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HWEIIEDAEEI BT 25472 —->CT# % (Wahid and Ghazanfar, 2006) .
HER B OBHEEHIZHK 7,000 75 km? FEL, £D 9 5 1500 75 km? 23 HHERAE &
LTRSS TWD DS, N 23 %ITH 75 340 J7 km? 3L L, 37 %l2 %72 %
560 75 km? 23 Y —ZEALTWD EHEESNTEY, 100 22 HEAX TI DX
I IRHUEAE N EIT LT D (Tanji, 1990) .

HEERIZ Ko THEMNIIHE A B L R 240, ARGy WIAm], AEHEEL, a6
NG &I &5 (Al-Karaki et al., 2001) . (LTI, MY OHINE +
CHEDBRNCERE L TA AN T AR, BEFR Y 37 B L BRI L
TAFrHEEREL, KAEROHKIED—HTH DY VELIGNIZ L D=L
X—EpE (ATP EpE) NI EAEEFEILLTLE S (Tezaraetal, 1999) . ZiUH
HEMEEZE TS —KRERY, fRE L THEMAEEIBDT L. £
WH A b U AER 250 T IR XKL DS PASE L 7R RE TR0 T IS &5 Shse
5 EMIEA ML ANFHEEI D (Munné-Bosch and Pefiuelas, 2003) . LA b
LA Lo TU VIRESOKEER, DNA 72 EOAERWENEET 5 2 LIC L 51k
SE LT, BAEHINTITREIC R 5.

—J5, V—HEALIC D EILE pH I KD T A ) ANV ABWD. TIUh
VR TOREMTII®REA A PR LTS RY, WAME TR Th 28k

(Fe) , ¥ 7> (Mn) , #i (Cu) , #gp (Zn) 72 EART 5 (Lynchand Clair,
2004) . EAEMIC & o TIFFICEERZEFR (N) WIJE Th 2 iElEA 4> (NOy)
R, BB LY VIEER EOERICHEATH DY VA 4 (HPOs) 13, B
A Fro7a by (HY) ORI LRSS/ (McClureetal., 1990;
Preuss et al., 2011) , 7/ A VM TIXINGEA AU BRI I <725

(Yangetal.,2007) . £727 /v H Y A ML ATHEMEA P L ALY HEAIRA ML



ATHDHERESINTEY (Yangetal,2008) , HlEA FLALET LB A R L
R & [FIRF IS D8, BIX L ViRA 726 D & 72 % (Shi and Sheng, 2005) .

FEITHEA L A K > TRHEE SN HBEIEA b L ATKHLT 5 72D O HEE
& > AT I (Antioxidative Response System: ARS) 2 LT\ 5. 2DV AT L
(2K > THETEEE A N L ZADJRK & 72 HTEMEREFETE (Reactive Oxygen Species:
ROS) Z @D 2 S RWREOREICHIE L TR Y, ZHITITFFRERN S 50T
FER I PTIRALIG A B 5- LT\ % (Abogadallah, 2010) . fEY OMtEIEIX ARS &
BIR2R < (Amoretal., 2006) , FERROTIIRILICE ITBRIE A b L AICHT D& b
R 72 BtEEERE CTH D L ST %  (Farooq et al., 2008) . PLEALEESR 1 T4F
EOIEERBHE A FRRENICRETIEETHY, A—"—FF T K7 =F

(077) Z il b K8 (H00) ICEHET D A —/3—FF T 1 AL % —E (SOD),
BT Za B UBEEE L THO ZKRNEGRT 2T Aa e VBV A
F A —E (APX) , MSZHIC HoO2 3 fR$ 571 2 7 —F (CAT) 72 ENFAE
T %, £72 APXIZ X % ROS DEEFAWIZ Y 7= > THERRT BRI T 2 2L B Ui
BILTHTE RRT RAaLberiL ¥ 7 %2 —E8 (DHAR) F /7t Ko7 X
ALy 2 —E (MDAR) , L TCINHLDO 7T rE AT L > TAERESN
HEACI TN F A BB ILT HINE T A VE 72— (GR) DMFET S

(Lima et al., 2002) .

VIBN—THIIEAT TR AT L2 LA MONTEHY (Chan et al.,
2012) , NUVITHEREME N—T & L THERICEE 2 —T7 O—2 & o T 5.
ARIZEBWTIEAA = bAUADRERD LML MTETH D03, Bk, HEEME,
TERERIR B Z X U, BRI £ CRICEHERMENGFET S (AAFEHHZ,
1989) . NUNMTA VR, NRRF L AT, ZAIREDT V7 MR E DAE
WC, ARHEHER W < DR D DR ER R £, bW EEZ L < G651
Bre LRI SN TR Y, &£, B, BFRER EMRICHEDOE THRA 2P0
FEFIFH &3 Cu % (Makri and Kintzios, 2007) . 72O FM 72> Y FoNn—T
FELT, FALRE—2, VLI RENFETOND. FA -V T7 =
J—EENE <, ROS BRETEMHENE W & &4 (Roby et al., 2013) , £/2k—

_2_



IR I omWIv g vy 7B, v A~ ) Ulgh FELTIRIEWE & L TR
> (Cuvelier et al.,, 1996) . AL A /1L 39 FHON—THIP TLET = ) —VESH
I L OWEHE T ¥ AWINEE (Oxygen Radical Absorbance Capacity: ORAC) /3¢
HEWWN—T Th o7z &G STV % (Zheng and Wang, 2001) .

Said-Al Ahland Omer (2011) |3 —7 R KIFTHFDOLEICHOWVWTEL O T
WHH, ROV YBNA—THLEENTEB Y, HEOEFLIEITT 5B,
LSBELRDVIYBN—THE~OEENRESND. L LED LS s
BTV YRNA—TNIHEHEICEN T D200 E-E D LTELT, ¥
— 7 DOMENE 2 T U7 135 £ VAR LR, AN UL O M HE M B
T DA ITUTAEE 2 T & 7208, I LR E RS 15 1 L > ThE~
THY, NINVOMEHEAEIIRTEAARTH D, NPV SER 7 TE (50 A
FELLE) DAL L, &% TRIESM, ABPASREN B2 > TN D 2 bRy
NV OTPEME DR AR T 2 2 & 13RS TldZe . Murillo-Amador et al. (2013)
(320 S DSV D ISR L OWIHIEFT ~DOHE A L 2 DREIZ OV Tl
HL, mEFTARLE ) TROMEEP P 2HmEL TS, Ll
D EFEN R EEN G2 AT 2O O W TUEHA L NIZEN TR, £
Te SV VIEE, & pH &2 WIEmWagittE) U v A (Na) # (Exchangeable
Sodium Percentage: ESP) (Zxf 3 DMPEAFF->Z & OHEMET VB U LEEDBHE
BEEMOFIZE L TWD & FilkT 2% S5 (Sahay and Patra, 2014) . L 7>
L7273 Bis pH & FIZ381T % & BEC OB DWW CUIRIEM RN A TE LT,
WHET VAV AR VAFTORUANED X REINEERL, - EORED
& EC £ T Z B TEZ 200 O VT AATH D.

UL EDOWEERE 2, AFFRICBWTIELLT 3 2OEBREZIT- 72
1 A P UVASZHETOY Y BoN—7 4 FRIZEBIT D855I & HrRB LI o ik
2. MM NN ORI, Seh iR K OHII LIS ZZ BT 2 R o iR
3. NULVOMPEHEREC RIZTEET L U A N L 2ADOEBOFAE



52

BRARMNLVARAEHBETOY IRN—T4RBIZBITS
BRI & GIER LI E D Lk

Y BN T BT ENE MR & S D D3, Y FhoN—THHIT 3,000 i
LIRS 5 — 05T, MEEOTERILE 2 FE /AT - 72 2BRITIT & A Lid &
TV, Ko TRERTIIARNR T Y F 4 FOESWINE L OIS
BAZOWTHHGHA L, &% O L~ LOZ DEBIC OV TH B M
THZLELERAME L.

F1HED MR LOTE

1. BEE1ED)
REWRYBIN—THTHD 4 HEEHL, 2AA — MNP (Ocimum
basilicum L. LA R, /XPV) | a€v— (Salvia officinalis L. LAF, ©—°) |
2E U F A L (Thymus vulgaris L. LLF, #A L) , AV 7 (Oreganum vulgare
L. LT, Av /) #dalifme L.

2. FEER OBk

B TSI EF OREN (i 35°30° 527, B#R 134°10°137) 1ZC, /N
=3I X 2T FEFALCEMEARRREL, WEEKEITo . HEAKITERKTO0.37
mmol L' (47 8.6ppm) @D Na' B F AL HKIEKTIT 72, HIEHE, UL, &B—
U, BA N, AV D& Tab. 2-1 O X 9 AR CHRE LI Ny b (30
L) 12,90 X% A L7-.pH 1% 3.6 N OHilE (H2S04) & HWT 6.5 IZFHEL, 1
M —EERIEEZ T L. Bm LIEELOABENHREIC R m 20 2% %
NENIEE L, 30 L& /Ny M Tab. 2-1 IR L7 ERIRA R L TR LT, B
MG, SR L U CRERIRICHE LT MY © AT 50mM NaCl & 722 K 5 IR



AL 72 Nas0 X &, BEAMOFEEREL X CHRX ; C) 2B Lz, VL, B—
Y, B A DIZOWTIIELPRHIM 2K 2 HH & L, AL I8\ TSRS
KRB RL B O NI IO P 2 1 A & L7e, BERisc il 1 18
(1 ATV, 4 BUE THUS LTz,

Table 2-1 Composition of basic nutrient solution and salt forms

Element (mM) Composition Concentration (mM)  Salt form

N (1.65) NH, 0.55 (NH,),S0,
NOy 0.35 KNO;

0.75 Ca(NO3)2 * 4H20
P (0.15) PO,” 0.15 KH,PO,
K (0.5) K" 0.15 KH,PO,

0.35 KNO;
Ca (0.375) Ca”" 0.38 Ca(NOs), * 4H,0
Mg (0.5) Mg*" 0.50 MgSO, * 7H,0
Fe (0.018) EDTA-Fe  1.80 x 107 Fe(Il)-EDTA
Mn (0.00455)  Mn®" 4.55x 107 MnSOy, * 5H,0
Zn (0.00075)  Zn>" 0.75 x 107 ZnSO, * TH,0
Cu (0.00008)  Cu*" 0.80 x 10 CuSOy, * 5H,0
Mo (0.00026) Mo 2.60 x 10™ (NH4)sM0,0,, * 4H,0
B (0.0095) B> 0.95 x 10 H;BO;

3. AR OBREL

WUERHIRIAE T8, IR 28I LT, $b53y R D 20 ZOHh b, EFN
HRRED S D& 8 HRINL, HEL, 2, RO 3 AT THfEE (FW) ZHIE
L7c. EBERAEM O DICHEE Ny MHnbiED O 12 Z4HIL, HEHR
o e BALEE PR 1, BAEAICRATZDEOEEHE (K5 g ZELIK
K22 THUE S, —80 °CE%E DBIKIR 7 V —+ (MDF-U73VS6, SANYO DENKI,
Osaka, Japan) (& CHRTE L, B OMTRRCM A L7,



4. TR SHT
4-1. Wl & Gk

HREE 2 JE L7k GES, 2%, R) % 70 CORCEREEIC 72 R ZAR I S &
Tot%, #eE (DW) ZHIE L7z, £EHITHOVTEEKE (FW-DW) /DW
(gg") ZHMLE,

42, s au 7 4 VEFLR
FERH OBEEEEN D 5 M a BIEAIRD, BBOBWRIZY - 7-8EW 25 02 ¢
BOED 7= ATEARE, BIFFHCRFL, A7 an 7 0 Vo0
L7z, SLERICES B2 AN, DEOAERDE T2 7 —)L (995 %) &%
TERELTZ. A (No.5C) ZHWTHitikz Al L, AkE =% ) —L % 0
T 50 mL IZER L=, /X )6ERE (U-1800, HITACHI, Tokyo, Japan) TifF 665
nm & 649nm OWSEE (A) ZHIEL, Zoo 7 4 LVEARIZLUTORL Y HiH
L 72 (Wintermans and De Mots, 1965)
Chla+b (mgg') = (6.10XA665+20.04X A649) X 50/1000X 1/g DW of sample
RERREOEHE (DW) 1TRE FW) @R EOEICI D EH L,

4-3. EHEBELKE (H02) &HFE

BURIR 7 U — (FL) TREL TOEERER 05 g 238 S U Tk

D, MIKEZRLVEMR %, AMTENRL. 72 SmL 22 TE5H
L, v~/ 7 rFa—7122mL O EFE & 0, & 08 (CF1SRX I, HITACHI,
Tokyo, Japan) T 3,000 g, 4 ‘CC 10 srfEli LB AT o 72, 32050 L7238 I
HImL ZR]OF 2—TI1ZBLEV,1TM 28%ww!) 72 F=7 % 023 mL JI
A, TN YR LT, 20 % (wv!) HfbF % % 0.1 mL Iz TR S &
KRS, FFO3,000 g, 4 CT 10 53O BE A 1TV, I I3 C Tk
M7 M2 1 mL A TERSHEEL, 3,000 g, 4 CT 10 57 Ly BEZ1T -
o NI N THLS R ETENERYIRLTE (2~4[E]) .1 MHSO43 mL %
Mz, EEZ s, BH, )0t (A L) 12T 410 nm OWOEEE 4 JIlE

_6_



L, H0: &A% (mgg'DW) ZH M L7, MEHRHOELERIZ30% (wv!) H0;
s LAY

4-4. <o U7 T K (MDA) &A%

5 MDA & A %X Ghanem et al. (2008) @ TBARs {EIZiE-> CHIE L7=. &
R~ UV —H% (FlE) TRAFL TW Bk 0.25 g 12Km L725% (wvl)
NU 7 v afiig (TCA) %%, FLEEN CTEML, mOo (R ) Tl
7= (4 °C, 12,000 g, 15min) . 3y 1.5mL {2 0.67% (wv!') 2-F A L ey — b
1L5mL ZZ, JEAL (100 °C,30min) , [ER&IZT A ANAN (4°C) (I TWA
L7z, Bicm Oz T-7 (4 °C, 1,000 g, 1 min) . 75 1 mL 256G

([dl ) T 532 nm, 600 nm DR ZHE L, 532 nm TOWINEDS 600 nm T D
WOCEE AW U=, XU EAMERE (1 cm DEAZ H-5 1 mol L OIFIR T %
SN L7z & ZDONDRE D OWHE) 155 mM! em™! Z VT MDA &A=

(nmol g''DW) ZHIH L7z

4-5. Ul EERTEE
4-5-1. FHEEFRHD

BIRIE 7 Y —3 (L) CTHEEEL TBW TR 0.3-04 g 238N
ICBWCIRIRERZ CERL, RV =LK"Y rl K> (PVPP) %Mz T 5mL
DT Aa)LE % ETe 50 mM K-P Buffer (pH7.8) T LIZEEMELT-. 2 mL %
~Ar7uFa—TIBL, @O (FLE) T1,492 g, 4 CT 30 srfzEOm L,
AR E IR LEESE (CAT, APX, GR, SOD) {EMHIEH & L7,

4-5-2. CAT JEME

IM K-P Buffer (pH7.8) 100 1L, 0.5 M H,0,40 u L, 758/K 840 uL #/x &
IREA L, MEERMHK 20 n L 2z, EOIZEAL, 2006 ER (Al Tl
JEEE (230nm) DI A RRRFAYIC 2 3 E L7z, BE L7 EE D & g
fEARFED I U E/NVHHEE 0.04 mM' em™ L0, 1 50D CAT IZ X Dilg{bkE

_7_



srfiEf (mmol min') ZHH L7,

4-5-3. APX &Mk

I MK-PBuffer 100 o L, 10 mML-7 A)LE B8 50 u L, 78847k 780 u L, ¥
EEFERHE 20 L 2Nz, 51210 mM Hy02 50 p L 2012 TRA L, 506
R (R E) TG (290 nm) DD A #RRFHIIC 2 RIIE Lz, JIE L7
WEFENR A &, T AL E VRO R Y EAWEER 2.8mMem! XV, 1 SO
APX |2 XKD HoO A7 T A a i v il & (mmol min') ZHEH L7-.

4-5-4. GR {E %

0.5 M K-P Buffer in 1 mM EDTA 100 u L, 78847k 810 u L, HlEEF I 50 1 L,
10 mM NADPH in 10 mM K-P Buffer 20 L /1%, & 52 10 mM GSSG in 10
mM K-PBuffer20 u L J12 CTE<IEA L, WXHES (F.E) TWIEE (340 nm)
DI ZARRFRINC 2 3 RE L7, JE L7t R &, NADPH @ X U £ /L
WHEE 6.2mM ! em™ XV, 147D NADPH 2k (mmol min!) #HH L7-.

4-5-5. SOD 1%

FEER IR 1 mL Z&ATIIC AL, 2 a2 IKiR=EAN (4 °C) T 10 mM K-P
Buffer ® H1C 12 BfEENT L 7. K-P Buffer 1% 3 BEIC 1 RIZZHa L= (GE4R]) .
£ 12 0.5 M K-P Buffer in 1 mM EDTA (pH7.8) 100 L, 1 mM 4% 5
100 £ L,0.1mM F F2Z 2 c100 pL, ZABK 630 u L, @ATH A HEESR Al R
50 L Mz, EHIZ0.8 units / mL ¥FH o FrAF X —E€ in23 M Hilg7
YE=U L inl mMEDTA % 20 u L MMz, L<EAL, e ERH (FE) T
JEEE (550 nm) @ bA-Z RIS 2 S FIENE L7z,

a2y hr— L LT, MEERMR ORI VIR K E N Z 726 O % FERIC
HIEL, 22 ba—LOWSCERINE Vv, MEEEM RO BOCERNZ v & Lz,
VV=05 & 72> 7% lunit (U) &L, 10 @ SOD iEMEA U=V -1 & LCEHHE
L7z, £7o, TOROLEMBERIIREZ HWT 1 mL ' SOD JEMEE (Unit

_8_



min!) [CHAE L /-,

4-5-6. X NI EER

HUBRA VB R M 2 L O T ML EE SRl R s X ONEEHT 5 - LI R b iR oD &
VRV BRET T v R7 4 — Rk (Bradford, 1976) (2 X YV 366 ER (AL T
L, mEfHOREEREHNE, g7 v 7 I W, Rl z o~y
BENDEBEZOTEME X R B0 ICHE L (mmol & 2 \ME Unit mg!

protein min!) .

