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Establishment of High-quality Rootstock
Production Technique in Chicory and Blanching
Culture Technique in Chicon
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SUMMARY

Chapter 1. the goal and the needs of the research

Chicon is the things like the buds of cabbage when the roots of chicory is treated
cold and then the roots are grown at 12~18T in the dark place. In generally, Chicory
has the effects for the digestion, urination, mitigation, rheumatism, joint rheumatism,
and gout, and especially Intybin in which is bitter is good for the improvement of
appetite and digestion, liver disease, biliousness, and compared with other vegetables,
Chicon contains a lot of vitamin A, C, Kalium, calcium, phosphorus. the taste of it is
soft and crisp. In Europe, they are widely used for a salad, for a fried dish, and in
Japan they are used for a salad, sushi, and lettuce-wrapped rice. the producing country
in Europe are Belgium, Holland, and France.

The Chicon is widely consumed in every europe country, Japan, Taiwan. South
Korea. Hence, this investigation was conducted to develop the technique of blanching
culture for the high—quality rootstock and Chicon producing because we thought this

Chicon will offer great benefits for the farmers in South korea.

Chapter 2. Establishment of high—quality rootstock production techniques in Chicory
section 1. Selection of optimal varieties in land and high land
The germination rate of every cultivar were 2.2% higher in lksan than Namwon,
the 5 cultivars including ‘Tabor' showed more than 90% in any places, ‘Senator’
and ‘Yellora® showed the less than 90% in Namwon, Iksan for the stand rate, Iksan
was 2 % higher than Namwon, among the cultivars ‘Tabor® was 91.1 ~90.8% higher
and ‘Vintor’ was lower than any other kind for the root weight of Chicon, the roots
in Namwon was bigger than in Iksan regardless of cultivars, and so was rootstock. the
amounts(kg/10a) of each cultivar were ‘Metafora” (3,079) > ‘Vintor® (2,225) >
Yellora" (2175) > 'Focus' (2164) in Iksan, ‘Focus' (3303) > ‘Merafora’ (3179) >
Yellora” (2928) >  ‘Tabor’ (2902) in Namwon for the fresh weight of Chicon,
Skeena” was 175.9g, ‘Kibora" was 200g, ‘Focus’ and ‘“Tabor’ were around 24
0~260g, ‘Senator’ and ‘Vintor' were around 300g, ‘Yellora’ and ‘Metafora’
were around 320g.
For the heading rate, ‘Yellora" , ‘Metafora® , and ‘Senator’ were reasonable,
‘Skeena’ was bad (60%), every cultivars except 'Skeena’ was more than 80%, and
especially 'Yellora® and ‘Vintor" have 100% respectively. therefore every cultivar

but ‘Skeena” were suitable for the producing Chicon.
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section 2. Investigation of sowing times in land and high land

For the temperature between lksan and Namwon, Iksan was 3.5C higher than
Namwon the differences of the temperatures in April, May, June were 25T, and in
July, August, September were 35C, and in October and November was 4.6C
respectively. For the hours of sunshine, Namwon is 0.3 hours longer. For the
precipitation, Namwon(1947mm) was more 15% than Iksan, but for the precipitation
days, Iksan was 9 days longer. For the sowing time, top growth was greater in Iksan.
Bolting rate was 100% in April, May, June, and was below 10% between late July and
1st August, but there was no bolting after the late August. the proper Chicory
rootstock diameter for the Chicon production is 4~5cm.

The chicory root during the period of April to June which had the bolting of
growing point was not proper, and the sowing from the late August was not proper,
because the root weight was below 100g because of the limit of culturing period.
therefore in the southern area, the suitable sowing time is between the late July and

the early August.

section 3. Investigation of rootstock culturing days

Regardless of the dark or bright, germination rate was 88 % at 20C, germinative
energy was 78.3% at 25T, the average budding was shorter as the temperature was
getting high for the top growth, there was a steady status at the rootstock which has
the 120 days after planting, and there was big differences in leaf area, no. of leaves,
leaf fresh weight, but there was no differences in leaf length, leaf width, heading rate
and marketability of Chicon showed 100% at the roots which harvested from the
rootstock which had 120 days, but the 80 days roots did not have buds or had

incomplete Chicon.

section 4. Investigation of mulching method

The level of stand rate was black and white P.E.(92.7%) > black P.E.(90.7%) >
green P.E.(88.3%) and control was 64.7%. the level of the root amount per 10a was
black P.E(3,413) > black and white P.E.(3194) > green P.E.(2819). as the results of
blanching culture using each covering materials, the fresh weight per one was 245~
237g at the black P.E. green P.E., and black P.E., the forming degree of Chicon was

2.0~2.2, and the forming rate was 90~92%, so the suitable way for root mulching is
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the black P.E.

section 5. Investigation of nurserying method and days

The stand rate at the cup pot and plug tray was 90% after 20 days and 30 days,
respectively. the stand rate for the growing period of 10 days was around 86% and
10% lower than the 20 days and 30 days. the lowest stand rate was in case of direct
sowing and had the missing plant rate of 20% and the length of enlargement root was
24cm, and longest in case of direct sowing as the growing period were getting longer,
the length was short the weight per Chicon was 235g, heaviest at the root of direct
sowing, the weight from cup pot and plug tray were 220g and 225g, respectively at
the 20 days. Hence, for the suitable way for producing Chicon, direct sowing is most
proper method. and because the seed is too small, at the beginning of sowing establish
plastic spray tube for increasing the stand rate. The stand rate at the cup pot and
plug tray was 90% after 20 days and 30 days, respectively. the stand rate for the
growing period of 10 days was around 86% and 10% lower than the 20 days and 30
days. the lowest stand rate was in case of direct sowing and had the missing plant
rate of 20% and the length of enlargement root was 24cm, and longest in case of
direct sowing as the growing period were getting longer, the length was short the
weight per Chicon was 235g, heaviest at the root of direct sowing, the weight from
cup pot and plug tray were 220g and 225g, respectively at the 20 days. Hence, for the
suitable way for producing Chicon, direct sowing is most proper method, and because
the seed is too small, at the beginning of sowing establish plastic spray tube for

increasing the stand rate.

Chapter 3. Establishment of Chicon blanching culture technique

section 1. Selection of optimal blanching culture types

To select the proper blanching culture type, this study was compared with soil
culture and hydroponics. the growth characteristics have no differences between the
soil and hydroponic culture, but hydroponics was better than soil culture in head
formation, soil culture had more outer leaf than hydroponics. There are no different
ways to operate between them but the calorie was higher in hydroponics than soil
culture, and the contents of mineral element was higher in hydroponics than soil
culture. There was no differences between them in color value of Chicon because there

are no differences between them.
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section 2. Investigation of blanching temperature

This study was conducted to investigate the quality and growth of Chicon
depending on the blanching temperature. The optimal growth characteristics of Chicon
requires the 20C rather than 10C or 30T, the contents of protein and water were
higher at 10C than at 20C, the calorie and total sucrose were higher at 20C than 1
0C, the contents of mineral element has no diffences between them, the color value of
Chicon has no differences, but there was a little brighter at 20C. Hence, the optimal

temperature for chicon production is at 20C.

section 3. Investigation of Chicon packing method

The storability of Chicon was compared by packing it with P.E. box, wrap,
LDPE(low density polyethylene) film that was 25 and 50 gm thickness, respectively and
storing at 1 and 10C under light and dark conditions. The visual quality depending on
dehydration was deteriorated at more than 2% weight loss during storage. In packing
treatments, Chicon packed with P.E. box lost fresh weight to 3% at 10C and 2% at
1C, while non-penetrated film treatment, wrap, 25 and 50 m thickness LDPE film,
showed less than 1% weight loss. The carbon dioxide concentration in package was
3~4% in 50 gm LDPE film at 1C and 25 gm LDPE film at 10C. The ethylene
concentration in 50 gm LDPE film at 1C and 25 um LDPE film at 10C was
approximately 0.3 ppm and 0.5 ppm, respectively. Chicon stored in dark condition didn’t
turn to green, but it turned green only in 3 days at 10C and in 6 days at 1C under
light condition. The greening of Chicon was less, the packing materials was thicker.
The chlorophyll content represented the degree of greening showed less at 1C then at
10°C. The coefficient of correlation(r) between chlorophyll content and carbon dioxide
concentration in package was 0.926 at 1C and 0.997 at 10C. The visual quality except
greening of packed Chicon was maintained at 1°C better than 10C, and it was shown
highest grade packed with 50 gm LDPE film at 1C and packed with 25 gm LDPE film
at 10C. The vitamin C content in packed Chicon was kept higher at 1C on storage
temperatures, and 25 um and 50 gm LDPE film on packing materials.

