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Abstract

This study investigated phenolic compounds and radical scavenging activities of rapeseed plants according to cultivar and growth
stage. For 1%, 2™, and 3" harvested rapeseed plants, total polyphenol contents were 12.56~15.85, 10.28~13.17, and 9.94~16.01 mg
gallic acid equivalents/g sample, respectively; total flavonoid contents were 9.86~11.05, 10.41~13.06, and 8.18~16.64 mg catechin
equivalents/g sample, respectively; total chlorophyll contents were 17.26~21.66, 19.31~24.95, and 22.16~38.39 mg/g sample,
respectively; and total glucosinolates contents were 31.13~46.22, 28.51~34.72, and 22.18~30.58 mg SE/g sample, respectively. DPPH
and ABTS radical scavenging activities of rapeseed plants were 3.26~5.91 and 10.69~17.17 mg trolox equivalents/g sample,
respectively. FRAP activities of 1%, 2™, and 3" harvested rapeseed plants were 142.88~63.93, 37.97~61.24, and 32.93~52.36 mM/g
sample, respectively. Phenolic compounds and radical scavenging activities of rapeseed plants were found to be high in Halla, Yuryeo,
and Yeongsan cultivars. Overall, phenolic compounds and radical scavenging activities of rapeseed plants tended to decrease as the
harvest time was delayed. These results indicate that more research on functional ingredients and physiological activities of rapeseed
plants is needed to diversify their fields of use.
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T IR QIS 357 A, S A A I YtHAn S 2023). ZHo| A= Auf E&of w}et chorst
o] S7FeHHA, A7t 42 A5 SR A4 &' BF EZZ fEsta ek £H57001(cy. Jungmo 7001)S £
ol e A7F sl XY=L UhPark 5 2018). o] 2 o] A7] ol FEELE A5t (Kim 5 2014), S
T Aol FA= ot 24 S ERotal /o, 7002(cv. Jungmo 7002)%= Zo] AA|H o= sslel= EAo]
A AEA7 AR YRR QAR glo] 1 &84S FXIs o] /Mt FL=rt iy B 1 EYTHKIm 5 2015). §-7
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1153 9 H(Jeong 5 2024), FAHcv. Yeongsan) =52 2]
Ah S o] w2 A2 E HIAE{HH(Roh 5 2011).
S} (cv. Halla)@} WSH(cv. Nachan) 252 At} gl
4to] 80% oo 2 FA o] A Ak dhastal flom, Het
(cv. Tamra) T35 70| =1L A5t FHA| ol AFer
E207 HIEcHRural Development Administration 2008).
ESE B3 1355 (cv. Mokpo 135)= @A] &4 59 AEoC=
=eAF Egol O 67%E =1 FHAE ot ey &
A A= 2 SAY 287 S0 ASE] o, v
e A F5Y A=A et A= obd &3t Aol

A AEA] FLAE F s glucosinolate= &
(sulfur)& ESH5}= B-D-glucosideZ Hi3, FHf3, B2Zd,
Y& 5 AR i TRE S0, thet A
&4 Ad AR HE I tH(Fenwick 5 1983; Shim &
1992; Hwang ES 2010). Glucosinolate”} 5030+ 45 415
St 2Z]o] oA EHA 22 O] B4of 9] isothiocyanate,
nitrile, thiocyanate®} -2 S22 E Eol|=]11 o5 &4 s}
skt s E90 WA W e Wity Hasgld
(Fenwick 5 1983; Stoewsand GS 1995). €3] indole-3-carbinol,
sulforaphane, phenylisothiocyanate 52 3 §50] &= A
o7 &4 A th(Hwang & Lee 2006; Clarke 5 2008; Hayes
= 2008).

