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Growth and Physiological Characteristics in a Halophyte Suaeda glauca under
Different NaCl Concentrations

Ji-Young Kim', Phil-Mo Seong', Deog-Bae Lee?, and Nam-Jin Chung®'

ABSTRACT This research was carried out to investigate the plant growth, inorganic ion and amino acid content characteristics
in a halophyte, Suaeda glauca, under different NaCl concentrations for cultivating in the reclaimed land. S. glauca was
hydroponically cultivated under 0, 50, 100, 200, 300 and 400 mM NaCl concentrations with Hogland’s nutrient solution. To
evaluate growth response under different NaCl concentrations, plant height and number of branches, dry weight, Fv/Fm value, and
photosynthetic efficiency were investigated. To find out physiological characteristic, inorganic ion contents and amino acids in the
plant were evaluated. The optimum concentration of NaCl for plant growth were 50 mM. The plant growth were gradually
decreased in the concentration ranged from 100 to 400 mM. As increasing of NaCl concentration, Na ion was increased, but K, Ca,
Mg ions were decreased in the plant. The amino acid contents were varied due to NaCl concentrations, but most of amino acids
content in total plant was the lowest at 50 mM. Conversely, proline was exceptionally high at 50 mM of NaCl concentration. The
Fv/Fm value was the highest at 50 mM of NaCl concentration. From these results, the optimum salt concentration for the growth
of S. glauca was 50 mM, but the plant seems to adapt in a variety of salt environments in view of the change of ions and amino acids
depending on salt concentration and the maintenance of photosynthetic efficiency even under high salt condition.
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Table 1. Ingredients of Hogland’s solution.

. N P K Ca Mg
Macronutrients
----- me/L -----
Concentration 12 3 6 7 4

*Micronutrients (ppm): Fe - 0.8, B - 0.5, Mn - 0.5, Zn - 0.05, Cu - 0.02, Mo - 0.01.

223K Lee et al., 1999). & AEd 2o i3t w307
th=o] A EE2 AFEIAE delXl betaine 33,
proline Z-& o}u] Ak, manitol, sorbitol 2 arabitol 51} Z
< polyol B sugar 53 22 AEA H713FEES AE
ol A3tk Flowers et al., 1977; Rhodes & Hamson
1993; McNeil ef al., 1999). AEEFA 7129 prolined}
betain 5 74 f71EASRHE0H, W WEA A=
2 oY 7Y M AadEes A2 aaet
T} (Lea & Ireland 1999). ©]=0]| A= proline2 Al&Eo0] &
AEAAS W U F7HE ohulile] QFom e
ALAEo| ol LHE Q= (Kim et al., 2004) LHEA ©
2 e, e 5o gaAge] A4 Aol e A
Wol7|12ke 2 proline/do] S7tsto] HEEZHES =4
3}= osmoticum &2 Z83l= Aow ¢4 A ¢lth(Binzel
et al., 1985). GPAEL Eof ¢ierr} =2 EokoAE &
Aokl sk, | AEY A S HHE FHA 5
At A=A Wel AiS AlASH] fg Aed 714 7t
AL QT Waisel, 1972). o]&st GRAIE oA UEA
= Wol5 K Chenopodiaceae)o] £3l= 1| A E o= ¢
2, T3 A BiGt7te] de] &azst, Sl A=
Aefetolut EA A, waiok, THA ] 59 i, s QbAE,
=9 g7, ¥ 4 ol == AAsh= g4 &It
LA el EH?& e Al oy B EA4o] Higt
A, 2 o] tigh AEAY Bhgol tigh Atvt
FE o]FoFaL lﬁ ol gt Ae) 7|2kl A= AHA|
3] FHEA g /\E@O]EK reckle, 1990; Osmond et al.,
l EP LP”XH—J *JVP, 7)o

