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Abstract. Glutamic acid is a precursor of essential amino acids that play an important role in plant growth and
development. It is one of the biostimulants that reduce cold stress damage by stimulating biosynthetic pathways
leading to cryoprotectants. This study evaluated the effects of glutamic acid foliar application on Kimchi cabbage
under low-temperature stress. There were six treatments, combining three photo-/dark periods temperature levels
(11/-1°C extremely low, E; 16/4°C moderately low, M; and 21/9°C optimal, O) with and without glutamic acid foliar
application (0 and 10 mg-L™; Glu 0 and Glu 10). Glutamic acid foliar application was sprayed once 10 days after
transplanting, and then temperature treatment immediately after glutamic acid foliar application was conducted for up
to four days. After four days of treatment, abscisic acid (ABA), phaseic acid (PA), dihydrophaseic acid (DPA), and
abscisic acid-glucose ester (ABA-GE) contents were higher with Glu 10 treatment than Glu 0 treatment in M
treatment. Glucose content was highest in E with Glu 10 treatment (52.1 mg-100 g dry weight), while fructose
content was highest in O with Glu 0 treatment (134.6 mg-100 g dry weight). The contents of glucolepiddin (GLP),
glucobrassicin (GBS), 4-methoxyglucobrassicin (4MGBS), neoglucobrassicin (GNBS), and gluconasturtiin (GNS)
were highest among all treatments in E with Glu 10 treatments (0.72, 2.05, 1.67, 9.40 and 0.85 umol-g" dry weight).
After two days of treatment, rapid changes in PA and DPA contents of E with Glu 10 treatments were confirmed, and
several individual glucosinolate contents (GLP, GBS, 4MGBS, GNBS, and GNS) were significantly different
depending on low temperature and glutamic acid treatment. In addition, the content of fructose was significantly lower
than that of O treatment in E and M treatments after four days of treatment. Therefore, although the changes in PA,
DPA, glucose, fructose, and individual glucosinolates according to low temperature and glutamic acid foliar treatment
were shown. A clear correlation between low temperature and glutamic acid effects could not be evaluated. Results
indicated that Brassica crops are cryophilic vegetables, do not react sensitively to low temperatures, and mostly have
cold resistance.
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v 5= 2] o] Aol Fharol| A E el A== AT
otk vjS = T/ A4z A &= (Opena®} Lo, 1979), A8
S A 2= =18-20°C §l9jolaL, A 2| A gHA| =4
—5°Co|t}. 20204 7]Eo]| wh=H, viS=0] A AHuf HA2-
30,949 ha, AR oF 2 2424 Eo|u, 10a T AJARFS
7,442 kgo| ITHKOSIS, 2022). H|5=2] AAFA]7]+= Z A A3
b S 7 Al 71 44.8% = 7P kAL, wA N 18.8%, AL
Y22 16.3%, A-2A 8= 13.6% A=A THKOSIS, 2022).
53] wul9] A foll= SH77E A7 of| sfgsh e Al
of| o3k slo} 73} 9I9 /g o] =aL HA] ol ke a2 U 27
of| A Fh7F ZX1 = o] ASolu F4 A5 52 EAI7E Y
3 4= 9ltHLee 5, 2011).

A2 AEYIA A BEATA A= RP o2 A2 HE
SR o= AT A= E AT AR AR S4
S7HA71H, vt PAS SV A AL 1eflE &0l 7]E
< gFcKBulgari 5, 2019). 584 2150 /g4t dido
Z 83 kS sk E4= opn|ie4he] HStA|o]H, proline, y
-aminobutyric acid(GABA), glutathione 53} 72 &Aks}H
A= HEHEATHQiu -5, 2020). S84 A 2l= HEEA]
2B A oA ulj5=o] A ekge A5 ] fIRt Al
HjA 02 A-87s3t BF5hA Ae] o8, Al AEYA
Al Fd 28T a4 BHS ST AA AR o= QI
Aeeha] A4S ASAIZ 4= QU H Lee 55, 2017). 3L o
Ofe Ao ARG, G, A A W AL AEY LS E
ol=d| apA0l Zog Hre i Sadaky} Abdelhamid,
2015; Lei 5, 2017; Kan &, 2017).