2 ATONE SA0] 84 e Slstol Fuoln &
He o] ABA) ot FR P} 43 L 2L 2
gsto], FA9] o]& =oF BFSE AT 71 xAR=E -85t
14 Shiet

ERETT

I B BB ASA AN MX

E A3tof A3t SA= stel(Brassica napus L. cv. Halla;
HL), ZI27001(cv. Jungmo 7001; JMI), SXL7002(cv. Jungmo
7002; IM2), E3E1355(cv. Mokpo 135; MI35), WdHev.
Nachan; NH), ®2k(cv. Tamra; TR), -3 (cv. Yuryeo; YR), J
AHev. Yeongsan; YS) 222 ARSI T 84 A& 2023
| 1€ 20¢ A Tt A9 A Fashel Hio] Qo4
A ZHE A4 240 1hE(20x20 em)SHR OH, 2023 12
790f 12 $EHQF 10 cm), 2024 19 4L 23} $3KCF 20
cm), 20249 19 31900] 3%} 8HF 40 emyBhch. SEtE
Al&+= 107] 7iAlof s A2l ZolE 45t eH, &
AZAZ(FDTA-5050, Operon, Gimpo, Korea) H H-2f(Micro
Hammer-Cutter Mill, Cullati MFC grinder CZ 13, Culatti AG,
Zurich, Switzerland)olo] BA-8 A5 2 ARESIT 524
2 5 R 13, 28 2 37 50 R0 SRUTE 24

et AR 3 s 54 245

(MA-100, Sartorius, Sartorius Lab Instruments GmbH & Co.,
Goettingen, Germany)3t 23} Z}ZF 93.82~95.05, 93.50~94.58
9 90.91~92.36 g/100 gO. &2 FALE|AC}. A Al =A9] FAE
3} A& oFg T AR 9] AL RIS EASTH
A&t

2. R B5Y MBSl & BNz ¥ B2pE0lS
EHET
A EE 4BA Ay SIE TF 24 9 5

AAZSE A= 80% OfehE(Dacjung Chemical & Metals,
Siheung, Korea)2 g 17 homogenizer (HG-15A, Daihan Scientific
Co., Ltd., Wonju, Korea)2 #2351}, o] 5 2447 B9t
AL A ¥5Z(Wise-Cube WIS-RLO10, Daihan Scientific Co.,
Ltd)8}FL, 4°C, 1,500xg01A] 1057+ A1 E2](Sorvall ST-40R,
Thermo Fisher Scientific)5}o] AFS-HS 35ttt 33 HHE
FET F A AEE -20C Yo Hste EA480
2 ARSIl 520 Uet § &8s € S kol
&2 Hwang 5:(2022)2] o2 RA5I & &9 H=
e FZEE 50 plofl 2% sodium carbonate (NayCOs;
Sigma-Aldrich) €9 1 mLE 75t & 387F W5t 50%
Folin-Ciocalteu reagent (Sigma-Aldrich) 50 uLE 7|51t} 30
B S vgN9] T E UV/VIS spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USAYE AF&-5}0] 735 nmoj| A]
245ttt BEEFEE gallic acid (Sigma-Aldrich)S A8
of AFAE AP o, AR AR g 59 mg gallic acid
equivalents (GAE, dry basis)= AJAlsto] HA|SIHT. & &t
BLolt s}kl 225 250 Lo 275 1 mLe} 5% sodium
nitrite(NaNO,; Sigma-Aldrich) 75 uLE 713t &, 58 Holl 10%
aluminum chloride hexahydrate(AICl; - 6H,O; Sigma- Aldrich)
150 uLE 7hste] 6 B3F HASHT o] 1 N sodium
hydroxide(NaOH; Sigma-Aldrich) 500 pLE &7}t 11E &
wHgle] FHE 2 510 o4 2gelsic REBUZ
catechin(Sigma-Aldrichy& ARg-sto] AFA-S 25t om,
AZx A& gd mg catechin equivalents(CE, dry basis)Z A4}
o HAISFAT

