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SUMMARY

1. Introduction

Chinese cabbage is one of the most popular vegetables in north-east
Asian countries, where people consume in a number of different food
recipes, including a raw materials for 'Kimchi’ and an ingredient for
making various foods. Efforts in breeding chinese cabbage cultivars to
accomodate different climate conditions have been tremendous. Therein,
a number of commercial Fi varieties are available to produce the head
in spring, summer, fall and winter season. It is widely accepted that
firmness of chinese cabbage plant is one of the most important quality
criterion that is used to processing 'Kimchi’. In general , head of
chinese cabbage plant consists of many leaves attached to a short stem
and the order of leaf emergency is known to be 2/5.

It is generally accepted that tissue firmness is largely attributed to
cell wall composition and structure, turgor pressure of the tissue, and
reserve materials such as starch in the tissue. Much of the study
supporting this theory have come from ripening fruits, such as tomato,
kiwi and apples. In these fruits, loss in tissue firmness during ripening
accomponies with hydrolysis of cell wall polysaccharides, which leads
fruit to soften.

Change in firmness of tissues other than fruit has not been sﬁldied
in detail although it serves an important factor in quality evaluation of
the product. The objective of the present study was to determine
textural characteristics of chinese cabbage and to compare them among

cultivars, growing seasons, and cultural practices.
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2. Results

1) Establishment of methods in measuring firmness to evaluate textural

quality of chinese cabbages

In order to optimize a method to determine firmness of the leaf
tissue with their chronological order of emergence, that is from outer to
inner leaves, hardness of midrib tissue was compared using ‘balde set’,
‘cylinder probe’, ’‘crisp fracture support rig’, and ’‘Volodkevich bite
jaws'. Measuring tissue firmness using a probe 'Volodkevich bite jaws’
gave a consistent and highest positive correlation with firmness and

leaf order.

2) Comparison of textural characteristics of midrib tissue in chinese

cabbages among genotypes

Tissue firmness, thickness and dry mass was compared from 16
genotypes of chinese cabbage and their correlation was determined.
Firmness of midrib tissue from outer to inner leaves became higher
from all 16 different chinese cabbage genotypes tested. Mean firmness
of the midrib tissue from individual head varied from 158N to 3.46N.
Thickness of leaf in individual head was positively correlated with the
order of emergence, being thicker in outer leaves, Mean thickness of
midrib tissue from the head ranged from 7.74 to 9.28mm. Firmness and
dry mass of the midrib tissue gave a positive correlation(r=0.70) from
15 genotypes. In addition, the amount of cell wall materials and tissue
firmness was highly correlated(r=0.58).

Starch contents of midrib tissue from outer to inner leaves became

higher from ‘Bulam’, Firmness and starch contents of the midrib tissue
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gave a positive correlation(r=0.79).

3) Textural characteristics of midrib tissue in chinese cabbages
produced during spring and fall season

Chinese cabbage plants were grown representing different texture
and growing season in Korea. Heads of the plant were harvested 9
weeks after planting in fall season growth and 7 weeks for spring
season. Five to ten of uniformly shaped heads were selected from each
genotype and used for texture measurement, dry mass, tissue thickness,
and cell wall materials of the midrib tissue.

When tissue firmness of chinese cabbage was compared from the
head grown in spring and fall, head grown and harvested in spring
tend to be firmer that cultivated during fall season. Distribution of
tissue firmness within each head of chinese cabbage tends to change
between growing seasons. Thickness of midrib tissue from outer to
inner leaves became lower from all different chinese cabbage genotypes
tested. In addition, thickness of midrib tissue was higher in fall season
growth. Dry mass of midrib tissue from outer to inner leaves became
higher from different chinese cabbage genotypes tested. Firmness and

dry mass of the midrib tissue gave a positive correlation.

4) Textural characteristics of midrib tissue in chinese cabbages grown
in soilculture and nutriculture
Firmness of midrib tissue from outer to inner leaves became higher
from all different chinese cabbage genotypes tested. Firmness of midrib
tissue from soilculture was higher than that of grown hydroponic
culture from three cultivars tested. Thickness of leaf in individual head

_16_



was positively correlated with the order of emergence, being thicker in
outer leaves. However, mean leaf thickness between soil and soiless
culture gave inconsistent response among genotypes tested. Dry mass
of midrib tissue from outer to inner leaves became higher from all
different chinese cabbage genotypes tested. Dry mass of midrib tissue
from soilculture was higher than that of grown hydroponic culture from
three cultivars tested. Soluble solids contents of midrib tissue from
outer to inner leaves became higher from all different chinese cabbage
genotypes tested. Firmness and soluble solids contents of the midrib

tissue gave a positive correlation.

5) Textural characteristics of midrib tissue in chinese cabbages grown

in different cultivation area

Firmness of midrib tissue from outer to inner leaves became higher
from all different chinese cabbage genotypes tested. Firmness of midrib
tissue from southern area was higher than that of grown central area
from three cultivars tested. Thickness of midrib tissue from outer to
inner leaves became lower from all different chinese cabbage genotypes
tested. Difference of thickness according to leaf position from southern
area was higher than that of grown central area from three cultivars

tested.

6) Textural characteristics of midrib tissue in ‘Kimchi’ of chinese
cabbages
After processing 'Kimchi’, firmness of midrib tissue from outer to
inner leaves became lower from all 12 different chinese “cabbage

genotypes. After processing, mean firmness of the midrib tissue became

_17..



higher. In addition, thickness of tissue from outer to inner leaves
became lower from all genotypes. After processing, mean thickness of
the midrib tissue became lower.

At storage time, firmness of 'Kimchi’ increased at one time, and
then it decreased slowly. Firmness of fresh cabbage and diminution rate

of firmness in 'Kimchi’ gave a negative correlation from 5 genotypes.

7) Sensory evaluation of fresh chinese cabbage and their fermented
products 'Kimchi’
Results of sensory evaluation, tissue firmness and crispness of
sensory evaluation in fresh cabbage and 'Kimchi’ gave a positive
correlation. In addition, tissue firmness and chewiness gave a positive

correlation.
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Egoj} 7152, 2da Aurled e 473 g Aoz A4
o] gt 28y A WFEE Mo HEFFRAME AR SBFA
gg g1 gzt 249 A, Azl B2t A EHs FE MY
o4tz g Wl oAF WFE FFI AN JHFAUS W

Wje) EEmor opzt AuAZIY ANBA wBRAE AEe FAo
aA g Lo} Edo] A AAE DEA F3 o dE Y,

2o Qase wFe §A0 AUigez A%ty AAE Fod 94 =9
£ AAE A4F9E 44 EI3A 947 FHRE]

Jse Al Jukm Btk oA AFold ATFE AT xAIE
Z z49 B 7Ase Ao AxYe 24

ey wEe E3d 2APE SANE FEEE ALen, 27
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A FRvAE THIRE 42 WS FoIT FAA AuEA ol
B39 ZRZ X Gk B QFsa, o] F o|ssd T2
AAE 7Hesq WFe 2540 AR 4, % 58 ¥zt 3
AHAE P @ ol AFE MFY o)4dHE vy A
L2 AANE # JE AEE AFTHI, AAE Faed Qo] A A
A4 R 247 & dFscd W 8¢ ZAAAE FE2E + A
on AAL FAg 48 AR 5L AFTIHE JHAYE Al
g AW, Yo7t E45EE 18T nFD WF A= v AF
¥ Ae2 4 5 Yok

A2d ATALY 2 2 P

1. A+ B8

2 FAAE R 2HP BAsts ARG TSI, o8 EF
22 NI B AR 94 M3 FAe WAsE e A

Wt
® 349 aFA BEE ohest 2o,
- WFe) 23 A% 37 71¢9 AL
AN GG G WF) 2H7 W 79
WE EFY B4 549 73
0% 3 97t 749 B9
- W% E32 ATA4Y 1S BY

m

mebd B Ao ZEE 947 A8 BARE 296 AH AF
2 SRR 2 Y& gen Bk
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AMAZE e mHzre) W)

0% 59 249 3% 374

W3 289 AEs AT FHEAY FBVA T3
239 237 FRE A FEste) FAAA 73
W% £59 247 2 ¥SEY 97
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wj%e) 237
A= 2471%
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- #F9 ANl ARy &

0E ATABRME, ALWE, PIA,
) A AN 2 AT FAAA B4 2
AE 27
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W3 239 REs) AEY THEAY
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A3A Fue Zled 23

L. 713 59

A

2EG FE WE) B3 A& L BRF TA 5o B} FRE
Aol gs) FRAMNE Exol wE Y9 E3 Fol F FAA At
39 BB BF ATE Ad gk B, WRAA gleid A%
o, RARY Md B WG, $PPd, G s R A¥E
gou, 429 BFzay oHsty 54 7122 ol AAAIAY 5
Rustel Be AT HE @ AHolth

A&, 9
He) AE7 433 Adgn AAH0] goh. A AFF A9 A
= AEde 23d oan, B3 RAFAN BAHNE ZLE 5 A
THo) ARy d3o] F Ao Buy v vk 2329 A%E ZA
e g9on: AEde) W FRE &4Ad 4% Bgre W, 2
A3 AR gL AFFEY FFAHRE £ F Utk A EXF AxY
e g AEZAE0%), sFAEZ2(30%), BEEB5%), ¥ 5 WA
10%9] wHAz Lo} glon, ddo} 71FFd AT 7MY 9
32 A=t 2 AE AXYL A4 glolM AZ TIYE F=x) A
4875 sy, A222E 4L #ASE F2oE, 1 99 UIHE
o kg Yoz W AY & JdE NAE AFE 23y =39 7t
TEZ AT olx g RRutolgx & EE UIHW AAY T
GFe XA Ho 2F 229 B E(firmness)7t Zo|AA It

AxZE M3 ggoz 9 o84HR de FANE FFL 24548
Axst oS e A BHAYG $H F 239 AxE AEF, AFE
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o 9%, 2dn AT ¥4 nE9 A9 JARAE vl
$F R £YT A%l o5 FFo| Bob A7 U2 ATEYG ¥ A
2 Uehgn. 53 249 AZ¥e F2 482 Au4ER2, ¥
Az F4F0) =, JFANE 9d L 3n)

O—Ll

7b M S8 Aoz wIA
H(Kang et al, 1999). ¥, AxHe =4 ©53E9 H&2 2 E9
TR AS52Ad BHME ws g2 Aoz g8A dv AxYs

WrEe JREe 2A0 ARE A=W, BAE AT 37
oA el ARS HNESHI APAT Lo o853 ow, A,
shig, ME 59 FAGAE 4% Fo)d Ag AFY ARS 24
st feRos ABHe) BEs} FrhsA Bk 53 whhis wee
AAFE F 2007 ARol FAskn Kol A= T BF -
Ao Ad A% BAPn, FA ALY FEi gadd € A7
"ol J3td, TANE F3 Bt AEe) ol vh=w, 20 wu
W LETG ALTE AAFY 01 - 03 % AE FHHT AN,
z2o] 4oz TE BRY BRARE AR A AFAA %
o,

AA BH ATE WEE Aok B, EAme Wy, T3],
AgEH 5 FNAAE 28 500 JH) ¥E =202 thsA 2
P grh. 53 AR RANFL2ZAL 5ATH NFNE 02A
9 #% % olHeHe ARE EU #)F 1009 dete 1A 35
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= 130, % 20, Wts 14, 47 06, BARA 22, 4% 10, AFIE 27
Z ANE HE ol(ZLF F, 1988) 71F 2 7FelFe AA g ¥4
ol AF7IE & Wy ZAH Kot

a9, ERAANAN 2EE7A FEHA ARE FFS AAdel A
A5o] AuMAF e BIE Skl Wi dF Aol vissAH. H2
= wjEso] xAT] ABFEY FFHE IFT Jouh, oA FFO
1} g4 e #Fe) 450 FHEA & 237 4Ae aFEL
£F& AY o] FAA & AHolth

2. AA, 444 59

BE2s sgutaA A F2d Ax2A S8 AFTA AAGGE
H|Zo] wEait) wjFo) F8 ol& £ e AU AFHEF
ZAH AAHo| A Fot FEFNe] 7,000 T 8000 FHE/ AT A
AaFEe] 40%E A3t Ad FHFA A+

