BEICH T 5 RISICEMNR 5 N7z (Fig.1). G. pentaphylla D
HL 2K 0.01%® NaCl wMIC & D REMBES N, 0.1% THEARMIIKH L, 86.3%D
WEﬁa%t.L#b,10%&20%@%MT@,%n%h54wﬁ:w2%®ﬁﬁfﬁ
5 7. M. koenigii TIKIRE @ NaCl BINZE O ANV AREICHENRE SN, 1.0%UE
OEE TR E ZE CIE SNz, E glauca & NaCl T MmN <, SIRED
NaCl OBEMIC L VBRERIME ENZHOD, o 2 8L DIRERIIEN . RED
BEARBLLTVNAHOEEDNS. _

NaCl AN ADKRES T THRARL, IV AOHBERRICOHEE KL . M koenigil
DA A TN ZRE ER L, NaCl RN O TG SEFEBETHREL TW
7= H IV ADSEEHE D NaCl BN 0.1% 2L LIT7/2 2 CHEBETHETSE DI/ o7. NaCl &
0.01%HEML I TIRIEOERMAA 5N, NaCl MANANE DRFEEZFET ST
MBS MIT o . AR TESNEMRED L FH AT AL PO
VA% NaCl ZHRMU =B THEELZE A, 14.1%DE W FEAERNES N,
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Fig.1. Effect of NaCl concentration on the callus growth
of orange subfamily plants.

E. glauca D7)V A% CaCl, & NaCl 2B THELEE TS, 1.0%EMTIEHE
BRONEMN D, 20%DEEETHIANAOBLEE2ME L, KREZHBE T2 - &n
T&E/(Fig. 2). CaMMEMICK L NaCl CHRMENSH S EE2H LML=,
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Fig. 2. Effects of CaCl2 on the callus growth of Fremocirus
glauca cultured in the high concentration of NaCl.



2. Eremocitrus glauca ® 7O N TS A M5 ORFELE EENEEE

&

)

Eremocitrus glauca 134 —A =5 Y 7RET, #MEKZELEEY (xerophyte) TH D &
R IZ—24COEBICHMA, HEEELTIBCRVERZLIBTOEFENAETHS. E
glauca V&, BEAVFVHECRLA Y FVHLOTREMEDIAA SN, BREFEDOR
MELTHIETES. BFEA y*‘)‘%ﬁiiﬁ@’ﬂifﬁﬂ]ﬁ@ﬁﬂlﬁl:&E‘)bﬁiﬁ‘\[ﬁﬂ'ﬂﬁﬁﬁ@ﬁﬁifﬁU
EDDFHEELTHNONS LR, TEL. MEMEZANIZDITEEMRD 2V
H7ORTIA DS OBMEEEDRERILTZIENBETHS. ABIEIT LARICEK
ZRBURBTHD, HERDEEONNAFROBVEENSHOT, JORTIA R
NEDOEMEBEDROWLORFTIAERRDDOTHS.

WEL B X O

1) AIVAFE

E glauca DBREZ 2-4mm AICMTI L, MT+ akk 50g/1+2 =)V 71 b 2.5g/1 S
A &L, 2.4-D 0.0, 0.01, 0.1 BLU 1.0mg/l & Malt extract 0.0, 300, 600 B L
900meg/l #MAADEHEHICERLZ. 30 AR TR —HMROH L WIEHRICHEL .
BEHbO pH I 5.7 &L, 25£2°C, YHMEIL 35.3 1 mol/m?/s, 16 FEMIBAMIE L7z

2) 7Ooh7 5 A NEE

TORTS5A NBERCHEI B 1g DAV AZ MT+ANE 50me/l ORAEZILICHREL,
25°C, 17.7umol/m?2/s DZMT T 6 AM 120rpm THRESHEL 2. BERROMAIE,
0.4% macerozyme R-10 (¥ 7))V 1), 0.2% celluase Onozuka (Y Z)V b)) BELTU0.1%
driselase (HNFEEE) THO, BEEMEIZIE 07M VIVEF—IILZAWE. 26rpm D
BEDT 14 M OBERZNER, MTEARTEREL, YOI X 2EIRL 7.