According to these results, it can be proper condition for storage and marketing of
Chicon that 50 gm LDPE film at 1C and 25 gm LDPE film at 10C. And dark condition

is necessary to store Chicon because it should turn green under tiny light condition.
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section 4. Investigation of blanching periode

The study was conducted to establish blanching culture of Chicon which expected
to become exporting crop, for preventing Korea from importing the foreign Chicon and
increasing the growers profits, the days of blanching culture is based on 5 treatments
such as 10 days, 15 days, 20 days, 25 days, and 30 days. The growth was good as
blanching culture days are longer, there were too many outer leaf, and the ratio of
bolting was 16% on the 25 days, 30% on the 30 days. On the 10th day, the weight of
Chicon was light, the hardness was low, the density was low. The quality of Chicon
had no differences among the treatments. Therefore, the optimal condition for blanching

culture of chicory is that the days of blanching culture is 20 days.

section 5. Investigation of rootstock treatment method

This study was conducted to investigate the effect of the rootstock treatments on
the growth and quality of Chicon. For the stage of removing the outer leaves, the
treatment which removed the outer leaves completely has big differences in fresh
weight and dry weight, but there was no differences in length, diameter, hardness,
color value of Chicon. For the depth of leaf remove, the length of growing point was
lem, and Z2cm, but there was no differences in length, hardness, color value, fresh

weight, dry weight of Chicon.

section 6. Investigation of optimal rootstock size

The study was conducted to establish blanching culture of Chicon which expected
to become exporting crop, for preventing Korea from importing the foreign Chicon and
increasing the growers profits, the size of rootstock is based on the 4 treatments such
as 100g, 150g, 200g, and 250g. In the rootstock size of chicory, the growth was best in
the 250g treatments, but the hardness had no differences among them, the number of
outer leaf was 7.4 in the 100g treatment. The quality was the same as the growth's
condition. Therefore, the optimal condition for blanching culture of chicory is that the

rootstock size of chicory is 250g.

Chapter 4. Investigation of rootstock flower differention and dormency times,
economical anlysis
section 1. Investigation of rootstock flower differention and bolting times

we investigate the growth every week after sowing on the open field every month
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from April to September to find the sowing time and digging time for the rootstock
which has no bolting under the natural environment.

The germination ratio was more than 80% after April. It was as high as 98% during
sowing in August and September. But the ratio was much lower when sown between
April and July because of the higher air temperature. The germination speed was higher
until August and slower after August, because of the high air temperature. It was 0%
when sown in April, rising higher up to 68% when sown in July and climbing higher
over 98% when sown in August which was the highest speed in this experiement. It
dropped slightly to 9626 when sown in September.

The time of flower bud differentiation was on the 17th of July after sowing in April,
the 2nd of July after sowing in May, the 30th of July after sowing in June and the 1st
of October after sowing in July. But they didn’t differentiate after sowing in August and
September. The days required from germination to flowerbud diffrentiation and
accumulated temperature depended on the weather. If the outside air temperature was
high, the days required were less, If the outside air temperature was low, the days
required were greater, the accumulated temperature was similar to the days required in
this experement, too. The rootstock sown from April to July wasn’t good enough to be
use because the flower bud differentiation was generated before harvestable weight. the
weight of rootstock was sown in September wasn’t heavy enough in weight because the
outside air temperature was too low for it to grow well. The plant grows slow and
steady through out winter. The rootstock sown in August was harvestable 200g in 90

days after sowing before the flowerbud differentiated.

section 2. Investigation of rootstock dormency times

Through the ABA contents anlysis experiment, so ABA contents produced dormancy
was containd ten times more for 2 weeks in December in this plant which is interpreted
to be about 2 weeks in dormancy. The best sowing time for the production of high
quility rootstock of Cichorium intybus L. in the climate of Korea is researched to be
August. The rootstock must be in a artifical low temperature environment for 2 weeks to

break the plant dormancy after harvesting.
section 3. Chicon economical analysis

For the economical efficiency of chicon, the financial status, income sheet, and

balance sheet are taken. The status is that the gross sales amount is 12,000,000, the

_15_



producing cost is \636,950, and the marketing, sale costs are 5,367,500. and the net
income is 5,996,000, therefore compared with other produces the economical efficiency
of chicon is very high, plus the net income will be higher if the sales and advertising
cost are reduced. For Lettuce, the income of Chicon is higher, but the break-even point
of it is a little high. But because there is no wide enough market for Chicon, if the
growers increase their production, the price of chicon will fall. To activate the growing
of Chicon, the various recipes of Chicon should be developed, the producing cost should
be reduced by the improvement of growing method, and the quality should be raised,

the lower and middle classes consumers should be secured.
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IR b ETe B =T K=)
A 1A AT e 22 W QA
AT e Zaie] &ate thdA] FAAE A BHew ool YRR A H

8 AulErtE =P wy)o) ygd@e= 9 oeelo]th(Table 1-1). Z#2¢} ol glg]:=

AAYE, @rlde Hdads= BYE A A5 A2AZst] FAoA A
(Chicon, Witloof)S Aufslar )

My B2 AN

Table 1-1. Chicory culture area in Europe countries(Eurostat, 1998).

Country .
France Italy Belgium Netherland
Item
Area(ha) 14,300 15,900 6,100 4,300
YieldMT) 243.7 226.8 78.2 85.0

A Z(Chicon)ol & AA e #elE Ao #8433 T AT ek A
Fol 16~25TC 2] rHolA 2ol wjFo] £ A

A%

T2 AAE AE

2 3 (Witloof), =]l olt}o] B (Belgian endive), B &#}4l ?ﬂﬂrO]#(Brussels endive), =
, A

‘3! A

13
N
S

2] dltho] B (French endive) & ©]&©] E‘rok*&}u} Bl
A A ZE JEo tE AR HvE o 3

.

_ﬂ oo
Koo
¥o,
x
=
™
T

g, Wels AAY AY 2 AE AR o] &

Fig. 1-1. Chicon blanching culture in Belgium.
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1999 2000 2001.9
T Amount of | Amount of | Amount of | Amount of | Amount of | Amount of

materials money materials money materials money
Total 652,394 351,004 591,789 239,691 455,039 213,789
Netherland 15,855 3,049 2,288 988 1,788 1,227
Belgium 548,341 299,912 558,970 226,230 433,624 203,835
USA 45,638 20,294 28,792 10,917 15,438 6,998
Others 42,560 22,749 1,739 1,556 4,189 1,729

v AF7hA A E 2 AaFe o], EvtE 97], g2 gg) Sof e vk

Aol wlFol & F50o BistE =2d 5 35 (Table 1-3).

Table 1-3. Export amount and items of fresh vegetables in Korea to Japan(1999).

Cucumber Tomato Strawberry Paprika
Yield(Ton) 418,796 290,738 152,000 3,800
Export 5,519 7,034 3,883 3545
amount(Ton)

oo R RS weE S gMel A 4B 2 ESE} B
w objeh g AlFol Hal Ztze] ol LS4 7Yl ©(Table 1-4).

Table 1-4. Price trend of fresh vegetables in Korea(2000).

Chi Perilla |Chi
mese Cabbage | Spinach |Lettuce e H.lese Chicon
cabbage leaf chive
Price(Won/kg) 534 662 1,497 2,090 | 5709 | 3,451 7,000

o] 837 91t 158
i Ai A7) 20 ol
We gk o]Fo] Arhd +UAE F 3dHE US S A% (Table 1-5).
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Table 1-5. Import trend of Chicon in Korea(Unit:kg, 1,000% ).