S|

1980). = oq;% o

& Aol ARE YA FAk= 2015 1280 Ajgts
FA 2ol Aotz A2 Y AHFsto], SATEIT
| 10~12% =7} H=s AFd ol 42 24A A
Foto] 4°Coj|A YR stef oo Mgt

N

¢

(]

A EA]| Aulj= Table 12] Hogland §-9-S Y2 njjofoiS
o|-gsto] 7 Au) stAthJeong et al., 2017). AEA=
25°CY| Al Yol A 2527t Wrotel SHIE Fof F 1474
o] ol 8 cm x 10 cm A0 2 £ AEZE okl
gAe] ZF Aol AEA 1I7RAAS o] Alste] Aulstaict.

T A 710 o] ARt Al EA = 15:Y5¢ ol A-3AIX]
%, NaClZ o]-§sto] vl o] ¢ss 0 mM, 50 mM, 100
mM, 200 mM, 300 mM, 400 mM2] 67]] === &3}
"% Hers 24T YA 157U 7HE o2 WA sHEA,

5ot Aufatsck. A7zt ot
19. 9OCO]M:1—’— 2A W A7 = =l
h o= ujA|skel EP FZA 7] 171014 AEA= 10
NAE 2AFste] 24, 2RS4, dEads SASHAT

AlEA| ) ol AL AFAEEE AN e
= 7|2 0® EAIBISITHNICS, 2014). 8552t 4loflA]
HigE AlEAE 70°Co|A 2 59t XA 174 —E‘r* 5}‘2'1@- 4]
A9 Fr1 = 24 MA R & 54
ol 5 AR Fell OPL*WE} =gt 4]
=4 0.5 g Alzoll F4iHHS00) 5 mLE 713 toh2 A2

Al BFF 5t BEGAIFTE WA A& TAREREA(HL0,)
£ 0.5 mLA Yomn Rafjoio] AR A wfjrtx] W
LERE Hap 1202 stAs|Edch Baljrt =2 H Al
25 oA Z ATAIA & F 2008 K] A AlRHS Tt

oty R7|AE Ca’t, K, Mg* @ Na® g=k2 ICP-OES
(Varian Vistar-MPX, USA)0. 2 =435}¢ o, Fr|AE
w2} K-766.490 nm, Ca-396.847 nm, Mg-279.553 nm, Na-
589.592 nm Aol A =43 tHJeon & Park, 2011).

24 T 7} Brjo|2e] BEl ok ANAOR AET

ALt

B 0% = Xdﬂﬂ(%@%sﬂ)ﬂﬁ zﬂTﬂl( )X1 20 10,000
SRl ) x AAGA R A
O = Si7a] (2 AT o) F A AT (g) < 140 X 10,000



50 OHEIX|(KOREAN J. CROP SCL), 64(1), 2019

MyO(%) = A (F2AEH) DA EA A (g) < 1.66 < 10,000
Na, O%) = — B8k ngL ™) > AAZ A 2 of o] A F20-5)
@) T A (G A e A A Z A A (g) < 1.35 % 10,000

ohn|icAl EAE 93t AlRe FEARVIE 4 A%
5 Auto mill (Tokken Inc., Japan)& ©]|-&3}o] Eafsto] A}
Lo}t HEEE AR 1 gof 0.1% Formic acid 10 ml 3
748t B 4°CoflA] 13,000 rpm .2 1087F AR }gich
A5 100 plof ethanol 900 pl& 713t & PVDREE 2
o]1}8lo] Waters ACQUITY UPLCo]| 3 nl & F¢35t0] &
A5ttt AH-E IMTAKA Intrada Amino Acid (50 x 2
mm, Pure spherical silica / unique stationary phase)& ©]
gahale.