Abscisic acid(ABA )= £2} 5, o}, -3} 9l LA of o
o AEd|A AT Beisto] A5o) theFl A TS 2
Agic) webs, AEHA FTERO Z A ABAL HPEZ A
Eg2o] tigt A B o] B HE-E gFtH(Lee®} Luan,
2012; Wilkinson¥} Davies, 2010). ABA= A% U 71.2 A
Ef AR I3} u]3)}E Zo]al(Zandalinas 5, 2016), 425 5
S U0 ZHN 7HE WS =21tk 3L ABA= A
oA Gt F714te] thAF HERE 24| % dtiin 5,
2013). /55 ABA & E0li= -2 ABA o|3}2R8-3} H]
Ytets F 7] HRE Sl 7Fe st o =2 ABA §F
2 58 0|3} H 25 B4J3}8to] 8'-hydroxy-ABAE B/t
11, o]&= phaseic acid(PA)Z 2%+ thS dihydrophaseic
acid(DPA) 2.2 ZghEti(Kushiro 5, 2004). ABA H|ZHA]
3= H]24 ABA-glucose ester(ABA-GE) 7 A E= 4=
= 53l UERTthXu -5, 2002). PA= S50} H2]of| 4] 7]

MEAZHSS|X|, M31H XM= 20224

=554 AW Aol ot uij+=2] ABA, ¥<=3HE Y Glucosinolate THARA] H3}

T S G =h= A= ¢Jti(Sharkey 2} Raschke, 1980).
ABA X sucrose 54|, sucrose 14 2 invertase -9-AA}2]
S 7 5ko] sucrose THARS 24T 4= QltH(Rezaul 5,
2019). o5 501, BolA o] & 77 e T A| A] AR
o&to A ATP FAS -GA3kcKIslam 5, 2018). T3 ABA
T AR B AL A w x| ob2 Aol A WA = A HE T
S8 5220] A, 7H8A] T 9 W] HehEe Lehiic
(Robertson 5, 1994).

Glucosinolates= 22} thAMHE 2 |52} Zh=of| F-H-517)
)t} Glucosinolate 2 517 % 7(del Carmen Martinez-
Ballesta 5, 2013)3} A1 E-2] AAF THA|(Hong @} Kim, 2014)
o] FEF W=k E3h HAEZ AEY A vt 2 o
&t AU Eol wet 2=9] glucosinolate 21t
78 = QU Ao Aks A EAl = B AE Y A0 o
F& H=Th AEYIA QLA A3 of| A 22} | A1 4] & 4]
FIAIA A3zl A HlEZE = glucosinolate S =3ttt
Myrosinase Z4J-2 41 &2] Y-S £2151H= E2}<] isothio-
cyanate & AJ4J51HA| ElthIshida 5, 2014). Glucosinolate 2]
A A 2= o7 1ol ol A2 i A= e

SFEAR] Y A 2lel Alo] ujS=o] T 27 922} tiA}
ke 0 ool m| A= FFol thgt A7} wlEsich o] A
of| A SFEARS] G A 2|7F S 7] vljSo]| A2 AET
2 Y/dof| 7]o9g Aolehar 7d &= A ZFsiiet whekAl, o] A
T-O] HAL S FEARS] 4 Ao} oA ol Al 2= £
2ol A ui5=9] ABA, B3k 9 glucosinolate THARA| 2]
3= Z2ap sk Aol ek 1L AL AEA WA
AEYA T2 12} Y22 AR ] fFE U= A
F2 A, ABA, E3HE 9 glucosinolate &) S-S 212 B
stol F7kshelrt.

ool

filo

R

1. A M= E X2

2021 39 26 Y Tt A=of] fIR]gE = Yol 52tk
1=2|(35°83N, 127°03'E)fl -8 &L it F& A&
6251 ZTtAE ARVl |3+ Brassica rapa L. subsp. pekinensis
(Lour.) Hanelt ‘2%, Sakata Seed Co., Korea)E A 21513
o A9 A= 37HA] F/oRtE R 5 S 11/-1°C
(Extremely low; E), 16/4°C(Moderately low; M) ' 21/9°C
(Optimal; 0) ¥ 27H4] 274 A9 A2 5= o5 =
0(Glu 0) 2 10-mg-L"(Glu 10)0]glth L= Heji= Z/okt
Z¥7Y 12/12 A7 59 43055 1, 4735 x 4625 x 3860mm(Z}
Z} Zo], Yu| 4l +=o]: Modified CEEWS model, Environmental
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Growth Chambers, Chagrin Falls, OH, USA) 114
A AP 49 B2t Helelslch 2R A
AP 2 A 3 10d0]] 19] v 5=9] o] S26
G S At Lot IR AelE AR
AL AT B FASA B 2% Al 7]
Rl2lal it ol A AT, 4 AR 222l @
FUEQT R AR =4 B R ST S
A Aol BlR 52 $ 52 Hxstar A Aol A wFrbA
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2. ABA CHAH| 2