2001.10

money

41

39

materials

9,540

9,069

471

2000

money

64
53

10

materials

15,888
12,247

3,360

281

1999

money

46

45

1

Amount of | Amount of | Amount of | Amount of | Amount of | Amount of

materials

10,571
10,466

105

T

Total
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0
>
=
ol
-
N

| 919 Ay A8 te Baehde Ad

952 olgsm Yk

=1 o gl o =

2 2] AJAEE 1850 wl7lel o] gl B X o] (M. Brezier)ghi= 3 F-ol 23t 93]
Ao Add Aurt AlzE o] s 18739, Uld A= 19130 A A Al
7 AlZE EE ol 59 Aful= 1960 LJEH ol AA = well 55 i HESIY] AilstE E
AE ol &sta JAAR FA(RE, FE)o] 2AHE AuelA wdAS FHste FAA
v FEj = H3kstot

st AES sl gk w7F Al A3 A Q1 L'endive guide pratique(Ctifl), La

culture de la chicoree witloof(Ministere de 1'agriculture), Lettuce, Endive and
Chicory(CABI Pub.)7} ¥t al, £35S FI1S o] &dted U2dads Qo EGFdtA

9] Huyskesﬂ £33k o]z} Zw~9] Bannerot:= Flambor, Bergere, Zoom %9 #%& &
A3k th. T3 Bannerot®} Coninck(1976)2 1%5<F Aoy} w=&HAo XE FF5S SA4
g A de gy F2 A A2 FES SASAT @A AgHeE AAYY FES 54

st WvjsleE hE Al U3 A= ENZA ZADEN(Marmora, ‘Metafora’ , Kibora,
Redoria), RIJK ZWAAN(Karveel RZ, Pax RZ, Flash, Bea, Turbo), NUNHEMS(Daliva,
‘Focus' , Rinof, ‘Tabor’ , Turbo, Bea), TS SEEDS(Flash, Zoom, Bea, Magnum,
Rybis), BEJO(Monitor, Totem), PANNEVIS ZADEN(Liber M.O, Liber L.O., Flash),
CLAUSE(Jaz, Flash, Bea, Zoom, Rumba), SOMERS(Zoom, Carolus, Flash, Jaz, Toner,
Daliva, Faro, Philvo, Produktiva)e]| ™, F1 %% 43t

A2 RS 2dA1Y] A S A ok FES AAbstr] A= 3 HE
FEA A ARl Aol T Eolof gtk weolE 9% A4 2k Valette(1978)7F 2
0~25C2ar g w®bA Corbineau$t Come(1990) 25~30Cehar 3he] <Fzk 2|8l oL,
Ellies (19892 A7 2] FA+= ¢ oAM= oyl JAATaL sk E£3 T2
Aabsts B A Aihve T3 ALY AFZo] FRF 3w F-o A 9IS

At} Ameziane(1997) 3}% 3L, Gianquinto$} Pimpini(1989): 3| 1\34-4 *gﬂToﬂ 2—17%?5} 2

Gud U8 AFAAT BAA EFL AUHE oA EL %—mg— M%  an o
g, AFe At PAE Ednte £70 nok £8% Wl R sk

"o = A2S Aikete vl=, A AR FEE S 3
o JdEd wrle] WYE Herentol X AWE dAFoz  AFsE NATIONALE
PROEFTUIN WITLOOF 747t & A== AHEdolyet A4 % FF3] st 9l
ek X2 AEAE AbEe] Fo] vz HeskA e ¢

B
g5 Yd&@ =29 Compas Agro Solutiono] k= 3|A 7} 7idtéle] W Fatar Qdt)

R A2
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M 3 & oAufjekrd L2 2 ZI1)
A1 A AAG FHFT AAE Y
1. A&
A7 2 (Chicory)& Hehdtel &ohiz thdd FUABRA 3FAY ATtk e &
8 Agor FAHETH JANZE, Alu|gole] wio]lZE F FIo ALEHALE A

f

tH(Schoofs¢t De Langhe, 1983). X729 &% -2 Cichorium intybus L.o]H, & 7}x W
Fol d&d sue BYE AFANA AAY AR o]|&3st= Cichorium intybus L. var.
sativum(Root Chicory) °]i, tt& stye= AHP=go 7 oS o|83t= Cichorium intybus
L. var. folisum(Chicory, common Chicory, radicchio)o]t}. X 78] #e] e $Jolr}
I ek fAeta, 2 T4 RS W dfolv. A9 Zol= 2~3mmel™ A4
S ImmAEE AHFTS 1.35golth. Fi7l HW 7] 1m ol Agtsd AL AL
steMow F2 it Astets F48 7FITH(R, 1992).

2] & (Chicon)ol & 148 o2 X7 2] (Chicory)e] A<%3 alE A2 A (Field production
stage) &3 g o BIE YA AHVIHETF 3~45 o) Foke]l A -2(Storage;
0~2T)& AR Fof 15~20T<9 dHolA A3t Alwl(Forcing = growing in the
darkness)E& & wj HjF &HAAH Ao o] dFFow Yo A LI o=
vgheltl Witloof Chicory, Belgian Endive, Brussels Endive, French Endive %5 ©¢]&©¢] t}
Fetrt. vhe F=Eda ZASS Fed fdote] Aldetar ed =4o] £k x| Fe] zt
i 3 Intybin A& #A9E, FrtE 2, 28 9 Ak asl A ) skrk(
1998). o] wrel A4, d, ZF d&Ee] vE AMiFol vl&) v el Ark :
1978; Stevens, 1974). A2 zkF A e 9 A= 2oj=td 53] 2B fFu A

s A o ==
Az, 2w, $F

<

2R 7S AR R o] &5

T8 AW F7be T %7101] da= 2 o]g g ot} (Eurostat, 1998). Za2~9} o]

Hels o AAYE, Ar]de dddss R(F3)E MM 85T A=A gste] oA

A AstAui g A& (Chicon)& Awista ik @7jel o vl d== AikEFe] 40%, 20~

25%E 747t e ow FEste] B stE F5sta ik fEek AP e olE
(e}

3]
et 2R dzk 562E(20049) s skl o] A

ll

offl

’

=N
ojf

Hol wE =4 A5 adel ol guth Bl A7 A

gHozy oy 7 #F el
g3 S EAs Anprlest SHEud 5§ SRR 43 e 7 A AeR

AR, =8 2ol $eUdE S nF diEgdd 2L 0§37 95t
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WA,
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7h @A R a#A] A FEA

Adgae oA AEsd7lsdxdy FuldAQ Fd &89 sAAE G4
A skl

AlE EF 2 Fl1 Hybrid®l ‘Focus' (Numhems, Netherland), ‘Skeena’ (Rijk zwaan,

Netherland), ‘“Tabor’ (Numhems, Netherland), ‘Senator’ (Numhems, Netherland),
Metafora” (Enza zaden, Netherland), ‘Kibora' (Enza zaden, Netherland), ‘Yellora'
(Enza zaden, Netherland), ‘Vintor' (Numhems, Netherland) 5 8%%& Al&3%t)
BEH Bl 2AFSRE HHE 10ad 3,000kg, A4 4kg, Q1 10kg, ZF 20kg,
+ 15kg, k21Ul Skg, A3], EGAFTAE A2t FeH BALHS AAstAT o

Z+ =
#go F5 YHl 60cm, F5AFO] 30cm=z THEA AL, HEIA JA e BEYdFES FA 5]

BEe F7 0em 2225 HFTE Fol RFTY 3~54¢ APIID lemA =

HESGTh 2de] 2~3u A AAHAS W FFFE 15 FUa F5A9S AAs
o] 10a® AAFE oF 11,00052 vk Az 3~43] 4= £A2E AA s
W AZzZYA HEF7IE HYPSAh. SAES 282 o]l AEsdEd 13 $AES
Bolo] 6~74 HMA, 23] £AEL Edo] 108 AL AAACl 229 ZFES 10aD 2kg
NS NG 1 99 #AEle v2NEHY xoAe Fadh