W2y 2o 59 2HE A FAAZ Ure 2 £ ok 4 43
A AL a2 zHA ALsE A4S AT TFAM AT LER
AeE ASolt AT 1047 45 v HE AAALE o]&d F
o W 100HE AR T3 Wyt At 2y 32 10A2Y 7t
FANL AR 2% TAENAM 93d g LAECR FAFA FIHEH,
AA AM2E FFAN W= ok 4%, FE 3B5%E AASL (01
AR AAF 2L A2F AFER). A FIUUEAA AHF T 54
Q) 7A= WFEe £3d 23 A AH AFAA A87F AFFE FH
A B A A EHE agz JHFeld 28 T TdsA o %
93 9t "IN AZEARZAL WFe A9 o)FHH 54& TH
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st FAYL ATAF AL Agso] ojuA # 5 ok

3. A8, 2514 39

L4

Ade FI18, g, dolidd, 295 558

3 =
e MBS A% Z7ksE FACITHAD 09T ALFY AMTL 2
a

&g 7t

)

H Zt7kol F7heh). SUldAE QA d dE Ao FAgE 2
BHEFLEAMY F8A TS FZ4HI Qlo| oHF Axe RN E
FEANNE A2E o] A3 aAFHI ok =Y dld FFEIR
AT +FE9 7H49 FFFE Adsr] AsMe A7 7€
oluf &Hle] qgEE fEFE WA= Bod

HEs AAS B, 558 243, 7718 € Hodf/rt TR &
ZEd HFSRA O 587MH7 L@@ RE 2 44 g a8 )
T YL T A IR EARISL on F dEA dd HIZdqE
=& FAEA gF o3 R Tao] FOHAEA olEE oj&F I |
Agle] A4 ATNE, dolrt FAS g #4ilo] 2 FriHm
Aok 53] AAE FA FAHFS] FEFT A 198 AAGL Qo #S
o F¥d 239 7R FAWYI 7€ FEL o]d A a7
R AHS HFTHLE olned 8 7198 T F on, $EAY ¢F
Bl A=E & T Y& A= AR
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M2 & dFusy e ¥ 2
A1d EARNE 9% A=3A 7189 EFG

i
1) FAAE
Zz2zx49 AE &R ALE MFE A7 AP FEFTE
2 TR AlE =3 2 A4AE FERQ FHE Ax, BES
Aol #3te WasRH

2) AESA

ARG W32 2RO AFed A% ben7t HE A7MA SHRBoESF
g ¢71%s Avsg $29 Zolg A 4, F, & FHE ¥
T A7 12ecmd 23L& AR} FEE FAsSHT 249 FE= 44
©3% probes o]438e Penetration(#%), L&X Compression(#=),
blade set= Ab&3o] Shear Force-vertical(d ol #3222 A@), Shear
Force-horizontal(g# e FRWFo 2 SA)E FAGA

3 AEF 24
AxEd § 259 yvA 2L SEDE7|2 347} a2 F A8
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T2 SASA.

. 4723

FEs FF3 AMAZ A me da A, 43 dE &
F73 cAHezr 4%y PHHEZ J5HEY Boe Yo F5&
THeE BAEE FAHGE Aol FFY 1AEA, ANEE 59 298
SASA BF9E v AGHIAY 2FL FFY AEE A
AdME AT E 7171 (probe)E B/ YA FAEE, AEEEH g
L2 BEY X BAE ZAEIY o8 Edz AT7E #F9 A= A&
= Ao H¥Foln AWAY A2 AdH U

2 434 FAE =FAENFE JPEeZ 4 AuE Qe g

49z 497t B3, &) %3, TR AMAE @
A=A F50] FH2 g7 o, TAFA F o)}

3o F52AL SAYHA Fd @t A= d=2A JEsd,
EFAEFNFE BF 2 FHEAD A= 994 =on, ¢ 2
FHATAME FHNY AE0t FHHoR =gt AMNFE 4% 2
#F BEAA d%7t b EdktH(Table 1). WA w53 T59 AEE
SA387] e FAEUS 95 dBA JA FASEHI0B08 I
o] @57 2AdE F& 1EId FHI FFE ZAFI, EA IB
BEe EXE WA FYgol dadt

FAM e F5 JEEL
i, 59 FAs AF4dLFE FAY, F59 dEFH d9 A= A
2 9| 3 & H HFigure 1, 2, 3).

AA e 93 =29 AxE A Ax, SAWY| wal Agko] e
Aoz yeyt ojFdAE F59 AAAEE FHI}E Aol =AY F
AR HFEFY EX /M dAse A Ho 570 vl Agst
oa FEH A HFigure 4, 5). 2 TR E F59 f9¢) FAYFoz

_31_



A9 A5 A AU

2 quAgoERY WE 29 AEE 34 Asd 229 4F
of A28% YEFA)Y dAud BaH YEVIE)o2 ¥
ARTE g M Aokl Qe HAFE ANFE YEd 5 e
A=8 UeE B9 240 Yasty.
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Table 1. Comparison of firmness determined from midrib tissue of

chinese cabbage. (unit:10°N/m?)?*

Variety Measurement® Upper Middle Lower Significance®

Penetration 471 4179 417.0 *%
Norang- Shear force-V 8389 896.9 869.6 **
Yeorum oy oor force-H 5858 5387 4856 -

Compression 19754 2156.5 19273 **

Penetration 4195 3925 389.3 *
Kwon- ohear Force-V  768.7 723.7 696.9 N.S.
Shim o car Force-H 4965 4768 4315 NS.

Compression 24227 28340 2655.7 *

“Data were obtained from 7 to 8 heads. Beginning outer leaves
35 to 40 leaves per head were sampled for Norang-Yeorum and
22 to 25 leaves for Kwon~Shim cabbage.

YShear force of midrib tissue was determined either vertical(V)
or horizontal(H) direction to leaf vein.

*Mean comparison among sections using LSD, a= 0.01 or 0.05

level.
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Dry mass (%)

r? = 0.99**

16 20
Leaf position (outer <---> inner)

25

0 5
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Fig. 1. Relationship between dry mass and leaf position

A : Kwon-Shim

B : Norang-Yeorum
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Leaf thickness (mm)

] | i 1 i 1

0 5 10 15 20 0 5§ 10 15 20 25 30
Leaf position (outer <---> inner)

Fig. 2. Relationship between leaf thickness and leaf position

A : Kwon-Shim B : Norang-Yeorum
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Dry mass (%)

r=0.90*

Leaf thickness (mm)

Fig. 3. Correlation between leaf thickness and dry mass

A : Kwon-Shim B : Norang-Yeorum
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460 - Penetration Compression | >>%°
r* = 0.87* & 0.96*
440 | x = - 2800
420 | - 2100
400 F - 1400
z i 4
= 380 700
[ ] n
g L 1 1 L 1 1 1 1 1
ﬁ 5 10 15 20 0 5 10 15 20
2 Shear Force-horz. Shear Force-vert.| g40
°
§ s0f r* = 0.85% . r =0.87*
- 800
5101 - 760
480 + . 1720
450 1 : L -1 680
[ ]
-1 640
1 1 1 1 1 ] ] 1 1
5 10 15 ‘20 0 5 10 15 20

Leaf position (outer <—> inner) -

Fig. 4. Comparison of tissue firmness according to the
leaf position in different methods for Kwon-Shim.
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Penetration ‘Compression
480 72 = 0.56** A R A 2 = 0.58* 4 2500
450 - 2000
420 - 1500
390 - 1000
Zz
v 360 500
‘° A
\?; 330 B 1 [ 1 1
g 8 16 24 32 8 16 24 32 40
V]
.g Shear Force-horz. Shear Force-vert.
§ 600 |~ = 0.90* = 0.92*
T a - 960
A A
560 |- A 4 Jss0
A
520 |- - 800
- 720
480 +
N 640
1 1 1 1 1 1 1 1
8 16 24 32 8 16 24 32

Leaf position ( outer<---> inner)

Fig. 5. Comparison of tissue firmness according to the leaf
position in different methods for Norang-Yeorum.
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2. A% &7 probed] H|&

2 220 28 Wl BE AZEAY YIS AA AREI )
P S AAE] Y8 45759 probeE ¥l FrHEHA T

Y. gy
1) FANAR

TF 249 A= FA4 AHEE WEFE I8 T TR Fs71E
T8 probe 1A AdA AHEIIA

2)

ol

Ay

=54

3o frIF-E Z= AFSG9 FAUE EIAF FF AGFAA
lecm 2¥91E cork borer2 A7 12cm AWE T3Pt Probed 79HE
o2 AERE FAAAI 7]712% Texture Analyser TA-HDi (Stable Micro
Systems, England)& - A8 Ax SA o oE 4F
(compression), A (Shear force), % (penetration)& I3t ¢34 H3}
Aad A3 A8 Volodkevich Bite jawsst #5 8 A ¥ Al&3+=
Crisp Fracture Support Rig, ¢3&8€ 3 #F3 Ao 20| Cylinder, &
@ 4o AH8-HE Blade Set 59 probeE o433t JAEE FAS
A H(Fig. 6.).

. 74

Qo2 229 ZE(hardness)Es SRFLA s R B4, o
S3gd me A AR FHE He8oF I ada AxE £A%
£ A=A (probe)dl we YElIE texture profile ThEH, olu dojx =
data® EWl2 =Z9 EAHL AFsA E£A&or @
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a9 79 4259 ©E FA(probe)E o1& WMF FH ABE
(hardness)® =A% 2#@=2 uEdth Blade setdl 9% FHuA
(maximum peak height)® o] AaHEd £88 FMN)E JEH,
old 288 AZHANE ZARAL Ad AT A¥HL GHIt =
At 429 Aze] 252 =FFWo] Andvn #EEH. Cylinder
probed] ¥ aFZANE AL HHsed 288t o] maximum
peak height2 UEFGE, szgAzre 249 IPA=Y YA
sds AES FAT & Atk Z e 208 AP AL AL =3
o] upAbEpAME-S 9w @}, Crisp fracture support rigell &AM U 1
Az AEelrt 2Fe AESE BAFTH I bite jawsel sl Aol
A afze 23 4IYAFDE A A Uded & AES FA
noEQon, Az FuAe 229 FEE et

13 8& o= 4EFY YW (probe)E o8t HF 4FAA W
o2 AxE 2743 Zolth Blade setdl 9 =H A 2849 I
3 gMzre] Awme Wy $gAw, 2zt §94L AYTHE=0.28).
Ax 274d Q7 o]&51 YT cylinderd B JANE F59 Z=
= px% 159 439 Fsss 3FE FHUATE"=048). Crisp
support rig FA 3 bite jaws T & #FY FF9 Axo FA %
nE9) Aol JlE Ao VERFT(P=0.71"70.85"), B9, FB7t
gu 222 sjgdaA Ygom 252 2o dud Aom AHH| 2
7 8¢l Cs} Dol 2RAFAs} & AT A2 ATHIU

o)ZolA BT} QAzte] mrE Rzt AR A @A FE%
-ﬂ—/\}?}ﬂl A" Volodkevich Bite JawsE HlF F59 A=E 53
probe® A3 AH.

rir
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Fig. 6. Photography of probes used to determine texture of mid-rib tissues in chinese cabbage.

ABlade Set (Knife) B:Cylinder (# 5mm) C:Crisp Fracture Support Rig D:Volodkevich Bite Jaws
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E060- 2000
s000 2500

4000
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ol

= T r T
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- 1000 Time {sec. 5007 Time (sec

Blade Set (Knife) Cylinder (@ 5mm)

do  so T T aso 0 e )
S Time (sec.
Time: (i)

P
o 50 100 150 20.0

Crisp Fracture Support Rig Volodkevich Bite Jaws

Fig. 7. Force—distance profiles of mid-rib tissues of chinese cabbage determined by four different probes.

A representative texture profile using each probe was shown.
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7'5"A

7.0 |- 7 = 0.28*

Z 6.5 - o® o

S s ¥ o

= °

= sof

S asf

< —24

£

o 123

Q. — 22

5 421

= 420
419
118

1 1 1 1 1 1 1 1 1 1

0 5 10 15 20 0 5 10 15 20
Leaf position (outer <---> inner)

Fig. 8. Relationship between tissue firmness using different
measuring probes ; max peak height and leaf position in
different method.