ABA thAA| 32 HA}+=Ordaz-Ortiz -5-(2015) 0] 2]} 74
S S g sto] aBIRITE (+)-ABA+=Sigma-Aldrich
(Dorset, UK)ol/4 31212, 1o ABA A~ -DPA,
(+)-ABA-GE, (—)-PA % (+)-7-OH-ABA) 2 & %2
E2)([*H5]-DPA (—)-7',7',7"-ds-DPA; [*Hs]-ABA-GE (+)
4,5, 88 8-ds-ABA-GE; ["Hs]-PA (—)-7'7',7-ds-PA;
[*H,]-7’-hydroxy-ABA ()-5, 8',8',8'-ds-7'-OH-ABA; [*Hg]
-ABA (+)-3',5,5',7",7",7-de-ABA)-2 National Research
Council of Canada-Plant Biotechnology Institute ] 4] uj]
313ict 52 AXE vllS: A &(50mg)+=methanol/water/formic
acid(75:20:5, v/v/v)S §H531 & &) SmLE J71%E &
4°Cof|A] sonification ARE5}o] 5827} X Ek519 ) 400ng:
mL" 52 Y5 B BT S48 BAE 19HE)
TSULE FEE] W F EGEE 40 PRl
shaking incubator& ARg-5}0] 2 A|17F 59t £&3199cE =&
1,960 x g2 107 F i efeh & 5HS 15mL FH=

$7131 ~105°C 9] QP A 24A17H L 52 Azt

2 T2 A8 G 4000 E H7HEE F 108 B 4
i

2(1960 x g, 4°C)SF3ITk. 4454 0.2-um PTFE e S
=

UPLC-MS systemel] qlalo] U114 ABA jA1S Ao
S} egick. ABA HAR $Aol 57e) EERAE A8
Atk ABA, phaseic acid(PA), dihydrophaseic acid(DPA),
ABA-glucose ester(ABA-GE) ¥ 7’-hydroxy-ABA. == A
& A= ABA HAFIZ} o] R1zkel ) wlie] ofsg 221
ol 43|21k

ZgfF B4 0 PDA #HZ7]7}42HE Acquity UPLC I-Class
system(Waters Co., Milford, MA, USA)of| S1Z% Xevo
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olglel - o]8lF

58 - Ad

G2-XS Qtof MS ZZFEA]7|(Waters Co.)ol|l A EA5131ch
HE A= Q-tof-MS scan mode 2] negative mode of|A]
EAE9l31, cone voltage= 10—40VOo R 319t A&
10pLE Acquity UPLC HSS T3 column(1.8um; 2.1 x 50
mm; Waters Co.)ofl 51361 41891tk UPLC 141 %71
0 2 ol'5A A= 0.1% formic acid & 32313t water, o544 B
+=0.1% formic acidS 33§t acetonitrile S AR89 0.1,
o 5AN2] 4= 0.35mL min”, AY 2E=30°CE H-A3)

k.

3. E=e3tE OiAMA 24

FEEAE ARE-H sucrose, D-(+)-glucose, D-(— )-fructose,
1-kestose ! nystose= Sigma-Aldrichof| A <1uj3}L] &
A AzE v A 8(50mg)+=62.5% methanol 2mLE- 7}

[¢)
231k 2552-216,000 x gof|A] 105 Eok YAl alat &
AF%91S 0.2um PTFE HE|Z 53] ofnfslgick. 54 Aol
1:5 2 3]43}o] vial & $ZTH A= 20uLE 880nm = A4
RI #HZ7]7} A2k= Alliance HPLC system(Waters Co.)ol|
FYsto] EAsIIeE ©rdkE tARAlE Sugar-Pak 1
column(6.5 x 300 mm; Waters Co.)& AR8-510] 2] =it
O}54E 0.01M Ca-EDTA S AME3I9L, 0] 543e] £t
0.5mL-min”, column &%= 90°CZ 4|51tk