AP BLE A= FHSA0S-30p)F o5t
2% 58 A UEAS 2 2LEY YA o

S

A el thE TS Fig 13 ek BA%,
= mMe| EA 7 A et
goul, EAY BA% 24, ABF 5 AT G5
7t 3ol 8 Sl AT Hsiv e

= 29
9] AEroAe YA A4H Q1 &0l 7P~?Z Al
ojfgt Ait= WHEA ] Fseol e A
o i3t Kwon ef al. (2016)2] R} H|2=8l #AgFo] i},
srof| W2 AEA AA TaH Frlol T
Fig. 2¢} 230tk d&=7l obd45 Na o] 29 3
F7F81L, K, Ca, Ma o] 9] e frashs 43 »
o} Nao] 22 5 =7 200 mM7HA] 57145 A&
ol AA F7Fekelem, 200 mMol/del A= ozt
stk K, Ca, Ma 0] 22 0~100 mMZ H{JoA 4
7} 2718w 22438 74T, 100-400 mM 2 Hd%
= =l wE T Hst 24 gtk AEA, A
HujAte] 5o o2 AL BN E YEA e} vA}oMl i
FEo wE Frjo]o] ¥tEH, FAYAEA NaCle
2 F7 e ) AR Ha Al Akt AlE A
g AAe] FFS vA = oldg H3ks | AEH A
“H?} AEA Q] Hho] 71&o & o]eE]al 9lth(Baxter, 2010;
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Fig. 1. Number of branches (A), Plant height (B), and Dry
weight (C) of Suaeda glauca under different NaCl
concentrations (mM). Within the same column, means
followed by the same small letter are not significantly
different, as determined by DMRT at a = 0.05.
Vertical bars indicate standard deviations.
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Fig. 2. Ion content of Suaeda glauca under different NaCl
concentrations.

Jeong et al., 2017; Lee et al., 2016; Zhu, 2003).
WSl G Ed] e dwe Hals ABAY

g, Z7], o= FEste] 243 A Table 26 2.
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Table 2. Ion contents in leaves, stem, and root of Suaeda glauca depending on NaCl concentration. Within the same column
in each plant part, means followed by the same small letter are not significantly different by DMRT at a = 0.05.

Part NaCl Ion content (%)
of plant  Concentration (mM) Ca0 K,O MgO Na,O
0 3.1 a 50 a 1.8 a 6.3 d
50 06 b 26 b 0.6 b 16.4 ¢
100 0.5b 2.2 be 04 d 19.7 b
Leaves
200 06 b 1.8 cd 0.5 ¢ 235 a
300 06 b 1.2 d 03 e 232 a
400 05b 1.2 d 03 e 234 a
0 2.6 a 55 a 0.5 a 1.7 e
50 06 b 2.0 be 03 b 6.6 d
100 04 ¢ 1.7 ¢ 0.2 cd 7.2 cd
Stem
200 0.5 be 24 b 03 ¢ 7.9 be
300 0.4 be 2.0 be 02 e 115 a
400 04 c 1.9 be 02d 88 b
0 13 a 3.1 a 0.5 a 0.9 ¢
50 1.2 a 1.6 ¢ 05 a 16.3 b
100 0.8 b 1.6 cd 04 b 14.7 b
Root
200 0.5 ¢ 1.2 d 03 c 240 a
300 0.5 ¢ 1.6 ¢ 0.2 c 152 b
400 0.3 d 22 b 0.2 ¢ 152 b

Z7] > #yg] > 9 £02 eyt £35], Naoj&2o o %
2| 9] gheFo] E7|u He] 22| vlgf] o A ekt

o, o|2jgt Ait= AAYAEL] Naol 35Fo] A O}TEE}
A AFELo| A B =th= Rozentsvet et al. (2017)9] X119}
2] 5} AT

ol ZZ oA Caol& kS 0 mMOA] 3.1%0]2L} 50~
400 mMoA = @so] A G] 0.5-0.6%0] Tt <]
Ko]& &2k2 0 mMofA 5.0%% 21} 50 mMoﬂA1 6%
ol 1 HEwrl 2718 E Kol FHEES A4 oA
A 400 mMo A 1.2%E B9t o Mgol% AFE K o]
23 22 Ao R 0 mMolA ko] 7Y =l Hs e
7} S7VePHA Frashs AaFolqint doflAl 2] Naol2-9] &
F2 0 mMoA 6.3% Ao AsEert F7FHHA =7t
Z7Fsto] 400 mMojA 23.4%9] FeFS H itk