T 129 ol 250l 100goldela, AHe Aow Miste] & oF 2emy W
713 Addt $ 0~2TCAHZ o] Rastas AstAfstsict. AstAlm= daResdrlE
A AAGANALA A TFR AR, Fol7t 2b7y 52, 37, 16cm?] Eek~E kel 70~8071 ¢
TS A9 TR dol gl el FAAMEAT AR A5 2%, 97,
AE A, FUHE 55 ZARIA L, AR AKS 2F, 2, 24, T2 TR 5
S ZAFEATE AE 54 FARE 2 XA 21Y Fol et AT, AE, Hol, &

g4 R mdA BEAY] 7

Z%2  'Focus' (Nunhems, Netherland)ZX4 49¥ sl<=RE 3 & 1407 99 &<
A AEsd71Edo]l A ditat (&%) staAA PGl gFstdth 3% d B
& onl 2 oA, ZAYHS AlE TP Fskth
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ANadZee AEsdrlied 9 &AM s AdEFoeEs UEd=
q

Nunhems A}¢] F1 HybridoL ‘Focus' FE&& o839t A5 EYEves EAEL
2 FH]E 10ad 3,000kg, @2 4kg, 91 10kg, ZF 20kg, Z+% 15kg, vF1vl& bkg, 413,
EGASAE Axsta Ay AAAGS AASAT F5S UHlE 90cm, FHEARO]
30cm=z WHE3, F7F 18cm, €3F 25cm 54 ¥ PEE 9531, 8¢ 3¢ 392 i}
stk A F4E 10aF 14000575 7lEo 2 s A 2 AL AR
2 AT AE 54, T2 F4 A7 A2 A vAE S 2AsEA T 2 5
e 2 A A TPl Fske] st

ok HANH 7 AE

NAddees dEsd7led 9l 244 8. FEds dxT =3t 54
PE, ¥4 PE, ¥4, 947, =4 PE 281 59 PEE ¥AL At EFAEXR, A4,
AAAY, FEWH T2 A7 AlE el E39 2, FE52 ‘Witloof' (Rijk Zwaan) <}

ofo
ol
38
o
=)
Y
=
ki
1%

Focus" (Nunhems)& A} =388, ASAE F2Y vy 58 xAME
a, ALkE T2 AZ ALAEES HESAY. PEolAld2 A 9eme  petri-dishel
whatman No. 2 3% F4& 231 F7F5 oF omLE d4 5 3 AT FAE 5094
2709 petri-dishell tFol #Fsiivh. Auld 4vtEow sFete] Exdo] e
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Seed weighr(g/1,000seeds)

il

Senator Focus  Tabor Vintor Skeena Yellora Kibora Metafora

Fig. 1-1. Seed weight of eight Chicory cultivars.

Table 1-1. Difference of two experimental sites on the germination rate of Chicory

cultivars at 11 days after sowing.

R Cultivars Senator” ‘Focus® Tabor" Vintor ‘Skeena” Yellora® Kibora" Metafora
Expt. sites
Tksan 88.6 93.5 94.8 94.6 90.7 88.2 914 91.8
Namwon 83.6 91.2 94.5 90.4 89.6 85.7 90.7 90.6

Table 1-2. Difference of two experimental sites on the stand rate of Chicory cultivars

at 30 days after sowing.

Cultivars

R Senator Focus” Tabor" Vintor Skeena’ Yellora Kibora" ‘Metafora
Expt. sites
Tksan 85.2(96) 87.6(94) 91.1(96) 86.2(91) 90.4(100) 84.7(96) 87.6(96) 88.5(96)
Namwon 80.6(96) 86.2(95) 90.8(96) 85.7(95) 86.2(96) 82.4(96) 87.1(96) 86.9(96)

*Values in the parentheses stand for Emergence/Stand ratio x 100.
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FoEe dAZ g9 S3el wste] otelA AAY @
3 re e AT (Table 1-3). FE bl

95 5 Agel Fuatgct

Table 1-3. Difference of two experimental sites on the growth -characteristics of

Chicory cultivars at 87 days after sowing.

Plant height Leaf width Leaf area

Expt. sites (cm) (cm) (e /leat) No. of leaves No. of serrates
‘Senator’
Iksan 40.6 a* 13.1 209.8 d 20.7 7.0
Namwon 31.2 ¢ 12.1 182.1 e 19.2 7.7
"Focus'
Iksan 388 b 139 2776 ¢ 18.6 5.0
Namwon 33.2 bc 136 221.3 d 16.5 6.7
"Tabor’
Iksan 33.7 bc 115 3009 b 16.3 6.3
Namwon 347 b 139 256.3 cd 189 79
"Vintor
Iksan 399 a 14.8 2275 d 21.3 59
Namwon 352 b 156 260.5 cd 20.4 6.8
‘Skeena’
Iksan 405 a 134 2271 d 19.8 8.0
Namwon 30.6 ¢ 125 193.1 e 154 8.6
"Yellora'
Iksan 33.7 bc 12.1 3059 b 21.1 5.8
Namwon 33.4 bc 14.7 256.0 cd 17.0 6.3
"Kibora'
Iksan 343 b 12.2 309.3 b 18.6 6.2
Namwon 349 b 14.8 258.0 cd 19.7 6.6
"Metafora’
Iksan 40.8 a 14.8 3555 a 23.0 7.0
Namwon 382 a 16.6 3055 b 21.8 85

YMeans separation within columns by Duncan’s multiple range test at p=0.05.

F3Adel Has COE FTi3d] FFstiA B9 248 Foled 9o s 584
S Z2A&(Transpiration ratio)o] &t W42 UEhd = &4, o] e 2AEq e =
cbgel 98 F

A Eo] e B A s3tE CO0l dom Ui #oldt =
=]

| 8 &8 (Water use efficiency)olgtx st} Z@rake ‘Metafora' 7} 714 =9,

o



Yellora" 7} 7} w+& 43S wAdvh. FAd =S ‘Metafora® 7F 7F4 ®ta,  Vintor

" 'Focus' , ‘Kibora' <o°l91i, ‘Yellora' 7} 7}F& vt 24 =

Senator’” , ‘Kibora' , ‘Skeena’ , ‘Vintor' %olA] 3000|742 =2 ¥=9k1, ‘Yellora' &

2022 ofF Y2 £AE HYY FFTE FE o8 82  Yellora oA M =93,
-

‘Tabor’ oA =& A&gS Yelor 7 £ 52 2 43S B tH(Table 1-4).

Table 1-4. Difference of cultivars on the transpiration rate, photosynthetic rate, and water use
efficiency of Chicory at 87 days after sowing.

Cultivars Evaporati(il rzi‘cle Photoyntht?:ic :ate Transpiration Wajte.r use

(mmol *m* -s) (imol *m~+s ) rate efficiency
‘Senator’ 5.62 18.19 309 0.003
‘Focus' 5.99 20.42 293 0.003
“Tabor’ 4.67 18.04 259 0.004
‘Vintor' 6.12 20.19 303 0.003
‘Skeena’ 5.63 18.45 305 0.003
‘Yellora' 3.95 19.56 202 0.005
‘Kibora' 5.84 18.92 309 0.003
‘Metafora’ 7.41 25.37 292 0.003

wE QAR Bl Ax A =@ -2 AdM)E2 ‘Senator’ wEOAM =

X
kL, =-2 AMAH(a) #2  ‘Senator’ EFNA 7 StH(Table 1-5).

Table 1-5. Difference of cultivars on the hunter value of Chicory at 87 days after sowing.
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Hunter value”

Cultivars

L a b
‘Senator’ 675 a” -51.3 38.5
‘Focus' 62.6 a -45.1 28.1
“Tabor' 65.9 a -49.8 33.0
‘Vintor' 63.7 a -43.2 31.7
‘Skeena’ 63.7 a -484 34.3
‘Yellora' 64.3 a -48.7 32.2
‘Kibora' 65.7 a -49.2 32.9
‘Metafora’ 65.5 a -48.7 31.7

"L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80 (blue)

Means separation within columns by Duncan’s multiple range test at p=0.05.