4. Glucosinolate CHAMK| 24

19719] glucosinolate FFE21-2 Cfm Oskar Co. (Mark-
tredwitz, DE)o|4] FLullskit); glucoiberin, glucolepidiin
(GLP), progoitrin, epiprogoitrin, glucoraphanin, glucoraphanin,
sinigrin, gluconapin, sinalbin, glucomoringin, glucobarbarin,
glucotropaeolin, glucobrassicanapin(GBN), glucoerucin,
glucobrassicin(GBS), 4-hydroxyglucobrassicin, 4-metho-
xyglucobrassicin(4dMGBS), neoglucobrassicin(GNBS), and
glucobasturtiin(GNS). Bhandari 5 (2015)9]] &gt 24w of
uw}2}glucosinolate & 32311 B33} A Fit} Endomyrosinase
£ HZAdst Al717] flsll, 52 A2 vilS AlR(50me)=
75% methanol- 78t & 75°C 0| A] shaking water bathS
ARgsto] 21 HEESlo] 251t $+52212,000 x g, 4°C
oA SEE AT A5 HS 2mL tubeofl g 2T 29
HHE 25 S0l dojzl Af5-He ©dto] crude glucosinolate
2 75 o] EHES 0.7mL 9] diethylaminoethyl-
Sephadex A-25(Sigma-Aldrich, St. Louis, MO, USA)7| 2121
Mini Bio-Spin Chromatography Column (Bio-Rad Laboratories,

& *
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o AL Al 2F

Hercules, CA, USA)o] -85}t Glucosinolate S €313}
Al1717] £13l 200uL sulfatase(EC 3.1.6.1, Helix pomatia H-1
type, Sigma-Aldrich) columno]] 73t 3 WHE5}0] ARe
oA 18A17F E<t A 2]3}itk Desulfo-glucosinolate S
0.5mL 2] water 2 33] 32 $.0.2um PTFE HE| 2 oj1}5}a
ZA| HPLCE £43}9ch

Desulfo-glucosinolate+= 229nm =2 A% DA HZ7]7}
AF2kE] 1260 HPLC system(Agilent Technologies, Santa
Clara, CA, USA)of F¢]8}o] B45}99t} Guard column©]
21215 Acquity UPLC ®BEH-C18 column(1.7m; 2.1 x 100
mm; Waters Co.)S ARE-510] 22] =] ¢lch o] 5AF A= water,
0|54} BE= 100% acetonitrile S AFESF9 01, o] FAS

0.2pL-min”, column &%= 30°CE 32511}

40 -

zzoo
sRY

=5

LSDg g5 = 4.7

UL

30 4

20 4 LSDgp5=3.2

Abscisic acid content (ng-g" DW)

E F+ M M+ O O+
2 DAT

E E+ M M+ O O+
4 DAT

Days after treatment (d)

800 -
C

LSDggs=32 1 1

600 -

400 -

200 1

Dihydrophaseic acid content (ng-g'l DW)

E E+ M M+ O O+ E E+ M M+ O O+
2 DAT 4 DAT
Days after treatment (d)

Phascie acid content (11g-g‘I DW)

A A A 2lo o3k ujS=2] ABA, ¥=3kE 9 Glucosinolate THARA| ¥3};

5.

] 35kE0 2 ub Ao 4] Q1e]2 23 ol B Al RS
AS 2 TZH(SAS 9.4, SAS Institute
Tnc., NC, USA) 2 o] @-510] BAELA.S 255t wr, s 7F
of it H4go)at 7S ol galur). 2wol BT
A A 2lof| w2 ABA, ¥p3z, glucosinolate THARA] 712
AEAS R g J3(RStudio 3.6.3, RStudio Inc., MA,
USA)E olgsto] atict