A : Blade Set (Knife) B : Cylinder (# 5mm)

C : Crisp Fracture Support Rig D : Volodkevich Bite Jaws
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3. A% =49 BFF

7l. @7 EE

e 2xe AEE 2AY B$ £719 RE 4€ FAOE A
2o o] ol olalg Ho|l By HES AW L {FFEAANM FAAM
2 AAE7 43 2kaE BHe 283

Y. A7FaEd
ASE 167] EZ9 MFA AA 4& ez FF &F TEFS
g AEE =A%, WF AAG FANY WF gRgS 9B
AAS =4, o) 584 Yritt AEE AT AFHES ¥, FEEHI}RA
. 29 AEE Bite Jaws B3I & Agstgon, A2dd TEF dH
Z SRS

. A7

Fig. 99 AL W%e] AA 4% OFOZ BF FFFYY AEE 373
& Agol:, B UA AEA 92 de 2F AAY F AEHE2 9F

Je AR & AAT F 24 Asholw, Cx MFY GAs 250 mR
W s58A Uit AEE 2RF Aot AR 167 EF WA
AE 274 U9E FAAAE a0A 2 ¥sE YUTHTable 2. 5 4
o e 16259 AAY SHA(Table 2, A) FA) 48 FE9 3]
Aol BEAE 0T5AT, A9 AAF 3% @HTable 2, B)9 2717
2 FFAE 077IeH, 584 } A (Table 2, OANE 089 B
.

Jl)ln
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A r=0.92* B r’=0.92* c r’ = 0.93*

w
1
i
I
1

Tissue firmness” (N)
V]
I
]
T

1 1 1 1 L 1 1 1 1 L 1 1
0 10 20 30 0 10 20 30 0 10 20 30
Leaf position (outer <---> inner)

Fig. 9. Relationship between tissue firmness and leaf position of Norang-Bom.

A : Total Leaves
B : w/o Outer Leaves
C : Every 5th Leaves

ZTissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Table 2. Correlation coefficients between tissue firmness” and

the order of leaf emergence.

Correlation coefficients

Number

Variety of leaves Tiotal w/o outer every Sth
measured lez:t)es leaves (B) leaves (C)
Norang—-Bom 15 0.92+* 0.92+=+ 0.93*=*
Kangryuck—-Yeorum 15 0.78%* 0.86+* 0.89+*

Korengi—Yeorum 15 0.42%=+ 0.32+% 0.68

Norang-Yeorum 20 0.55#*+* 0.29 0.65
Bulam 15 0.77+% 0.93+=* 0.97++

Norang—Chusuk 20 0.66+* 0.67*=* 0.74*
CR-Green 15 0.21=* 0.49+* 0.89+=*
CR-Shingshing 15 0.77+* 0.74*= 0.94++
CR-Tongil 20 0.83+= 0.79+* 0.96*+
CR-Power 15 0.81=+ 0.87+=* 0.97+=+
Jangmee 20 0.87++* 0.86%=+ 0.89+=
Dong-Poong 15 0.88++ 0.95+* 0.96+*
Chihili 15 0.96+* 0.97** 0.97+=
Rangno 15 0.78+% 0.95+=* 0.97*x
Daebaekchae 15 0.86*=* 0.87+* 0.90*=*
Kwon—-Shim 15 0.86** 0.86+=* 0.99**
Overall Average 16 0.75%=* 0.77+* 0.89*+

ZTissue Firmness=Maximum peak height(N)/Thickness of tissue(mm)
Correlation between column A and B is 0761, and column A and C is

0.699.
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Ao #AFE GA, EFA, B4 94, 7

EF49 HuEe] 59 AETFHLAZY FAAAE LotB Ut
2 102 ‘=359 gAd BE AEFA(Texture Profile)d] 48
429 FHdlEo](Maximum peak height), @ FAF FE=F49] WA (Total
area / Thickness), @Y T2 T AEFHY FHuolEo](Max peak height /
Thickness)E Weld aFolt} 181, B3 167 %9 AE=T+H847
o FAATE veEhd Beolth 29 109 ‘=32 gMd B8 AE
o FHoEol'st ‘U FAT BEFAHY HuEol EF =2 HdH
zZtev SRR ¥39) AddA EE fFAMC webd FF5A mE w3 E
FEAE, ‘BEY, AR, ‘T, ‘OyA T34 Zo] Axrt FUHerlE S
, A E, ‘ABAAQE, CR-aF, ‘B, ‘N TF Zo] YFge=
dr-E AERHdEol/t Z4ASV|E Siti(Table 3.9 P:HY Correlation
coefficients). HELE ZFE ZAE=JAH9 HAdEorl #4sE A2 U
o2 ZF dadAs dAY A7 vl e ZAE Ugdied, os
Wger Z+E groixle @FAE 2estA ol vebd dAdolr =
T, 20, Al F9 23] AEE A A5 A9 FAE dASA
ZAE & 71718 o183 S Aol BHs FHo gley wjFaA
= AT FAE zASE AR 949 F52 AT 2712 A
FA33tE Aol AR ddFHoH, A4 FAEL H4F e Aodn %
SR, MFe AEFA9 Ho Eol(Max. peak height)= A5 F7

P4

1dy
A -

)
rulm

K

g 33T W FAE IASFA MNEE UE
T 7] dEdd 942 FAC dEdBE 4 A9 FEHA Bx=
dxol / FAZR YepiA HAUucoh
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Maximum peak height (N)
Thickness of tissue (mm)

Tissue firmness =

Table, 31 E B2E ZZ2dqN #Fe ZX(tissue firmnes)2 B%
GYEAD HoEo]l /T gAP)S Aol =& AL & 5 Utk E
oA AFH HNP)S FADSY FRBAE 1670 ZE FFAM =3,
AZMH/TE A9 99 43 A7 Atk

a3 118 ‘=P gAd ©BE FAQA), A=EMB)S 4FA%L BES
o ABFAC)E verd 2P, WgeE ZFE QFAZL gl
(Fig. 11-A), AEE =9 Fig. 11-B). 283 F5 =39 FA7} 57
242 ARE YolAth(Fig. 11-C). o1+ &L ZAFE 167] BE FEAA
Ze d3E B Fi(Table 3).
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Fig.

140 |-

130 [ . e o

120 = b

0.24
0.22
0.20
018

0.16

“Tissue firmness (10 xN) Area/Thickness Max peak height (10 x N)

0 5 10 15 20 25 30

Leaf position (outer <---> inner)

10. Comparison of tissue firmness using texture parameters.
A : Relationship between max peak height and leaf position
of Norang-Bom.
B : Relationship between firmness area / thickness and leaf
position of Norang-Bom.
C : Relationship between tissue firmness and leaf position
of Norang-Bom.
*Tissue Firmness = Max peak height (N) / Thickness of tissue
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Fig. 11. Comparison tissue firmness, tissue thickness, and leaf position in

chinese cabbage

A : Relationship between thickness and leaf position of Norang-Bom
B : Relationship between tissue firmness and leaf position of Norang-Bom
C : Correlation between tissue firmness and thickness of Norang-Bom

ZTissue Firmness = Max peak height (N) / Thickness of tissue
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Table 3. Correlation coefficients of various parameters related to firmness of chinese cabbage.

Correlaton coefficients

Variety P:T PA PH P P: TA TH T T AH A A: H: H: A/T:
A/T  H/T A/T  H/T A/T H/T A/T H/T H/T

Norang-Bom ~0.84++ -0.85++ 0Ol+x 004 0.89++ 0.88++ -087++ -032 -0.97++ —0.70= 0.18  —0.83++ 038  096++ 037
Kangryuckyeorum -0.80+% -0.67++ 0.79+* 017 088+ 065¥x -067++ -0.44% -093++ —050+ 040 -064%+ 020  09l++ 037
Norang-Yeorum —0.95%+ —0.94++ —0.71++ —0.84++ 057++ 097+ 0.77+% 0.86++ -057+s 0.86++ 095+« -042+ 089+ 008 020
Korengi-Yeorum -0.88++ ~0.87++ —055+ —-0.79%* 0.63++ 0094++ 082++ 083+ -042  0.86++ 097++ -025 082++ 017 -011
Bulam -0.45% -0.28+ 090++ 034 087++ 047+ -037 -084++ -076++ 036 009 -047+ 0I8  088++ 056+
Norang-Chusuk ~ -0.96++ -0.98++ —0.10 —0.87++ 0.75++ 096+x -008 076+ —0.87++ 011 09I+ -0.74%+ 037  056++ -0.45+
Jangmee ~0.84++ -0.84+x 051% —0.74++ 086++ 097++ -0.82s% 0.78++ —0.89++ 016 091++ -0.81++ 0.02  065++ ~0.57++
CR-Shingshing  —-0.97+% ~0.97++ 018 -0.84*+ 087+ 096+ 019 075+ 092+ 031 090++ -08l++ 058+ 028 -050+
CR-Tongil ~0.97++ -0.98++ -0.09 -0.82+x 0.86++ 098++ -008 0.76++ —0.94%+ 008 0.87++ —087++ 050= 039+ -053+=
CR-Power -0.86++ -0.83++ 012 -042 090++ 093++ 013 040 -090++ 037 0.70%+ -075++ 0.69++ 030 -0.11
CR-Green -0.92+% -0.84++ —0.83++ -0.37 045+ 083+ 0.77++ 026 -0.65+ 075+ 0.76+= -040 037 -00L 005
Dong-Poong -0.82+% —0.83++ 094+ -015 093+ 098++ -0.85++ 0.05 —-0.95++ —0.81+* 023  -0.93++ 0.08  096++ 0.02
Rangno -0.81%% —0.87+% ~0AT+ -0.85¢+ 0.83++ 095++ (77+x 084+ —0.86+* 0.73s+ 097++ —0.82++ 0.65++ -034 —0.73++
Daebaekchae -0.91%+ -0.84++ 044 -019 093++ 094++ -025 022 -093++ -019 055+ -0.83++ 0.06 059+ -0.11
Chihili ~0.90++ —0.96++ -0.89++ —0.92++ 054+ 0094++ 0.73+x 075%+ —079++ 0.88++ 092++ -057+ 092+x -019 -026
Kwon-Shim -0.67+x —0.62+* 033 -0.34 092+ 093++ 038 049+ -065++ 047+ 0.78++ -050+ 046+ 046+ -0.09

P : Ranked from outer to inner leaves according to the order of leaf emergence.

H :
T :
A

Total area in texture profile

Max peak height in texture profile

Thickness of leaf tissue where hardness was measured.

Im.—l

A/T : Area / Thickness
H/T : Max peak height / Thickness
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292 AA 12mm cork borerE ol&, UL AFH3Y Texture Analyser
TA-HDi (Stable Micro Systems, England)¢] Volodkevich Bite Jaws probeZ=
zA3e @9 FAF 244 HeiAE o2 FH}AHTissue Firmness =
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Maximum Peak Height / Thickness of Tissue). 2t A52 AA% A 10¥£7)

o dAste 127

T AAFT 10g¥E F202 F AEFFS AL 1F3Ax) Y Bad

Fig. 12¢ vebd upgp 2o

& Z£3& 80% EtOH# 1:100(w/v)Z 43¢] homogenized F miraclothZ

a, B4 2 AL AA37] 938 chloroform: MeOH (1:1v/y) 2 o}

R FF A3 F, INE FAANA 2AEYE P33, P0sEe] A
AzT %S zA34T.
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AMEH S F4EQ cellulose, hemicellulose, pectin 9] 242 dolr 7]
At cellulose #3 2 AFE Gross(1984)8] W] Z31 31, pectin
FA€Y 74229 polyuronides 5% % AFL Carpita(1992)9] ¥ o
o2} AFFHA. Pectin® 49} hemicellulose®] F4 < NCNS
(Non-cellulosic neutral sugars)E 43¢ ch,

1) Polyuronides : ME¥ 10mgS 2mle] ZAF FAd B3 Y5204
teEd A T AFAE FEY 04mlE 3 40ul®) sulfamate-KOH
St 24ml9] 75mM sodium tetraborateE A7} T 2087 B9 EI T
0.15% m-phenylphenolZ M Al# 0.D. 525nmdi A A ZFst Rt

2) Cellulose : A E£¥ 10mge 1ml 2N Trifluoroacetic acid(TFA)e] ¥x 1
A FE 121TAA B F ASAE AATT ¢S FA] Imle
8% Atd Y3 steE e & Anthrono 2 LA A O.D. 620nm A A
F AT

3) Non-cellulosic neutral sugars(NCNS) : ME¥ 10mge 1ml 2N
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Trifluoroacetic acid(TFA)e] ¥3 1AZ+ES 121CaA £ F, 359
2 A& AxstAE ol 43 &3 AxAIY. AxE AEE Iml TFA
z 28N A 252 § A4F AR AXAD F WAL FHTFE o8 &
# N7 & phenol-sulfuric acid® ©ol&3s9 2HAA OD. 420nme|A
total non-cellulosic neutral sugars(NCNS)®] #ZF<& sk, dHA
Aue alditol acetateF =X E THE F GC-FIDZ NCNSE TAs= €%
7o) 24L& EXsgc. 3R AEE columnd EHEAL te% 2
=

l

Column: 5% phenylmethyl silicone 30m(0.25 mm id.) capillary column
Injector temp: 220C

Detector temp: 230°C

Carrier gas : He(30xL/min)

Oven temp.