27|04 Caol& RS 0 mMOJA] 2.6%0] 921 50~400
mMOM 0.36-0.6%2S H¢la1, Ko|& RS 0 mMoj|A] 5.5%

O} 50 mMOJA] 2.0%2 WolH1 HsEr} 2R

%OW% AEFS Btk E7]0AMg o] TEFE 0 mM
A 0.5% R o Ayt Z71slHA FRHoz 7FAs)

£ Agolglek. 2710141 Naol 2] TS 0 mMofA] 1.7%
gou dseErt F7HsHA BEst $7hske] 300 mMe
A 1L4%7A Z7Fshent.

Wejof 4 Caol FHE 0 mMel A 1.3%, 50 mMej 4
1.2%, 100 mMol|A] 0.8% % H%w7} Z7latwA] AR o
2 7hashs A% Beth Belol Kol S 0 mM
o4 31%520 30 mM ol ) ol o 0% B
gob oy dme] e QBT AL Hold ek
el Mgol& e At BN 4dd 0w
Zhashs Aol 9lek. Welol 4] Naol & gL 0 mMoA]
0.9% o FErt F7H5HEA =7t F7kste] 400 mM
oA 15.2%74H4 F7ksHck

QA OR ¢ AEAS W AEY 29 Naojo|
Al 22 slo] AZ AP AEEE U hAEHA
of gawo] AEe| %ol HalE WA HrkGreenway &
Munns, 1980). it} GAAES] 49, ¥wA S Naol
& 23| N = Kol2o] Adja] F42lo] 31 Naol Lo
8] AakH o AEQRE §4 Al7|m(Palmgren, 1990),
P Esh FOAE A W ol 2Pl Aol fAHTh
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Table 3. Amino acid content (ug/g) of Suaeda glauca under different NaCl concentrations. Within the same raw, means followed
by the same letter are not significantly different, as determined by DMRT at a = 0.05.

NaCl concentration (mM)