M

——

AT

1. ABA CHAIA| &t2f H|m
5 27 whe] 25 9 FFEAL I Helo] HE ABA

800 -
B

LSDg g5 =39.1
a

L

400 -

E E+ M M+ O O+
2DAT

E EXf M M+ O O+
4 DAT

Days after treatment (d)
30 4

25 A

LSDg g5 =32
20 4 0.05

LSDg g5 = 4.7

ab a

Abscisic acid glucose ester content (ng'g'] DW)

E E+ M

M+ O O+
2 DAT

E E+ M M+ O O+
4 DAT

Days after treatment (d)

Fig. 1. Comparison of abscisic acid metabolite contents of Kimchi cabbage following glutamic acid foliar application at two and four days after
commencing extreme temperature treatment during early growth stage. Error bars represent standard error (n = 9). Mean separation within
columns determined by least significant difference test. A, Abscisic acid content; B, Phaseic acid content; C, Dihydrophaseic acid content; D,
Abscisic acid glucose ester content. E, Extremely low + Glutamic acid 0 mg-L™'; E+, Extremely low + Glutamic acid 10 mg-L™'; M, Moderately
low + Glutamic acid 0 mg-L™'; M+, Moderately low + Glutamic acid 10-mg L™'; O, Optimal + Glutamic acid 0 mg-L"; O+, Optimal + Glutamic

acid 10 mg-L"'; DAT, Days after treatment; DW, Dry weight.
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HHARAS] FHES vlastlch S 27] dAollA, 571
ABA HAKA 5 4712] A7 F HEE] QAek v S=oll 4] ThAL
A| ke 2ot S ¢ A2l whaf orefst it Fig.
1). 22]22 &, 0 W Glu 0 *]2] & ABA, DPA 2 ABA-GE
o] mE A FolA 7MY =9k 47t 18.1, 635.0 H
17.1ng g dry weight), E 2@ Glu 10 & 2] 3 PA gefo] =
A e] 2ol A 7 =9ktH602.3ng-g ! dry weight). ABA, PA
2 ABA-GE &2F2-E % 2]o4 Glu 0 %22 c}tGlu 10 A2
ofl A THFo] T =T o]= 2FEA] HAH] Bkl A
o2 griErh 2242 3, ABA, PA, DPA Y ABA-GE 3}
ZF2M A 2olA Glu 0 A 2] H T} Glu 10 Z2]of| 4] 3teko] T
=0kTh E3E ABA $2 A2 2 R4 Y Sof| = A
g|of| A F7Fstnt SEAIRE M 2 O A ejof|x] 43571
£ Hth 43 AGA|=A ABA= 752 AL 2 &
AS A A2 AEF 2] g WS HIAIE 4= 9l
Sl Bharath 5, 2021). Oliver 5 (2007)2 A& AEFH A7}
ol Y1d ABA S4& Z7HAXITHAL B rskgle} & ok
Aol A= He] A ellA ABA, PA W DPA = 7Ha A Ed
2 slof| A =2 F ' U T Seiler 5, 2011). 1A, &
Ae] A2 A ele ofsf hAAEL] T3t 7 HolA =
kTt 531, PA T2 A 2] 2 R4 Fo | E W Glu
10 A 2j-tol|A] FAsHA 7Hag viH, DPA k2 71 A2+t
oAl A 7 A& ERIHITE o]=E € Glu 10 A
g|5tof| Al PA7} DPA & ke A o & ghter)

80

z2ZzmEm=
SzzwH

o
LSDy g5 =4.6

N o+ ab
LSDy g5 =4.9

I

60

40 1

20 4

Glucose content (mg-ll][lg" DW)

E E+ M M+ O O+
2DAT

E E+ M M+ O O+
4 DAT

Days after treatment (d)

2% - olghal -

Fructose content (mg-l[ll}g" DW)

o]