4-6. MEREITIR T

TRV T AN, Y TAKBEZOBYZ 27 A Mg) ILIEEE; i5lE (HNOs)
W R (HClOs) : il (HoSOs) =10 : 4 : | TR E L7, FWemt
JtEEEE (Z-2310, Hitachi, Tokyo, Japan) % VN T, Na, K 38 X O Mg Z Wik
THIE L7 Na/K HlZ Na B A RN K GAREHRT 52 L THRIEHL, NaB LD
K EEIE (%) 13KEHMOATCHERE (mg) 1 OIEMEREKDO Y cHEE (ng
plant!) TR+ 2Z LIk VEH L.

5. weRHEEAT

FEROMIT 4 KEOFEEETH 0, xHIRX & HLH X[ T O FH L H X
Student’s t-test T 5 %/KMEEM-THLOEHREE L. T8y, X, RONRE
[T OO Ll X, SPSS statistics 25.0 (IBM) #tat Y 7 b Z T —IohlE sy
BT 24TV, ALPRRE D 7513 2 E LB E (Duncan) (2360 T 5 %K UEZ i 727
LOEAEE L.



B2 Hi AER

1. ®¥YHE

HABII AN DN =V O EICAEREEL KIES kol LinLH
A LDEHBLOXE, RICALVH ) OFTRTOEAMICB D CTEHENFEIC
W L7 (Fig. 2-1) .

O Leaf blades

Stems
O Roots

0.5

A A / 0.25 -

______________

Dry weight (g plant')
N~

A

7 % ﬂ * B 1 A ! *
7/ ] B_! 2 7
0 ; i 0
C Na50 C Na50 C Nas0 |1 C Na50 i C Na50
Basil Sage Thyme i____Oregano _: Oregano

Figure 2-1 Effect of salinity treatment on dry weight in basil, sage, thyme and oregano.
Different large alphabetic letters and * indicate significant differences in total dry weight
and dry weight in each part between control and salinity treatment in the same species (z-
test; P < 0.05), respectively. C; standard nutrient solution (Control), Na50; standard
nutrient solution containing 50 mM NaCl (Salinity treatment). Error bars in the figure

indicate standard errors of four replications.
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2. FEHEKFE
W I N L, XA A, AL H ) DEGEKBICEELY FIE S 2o T2,
=BV TIbT N ThH L2 NELEXICB W TAEREIC B L (Fig. 2-2) .

12

%k 3k

WC(gg?
=)
h

C NaS0 C Na50 C Na50 C Na50
Basil Sage Thyme Oregano

Figure 2-2 Effect of salinity treatment on leaf water content in basil, sage, thyme and
oregano. ** indicates significant differences between control and salinity treatment in the
same species (z-test; P <0.01). C; standard nutrient solution (Control), Na50; standard
nutrient solution containing 50 mM NaCl (Salinity treatment). Error bars in the figure

indicate standard errors of four replications.

_11_



3. BH/7mn7 )b (ath) GHE

HWABRIIANTC VIZBIT D7 a7 A VERRIZEEBEZRIZS o120, &
—VICBVWTEHAETIEHERW L ODOE MEMAZRL, A4 2B XA LT /I
BWTAHRBIZIKF LR (Fig. 2-3) .

w
—

k%

Chl a+b content (mg gDW)
7>
-
!

=

C Nas0 C Na50 C NaS0 C Na50
Basil Sage Thyme Oregano

Figure 2-3  Effect of salinity treatment on leaf chlorophyll (a + b) content in basil, sage,
thyme and oregano. ** indicates significant difference between control and salinity
treatment in the same species (z-test; P <0.01). C; standard nutrient solution (Control),
Na50; standard nutrient solution containing 50 mM NaCl (Salinity treatment). Error bars

in the figure indicate standard errors of four replications.
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4. Y H0, & H R

BB I W TN OREICE W T LA B REEL RIETI o720, v i
DFEL Y b=V OMXITIBNT Hi02 B A RN 2 5L Ly Vil & 72 - 7 (Fig.
2-4) .

[—
N

H,0, content (mg gDW)
=)

nl 0

C Na5so0 C Naso0 C Na5so0 C Na5so0

—

Basil Sage Thyme Oregano
Figure 2-4  Effect of salinity treatment on leaf H>O> content in basil, sage, thyme and
oregano. There was no significant difference (¢-test; P <0.05) between control and salinity
treatment in the same species. C; standard nutrient solution (Control), Na50; standard
nutrient solution containing 50 mM NaCl (Salinity treatment). Error bars in the figure

indicate standard errors of four replications.
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5. ¥ MDA &A=

HALB TR Z 1T D MDA B A RIS B2 KT I o2y, =22k
WTAHRIZIE TS, A4 2BV TIAETIERZRWE 0D LT N LR I,
VA B TUIARIC LR SH Tz (Fig2-5) .

200

2 | ]

c T

S

5 L * 1 % %k

‘5100 . l 1 | | Fa

D

=

S

<

-

=

0

C NasS0 C NasS0 C Na50 C NaS0
Basil Sage Thyme Oregano

Figure 2-5  Effect of salinity treatment on leaf MDA content in basil, sage, thyme and
oregano. * and ** indicate significant differences between control and salinity treatment
in the same species (z-test; P <0.05 and P <0.01). C; standard nutrient solution (Control),
Na50; standard nutrient solution containing 50 mM NaCl (Salinity treatment). Error bars

in the figure indicate standard errors of four replications.
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6. HES IR EERIG M

CAT iEMITEAIE F OB — L A LT JICBWTERE IR T2, Y
NBLOY A DBV TIAEICER L (Fig.2-6A) . WTFhoOMIZBWTE
SOD {HMITIEME CTHEIC EFET, ¥—, XA L, AL T/ I2BWThT )
2 EFMER AR L= (Fig. 2-6B) . APX #EMEISHAE TN L, B—, Z A
LTEBEBINRNST0N, AL T 7BV CAEICER L (Fig.2-6C) .GR &
PRI T ORIV B LA A LIZBWTEEIN RN, VT /I
BWTHEIZ EH L7 (Fig.2-6D) .

N
n
>

30

(A) (B)

k%

*

C  Na50 C Na50 C  Na50 Na50

CAT
(mmol H,0, mg! protein min')
v}
O
SOD
(Unit mg! protein min")
b

Na50 C Na50 Na50 C Na50
Basil Sage Thyme Oregano Basil Sage Thyme Oregano
1.6 10
= |© . t D)
g A oD — ;
'z _‘|’_ :‘:"
g 2 *%
w = o
T | 50
<go8 Egs
3 £
= e
: z
& £
E
0.0 0
C  Na50 C  NaS0 C NasS0 C  NasS0 C Nas0 C NaS0 C Na50 C Na50
Basil Sage Thyme Oregano Basil Sage Thyme Oregano

Figure 2-6 Effect of salt treatment on leaf antioxidative enzyme activities in basil, sage,
thyme and oregano. (A); catalase activity (CAT), (B); superoxide dismutase activity
(SOD), (C); ascorbate peroxidase activity (APX), (D); glutathione reductase activity (GR).
* and ** indicate significant differences between control and salinity treatment in the
same species (z-test; P <0.05 and P <0.01). C; standard nutrient solution (Control), Na50;
standard nutrient solution containing 50 mM NacCl (Salinity treatment). Error bars in the

figure indicate standard errors of four replications.
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7. BHEECREAR, nEEIER LU NaK

[~on]

STHRXICBN T, Na G A RITRT1093mge! 720, 1R Na /0B EIA 1 92.6 %
ZEDTW, EE NaGAERIT009mgg! &720, HEH Na ol E&1E 1.5%T
Ho7- (Tab.2-2) . HMEXIZEBWT, £ T35.74mgg!, R T30.10mgg' &%
NENEF L0k L, EHTIE7.03mgg! £TOEH L7220 Na pBlE A&
18 % FRELNMELS, L I L TRV IRWVE L oo 7c. X LRITBITD
Na &HRIIRE S B L0728, Na D EI A 1326 7C 52.8 %, tRT29.2 % &
otz — T, K GARTEMUHEXICBONDTEBLORICBWTES LY L
ROIKS, BEE K SEEIA I3 RIX & i LT 30 %A > hEVMEE 2R o T
ZIEIT, Na/K HRITEF B W TR, RICBWTEWEE o7z, £/ Mg &
ARITHALIRIZ LY TR TOEFNIZB TR T L=,

[t—1]

STHRIXIZ BT, Na A RITRICH VT 7.55mg g’ (1R Na 0EEI A 64.7%)
BEHIZBWNT0.59mgg! CGEH Na mBl#ElE ; 162%) &7e-7- (Tab.2-2) . i
MEEXIZHBWTIE, S (21.63mgg!,51.7%) 4R (27.52mg g, 272 %) @
WHICBNTELLS Na G HENEF L2 K EFRIZEFICBVTHE VAL
RS TeD, RIZBNWTIOT NN OAEICKT Lz, £72 K /pBHIE 1Tkt
XL L TES T EATOHEMICHY, ZB IR TR T T 2@ mIH -
- Na/K HGIEHRABIC BN T DL L RRRICHES TR, IRTEWEIR & 2o
Mg EFRITOTNTHLIN, ARICES EROME ST TR T L.

o

CEES
STHRIXIZ BT, Na A RITRICHB VT 3.68mgg! (IR Na /0EEI4 ;22.1%) ,
WEHIZB T 146 mg g! CGEH Na HEHIG ; 441 %) L7257 (Tab.2-2) .Na
SEEFIGIISRXOEG TR LD &<, XA =D L3 o7, L
KIZEWT, Na G RITT X CTOENICE T LR LR, SBAE ToOREZE
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1372<, £ NapEEIE~OFEE I e o7. —F CKEFRTE—V LR
DT RTOEFMICEBNTHE LK T LA, LB To K HEEIE OB biT A
LR oTo. Na/K HIZB W T H I CHERZ(RITA LN o7 Mg &
AHRIT X TOMAICBNTHEIET L, FICESICBWTE T LTV E.

(A1)

KEFRXIZ BV T, Na 3 A RITRICE VT 523 mg g’ (R Na 0BCEI A 5 27.6 %)
LR, EHIZBWTIE1.89mgg! GEL Na /BlES 5 53.3%) &7e->7- (Tab.
2-2) . HEAEEXIZEBWT Na BARITEEICEA L, FICENa 56 F (67.0mg
gh) BAEOHFAN—T 4 FEDO T Th b @V ME L 22 o 72 K 2EEI ST ICB 0
TA434 %EHFIEN EA L, —FTIRIZBWTIT 42 %R bIERWETH 72, B
PRV E LT, K A RDES THABIZ LY 2 /58< EH L, RTHLL
KTFLZZEThD. ARRIC K aREIE LIS TELL 2 HD, IRTIEHE 72,
Na/K B X OREL TEB L URIZB W TE Y b AEICKLS, X ERoM
ICBWTHEZEIT ol Mg &8 RITELBLXIZB W TR BRXICR L, 2T
AR TLED, EFTHEICEA L.
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H3FE &

ARIRIZIBN T, 4 O MBI 70 o Y BN — 7 FH O O CTRE A E
AP e R L OREMEOB AN ORMEZ T oo, NUNLEE— VTR
MEBEORD DB LRSI ENDIEMER S D Z R b M E o7 (Fig.
2-1). —HTEALLT VT OFEREITE LB L, U 7 13 b K
SHERTH Tho7o, WTNOFIZBWTHEYEZKEOKNITIALNT

(Fig. 2-2) , BBEA P L AIZ LD WAKRRBIZIT > T ol b BEZ BN
.

WX OB BRI OWTFHMli L7z & 2 A, X TOFDEEALIC
FBUNT, Na B A FITxHRIX & ik U CHALEX T Ev i & 722 > Tz (Tab. 2-2) .
L727235 T Na (IEDRICEIR S, A A A ML RAZSIERI LD D507 L
NEEINTWZEEZ N0, MERICBIT 5 NaREITFEICE > TRZR-T
Uz

NIAZEWT, Na BARIFELE TIZENTHEY TIRHMERF SN TEY,
FEBIOIRIZEBWT Na B STV (Tab.2-2) . ZOFERN BN VITIE
H~0 Na gk 2 8il, &2 WI306E RS O Na HEH A2 L Tz 2 &R
S, MRS HEESNTE T Na LIES LI SN Na 2275 Na &7
ELTHS TWEREEMERE 2 b b, Z OMMEEEE I OREIZ BV T A
SN TZ B Tod o7 (Tab.2-2) . Attiaetal. (2009) 1XHEL ~D Na ik &
W ME L OBRZ R LTI D, /N VTHE ESGH# T~ Na 2 s LT
WD ZEERHRELTND, MOfEE g L TR LDORELY Na/K HMEW 2 &%
NUNPENTZES ~DOBIRAY L K ik 2 A L Wz Z L 2B 2 (Tab. 2-
2) .

T=DIZBNTIEIADNLE R D, SR TIIRIZ Na BDEBEI N TV,
HALBE R CIIEHICB W TH Na BREB SN T (Tab.2-2) . 2D Z &idk—
YO L UURO Na REFEETIX 50 mM O Na LB TN S 415 Na ZRFFL &
N, MR L TEHICETNaPAEEINLTLES TV E W) Z & TN
O LI LB LEF BT 5 K aAFRITHLIZ L > ThitRrsh, RIC

bl

=
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BITD K GHROEUBIZE K TNEE XL L, FEH~D Na lZxH7T 5 K &
PERE—TEWZ ENfE 2 5.

— 5T, FALEF VT TR EZ R L, 1 EEA~Z 5D Na AL FE K
IZH B, FRCA LT 2 IZBWTHE CTh o7z (Tab.2-2) . AL /X Na &R
ICERETET, X2 Na Vo7 L LTHRESETWD K H7E o7 Lo LEERE

TR TS Na AR/ O3FEL Y HEL 2o TLE-TEY,
H~DNaBATEHIEITE CTWinotz, —HTHUA ) OEE K &6 RIL5HR
XLV 250 EFH LT (Tab.2-2) . A7 Na it ACEE L CA 4
VNG U A G AR RRBICHERF L X O LT OB K BRI KD HEIRE TH
57 LB D (Maathuis and Amtmann, 1999) . 4 A AIZEWT, HALHET Na
DEEIGEZLS TR 12D, TXTOFHMIZB T Na G HEN LA LTE
D, KA RERE ~OMEE 7 Na AT AEZ IHl LT Ly, &
oA DB TOLESZZOEHN CKEARENARIIETLTEBY K5
BLEIGICEAL R oo 2 &b b, MMDOIRE N HIEG ~TIRIYIZ K Z kT
HIENTET, EHTKARZELZI LTWERBEERE X HiLs.

MEEEZ R LIV L= D7 nu 7 0 )VEARITHEUIIC X 5 2T
o T, WM E R LI A A LA VT )37 an 7 VERENAR
IR T LTz (Fig.2-3) . ZOIK FIIMEITLHRE TH D Mg DA RIZ & 5 A[RENE
MNEZLN, 7087 4 )VEAKRT 572D Mg IZMNETH S 08, B o
72 Na LOBAENRERNTIZaoa 7 4 VIKTFREEXZEEZ 5D (Gomes et al.,
2011) . EES, A LAOHEL Mg [IENUBEX THEIZIKVWMETH - 7= (Tab.2-2) .
RN EE—=VIZBWTH Mg GHROE TIZRD NN, TOREIZZ A
LMEETE RN oT. —HTHVH ) OEF Mg &8 RITELHEX THEIC L
ALTEBY, v /70r7aa7 4 UK TIE Mg K T2 L2 BETIEERBND
T, TOMOJFR E L THEA L ABKOBRIEA F L RIZL D AR GARED
SRINEZ HID.

MDA [INFEELOEETH D, AUNLB IOt —VIZBWTIbhT I
R T T H - 7223, XA AT ERMER, v F ) TEAREIC ER
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LCW/= (Fig.2-5) . 2856 O %1%, Herndndez and Almansa (2002) 2372 @
HEFIZBWTHEAIC L 5L A N U ADBIEEBEBE A E I & 2Hs
LTW2 Xz, SRIOE-RZMEEZ R L. 2 FIZBWTHOIEFEMERLA b L

AN KD H A=V %2 T T REEDS R S 5.

SR 72 ROS Td 2 Ha02 13 CO, [ E Z L EHF 45728 (Kaiser,1979) , A h LA
VTFUE L L THHE LTS (Bhattacharjee, 2005) . AR DEERIZEBNT
I H20;, ZETHZ LT ROS OFAZHIEL LD & Ly, PHEERKLTHE
M E R LA LBIOF VT 7 IZBWTHIEABIZ L 5 AE 72 H.0,0

TR HIL7e o 7= (Fig.2-4) . £ ®—J57 T MDA [JELHEX T EH L TEY

(Fig. 2-5) , B 5 < H0, DFAE L PUBLEEEIC L D Ho0p K~ E T 5
BELDONTLURAZLS>THO BEEENRLZELTWbDEEZLND. —F
C ROS 53 fRDIEFE T Ho0, 2 FEET 2 SOD OIEMHITZ A LB LA L H /1ICk
WCHEALBRIX C EA-3 A H o720 (Fig. 2-6B) , # A LD CAT {EMHE &
WA VA7 @ APX {5, GR IEMEITE L <X T EH L TH Y (Fig.2-6A,C,
D), Wb HoO2 3T D7 O OHBLEEFRE TH 5. Lz > TIRE R
I3 HaOr TIEZRWMid ROS (2L - THIE I SN TV REMENE 2 B, il
ELT—EHEBFE (10,) RENBTOND. 03 bR LY bEITT e
T4 RIZEoThHfEsnd (Rameletal.,2012) . 'O, Ho0r X 0 & S HED
<, XAV EET 5 OIITE LIS NRITIER LRy, 2FY
AlEL 10D K H 7 ROS MMM bzl S I L, fFE LT LA hLX
EALIHETWEOND LI,

NIV OPFRLIGE T CAT MHAEIC X > THEIZ EFH LWz, hoht
el IR I IT A B2 v 7= (Fig. 2-6) . DF D XU UZEWT CAT 134
JRE L LTI HoOr 2 BRE L, NEE (L2 P CEE RS 24 > Tue
AREMEDNE 2 HivD  (Fig. 2-4,Fig.2-5) . SEATAFRICI W T h U E B 2 3RS
ZE LTCAT e biE b Tz WO HES S TEY  (Azevedo Neto
etal.,2005) , SEID/ST LD CAT {EHEALIZ S DL OO —iim 2 > Tz
EHEHITTE S, —FTE—VIIM 3RS IR L CE Wi LEERTEME A A L (Fig.
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2-6) , T M SOD 1M, GR IV LI X > T EA$ 5 DA T, H0: %57
fi£9~% CAT,APX OIGTEIZZEE T, Ho0, I3 LFE X C EFEAICH - 72, E—
TOMDA GHENEMHEX TEHE LK T LTW 2 EE2EZH L, E—TUH0
H,0x 133 7 V)8 & L CHERE (Bhattacharjee, 2005) L, Hifg{bitA 2755 L C
W RIREMEANE X 5415 . Tounekti et al. (2011) HHEEFFEMHEILA L AT Y
Bl v — X~ U — (Rosmarinus officinalis L.) (2B W CEALHIEEZ L7253 DT
172, B AT A E L THERH L TV A AR Z FEE L TED, E—U LA
FROBNTZTIBILIEE VAT LA LTS ERbND. HEZEEZ R LIEH
ALEF VT 7B, HABIZE Y % 4 AT CAT {EHENAEIC EFH L,
F VAT 7 T APXIEME & GRIEWED A EIZ BA LT\ ey, mifd s b SOD iEMEI
DTN EFH LT (Fig.2-6) . ZiLH OFERN O EFRIIHE A M L RITIRE L
THIBLEERE 2 TE ML STV 2 E D503, MDA OEREMNRA LTV
ZEMH L AENICHEFZ: Na DAL TWS Z LIk 34 Lam{bA b L
ADFNEVEATH-T-EEZ B (Tab. 2-2) , fERE L TEFEGRIZ DA
Nol-tBbhsd (Fig.2-1) .

fham & LT, AW & Fi LIS A O M IE~D Bk IC k> T&k L,
IND LD THHEPE TR S RIN & FUB LIS B OMEIC E > T2 b Tz
ER Dol B=VIREICHERISEDMEN TV D Z &I K o TlifsErE % %%
BLTWEZLEZDLND. A LOHEZMII NaBiEIZ LD K & Mg DRZIZ
LD TholBZBA0N, Z7un 7 A VEMICKEZE T LT\ EE X
NG, A VAT TR O Na BMEENIZIHA T 5 2 & THRFGMHER(EA F L
AMFEL, FA—VEZITTWELDERBbNS. FA LB LT O
Na WRULHIBNBE 3 2 Mass e At 2 e 2 m o, JlERIGE R 7R ST
HEA NV AL L EN TR Z E N b nE o,
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A LR

RO TR HESNTWD Y Y RHTET 2 N — 78I, a2 T
AT <, A ML RAIZ X DINEDOBIEDRREIND. AL TIE, ¥ VB —
TR HMHEMEERE OB Z B L L, £ DITREN Y Y FA—
THCThHDHLN\UN, =, XA LBLOA LA/ % 50 mM NaCl & AR b L
AFEAIRCARBERSE L, B, XBIOMRIZBIT 2 EE, Na, K BL O Mg &4
ROEHICBIT S 007 40, MDA, HO, 84 3R E L OB LI 1% M 2 &
L.