* Program 1 : * Program 2
Initial temp: 172°C Initial temp.: 212°C
Initial time: 1 min Initial time: 3min
Rate! 4°C/min Rate: 2C/min
Final temp: 212C Final temp.: 232°C

Final time: 1min

ALRTDE BN AL AZE 20004 97129 AVE HAHA FIHETL
2EEPd BEEFHCZ AwMste FFE BFE ol8SAT. AAER
AR AYEY 2, 494 A3 20, 2294 &, 38 408A 2] 3FAR el
z2o A9, A% 24F 23 10g8 FEA2AA AEFFE 545
gom 9ztEs] E7HE$, U T4 AEANEE T AISE FESN

Jw

o
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AZGFAFE A & ARTFE vjmsigoh

59 AETFL lodometeric method B &3 AAgATt =,
AIS 10mgdl] 1.8% HCl 5mlZ #7}3 % 65T shaking water batholA] 1
A T AgE ¥ 3000mpmoe 2 1087 94 EEste A58 Hsg
o A5 AN ImlE A FFHFF %A KU/I(102g/5.08g/L) &9 100x8
€ ¥& F o66mmlA FFEE =AYl Standard®  potato
starch(Img/ml) & AH&-3 5t
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Fresh tissue
| Lyophilized
Dried tissue
Homogenize
| w/ 80% EtOH

| |

Supernatant AlIS
Homogenize w/
CHL/MeOH(1:1,v/v)
I I
Supernatant Residue
Washing w/
| Acetone
Supernatant Residue

Starch removal
w/ a—amylase
and kept in vacuo

—

Supernatant Crude cell wall

Fig. 12. Outline of the extraction procedure and quantification

of cell wall.
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Cell wall material
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2N TFA Hydrolysis

Supernatant Residue
Dried |
Cold H2S04 w/ N; 78% H2SO4
| Alditol acetate |
Uronic acids Derivatives Glucose
m-pherllylphenol test GC—IFID Anthr01|1e test
(Polyuronides) (Non-cellulosic neutral sugars) (Cellulose)

Fig. 13. QOutline of quantification of cell wall composition.
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Tz w2 AEE ‘CRAA, ‘CREY, ‘A8, ‘CRAY, '=3F4 5
o] Z+zt WT 346N, 309N, 3.08N, 280N, 254Nz AA AFF 7 BRI,
gop ‘o FB B, ‘RYAQE, ‘P’ o] ZZ 208N, 201N, 192N,
188N, 158N2o2 T2 ASd Hsld ¥ AEGE HAT ‘=334, ‘=7
B owgra®) ‘CRAA, ‘BF, ‘AQ, A4’& 77 201N, 224N, 346N,
244N, 3.08N, L92NZ Z+ A% FdAM P =43, ATEZE 439 ‘=%
we ByFE 201N, d2AFY FHAE, ‘=FAF, ‘TIAGE T BT
200N, BwrAQl oAy, ‘A7t HF 26MNeIQ 1, /HAPA CRAYA,
‘CREY’, ‘CRHAY, ‘=354 “Fu)'go] BFE 285Nz ¥, 712339
W37t B A2A4Zd 88 A7t E%cHTable 4, Fig. 14).

W £29 gx9 BEgY BAE ALH HAHez el 23,
RE AFN WP 52 Fvksred, ‘FFY 29 d94AM WEez
2 Axst FAA F7H3H 3L(slope:0.059, r2=o.88**), o ‘CRAA’, ‘A8
), ‘A, ‘CRI}Y, ‘=38, CREYY <&olN2™(slopei0.03170.041,
2=077"7096™), ‘WA, FHAL, ‘B, DA, ‘wFFAL AR G
Z 718t 21(slopei0.01570.029, r=066770.85™), ‘=¥ E, ‘Fx’, ‘CRAA’, ‘2HA
dee gs 49t A=A A9 QA Hslope: 000570007, r=02370.75",
Table 4.).

ga7t 22 SAx BE ABNA Wgez 4E FiHuw
(2=053""0.96", Fig.15), A 94 Frlste] BAE ANFA PAYoE 1}
ga 23 AT AYLE P FAL Fol 1059mmPAL, 7Y Fe @l
439mmE A7 620mme JAL AL Aol % A3, FFY A%
= 74 AL Qo) 113mm, A% & 9ol 72mm= FAe FHols}

_58_



411mm= Z10 ™ (slope-0.1907-0.115, *=0.71"0.92™), ‘B'e 714 AL 4
B ogke g9 gAML FAY Aol 1.25mm=B A Hslope-0.023, r*=0.53",
Table 5.).

A

T5 279 AEHFH AxHUFE 7 ZAA, AEES AxY gL
B Hr=083")0] ANL, AEI EL FFL AXY FFo] EU3
(r=058"). FAATE MY A AREH AEE 159 FBBAI AL
o™, r=0.70"& B Y} (Fig. 16).

Fig. 17= $59 AEZ¥E F2383, o5 4L vad 219U,
59 AES Axdge He FA<E9 polyuronidesE A9 ARAAS
e, dg22 A2 29 ARBAAE 940 AFHA &gt

5 AE} =L FFL F5 A4 HEY FALQ polyuronides ¥ Fol

o'y 3224 JEd ASHE, AXUFL a3 ALTFL 9
Nz B4¥ 23, JY9oR 245 ZEd AE, AEY, AR FEol

% ZHelQu(Fig. 18), 249 AEE AT, ATETF AL TS
e A9 ABBAE 1Y cHFig. 19)

2 AN AZE A AHEE HFE sl Austidonz B

Z, 4EHF, AgnNFs ATRFY FA& YR Zok ASHL )
AT & Qo
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Norang-Bom Kangryuck-Yeorum Korengi-Yeorum Norang-Yeorum
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Fig. 14-1. Relationship between tissue firmness and leaf position from chinese cabbages.
Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Bulam Norang-Chusuk Jangmee CR-Shingshing

¢ =0.75" *=0.66" = 0.85** f=07r"
4 4 + J
3k 4 J
z
2t + 4
't
71}
[
[~ 1 1 L 1 1 1 1 1 1 1 1 1 1 1 L 1 1 1
m 0 10 20 30 0 10 20 30 40 O 10 20 30 40 O 10 20 30
=
o CR-Tongil CR-Green CR-Power Rangno
o #=0.83" #=0.23" = 0.80"* ?=0.75"
@ 4 N T T T ]
=
W L - "N -
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| EPUUUDY g g4
1 L 1 ] 1 1 1 1 L i 1 1 [ L 1 1 1
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Fig. 14-2. Relationship between tissue firmness and leaf position from chinese cabbages.
Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Thickness of tissue (mm)
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Fig. 15-1. Relationship between thickness of tissue and leaf position from chinese cabbages.
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Cell wall contents (mg/gfw)

r=0.70**
B
5.0 } 138 16}
eV Ry
E
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v v 7 Rangno
@ Dasbaekohae
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Dry mass (%) Tissue firmness? (N) Tissue firmness? (N)

Fig. 16. A : Correlation between dry mass and cell wall contents

B : Correlation between tissue firmness and dry mass

C : Correlation between tissue firmness and cell wall contents
*Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Table 4. Comparison of regression parameters of Ztissue
firmness as a function of leaf position with 16

different chinese cabbage genotypes.

y=ax+b
Varieties Y *Mean
a b
Dong-Poong 0.059 1.56 0.88+* 2.44
CR-Shingshing 0.041 2.85 0.77%+ 3.46
Chihili 0.039 2.50 0.96%+ 3.08
Jangmee 0.035 1.82 0.88++ 2.53
CR-Power 0.032 2.32 0.80%+ 2.80
Norang-Bom 0.032 153 0.90%+ 2.01
CR-Tongil 0.031 2.46 0.83+=* 3.09
Daebaekchae 0.029 1.83 0.85%=* 2.26
Kangryuck-Yeorum 0.023 1.81 0.80+* 2.15
Bulam 0.022 1.75 0.75#= 2.08
Kwon-Shim 0.016 1.68 0.85*+ 1.92
Norang-Chusuk 0.015 2.23 0.66+* 2.54
Norang-Yeorum 0.007 2.23 0.51++ 2.24
Rangno 0.007 1.48 0.75%+ 1.58
CR-Green 0.006 2.24 0.23% 2.34
Korengi—-Yeorum 0.005 1.81 0.34++ 1.88

“Tissue firmness = Maximum peak height (N) / Thickness of
tissue (mm)

YStatistical significance is given at *+P<0.01 and *P<0.05.

*Mean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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Table 5. Comparison of regression parameters

of tissue

thickness as a function of leaf position with 16

different chinese cabbage genotypes.

y=ax +b
Varieties g2 YMean
a b
Chihili -0.190 10.82 0.92++ 797
Dong-Poong -0.115 10.69 0.71+= 897
CR-Tongil -0.098 10.96 0.96++ 8.73
Daebaekchae -0.090 10.35 0.90%* 9.00
CR-Power -0.090 9.51 0.84+= 8.16
CR-Shingshing -0.089 9.07 0.94+x 7.74
Norang-Yeorum -0.081 10.89 0.93++ 928
Jangmee -0.081 997 0.89+= 8.83
CR-Green -0.068 9.99 0.88++ 898
Korengi-Yeorum -0.065 10.08 0.72++ 9.11
Norang-Bom -0.065 9.76 0.94+= 8.80
Norang-Chusuk -0.059 10.06 0.93+= 8.87
Rangno -0.058 9.80 0.91++ 894
Kwon-Shim -0.050 997 0.88+x 9.22
Kangryuck-Yeorum -0.047 9.52 0.72++ 8.80
Bulam -0.023 8.37 0.53++ 8.01

*Statistical significance is given at #**P<0.01 and *P<0.05.

"Mean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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Fig. 18 . Comparison leaf position and its parameter in 'Bulam’.
A : Tissue firmness B : Dry mass
C : Cell wall contents D : Starch contents

Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Fig. 19 . Comparison tissue firmness and its parameter in '‘Bulam’.
A :Drymass B :Cell wallcontents C : Starch contents

*Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Fig. 20. Standard curve of starch for lodometeric assay.
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AMAAER 29 AEE 34F ¥ 51 FFY $I2AL 9NuE=
4AF NgAe AN F2AZ T VEUFL
= AEgRe gNER 2ARA wdh

WE 24 ZEE B3 7429 ANAAG BAYel BE FZAA W

oz Z+2 Z7EFATEA=0257090", Fig. 21), B Aud wF F5
7

Table 6.). ‘HA'Y) 2 ZE: BAWA 28 BT 340N, 7H&Au A 246N
2 ztzte] AuA 71N FHE Egta, ‘mEHX QB e Eel 226N, 7Heol 1.88N
oz Zztel AuAZdA g ¥ ARE Bied, ‘=3EL FiE
207N, 7h&el= 213N, ‘ZEdE'e B 327N, 7 226N, ‘EFE FAWMA
203N, 7}-&A A o] 20INg] AHE Jet A THFig. 21, Table 6.). ATEZE
2 Q) ‘oA s 43 A BT 298Ne = JPF Eka, o E(259N),
‘B (255N), ‘B (247N), ‘LAAGE (207N Fol At

gAe 2 A5 AN PR ez vehfo] g4 BEAA sloped
2 A%, =38 A BAENA 28 Aw g3 0032, 7HEAEA 0,020,
‘PR G2 B 0039, 7HSAAA 0005H %, WAHE Fol 0.037, 7=
o 00312 Zz+ AL Aol HA et HEARA GAZT BERITE A
2 Aoz Vet Table 6.). ‘FZAE, ‘BY L 7H&AMA Gt BEA]
7 H AQAT, T EF BT 43 A BFL 0016700172 G2 FF ¥
sta ogT Wgzte Aolst AuiArel BAYP AL FFoR UEET
(Table 6.).