o
N

-9 AR

2. 32 AR & Hlw

HPLC 2412 A5 27 vija=ol| 4| 27 FA] ©2E; < glucose
2}ructose= AZE] A AT sucrose, nystose L kestose = 7
E517) Qpsleh BRSIE ) e L1 9 2R
A Ao whet Hsksklth(Fig. 2). A2] 29 2, glucose %
fructose == 0 2 Glu 0 A2|of|A| =fo] 7 =9kar
(51.2 2 110.7mg-100g™" dry weight), E Z]2]o| 4= Glu 0 #
2 HttGlu 10 2 2joilx] ghgo] B =9kt A2 4U 3 glucose
2 E Y Glu 10 Aol A 7 32 WHA(52. 1mg- 100g”
dry weight), fructose &> #2] 2 $o} FUstA O 4
Glu 0 A a]ollA] FeFo] 714 =9tK134.6mg-100g" dry
weight). T3F, glucose THFSE 2L M X 2o A Glu 0 #|2] &
TFGlu 10 A 2]of A ghego] o =34tk Fructose =M A
2ol 4] Glu 0 22| H ) Glu 10 Z2jollA] gFFo] B #3Uth
Glucose T E WM Aejolla] A2 22 ek 712 42
ol Z7F5}ick The A7 As) v, o7l s
9] A-2of =2%]-S u, sucrose, glucose & fructose 3
o] Z7Fsto] W= S7HAIXITkaL Hark| ¢l el (Maruyama <,
2009; Weiszmann 5, 2018). 3}x|qE 2] 2] ZA3}=glucose
S A7 2R Zfo | 7F 1AL, fructose THEF>0 A
2ol A o] 8kt AE A 7|7 E 7t A& glucose T
Al A&} fructanS oA Po 2 ARRTtaL HarE iy
(KaplanT} Guy, 2004), ©]2 213} fructoseS E L M ] 2]o]
A ARESE A 0 2 st

LSDg g5 = 133

LSy g5 =13.3
b

80 A b

E E+t M M+ O O+

E E+ M M+
4 DAT

0 O+

2 DAT

Days after treatment (d)

Fig. 2. Comparison of carbohydrate metabolite contents of Kimchi cabbage following glutamic acid foliar application at two and four days after
commencing extreme temperature treatment during early growth stage. Error bars represent standard error (n = 9). Mean separation within
columns determined by least significant difference test. A, Glucose content; B, Fructose content. E, Extremely low + Glutamic acid 0 mg~L'l; E+,
Extremely low + Glutamic acid 10 mg-L™'; M, Moderately low + Glutamic acid 0 mg-L"'; M+, Moderately low + Glutamic acid 10-mg L™'; O,
Optimal + Glutamic acid 0 mg-L"'; O+, Optimal + Glutamic acid 10 mg-L"'; DAT, Days after treatment; DW, Dry weight.
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oA Al S2FEAE A Ao 9gh ufjS=o] ABA, ghr3HE 9 Glucosinolate THARA] w3}

3. Glucosinolate CHAFA| &H2F H|m

HPLC £4-2 A4 27| "}zl 4 197]19] glucosinolate %=
of| 4] GLP, GBN, GBS, 4MGBS, GNBS 2 GNSE *35}516
719} glucosinolate7} FAZ%| 1t} Glucosinolate g &
T 9 SREAE G A 2]of| whet theFsith Tables 1 and 2).

2] 2 3(Table 1), GLP U GNS &=:20 U Glu 10 # &)
ol A mE 2] Foll A 71 ETH0.94 Z0.90umol g dry
weight). GBN, GBS, 4MGBS 2 GNBS &2 0 2 Glu 0
AejofA = AP FollA 7HE =9kth0.52, 1.31, 1.71 9
4.82umol-g" dry weight). 4AMGBS 3ek2-E #]z]o]| 4], GNBS

Table 1. Comparison of glucosinolate contents of Kimchi cabbage following glutamic acid foliar application at two days after commencing exposure
to increased temperatures during early growth stage.

Aliphatic glucosinolate Indole glucosinolate Aromatic glucosinolate

Glutamic acid

Temperature concentration (umol g DW) (umol-g"' DW) (umol-g"' DW)
(mg'L") GLP GBN GBS 4MGBS GNBS GNS
Extremely low 0 0.69 bc” 0.45 ab 1.19 a 120 d 2.80 abc 048 ¢
(11/-1°C) 10 046 d 034 b 0.88 b 1.23 cd 225 ¢ 0.56 ¢
Moderately low 0 0.78 b 0.48 ab 125 a 143 be 4.40 abc 061 ¢
(16/4°C) 10 0.62 ¢ 0.46 ab 1.19 a 135 bed  4.54 ab 0.62 be
Optimal 0 0.83 ab 0.52 a 131 a 171 a 482 a 0.82 ab
(21/9°0) 10 0.94 a 0.47 ab 1.17 ab 1.50 ab 2.51 be 0.90 a
Significance”
Temperature (A) HHK NS NS ok * ok
Glutamic acid concentration (B) * NS * NS NS NS
AxB ok NS NS NS NS NS

“Mean separation within columns determined by least significant difference test.