ML, NN —U>H A LS>F LT I DIETH -T2, NTNLTIE, %
R Na (57 & BEE K HERFIC & 2 BEE O Na/K Feiain z, Bilig(bigs: CAT 5
EEHR, MOMBEEEZFA L W B 272 =Y T, AULED S Na f/
FREEY KHERPLEDLHOD, BEHTNa/K AR M2 D Z LISz, @t
FR bl RVEMEIC K 2 B E R (LR ILREDS, SRWINIEMEZfi ] L C\We & B 2 7.
Fz, XA LTI, PUEBLEERTEMHEIXCAT CHEICEAT2H00D, £2aF~0
NaJii A& KB LI Mg iitiic & 0, FRCEERBOPRIZ OB sTeb D EE X
Tz. VA TiE, APX X° GRIEWEDO A B R ERIZ L oMibsE 2R L, £z
EHIBIT 2 KEEREZRET 2000, 2IE~DF LW Nafit AN X 245
ERIFREA DL RIZR Y, anE ORERBREZHN L E T,

ZOEDICRILLYYRHZBT A2 —T7EHTH->ThH, TOMBEEITRZY,
WL & PIBR LIS OEWIC L V#3562 LN TE T,
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o3

MRSV DRI, JEB AR L OHTIRRILIGE (2B ¥ 2 K

VYRR TR R AN—TFHO T TH NPV (Ocimum basilicum L.) 135z A
FLUATFIZRWTHIRRLE (CAT iHME k) &oam (R Na frFfl LUK i3
REEIE) O HEIEZE 3L 2 TWD Z & A A 57 (Tanakaetal,, 2018) . L
2 LURDYBIMMEEMED 72 5 /30 )V il [l T, MHEMEEEN ED X SRR 50
DAUTOWTIE BT o TV, RERR TIIERS MR I O Sl D 2
ST, U LIS, A RIS OWTHA L, MHEE AL OFT LR 8 E2 5
ML Lo E LT

Ehr 1 THERH L7z NV imfE (Ocimum basilicum L. var. Sweet) (LA, AA —
) W2z, X mHEMEREW E S E NV VEEE; Napoletano (LLT, AR L ¥
/) AR S L7

2. FEER OBk

F2EOERLFE CRENICT, 2016 F4 H 13 BIAA—IF 274 M FIE
L7ct/ L= U VO 72 85FE L7=.5 H 22 HIZ Tab. 3-1 OFEAREERIK %
FHE L2 ISLENy B L, AKPEkE: (AiE#) 2B8mL7.6 A1 H (10
DAT ; KA 10 HH) ICBH L —HREEZ 35 LAER Y h~3XT oK
L, ARG AZBRMG LTz, NUGREEOEITHIEICHI > TAEFTRRICK T 5 H
R IE, IXEHIN D72 DIZEE 3 FENTERITE L2 E R S ST OG0 21T
©72.6 7 13 A (22 DAT) 2BEIRMEZ 4D, 6 H 15 B (24 DAT) 725 0 mM
NaCl (%fHHIX) , 50 mM NaCl (Na50 [X) , 100 mM NaCl (Nal00 [X) &72% K5
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(AR A L, 13 B RSB A i U 72, SEBRIS 3 AU 4 OE TR ATV, AL
BRI FE O EIZIL, Camlica and Yaldiz (2017) O/NUIVIHEMEA 7 U —=0 77
A NOFEREZEIZ Lic, FIEIZITHRAK T 8.6ppmNa (0.37mMNa) %5 A T
LK EHEH L, 5538180 pH 13 6.0-6.5 OFGHHIZ T L7~

Table 3-1 Composition of the nutrient solution and salt form for basil cultivation

Element (mM) Composition Concentration (mM)  Salt form
N (3.55) NH," 0.64 NH,NO;

0.32 NH,H,PO,

NOy 1.32 KNO;,

1.27 Ca(NO3), + 4H,0
P (0.32) PO, 0.32 NH,H,PO,
K (1.32) K" 1.32 KNO;
Ca (0.64) Ca”" 0.64 Ca(NO3), + 4H,0
Mg (0.85) Mg** 0.85 MgSO, * 7H,0
Fe (0.036) EDTA-Fe  0.36 x 10" Fe(Il-EDTA
Mn (0.011)  Mn*" 1.12 x 107 MnSO, * 4H,0
Zn (0.0017)  Zn** 0.17 x 107 ZnSO, + 7TH,0
Cu (0.00016)  Cu*" 0.16 x 107 CuSO, + 5H,0
B (0.016) B” 0.16 x 10™! H;BO;

3. HWAKZHB IO v 7 ¢ va llE
WUEEBALE 12 HE (DAY12 56 A 27 H) IDEMNT A—2— (P AR
£, g /AL H 7 2 A E  ZKBOREE, Ci AR COIRE) BLU I 1
17 VES N T A — 2 — (O PSIL: ket T DR EAFICR, Fv'/Fm’ : JFhiEEt
T ORRKETIEE, qp : FALTFHIESE, ETR @ EmEEE) 2H0E L7 (JE

SR DWW I N RD 54 THICRLER)
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4. FEIRDEREL

6 J1 28 H (DAT37) (2457 > F 2 DEEERIC 1R ZERIRL, By, X IO
TEW, RO 3EALICo S, FifEE (FW) 288 L. £-—#3Es (K02 %
TAEZICERIBL, 7 re 7 o VEARMEICHEH Lz, 750 OS5 2 =Rk
(LB (SRR ZE SR TR L, % OEBZR T O 7= DIBIKIR 7 U — 3 (-80°C)
IZTRIF LT,

5. HEMIR D53
5-1. ¥ HE

FI L OMRIT 72 WFRHIRRS R bl COlURE i S 7ok, e E 2 llE L, 4
I ST 5729, sub-FW & LT iz 5 50 U iE-
TRE, ZOEHFOGYWEE sub-DW & LTS Z & TR (sub-DW/sub-FW)
ERL, REHFRE OB TAES UMW ELEH L.

5-2. EKE
3L (BEE, B XUHR) O&/KEIL (FW-DW) DW (gg') & LTHEL
7z,

5-3. A pkeaHR
rman 7 A VERRUEHORESREIZH 2 B RO FIRCRIEICHER L
=. 1277, 7ea 74 vaBLObEERIILLTOXNLE T LT,
Chla (mgg'DW) = {13.70 x (Asss) —5.76 X (Aes9) }*x 50mL/1000/ g DW of sample
Chlbh (mgg'DW) = {25.80 % (Aes9) —7.60 x (Agss) }* 50mL/1000/gDW of sample
Flermu 7 haBIRb EAROERNLImw T v alb bEEFH L.

5-4. B/ NT A — K —
B IS P E N IAE ) e B R A AT > A 7 2 (LI-6400, LI-COR, Nebraska,
United States) % W THEAEYIKR D VERBAEELZ T ¥ o/ X—NIZERE L, HIE L

_26_



7. TRTOMREITHFRE ; 500 pmol m?2 s, ZFEIRE ; 30 °C, “BLRFIEE ;
400 ppm DM T TITo 72,

5-5. 7w 7 4 )VEIENT A—H—

HARAER, FEBICRLEFEHNC 7 oo 7 o v E2HE L. 3
WG T OREWR D F/ MRS (Fo') , FeRK# IR (Fm') & L CERIRE
DI (F7) Z2HE L, b 7RI R &I (Fv/Fm’) = (Fm'-Fo’) [Fm’,
SR ) 7 o F o AR (gp) = (Fm-F’) | (Fm’-Fo') ZBH L7=. £7-5%)
=R (OPSID 1E (Fv/Fm’) & (gp) L OFETRIAL, oA E FmEZEE
(ETR) L ®PSIIx0.5xPFDx 0.8 & L THH L. ZD& & D 0.5 13T R1
AL RIE DRNERIG A 1:1 & LIEHAaDETH Y, PFD 132D & 2D E
TR, 0.8 1T —MRAVRIEDOWIUREEZ R L TWD. ZNHTXTO/RT X —
4 —% Murchie and Lawson (2013) OHEEZSEIZ L TT —H T &1T - 7.

5-6. MERETTIR T

52 B EFRRICHIE LTz

5-7. L H.0, & H R
2 L RARICHIE LT,

5-8. #EH MDA & A=
52 B EFRRICHIE LTz
5-9. AR R

o5 2 B L [REERICHh I L7z,

5-10. ZES PURRILIE RIS L
52 B EFRRICHIE LTz
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5-11. Z o 7 HE=
52 FERRICHIE LT,

6. s AT

FEROMEIL 4 KEOFEETH Y, Ffld 5T 2 iz 5 3 A48
D ERAL O D LLHE X, SPSS statistics 25.0 (IBM) #igt> 7 b & H\\C—ohd
BB 21TV, B O &L L EILERE (Duncan) (23T 5 %K U4 i
T b0rAREE LT,
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F2HE MR
1. WE

KRXIZBWTAA — FOEWEIT TR L& 2 LY K&»ro7 (Fig 3-1) .
Na50 WBLCTAA — hOREMHEITZAEIZH A L, TRV Z ) TIIHEIZEADT
5 Z EERo72. Nal00 TIEAA — R TE LR DA ERBDITA LR ST
23, TARUVE ) TIEEIENZ R LTc. A4 — MZEBWT, NaS0 TELG B IO
REW) B SR L7223, Nal00 (1282 & bR 0 EA Lol TR
L& TR X 2 B BRI T R OEAICB N T AR -

7z.
4
< = O Leaf Blades
= 3 | @ Stems
= m Roots
= a b
@9 2 T T I-?- = T T
= ] b b -
21 - = t T
z b b :
=, |
) | B B BN O =
C Na50 Nal00 C Na50 Nal00
Sweet Nap oletano

Figure 3-1 Dry weight of two salt-treated basil varieties. Different lowercase letters

indicate significant differences in total dry weight and dry weight of each plant part

among the three treatments within each variety (Duncan; P < 0.05). Standard nutrient

solution contained no additional NaCl (C, control), 50 mM NaCl (Na50), or 100 mM

NaCl (Nal00). Error bars indicate standard errors of the mean of four replications.
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2. BKHE

AA — MZFRVT, NasS0 [FESERKKREZAEITET S E20, ZBLUIRT
IFERIE F&EER-72 (Fig.3-2) .Nal00 TEB IR THLAEREIIEF L
N, BHTOIOLRLIAERRTIXA LR ST, FARLE IZBWT, Naso
TN TNOENDEZ KRB IR 2 KT S 727> 7273, Nal00 ([T W THE
LU THBXIZH L THRICIE T L, XE5/KEIE NasSo 12xf L THERIZIKT
L7223, sPRXICx L TUIA B T Lo 7z,

30
a a
e Ea b
=204 2 g A, a
% m ..'-é
< a . «++O--+ Leaf Blades
S| Bee-s E--=d~0g
S e 2~ | -a--Stems
= a  .ITsJb ab
g 10 4 ¢ Oececes A b &— Roots
z b P
0
C NaS0 Nal00| C NaS0 Nal00
Sweet Napoletano

Figure 3-2 Water content in two salt-treated basil varieties. Different lowercase letters
indicate significant differences in each plant part among the three treatments within each
variety (Duncan; P < 0.05). Standard nutrient solution contained no additional NaCl (C,
control), 50 mM NaCl (Na50), or 100 mM NaCl (Nal00). Error bars indicate standard

errors of the mean of four replications.
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3. JeBEAEHR

WA FEICIWT, Z7rr 7 b a BEO (ath) EHFITAKITH LTl
B CH BRI NIL L7222 o7 (Tab.3-2) .Nal00 IZX>THRL ¥/ D/ an
T4V b EAERPHRIX LD AFEIZIET L, Chl a/b HITW &SRS HICHER L

HERLT-.
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av 700 F 960 D U F SI'€T D 66T F L9II - 01T F TEII 0SeN
g 900 F 160 D24V TLT F ¥T6r Dd SLO F LI'SI - €T F LSl o) SEEYNN
M3 Sw
! SjuoueAI], SanaLe A
q/v 140 (q+v) YO q14d L)
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4. HEETHRTA R, HEEFGI LU NaK L

[Na & A 3%]

M EaFE 23UV T NaS0 THES Na A RITAEIZ LA L2Rdr> 7273, Nal00 T
A ENZ EF U7z (Fig. 3-3A) . NaS50 THEIZZ Na & A 03l §ifE T LA L, Nal0o
THRVZ ) TIEE LR DA R LA %5872, Na50 THEICIR Na &4 FH3
AEIZ W T B L7223, Nal00 TO X 5725 BRI A Lo 7o, et
IZBWT, R Na BHRIZAA— ML TRV ) TR ST

[K &6 %]

AL — N OEY K G4 FIIR X & HLEF TIIIE E A EBB A L2 D
ol =HTTRUVEZ ) DES K SARITGRIX I AT THEIC LA
L, SBXOHK 2 DM %R L. Nal00 ZLE T T NaS0 LB T & [ARE 7 &
ol FEEBIORICE T 2 K BARITERED EHICHEVME T L. (Fig.
3-3B) .

[Mg & A =]

AA— FOEY Mg EHFITELE T THo THIR T Lo, EB LW
BICBWTHBIIRT L. —F, TRLEZ ) OEY Mg &4 RIT K [FRIZHEL
HTFICBWTHRIZER L, ZBILUORIZBWTIIAREIZIK T L7 (Fig. 3-3C) .
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Figure 3-3 Nutrient contents in two salt-treated basil varieties. (A); Na content, (B); K
content, (C); Mg content. Different lowercase letters indicate significant differences in
each plant part among the three treatments within each variety (Duncan; P < 0.05).
Standard nutrient solution contained no additional NaCl (C, control), 50 mM NaCl (Na50),
or 100 mM NaCl (Nal00). Error bars indicate standard errors of the mean of four

replications.
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[Na 73 Fd 4]

HIRXIZET DAL — D OFEALICI T D Na DEEIG IS T23.0%, XT
4.0 %, IRTT73.0% TH Y, TAHRLZ JIFZLNEI 203 %, 6.9 %, 72.8 % & A2
&R L7z, LA L Nas0 DA A — MIZNZEI 4.0%,41.8%,542 % & HEHE
FORTHEIZETL, ETHEICEF LT\, —J, TAHRLZ 21280
12.0 %, 23.4 %, 64.7 % & DA THEIZ Na ELEIG 2 EF L7z, F72 Nal0o &
HFTIXAAL—FTT7.6 %, 43.9 %, 48.5 %t AERELITEL, TRV Z /Tl
21.4 %, 28.5 %, 50.1 % L HRIZI1T 5 Na /Bl EI S D35 ISR L THEICIR T L
7= (Fig. 3-4A) .

[K Zhd&lA]

SHREICEBIT DAL — FOFEALO K HBLEIEITES, X, BT 249 %,
48.0 %, 27.1 % & XIZBWTEWMEMIZH D, TR Z 2 IZBW T 28.3 %,
35.2%,36.5% & EEB I UIRICE S HEL STV, L L NaS0 AL F Cld A A
— NMZBWTHEEY, 3£, R T354 %, 55.0 %, 9.6 % L RIZE T 5 K HEE& ™A
BIETL, TRV 2B W TITEY, %, R T682%,24.0%,7.8%&EHT
AEICEAL, ZBIORIZBWTHREIZIKT L7, Nal00 LB T TlEAA — k
X3S, 2, 7T 62.4%,28.0%,9.6 %L EHICBWTHRIC LA L, ZTHEIC
KL, FARVZ 2IZBWTIEES, %, BT 768 %, 162 %, 7.0 %L 2o 7

(Fig. 3-4B) .