Z2o] AAFS  'Tabor’ 7} 1829go & 7}4 7p L, 200 5  'Senator
Skeena" , ‘Yellora" °]™ 220g 49 AL  ‘Focus' , ‘Kibora" o] ‘Vintor" ¢}
Metafora” & 260go]’dolitt. e HAEEL ‘Senator’ 7} 198% = 71 weka
Tabor" 7} 239%= 7} =dth T/RE&S  ‘Kibora' 7} 0.342 A|/gHF-o] ul3)] A 3}H-2
AsgFo] Bokot  'Senator’ & 0.69% AFE Asol ws] AstE ASTFo] AUk

(Table 1-6).

Table 1-6. Difference of cultivars on the top and root growth of Chicory at 93 days after

sowing.
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Top Root T/R

Cultivars Fresh Dry wt. Dry wt. Fresh Dry wt. Dry wt. rate?
wt. (g) (g) rate wt. (g) (2) rate
‘Senator’ 231.7 27.1 11.7 199.2 39.5 19.8 0.69
‘Focus’ 187.4 24.0 12.8 218.4 43.7 20.0 0.55
‘Tabor’ 122.5 15.7 12.8 182.9 43.7 23.9 0.36
‘Vintor’ 220.9 29.9 13.5 263.2 61.1 23.2 0.49
‘Skeena’ 201.5 23.9 11.9 200.6 45.1 22.5 0.53
‘Yellora’ 132.3 18.9 14.3 206.2 46.4 22.5 0.41
‘Kibora’ 125.4 18.8 15.0 218.1 54.5 25.0 0.34
‘Metafora’ 277.1 38.4 13.9 298.0 63.5 21.3 0.60

“Top/Root ratio of dry weight.

oo o] Total-N+= ‘Focus' oA 7} gh&ko] kil P,Ose  ‘Senator’ 7} 7}
A =k, 'Focus' A M wrrem K& ‘Yellora' dlA 7H8 =9k, Cas
Yellora" ¢ ‘Focus' A, Mg< ‘Skeena’ ¢+ ‘Focus' oA 7} =gt Fo] 39
A Total-N+&  ‘Senator’ A, P.0s2 ‘Kibora' ¢ ‘Metafora” 14, K% ‘Focus'
oA, Cax= ‘'Tabor’ °lA, Mg:x ‘Senator’ oA 7F¥ =& 73S B AHTable 1-7,
1-8).
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Table 1-7. Difference of cultivars on the leaf mineral content of Chicory at 93 days after

sowing.
Cultivars =N P05 K Ca M
(%)

‘Senator’ 2.590 1.669 0.307 1.513 0.434
‘Focus’ 3.949 0.740 0.413 1.845 0.518
‘“Tabor’ 3.665 0.832 0.374 1.528 0.374
‘Vintor’ 3.244 0.837 0.337 1.335 0.298
‘Skeena’ 3.843 1.049 0.341 1.334 0.543
‘Yellora’ 3.821 0.744 0.430 1.890 0.449
‘Kibora’ 3.449 0.768 0.401 1.442 0.311
‘Metafora’ 3.693 0.738 0.391 1.167 0.324

Table 1-8. Difference of cultivars on the rootstock mineral content of Chicory at 93 days

after sowing.

Cultivars TN P20s ((I;) Ca Mg
‘Senator’ 1.629 0.666 0.204 0.221 0.288
‘Focus' 1.457 0.463 0.185 0.196 0.342
“Tabor’ 1.070 0.585 0.211 0.116 0.238
‘Vintor' 1.476 0.639 0.173 0.175 0.248
‘Skeena’ 1.310 0.604 0.183 0.173 0.248
‘Yellora' 1.161 0.802 0.193 0.191 0.235
‘Kibora' 1.337 0.997 0.184 0.187 0.231
‘Metafora’ 1.450 0.972 0.135 0.201 0.208

A AN AR dde] s Ak AF2 gatel Hgte] Fd fEolA FFel
4 of] &

- =
Aglel gl FAReH, 274 A4 Atk FEYE T2 FHke/l0a)e i
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Metafora” (3,079) > “Vintor' (2,225) > ‘Yellora" (2,175) > ‘Focus' (2,164)&=°o 2
A(H)d A= 'Focus' (3,303) > Merafora(3,179) >  'Yellora" (2,928) > ‘Tabor’
(2902)s= o 2 Wkt (Table 1-9).

Table 1-9. Difference of cultivars on the growth characteristics, marketability and yield of

Chicory rootstocks grown in the open field at two experimental sites.

. Rootstock Length Diameters No. of Marketabili  Yield Yield
Expt. sites

wt (g) (cm) (cm) branch ty (%)  (kg/l10a)* index
‘Senator’
Iksan 221.8 de’ 24.5 4.4 1.1 89.2 1,854 100
Namwon 3341 b 23.7 55 1.1 87.4 2,589 140
‘Focus’
Iksan 249.3 de 25.1 4.4 1.9 90.1 2,164 117
Namwon 385.3 a 26.0 59 1.1 90.4 3,303 178
"Tabor’
Iksan 2029 e 21.2 4.3 0.9 83.2 1,692 91
Namwon 339.0 b 25.3 5.6 1.0 85.7 2,902 157
"Vintor’
Iksan 270.7 ¢ 25.8 4.6 0.8 86.7 2,225 120
Namwon 344.7 b 245 55 1.0 86.0 1,795 151
‘Skeena’
Iksan 213.3 ed 24.1 3.9 1.2 79.4 1,684 91
Namwon 3224 b 23.6 54 0.8 82.1 2,510 135
Yellora’
Iksan 263.8 ¢ 21.2 4.5 1.1 88.5 2,175 117
Namwon 364.6 a 27.2 55 1.1 88.6 2,928 158
"Kibora’
Iksan 2478 ¢ 215 44 1.1 82.4 1,968 106
Namwon 304.0 be 25.3 4.8 0.9 83.3 2,426 131
"Metafora’
Iksan 3534 a 25.6 5.0 0.9 89.5 3,079 166
Namwon 364.7 a 27.2 5.6 0.8 91.2 3,179 171

“Root yield = planting plant number x stand ratio x fresh rootstock weight x marketable ratio

Means separation within columns by Duncan’s multiple range test at p=0.05.

89 FFoA ANE TS A Auiste] @& X Fe] AAFS ‘Skeena FF O
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1759ge 2 7k Ak ‘Kibora” 7} 200g5-oll o™,  ‘Focus” ¢  ‘Tabor” 7}
240-260g+s°]™, ‘Senator’ ¢ ‘Vintor' & 300g F=°]Z ‘Yellora® ¢ ‘Metafora
= 320gelde] doE FAeAT Ao Rad A9 dAAEE Uedle 274
Fustglom,  ‘Skeena’ & AT/FH Y

S a1

= ‘Yellora" , ‘Metafora’ , ‘Senator’ %©°|
vtk 60%9] 2783 Kol ‘Skeena’ & A9 gi it o] FFolA 80%0]/de A
£S5 By, I FToME Yellora® ¢ ‘Vintor” 7} 100% 2782 X tH(Table 1-10,

Fig. 1-2). o]&9 A#Z =3 a] B  ‘Skeena’ FZFS A3 RE FA EFF& A2

kel A el

Table 1-10. Difference of cultivars on the growth characteristics hydroponically grown
Chicon.

Cultivars Roovtvstt.ock Fresh wt. Hardness  Length Width fo::t?on Herzctl;ng

(2) (g) (g/p5mm)  (cm) (cm) (1-5)" (%)
‘Senator’ 272 301.7 ab* 1,626 ab 182 ab 6.6 ab 17 a 93
‘Focus' 207 242.0 be 1,216 b 178 b 6.7 ab 217 b 37
“Tabor’ 285 267.3 bc 1,727 a 178 b 6.3 b 25 Db 87
‘Vintor' 250 296.8 ab 1,367 ab 19.7 a 6.7 ab 2.1 ab 100
‘Skeena' 283 1759 e 1,549 ab 14.2 d 57 ¢ 3.7 ¢ 60
“Yellora' 280 3247 a 1,786 a 178 b 70 a 14 a 100
‘Kibora' 253 205.8 de 1562 ab 16.2 ¢ 6.2 b 25 Db 93
Metafora ore su3a 1266b 192ab 7lab  15a 80

“Head formation is based on size, compactness and shape, with an index of 1 (excellent) - 5 (bad).