A7 229 FAE AuA7 BAYC 2E EFFOAM UFY 9oz
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a4e 289 3607=0.157094", Fig. 22), 742 Au§ w3 F5 A&
84179.11lmm= &l Aujdt w39 64277.35mmE T BE FFAA A YE
oM (Fig. 22, Table 7.), ‘WA, ‘ZAANGE, ‘FE9F, ‘=FEL 7124
siol A FA Boh AT FARCZE A, BEY L A WE GFAY
248718449 871457 00182 ©h& FF 0027700784 wlste] uj
A1Z1e @A)l AdT WP GFA Aolvt HL ALz Yeya, "oy
A 00782 ©& FFA wistd AuAlZIo] FARC] AL FA o)t F
Ao 2 ey THTable 7.).

FAA AF FF AEEL A7 BARC] ZE FFAH UF &
o2 Z5E F/8YRE’=065"70997, Fig. 23), B FE9 AEEL
‘APAGEE AT 4EFT BT 399%= SHEA e 405%H TG wekont
ze HolA ¢gttH(Table 8). ‘=259 AEEL FAHMA 238 Ax| BT
394%, 7HeAMAl 366%E HAXL, ‘FHAFL Fde 412% 7HEddE
451%, ‘BEE' L & 394%, 7+S 3.83%, ‘A FABA] 3.94%, 7FHEA Al
of 421%2 veigks, 7HEAudA gA e wE AEEFS Aol IIAS
= 0058700712 F<] 002470402 =2 o2 yelgti(Table 8). oA
7He AuiAl W3] WEoE AZEEF ZE PEY FHo| Bol] o]FoX
= ALz AZ44d.

AWAZ) ] e AA FFY BES AETFHY ABBAE YEY 2
H 24% B9 TR Ax FEES AuAIS FFA A B2 A
FHABAN AR H=052"095", Fig. 24). & AEFFo] L& wF9 F=
AL AE 22 Ao Als¥EY.
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Tissue firmness? (N)

Fig. 21-A. Relationship between tissue firmness of tissue and leaf position from chinese

Spring 2001

Norang-Bom Kangryuk-Yeorum Bulam Daebaekchae
6 -’ = 0.84* o rrf=042" Tr=072" +r*=0.78* H
~.
5F + + T + 5
]
4t + s + + .
Aa A [
3t ° + -+ z -+ -
: . 2 _.
] 1 1 1 1 1 1 1 1 1 1 1 ] ] 1 1
Spring 2002
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S -+ . + . -
u b4 ¢
o 4 + W e
h ** o
F N
1 ] 1 1 1 1 1 1 ] L 1 1 (] 1 1 1
0 20 40 60 0O 20 40 60 O 20 4 60 0 10 2 30

Leaf position (outer <--> inner)

cabbage grown in spring season.
*Tissue firmness = Max peak heght (N) / Thickness of tissue (mm)
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Tissue firmness? (N)

Fall 2000

Norang-Bom Kangryuck-Yeorum | Bulam Daebaekchae
r = 0.90* r = 0.80* ¥ =0.75% = 0.85%

0 o050
L r 9%

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Fall 2001 0 10 20 30 0 10 20 30 0 10 20 30
Norang-Bom Kangryuck-Yeorum | Bulam Daebaekchae o

r* = 0.47* r*=0.87* w [P=034 r =0.89
| ] +0%9% L ]

o] i0 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30
Leaf position (outer <—> inner)

Fig. 21-B. Relationship between tissue firmness and leaf position from chinese
cabbages grown in fall season.
*Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Spring 2001

Norang-Bom Kangryuk-Yeorum Bulam Daebaekchae
-2 = 0.82% % =0.52* + r* = 0.50* -+ r? = 0.86**
_P_P & r 3 ' g
T i i § *
— o0
3 e 4 i}
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2 i} it 1] *
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m =2 o b
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2 -
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_Norang-Bom e .ix.u_.m:um.«mo_.m +Bulam +Daebaekchae
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Fig. 22-A. Relationship between thickness of tissue and leaf position from chinese
cabbage grown in spring season.
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Thickness of tissue (mm)

Fall 2000

. . .. s 4 Ll ;
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Fig. 22-B. Relationship between thickness of tissue and leaf position from chinese

cabbages grown in fall season.
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Dry mass (%)

Spring 2001

Norang-Bom Kangryuck-Yeorum Bulam Daebaekchae
[ 2= 0.84* Tr*=0.86* 1r*=0.93* 1 r*=0.65
L 1 ! . ] .
L 2 )
T T T * o
[} L
3F L L L
1 1 1 1 1 [l 1 1 1 1 1 1 1 L 1 1 1 1 1 ] 1 1 1
Spring 2002 0 10 20 30 40 50 60 O 10 20 30 40 50 0o 10 20 30
Norang-Bom Korengi-Yeorum Bulam Daebaekchae
[ * = 0.99* 1r2=0.99" 1 =0.98* 1 =0.84"
.
=
1 1 I 1 1 1 [ 1 1 1 1 1 1 1 | — | 1 L L 1 1 [
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Leaf position (outer <--> inner)

Fig. 23-A. Relationship between dry mass and leaf position from chinese
cabbages grown in spring season.
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Dry mass (%)

Fall 2001

Norang-Bom Kangryuk-Yeorum Bulam Daebaekchae
rF = 0.97* r’ = 0.95* r* = 0.99** = 0.97*
L - .
A
- - Ad A
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° = .
= @ -
[ ]
L1 1 1] L1111 I N R N I l _ !
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Leaf position (outer <---> inner)

Fig. 23-B. Relationship between dry mass and leaf position from chinese

cabbage grown in fall season.
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Dry mass (%)

Spring 2001

Norang-Bom Kangryuck-Yeorum| Bulam Daebaekchae Total
7rr=0.94" T =0.83*" Tr=0.78"" =071 r=0.71* o
®
T *
L 1 ] i 1 1 1 1
wu_.w_._m 2002 - S ° 4 4 °
Norang-Bom Korengi-Yeoru Daebaekchae
6 lr=0.87" ir=0.91 _ 4r=0.56" -
*
) % *
44 1 L
(]
3t 4
1 | ] 1 1 1 L 1 1 1 1 L] L 1
2 3 2 3 4 2 3 2 3 4 4

Tissue firmness® (N)

Fig. 24-A. Correlation between dry mass and tissue firmness from chinese

cabbages grown in spring season.
“Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Dry mass (%)

Fall 2001
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Fig. 24-B. Correlation between dry mass and tissue firmness from chinese
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Tissue firmness? (N)
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cabbage grown in fall season.

*Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Table 6. Comparison of parameters of Ztissue firmness as a
function of leaf position with 5 different chinese

cabbage genotypes grown in spring and fall season.

= +
Varieties Season il Y2 *Mean
a b

Norang-Bom Spring '01 0.036 2.72 0.84++ 3.66
02 0.027 159 0.81*= 2.27

Fall ‘00 0.032 153 0.90++ 2.01

‘01 0.007 2.11 0.47++ 2.24

Kangryuck Spring '01 0.011 2.95 0.42%+ 3.27

-Yeorum 02 W= - - -
Fail '00 0.023 1.81 0.80*# 2.15

'01 0.023 193 0.87*= 2.36

Korengi Spring ‘01 = = - -
-Yeorum 02 0.039 1.32 0.93++ 2.26
Fall ‘00 0.005 181 0.34%= 1.88

‘01 = - - -

Bulam Spring 01 0.022 293 0.72%= 345
'02 0.008 2.22 0.55%= 2.40

Fall ‘00 0.022 1.75 0.75%# 2.08

01 0.010 1.75 0.34*+ 1.94

Daebaekchae Spring ‘01 0.048 313 0.78%+ 3.86
02 0.026 246 0.26% 2.93

Fall ‘00 0.029 1.83 0.85++ 2.26

'01 0.033 2.15 0.89+# 2.65

ZTissue firmness = Maximum peak height (N) / Thickness of
tissue (mm)
YStatistical significance is given at **P<0.01 and *P<0.05.
*Mean : Average of all leaves in one head. Five to ten heads per
genotypes use determined.

W_ : Not determined.
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Table 7. Comparison of parameters of tissue thickness as a
function of leaf position with 5 different chinese

cabbage genotypes grown in spring and fall season.

y=ax +b
Varieties Season Zy "Mean
a b

Norang-Bom Spring '01 -0.026 6.76 0.82++ 5.98
'02 -0.041 8.34 0.77++ 7.31

Fall 00 -0.065 9.76 0.94+=* 8.80

‘01 -0.005 9.00 0.48++ 891
Kangryuck Spring ‘01 -0.016 7.36 0.52++ 6.87

=Yeorum 02 X - - -
Fall '00 -0.047 9.52 0.72+= 8.80

01 -0.026 9.24 0.71+= 8.69

Korengi Spring '01 - - = =
~Yeorum 02 -0.052 8.63 0.85*# 7.35
Fall 00 -0.065 10.08 0.94++ 9.11

'01 = - = =

Bulam Spring ‘01 ~0.014 6.56 0.50+= 6.20
'02 -0.025 729 0.63+= 6.64

Fall 00 -0.023 8.37 0.53+= 8.01

'01 -0.008 8.15 0.15% 8.81

Daebaekchae Spring ‘01 -0.065 7.64 0.86+* 6.63
02 -0.084 8.68 0.71+= 7.26
Fall '00 ~-0.090 10.35 0.90+# 9.00

'01 -0.072 9.82 0.92++ 8.73

“Statistical significance is given at **P<0.01 and *P<0.05.
YMean : Average of all leaves in one head. Five to ten heads per
genotypes use determined.

X_ : Not determined.
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Table 8. Comparison of parameters of dry mass as a function
of leaf position with 5 different chinese cabbage

genotypes grown in spring and fall season.

R y=ax+b z 2 Y
Varieties Season T Mean
a b

Norang-Bom Spring ‘01 0.036 301 0.84+* 4.27
02 0.028 2.87 0.99++ 3.60

Fall ‘00 = - - =

01 0.071 2.16 0.97+* 366

Kangryuck Spring 01 0.031 2.89 0.86%* 4.12
~-Yeorum Fall 01 0.059 326 0.95+=* 451

Korengi Spring '01 - - = =
~Yeorum 02 0.046 267 0.99+= 3.84
Bulam Spring ‘01 0.028 3.08 0.93** 408
02 0.040 2.170 098+ 3.80

Fall '00 = = = -

'01 0.058 2.61 0.99+= 3.83

Daebaekchae Spring ‘01 0.024 3.46 0.65%* 412
02 0.025 3.40 0.84%% 3.76

Fall '00 o = - =

01 0.061 3.24 0.97+* 4.21

ZStatistical significance is given at *+*P<0.01 and *P<0.05.

YMean : Average of all leaves in one head. Five to ten heads per
genotypes use determined.

X_ : Not determined.
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L]  E 2 1 (20040)
da  HMEARE | EAF L %
T 3F 3 A NzmFEL)
g KNO3 A 101 6 30 3030 60.6
3 Ca(NOHO A 236 8 40 4720 94.4
il NHH;PO4 B 115 3 15 575 115
A
MgSO47TH:0 B 246 4 20 2460 492
EDTA-Fe A 20 4
HsBOz B 3 0.6
o]
2  MnSOs 4H:0 B 2 0.4
2 ZnSOs THHO B 0.22 0.044
&
CuSOs 5H:0 B 0.05 0.01
NaMoO4 2H:0 B 0.02 0.004
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2 Z71lQa(P=01370.85", Fig. 25), EZ A wF FZ59 Z=st ¥
Aug Mo A RE F3AM EA Yebgth(Fig. 25, Table 10). &
oo 22 ARE EAAWA 402N, SAA A 282NZ o] A oA
T =9n, ‘wFE L ERZAMAGE 32N, /HEdE 238N, ‘RBAGEF L
E7 296N, %9 18N Z#E Yeh Ak (Fig. 25, Table 10.).