[Mg ZrBlEIA ]

S FED X HRIXIZ BT 5 S Mg BELEISIEIAA — TR L& ) TENE
T 583 %, 60.7 % T o723, HEMLEE (NaS0-Nal00) 2L ZhEh 75.8 % ~
79.7 %, 82.1 ~858 % & 72 V), EHIZHIT D Mg nEEEIENAEIC LA L. £7-
EBLORICEB T 2 0 EEITEAEIC LV AEIIE T L (Fig. 3-4C) .
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Na distribution rate (%)
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Figure 3-4 Nutrient distribution rates in two salt-treated basil varieties. (A); Na
distribution rate, (B); K distribution rate, (C); Mg distribution rate. Different lowercase
letters indicate significant differences in each plant part among the three treatments within
each variety (Duncan; P < 0.05). Standard nutrient solution contained no additional NaCl
(C, control), 50 mM NaCl (Na50), or 100 mM NaCl (Nal00). Error bars indicate standard
errors of the mean of four replications. Distribution rates were calculated as the
percentage in each total Na, K and Mg amount in each plant part relative to that in the

whole plant.
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[Na/K ft]

] An AL Z Na/K HRIFAR CTle b @ <, B8 T bIRWR R & 72 o 72 (Fig. 3-5) .
HEE Na/K Held Na50 (2 & 0 xR & b U Ciidnfl A EIZ LA L72.Nal00 T
SR EFIIAAL — N THRLNRDSTN, TRV JIZBWTIRAEIC L
H-L72. % Na/K biE Naso TiEAA — M CHRIC LR Loz, TRV
J CIEAEIZ EA L, Nal00 THjdmfl & & A FIC A L7z, #f Na/K Ebid Nas0 &5
J U Nal00 Tl fufi & &t Xk LAEIZ BA L.

12

N~
= -« 0. Leaf blades
z -a=-Stems

—eo— Roots

Figure 3-5 Na/K ratio in two salt-treated basil varieties. Different letters indicate
significant differences in each plant part among the three treatments within each variety
(Duncan; P <0.05). Standard nutrient solution contained no additional NaCl (C, control),

50 mM NaCl (Na50), or 100 mM NaCl (Nal00). Error bars indicate standard errors of

the mean of four replications.
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A RS M

HARGEE (P) 1EAA — b OXRIXIS LTV Nas0 1245 T Nalo0 kv & &<,
FLTRVZ ) ODWTHORHX LY & Enro7z (Fig.3-6A) . [fLa &7 4
VA (go) TR £ OYNaS0 (23 Tl il A B 72 E M X720 72. Nal00
XFTRLZ ) D g #HEIRT &, A — F IR T %2~ L7= (Fig. 3-6B) .
HARIBR CO HEPE (Ci) 1ZAA — MTBW T X D8I -T2, T
AU Z 2IZBWTIE Nalo0 THEIZIK T L7z (Fig. 3-6C) . Z&HUEE (E) OfH
MiE g EFERLLTRER & e o 7= (Fig. 3-6D) . i OWT IO IEE YT A
— 4 —T% Nal00 THEREWIIA LIRS T,

20 0.5

-~ (A) )

q; 5] A 2 0.4 4 AB A A

< £

§ . B B B 2.0.3 ABC

£ B | %] BC

S 5] E C

“ 1 i 5
0 T 0 T
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£ 400 b AB
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= 200 4 g BC

E £2
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° i
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Na50 Nal00 Na50 Nal00 Na50 Na100 C Na50 Nal00
Sweet Napoletano Sweet Napoletano

Figure 3-6 Photosynthetic activity in two salt-treated basil varieties. (A);
Photosynthetic rate (P), (B); stomatal conductance to water vapor (gs), (C); intercellular
CO: concentration (Ci), (D); transpiration rate (E). All parameters were measured at 12
days after salinity treatment initiation. Different uppercase letters indicate significant
differences in each photosynthetic parameter across the two varieties (Duncan; P < 0.05).
Standard nutrient solution contained no additional NaCl (C, control), 50 mM NaCl (Na50),
or 100 mM NaCl (Nal00). Error bars indicate standard errors of the mean of four

replications.
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6. Zmnr7 (L

Fv'/Fm’ (e KEINE) (X AR & 612 Nas0 (2 L 2B E 21T e b o 7203,
Nal00 |2 k> THARLZ 7 THRIXIZH L, AR T L7z (Fig. 3-7A) . EX
BEUCE (OPSI) & FEiEdEE (ETR) (XA CHALERIC X 5 22
2T 7o 72h (Fig. 3-7B, 3-7D) , 7RV Z J OBV THFIZAA
— LD BENERE o7 pIT T T AT )V A (BTZEER Q) OLEK
v 7 AREEZRTHRIETHLD, A — FOWMAIHIZBNTEEITR L, TR
L& 7 D Nal00 IZBWTHER EADNA LN, ETABICED LT, gp i3 A A
— MZBWTTFRLZ 7 LY bEmWEZ R L7z (Fig 3-7C) .

0.6 0.4
(A) B)A A
A A A AB
. AB AB - BC BC ¢
=0.3 I I I B £0.2 -
L: l |
0 | T 0 - :
1 100
© )
B T
9 A A
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N o
U"O-S E ,_c. 50 {
&
=
=
0 - 0 -
C Na50 Nal00 Na50 Nal00 C Na50 Nal00 NaS0 Nal00
Sweet Napoletano Sweet Napoletano

Figure 3-7 Chlorophyll fluorescence in two salt-treated basil varieties. (A); Maximum
efficiency of PSII photochemistry in the light (Fv’/Fm’), (B); quantum efficiency of PSII
electron transport in the light (® PSII), (C); photochemical quenching coefficient (qp),
(D); electron transport rate (ETR). All parameters were measured at 12 days after salinity
treatment initiation. Different uppercase letters indicate significant differences in each
parameter across the two varieties (Duncan; P < 0.05). Standard nutrient solution
contained no additional NaCl (C, control), 50 mM NaCl (Na50), or 100 mM NaCl

(Nal00). Error bars indicate standard errors of the mean of four replications.
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7. HEH H0, EHFE
KRXIZEBNT, TARLVZ JIFAAL— b L0 b EWEEREZR LR, HEL
HIC XD EBREVTEERICBW TA LN -7 (Fig. 3-8A) .

8. MLy MDA &A%
WD, BB WTHBEITA LR DS T2RN, TRV ZIZEBWT
IZAA — M XD bIEVEZ R L Tz (Fig. 3-8B) .

9. SRR EERIG M

CAT {&EMEIZ A A — 2RV T Nas0 THEIZE L <TEMEA LA L, Nal00o Tl
EOIEMEZMERF LT, TRV E 2B W TTA ERIEMH® ILRMMo oD,
M b A 2 [FSE OTEMEE 2~ LT 7z (Fig. 3-8C) . SOD {13 f it & & I2HE
LB X DA B 7R bR L ORHBR 2T A B v~ 7o (Fig. 3-8D) . APX
EMEITIA A — MZBWTREREIIAONR N -T2, THRLVEZ 2 IZB80NT
1% Nal00 LRI L 0 X L 0 AEICIEEDME T L7e (Fig. 3-8E) . GR I&MEIX
ZA = MZBWTHEZEZRWA, HIRE O ERIZHEVEMNED BR L Tz,
— TRV HZ /1ENas50 (2 L > THEICTEMEME T L (Fig. 3-8F) ,Nal00 TS 5
AT L o7z,
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Figure 3-8 Antioxidative enzyme activities in two salt-treated basil varieties. (A);

Hydrogen peroxide (H202) content, (B); malondialdehyde (MDA) content, (C); catalase

(CAT) activity, (D); superoxide dismutase (SOD) activity, (E); ascorbate peroxidase

(APX) activity, (F); glutathione reductase (GR) activity. Different uppercase letters

indicate significant differences in each parameter across the two varieties (Duncan; P <

0.05). Standard nutrient solution contained no additional NaCl (C, control), 50 mM NaCl

(Na50), or 100 mM NaCl (Na100). Error bars indicate standard errors of the mean of four

replications.
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CORN T =

R L BEY OEAKRFIIMBFEC—REA#EL TEBY, TARLVEZ 2 IAAL— |
CIT B DM AR LTz (Fig. 3-1, Fig. 3-2) .Na50 TORBFEA ML AFT, F
LB JIEAA — B &l U TRIPIREE & e B PEOMERHITEN TRV, Koy
REFFITHE A b U AR 5 720 OEERHE) T % (Parida and Das, 2005) . 7
WL Z ) D NaS0 JBIZ 31T DK IRFFREIT, A A — MR W IHENE DR O
=D TholteEZEABND. LMLAMRD Naloo TIEFHRLE /2 K RES
MERFC&E o Tz,

Nas50 TiE, 5O Na &8 RILmmFE CIEF IR o7z, TR L JIEEITHR
IZNa ZZEMELTeDITR L, A4 — MIMREXITNa 25 L (Fig. 3-3A) , TR
L& JITEICIRIC Na 25352 212X 0, H EE~0 Na ik 2 8 L T
2 ENEZ SN Nalo0 TiX, 7RV E ) OEY Na 5EEIE S EF L7,
AA— K TIENa50 & i L T EZL L TWienr- 72 (Fig. 3-4A) . AlEE
P& LT, Nalo0 TOFAR L 2 OO Na frs A &0 RAICE L, Na BEHIC
BALEILETAA VANV REBIEREILEZEREBEZONTE. AL —FT
I%, Na 7% Na50 TH TIZXHITRAL, BWEITKEICHED LTV, Nal00 Tl
Na DEFIZETRALER, FRLVE ) OZNEWRD EDTNTHY, T
(X Na50 & [FIEREDOBIRIZE EE o 7.

Y K AT, X Tom MR TEITR)N>723, Naso LFUZ L > T
FHRVEZ ) TIE 251270, A4 — R TIIZEb L~ 7 (Fig.3-3B) . Uz 7”7
v (Vigna radiata L. Wilczek) TlX, i21BEA N VAT TOK G280, Koy
RREAKIFICE I N TE Y (Kabiretal,2004) , 7RV Y ) OEHFIZEIT5E
IREED K 23, RIFEEA N LA FTEY ORIPIREEHMERTT 2 DICEBENL TV e
AREMEN B X OND. TRV Z J DL K SEEIED 39.9 %A > O

(28.3 %5 682 %) X, AA— F?D10.5 %K A > b (249 %5 354 %)
IV b R&E< (Fig.3-4B) , i OEZERIHEMHEEDOIENTH -T2 &35
ZHi5H. K OHEEEGOENOHE LT, BIALEF~BITLTNDH LI T
HoTD, SORLENVLETHS.
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Na/K TR E /2T ZE LD RS THE IR > 722 & 206 (Fig. 3-5) , Wi
Fli & HICHA BRI AL EDRITON D T DIITE SR IR CTh o 72 2
EDVRIEEND. KD Na/K i, 7RV EZ JICBW T Na g AREY K &F
RKr EHESEDHZLT, A4 —MIBWTIE Na DEH~DRAZIZ DD, K
EHREMHET DL L TEIASE WL EDNRS. Y6 5O L RN T
bHHEITHDHN, Na DREAZ LV S, EEHYTO K BEOF NI VEET
B o - AlREME N RIB X U7z,

Mg (Z7 v 7 4 LOAFEKS TH Y, Rubisco (&8 2 REETICHLE R THE
T 5 (Farhatetal.,2016) . HEALBRIZ LV, WSO Z RO Mg &4 F 0N K
AR T L7223, BEHE D Mg EHFIZIAA — N THEFF S, TR L ¥ 2 TldKiEZ
FHREZRLU (Fig.3-3C) . EEABIC L0 O RELY Mg 0 BlEIG 2 EA
L7z (Fig.3-4C) . Z7uu 7 ¢ )L AT GFETHOTNITE T L7 (Tab. 3-
2) ,MgBhE#IZcL D7 mn 7 4 VKT ClEnoiz.

] 5 FE T NaS0 TONERIEHE~DEL BT DN Do T2hy, A4 — F Tl
WMV ENAEICHED LT (Fig. 3-1) . ka7 Z@gfbikE (CO2) 1R
RNA Fv ARRITTICEA ST, BBLEFAGYWE L L HHIH, &
RELTAAL — MO EBADZF & Lo ATREMEDE 2 5415 (Cheeseman,
1988) .Na50 [T A A — FDEHEKRLZRIFIE TS ETW I LbHY, RS
JEFRERIIZA A — M & > TUHETH > 72 /REMEA FEV. Nal00 TD A A — b DY
BRGEE (P) OKIBRETIE, Z7aa 7 (/v al/btbORigR EFICEE LT
ToFREMEDY B 1, YA B E O /NEYE & SRR T O3 2 BT D 72 ORI
MHIBITON TN Z EDRBEND. £, AR, REFIRNT A BGHEEE A B
FV =7 REONABUTEA P ATH L TEIVBETH DL E VI WMERH Y
(Loreto et al., 2003) , A1 — FD P (XKHX) BNFTRLZ /DL bE<,
Z L TR T TIVEZAN THoTZ & —H L T

WA REREILMER TR > T e, TRV A O Fv/ Fm i, sHIRIX &
e LT Nal00 CHEIET Lz, ZAUdbs Rk I AL -2 L2 8
L CW5 (Fig. 3-7A) . ®PSII & ETR [XEBL DB L Z T o 1208, TR
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VE ) DFWAAL— ML BT A —F—DENKI -7 (Fig. 3-7B, D) .
ETR 2MEWZ & TREIEFORAEN D2 <20, ROS AR Y 27 BN+ 57
D, ML < 722 RN E X HiLd.

WA DU RISEICB T, WEOKSERZ BT D DI KARHEHIN S
ZEMNROS D E ST £ 72D (Abogadallah, 2010) . Na50 TO gy fEN B WD
THORELRILIZBAH I N T oz 2 L &5 25 L (Fig. 3-6B) ,ROS 8
AR STV TREMEIZERVY. 2D — 7T, CAT 1511 Nas0 FOAA — M TH
BICEALTEY (Fig.3-8C) , MLEICRIEN L Z T TV 2 EAVRE S
N5, A ML AL ROS AR & HURRLEUE S AT L (ARS) & D/RNT 2 A%z
L72Z2 & T, AA— MIARK L7z ROS 22 LEET % 72912 CAT gL L, #&
R LT 2% LB TE) 121X ROS ERE ARS & DT v R IRz
NEE WAL HEITT D 2 L id o7 FEx b D (Fig.3-8A,B) . BREA L
ZNWZE > TPIMET LLETR R ZDE FEM LARWGE, EFIRRERBE TR
<, ROS ZEpKd % Mehler St EIEH S5 (Silva et al, 2011) . Nal00 T
L2 OMAEDLENRAAL — FTEHLITZD (Fig. 3-6A, 3-7D) , BR{LiETIRREIX
CAT IZX > THAIHIE S TWD K9 ThH o7z (Fig.3-8C) . JFEATHIIEIZ L %
& CAT {EMED FFITEABRIREEN LV &V, H 5 WIE R D @O IR 2 Fo 3
VIVELFE CHIZR ST D (Jakovljevié et al., 2017; Tarchoune et al., 2013) . Fex
DIATIIFE (85 2 3) TRV T H N WIHHAEIC X - T CAT BEM b ST
V7= (Tanakaetal.,2018) . LA RO Z & KU mEFEO & CAT GRS DL Offif
HWEVERERE & L CHERFE T oA m . L LEDO—J7T, Winfd
M OMHEIEDE L CAT K TIE/e o7, 7272 L MDA SFMEITFFICHEA L
ATICEBWVWTAAL = LD T RLEZ ) THFIC/HEL, TRV 23BN
ARS ZH L CW o A[REMEDS RIR STz,

UbZzfiwme LTELDD L, BHOWIN, AR L OGS E O A
MH, EH L0 SHES Na/K MK HERF S Tue s, B OKIREE
HEFF T 27201213, BEHICX V2D K 25T ANV EETHSZZ &N
Ex b, TARVEZ IR Na 2 EFT 5 2 & T Na50 LT O EE~D
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AF AR RZMEIL Wt B s, Wil e b Nas0 TlItE st %
MEFF L, AA— M@ P (X Nal00 THESMEL R LIED, AR TAE AR F
AN LD AEFERUD OEBRRIERICIT R B RhoTc, £l R LvZ ) D—
B LTIV ETR 13, Bb 4 A — U 2 RN SRR & L CTHEBL TV e
AIREMEDS R S 41, CAT {EMENS WA FE O MEME#AS & L CEE ThH - 7= AlaeM:
WS, TE DM L~ L OiENZ T 2 ERITIT R B2 o 7.
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A LR

FATIFIEIZ BN T, Frex 1Z NPV (Ocimum basilicum L.) O M 2 78 53 WX
BLOHRRLISE OB A L. ABFZE T, MEMEE2 BRI 5300
2 hhfl (Ve A — b, M ARV ) XX XL OWAE X (50
mM NaCl ; Na50, 100 mM NaCl ; Nal00) T 13 HF/KBEEES L, #oRIN & Hifg
LIREIZMZ, KARBLIOZ mr 7 4 VEKIZOVWTHHFET HZ LTk,
WL T DR OBEWEZ T 5 2 2 B E Lo, MM
ISR AEFEDBLR D DFEIZ NaS0 TIEF AR L E ) OF TREr-To. ZHUTES D
K GHFEFmDOD, RICNa BRI ED 2 & CHEEEKELZ R HERFL T
ik b EEbRD. HABGEEIZ OV T Nas0 T Cili fifl & 1, Nal00
TTIRTRVEY ) TOREBEEZT o7, B REFRETTRLZ 0k
TAA— ML HFITRVMEZ R LA, AP XD BIIA LR D 5T,
CAT {EMEIEMAFEIZBWTEE TH D £ 9720, WA BT HMEMEDEV O
JRE & 1372 7otz FIMDAIXT AL X JIZBWTHEICAA — LD HiK
VMEZ R L, TRV Z ) TENATZHRBLSE LA L TWIZ AR S 2 b7,
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4%

NN DNEHEBICRIETHEET AN Y R L RADOEE

53N OMHEME SOV BEORHE A NI T D 2 LR TE 08, EC (M
WREE) 7217 T72 < pH b @ WEMET L U SoF FITBIT 230 L O AR ISEIC
B9 2 MAEIIRTZ D0, Pkl (Fig.4-1) [IZBWTAA — M E2FERELE D 5
UM ALBRSEAE, K pH & D W I pH RIFOAGHOE T 1 HEAETSE- L
A, A - & pH M TFICB W TOREFTRAD N AL, BET VD U S0
T CHEMER Kb 2 ATREME RIE Sz, Ko TARFERTIL, M2 49
HNVIVERFRZ BB LT 3 SRR v VAR (BRIEE T R U U A
FORBEAKFET MY UL LVIRAHE) 232 & T, T AU X R L ARA
DIV OTMEERAEIZ & D X O I8 KT T h A Lz,

6

5 . a a a
— 5 T
24
:-; 3 } OLeaf blades
; 5 | — —— b O Stems
- m Roots

1 -

0

6.5 9.5 6.5 9.5
C Nas(0

Figure 4-1 Effect of alkaline (pH 9.5) or saline (Na50) or saline-alkaline (Na50 + pH
9.5) stress on the fresh weight of Sweet. Different letters indicate significant differences
among the four treatments (Duncan; P < 0.05). Error bars indicate standard errors of the

mean of four replications of each plant part.
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FIETHHALEAVLVER (Af—FBIXOBFHRLF ) &, MEEREW
L ENBNNUIVETE (Ocimum basilicum L. var. Thai Siam ; VA F X2 A ) Z@7-120
2723 i CEBR AT 2.