Amino acids

0 50 100 200 300 400
Glycine 72 a 1.5 f 56 ¢ 54d 7.0 b 43 ¢
Alanine 313 a 13.8 f 239 b 226 d 232 ¢ 182 e
Serine 48 a 216 f 415 ¢ 341 d 41.7 b 32.1 e
Valine 54.6 a 252 f 527 b 445 e 47.7 ¢ 46.3 d
Threonine 53 a 1.3 f 48 b 34 ¢ 32d 25 e
Leucine 174 ¢ 6.1 f 193 ¢ 192 d 235 a 202 b
Isoleucine 272 b 155 f 28.6 a 26.6 d 237 e 26.6 ¢
Aspartic acid 33.0 a 11.7 d 256 b 152 ¢ 10.8 e 92 f
Lysine 259 e 57 f 31.1 d 340 b 60.8 a 329 ¢
Glutamic acid 834 a 52.0 f 78.7 b 60.7 e 62.1 ¢ 582 d
Methionine 55D 1.5 f 4.1 ¢ 35 ¢ 7.1 a 4.0 d
Histidine 336 ¢ 14.0 f 52.0 ¢ 34.1 d 873 a 73.1 b
Phenylalanine 163 e 9.1 f 164 d 16.7 ¢ 194 a 183 b
Arginine 104.6 ¢ 52 f 133 a 78.8 ¢ 118.1 b 83.0 d
Tyrosine 209 ¢ 82 f 20 d 18.1 e 274 b 29.5 a
Cystine 1.1 ¢ 0.9 ¢ 1.6 a 13 Db 1.6 a I.1 ¢
3 RIERtHLee et al., 1999). 60 -
WA dsel uhE 2 ohveAl S A A 50 i -
g o ZARRE ATRe Table 334 2k Glycine 516 | S0 { ; I
T ohn|At FFS Hsiol upE thekRt HolE HAL 230 ca el
U FEA LR 50 mME=olA 7 RA UEkth ofn] 5201
L AF 2= Gly, Ala, Ser, Val, Thr, Glu, Asp 2 0 mMojA] 1015 a0 -
rpol 7Hg Watem, e, CyS, Arg 100 mM, Lys, Leu, % To 50 100200300200 0 50 100200300400 050 10020030040
Met, His, Phe =300 mM, 121 Tyr2 400 mMoj| A 7}% Root Stem leaves
oSS Motk GAAES Ak glHEo] Ao NaCl concentration (mM)
e B ke SE#H 2] NEgske] ofn]leibt amidesS A Fig. 3. Proline contents in root, stem and leaves of Suaeda
o] djzFo 2 A5l (Nasir ef al., 2010), o]H3t o}n| = glauca depending on NaCl concentrations (mM).
AL A]Eo] AFEQl 2 A free radical 27 W thil A} A Within egch'plant part3 vertical bars with same letters
Bote 4 0 B i A0 U0 s ey e ey DU 005
& Hall, 1978; Gilbert et al., 1998; Misra & Gupta, 2005).
o AyolM A 2] obnlieal FFol 7P WAH 50 & proline AEA Q] Ma], o, 27|04 BE 50 mMoj
mMe] Fis tEAle] A5l 7P SAUE BEER, g by e gl melon], 53] $ejo|q 9 proline
o] Azo] ko] AAIE THLR A4ste AE 118 2o T2 dro|i Hrl AFos W =7 Yk

s o 9@ AJ7re] MBS AA 50 mM AT Ak
o4 el HAskE gl Bl Ao S,
ohuliAl % proline®] @¥Eol ABA| B9l e

Fig. 37} 2o}, QoA e 1652 obul Akl Ayl

o BEAe] ®ale) 271014 50 mME A 2J3 0400 mM
o] % WAL Awst Z71Eol Wt prolined
o] Z7tele ATS WYt Proline 42 o] A|EL}

2] oA AR 285H osmolyte X AH-E3Hs A
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Table 4. Photosynthesis efficency (Fv/Fm value) of Suaeda glauca under different NaCl conditions.

NaCl concentration (mM)

0 50 100

200 300 400

0.77+0.00 0.79+0.01 0.78+0.01

0.74+0.01 0.73+£0.03 0.74+0.01

o2 & d#A oem(Misra & Gupta, 2005; Rai, 2002),
proline®] 50 mM9] 5 ToA =& IFS Hol= AL
QoA AFslelEo] 50 mM HEo] A F oA o 7
7F Eot A3 Autz A=)

AEAe AL o5 ZolA o HLAY A% A
+ REAS I Ao AoAT, 2719
), ol olof FEY olabel 7t W wR Wujst v
go| WA Ao FREM)E AT o v, Fm - Fo
= FdHo] FFFv)oln, Fmof| thgt Fve] |7} Fatahyt
52 HFAE(Fv/Fm)S u|stH, o] gr2 AZe
A BAoll ek A2 AMET deE EE SAT 4
EA)9) Fv/FmZE-S Table 49} Zt} Fv/Fm 452 0 mMoj A
0.77, 50 mMof| A 0.79, 100 mMojA] 0.78, 200 mM ]| A]
0.74, 300 mMojlA 0.73, 12|31 400 mMoj| A 0.74= 50
mMojA 7P =4 e, At S7hsHEA st
Aol ey A4 0«1**3 ek 19 Aol A
T U=0] %E—ZH—J 2 200~400 mM2] =& HEx
NME FIA AL _:4%4 Aew 27T} 2pol7t ZA] OF
9Fch. Kim et al. (2007)4 HIAE EE0T, ST,
WAl At 58 22 FvFmgto] thi: 74k
uh graske vlujg SE0lv] AEEe} WAl YA
F3HA o] ‘?3_101‘4'11}_1_ 5 oL}(K1m et al., 2007), & A3
1 £ 8570 AEFe] Aol 7t -9