3) 7o bS5 AMERE

FORT S A NEE 3-4x104/ml ICAEEL, MT+VILE =)L 0.6M+> =)V 1 b 0.1%
DOEHIZ 7 F=> 0.0, 10.0, 20.0, 30.0mg/l BXUW 40.0 & Malt extractd, 400, 600
BLU800mg/l ETRML - THEEL 72 &H O 40 BRI 25CHERT T, TDHRIL35.3
tmol/m?/s, 16 KIHETHEEL . M ZL AL IO — 2R L-Ea EHE
L7-. MfaEE DA Calcofluor EICE D, MEOEFIL, FDARBTHRL L.



4) ROFE L RE
oIS NS HEE
L7ZZANRAERZOHL,

MT+3 a ¥ 50g/1+> )b

T4 b 2.5g1 I L.
30 HREIRET 3 [mfktEE
2T o 2%, MT+H 8
50g/l+2 )V 51 K 2.5g/
DEWITHMEL, FoFE
ZieE L7z, 30 ARgE
L, BE MT+> 3 B 50g/1+
P IA b 2.5g0 &HE
REEIZL, RPN TF
=> 0.0, 001, 0.1, 1.0

PBELU10.0mg/l & GA,0.0,

0.01, 0.1, 1.0 B
10.0mg/l Z 70 L 7= 55 i
THEL, FOFERZRAE
L7=.

5) BM50MEYEEE

HAR DR ERAZ GA 0.0,

0.01, 0.1, 1.0 B L

10.0mg/l &711 F*F > 0.0,

0.01, 0.1 BLY 1.0mgN
EHAEODETEHEML 721
WICHME LU 2. BRI
MT+> a f§ 50g/1+¥ = )b
714k 2.5g &L=

BRBLUER

Table 1. Effects of 2,4-D and malt extract on
percentage of callus formation of Eremocitrus
glauca.

Malt Extract (mg/l)

2,4-D (mg/l)
0.0 300 600 900
0.0 16.7a” 18.32  18.3a 21.7a
0.01 21.7ab  25.0ab 35.0ab 26.7a
0.0 30.0b 36.7b - 50.0c  36.7b
1.0 23.3ab  33.3b 23.3a 18.3a

z :Means within a column followed by the same letter
are not significantly different at P=0.05. Among
concetrations of malt extract are not significantly
different at P=0.05.

Table 2. Effects of adenine and malt extract on
percentage on plating efficiency of Eremocitrus
glauca protoplasts.

Malt Extract (mg/l)

Adenine (mg/l)

0 400 600 800
0.0 17.9a* 23.7a 24.9a 24.1a
10.0 24.1b 28.6b 29.6b 30.5b
20.0 25.0 29.2b 29.0b 28.3b
30.0 31.8¢ 34.0c 36.0c 31.2b
40.0 15.3a 27.6b 28.2b 21.7a

z :Means within a column followed by the same letter are not
significantly different at P=0.05. Among concentrations of
malt extract are not significantly different at P=0.05.

ERDNSOROEWHILAFERIY, 0.1mg/l 2,4-D & 600mg/l Malt extract DL T

155 N7z (Table 1).
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Table 3. Effects of BA and GA:s on percentage of
development of protoplast-derived embyo of E.

Jauca.
&, BRI 20-30 4m, gauca ,
EFRIT 85% TH DI GAs (mg/D)

e, ' BA (mg/l)
B3 5 BEMNSMIBED 0.0 0.01 0.1 1.0 10.0
BEMNR SN, RYOME ] .
e o 0.0 23.3a* 23.3a 30.0a 23.3a 13.3a
HET 13 AR TH oIz, 0.01 33.3ab 73.3b 80.0b 50.0b  20.0b
30 - 40 B HIETE 0.1 43.0b  76.7b 63.3c  43.0b  20.3b

1.0 36.7b  33.3a 60.0c 43.3b 15.0ab

WTEHETOIAIODZ—IT 10.0 5.7¢ 0.0d 10.0d 3.3c  0.0c

20, IV ABRICERELZ.
a0 — RIS RN LIS
Hi AR VS, 30mg/ll 7T =
> & 600mg/l Malt extract
DA TH o 7z (Table
2).
ANAZEIBICHES Y,
AEETR IO TR R4 2

2 ‘Means within a column followed by the same letter are not
significantly different at P=0.05. Among concetrations of
GA, are not significantly different at P=0.05.

Table 4. Effects of GA3 and kinetin on percentage
of shoot formation from protoplast derived
embryo of E. galuca.