2. FEER OBk
2-1. BB L OVEH

753 mOFEER &R CIR=EMWIC T, 2018 4 5 H 2 BIZ 2 em’ DN IRIR AR
(2 5 mm FEEDOYIIIARZ +FUTANTZ1., YIALAGZ OIS DL OFE AR
L7 3 DD B, A — FORFEFPENSTZOT,5 H 14 HICHKESEL
BAT-72. 5 15 HICKBEKREZFILIZ 30 LAy MITFRVE 2 L XA %5
ITLTRBAEL, Bo CAROEEZ XA — MZBWTH 5 H23 BiZiT-72.5 A
25 FIZH 3 B L ARRO /N V A2 (Tab. 3-1) ZFeE L,5 A 29 HICZE
TROFEFTZAT o7,

2-2. AEH B L OB T S

5H31 HIZ3SLAR Y b~4 S oML, AP EBn L7, 5 3 FH
Bk, BURBGIE LIS D 2, 5 3 B TERATRE L7 EA & FEAL R0 %
1To72.6 H22 B (BHit: 22 HH) IZEBROEHZITV, 6 H 25 H (Bhitk
25 HH) ZAHBHAA 0 HH & UCTHEMET V4 VLB (6 JLBl) A Bffn L7z, ALPf
O—%1X Tab.4-1 DIBY THD.6 A 29 H (LG4 HH) (CHEBEROEH %
TV, 7 H 3 B (LEEBHAA 8 B H) ISR & IHE U7z, SEBRIE 3 SO TV, B
KT86ppmNa (0.37mMNa) &3 A TWDHAKIEKREZMH L.

2-3. AR BIONY v 7 4 VlE R REE
FARHER X OEARAESIT O DI, RNy FMEEE & X8I Ny 3k
ZRIFFICAT 72, ARy P ERIFFICEE LIoE 2 30 L ANy MIAGLHE 10
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ERT OB L. 6 A 12 H (Bhifk 12 HH) FERT, BEBEREL o7
728, 10 iR S 5 EESET EAEEEZITY, Ny MEEERICZ A I 7 (6
H 25 R) THRMET VA UL 308) 2B L7z, MBLO—%1E Tab. 4-1 D@
D THD. Ry MR, FEBRIT 3 RIE TITV, 5 KT 8.6 ppm Na (0.37 mM
Na) % & A TWDHIKIEKEMHER LT

3. HARHB IO oo 7 ¢ vatllE
HEFEITZEIEIZFERCTH S0, BB 2 HEH, 4 HEH, 6 HED N M
BN UV O KERBAEE CHIE 217\, #REFR 7228 b2 HE LT,

4. FEMIADETREL

BRI L7 v MR OMEDIRIE, B, % (BLOEEMN) |, RO 3 EALICH T,
FrieE (FW) Z230E L7z, ARSI AOES THE B ICHRIKESR THEE L, -80 °C
REDBIKIR 7 U — I TORAF LT, e EIIE N OREHT 70 °C O BAHz 1%
(2T 72 RFELL bRl S o1k, E (DW) Z2lE L. 7 A 2 B (LEBALs
7 HHA) Wy PREEEND IR E S 2 ERILL, NI T 12 em DS W
OEWICH v b LTk, F02gx 7 mnu 7 4 VEFARAEITHEH L.

Table 4-1 List of saline-alkaline treatment of pot and vat cultivation

Pot cultivation ~ Treatment concentration (mM) 0 5 10 15 20 25
Na,CO3; (mM) 0 2.5 5 7.5 10 12.5
NaHCO; (mM) 0 25 5 75 10 125
Total-Na (mM) 0 75 15 225 30 375
pH 7.76 955 9.80 9.98 10.02 10.05
EC (dS mEl) 0.18 0.51 0.81 1.18 1.5 1.81
Vat cultivation ~ Treatment concentration (mM) 0 10 20
Na,CO; (mM) 0 5 10
NaHCO; (mM) 0 5 10
Total-Na (mM) 0 15 30
pH 7.21 9.86 10.02
EC (dS m™") 0.19 0.77 1.3
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5. FEIRD 38T
5-1. GKFE
3 EICH L.

5-3. B/ NT A —H —
3 EICH .

5-4. 7w 7 4 )VENRIST A —HF—
3 EICH L.

5-5. HERETTHR AT

MRS TR A A RILE 3 | L FARICATY, JIEILHEIT Na, K, Ca, Mg, Fe, Mn, Cu,
Zn L L7=. V2 (P) OBIEIZ AT FE Y 75 A (Watanabe etal., 1998)
WZHEVY, NOy D HIE 1L Cataldo £ (Cataldo et al., 1975) (296> TiTo7=.

5-6. Y H,0, AR
HAEB IO S 6 LB DN, WLEEX 0,10,20 mM O 3 ALEE X D
B L, 53 3 & [RERICHIE LTz,

5-7. #£5 MDA &A%
R B KL OVERZ T AEE 6 JLELON, JUHIX 0,10,20 mM @ 3 AL X D7
Bt L, %3 8L FERIClE L.

5-8. MLEEREHHH
55 3 T L [ARRICHh L7z
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5-9. ZEE PR LEE TG
HAEB IO S 6 LB DN, WLEEX 0,10,20 mM @ 3 LB X D
B L, 53 3 & RERICHIE L.

5-10. X o\ EEE

53 B EFRRICHIE LTz

6. s AT

FEROMIL 3 KIEOFHETH Y, D 5L 3 AT 5 208
X (6 ALBESD DU NT 3 ALEE) DL (GBS, 2%, IR) T & OO kIS, SPSS
statistics 25.0 (IBM) #tal Y 7 F & H W C— Bl @& 0 #2170, B O 21X
ZHEIRE (Duncan) (ZHWWT S%KELZH-THOEHAEL Liz. MO
HEAL (BEE, 2, R) TO Na x4 2 K EE R ORI T, 7Y D
FABMRE A N CTRT 21T - 7.
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F2H RER
1. HMpE

BALFE L BB X DM EOBIRIZA BT, R X ORI X
LEEIIR I o7 (Fig.4-2) . BMEICBWTAL — MBI RF A ITHEIL
i ZmRL, 5 mM »OEFNBDTLMMICH o7z, LA LAA— F Tk 25
mM THERBD LR, X4 TE S mM DL AREICED Lz, —F, TRV
110 mM 2 HAB BT 2 Z R L, 25 mM THEIWZEAD Lz, 62
LT HDE, BHHEMEIZBWT, AL — MIWThOLETHLAEE B %
RET, XA DELN S mM THEIZED L, THRLE  OEHT 25 mM TH
B Uiz, —05, ZEMEIZBWT, A — ME25mM THEIZED L, #
ABIOFTRLZ T 15 mM THEIZEAD Lz, EBREWEICHE VT,
AL —=RTI5mM b, XA TSmM M5, FARLY /T 25mM b A EIC
W LTz,

F DR RIX A 100 % & L CENEN O ERFOREIG & TR, TR L4

TV FTHOLIIC BT b W EBUREIS ICEEEN A bR -T2 (Fig. 4-

3) .5mM TIETARLVZ S DWTHOEAMS 9 FILLERY ZHER L, Wiholl
HIZBW T HIRO T EPFGRE S 13 2 MFEL D FI/NShoTe, —HEAIX
E O EREEEIG A 10 ~ 20 mM T2 S L W /NS WEAICH D, IRA~DE
Y SmM THL 2 LY b RED ST, LA LAA — M TRAOEEN 10
mM 2B 2 L D KRE<720,15mM T 46%) L7z, F-0F o
fE (A4 —F5mM ZBr<) 20 mM £ TIXEH T8 H, XTIX7HILL Loz
MEHERFCE TV, LEREN R &V 25mM T, A4 — FOEY, X, R
TENEI T %, 53 %, 31 %, XA T 17 %, 65%,44%, THRLZ Tl %, 67 %,
75 %L 720, BHMERERIG {(ES+X+IR) /3) 1TAA—FTS51.6 %, ¥
A T62%, TAHRLE ) TTl %E, THRLVH BT 2 ERGREIE 3 5 b/
S, AA—FTiRbRENoT.
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140

120 (A) -~Leaf blades =~Stems —=C—-Roots

100 -
80 -
60 -
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20 -

140
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40 -
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Growth reduction ratio (%)

140

(C) No significant
120 -

100 -
80
60
40 -

C 5SmM 10mM 15mM 20mM 25mM

Figure 4-3 Growth reduction ratio (%) of three basil varieties under saline-alkaline
conditions. (A); Sweet, (B); Thai, (C); Napoletano. Percentages (%) are calculated by
DW of Treatment / DW of Control, in each plant part of each variety multiplied by 100.
Different letters indicate significant differences in each plant part among the six
treatments within each variety (Duncan; P < 0.05). Standard nutrient solution contained
no additional salt; C (control: EC 0.18 dS m™!'; pH 7.76) or 5 ~ 25 mM NaHCOs : Na,CO3
= 1:1 (treatment: EC 0.51-1.81 dS m™" ; pH 9.55-10.05).
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2. BEHEIKRE

AA = FTIEHWTHLOLHE T THABERETIEALGNT, 5 mM (EC 0.51 dS
m') CTITRFEMENECZ (Fig.44) . X A13 15 BLO25mM (EC1.81dSm™)
TRBXICH L THEICETL, 7RV % 71315 mM (EC 1.18 dS m!) 75 xt
R L THEIZIRT L.

20
a
?16— a
' a
; . = ab
212 {ab i
1a
g T ab a cd
S ab 1 A
S Loab T[] abe  bed d
Z 84 1 b cd by ]
s B T
S
3
= g
0
© =2 =2=2=2=2©Y=2=22=2=2|Y=222 22
E E E E E E E E E E E E E E E
FSE G TSV RE *ES2RG
Sweet Thai Napoletano

Figure 4-4 Leaf water content of three basil varieties under saline-alkaline conditions.
Different lowercase letters indicate significant differences among the six treatments
within each variety (Duncan; P <0.05). Standard nutrient solution contained no additional
salt (EC 0.18 dS m™!; pH 7.76) or 5 ~ 25 mM NaHCOs3 : NaxCO3 = 1:1 (EC 0.51-1.81 dS
m™; pH 9.55-10.05).
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3. MEMETHE S A EE LU Na 123 5 45 Mt 38 O FH BIfR 5k
[Na & A %]

X TIE 3 Il L TIR TR b @<, BB X MEF B TRWEZ
RL7z (Fig. 4-5A) . 5 mM TIHEARLE L TWTFOME LR TEA RN ED -
e, TARVEZ ) OROHLTHEIZ LA Uiz, F72ZI2B0WTH 3 fiffiicdm L
TEAEPAREICER L2 10 mM 12725 &, AL — R TORHK, REXD Na F
BROESIDWHEIZL (E>R) , ZICBT2568F0FNEL 2572 15mM (2
BHE, FABIOFTARLZ JIZBWTHEERO Na GHEOR S Nz L7
(E>R) . FLAAA—POERIIBITLEHARNILICAREICESR L, a2k
WTHARIC EFH L7220 mM TiX, A4 — MIEIT o728, XA BLY
TRVE JDODEPAREIZEA L, AL —FERAFLVVICETELL., £725
FIZBWTH A TR LY ) THBICEALE. ZLTHXADOHRREETFD
Na & H R\ WL L7z GEF >R |

[K &6 %]

STHRXIZIWT, 3 i L EXB L O THELE L7 K B ARMME A L Tz
N, XA TORIEY K FHENE LK) -7 (Fig. 4-5B) . 5 mM TiXiZ & A
EK BARIZEBIIEC o720, THRLY ) ORICBWTOAERIZIKT
L. =5, ZADEGTHER EREZR L. WThoRfEd 10 mM b2
TK EHEMET LI TN, EHIZEIT 5 K EHFEMERH D WL EFA LT
W7z, 15 mM THETK EARMET T 5 —77, %8 TIIMERF S hukeiT, 20 mM
2725 L O K BARITET LR 20,25mM THRERRFER E o7, 7272
LAAIZDONTIE 20 BEU 25 mM TELIZEE K GARBAERICERL, *
A= FBIOTRLVE ) LREORES K IREIZELT.

[Ca & %R]
SRX T3 ML QEE L7 CagHREKMALTRL, Y >ESROJA
BB RNE Do (Fig.4-5C) .5mM TIiE 3 ffl & HARIZHB VT Ca B H RN
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AEICERT D —FH, XTOGFHERNPAL— FBILOT ALY ) THEICKT
L7, £ Ca BHRFEOREIN 3 MfEL LR >FXDNRICHEI L7, 10 mM TiX 3
ML BRTEHIZER/ L, ZTIET, BEHTIIAA — M TOHRREITK L
THEBEIELS, MBI ALY CRTEmZ R L. 15SmM 2725 &, X
A — FCTREET D Ca ZFAHRPYHE (IR>ZEH) L, 20 mM IZBWT, #1458
KT AL & 7 THRERIIAF AW L7 25 mM T, A4 — FBIOZ A1
IZBWTIEEBS e o T2y, TRV Y ) ORIZEB N TOR Ca GHRNI HIC
HREICEH L.

[Mg & A =]

HXIZIBNT, A — B LOH A IFTEHEL T L7 @m (GES >R >2K)
BORLTEN, TRLZ JIZBW TR > Y > LR T Mg AR/ E WIS
Za L7z (Fig.4-5D) . WO G AHIZ LY, X TR TR Z7R L2, X
A — b TOH 15 mM THEIZHELY Mg SAHPMET L, RICKIT 5 Mg &4 H
ZFElofe (IR>ZEE) .

[P &A%K]

XIRKIZIBNT, A — b & X ATHRL LIe B AROMm GEH>ZESR) &
RL, TARVY ) TIIR=ZEG >E L WHIETH -7 (Fig.4-5E) .5mM (2B
T, WTFALEE P ZAEBNKFL, AL — M CHROBBEFIIKT L. —F, R
TOPEAERNEFAMERZR LD, HEREFIFZXADHATH-T-.10mM LA
LEORMBRETIE P GARICKRE REAITRN 27208, A — FORIZENT
DFH 15mM THEIZ EFHHE, 25mM THUORBX & FRZEL L Lotz

[NOs & H %]

SHBEICBWT, A — b EX A TESR>EFOIEICEARNEL, TR
VE 2ICBWTEESEY >BONEIZE - 7= (Fig. 4-5F) .5mM TiX ¥ A OHE
HBIOTHRLY ) OXTHEICES L2 10mM 2388\ TiE 3 ffflcfm LT
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XD NOsEHAENMET L, TARLZ ) TIIRBEICH L TAEEICKR T LE, £
T2 ARV H 7 ORTHRBXICH LABEICIET Lz, 20 8 XN 25 mM TIIRO
NO;EHAENAABIONFTRUZ ) THBEXICH L THEREITIE TN L.
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[Fe & A %]

XHRXKIZIBNT, WTHhoRmfE SR >ES > X DA Fe GAHEN RN T

(Fig. 4-6A) . W FTEDNEFNZEAT D Z L1 > 72723, 5mM T 3 fufd &
LY Fe GAFERMITL, A — XA THERIKT ERo7z, FRIZAAL —
N CHEFIZIR T L7z, 10 mM DL EOUFRREE CTITHES Fe & A RICH R RZEIX
OIS TN, R Fe HARIT S mM THABARICERAL, A/ —FB&
OFARLZ 7 TiE 10 mM THEIZ EF Lic, X2 TIEEANIE TEm 2R L7
MW, FTARVEZ D20 mM THREEZTRL, ZA D 20 3 X025 mM TR
EE 727,

[Mn & 3%]

XTHRXCI, 3 fhfE & R >HEY >EDNAICE - 7= (Fig.4-6B) . 72721, #
A LFTRVE VZRIBITLEAENAAL —FDOZENLD & 2 521 EEVET
Hofo. T Mn EHFIZBNT, A4 —MI 15 mM 25, 41X 10 mM M5
AEIETLER, TRV TIEWTHLOLIE T THHREICET Lighoiz.
FEMn EAEIL, AL —FTIOmM M6, FABINFTRLF 2 TlESmM 5
AREIKT UL, R Mn EARIY, EHBLOXLITHERY 3 & 08z L
ST EFMEMZRLTZN, AA—FTIX15mM 6, A4 TIL10mM 226, F
R4 ) TlE25mM b AEIC EH L.