Means separation within columns by Duncan’s multiple range test, at the 5% level.
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Fig. 1-2. Chicon before harvest (left) and after harvest (right)

2|20l WE+=  ‘Vintor' ¢ ‘Senator’ 7} 65 AE = 7} =31, ‘Metafora’ 7} 58%
7HE wbekt) agke -106~-13298 94 ey EFF Fx= YA bake  Yellora'

9} ‘Skeena’ oA =L S BYow  Tabor oA 7FE Ee S ®AtH(Table
1-11).

Table 1-11. Difference of cultivars on the hunter value of Chicon.

Hunter value”

Cultivars
L a b
‘Senator’ 64.7 a” -12.0 a 34.3 ab
‘Focus' 62.7 ab -115 a 325 ab
“Tabor’ 62.8 ab -106 a 303 b
‘Vintor' 65.3 a -11.3 a 37.0 ab
‘Skeena’ 63.3 ab -10.8 a 387 a
‘Yellora' 64.0 ab -106 a 39.1 a
‘Kibora' 60.1 bc -11.0 a 37.8 ab
‘Metafora’ 580 ¢ -132 a 33.7 ab

“L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (vellow)~-80(blue)

YMeans separation within columns by Duncan’s multiple range test at p=0.05.
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10a0ll A AAtE F2o] A& FFYS T2 9% A2 FAZ 5L 'Metafora’
A 2926kge & 7F =kal, ‘Vintor' |, ‘Yellora' ‘Focus" 7} 2,641 ~2201kgo & 3

= FEAES BAv el AE FA4E # AT A2 FAE 7bHE ‘Skeena'

|

628kg o ol A a3l rh(Fig. 1-3).
(Cultivars) O Yield potential
Metafora 2926
Kibora
Yellora 2590
Skeena
Vintor 2641
Tabor

Focus

Senator 1912
|

0 1000 2000 3000 4000
(kg/10a)

Fig. 1-3. Yield potential of chicon from eight Chicory cultivars.
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A Al oaty F(E)Ad e 99 V)Y A8+ Table 2-13 2t}
A3t T AGE Fqt )2 ko]l Flo] HlEte] Fit 35CEYE, 4, 5 69
25T, 7, 8, 99 35T, 10, 1192 46CT7F =skth Auwj71zt =<t
ojqkel H] 0}04 *é 03A1%F Bokar, A=k %%01 1,947m = kel H]ate] 15%7} =
it

o U@ oy ZF-das o3y ik tHTable 1-12).

g

o

o
VEALE 3

o

°
©
i
N
—|—‘
§ 5
32

Table 1-12. Weather conditions during Chicory growing period in two experimental

sites.
) Air temperature(C) Hours of  Precipitation Precipitation
Expt. sites Month ; )
Mean  Max. Min. sunshine (mm) days
Iksan 4 134 19.3 8.4 5.8 245.0 13
5 19.2 25.4 135 6.5 122.0 7
6 21.9 26.9 174 4.2 121.6 14
7 23.7 27.6 20.9 25 666.0 24
8 24.7 28.8 21.6 3.0 299.1 21
9 22.1 274 18.0 49 186.9 12
10 14.5 21.0 89 6.9 315 8
11 13.2 19.0 8.0 3.7 176 5
Namwon 4 11.2 16.9 5.7 6.1 229.6 10
(Unbong) 5 16.6 22.0 115 6.5 168.9 10
6 19.2 23.8 15.0 55 150.9 10
7 20.1 23.7 17.2 3.3 635.5 22
8 214 25.7 18.0 4.1 352.5 17
9 185 23.8 14.1 49 338.0 14
10 10.2 17.1 4.0 59 32.0 6
11 8.3 14.1 2.8 35 40.0 6

BE A7l e ARE (%) 583 8Y HFo] tiAlE Eskow, 73 9
stk o= Al Ao A2, B FE, ¢ A= T3 #do] iUS Ao Y

(Table 1-13).

Table 1-13. Effect of sowing time on the stand rate in two experimental sites at 30
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days after sowing,.

Sowing time

Expt. sites

Apr. 280 May 28 Jun. 28 Jul. 28 Aug. 1 Aug. 28  Sep. 27
Iksan 815 90.4 382.1 74.9 834 89.2 77.1
Namwon 78.9 90.2 85.4 76.5 84.7 86.0 72.6

A AT AELS AR At Zlow, FlEe EAVI7E WE 4,5 6
4 st FFolME 100%E Bod, 79 s 89 1
9] Aol

o]

il

T

32

o
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o
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o
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o
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(0/0)
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ﬁ 1
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o]
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0{-)\1 _>|:4

= 1
N
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k)
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o

W oEe x7e Q%s) FEALFig 15 Fig. 1-6)0] dovtel Fuj7} ol
o] AR Burh: AR Zom olFo] weld F uluizt

A et B S ol R T2 A Aol ARHoR =eEste], dEAdole

Fig. 1-4. General view of bolted Chicory(Left), Flowering after bolting(Right)

_45_



Fig. 1-5. Longitudinal section bolted Chicory stem

HFg. 1-6. Longitudinal section of bolted Chicory rootstock

Table 1-14. Effect of sowing time on the top growth characteristics in two

experimental sites on Oct. 29.
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) ) ) Plant height Leaf width No. of Bolted stem Bolting rate

Sowing time Expt. sites .

(cm) (cm) leaves height(cm) (%)

Apr. 28 Iksan 37.0 a* 11.8 18.7 139.4 100

Namwon 324 b 104 194 317.5 100

May 28 Iksan 375 a 94 19.5 142.5 100

Namwon 329 b 9.8 194 139.2 100

Jun. 28 Tksan 384 a 10.6 18.2 131.5 100

Namwon 384 a 11.2 18.5 130.8 100

Jul. 28 Iksan 39.3 a 13.1 18.0 79.4 10

Namwon 375 a 13.5 18.9 74.2 6

Aug. 1 Iksan 38.8 a 13.9 18.6 52.7 7

Namwon 376 a 14.6 18.7 50.4 1

Aug. 28 Iksan 29.7 bc 10.2 14.8 - -

Namwon 253 ¢ 9.7 13.7 - -

Sep. 27 Iksan 154 d 7.2 7.9 - -

Namwon 138 d 6.8 6.7 - -

* Means separation within columns by Duncan’s multiple range test, at the 5% level.

AAe e T2 Aol FaiHe A2 FAst o, 89 shweolFo BHFE
AE 717ke] AR LFo] 100grIvte® A FAqbel A et dvh. whebA E Ao 7
% BF A7 AoR #FdEtHTable 1-5). ol A FAH & (H

du AFEL dee Ao 89 Fwdl RESed UR 98 REHY T2 A7 A
of Fdistt A7 Arkn @ e AR SAE AFS By Mo 24F F
%9 Focus' £ W9 £33 o] ndAA FlE UR A% HFHA Frist

Table 1-15. Effect of sowing time on the rootstock growth characteristics in two

experimental sites on Nov. 17.
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Marketa Yield

Sowing Expt. Rootstock Length Diameters No. of . Yield
. . ~bility  (kg/10a) .
time sites wt (g) (cm) (cm) branch %) index
Apr. 28 Iksan 4252 a¥ 224 6.1 0.9 - - -
Namwon 3846 b 21.2 6.2 15 - - -
May 28 Iksan 360.4 ¢ 21.3 56 14 - - -
Namwon 3426 d 21.6 56 1.3 - - -
Jun. 28 Iksan 344.3 d 21.9 56 14 - - -
Namwon 3775 bc 224 5.6 14 - - -
Jul. 28 Tksan 3358 de 213 4.5 1.1 79.2 2,191 100
Namwon 354.3 cd 22.7 4.8 1.0 815 2,430 111
Aug. 1 Iksan 3125 e 25.1 4.4 1.0 82.4 2,362 108
Namwon 3414 d 23.6 45 14 83.6 2,659 121
Aug. 28 Iksan 982 e 18.8 3.0 0.8 - - -
Namwon  93.7 e 18.2 29 1.3 - - -
Sep. 27 Iksan 232 f 15.2 19 0.6 - - -
Namwon 216 f 14.8 1.8 14 - - -

“Means separation within columns by Duncan’s multiple range test, at the 5% level.