Kinetin (mg/l)

GA: (mg/l)
= L=, H ) A 0.0 0.01 0.1 1.0
compact 1720, fkBO 0.0 46.2a" 46.0a 55.7a 42.0a
ﬂf*?mﬁ\ﬂ%ﬁiéﬂfl ;Y 0.01 62.3b 48 .0a 50.3a 28.0b
0.1 63.7b  60.7b 51.0a 35.6a
HomEmnh > FVENILA 1.0 71.2b 88.7c 73.0b  32.0ab
10.0 450a  35.0d 27.0c 18.3c

DIEFEDFERITIESC
LB T & T BB S,
T ORI E Y 5T
NTWEL, HEE N
&Wﬁ%ﬁ%%?%t@tﬁ?a%%%@%wtQmeBAtEumﬁthWML
7= B2 HL M) BB T & o 7z (Table 3).

o b e I R E S 35 ITId GA, &N X F Y ORAENYRNTSH
> 7z (Table 4). .

2 ‘Means within a column followed by the same letter
are not significantly different at P£0.05. Among
concentrations of kinietin are not significantly
different at P=0.05.

Eremocitrus glauca \CBWT, 70 NTS AR EMAKBEETOREMRILYT ST
EMTERMN, RIBIZEN 72 AR 2D I H > EEHEEIC LA, KEEEDN
B, BLADOREREEEDRD TR, MEAOBONIIAERNBHE N, HLO
%ﬁﬁi@*ﬁ%ﬂ”@%%%ﬁ:@&%ili'9T;ﬁ%é%@éﬂﬁ‘é%ﬂiﬁﬂ%‘f%%5'6‘37)5. —&
OREMSL L EICED, MRAEORENE >
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Eﬁﬁ,ﬁﬁﬁ@%ﬁ%ﬁ%b,%mﬁ,%%ﬁ&@ﬁi%@@%@ﬁﬁ%@iﬁt&a
Tﬁﬁﬁ%ﬁ@%%%%jTM5.it,%ﬁﬁ%?ﬁ,%%ﬁ@ﬁﬁ&%ﬁ%%%?%
Z&Ki@ﬁ%@é%%ﬁﬁ?éltﬁﬂ%f@é.%ZT,$W%TM,%§%%i%
KBH%W%%%%%®%%%E%&b,%ﬂgtiiyﬁXE%ﬁﬁﬁthﬁﬁT%
ztfiﬁ&%ﬁﬁ%%ﬁ&ébﬁtﬁ¢@@ﬁ%&x?AEﬁﬁb,ﬁﬁi%h%ﬁ%
BB SRR ZET S 72

B R U5

Kﬂ%fﬁﬁbt%ﬂgtiivﬁxu,Eél%m,ﬂ@th RE 40%, K7L
B FY 10un, ABDHIE—D/1 TROBDOTHS (LT, CIIvINATET
). BT IV IS T, A TREDE EIREE DL S A TERIDDIKZE IS A T E A
&Wb,W%ﬁ%&%%f%h@ﬁ%jﬂemﬁmméﬂé.%oT,M{jm%EﬁE
%%t?hﬁiWﬁﬁ@EWKiéi@&ﬂkﬂﬁ?é:&ﬁﬂ%f@D,MER%KT
NIEHMBREMELTRRT 22 EMNAREE 25 Fig. BITHIEE S X F LADOMIER %% L
t.$>Z?Am,tiivﬁﬂ%jéi¢tﬁﬂbtﬁ%NvFE%Eb,%@t%&
T%K%ﬁ?)ﬁ&%ﬁ,%%ﬁ%t%&79ﬁ5Tﬁ5>7N§%ﬁTéﬁfﬁ%Nv

Air drain Upper tank
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Drain . Sulpply (\’]‘)
side Cultivationbed [\ side A
[T L L ﬂmﬂ‘\ .
) A s l Under tank e
Ground

Fig. 3 Cultivation system by porous ceramic
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RICEKT 2HMATHD. TEY S HBESREERE, ROTIKEIDERS TN
‘s LT THRREES . '

Ny ROWIKEE Fig 4R U7z, BBy FIE, 8 16cm, & 13cm, £ 90cnm
OEMOEEHRERE T, HEAy R, THEERZ 4cn ODEEIZAN, £ LEITEZ
W Fa—TTEELEEII VI AZEEL, FEEE 6ecn DESITELLZ. N
v RIcfERLEEE, FTEICERBTRSX DERLZEL, EEICEERE LI TR
LETdE (BER) 2H0WE. Rz, J:"FJ%&%L:?ﬁi%ﬂib}fc?}fi%ﬁizéﬁﬁﬁlz (1
+R) ELTHREL, ABCEEARET L. |

tHmbhiraEnsF R T ACA Y (Na) W, Fr ¥sy— - -A4>0xb7357

(Quonta4000, Waters Co.) ZRWTHEIELZ.