[Cu & A 3%E]

SKIZEBNT, A — b EZAITR>ES >HEDONEIZ Cu ZHERDEN->T
B, TRV JICBWTIB=EE >X L2572 (Fig.4-6C) .5mM T\ 31
HIEH T Cu BFAHEMEFL, BT EAEMZR L. 10 mM Tb AR %
AL, 158X020 mM TIEAA — FBEXRY A THEREIZA LR T
B, TRV DEICENTIE 20 mM TEAEMAZR L. 25 mM 2725 &, 3
ML BIES B L OEICBWT Cua BRN EF L.
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[zn &H %]

FHRXIZENT, 3 mfEE P Lo (R=%Ey >%X) 2= L7 (Fig 4-
6D) .5 mM TiX, ZA— D 3 FHNLT X TIZBWTHEIKTL, TRLZ
DEBIUIRTHEICK T L., —FTHAIIMRICBWTHEIZIKT L7223,
HH CIX BRER, X TIIE Lo 72. AL — bOR (15 mM) ZERE, 10,
15,20mM Tl 3 SIS W THERZEII A BIRD 27228, 25mM Tid Zn
BAENIMEE S EATOEm AR LT
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[Na (259~ 2 & TR O FR AR K]

BEL Na G A RIZK L, AA — N TlXCa, Mg, CulZBWTHRWEDMHEEZ L,
P,Mn [ZBWTORADHBEAZ R L7 (Tab.4-2) . # A TILZ K IZBWTHWIED
FHBE, Ca, Mn IZBWTHRWA DM Z R L, Fe I8V TOXADOHEBEE R LT,
TRVZ ) TIECalZ BV TOARLRLADHBEZ R L7z, ENa @ ARIIH L, A
A — h TIEK, Ca, Mg, NOs", Fe, Mn CTHIWVE O Z /R L7=. ¥ A1 TIiXK, Ca, Mg,
Fe,Mn THWADIERZ R L, NOy TRORADHMAA R L7z, 7AR L%/ TIHK,
Ca, Mg, NOy", Mn CHRVE DOFIBE Z 7~ L7223, Fe 13RI Z R S e o 72, F72 Cu
TOREOHBEZ R Lz, B NaFGARICH L, A4 — FTIXK NOs THWIED
FHBA%Z R L, Ca, Fe, Cu THRWADIHE, Mn TRORADMBEZ R L. Z A Tl
K, NOs CHWIEDHEZ /R L, P TRORIEOHE, Ca TROLADOMHEZ R LT,
TRV S 7 TIENO;y THWIEDFE Z7R L, Ca TRORLADHBE 2R L7z,
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4. BEH W0, HHF

MIXIZRBNT, TRV TR GAERBEN -T2 (Tab.4-3) . WT LD
FEIZBNTH, LB K VBRI KFESARIME THEm 2R L7z, A — FIC
BT, HRKICH L 10mM THEICETL, FARLVZ / Tld20mM THEIZ
KT L7, A TIFARRIE T IEALN DT,

5. ¥4 MDA &%

KEEXIZEBNT, AL — FBIXRZ A TEAENE NN, FTHRLVLE T
(XIS E AN o7z (Tab.4-3) . FTo AL — b & X A TR ED FH(C
eV, IR T Z 7R L, 20 mM TIEA BRI T L7223, TR L Z  CIIsic B
DT ERRITENMIT R T

6. HES IR EERIG M

CAT {EFMEIIAIRXICBNT, A TRbEWELEZRL, W TTFRLZ /,
AA — M EWVWINEICFE 2 o272 (Tab.4-3) . L LALBRRE OZEIZ XD HE R E
T EALNT, AL — FBIORZ A IZEB W TITAERE O EFITEVE T
] %7 L7, SOD {EMEIZ W N i fl, W OLBIZB W THLAERER LW
AL D722 Do T2 APX TEMEIX T R TORBICE > T, ARV FZ /) THEMERN
BWAER E R T2), WO S LT X5 FERE(MITA NIRRT
GR IEMEITW IO, WTILOLERIZB W TH A B 2R KO IEA S
AN
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7. RERIEHEB L O ma 7 o Vi

FARHEE (P) 122\, MR TIEZA >AL — h>FRL ¥ OIAITK
AEGEENE ST 3 BFEWTR LA 2 HEB X4 HHIZBWTHERE
B Bize o7y, 6 HEIZR D L E LT L, 20mM Ti 1K T L 7= (Fig.
4-7A,C,E) . L2 ULy, & A [T T OB a2 MERE L 7=

B sEHRE (ETR) ([Z2OWT, X TIZZ A >AAL = >F KRV & ) Lok
AREERBEDNER & 72 > 7= (Fig.4-7B,D,F) . {LFEI4A%, 2 HHEICAA —
D 20 mM THERETZ7R LD, 4 HERIZIEHBRX LR LI >7- (Fig. 4-
7B) .6 HHIZR D L WTNOREIZHE N TS ETR DA EICIKT L2, # A1
BIFAIKTORE &K /NS0 o7 (Fig. 4-7F) .
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Figure 4-7 Variation with time in photosynthetic rate (P) and electron transport rate
(ETR) of three basil varieties under saline-alkaline conditions. Photosynthetic rate of (A);
Sweet, (C); Thai, (E); Napoletano and, Electron transport rate of (B); Sweet, (D); Thai,
(F); Napoletano were measured at DAY?2, 4 and 6 after treatments were initiated. Different
lowercase letters indicate significant differences in each parameter in the same day among
the three treatments. All measurements were performed with three replications. Standard
nutrient solution contained no additional salt; C (control: EC 0.19 dS m™!; pH 7.21), or
NaHCOs : Na;COs = 1:1; 10 mM (EC 0.77 dS m™! ; pH 9.86), 20 mM (EC 1.3 dS m! ;
pH 10.02).
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8. /mu>7 4/ (ath) HAHZHE

WTNOREIZEWN TS, MBI L > THEAERNMETMHMZ R LD, AR
RIRTZRLIEDIFAAL— OB THo7 (Fig.4-8) . 7272L 10 BL TV 20mM
XEIZHBIT D 2T N7z,

W
<

N
W
| >

N

—
1
oy
Q

Chl a+b (mg gDW™)
- -
> O
|
[

D
]

C 10omM20mM| C 10mM20mM| C 10mM 20mM

Sweet Thai Napoletano
Figure 4-8 Chlorophyll (a+b) content of three basil varieties under saline-alkaline
conditions. Different uppercase letters indicate significant difference across the three
varieties (Duncan; P < 0.05). Standard nutrient solution contained no additional salt; C
(control: EC 0.19 dS m!; pH 7.21), or NaHCOs : Na,COs = 1:1; 10 mM (EC 0.77 dS
m™; pH 9.86), 20 mM (EC 1.3 dS m’! ; pH 10.02).
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CORN T =

VM ER X O EREGREEIS O RN T L, BT ALY A b LR ITH
THMEILT RV ) >Z A4 >AL—  NDOIETH 7= (Fig.4-2,4-3) . MO
Mol AA — MZEWT, IROEYEBOREEN 3 ME TR RE L, A2
WTH SmM D BRICEBW TR T LTWE (Fig.4-3) . DF0IEMHET LB U A b
VAFRICKRE B L RIF LTV Z Enxbnd. —F, MEENE - 7=
FRUZ JIZOWTIROEH EMD DIEF B L OZEOZN RS THY, IR
DR E REEIIH SR D> 12, Nayak et al. (2008) (33D Y — #8 L4

THEEFL, WEDED > o MFRIIREE (mgm?) L@l 2B LTE
D, SEOF RV Z ) OREHEMER L —E L TWD

B AKRBORERIT, RBIZ L VIR TEMDA LN LD, EHT O
AIRHENSI X Z STz B2 6D (Fig.4-4) . THENER S -T2 TR
L) CHEHEKREADEENRLRED SN, BICTRLZ 2 ITESEK
ML 2 SRR D m <, EHOAKMIRBIIHBA R ThH o7 BE2 O,

BWIMUZ DN TIEA A2 BURIEWLFE R Th oo Na B ARIZHONT, FIET
33V (NaS0 35 XUV Nal00) T Na #iR (H DWW EX) ICEES
HZ L THEH~DO NaBITEWTWD Z & 2R L= (Fig. 3-3A,3-4A) , &
5] D FEHR CThe b A R LT A A — ME 15 mM T EIZEES ~ Na 23 A L
722 &5 (Fig. 4-5A) , 10 ~ 15 mM DAL TR O Na ERERAICE L
—FTHABLOFT AL Z /1320 mM TEEB L UL~ Na BNEFITHA L7z
ZEMD, 15~ 20 mM OB TR O Na D RCET 2 F0RRE I
7-.Yangetal. (2008a) % Suaeda glauca (Bge.) THEALEL (150 mM) (2% pH (9.93-
9.97) MM %H T & THIL L Na BARNSBHICERALIZZ LEBELTND.
AE, B ERTED A A — N TRFBEN L VIR o722 &0, HET VD
U M HEIEAR O Na hiliHbERE L SRS BR L TV o L EX BN D.

Na MRAT D Z LI Ko T PRELEZ A4 2 KITRZ LT <D

(Maathuis and Amtmann, 1999) . L72> L& 3 WO ANV)VIHELH T TH K &
HEL ~ERCIIETE L 2 L 2B L TR (Fig 3-3B, 3-4B) , £ L TAH
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B LT A &M, BEC 25mM) FIZBWTHES K G413 E < M
FFah, o KEgs#eidkbnien-7z (Fig.4-5B) . 25Xt ~U U IZE
WX, B~ Na ST 5 &[RRI K RIS HE SN TR Y, BT v s
JUARMLAIZK ZEFEE5 (Yang et al., 2008b; Shi and Sheng, 2005) . —JC
T VI VA BT % Suaeda glauca (Bge.) 13HEMET V1 U T T LA
H1 B3 K &4 R EH- L (Yang et al., 2008a) , /LA AD[VESLFEIL K &A=
DHERFIZEL 7= (Huang, 2018) . Lo CTAl, EET VI USEHETFTTONRT LD
By K GHROHERNL, T AU R b L RAZHHT Bl EE D —>Th -
TeeEBZEZBND.

— T, Cald 3 ffE L HIZ NalZxt L TH BTk OENRE 2 8 7. ALERR
IS U TESBLUE Na GAREN LA D L, [FEMALO Ca B ARITKTL,
W Na BHEEMETT D &, B CaBAHFIL LA Lz (Fig. 4-5A, C) . FEEE, 3 4
T RCTOWMMIZEBNT Na B AR L Ca FAFRE ORICA DB 5 (Tab.
4-2) ,Na & CalZH 6 RBEBMRICH 7. Ca lZA F LAY T BN TE
Ny RAy B Dy —OREIZH S HERITRETHY, MWD REAR F LRI
SHEIND EROMINE Ca A A RENEBHIZ B L (Wilkins etal., 2016) , %
KD X I CatA T DFENLAMeRET D (Xiong et al, 2014) . £ L T Ca &5
BLIZ N EEERITA N L ZRE (Na HEH, Na/K ELFA%E, Na X7 &)
Z P9 % (Manishankar et al., 2018) . 4[] 3 S & HAR Ca & A S ITLIL A3 Bk
LLRDIZONEHL, FrIZFTHRLZ 7 T25mM TH & H I EFH LT (Fig.
4-5C) . DFEVEHET AT Y AP UVADEE L 25150, KA ML AT 7T
NEBMSFEELEL D E LTWEREENRE X LI, TARVE 3R E LA
B 25mM (EC 1.81dSm™, pH 10.05) THA ML RAITGEL LS ELTWeD
AR SN Y A WATAN

F7- Mg R WEMENA LI, A — FOEZIZEB T 15 mM 75
5N Mg A ENME T L, Na & OFEANE 2 iz (Fig. 4-5D) . Mg I3 Rubisco
1 COr Z [FHET HERICEEREZEF 2R3 5# THY (Andersson, 2008) , 7 &
27 4 LDOFLEETHHD. LoT Mg KENAAL — FORERRICEEL 5

_71_



X TCWIZAIBEMERZE X B D.

P 3 (5mM~) FD 3 SfET X TOEHIZB W TR T L TWe (Fig. 4-5E) .
PIIHEMIRNIZ I TRk % 22 AR BREOBERE 2 5 R e R CTh Y, A HMIE %
HETEE 57201213 VB R EMK A IE TH % (Facchinelli and Weber, 2011) |
Ko THE, EH~D Y VBEENR 5 Thhro e it E2E 2 5 &, Hak
FOGEIE L TW A REMER B X b, L LD OESY P & FITLER
BEIIRAFE S, 7l U & T TR L—EDEREAEREL R L TV

(Fig.4-5B) . DE 0HERE (EC) Z(IC K D2EEII R, 7AW VIT L HEE
TEIPHEAENMETL, AFICHELRIL TN LEZLND. L LA
TEEED EFITHEWEAD LI EICHOW T, P AERICR > TV & ITE 2L
SV, FZFEmERTHRE LTI Enb b, MM OMENEDEWIC
BRI Lozt b,

FEABIZR D20 N JRTH D NOsIE HAD 22T /v h U S FCldbi
MR ~3EigE s < < 725 (McClure et al., 1990) . L2>L 3 fhfEic 3t L
THEY NOs A FITNBZ L2 EN R, 205y, BB LU NOs & HEN
K FEMZ R LT e (Fig. 4-5F) . 2O Z & LEFHIN S O NOyWIZREN IS
Il Eh-o2ob, RBIOENGHEIEIND NOIZ L > TEHHTO N RZIE
AL TWieholztBE 2 bbb,

TNV FEICBNTARARIELTLE D Fe AL, 3 ffle & AOAHRE
OEEIMLENR Fe AN LHT 2 MIZH o7 (Fig. 4-6A) . DE D UL
FIARAFE SN TV DIET D Fe Z#MNITITRINTE TW2Z L 2EKT 5. 7
NIV ANVARCHRFeEEENELS DI LI THLIME SN TEY, &pH
IZRS TR AT T AR T A VLS, HRY 7T A MZ Fe IV IAD R
W& TR~ Fe HHAMET L, # EE Fe SAHEMNMET T2 (Mengel,
1994) . BZOLL AR Z ENAEIONRDL 3 FRETHES W EEZLLN
L. 720, EEZAE LT R L EZ ) TEE Fe ARITIARICIIETLTED
7 (Fig.4-6A) , 77 4 VERROKXRTORES AL — FDEF L LT
/INEVY (Fig. 4-8) . DFEVFHRLH 2 IAA— LD Fe &l EEi~67 568
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NIRE P oTzEBEZBND. K, EWITIES N Fe RZEEMT D &, HRiCy
T FIVHIFAE i, IR TD Fe WIUSZENFHBLE 5  (Enomoto and Goto, 2008) .
LLZEZIZT I Y AR AR L EHEH NSO Fe K7 FIVDPMRZES L
72720, fERE LTE pH 215 Fe REMH T TIE 078 Fe RZIGENTE 72
VN (Hsieh and Waters, 2016) . 4[], RIRGEITENTZ TR L F /135 pH IZ L DR
TIRT T A DTNV Ik, H B0 Fe it 2 FLiAOHERF T& Tz
DHh LRV 2720, B Fe & A FRITMBLRE OEINKAFE L e o 7272
D, Fe | JALEER BE O HINN A © HzEAD OJFRIK TiX 22 h o 7.

TN GFMETIZE > TRAFR LN E SIS Mn TR ZEDN BT,
Mn (IHIIERED FFERL Sy D—DThH D Y 7= BRUICHERITTHE TH Y (Chenet
al.,2019) ,Mn RZ % 2T 2MPORY 7= EFRITRTTHZ LnmMbNT
W5 (Brown etal., 1984) . AA — B LOH A TUERED FAITEONIES B
L OZE Mn EEFMET L2, B Mn R IT ER LWz (Fig. 4-6B) . £
DO—Ji, TAHRLF ) TIXEY Mn EARICHERZ TR (10 mM ZBR<)
HIZBWTHEIE T 5 b, RICBWTIE 25 mM THbEW Mn GHF 2R
LCWe, U7 =37 A VIZAEETH Y (Chen etal., 2017) , MifaEEDPH
BNCAF ET DAL 2 X7 e U VIRE TR SN TWA DT V1 U IT
FoTEMELTLE). KoTTABVICLLIROBELZIZ D72 DIZHE M E
BFRrzmdEI oL LEEARBIERE X NS, o, TRV Z ) OREYEDH
D2 BFE L D NE Do T2DIE, MMnEAEFRE LV EO LN LT 7=
VAR ERE L TS A MR L, IROMREZRE LR TH 72D
AR SN B A WATAN

FloZn TV VEME (pHT7.7 LA E) (2725 LoKER(Ligh & 70 0 A rlfafbd
L0, AR Zn EHERNAAL — F TORLBIC L > THREIIE T L (Fig.
4-6D) . Zn | TkE % MR OREKREFR L L TE TN, ERNH, RAHNH, &
VR AR CEERAKISIZES LTS (Hafeez et al,, 2013) . il 2 4
FCIIES In G ARDIKRTRHAONRPSTZ ENOHEHET VAT XA ML A
WZX T D MTEEZD — D> Th 720 b LIV,
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PURBLISEIZHB VT, Y H0: 8 LN MDA S A EQMLERIZ K-> THEIC
KTFT DR LR, BUEFEITRD N2 o7 (Tab.4-3) . 2 3 O
T TCIEHES H0, B LU MDA G ARICEIT 2 >7Z &6 (Fig. 3-8A,B)
ASEIOHEMET VT ) B THFRLISE D X D IEHAL STV AT REENE 2 B
no. L LAE, LERED EFIZHEN (FRVZ ) 10mM ZFR<) |, CAT i
MEIZIE T L CLE» Tz (Tab.4-3) . Z3UdE pH IZ K D ERE 2 5D,
Zhang and Mu (2009) % 7& pH 5§/ FC CAT {EMEME T L7 2 & 28 LT
%.CAT 13 Ho02 & HoO ~ & 3 fRT 2 5L SR TH 203, T OUGIE Fe 23l
LTRY, S Fe &HARMETLTWZZ L 25ET 5 L, CAT 1% Fe A&
D= OIIEENME T LTV 72Dt LivZevy (Mohamed and Aly, 2004) . L7>L
MDA #HHE(XA Lo Z ENOIREBB LA T TEHT, KELTLE
> 72 CAT I[Zf o THIDHIRLINE & AT LDVEERE L TV ATRBPEDS R S 41
%. fth 3 FEEHOPIER{LEESR (SOD, APX, GR) ODIEMEIZ IXRFEA) 72 M 23 S
IRl &N D (Tab. 4-3) , BIOFURACEESE &> 5 VWM IERE RIS ZIT K
2T ROS DHAL LWL A b L AZRKIRIZPH N TN =D d Lt

HERUZDOWNT, BB G 4 AR ETHEKRB IO v 7 ¢ vt~

DOREITR <, 6 B BITHENA LN (Fig. 4-7) . ZIUIHWEMIEN T 124
BRI (A A A RV R) PEIXE I SRR, 6 H BISEABEREE & HERF
T2 12Tl e AR E R S A - iR o T HEI S NG, s T g
NEASFE (7THERID MBI EY AL — N THEIIKTL, A4 TRV H
J TR TMEMZ R L TW=Z v (Fig. 4-8) , SEEKEFE O T b A AOHE
KTFOEKRD DI/ TN eBZEX NS, L, ZA 12 ffE & g L
THARBEER L OB REZRE~OREOREN/NS L, \WHET A Y A R
L 2K L OB IR EEZ IRET 5 Z S ITEN TV AR RIE S 5.