YSignificant difference: NS (not significance), p <0.05 (*), p <0.01 (**), and p < 0.001 (***).

DW, dry weight; GLP, glucolediddin; GBN, glucobrassicanapin; GBS, glucobrassicin; 4MGBS, 4-methoxyglucobrassicin; GNBS,
neoglucobrassicin; GNS, gluconasturtiin.

Table 2. Comparison of glucosinolate contents of Kimchi cabbage following glutamic acid foliar application at four days after commencing exposure
to increased temperatures during early growth stage.

Aliphatic glucosinolate Indole glucosinolate Aromatic glucosinolate

Glutamic acid

Temperature concentration (umol-g' DW) (umol-g”' DW) (umol-g"' DW)
(mgL") GLP GBN GBS 4AMGBS  GNBS GNS
Extremely low 0 0.67 ab” 0.58 b 157 b 126 ¢ 347b 0.54 ¢
(11/-1°C) 10 0.72 a 0.53 b 2.05 a 1.67 a 940 a 0.85 a
Moderately low 0 0.70 ab 074 a 1.69 ab 1.54 ab 347 b 0.69 be
(16/4°C) 10 0.61 be 0.70 a 1.65 ab 137 be 456 b 0.72 ab
Optimal 0 0.55 ¢ 052 b 137 b 133 ¢ 3.50 b 0.65 be
(21/9°0) 10 0.56 ¢ 0.56 b 1.50 b 1.36 be 291 b 0.73 ab
Significance”
Temperature (A) ok ok * NS ok NS
Glutamic acid concentration (B) NS NS NS NS *K *k
AxB NS NS NS ok ok *

“Mean separation within columns determined by least significant difference test.

YSignificant difference: NS (not significance), p < 0.05 (*), p <0.01 (**), and p < 0.001 (*¥**).

DW, dry weight; GLP, glucolediddin; GBN, glucobrassicanapin; GBS, glucobrassicin; 4MGBS, 4-methoxyglucobrassicin; GNBS,
neoglucobrassicin; GNS, gluconasturtiin.
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Fig. 3. Pearson correlation coefficient for analyzed components following glutamic acid foliar application two days after commencing extreme
temperature during head formation stage. A, Extremely low + Glutamic acid 0 mg-L™'; B, Extremely low + Glutamic acid 10 mg-L"'; C, Moderately
low + Glutamic acid 0 mg-L']; D, Moderately low + Glutamic acid 10-mg L E, Optimal + Glutamic acid 0 mg-L'l; F, Optimal + Glutamic acid
10 mg-L'l. * ** and *** represent p <0.05, p <0.01, or p <0.001, respectively. ABA, Abscisic acid; PA, Phaseic acid; DPA, Dihydrophaseic acid;
ABA-GE; Abscisic acid glucose ester; GLP, Glucolepiddin; GBN, Glucobrassicanapin; GBS, Glucobrassicin; 4AMGBS, 4-Methoxyglucobrassicin;

GNS, Gluconasturtiin; GNBS, Neoglucobrassicin.
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Fig. 4. Pearson correlation coefficient for analyzed components following glutamic acid foliar application four days after commencing extreme
temperature during head formation stage. A, Extremely low + Glutamic acid 0 mg-L™'; B, Extremely low + Glutamic acid 10 mg-L"'; C, Moderately
low + Glutamic acid 0 mg-L']; D, Moderately low + Glutamic acid 10-mg L E, Optimal + Glutamic acid 0 mg-L'l; F, Optimal + Glutamic acid
10 mg-L'l. * ** and *** represent p <0.05, p <0.01, or p <0.001, respectively. ABA, Abscisic acid; PA, Phaseic acid; DPA, Dihydrophaseic acid;
ABA-GE; Abscisic acid glucose ester; GLP, Glucolepiddin; GBN, Glucobrassicanapin; GBS, Glucobrassicin; 4AMGBS, 4-Methoxyglucobrassicin;

GNS, Gluconasturtiin; GNBS, Neoglucobrassicin.
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