¢

O
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W A Geber H 549 oA Aol 4
) x@aaz S v A A A Y& Aol S
e 4 U9E Ao F3ar

oA A0l ot
%7}&; 48 Na 0|29 3]
olo] gape Zrasteith. AR HePd Brjojeol 3

e Na o] 29| o A[SHrETH 2|4 oA T l"—711 Lt
ehdth @smo] whe AEAle] gejofuliedl dure i,
proline A 8|3t glycine 52| 162 o} _IL/K]—_O_ ITER
o7 Ao A g%zl 50 mMoA ko] 7hg WA
UERg o, prolined ARMAZ 50 mMolA @A3] &2
FFE Bk Aol WE FPA 882 50 mMoj|A
7 koLt 400 mM 2 —;—% LroME BINES
94 Aol A gttt 2R oz EA Q] AR XA

= 50 mMo|QA|gl dEr Wl wE AEA Y
4 F-7]0], proline .4 O]-u] AF Bhero] W3l e 3
TIZANAE L3 582 4T 4= = AP H E
o2 0~400 mM2] H-& Helo] Ao x AJSo] 7}
%3@4, Al o] Wolzh & A7FH Ao AH3hel AMAE

AL AL
2 dte s AT AYEA R E: PI013856
022019)9] ol ofsf 3= At

o122 5{(REFERENCES)

Baxter, I. 2010. Ionomics: the functional genomics of
elements. Brief Funct Genomics 9 : 149-156.

Binzel, M. L., P. M. Hasegawa, A. K. Handa, and R. A.
Bressan. 1985. Adaptation of tobacco cells to NaCl. Plant
Physiol. 79 : 118-125.

Breckle, S. W. 1990. Salinity tolerance of different halophyte
types. In N. El Bassam, M. Damborth and B.C. Loughman
(eds.), Genetic Aspects of Plant Mineral Nutrition. Kluwer
Academic Publ., Dordrecht. pp. 167-175.

Flowers, T. J. and J. L. Hall. 1978. Salt Tolerance in Halophyte
Suaeda maritime (L.) Dum: The Influence of Salinity on
the Culture Solution on the Content of Various Organic
Compounds, Ann. Bot. 42 : 1057-1063.

Gilbert, G. A., M. V. Gadush, C. Wilson, and M. A. Madore.
1998. Amino Acid Accumulation in Sink and Source
Tissues of Coleus blumei Benth. during Salinity Stress, J.
Exp. Bot. 49(318) : 107-114.

Greenway, H. and R. Munns. 1980. Mechanism of salt tolerance
in nonhalophytes. Annu. Rev. Plant Physiol. 31 : 130-149.



54 OHEIX|(KOREAN J. CROP SCL), 64(1), 2019

Jeon, B. Y. and D. H. Park. 2011. Effect of glasswort (Salicornia
herbacea L.) and rice (Oryza sativa L.) on quality of
Ganjang (Korean soy sauce). Food Sci. Biotech. 20(4) :
979-998.

Jeong, J. H.,, W. H. Hwang, H. Y. Jeong, J. S. Baek, K. J.
Choi, G. H. Lee, J. E. Ra, N. J. Chung, and S. J. Yun.
2017. Seed Germination, Plant Growth and Antioxidant
Capacity of Limonium Tetragonum under different Salt
Concentrations. Korean Journal of Plant Resources 30(4) :
364-371.