KREBROKGRE LT, \EHET A AU A N LVRAZIET D) ST OHMER R

(2 Ko TR SN D DV O MR A 25 0 I EE A B 5 E 5 2
EmbinoTz. & pH I X DREIIRHIIR CTHE TH - 72, BN % 5
LIz ARV Z ) TIEEDRY T<, & pH, 5 EC TTHIR Mn 2@ 5 Z &
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T, HORERZRETE TV AR R S 7z, 3 fffICIE L TIRTo
Na £, BEH ~D Na BATHIHIMEEEDY® pH & EC T CHRbi, BMifEiz L,
EVIEWECIHOEENECHD D EBZ BN, AU VORIV TEHE
IREES Kkl Im pHIZ K DB E2 277, HEC FThZ DOEEEDHER STz,
—J7, Ca [THRE EAITHEW L EEEA~OBATMIH S 7223, fe bR Ca 2 &7
LIz R Z ) TIIEES Ca ZHEHIMERF L, BILWA RL AT TH Ca A ML
AT F MK S TEVIEIREZRIL L T =ond LivZzen, £72 Mg B X
O Zn (ZFAA — F TORET L, MHEMEOEWIZE S L TWed Lty Z
O IR STFE 138 pH N CHRIMK F 237 B 728, |\ ECIZ X 2 B34 61T,
AR OHEPET L J1 U TRPEDEWZ G 2 EIK & 132 6o o, E06H
Al ds KO LIG BT I T b dh il 722 & ST L 0 VU it & o BIGRIEIT 2 &
T, TR L OMEREDE WS M OEET L B U iHEDE W %
EATWD EEZ BRI
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MMYEPEZ RIZT 230 3 dnfll (A4 — b &M, A BT RV
ML) (ZHEMET L H U AL (0 ~ 25 mM, pH 7.76 ~ 10.05) Z i L, JofTHF%E
HEALEER (NaS0 368 LT 100) THRHE I 7NV L OGS & pH FTED
LD AT D OIRE LT, SeB s R K UVE 12 13 B 44 ]
FOMERAA 2,4,6 ARICHEL, 7 BRIZZ me 7 o VEREZUE. 8§ ARIC
PRR A BRI L, BER ZOUKSIREE (FW, DW, B/KE) | Mtk (Na, K,
Ca, Mg, NOs", P, Fe, Mn, Cu, Zn) , HilE{LIG% (HoO02, MDA, FLEE{LEESR 4 Ff ; CAT,
SOD,APX,GR) D47 o lc. WEDFERNS, TRV Z ) >Z A4 > A —
N DNEIZT DS T Dy o 7o, HE T v U ALBRIFARIC R & e g 2% X L7223,
®OMMEZ R LT ARV 213 2 fE & ik U TR OB /NS o Tz
HIREE DR R DO— D TH DY 7= OERRITHLTE: Mn BNFARLH D
WTEMNoTeZ Enh, TAT Y EME T TORKEIC Mn B5 L7crd Ll
R FTANVVTMR S HVNEET Na 2 EFE L, FEH~O Na BIT2BHN T
L0, @ pH IZ X D ETEOBREN KDL, BZMEZ R LT A4 — M TIRER
ENDIEH ~D Na AR AE LTz, —F, FEH K EFFIE3 M HEL T
RFE, KWRIUEE pH IZ K DB EZ T N2 E b ho 7273, 3 SO it
DEWNE AT HER Tl /e -7, £7-ZEE P, Fe, Mn, Zn & A 3|3 & pH T T—
REERTT2b00, LHIREIC X 528101372 <, & EC TOEYEBD %= i
O OESRINHITFHIT 2 Z LN TERD 57 . Cald Na & T X TOHMAIZE
WTHEOHBERERA®H Y, Na & Ca T L NREIERERICH 72, 1 Ca DEE
TRV EZ 7 Tikbm<,Ca \iCEDANLVAT T F % LD i B~ x
TWEHREMENRE 2 biviz. £/ A A — N TOHIEL Mg 236 pH, & EC T TIK
TLTRY, KAMEFEAHKS Rubisco IEME~DORBNE X biviz, T
V71 G T C CAT IEARTEME L L7223, 3 dbfli & & ROS #E35 L OB wEAL
T LAMZ LN TED, BIOHEILISE Y AT LOTFENRBE I -, L
Ll O MR OB WICHBLISE ITH EVEHEL TR E ) Tho Tz,

(WIS KO D ZENHMET VA VTHPEICES LCnd EE X 6N 5.
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MR OBHERAE DN, 23 %H ML, 37 %23 118 v — 2B iz L 2 HE1k
DL Z T TWD, HEITEMAEICB O THEAZINERBD 25 2 Z LT
BY, NG ZRHEC TEE I L0 R ETD &L A% S DR 5 BN BER
SIND. o THA MR EEBLICT A I U X LX) IS D&Y O
JINER L OVEBT~ORBONIE &, MHEMEIER DY D& % OifittE g O
NI A CTh 5. MHE VRN OREIIZ X - C, WFITHRVMEMIEY ORE S
EPHEA N LRV L OO BRI 2 BBEIEHL LN TE S,

Ko TARMEIZEBNTE, MWk EL A L, xR B THEEOH LV
Y BAN—=THOMENEIZ DWW TE 2 W CHFEL L, MRS O fg i 232
7o, RERIZBWTED L) R AR > VERIAN—T7NEEEZ A L, £72
HWIEE AR T O NI Le. ZOERBRTIIANUL, B—Y, XA L5, 4
VT RER 2 Y BAN—T L UCHIEMEZ A L, KbEEZ R LT
NV (AR Na frfide JOMES K k) & Hulikibimn (CAT i&ME(L) @
W DMEEZ B L T o, 2R LA 2B LA VT /I
TNENIBACNE Z R LTED, HE~DZ & Na i AT BHORZHDH N
FHEFH SRR A LR K> THMAERE LB LIz LEX b

%3 ETIL 2 BTHLNE 2o e UV OMMEMERE 2 a0 R 5
NV ERTE (REZVESTE ; A4 — b, MRS ; AR L~ ) W CHBGRHE L,
MRS OV SRR N FF O R 2 B L L7, e tEsmfE (AR v & /) 1E Nas0
U CREZEICMHEMEZFIH L, 56 2 ETH LML o TV EES ~D K ik
DEVEN TV, E7RICBITD Na FELAMEMESETIVEETHY, E
HFEKBOMRFFICKRESHEBML W B X b, —JF, WAEELEH S N
BRNZDNT, B EA~DOEE L G RHORE ~O IR A - L TE LT,
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A ROREE SHERF SN T H M EITHAD T2 Z LRS- S F 0 A
(Z &k D EA~DRBITCE BORE AL & B R BRI ol BEXD
NOHERE L TUTREEFRHMEOGK R E, FET 2ROV AFT L7201
S RFELED ZFIA L, R & U C/ERE T Lo TREME DS R B b,
F-MBEME R E U CE T RERE, MDA (IRE RO MMKL,
CAT [TAHRIZ X 0 g an il CTF L <TEM b L7zl & RIS EoiEEZ R LTz
Z e, BN LIS E D TIHENEZ @D TWC ATREE S RIB S L7z,

B4 ETIE, B3 ETHLC LAY L OMMEMERERE S pH 8 X O EC
FTTEDOLIREELZT DO OWTHE L. Z OEBR CIXMIEMEICE
N DMBEMESFE (2 1) ZMNZ 723 SFEE THMA 21TV, MHEME SR L O
PESFER OIEVA X0 BIREIC 72 D K 912 Lz, TR DN IX 249 4 2 DBl
O, TRLVE ) > A >AA — eV, TEDH L FEIZ EHR O EHER
[N T, AIIRBE ORERR R 1Z 7 v VSRR TH 0, HIHREE ORI
JAE~DEER R Z A —VEBERT 5. Lo TIRARET 2868137 v 0 U ifit
HDO—2L L TERALND. SEIOERTIZIED X S ITREREZIRHE L TV
PNE TITA LR o 7oy, MIaBEDHRR D Th D U /= G T DB
(7R Mn OIRE A RBMHHEMERFE CE o722 & LB LT 5 aTREMEA
HbH. 83 EOFEBRTEY Na ZAFIXERVVEELZRL, 4 EOE pH, IKEC T
EAEZ: Na AR E /R L TWE2S, & pH, @ EC 12725 & Na XS ~FA L,
R MEMFE T RV IRWIRENDBEEICIRAT 2 Z L3 bhole. —F, #H K
GAERFT-BELTC3IMEEOEET ALY ANV RIZL>TRTET, @pH T
THEMEA PV AZZITTH KWIND D VITHES ~0 K st 1L bitian 2
EMHABMNE ST @M pHIZ X > TARAFRIEL T L E 9 eFEHED 9 B, NOs, P,
Fe, Zn (ZEHICBWT—EREGARMETT5H DD, EC 20 X 581X
72<, & EC T OEMEBD OB AERIZITR b 72ho7. —J CaldNa &
TOFNACBNTEOHBRZRAH Y, Na & Ca IZH L0 2BERERICH 72,
LALLM HAR Ca 1L 3 M CERLTEY,25mM OF KL ¥ ) ThrbE<,
CallE DA P VAT T TN ZBm M EMERA D ZETA MLV ANELE LD 3
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BLLTCWERREMENRIBE I Tz, £72 Mg IZOWTAA — FDEHEFHRDH
HpH FC—EREARICIKTL, #H3EDOHEMERA LA FET L0 U Q) F
TIHESY Mg GARITHEFEINTW -2 Enb, ZHIET VDU A R L AICK
LEETHY, 3 MEHOREMETH ST EEZX LD Mg LRROH L 7 1
BT A NVERHRIIAAL — FTOAAREIETL, 707 0 VEROBLRID
Mg RZMNAA — MDA RBREIZE L TWZAREENE 2 6D, Hilgfbis
BNZOWTH 2 B, 5 3 ECEEMINRE I CAT {EHIT T v U &I T
T B LM ZR Uc, (PEX M LR GET VU &) FClidEv CAT IF
PEDII DALTZS, TAT Y REICHBIT DHEMEA N U AT TIEEDIEENE L <
KT L7z, ZAUE—2IZ CAT B¥ U 37 B TR SN TV S PR LR Th 5
DT VT VIZ K o TEERZ X7 BEME L, 0 LT ATBENESS, Ho00 D53 iR
DOBSICfE L U T E 72 Fe M7 AH V&M T TIREARMET L7729, CAT
IEPEDME T L7 R[BEMERZ 2 B D, £ D —F T Ha0, X° MDA [TAH T T
Hm AR L, RIELTLE ST CAT LIFRIOHIRBLINE > AT AT LV Hifg{k
JRZ IR TR STV AIRENVEDN B 2 BTz,

UbzaELdd &, NUMITRENR Y VY FAN—T8OF TlEMEICE,
B (HDHVNIEE) TNa ZFHE S ETESIZ K 2 BEMAYIZ [k S & 2520 e
HWEHEMEREE A B L 2Tk LT CAT i A 35 L < S0 2 FURR LIS DS Tt 4 4
X R Tz, & L CE O i O MR FAE XM M R IS 3 T R0 B 2 HE
RELCHY, RITKIT D Na &, BH~D K kN EL BKR LR S &, F
L < CAT ZTEMIRRBIC S E D Z LA LA TOERERERMEMHEE CH D &
HOT R ol 20 OMEEEEITEET VU SRl sband &,
ML TEIE EAR Na ZHFEHERED B EC FTRDLILLT NI L3000, MM
M (TARLZ ) OESITR~OmpH GEEZIMADL Z &N, TN Y FETFT
D& ECITT AMMEAED D Z LICOmNH LEZ BND. NI LOEME S
TR Z T R SCTIIRLISE LV b TR I DWW K o Tl e
725 TV D AREMED L.
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HETHROEMAEFEICB W TERREELZ O LTBY, PHEmEE L
THH SN TWDHEBEOW, 23 %L L, 37 %03 Y — 2B L T\ D S HEE
ENTWD. EREREOEMELIC L - THITIEA N LR (BEEA ML ABX
A A ARNVR) 280, V—FEIZEDEpHIZL > TT A B Y AR R
WD, E£72m EC, & pH BREE TIXFRFZW T DA VA GEMET VY X R
A) OEBEZT, WAREHREEN O IND. LI OBREA L2
(2% U Thk &2 22 )02 2 308, U IS B 1T M E & RV BHRIZCH D L F
NTEY, FTHLYYRA—THIIENHBRLEEZ AT 5. L Lan bl
FILL DV Y BNA—THONEFIENEEINTBY, EOX O RRBEAT
D3 Y BN— T NSRBI TN D O A A U7 RSN b D e
W, ZZTETHDICRENR Y BA—T 4 (XU, B—, A5, F
VAT /) OFERIE A ATV, FrWINE L O LIS B OBLE S v Y Fi—T
FA DR MRS D BRAR 2 3K A 72

FERLELTIANRUNLZE—=U>HAL>FVH ) OIEIZEE &L, UL
(TENT-E NI LOHBLISEZ2H LT e, =3B bs g ic#E#h,
MR R L2 A DB X O VA 7 IHRBILSE IR T b OO, #HAWILS
B2 HMasatE (BEH Na i) MlHEEZ K LTz Z EnbnoT-.

AT e & MR AL 7o S OV OMBEMERAE 2 X 0 3R 5 720, i
Wtk E BT DNV REER] (A — REB IR L ) THEROWIL, HiML
SR, L TABAE IS DWW TS REMHT 217V, TS OV RS S
DR 2 Z 0 AR b 0 & Lz, SUANAET SR Na BREAEIXMHENE
FTEVHETHY, FLEFKFARITEZMEMED 250 Em<, BERZK
AEREZ A LTV, E 2602k » TESEKRERHERF I TV
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EFZZ BT, — 77T Nas0 T OJEAEBIEMEII M i TR T L - 721 b H
DO, BEZMELTETOLEEREMERD DA O, EHXEKEOERT A
BATWIZZ L0, HERIC L > THONERELEDITAB IEDNT, =
BIEFEME O 2 EA N AREICHEIGT 570 OABEKSICH A ST
W ATREMERNZE 2 b=, MW CHAE T CAT 133F L WGk
oo WTEWIEEZ R L, WFEMEREA P L A E 5 EFITZT TWink
D ThoTleny, WsnfREEIZI T DM 223 2 HERNZ X 5o 7.
ERTH BN E R0l UV OMBEERAE (IR Na 358, %8 K #iik, CAT IE
M) DT AT U R R TED L D REEEZT 500 ET 5720, MM
EAET DAV (X A) RSN 3 S FER] C TR A 24T - 72, ilE
PEDNAIX, TRV EZ ) >F A4 >AA— &R0, Bl EHmET VDY
A b VAT TR Na HREERED Kb o3 <, —F TR DR DA 4~
ZPNT/INES o T T & D OARRGERRRE DS EME T L U A b U AT & i 60 T
WD LR S TE. — 5 KRB IS pH, ® EC FCThdkbind, U3
FRICHBT D ENTMESE ChH -7 B2 DD, F70E pHIZ K- THRILN
Pl STV JeERE (NOs, P, Fe, Zn) 13 dnflIC @ L C—EREMK T L7
25, = EC T3 fEfOmEEEZ AT 2 HK L1370 670 »7z. —J7TCa
& Na (TN CTRAOHENR LI, A ONRBAERICH 7223, R Ca 1T L
ALTEBY, TRVZ ) ThebiR Ca EFENLALN, S Ca DR FREL/NS
MoleZ &b, Ca ARNVAVTF K FRUVE I3 EINEERBLL
TWedinh LivZav, E70E0RE B X OPImbS I3 T L U A b
IZE > TET LR, IEDEE D703 5 M ZEIXA BT, SfEl o
HAET VT ) THPEOE VI EICEDWINDEDNI LD E ZANRRENEERL
.
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Summary

Salt damage has a significant impact on global agricultural production. Of the area used
for cultivation, 23 % is estimated to be salinized and 37 % to be sodificated. Plants suffer
from salt stress (osmotic stress and ionic stress) due to salinization, and from alkaline
stress due to high pH by sodification. Also, the both stresses (saline-alkaline stress)
simultaneously occur and cause serious physiological disorders. Plants show various salt
responses to these environmental stresses, and the antioxidative response is said to be
closely related to salt tolerance, in particular, Labiatae herbs have excellent antioxidative
capacity. However, there is concern about the yield loss of Labiatae herbs due to salt
damage, and surprisingly, there are few studies of interspecific comparison that what kind
of characteristics in Labiatae herbs would contribute to high salt tolerance.

Therefore firstly, four typical Labiatae herbs (basil, sage, thyme, oregano) were
compared, and salt tolerance mechanisms of Labiatae herbs from the viewpoint of nutrient
uptake and antioxidative response were aimed to be understood. As a result, the salt
tolerance was higher in the order; basil > sage > thyme > oregano. Basil had great nutrient
uptake and antioxidative response, and sage showed high antioxidative response.
Although thyme and oregano also showed antioxidative response, the vulnerability in
nutrient uptake (Na inflow into leaves) reduced salt tolerance.

Secondly, in order to clarify the salt tolerance mechanism of salt-tolerant basil variety,
analysis of nutrient uptake, antioxidative response, and photosynthetic activity between
basil varieties (Sweet and Napoletano) with different salt tolerance were performed. The
root Na accumulation capacity of basil was more prominent in salt-tolerant variety, and
the leaf K content was nearly twice that of sensitive variety suggesting great K transport

capacity. It was considered that the leaf water content was maintained by these actions.
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On the other hand, the photosynthetic activity under Na50 did not decrease between the
two varieties. Regardless, a significant decrease in dry weight was observed only in salt-
sensitive variety, and a decrease in leaf water content was also observed. Possibly,
Assimilation products obtained by photosynthesis were not used for growth, but for
osmolyte synthesis to adapt to stress environment. In both varieties, CAT under salt
treatment showed significant activation or high activity, and did not appear to be damaged
by salt-induced oxidative stress. However, it did not explain the difference in salt
tolerance between the two varieties.

Thirdly, in order to investigate how the salt tolerance mechanisms (root Na
accumulation, leaf K transport, CAT activity) of basil are affected under saline-alkaline
condition, A comparative survey was conducted between the three varieties including the
other basil variety (Thai) with high salt tolerance. The saline-alkaline tolerance was in the
order; Napoletano > Thai > Sweet. Sensitive varieties were more likely to lose a function
of root Na accumulation under saline-alkaline stress. It was suggested that the root-
protecting function increased the tolerance to salt-alkaline stress because the reduction of
root biomass of the tolerant variety was small. On the other hand, the K transport function
was not lost even under high pH and high EC in all varieties, suggesting a common saline-
alkaline tolerant system among three varieties. Some elements (NOs", P, Fe, Zn), whose
uptake is supposed to be suppressed by high pH, decreased in certain concentrations in
common to three varieties, however it did not explain the difference in salt tolerance
between varieties. On the other hand, Ca and Na were negatively correlated at all parts,
and there was a clear competitive relationship. However, root Ca was increased in three
varieties, especially in Napoletano even under the toughest condition. Napoletano might
have strongly expressed a salt response because of Ca stress signal. Photosynthetic rate
and antioxidative response (CAT) were decreased by saline-alkaline stress in three
varieties, but there was no difference between varieties that led to difference of salt
tolerance level. We assume that the difference in salt tolerance between varieties was

mainly due to the difference in nutrient uptake.

_83_



CI S

AWFIE % PN SCRAICHEE L CWe R & F L, BERORFERSE  LmsE
IR OEALR L B ET. GHRBEN O L ARWEB IIRA A THE, K
MLELEDELODCHIE-TEZ KD TREZTHBLE LI L, 0205
WA LET. ERPMNEERICE YL E L TARE TRMEE, JFEs
E#HLE L, BERRFES LA EHEERICEELP L BFES. 2L
TAMRAEBATT DICHIY, REZL ORISR THEME ZBS2B0, Bk
THEATEE E L, BIRKPAEMBERFE A 280 X0 R

FFES

AWFFEDOBEEIHE Th 2 IEARMRIEICE T, EE O FEE XK T
O ZHRE T IWE L7z, BRRFREFH Bh#ERIO0 K 0 EHE L £
EEAMEDT —~Th DY Y FN—TEHOMEMIC OV T I I ZHRiEL 72
XU vE L7z, CIBNOR Bernardo Murillo-Amador ZdZ 2L DE#HBE L 7. %
L AR LOBEICE L, MEORLGFRRAFTIEICOWTREAR L ZS
ATHE L, B TS L THE £ LI BHURF 5 SATREPS 7' &= 7 Mif
8 IWEESRERCL I VLR L P £

AW EFATT DI HT 0, BT ORiB & < Sl & 21T T i
BEMREBOERS, MELOSETHICKA T EE o7 i, Gk LT
TLNERBAEOERRZ, LRGP L BT E.