GAd e AEE A7 FA ez FH GMT BEAR] sloped
Yol As ‘Borel A4 ERAWA 0040, FAA A 0008, ‘LB HF
EAAAA 0050, FAAuAA 00252 ZZ FAAMAA AA dett &
AAuA GALE FEAel7t AL Ro2 e TH(Table 10.).

At 59 FAE Aupdgd ARl ZE FFTM URe o=
Z4E A3 Y RE=02096", Fig. 26), ‘=FE, ‘BW L EFZAAN &

A Bt F59 FAZ e A2 YEgtH(Table 11).

GMd o3 F359 AEEL Auplye] BAGe RE EFFAAM WFE G
02 42 Z719P=093"0.99", Fig. 27), ERZAMAY F5o HAEE
& 3EF P 3M4%= FAA Q) 334%HTF ERHTable 12). ‘=389 2
BE8L EAAMA 342%, FAAMA 337%E REL, ‘LAAAE L ERZA
WA E 344%, FAAMGHE 3.33%, ‘B EF 347%, ¥ 331%= Y
Bhiod FAAHA EAAN B gAML AEEY AoVt 2 ALE 4
Ebytt(Table 12.).

F29 Axs AL AMYHEA EF BARL B FHRANT A

=)
ATHr=028"093", Fig. 28). & BEE] ¥ T5F 2L A= & AR

el th(Fig. 28.-Total, r=0.637).
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Ao BE A AudEs 24 #AG0] BE EZ2A Hunter 2
gol UF 922 BFE F7HIA o (*=0.70"092", Fig. 29), A== ¢
32 AWE BYoH(Fig. 30-Total, r=023). & W3 U9 Ax= Aupdyd) @
131e] WGz Z+E Huter 'a’'#tol 3718, ‘@'gto] B2 w3 Qo)
59 Ax7 Evx 98 £ ok

X,

of

A e T59 FET AiEF FF BAel RE EFdAM U
R goz 42 FARARE=05870.99", Fig. 31), ‘=F2e GE: B
AN 2.70%, FAAWA 287%F BAL, ‘RAXGEBE EFAuIAE=
2.56%, FAAu AN E 281%2 FAAMA =A Uehgos, FAAA EA
Al Bk GA L FEY A}o)7t B RS2 YERTHTable 13.).

59 A=} dxE Awpddst £33 @A 39 A#BA A

H(Fig. 32-Total, r=0.357). & BEJ} & F= 27L& AE/ vz 2
F 9.
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Norang-Bom orengi-Yeorum Bulam il
"Tle soilculture A Tle Sollculture e Soilculture
r* = 0.84* r* = 0.81* r’ = 0.64"
6 I-la  Nutriculture e T2 Nutriculture e [|& Nutriculture o I
£=013 .

Tissue firmness” (N)
F-N

0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 60
Leaf position (outer <--> inner)

Fig. 25 . Relationship between tissue firmness and leaf position from chinese cabbage
grown in soilcultre and nutriculture.

2Tissue firmness = Maximum peak height (N) / Thickness (mm)
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10 Norang-Bom Korengi-Yeorum Bulam
e Soilculture e Soilculture e Soilculture
9 ¥ = 0.86* ¥ =0.92" ¥ =0.76"
A  Nutriculture AA A A  Nutriculture A  Nutriculture
el r’ = 0.96* Al =088 || r’ =0.20*

Thickness of tissue (mm)
~
1

] | I l I 1 I l l l I l l l I | I | I
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 60

Leaf position (outer <--> inner)

Fig. 26 . Relationship between tissue thickness and leaf position from chinese cabbage
grown in soilcultre and nutriculture.
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Dry mass (%)
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® Soilculture
= 0.93"

A  Nutriculture

Korengi-Yeorum

Al e Soilculture N

r = 0.99*
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= 0,95

Bulam
® Soilculture -
r = 0.93*

A  Nutriculture

=098 o

1 l | l 1 ]

o B

30

40
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0 10 20 30 40 50
Leaf position (outer <--> inner)

0 10 20 30 40 50 60

Fig. 27 . Relationship between dry mass and leaf position from chinese cabbage
grown in soilcultre and nutriculture.
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Dry mass (%)

Norang-Bom Korengi-Yeoru Bulam
¢ Soilculture ¢ Soilculture e Soilculture
| r=086" | r=0.91* A r=0.80** 4
4  Nutriculture Nutriculture 4  Nutriculturg
r=0.93" | - - r=0.80" r=0.28

| I I A S| N I N | | I I N L1 1 1
2 3 4 5 86 2 3 4 5 6 2 3 4 5 86 1 2 3 4 5 6

Tissue firmness? (N)

Fig. 28 . Correlation between tissue firmness and dry mass from chinese cabbage
grown in soilcultre and nutriculture.

“Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Hunter "a" value

ulam
e Soilculture

Korengi-Yeorum
e Soilculture

Norang-Bom
e Soilculture

10

r* = 0.89* r* = 088" r* = 0.89*
5 a Nutriculture| 5 {la Nutriculture {|a Nutriculture i
= 0.92" r* =070

| ] | ] l | | I I l ] l ] ] I I l l
0 10 20 30 40 50 0 10 20 30 40 5 0 10 20 30 40 50

Leaf position (outer <--> inner)

Fig. 29 . Correlation between Hunter "a" value and leaf position from chinese
cabbage grown in soilcultre and nutriculture.
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Hunter "a" value

10 4

Tissue firmness? (N)

Norang-Bom Korengi-Yeorum Bulam Total
e Soilculture ¢ Soilculture o Soilculture r=0.23
r=0.71" i r=0.38 m r=0.30 10F
A  Nutriculture A Nutriculture A Nutriculture
r=049 r=043 r=0.57*
E Y 4 A ul 51 o $° 000 o
8A . *
A ¥ A" .o\\ ° * e, ¢*
¢\ . A 00 L 2
S
- A — -+ [ =
A °
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M
L = e 5= L 4 * “
o 000
*
bR
*e
= it - -10 |- v
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Fig. 30. Correlation between tissue firmness and Hunter "a" value from chinese

cabbage grown in soilcultre and nutriculture.

*Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Norang-Bom Korengi-Yeorum Bulam
° Wo:o:_ea \b ° wg_o:_ﬁ:a \, L] Wo:o:_EB
= 0.95* =0.96"* = 0.58*" |
4Ila Nutriculture \ */*Tla u_._io:::qm \ ® Tla Nutriculture
= 0.98**

r* = 0.98* A
4

* = 0.99*
\
[

Soluble solids (°Brix)

] i 1 I l I I l 1 l l l ] 1 I I I I
0 10 20 30 40 50 O 10 20 30 40 50 O 10 20 30 40 50

Leaf position (outer <--> inner)

Fig. 31. Relationship between soluble solids and leaf position from chinese cabbage
grown in soilcultre and nutriculture.
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Soluble solids (°Brix)

Norang-Bom Korengi-Yeorum Bulam Total
¢ Soilculture e Soilculture e Soilculture r=0.35*
| r=0.88* nl r=0.82" e r=0.49* 4 5 o
A Nutriculture A Nufriculture &  Nutriculture
r=0.86* r=0.80** r=0.25

2 3 4 5 2 3 4 5 2 3 4 5 2 3 4 5
Tissue firmness? (N)

Fig. 32. Correlation between tissue firmness and soluble solids from chinese
cabbage grown in soilcultre and nutriculture.

*Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Table 9. Comparison of parameters with 3 different chinese

cabbage genotypes grown in soilculture and

nutriculture.
S Mean of Mean of Max size leaf in head
vation
Varieties fresh leaves Mean of Mean of
method . i
weight (g) number length width
(cm) (cm)
Norang-Bom Soilculture 2750 58 1 26
Nutriculture 2855 4 44 32
Korengi Soilculture 2663 49 11 27
~Yeorum  Nypriculture 2984 41 42 30
Bulam Soilculture 3113 79 48 28
Nutriculture 3426 67 47 28

Mean : Average of all heads. Five to ten heads per genotypes

use determined.
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Table 10. Comparison of regression parameters of “tissue
firmness as a function of leaf position with 3
different chinese cabbage genotypes grown in

soilculture and nutriculture.

Cultivati y=ax+b
Varieties VoS Y g *Mean
method
a b
Norang-Bom  Soilculture 0.042 2.19 0.84+=+ 3.22
Nutriculture 0.058 1.32 0.83++ 2.38

Soilculture 0.050 1.85 0.81#+ 2.96

Korengi

~Yeorum Nutriculture 0025 142 085+ 1.87

Bulam Soilculture 0.040 294 0.64+= 4.02
Nutriculture  0.008 2.63 013 2.82

“Tissue firmness = Maximum peak height (N) / Thickness of
tissue (mm)

YStatistical significance is given at **P<0.01 and *P<0.05.

*Mean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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Table 11. Comparison of regression parameters of tissue
thickness as a function of leaf position with 3
different chinese cabbage genotypes grown in

soilculture and nutriculture.

.. =ax +b
Cultivation y z 9
T

method

Varieties YMean

a b

Norang-Bom  Soilculture  -0.051 7.48 0.86%+ 6.20

Nutriculture -0.072 8.30 0.96++ 6.87

Soilculture ~ —0.065 8.27 0.92++ 6.75

Korengi
~Yeorum Nutriculture -0.073 887  0.88++ 6.48
Bulam Soilculture  -0.035 721  0.76%+ 6.19

Nutriculture -0.013 7.31 0.20+ 6.99

ZStatistical significance is given at *+*P<0.01 and *P<0.05.
YMean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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Table 12. Comparison of regression parameters of dry mass as

a function of leaf position with 3 different chinese

cabbage genotypes grown in soilculture and
nutriculture.
. y=ax+b
Varieties Cultivation z 2 YMean
method
a b
Norang-Bom Soilculture 0.031 261 0.93++ 3.42
Nutriculture 0.061 2.09 0.96+* 3.37
Korengi Soilculture  0.047 233 0.99++ 344
“Yeorum \iriculture  0.056 224 095+ 333
Bulam Soilculture  0.025 281 0.93++ 347
Nutriculture 0.034 243 - 0.98++ 3.31

ZStatistical significance is given at **P<0.01 and *P<0.05.

YMean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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Table 13. Comparison of regression parameters of soluble
solids as a function of leaf position with 3 different

chinese cabbage genotypes grown in soilculture and

nutriculture.
.. y=ax+bhb
Cultivation
Varieties Zy YMean
method b
a

Norang-Bom  Soilculture 0.039 1.77 0.95%+ 2.70

Nutriculture  0.063 1.65 0.98++ 2.87

Soilculture 0.041 1.65 0.96++ 2.56

Korengi
~Yeorum Nutriculture  0.057 170  0.98%+ 2.81
Bulam Soilculture 0017 201 058+ 248

Nutriculture  0.031 1.70 0.99++ 244

ZStatistical significance is given at **P<0.01 and *P<0.05.
YMean : Average of all leaves in one head. Five to ten heads per

genotypes use determined.
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TS T, Adsty 59 FE € gMd AEEE SAsA FawA
£ 7Y

7l FAAR

2 d¥dAe 72 BY, ‘=334, CR-FY'& TAY,
2001d 9712¢ FRALL FH LT FEFFTRY 2XNLEFATA
g FRARL A AGT (F)FFFTEY A TN 2EATH
o=z A, sty ztz7t FF5Y FxE % AEFTE ZAFAS

. AS =4

AujAGE= AA ] BAFL FAF,
F 57t HE U7X @wEAozHE g7)
3% 71 2 99 433 4% 9 doE 3

Ade 03 2Ll Add Q
vg Auss 48 24NN
A8,

olr

. AE&A

a3 T5Y AEE ARG W ZdAA AFEHA FF st HE
INA @R o2RYH FrIFE AGIIh gHE F5 sdy9
FAL #9995 A7 12mm cork borerE o1&, AWNE AF 3 Texture
Analyser TA-HDi (Stable Micro Systems, England)®] Volodkevich Bite
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Jaws probe® ZAF B FAR =Fd A= o= RIS
(Tissue Firmness = Maximum Peak Height / Thickness of Tissue).