Kim, D. Y., S. Y. Yoo, S. H. Park, Y. K. Jun, M. H. Chiang,
and T.H. Kim. 2007. Effect of salt stress on chlorophyll
fluorescence in three halophytes [Abstract]. Korean Journal
of Soil Sciences and Fertilizer. 10 : 187-188.

Kim, J. A., Y. S. Choo, 1. J. Lee, J. I. Bae, I. S. Kim, B. H.
Choo, and S. D. Song. 2002. Adaptations and Physiological
Characteristics of Three Chenopodiaceae Species under
Saline Environments. Kor. J. Ecology 25 : 101-107.

Kim, S., T. K. Kim, J. H. Jeong, C. H. Yang, J. H. Lee, W.
Y. Choi, D. Y. Kim, S. J. Kim, and K. Y. Seong. 2012.
Characteristics of vegetation on soils having different salinity
in recently reclaimed Saemangeum in region of Korea. Korean
Journal of Weed Science. 32(1) : 1-9.

Kwon, H. G., J. H. Jeong, S. J. Lee, and N. J. Chung. 2016.
Germination and early growth characteristics of the halophyte
Sueada Asparagoides under various environmental conditions.
The Korean Journal of Crop Science. 61(3) : 222-226.

Lea, P. J. and R. J. Ireland. 1999. Nitrogen metabolism in higher
plants. In B.K. Singh, ed., Plant amino acids. Marcel Dekker.
Inc. pp. 1-47.

Lee, B. M., S. I. Shim, S. G. Lee, B. H. Kang, I. M. Chung,
and K. H. Kim. 1999. Physiological response on saline
tolerance between halophytes and glycophytes. Korean Journal
of Environmental Agriculture 18(1) : 61-65.

Lee, S. J., E. M. Jeong, A. Y. Ki, K. S. Oh, J. Kwon, J. H.
Jeong, and N.J. Chung. 2016. Oxidative defense metabolites
induced by salinity stress in roots of Salicornia herbacea.
Journal of Plant Physiology. 206(2016) : 133-142.

McNeil, S. D., M. L. Nuccio, and A. D. Hanson. 1999. Betains
and related osmoprotectants. Targets for metabolic engineering
of stress resistance. Plant Physiol. 120 : 945-949.

Misra, N. and A. K.Gupta. 2005. Effect of salt stress on proline
metabolism in two high yielding genotypes of green gram.
Plant Sci. 169 : 331-339.

Nasir, F. A., M. Batarseh, A. H. Abdel-Ghanil, and A. Jiries.
2010. Free amino acids content in some halophytes under
salinity stress in arid environment, Jordan. Clean-Soil, Air,
Water. 38(7) : 592-600.

National Institute of Crop Science (NICS). 2014. Analytical
Methods of Food Crops and Enviroments. Rural Development
Administration (RDA), Suwon, Korea. pp. 78-86.

Osmond, C. B, O. Bjoerkman, and D. J. Anderson. 1980, Physi-
ological processes in plant ecology. Ecological Studies 36.
Springer-Verlag, Berlin. 468p.

Palmgren, M. G. 1990. An H+-ATPase assay : Proton pumping
and ATPase activity determined simultaneously in the
same sample. Plant Physiol. 94 @ 882-886

RAI V. K. 2002. Role of amino acids in plant responses to
stresses. Biologia Plantarum. 45(4) : 481-487.

Rhodes, D. and A. D. Hamson. 1993. Quaternary ammonium
and tertiary sulfonium compounds in higher plants. Ann.
Rev. Plant Physiol. Plant Mol. Biol. 44 : 357-384.

Rozentsvet, O. A., Nestrov, V. N., Bogdanova, E. S. 2017.
Structural, Physiological, and Biochemical Aspects of Salinity
Tolerance of Halophytes. Russian Journal of Plant Physiology.
64(4) : 464-4717.

Zhu, J. K. 2003. Regulation of ion homeostasis under salt
stress. Curr. Opin. PlantBiol. 6 : 441-445.