I, ARICHEFTE DL O MBIIN S WRVEEEZ LT EE 0, K
HIZEBWNTS, MEFBOZTETERZMLTHLHWARNG, REIZEY IR
CHRAFo T, & —5, BT B EGHE L £ 7

AKBIZHO R LS TENE L.

_84_



51 FH SCHk

Abogadallah, G. M. 2010. Insights into the significance of antioxidative defense under
salt stress. Plant Signaling & Behavior 5(4): 369-374.
https://doi.org/10.4161/psb.5.4.10873

Al-Karaki, G. N., R. Hammad, and M. Rusan. 2001. Response of two tomato cultivars
differing in salt tolerance to inoculation with mycorrhizal fungi under salt stress.

Mycorrhiza 11: 43-47.

Amor, N. B., A. Jiménez, W. Megdiche, M. Lundqvist, F. Sevilla, and C. Abdelly. 2006.
Response of antioxidant systems to NaCl stress in the halophyte Cakile maritima.

Physiologia Plantarum 126: 446-457.

Andersson, 1. 2008. Catalysis and regulation in Rubisco. Journal of Experimental Botany

59(7): 1555-1568. doi:10.1093/jxb/ern091

Attia, H., N. Karray, A. Ellili, N. Msilini, and M. Lachaal. 2009. Sodium transport in basil.
Acta Physiol. 31: 1045-1051.

Azevedo Neto, A. D., J. T. Prisco, J. Enéas-Filho, J. V. R. Medeiros, and E. Gomes-Filho.
2005. Hydrogen peroxide pre-treatment induces salt- stress acclimation in maize plants.

Journal of Plant Physiology 162: 1114-1122.

Bhattacharjee, S. 2005. Reactive oxygen species and oxidative burst: Roles in stress,

senescence and signal transduction in plants. Current Science 89 (7): 1113-1121.

_85_



Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Annu. Biochem. 72:

248-254.

Brown, P. H., R. D. Graham, and D. J. D. Nicholas. 1984. The effects of manganese and
nitrate supply on the levels of phenolics and lignin in young wheat plants. Plant and

Soil. 81: 437-440.

Camlica, M., and G. Yaldiz. 2017. Effect of Salt Stress on Seed Germination, Shoot and
Root Length in Basil (Ocimum basilicum). International Journal of Secondary

Metabolite 4(3): 69-76. https://doi.org/10.21448/ijsm.356250

Cataldo, D.A., M. Haroon, L. E. Schrader, and V. L. Youngs. 1975. Rapid, colorimetric
determination of nitrate in plant tissue by nitration of salicylic acid. Communications

in Soil Science and Plant Analysis 6(1): 71-80. DOI: 10.1080/00103627509366547

Chan, E. W. C,, L. Q. Kong, K. Y. Yee, W. Y. Chua, and T. Y. Loo. 2012. Antioxidant and
antibacterial properties of some fresh and dried Labiatae herbs. Free Radicals and

Antioxidants 2(3): 20-27. DOI: 10.5530/ax.2012.3.3

Cheeseman, J. M. 1988. Mechanisms of Salinity Tolerance in Plants. Plant Physiology
87: 547-550. https://doi.org/10.1104/pp.87.3.547

Chen, A., S. Husted, D. E. Salt, J. K. Schjoerring, and J. P. Persson. 2019. The Intensity
of Manganese Deficiency Strongly Affects Root Endodermal Suberization and Ion

Homeostasis. Plant Physiology 181: 729-742. https://doi.org/10.1104/pp.19.00507

Chen, W. J., S. Yang, Y. Zhang, Y. Y. Wang, T. Q. Yuan, and R. C. Sun. 2017. Effect of

_86_



alkaline preswelling on the structure of lignins from Eucalyptus. Scientific Reports

7(45752): 1-10. DOI: 10.1038/srep45752

Cuvelier, M. E., H. Richard, and C. Berset. 1996. Antioxidative activity and phenolic
composition of pilot-plant and commercial extracts of sage and rosemary. Journal of

the American Oil Chemists' Society 73(5): 645-652.

Enomoto, Y., and F. Goto. 2008. Long-distance signaling of iron deficiency in plants.

Plant Signaling & Behavior 3(6): 396-397. DOI: 10.1007/s00425- 007-0596-x.

Facchinelli, F., and A. P. M. Weber. 2011. The metabolite transporters of the plastid
envelope: an update. Frontiers in Plant Science 2(50): 1-18. doi:

10.3389/fpls.2011.00050

Farhat, N., A. Elkhouni, W. Zorrig, A. Smaoui, C. Abdelly, and M. Rabhi. 2016. Effects
of magnesium deficiency on photosynthesis and carbohydrate partitioning. Acta

Physiol Plant 38: 145. https://doi.org/10.1007/s11738-016-2165-z

Farooq, M., T. Aziz, S. M. A. Basra, M. A. Cheema, and H. Rehman. 2008. Chilling
Tolerance in Hybrid Maize Induced by Seed Priming with Salicylic Acid. J. Agronomy
& Crop Science 194: 161-168. doi:10.1111/j.1439-037X.2008.00300.x

Ghanem, M. E., A. Albacete, C. Martines-Andujar, M. Acosta, R. Romero-Aranda, I. C.
Dodd, S. Lutts, and F. Perez-Alfocea. 2008. Hormonal changes during salinity-induced

leaf senescence in tomato (Salanum lycopersicum L.). J. Exp.Bot. 59: 3039-3050.

Gomes, M. A. C., M. S. Suzuki, M. Cunha, and C. F. Tullii. 2011. Effect of salt stress on

nutrient concentration, photosynthetic pigments, proline and foliar morphology of

_87_



Salvinia auriculata. Acta Limnologica 23 (2): 164-176.

Hafeez, B., Y. M. Khanif, and M. Saleem. 2013. Role of Zinc in Plant Nutrition- A Review.

American Journal of Experimental Agriculture 3(2): 374-391.

Hernandez, J. A., and M. S. Almansa. 2002. Short-term effects of salt stress on antioxidant

systems and leaf water relations of pea leaves. Physiologia Plantarum 115: 251-257.

Hsieh, E. J., and B. M. Waters. 2016. Alkaline stress and iron deficiency regulate iron
uptake and riboflavin synthesis gene expression differently in root and leaf tissue:

implications for iron deficiency chlorosis. Journal of Experimental Botany 67(19):

5671-5685. doi:10.1093/jxb/erw328

Huang, R. 2018. Research progress on plant tolerance to soil salinity and alkalinity in

sorghum. Journal of Integrative Agriculture 17(4): 739-746.

Jakovljevi¢, D. Z., M. D. Topuzovié, M. S. Stankovi¢, and B. M. Bojovi¢. 2017. Changes
in Antioxidant Enzyme Activity in Response to Salinity-induced Oxidative Stress
during Early Growth of Sweet Basil. Horticulture, Environment, and Biotechnology

58(3): 240-246. https://doi.org/10.1007/s13580-017-0173-6

Kabir, M. E., M. A. Karim, and M. A. K. Azad. 2004. Effect of Potassium on Salinity
Tolerance of Mungbean (Vigana radiata L. Wilczek). Journal of Biological Sciences

4(2): 103-110. http://dx.doi.org/10.3923/jbs.2004.103.110

Kaiser, W. M. 1979. Reversible Inhibition of the Calvin Cycle and Activation of Oxidative
Pentose Phosphate Cycle in Isolated Intact Chloroplasts by Hydrogen Peroxide. Planta
145: 377-382.

_88_



Lima, A. L. S., F. M. DaMatta, H. A. Pinheiro, M. R. Totola, and M. E. Loureiro. 2002.
Photochemical responses and oxidative stress in two clones of Coffea canephora under

water deficit conditions. Environmental and Experimental Botany 47: 239-247.

Loreto, F., M. Centritto, and K. Chartzoulakis. 2003. Photosynthetic limitations in olive

cultivars with different sensitivity to salt stress. Plant, Cell and Environment 26: 595-

601. https://doi.org/10.1046/j.1365-3040.2003.00994.x

Lynch, J. P,, and S. B. S. Clair. 2004. Mineral stress: the missing link in understanding
how global climate change will affect plants in real world soils. Field Crops Research

90: 101-115. doi:10.1016/j.fcr.2004.07.008

Maathuis, F. J. M., and A. Amtmann. 1999. K* Nutrition and Na* Toxicity: The Basis of
Cellular K*/Na* Ratios. Annals of  Botany 84: 123-133.
https://doi.org/10.1006/anbo.1999.0912

Makri, O., and S. Kintzios. 2007. Ocimum sp. (Basil): Botany, Cultivation,
Pharmaceutical Properties, and Biotechnology. Journal of Herbs, Spices & Medicinal
Plants 13(3): 123-150. doi:10.1300/J044v13n03 10

Manishankar, P., N. Wang, P. Koster, A. A. Alatar, and J. Kudla. 2018. Calcium signaling
during salt stress and in the regulation of ion homeostasis. Journal of Experimental

Botany 69(17): 4215-4226. doi:10.1093/jxb/ery201

McClure, P. R., L. V. Kochian, R. M. Spanswick, and J. E. Shaff. 1990. Evidence for

Cotransport of Nitrate and Protons in Maize Roots. Plant Physiology 93: 281-289.
https://doi.org/10.1104/pp.93.1.281

_89_



Mengel, K. 1994. Iron availability in plant tissues- iron chlorosis on calcareous soils.

Plant and Soil 165: 275-283. https://doi.org/10.1007/BF00008070

Mohamed, A. A., and A. A. Aly. 2004. Iron Deficiency Stimulated Some Enzymes
Activity, Lipid Peroxidation and Free Radicals Production in Borage officinalis
Induced in vitro. International journal of agriculture & biology 6(1): 179-184.

http://www.ijab.org

Munné-Bosch, S., and J. Pefiuelas. 2003. Photo- and antioxidative protection, and a role
for salicylic acid during drought and recovery in field-grown Phillyrea angustifolia

plants. Planta 217: 758-766. DOI 10.1007/s00425-003-1037-0

Murchie, E. H., and T. Lawson. 2013. Chlorophyll fluorescence analysis: a guide to good
practice and understanding some new applications. Journal of Experimental Botany

64(13): 3983-3998. https://doi.org/10.1093/jxb/ert208

Murillo-Amador, B., J. J. Reyes-Pérez, A. Nieto-Garibay, E. Troyo-Diéguez, I. M.
Reynaldo-Escobar, E. O. Rueda-Puente, and J. L. Garcia-Hernandez. 2013. Salinity
tolerance in varieties of basil (Ocimum basilicum L.) during the stages of germination,
emergence and early growth. Tolerancia a la salinidad en albahaca 29(2): 101-112.

www.universidadyciencia.ujat.mx

Nayak, A. K., R. K. Gautam, D. K. Sharma, V. K. Mishra, C. S. Singh, and S. K. Jha.
2008. Growth, Oil Yield, and Ion Partitioning in Basil Grown on Sodic Soils.
Communications in Soil Science and Plant Analysis 39: 833-844. DOI:
10.1080/00103620701880891

AAEEHHZ 1989. F 0 O EFL. #IAEE. 293-295.

_90_



Parida, A. K., and A. B. Das. 2005. Salt tolerance and salinity effects on plants: a review.
Ecotoxicology and Environmental Safety 60: 324-349.
http://dx.doi.org/10.1016/j.ecoenv.2004.06.010

Pathak, V., A. Prasad, and P. PospiSil. 2017. Formation of singlet oxygen by
decomposition of protein hydroperoxide in photosystem II. PLoS ONE 12(7):
e0181732. https://doi.org/10.1371/journal.pone.0181732

Preuss, C. P., C. Y. Huang, and S. D. Tyerman. 2011. Proton-coupled high-affinity
phosphate transport revealed from heterologous characterization in Xenopus of barley-

root plasma membrane transporter, HvPHT1;1. Plant, Cell and Environment 34: 681-

689. doi: 10.1111/5.1365-3040.2010.02272.x

Ramel, F., S. Bitrtic, S. Cuiné, C. Triantaphylidés, J. L. Ravanat, and M. Havaux. 2012.

Chemical Quenching of Singlet Oxygen by Carotenoids in Plants. Plant Physiology
158: 1267-1278.

Roby, M. H. H., M. A. Sarhan, K. A. H. Selim, and K. I. Khale. 2013. Evaluation of
antioxidant activity, total phenols and phenolic compounds in thyme (7hymus vulgaris

L.), sage (Salvia officinalis L.), and marjoram (Origanum majorana L.) extracts.

Industrial Crops and Products 43: 827-831.

Sahay, R., and D. D. Patra. 2014. Identification and performance of sodicity tolerant
phosphate solubilizing bacterial isolates on Ocimum basilicum in sodic soil.

Ecological Engineering 71: 639-643.

Said-Al Ahl, H. A. H., and E. A. Omer. 2011: Medicinal and aromatic plants production

under salt stress. A review. Herba Polonica 57(2): 72-87.

_91_



Shi, D., and Y. Sheng. 2005. Effect of various salt-alkaline mixed stress conditions on
sunflower seedlings and analysis of their stress factors. Environmental and

Experimental Botany 54: 8-21. doi:10.1016/j.envexpbot.2004.05.003

Silva, E. N., R. R. Vasconcelos, S. L. Ferreira-Silva, V. R. Almeida, and S. J. A. Gomes.
2011. Salt stress induced damages on the photosynthesis of physic nut young plants.
Scientia Agricola 68(1): 62-68. http://dx.doi.org/10.1590/S0103-90162011000100010

Tanaka, H., S. Yamada, T. Masunaga, S. Yamamoto, W. Tsuji, and B. Murillo-Amador.
2018. Comparison of nutrient uptake and antioxidative response among four Labiatae
herbs species under salt stress condition. Soil Science and Plant Nutrition 64(5): 589-

597. https://doi.org/10.1080/00380768.2018.1492334

Tanji, K. K. (ed.) 1990. Agricultural salinity assessment and management. ASCE manuals

and reports on engineering practice 71: 3-4.

Tarchoune, 1., C. Sgherri, O. Baatour, R. Izzo, M. Lachaal, F. Navari-Izzo, and Z. Ouerghi.
2013. Effects of oxidative stress caused by NaCl or Na;SO4 excess on lipoic acid and

tocopherols in Genovese and Fine basil (Ocimum basilicum). Annals of Applied

Biology 163: 23-32. https://doi.org/10.1111/aab.12036

Tezara, W., V. J. Mitchell, S. D. Driscoll, and D. W. Lawlor. 1999. Water stress inhibits
plant photosynthesis by decreasing coupling factor and ATP. Nature 401: 914-917.
doi:10.1038/44842

Tounekti, T., A. M. Vadel, M. Onate, H. Khemira, and S. Munne-Bosch. 2011. Salt-
induced oxidative stress in rosemary plants: Damage or protection? Environmental and

Experimental Botany 71: 298-305.

_92_



Wahid, A., and A. Ghazanfar. 2006. Possible involvement of some secondary metabolites
in salt tolerance of sugarcane. Journal of Plant Physiology 163: 723-730.
doi:10.1016/].jplph.2005.07.007

Watanabe, T., M. Osaki, and T. Tadano. 1998. Effects of nitrogen source and aluminum
on growth of tropical tree seedlings adapted to low pH soils. Soil Sci. Plant Nutr. 44:
655-666.

Wilkins, K. A., E. Matthus, S. M. Swarbreck, and J. M. Davies. 2016. Calcium-Mediated
Abiotic Stress Signaling in Roots. Frontiers in Plant Science 7(1296): 1-17. doi:
10.3389/1pls.2016.01296

Wintermans, J., and A. De Mots. 1965. Spectrophotoetric charactaristics of Chlorophyll

a and b their pheophytins in ethanol. Biochim. Biophys. Acta. 109: 448-453.

Xiong, T. C., E. Ronzier, F. Sanchez, C. Corratgé-Faillie, C. Mazars, and J. B. Thibaud.
2014. Imaging long distance propagating calcium signals in intact plant leaves with
the BRET-based GFP-aequorin reporter. Frontiers in Plant Science 5(43): 1-13.
doi:10.3389/pls.2014.00043

Yang, C., J. Chong, C. Li, C. Kim, D. Shi, and D. Wang. 2007. Osmotic adjustment and
ion balance traits of an alkali resistant halophyte Kochia sieversiana during adaptation
to salt and alkali conditions. Plant soil 294: 263-276. DOI 10.1007/s11104-007-9251-
3

Yang, C., D. Shi, and D. Wang. 2008a. Comparative effects of salt and alkali stresses on
growth, osmotic adjustment and ionic balance of an alkali-resistant halophyte Suaeda

glauca (Bge.). Plant Growth Regul 56: 179-190. DOI 10.1007/s10725-008-9299-y

_93_



Yang, C. W., P. Wang, C. Y. Li, D. C. Shi, and D. L. Wang. 2008b. Comparison of effects
of salt and alkali stresses on the growth and photosynthesis of wheat. Photosynthetica

46(1): 107-114. DOI: 10.1007/s11099-008-0018-8

Zhang, J.T., and C. S. Mu. 2009. Effects of saline and alkaline stresses on the germination,
growth, photosynthesis, ionic balance and anti-oxidant system in an alkali-tolerant
leguminous forage Lathyrus quinquenervius. Soil Science and Plant Nutrition 55: 685-

697. doi: 10.1111/5.1747-0765.2009.00411 .x

Zheng, W., and S. Y. Wang. 2001. Antioxidant Activity and Phenolic Compounds in
Selected Herbs. J. Agric. Food Chem. 49(51): 5165-5170.

_94_



INF i 3L

p={{1

Tanaka, H., S. Yamada, T. Masunaga, S. Yamamoto, W. Tsuji, and B. Murillo-Amador.
2018. Comparison of nutrient uptake and antioxidative response among four Labiatae
herb species under salt stress condition. Soil Science and Plant Nutrition 64(5): 589-

597. (56 2 &)

Tanaka, H., T. Masunaga, W. Tsuji, S. Yamamoto, B. Murillo-Amador, M. Yamada,
and S. Yamada. 2019. Characteristics of nutrient uptake, photosynthesis, and
antioxidative response in a salt-tolerant basil variety - Characteristics of salt-tolerant
basil -. Sand Dune Research 67(1) (expected day of publication: April, 2020). (% 3

)

=X

_95_