% AEFT 54
AuAdgdz 240 AEE 23 F 3 FF59 FT5E=2H: 942
2 AAF 208 & AHAsS FEAAx F AEFFE AL

3. 472#%

AR o] wet FEEAE AT A, FF @A) FFA L
A A e BAFo] FRAGANM A wMFe] AFEY § %
gtom, ‘wFFA'F CR-FY'L d4 =T FFATAA A #jF7t
o 2yt = AT P E 99 GA/EFY viEL TFARY wWF
o Adgel o Bt F FRALAA AuF wFe RG] EFA
ol vt o Z2%3sAH(Table 14.).

ME 23 Axe AMAGd AN ZE FFAA 7Y o=
22 =7138193(%=0.75"70.96", Fig. 33), ¥¥A LA AwWg w3 F
29 Ax7 FHAAN AN wFe A=Y RE FFAM =4 UER
th(Fig. 33, Table 15). ‘CR-59'9] F& AzE FFAY AHA 2.90N,
A AujA 3.00N2 ZHzte] AuiA e A A =3, EEE TF
A LN, FEAME 22N, =FF'L FH 23N, F5 27/N9
A& Jel) Y oHFig. 33, Table 15.).

e

dAd w2 AEE FAIH/PANez YeHEd fFAT FEAY
slopes ‘B9re) A$ FEAY AujA 0018, &5 AuA 001902 A
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Aol Al XD BEATN AQen, ‘=FFH'L FHAXA 0032,
FRAu A 0016, ‘CR-FL'S F5 0056, &5 004322 Z+Z G7A
o AuielM FMT xRN AL ALz YEPRTHTable 15.).

FA7E F59 FAE A G FAR] ZE FFNA WF- g

2 242 ZA2AJC=072"7095", Fig. 34), ‘BY, ‘=334’ A
Aol Aut wiFe F5 =39 FA o FR%:, CR-FY'L F59
A Qg wjFe] F5 & o] ¢ gttt BE FFAA FHAG A
Al ERAGE G GM3E FAR 7L A tH(Table 16.).

A g F54 AEEL AuAG] #AQol ZE FEFAA W
Foz BFE FAFARC=096"7099", Fig. 35), ‘B¢ REEL F
FAY AA] 452%, FHAG AuiA] 4.09%E BAL, wFFHL FR
AME 412%, FH-AME 487%, ‘CR-BTL' L FTH 479%, 71 4.26%%
H(Table 17.). &, ‘B2 ‘§/~17P AEFFA1Q slope?t FH-A 0121,
FH-oA 010802 GAZT AEFFY Aol7t AYem, CR-FL'0l b
FE gt A3t A4 HE DEFH A7t BE Aew YE
5 tHTable 17.).

BY'E wFFA, CR-FLA vl GA% FEs} T, DERT
Akol7h Hgie,
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Tissue firmness® (N)

5 |- ® Chochiwon - e Chochiwon 4.e Chochiwon
r? = 0.87** r? = 0.88** ¥ = 0.96*
A Haenam A Haenam A Haenam

Bulam Norang-Chusuk CR-Tongil

| #=080" 4 =075+ 4 F#=093

I I ] 1 | ] | l | | ] | | | I

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Leaf position (outer <--> inner)

Fig. 33. Relationship between tissue firmness and leaf position from chinese
cabbage grown in Chochiwon and Haenam .
Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Thickness of tissue (mm)

11

10

A
Bulam Norang-Chusuk b/
- @ Chochiwon . W:oos_io: e a °
= 0.82~ = 0.79" /
A Haenam e A Haenam A
L =072+ 2 %%% 4+ P=os~ . 2 \a
A
A

1 l ] l l 1 ] ] I

CR-Tongil
Chochiwonr
* = 0.93*
Haenam
r? = 0.95* -

10 20 30 40 0 10 20 30 40
Leaf position (outer <--> inner)

Fig. 34. Relationship between thickness of tissue and leaf position from

chinese cabbage grown in Chochiwon and Haenam .
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Dry mass (%)

Bulam

e Chochiwon
r? = 0.99*

7 a Haenam

r? = 0.99*

Norang-Chusuk
Chochiwon
= 0.99*
Haenam
r*=0.99*

I | | 1 1

CR-Tongil

Chochiwon
r? = 0.99*

- A Haenam

r? = 0.96**

40

0 10 20 30 40

Leaf position (outer <--> inner)

20

30

Fig. 35. Relationship between dry mass and leaf position from chinese
cabbage grown in Chochiwon and Haenam .
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Dry mass (%)

Bulam
Chochiwon
r=0.66"*

Haenam
r= o.m&;o

Nora
[ ]

A

ng-Chusuk
Chochiwon
r=0.91*
Haenam
r=0.83*

CR-Tongil
e Chochiwon -
r=0.97**
Haenam

r=0.87*

A

Fig. 36. Correlation between tissue firmness and dry mass from chinese cabbage

2

3

Tissue firmness? (N)

grown in Chochiwon and Haenam.

*Tissue firmness = Maximum peak height (N) / Thickness (mm)
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Table 14. Comparison of parameters with 3 different chinese

cabbage genotypes grown in Chochiwon and

Haenam.
Max size leaf in one
. ™ean of Mean of head
tivat
Varieties Cultivation fresh leaves Mean of Mean of
a
area  eight (z) number  length  width
(cm) (cm)
Bulam Chochiwon 3804 57 42 23
Haenam 3941 56 41 27
Norang-Chusuk Chochiwon 3591 57 41 27
Haenam 3967 60 34 23
CR-Tongil Chochiwon 3291 53 40 25
Haenam 3990 62 46 35

Mean : Average of all heads. Five to ten heads per genotypes

use determined.
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Table 15. Comparison of regression parameters of tissue

firmness as a function of leaf position with 3

different chinese cabbage genotypes grown in

Chochiwon and Haenam.”

Culti . y=ax +b
Varieties IRsvation X2 Mean
area a b
Bulam Chochiwon  0.018 143 0.87+=* 1.84
Haenam 0.019 1.86 0.79+= 2.22
Norang-Chusuk Chochiwon  0.032 1.62 0.88++ 2.35
Haenam 0.016 245 0.75%* 271
CR-Tongil Chochiwon  0.056 1.60 0.96++ 2.90
Haenam 0.043 2.23 0.93++ 3.09

“Data were obtained from 10 heads.
YTissue firmness = Maximum peak height (N) / Thickness of

tissue (mm)

XStatistical significance is given at **P<0.01 and *P<0.05.
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Table 16. Comparison of regression parameters of tissue
thickness as a function of leaf position with 3
different chinese cabbage genotypes grown in

Chochiwon and Haenam.”

Cultivati yoax+b
Varieties fvation X Mean
arca a b
Bulam Chochiwon 0.007 9.21 0.82+* 9.04
Haenam 0.033 9.33 0.72+% 8.66
Norang~Chusuk Chochiwon 0.019 9.56 0.79+=* 9.12
Haenam 0.025 9.49 0.81*# 891
CR-Tongil Chochiwon 0.058 9.94 0.93+= 8.61
Haenam 0.087 11.05 0.95%* 9.32

“Data were obtained from 10 heads.
YStatistical significance is given at *+*P<0.01 and *P<0.05.
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Table 17. Comparison of regression parameters of dry mass as

a function of leaf position with 3 different chinese

cabbage genotypes grown Chochiwon and
Haenam.Z
e y = ax + b
Varieties Cultivation X2 Mean
area a b
Bulam Chochiwon 0.121 1.75 0.99++ 452
Haenam 0.108 1.93 0.99+* 4.09
Norang-Chusuk Chochiwon 0.074 2.49 0.99%= 412
Haenam 0.084 3.19 0.99+= 487
CR~-Tongil Chochiwon 0.116 224 0.99+* 4.79
Haenam 0.052 3.22 0.96++ 426

“Data were obtained from 10 heads.

YStatistical significance is given at #+P<0.01 and *P<0.05.
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Ae6dA FFE AN 2AF A
1. 254 A 237
Wze) 27T AA AT 2AFE viwstd 4K 24 3
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B 97hE AAste JEaAE 2,

1) FAAR
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2o Am FEE WFF 1270 FFE INAAG wF F5 2L =
Aste @8, E53 53714 AA AAFIAD (F)AGeAAA 71d T4
o 98 A=A AKNE L9 FExA] AxE FA H2eA, /T

Age ANRPT B F2E =3 E, ABMFERE ZH9E, xFA9F,

1PN EL FARYR, 7L WF2E Y, =3FH, CR-E4, CR-%
9, Fxo 5EFL, 4EHFE 5, BHAZ oy, AR AdE
FAsgT. 4 718 2dstd PAAE ol 4TAA 253 ART F
AE, 2 97tg AU
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AR AEEAL W Ax3A FHG T Yo 24T 9
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& AAsE gMER SAFA.

3 AAY B F7h
ABE QA BAPL A7) 99 FEHAE AR%A DFLA 10
Pe ooz 494 st 94 N0z B que A,
T8 12EF 4AE A2 ASAAT 2AYBoR nz 247,
@A, 4, % $& FEstel B

o AFdst

D #Fst AAY 7HE AF 2IHE AL

2EHY 7HEFA s 1271 FF AAE AFY AxE 54 Y
# TLeA A= FAF H3AY wWiFe FEE vasY. 2L 2
A Adstd dR = 239 BAEE FAALH, vE dF 6E)E 3
AgZAA ZE FF 4 Aoz TIAAE =4 W54
A 7tEF 4EuFed 39 B+ d2 FF4 A& 5 249 Fx
o e, 35 239 FAs ¢ gkt AAMEAR EFFA o
g Axst FAC Qo ¥ F#E EHH(Fig. 37).

JAoE AA HF A% wR: z2e) SHo] EBF4 By Tz
A dssE Aoz adr).

EFH =FFAE AT 10719 ZE FFAAA AA HEF FTF
o FAE A9 s LA A wet yhem FeE H ¢
otA31(Table 18), 1270 FF9 #HA 71¥d W39 T5 4F4 BT
874mmel A 1, 71EF 534dmmE HAA 7HEF FTHY FAE o 600%BE
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gFolATH (Table 18, Fig. 37). 224 Wz &5 =7 Frste
o) A g2 AX HFF WAL 2T FEC AH A&
= A%E vEden, A A3 WFd $5 A= FTL 228Ne%l3,
712% 656NC 2 A 7FEFE FE29 AAY AEE F AR =789
™H(Table 19., Fig. 38).

‘Bop, 'wFHAL gE EFA v g Wi FAReT A
ANBAE A EFxoz AR HF FAE A% HEy FAL 9E
2 Wy TIHT, FF, ‘=F9E, CR-AY, CR-IAH" & A
A AEAFE 947 WG Aol FHTable 18). FHAE, DAA'E 7
FA 94973 WY FAAL Aot AFFE WEgH g8 Aot AR
F ol tHTable 18.).

wFE FEAE 5 g g AEA AANMTHF EF
a2 Fxoy, ‘=F48'e /FA AE/t TR JHEF ddH o
Qo] ol AR EFo|YtHTable 19). ‘CR-AA’, ‘TF'€ 71 944
3 g AxAst Fou AEF g A4 Aolst ddaAd FFl
R H(Table 19.).

ANAE AF 229 Ax9 GFAE FRBANL H L& Aoz Yy
HFig. 39, A% : r=045 @57 : r=0.43).
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Table 18. Comparison of regression parameters of leaf thickness as function of leaf position with tissue of
fresh chinese cabbage and their processed products, kimchi.