3. 7 E3Y AMEA[Q] = chlorophyll 2! glucosinolate
gtak 24
o]

o4 == 21EA9 & chlorophyll 3FFS Woo S(2009)
9] v ol wet Al F 20 mgS 100% DMSO(dimethyl sulfoxide,
Sigma-Aldrich, St. Louis, MO, USA) 5 mLo]| 1|5t} 65T
LLZo|A 6A7F FE9E &, 665 nme} 648 nm2] o] A
A E 24319t & chlorophyll 32 Total chlorophyll=
20.29A54578.02A65 A= ©l-&5to] A4tsitt. A EE5E
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A1EA9] F glucosinolate T2 80% g2 &5 100 uL
o $5F4 0.3 mLe} 2 mM sodium tetrachloropalladate(58.5 mg
sodium tetrachloropalladate +170 pL concentrated HCI+100
mL DW) 3 mLE 7}5to] A-L2o4 1417 §EGAIZ] & 425 nm
oA TBLE =45tAtt EFEA sinigrin(Sigma-Aldrich)
= ARESte] B 80 Uit FEEE EE AP
2 ZASIF o, AR A& g %9 mg sinigrin equivalents
(SE, dry basis)& AlAF5lo] HEA| 5 tH(Hwang ES 2010).

M

AIZH|Q| radical AMEA U FRAP &AM

14

4. 7 3
=3

A =594 AEA9 radical 24842 DPPH(1,1-diphenyl-
2-picrylhydrazyl, Sigma-Aldrich) 2 ABTS(2,2"-azino-bis-3-ethylbenzo-
thiazoline-6-sulfonic acid, Sigma-Aldrich) radical A4 &AS =
A5} th(Hwang 5 2023). DPPH radical 24342 0.2 mM
DPPH &%(99.9% ofg-Zo]l &-3f) 0.8 mLo]| A& F&& 0.2
mLE H7FRF £, 30% F 520 nmo A 3T AALAE F4
519 2.1, trolox(Sigma-Aldrich)E A5l HTFFA-S 245}
o], AX A& gd mg trolox equivalent antioxidant capacity
(TE, dry basis)= AAFsta] FA|5}99T} ABTS radical AA%
A &AL s ABTS 74 mM3I} potassium persulphate
(Sigma-Aldrich) 2.6 mMZ &3t5to] 51 F<t o]l W[5t
o] ABTS ¥ol25 FGAIX &, 8N FF = gro] 735 nm
oA 14~1.57} H=F oet 2 5]4sto] ARE-519]Tt. 34
H ABTS &9 1 mLoj| Al& &5 50 uLE 7Fotal 30 &
of F3xo HalE SA5IR M, trolox(Sigma-AldrichyE
Abgste]l AL AAdste] AR AR gd mg trolox
equivalent antioxidant capacity(TE, dry basis)@Z AHJAFo}o] HA|
staict.

Q7] - urgA - A - Qe - LBE - AR - ST SFAEIUIBA

Ferric-reducing antioxidant power(FRAP)= Han 5(2022)2]
HiHol| wa} FRAP reagent 0.18 mLo] A]& &5 0.03 mL,
S5 0.09 mLE 7Fsto] 37ToA 102 &%t BFAIX &
UV/VIS spectrophotometers ©]-&5}] 593 nmoj| A &L =&
=75}t FRAP reagent= 300 mM sodium acetate buffer
(pH 3.6) 2.5 mLE 37°CollA] 7}-23F 3 40 mM HCIZ 8-35)|5t
10 mM 2,4,6-Tris(2-pyridyl)-s-triazine 2.5 mL2} 20 mM iron
(1) chloride(FeCls- 6H,0) 2.5 mLE 7}ato] A Z3t9ith BE
E4E FeSOE AHEsto] &/d& ghibstilt

5. 8AEN

L= HolH= 33 ¥HE SA5H o, Hu+REHAE
AASFA. dojA A SA T2 13 (Statistical Analysis
System; version 9.4, SAS Institute, Cary, NC, USAyS Al-8-5}0]
one-way ANOVA EA Z AlZ]$FE p<0.059 4] Duncan’s
multiple range testE 53l §-21/d= HAsIACH, 2+ =A%
& 2t A = At (Park 5 2024). £3] F5E
At 4R D PSR 275 23] 775} heatmapS
MetaboAnalyst 5.0(https://www.metaboanalyst.ca) X% 13-
olgsio] BEY TAREE AN 7, 24 Bl
heatmap@ ZHSHIT} A0 GHS - 1.86-2.009] W0
W, 7 g0 SRk ekt k(o) Hrw

UHER A Th(Han 5 2022).