"Root yield = planting plant number x stand ratio x rootstock weight X marketable ratio
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N

dun oz 7Y FA AL shek APMANARE gAA o] weFolif FHE
UFE L1~16g71 FFahean 5, 1991). AREZES] 4 54 F 29

[e}
=& Witloof(1.47g)7F  'Focus’ (1.28g) Wyl 13% 71 th(Table 1-16).

Table 1-16. Seed weight of two Chicory cultivars.

Cultivars Seed wt.(g/1,000ea) Index
‘Focus' 1.28 87
“Witloof' 1.47 100

Wol A7 ANAlA Fad SAelth B AGolN W.dzel BAge] wobs
2 20TCol A Har 888%= =4, WolAl= 25TCo A H 783%= =hor, Hadold

T 27t moldTE FolA = AdS EA(Fig. 1-7, Table 1-17). o= A 5(2003)

o] XA FAF wol 542 3 2ol BAGe] 10~30ToNA thi-i ol a, who}
2O UdFE 2~3Y 70%0]7d Telaton], AL Ay F wopfo] tha volx= A
oAtk g W&} A AEFS Bk ey #H1992)2 AAY FA dole HE
8~109 ZHulw, dela g 20~30T 9 W& Fo| 1043 Faat=d ol FAetn
sto] 2 A Aozt gl ol wolo] 8~10Y A28 FATHE Ul8o] EdelA] ]
=3 ojmlats Ao FoEm, ghtel FAF AR = FA FFO ze|dA] ko T
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Fig 1-7. Germination test for the Chicory seeds; (Left) germination stage, (Right)

germination temperatures at 20, 25, 30 or 35C.
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Table 1-17. Effect of light and temperature on the germination rate, germinative energy

and germination days of Chicory seeds.

Treatments L L Mean
Germination rate Germinative energy S
3 germination
Con. Temp. (C) (%) (%)
days
10 535 d° -d 73 a
15 845 a 39.0 ¢ 4.2 ¢
. 20 90.0 a 73.0 ab 26 d
Light
25 895 a 795 a 2.0 ef
30 85.0 a 77.0 ab 2.0 ef
35 75 b 725 ab 1.7 £
10 62.0 ¢ -d 6.6 b
15 835 a 43.0 ¢ 40 ¢
20 875 a 695 b 2.7 d
Dark
25 86.5 a 77.0 ab 2.0 ef
30 86.5 a 76.0 ab 21 e
35 770 b 685 b 2.0 ef

Means separation within columns by Duncan’s multiple range test, at the 5% level.

2 Aviste g
Iovjszekr] wftell Al
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Fig 1-8. Comparison of mean temperatures between Jeonju and Holland

during the growing period.
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Fig 1-9. Comparison of precipitation and precipitation days between Jeonju and Holland

during the growing period.

AAY T2 ADEZ HF F FRAVE ALEF WSS A¥ERY gF § 120
Tl M B gFEeidled, 58 AdE AAGHH, 4, AdT Sl B AolE
Badh a2y 9%, 94F oA AM7Ite]l AeE ot & AFS RIou folA
= YAHTable 1-18). o]& Jean 5(1991)2 AAZ AAGA= ZA 49HoZ YT
= 7 e, 3 AR A Zotel g o dofo| EE Qlo] 4-5874A Abeks @
AR 35 F 3 50d7HA] ol Folvtar shginh. o= 2709] Helo]l B2 o= A
g old, offl o= wEA W zlo] Wojrim AAstal, o] BE 7|7 St g0 %
ol Aeh= Fo AFEEs Aok @ el Agks Hruu 2wls wEua o

col WAl HEHLR topie] = TS F A 6Tl 2 54l

o, B ARAAE o9 fAE A 1ee nAod A% SEE onr Fr wt
o= ATl LSl ESE Fo @4 BAT A Ao FHPCH(Table 1-18
Table 1-19).
oA B4 § thie] B 50~1002 Atelel whAo]t}.
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4 A% FAHZL, 1084 AL oF 29 A= 2004 AL 32 Bt FAHT o] Vi F
UMY 2 42 A v FAee] 3 IAC AT G. 2R dol= HFAH SR 40cm
od "k Al WA= Feo Rit(dol&7E) HAR 3 - 100~150 Alelel] o] Fof
Aok o g2 a7 AFS EvpAa oo = dedglol 25300 A€ o] o
P AdE de o v Fel glvh Hele] AEF2 2~35emeolsdolal, FA= 60~
130g7kA Wzrehal shl=dl, o A& 14094 1319 Ho F A o] &k skSith

Table 1-18. Effect of growing period on top growth characteristics of Chicory.

Growing period Leaf height Leaf width Leaf area No. of Fresh leaf  Bolting

(Days) (cm) (cm) (cm®/plant)  leaves wt.(g) (%)
30 38.1 a 12.0 a 1,691 ¢ 187 ¢ 209 ¢ -
100 383 a 12.1 a 2,150 b 243 b 306 b -
120 40.7 a 12.3 a 3,662 a 257 a 336 a -

“Means separation within columns by Duncan’s multiple range test at p=0.05.

Table 1-19. Effect of growing period on the rootstock growth characteristics,

marketability and yield of Chicory.

Growing period Weight Length Diameters No. of Marketa Yield” Yield

(Days) (g) (cm) (cm) branch  bility (%) (kg/10a) index
30 170 b* 22.8 45 1.3 20.5 443 100
100 313 a 24.9 55 1.3 80.4 3,195 721
120 345 a 25.0 5.8 1.7 88.5 3,877 875

“Means separation within columns by Duncan’s multiple range test at p=0.05.

XAE HEle 1me Zol7kA ¥ £o2 Hu & F Jed IRAEY AFY EEL AR
FE 15~20cm Aol Uth thh ¥Rk ¥l JH= B Fxep Wid ue o2
o, FH3 devt & EdoAE et dsta dad A v)to] whAsks ke, 7t

M o)A Pelt AFRgolnt Rl 4% ARE Pelel AW AHuE 47 W
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Fig. 1-10. Rootstock growth characteristics according to growing period of Chicory
(Cichorium intybus L. var. foliosum); (Left) 80 days after sowing, (middle) 100
days
after sowing, (right) 120 days after sowing.

Fig. 1-11. Degree of Chicory rootstocks maturity; (Left) bolted,

(middle) optimal harvesting stage, and (right) immature.

AA = S FAC vlEste] AZe] FAVE 7S & 5 AvkFig. 1-12). 284 &
5(1999)& F2 271 l(3246g), F(2411g), 2172992 b om AF FHe 2ASGE
B Ag el A2 £ Aol HolA FIE 13~15em, TEE 1247~131g, TAE 38~

42emi F2 2717 A Aol AT At %aam Uehdtha ste] ¥ 4@t e As)
Atk ol AMEE(E e AAAY P AL FF AL, AAYED 5347, X

AL E SRS o] &5 A Z Aul) Aol FellA 7IQlshE AoRE AZEM | wEpA ko
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Fig. 1-12. Relationship between Chicon weight and rootstock weight .

A2 AFE&Y AEES IS5 12080 33 T4 100%E RAey g5 F 80Y
of 483k Fol M= Aol AER FAL EBHdE xFo] FAEJ L A X FA o)
R gttt Wilson 5(2002)% X&) Wyl £28 dadl x|2o] A4 =@ 4 glgu 0}91

tHTable 1-20, Fig. 1-13). A& 10a%
o 1209 A FolAE 2517kgS =gk}
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Table 1-20. Effect of growing period of Chicory rootstock on the Chicon head

formation in hydroponic blanching culture system.