Linear regression parametiers . N
YMean tissue thickness

L. (y = ax + b) Zy? B/A
Varieties " E (mm) %)
Fresh Fermented Fresh Fermented Fresh Fermented Fresh(A) Fermented(B)
Norang-Bom -0.065 -0.091 9.76 5.82 0.70++ 0.62+* 8.80 5.32 60.5
Kangryuck-Yeorum -0.047 -0.129 9.52 5.88 0.64** 0.50++ 8.80 5.06 57.5
Norang-Yeorum -0.081 -0.157 10.89 6.43 0.90%=* 0.67++ 9.28 5.57 60.0
Korengi-Yeorum -0.065 -0.117 10.08 6.24 0.77+=* 0.58+* 9.11 5.60 61.5
Bulam -0.023 -0.047 8.37 5.22 0.20+ 0.08 8.01 4.96 61.9
Norang—Chusuk -0.059 -0.007 10.06 5.60 0.92++ 0.01 8.87 5.55 62.6
CR-Shingshing -0.088 -0.153 9.06 6.59 0.94+* 0.71+=* 7.74 5.75 74.3
CR-Power -0.090 -0.145 9.51 5.86 0.74+=+ 0.37+ 8.16 5.06 62.0
Rangno -0.058 -0.088 9.80 6.04 0.66%= 0.36+ 894 5.56 62.2
Dong-Poong -0.115 -0.115 10.69 5.05 0.67** 0.556** 8.97 4.42 49.3
Daebaekchae -0.090 -0.086 10.35 6.38 0.83+=* 0.30+ 9.00 5.91 65.7
Kwon-Shim -0.050 -0.132 9.97 6.09 0.45+# 0.62+* 9.22 5.37 58.2
Average -0.069 __-0.105 9.84 5.93 0.70 0. 8.74 534 613

“Statistical significance is given at **P<0.01 and *P<0.05.
YMean : Average of all leaves in one head. Five to ten heads per genotypes use determined.
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= 0.70** r* = 0.62**

Thickness of tissue (mm)

| P T S L I | I L
0 5 10 15 20 25 30 2 4 6 8 10

Leaf position (outer <---> inner)

Fig. 37. Relationship between thickness of tissue and leaf position of Norang-Bom.
A : Fresh cabbage B : Kimchi
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Table 19. Comparison of regression parameters of tissue firmness as funtion of leaf position with tissue of
fresh chinese cabbage and their processed products, kimchi.

Linear regression parameters

S5 *Mean tissue firmness
. (y = ax +b) r B/A
Varieties " 5 N) %)

Fresh Fermented Fresh Fermented Fresh Fermented Fresh(A) Fermented(B)
Norang-Bom 0.032 -0.356 153 8.49 0.77*=+ 0.66+=+ 2.01 6.53 3249
Kangryuck-Yeorum 0.023 -0.311 181 9.04 0.81*=* 0.52+=+ 2.15 7.33 3409
Norang-Yeorum 0.007 -0.330 223 7.38 0.30*=* 0.55+* 2.24 557 248.7
Korengi-Yeorum 0.005 -0.218 1.81 7.12 0.32# 0.69+* 1.88 6.52 346.8
Bulam 0.022 -0.430 1.75 9.29 0.75+=* 0.62+* 2.08 6.92 332.7
Norang—-Chusuk 0.015 -0.179 223 726 0.56*=* 0.40+ 254 6.27 2469
CR-5hingshing 0.041 -0.274 2.85 8.37 0.71*=* 0.64++ 346 6.86 198.3
CR-Power 0.032 -0.109 2.32 7.96 0.79*=* 0.11 2.80 7.36 262.9
Rangno 0.007 -0.238 1.48 6.73 0.62++ 0.79++ 1.58 5.42 343.0
Dong-Poong 0.059 -0.110 1.56 8.05 0.85%# 0.25 244 7.99 3275
Daebaekchae 0.029 -0.246 183 743 0.85%# 0.83%=* 2.26 6.07 268.6
Kwon—-Shim 0.016 -0.206 1.68 7.03 0.85*=* 0.46%* 1.92 5.90 307.3
Average 0.024 ~0.251 1.92 7.90 0.68 0.54 2.28 6.56 287.7

“Tissue firmness = Maximum peak height (N) / Thickness of tissue (mm)
YStatistical significance is given at **P<0.01 and *P<0.05.
*Mean : Average of all leaves in one head. Five to ten heads per genotypes use determined.
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Tissue firmness” (N)

N | S [ N S 1 1 | _ _
0 5 10 15 20 25 30 2 4 6 8 10

Leaf position (outer <---> inner)

Fig. 38. Relationship between tissue firmness and leaf position of Bulam.
A : Fresh cabbage B : Kimchi
*Tissue firmness = Max peak height (N) / Thickness of tissue (mm)
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Tissue thickness of kimchi (mm)

Tissue firmness of kimchi (N)
\'
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Tissue firmness of fresh cabbage (N)
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Norang-Bom
Kangryuck-Yeorum
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Norang-Chusuk
CR-Shingshing
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Daebaekchae
Kwon-Shim

r=043
B
&
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A
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Tissue thickness of fresh cabbage (mm)

Fig. 39. Correlation between fresh cabbage and kimchi

A : Tissue firmness
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Tissue firmness of fresh
chinese cabbage (10” x N)

Tissue firmness of fresh
chinese cabbage (10% x N)
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Fig. 41. Correlation between tissue firmness of fresh
chinese cabbage and sensory evaluation

A : Tissue firmness vs Briftieness

B : Overall taste vs Brittleness

C : Tissue firmness vs Overall taste
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713 A #AS5APL 7] 98 FEFAE AFASHA dFEA 10
Be gaez Add dadrh A o= &3 A%s AMSIAY,
H2e 58%9 AAE ABE AL 2ATHLE 17, 233 9
A, A, 9 & FE FrASAT

o a+2s

Ax AEE QA ZEY pHE RE EFFTAA JHEF 497HA
52353022 X8l 49 olF FA3J WEsto 25 F= 3837420
o2 a3 tHFig. 42).

AR 4FAE 49 59 A AF FAF I8 228 JHEF

£ Azbe] AgSE AW FastAH(Fig. 43).

279 AEE /% I4F F43 3% ATE IN IR Fo
A7 dseedFg. 4, 3R MFY FEE AN AREES ¥
FRBAY AAHFig. 45). & BEA £ NFE AT ALF 9 ¥
g EdAR, AT/ $e WFE A%F 289 BAAHFie 4, Fig.
45).
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—y— Korengi-Yeorum
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2 45 : —
40 - ]
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Storage time (days)

Fig. 42. Changes in pH of Kimchi of chinese cabbage
during storage at 2°C for 22days.
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Thickness of tissue (mm)

—&— Norang-Bom

8- --0- Korengi-Yeorum
—y- Bulam
7~ —— Dong-Poong

—&— Daebaekchae

6 e

5L R TS0, =
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Fig. 43. Changes in leaf thickness of Kimchi of
chinese cabbage at 2°C for 14days.
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Fig. 44. Changes in firmness of Kimchi of chinese
cabbage during storage at 2°C for 14days.
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Fig. 45. Correlation between tissue firmness of fresh
chinese cabbage and diminution rate of firmnes
in kimchi of during storage at 2°C

ZTissue firmness = Max. peak height (N) / Thickness of tissue (mm)
YDiminution rate : Slope 'a' (y =ax + b)
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Tissue firmness

Brittleness Chewiness

Fig. 47. Correlation between firmness and sensory evaluation

A : Firmness vs Brittleness
B : Firmness vs Chewiness
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TA-HDi (Stable Micro Systems, England)®] Volodkevich Bite Jaws probeE
EAstd #9 FAF 24 A= Yo FAFHHTissue Firmness =
Maximum Peak Height / Thickness of Tissue).

Z+ £F4E 34 AA 10£718 FF 830

4 AMFs) T B
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A 109¢ tdoz 49 datgnh QA eHom B3 Awg Ag
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e,

5 AR w5 Bt

AR AZF 2EFY BEAYL A7) A9 FZRAS AR A
44 1092 ez 4¥q dstan. 97 SH0E B3 e A
$493, 2AYEoR wZ, 23, WA, 4, 48 5 FEsd W7t
shgiet,

o 472
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AR A3 W3] A=A Az BE EFAA EAANS w3
z2 A5 G RFuT BRI, Bl AF FRed, nBA
£'0] 7% RATHFig. 48, 49).

AEESAS QujFe) #5P7LE AAFE 2, ZE FFAM F4A4
3 3o Hlstd ERANME w5 AFHA %, @ o] £ A=
23 A7 YA S HAFE TR, =FE, EF L GO AR,
olatolatdt AE, A7 AX 59 FEAN 29 BA=FY FFH Fd
3% AAE Bgon, ERANE wFBo) G tto] FX3, FAANE
‘B 71 gro] Wolx= Aoz yelsthFig. 48, 49).

AANZEY #A5HAME AF 249 FEE AR =A/RT @
a4 AE, 47 A=Y 53 @] gle A2 Uegor(Fig. 50,
51), EAAUE WF QA7 FAARSE WG A v dEd A&,
A7 A=} B3, EAANG 2AAAE AAZ P AAAL 5ol
£& Aoz YeEn:, 44N ‘nAAAE A7 HE sto] oA
Aoz versith(Fig. 50, 51).
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Sensory evaluation scores Tissue firmness (N)
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Tissue fimness (N)
Tissue fimness (N) Tissue firmness (N}

JuiginessE) ‘w Overall taste
’k r Sweel taste

A

Overall taste

.}“r Sweel taste

_ A

Juiginas a

Chewiness

Crispnes Bitter taste
Crispness Bitter taste
Hardness
Hardness Hardness
ﬂl‘l Soilculture —&— zS_‘_n:_Ew_
Norang—-Bom Korengi—-Yeorum Bulam

Fig. 49. Comparison of QDA profiles tissue firmness of fresh chinese cabbage and sensory

evaluation of fresh chinese cabbage.
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Tissue firmness

(N)
Juiciness A’! Overall taste
/ X |
f REX A

Chewiness Sour taste

Crispness Green taste

NP
/.mw‘ﬁ

Hardness

—&— Soilculture —8— Nutriculture

Norang-Bom

Fig. 51. Comparison of QDA profiles of tissue firmness of fresh chinese cabbage and sensory

evaluation of kimchi.
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Table 20. Correlation coefficient of quality parameters of chinese cabbages and their products 'Kimchi’.

Fresh chinese cabbage Kimchi Sensory evaluation of fresh chinese cabbage Sensory evaluation of kimchi
dry solubl overall weet bitte: . overall 5 .
firmness thickness o=. B firmness thickness s ier hardness crispness chewiness juiciness hardness crispness chewiness
mass solid taste taste taste taste

thickness -060 -
Fresh
chinese Iy mass 0.77+%  -0.71% =

cabbage soluble

- -054  -003  -0.09 -

solid ]

fimmness  -040 -0.40 -0.20 -0.40 -
Kimchi

thickness 0.60 -0.40 0.80+ 1.00++ 040 -

1

overall i _083er 066+ 026 02 0.80% =

taste

sweet

055 067+ 073 04 -013 067 0.79++ -

Sensory taste
evaluati bitter taste -060 0.20 -026 0.49 0.00 077 071+ 055 -
-on of
fresh  hardpess 060 -1.00%+ 071+ 003 040 040 0.83++ 067+« -020 -
chinese  :opmess 060  -1.00++ 071+ 003 040 040 0.83++  0.67+  -020 1.00%+ -
cabbage

chewiness 014 -07T% 026 049 0.00 -0.20 0.60 061 -0.09 0.77++ 077+ -

juiciness -0.66%  094%x 060 0% 040  -040  -0.89++ -055 037 0044+ -0.9de+ -0.66% -

overall

072 031 0.92¢+ -051  -051 051 031 048 -057 081  -031  -051 03t -

taste
Sensory hardness  084s+  -067 087 087  -013 067 094++ 1004+ -099++ 087 067 0.40 -0.67 048 -
evaluati .

;. crispness 0.80» -0.80+ 060  -0.80+ 020 0.80+  1.00s+ 0.94#+ -095%+ 080+  0.80+ 040 -0.80+ 031 0.94++ -

—0on o
kimchi chewiness 080+ 000 1.00+x -0.80% -0.20 080+ 060 067  -077 0.00 000  -040 0.00 0.92++ 067 060 -

juiciness 013 1.00++ 000 040 -040  -0.40 0.40 -067 060 -1.00%+ -100++ -0.80+  1.00++ 031 -067  -080 0.00
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