N

L= Ut

™

1. 7 SBY AEA 4= ¥ =Y 3etE 2
FA 2 TFt B8 73S B fl AEAE A
sistal B EE 2ARE A3 Fig. 13} o] B o o

=

Table 1. The length of rapeseed plants according to different cultivars and growth stages

Length according to growth stages (harvesting times, unit: cm)

Cultivars

1™ harvest 2" harvest 3 harvest

Halla (HL) 9.73+1.27° 19.00£1.50° 39.2543.25™
Jungmo 7001 (JM1) 11.83+1.13° 22.28+1.68% 38.90+3.94™
Jungmo 7002 (IM2) 11.20+0.97" 21.53+1.81% 37.1342.91°
Mokpo 135 (M135) 10.45+0.74™ 21.28+1.91% 41.10+3.79®
Nachan (NH) 11.2041.13% 23.85+1.51° 42.1542.54°
Tamra (TR) 10.132.13° 18.98+1.79° 37.3022.63°
Yuryeo (YR) 11.45+0.84° 23.30+1.56™ 40.85+4.10™
Yeongsan (YS) 8.68+0.87¢ 20.45+1.22 42.75+3.05°

All values are expressed as the meantS.D. of twenty measurements. Means with different letters within a column (**) are significantly different

at p<0.05 by a Duncan’s multiple range test.
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15t harvest 272 harvest

Fig. 1. Photograph of rapeseed plants according to different cultivars and growth stages. HL: Brassica napus L. cv. Halla,

JM1: cv. Jungmo 7001, JIM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo,
YS: cv. Yeongsan.
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Fig. 2. Total polyphenol (A) and flavonoid (B) contents of rapeseed plants according to different cultivars and growth

stages.

Y HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH:

cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the meantS.D. of triplicate

determinations. Means with different letters within a column (*" different cultivars or

different at p<0.05 by a Duncan’s multiple range test.

SHAT.

A 2SER AEAY F Edds € EgELolE F
ZFS ST A3} Fig. 201412} o] {93t Zpo|7h ettt
(»<0.05). A1EA &4 SHELS phenolic hydroxyl 15
7HA 3L Qlo] w2 A S YEFATHWoo 5 2013). &
A 55 2 ASHAE T E95s T Fig 20)2 12

Aol & HIPOm(p<0.05), FFEE 1A}, 22} B 3%} et
AEA 9 & ZoHs T2 ZH2} 12.56~15.85, 10.28~13.17
9 9.94~16.01 mg GAE/g sampleZ WEFGTE £35] SteHHL)

20 717+ 15.85, 13.17 € 16.01 mg GAE/g sample= Tr=
350 vol 2 E9HE 2 Bt 59 E50

o} Zjoliz glort BB 14} 4:8jo] 27} Sehrct Holmje}
Al %L, 37 FEo A A Sk AdE EH AE
o] 7] BRAA A= F AEFH 20| gt Boiz} wg-
Z8517] o] o] EFZA EejvEo] oA
Ak el QIrhRice Evans 5 1997). 0] ojgl AJ%o]
o] TESHA| k2 AH oA F P omRE o B2
o7t Qs g AZtEm, & AFolA 13 5
of 23} 3Rt} foulsHA] %3ke AnskE AHFI}. of
Sje Fake 54 4249 s AR BFS A
oML BF U SoAI7e] Melo] ZaFHTs A A4}
Sttt & ARl 220 At i) 2 B2 270
A9, E3a F vagt o 1 NY =30 YHHOR o
L0 & gE B GEstty B Edtk(Vallgjo S
2003). Tronchuda FHS=9] -, 84 LA o] o]l & A
A FZA71Q1 1Y FeollA ZE a9 A wl= st
9l 3-p-coumaroylquinic acid®} 4-p-coumaroylquinic acid®] &
Z7F FoulsHA =9AIE, 11E &, 29S¢, 19 $¢

A€ growth stages) are significantly

9] A7) whet F Hls ol = Fou|et Ztol7t §l
UL H A= i TH(Sousa 5 2008). FOf TFH HgHiF+9]
oY Bfl= 7k HE5H SPHlF o FRE w4k
o] FoulotA B w2 FEOE 2L, HYuF2] FS
Q1] FRolA HmA4l o] B EUAIRE AEH 221
FoJulstA] fot FF, Al g0 WE w4t eFo] A
o|7} = AL E HIEQUTHPark 5 2014). EF #ijF 4%
T2 7 F 4T 20TA 6 Bt At A3, H=
o] ZUletgthal R 1% @l th(Harbaum 5 2008).