BEERIEMIE, R LY (T A Spinacia oleracea L) &L, 2[EIODOHE
SEE T, HEWIE, KENTARM1BRU25E3 208G (REALA) T
ALz HEWRORAEIBRGEEEEELL, ﬁE%@EEﬁXﬁ"‘—?l:ﬁEDT, 0.8mS
(EBEPM) ~ 2.3 nS (EFHM O#HET, mericEEEEm Lz,

T

Upper soil
6cm

Lower soil
4decm

Fig. 4. Cross section of cultivation bed
by ceramic pipes.

ERRUEBER

HERBNOK 2y ARBBROBELELKRT 2L, 1TEEHOEEIZBNTIE, BEX
10. 9cm, YU EK 22.Tcm, 2EEOEEICBVWTIE, BEK 23 2cm, <YLK 19.5cm
Lot MRARRICBITIEEETHRRI NN, 1EBO#FHERARIIBNT,
BAROREEETEER, INh5K1 s ARIC, R L >y o HERE (20~25cm)
EW-TEL RO IEEOEEICBVWTBTIROEENENZAZRTE, FI L
CUTOEBEERKRI AN .
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HEABRPBHICB T 2BLD NaBEEI 2.95%, 41X 0.002% (18, 8ppn) T
o BERKIKBW2HBERE GLREHSHEE 3cn) O Na'lBEZRTET 5 E 1 EE
DRBHPRATIFIL 0.16% TH o720, 2EBRTRITIE 1.32% R0, +HERE-
HOWHLAHEE S NI (Figure 5). ZOXSARETHSTH, KIL 2D Dk
AIRETH ORI ENS, €I 3y VTRIEEFIA L ERIBL 27 AT, H4550
TRICBOTOMNEIE N TR TH B = &R S N |

Fig. 5. Picture of salt crystallization on the surface of soil

after 2nd cultivation.
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Improvement of salt tolerance rootstock of citrus and development of
ceramic pipe irrigation system for early evaluation.

Nobumasa NITO and Takayuki KOJIMA
Saga University, Faculty of Agriculture

Summary
The use of rootstock is prerequisite for the stable cultivation of Citrus in
Asian countries. The basic research on the improvement of citrus rootstock has
been curried out using orange subfamily plants maintained at Saga University.
The present research consists of following three topics.

1.Salt tolerance of orange subfamily plants.

- Calli induced from leaf segment of Glycosmis pentaphylla, Murraya koenigii
and Eremocitrus glauca were transferred to the medium containing NaCl at the
concentration of 0, 0.01, 0.1, 1.0 and 2.0%. The growth of callus of M. koenigii
was seriously inhibited by the addition of NaCl. While, callus of E. glauca had
the trait resistant to NaCl at the concentration of 1.0%. NaCl also involved in
the morphogenesis of callus cells. Chlorophyll in the callus at the low
concentration of NaCl disappeared on the medium at the high concentration of
NaCl. NaCl at 0.01% stimulated the embryo formation. The callus of E. glauca
could grow at 2.0% NaCl in the medium containing Ca® ion, indicating the
synergistic effects between NaCl and Ca 1on.

2. Somatic embryogenesis and plant regeneration from protoplasts of Eremocitrus
glauca. v
A sequence from protoplasts to a plant via somatic embryognesis was
established for E. glauca. This efficient protoplast-to-plat system for this species
could facilitate the transfer of nucellar‘cytoplasmic genes from this species into
cultivated Citrusthrough protoplast fusion.

3. Development of new cultivation system with under-ground irrigation by porous
ceramic pipes. ‘ _

New cultivation system by porous ceramic pipes as irrigation material was
experimented and applied to cultivate spinach (Spinacia oleracea L) in saline soil.
Consequently, this system accomplished to grow spinach and might be elucidated
the possibility of cultivation in saline soil.
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