4 55 € ASHAE T SEo|t f(Fig 2B)
2 BSGA APIS5E FoFoR Frehs AFE B
9 0 W (p<0.05), 13}, 23} @ 3%} 28kat A| =0l A ZH7k 9,86~
11.05, 10.41~13.06 ¥ 8.18~16.64 mg CE/g sample= }EF}
o} B3] 3% 8 FEHHL R EYR) EF0] 217 16,64
4 1432 mg CE/g sampleZ 2 EgtEo|E TS YE
itk A a4 sRtE AR S48 ofye), 1
TZof wet P Z2 TRt BYEAEE 2= ZeE
A A 21O (Middleton E 1994; Woo 5 2021), 71 & E&}
Hio|E AEoA AA A, AEHA BS, AEH
715 738t S8 IS rhal HIEQITH(Samanta 5
2011). ol A A= AEo] At 2 AEFA
of et o] 7]Zto] A3}E o] et o] =9 gHdo] £7
Hoh= Ho 2 sjad & lon, AR 2HE F sl
Hj S0l A ofdQlE T & oA St ol Figol o
EYTHE A et A ghckSola 5 2020). B2 ZE|Q}
29=999 4L, & S Lot kRS & BTt 9
F-oll A F-2J5HA| .2 ™ (Bhandari & Kwak 2015), 747442t
A AR}FO|A] hydroxycinnamic acid?} EetE o], A3t T
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= B QAT Ao o ol ZATTHT HuEg
Ch(Harbaum 5 2008). E, ©79] B9, H=2tehE Gl
Q014 5171 pmol/g Q.2 o] AA19] 38.99 ymol/gH e
Bgron], Betni BgEo] FagEolsty HuHt
(Francisco 5 2009). 0|23t A3k £ o] BaE 42
Ao &AL ABPo] wret Bepuiol= Fzpo] R
S Z71sHe AP AAS0, 99 2 F-84RA of
3 8hA) 79 A JPol T 27HH A7)
2FS A,

Nz

il E3Y MEFQ| S chlorophyll ¥ glucosinolate

2.
f2k
o

o

oo

A F5E AEA Y F chlorophyll THFe 543 4
Fig. 3A9} Zro] & 4 BSTA o] met {2221 Zpo]
Hohp<0.05). AAH & A 77F 2255 d&5L
o] S|4 0T ZABE AT BAOH(p<0.05), 17, 2
2} @ 32} $3kst A Zof| A ZFZ) 17.26~21.66, 19.31~24.95 L
22.16~38.39 mg/g samplez FALE| QI E5] SHEHHL), S5
7001(0M1), ZE70020M2), S-2|(YR), FAKYS) ZFo] 33}
o ) BE TRk UERoN, 34 S0kt vt el
% chlorophyll $F2 38.39 mg/g sample® 7} =2 7S
Bt 5170023631 mg/g sample)?} 5-2(34.89 mg/g
sample) 25 F3F &2 S Byt

A F5E AEAY F glucosinolate HFS ST 2
3}, Fig. 3Be} Zo] &5 9 ASHA A et |24 Aol
£ EATHp<0.05). AA| A 05 8FA[7]7} ol wet F
glucosinolate TF TFASI= FFS BHYPoH, 14}, 24}, 3
2} 428k A Zo|A ZHZ} 31.13~46.22, 28.51~34.72 X 22.18~

N el
ool &L

9 ST AEAle] Gt 4R L Pt 54
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30.58 mg SE/g sampleZ YUEN} 13} $831 A|BoA =&
SRS Bk ARt} Aol $G-E glucosinolate= A4 F
A ZFo] TS| Eio] ofa] Bohslol, AAskat Ak
E59 HAQ 92 Wth(Fenwick 5 1983; Stoewsand GS
1995). LxWaL 13} 285 FeHL) 2£0| 4622 mg
SE/g sample2 714 =9rom, 23} 43k Z17001(JM1)}
SteHHL) &50| Z12F 34.72 2 34.38 mg SE/g sample, 32}
T JAHYS) FFH FET0010MI)°] 22 30.58 B
30.28 mg SE/g sampleZ ZAME| it B2 22|l Z2&2Y
6559 A, I FAETD & BRolM SFIAEHCIE
ol FostHA =Skt EEih(Bhandari & Kwak
2015). &=FollA= SFIAIEYIE Fgo] oA 26.84 pmol/g,
ofd &4 29.11 ymol/gl = Webg o, 1% ¥4
(gluconapin) $+5F0] 232 tmol/gC. 2 Q9 FTFA| =Y o|E
& Q1% U th(Francisco 5 2009). ©] 23t A= & A
A 13 53 AR AolA AP e 2RRAEd0lE

FFS 2 AR L BIoIdT Qo =%
(Brassica rapa ssp. rapa)®] YLABA| A= BH ] 2F

FAEYo|EQ} HEdRtEe FFo] F7ieo] weh Ak
3}, It 2 3t E4do] Eorxlttal BarE v {Itk(Chung
= 2016).

Z4 MERHQ| radical 2H{EA LU FRAP &AM
Z =

Z1(Bystrom 5 2014; Kim 5 2018; Hwang 5 2023), H=4]
FHE TPl %I4T 3
(Duval & Shetty 2001). @AFSH A& 93t AxFdsS =
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Fig. 3. Total chlorophyll (A) and glucosinolate (B) contents of rapeseed plants according to different cultivars and growth
stages. ) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH:
cv. Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the meantS.D. of triplicate

determinations. Means with different letters within a column (*' different cultivars or

different at p<0.05 by a Duncan’s multiple range test.

A€ growth stages) are significantly
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Fig. 4. DPPH radical (A) and ABTS radical scavenging activities of rapeseed plants according to different cultivars and
growth stages. ) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135,
NH: cv. Nachan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan. 2 All values are expressed as the mean+S.D. of triplicate

determinations. Means with different letters within a column (*" different cultivars or

different at p<0.05 by a Duncan’s multiple range test.
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Fig. 5. Ferric-reducing antioxidant power (FRAP) of
rapeseed plants according to different cultivars and growth
stages. V) HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo
7001, JM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv.
Nachan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan.
? All values are expressed as the mean+SD of triplicate
determinations. Means with different letters within a column
(*" different cultivars or * growth stages) are significantly
different at p<0.05 by a Duncan’s multiple range test.
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Table 2. Correlation coefficients among antioxidant compounds and antioxidant activities of rapeseed plants according to

different cultivars and growth stages

Factor Flavonoid Chlorophyll Glucosinolate DPPH ABTS FRAP
Polyphenol 0.2947 0.0080 0.5358" 0.9292"" 0.8804™ 0.8162""
Flavonoid 1.0000 0.6809™" -02114 0.2701 0.5569" 0.1738
Chlorophyll - 1.0000 -0.5457" -0.1469 0.2243 -0.3498

Glucosinolate - - 1.0000 0.4964" 0.2383 0.6633™"
DPPH - - - 1.0000 0.9025™ 0.9058™
ABTS - - - - 1.0000 0.7404™"

Significant at “p<0.05, “p<0.01, "*p<0.001.
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Zo] &5 9 AS2Al "t f9Fd AolE E“E} 3} DPPH®} ABTS radical 22# &/ ¥ FRAP &4 7+o] A

(p<0.05). Z=A[7]0] wet 13}, 22F W 33} Rt AR S
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Fig. 6. Normalized response of antioxidant compounds and
antioxidant activities from various cultivars of rapeseed plants.
The level of individual parameters corresponds to the color
scale. A color gradient from blue (-1.86) to red (2.00)
represents a low to high level of the normalized response.
HL: Brassica napus L. cv. Halla, JM1: cv. Jungmo 7001,
IM2: cv. Jungmo 7002, M135: cv. Mokpo 135, NH: cv.
Naehan, TR: cv. Tamra, YR: cv. Yuryeo, YS: cv. Yeongsan.
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