. . Fresh Blind Imperfect Heading Head Marketa-  Yield
Growing period

(Davs) wt. rate heading rate formation bility potential
S

v (@ (%) ratio %) (%) (1-5) (%5)  (kg/10a)

30 - 33.3 66.7 - - - -

100 180 28.6 35.7 35.7 3.8 7 130

120 224 - - 100.0 14 100 2,517

“Head formation is based on size, compactness and shape, with an index of 1

(excellent) - 5 (bad).

Fig. 1-13. Effect of growth period of Chicory rootstock on the Chicon head formation
in hydroponic blanching culture system; (Left) 80 days after sowing, (middle)
100 days

after sowing, and (right) 120 days after sowing.
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AAEZZ] Al A Ed 2 stebd s A A6 tH(Table 1-21, Table
1-22). EF S daAEA EAS ZA AYgEo| wljgdo]l o7t g How
A
ZS|

=
et Aoz s pH, EC, Mg, K5 Bt 272 A

woll At Aoz AU, frl=, A ZE o FEFS U A2 Adow AdHd
U 53 F71Ed2 EYY Sl By ESUYE @A o] dofsk=d, #U1EF
Fol AUAA o gl ofste] Sidtel vy m Eoke] Eed ofshr e d

Table 1-21. Physical properties of the experimental site.

Topography Slant Soil texture Soil depth Drainage ability

Evened 0 % Cay loam >100cm >Good

Table 1-22. Chemical properties of the experimental site.

EC O.M. P,0s Ex. (cmol'kg ™)
pH (1:5) 0 O
(dS - m) (%) (mg-L") K Ca Mg
65 0.1 1.9 422 0.7 43 1.9

YEEE T 7F 24 29l 9 shtolt.

L7 s AEolrh wekA IF F Ego] Axd =
of #df Folof gk ey dd W % =
dEolth(Jean &, 1991). ¢-elvbete] 715 544 84 Ao A e ue, Ax 1
i A Ae ToE YRES Fusted ougo wE

PE.(927%) > 34 PE.(90.7%) > =4 PE(@883%) wo= Egon, Fuie 647%2
7bg wiokth(Fig. 1-14, Fig. 1-15). 334 %2 249 Aol 45 54 PE

PE, ¥ =54 PEA %7 Yebstar, gtz Aol Az

Bl th(Fig. 1-8).
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Fig. 1-14. Effect of covering material on the stand rate of Chicory.
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Fig. 1-15. Effect of covering material on the photosynthetic rate of Chicory.
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N, 5o 2 =54 PE(LY), 5% PE.(305) A& Zom, Auxos EY ¢ HiL
E7F b2 Fa ol A 258cmz 7HE &tk o] Brel 4%, 44, A SolME S

=4 PE, &9 PESoIA A5o] gusidlen, ZE Ao FAddS HolA
& $ttH(Table 1-23).

¢

o
o

Table 1-23. Effect of covering material on the top growth and bolting of Chicory.

) ) Leaf height Leaf width Leaf area No. of Bolting

Covering material
(cm) (cm) (ct) leaves (%)

Control 25.8 12.8 218 19.1 -
Black P.E. 32.4 139 290 22.5 -
Transparent P.E. 28.0 12.8 209 216 -
Straw 26.6 12.1 210 18.6
Rice hulls 27.9 12.9 220 19.9
Green P.E. 31.8 135 288 22.7
Black and white
PE 30.5 13.8 291 21.8 -

&A= E 10a )
PE.(2819) 22 =t (Table 1-24). 53] 54 PE+ F3& tiH] 10a3d %] 79%
ZFHATL o9 e A= S PE 3 Eo] ¢
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Table 1-24. Effect of covering material on the growth and yield of Chicory rootstock.
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Rootstock Marketa-

Covering material weight ength Diameters No. of bility Yield .Yield
@ (cm) (cm)  branch %) (kg/10a) index
Control 247 ¢ 20.2 4.8 2.3 85.2 1,906 100
Black P.E. 297 a 214 5.2 2.3 90.5 3,413 179
Transparent P.E. 259 bc 20.8 49 2.5 86.0 2,223 117
Straw 248 ¢ 195 5.1 2.0 80.4 2,001 105
Rice hulls 249 ¢ 19.9 5.0 29 83.4 2,326 122
Green P.E. 284 ab 21.3 5.2 24 89.6 2,819 148
Black and white P.E. 279 ab 214 52 2.3 88.2 3,194 168
“Means separation within columns by Duncan’s multiple range test at p=0.05.
AR AdE $22 olgste] A8 A dx 4 PE =4 PE 22a &
HPEA A2 MG WAFLS 245~237gAtel & FofAtes AR HA Fhou FAL A
J T 20~22At0] 2 FdzEdom AEZ AHE A 90~-92% =

g2 ngvh A2 34 A%
1)
AN

=7 v A7 e AR AEe] AxIE FAE, 9 PE,
A wgte Fro A A2 g0l tha AxskitH(Table 1-25).
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Table 1-25. Effect of covering material on Chicon head formation hydrophonically

grown in blanching culture system.

Fresh ) Head Heading
. ) . Hardness Length Width ]
Covering material weight formation rate
(g/6bmm)  (cm) (cm) ,
(g) (1-5) (%)
Control 219 a’ 1219 16.6 6.3 2.6 31
Black P.E. 245 a 1240 17.9 6.7 2.0 92
Transparent P.E. 229 a 1234 17.3 6.5 2.8 83
Straw 224 a 1225 17.1 6.6 25 84
Rice hulls 225 a 1220 17.2 6.6 2.4 36
Green P.E. 238 a 1251 17.8 6.7 2.2 91
Black and white P.E. 237 a 1264 17.8 6.7 2.2 90

“Means separation within columns by Duncan’s multiple range test at p=0.05.

)

RS

Zz18 o]&a

&3

4 = A

AspAufel A fdojxl A2

%% tH(Table 1-26).

Table 1-26. Effect of covering material on hunter value of Chicon.

2okl wEel BEY I5A

°] Hunter

27F A&

Hunter value”

Covering material

L a b
Control 64.0 a* -48.0 33.5
Black P.E. 64.0 a -49.1 34.1
Transparent P.E. 65.1 a -48.7 32.7
Straw 64.2 a -49.2 33.4
Rice hulls 65.3 a -49.4 32.9
Green P.E. 639 a -48.3 33.4
Black and white P.E. 64.0 a -48.8 32.8

"L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80(blue)

Means separation within columns by Duncan’s multiple range test at p=0.05.
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vl & we Foe wE X229 10ad FHAAS A PE©2590), S P.E(2442), %
APE o2 wa, FyE 2 9z 9 Euudo s AFRPed ol 3F %7
Az, 4 ESue 2 Au) 7] EgLwel #Eo] g Aow FAATHFig 1-16).

(Covering
material)

Black &White P.E. | 2442

Green P.E. | 2150

Rice hulls | 1808

Straw | 1517

Transparent P .E. | 1631

Black P.E. | 2590

Control 11369

0 1000 2000 3000
Yield potential of Chicon (kg/10a)

Fig. 1-16. Effect of covering material on the yield potential of Chicon.

2 el Qeld 44 A7 me 4% 54 HIE B
9 Edel, A% 2o Fom, R A5d e 4% WS KB sl @ sl

ZAtH(Table 1-27, Fig 1-17).

Table 1-27. Comparison of seedling culture method and period on the seedling growth

characteristics of Chicory (Cichorium intybus L.) plants, determined just before

transplanting.
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Raising seedling Leaf height Leaf width Leaf area No. of Fresh wt.

Method Period (Days) (cm) (cm) (cm”/plant) leaves (g/plant)
Direct sowing 10 - - - - -
20 3.7 1.6 14 2.7 0.2
30 5.7 2.2 2.7 47 0.7
Cup pot 10 - - - - -
20 7.0 3.1 2.9 47 16
30 17.1 54 12.0 7.0 7.0
Plug tray 10 - - - - -
20 3.6 2.2 19 3.0 0.6
30 12.0 3.7 74 5.0 2.1

S

i L

r F
I

Fig 1-17. Effect of seedling cultural method and period on growth of Chicory

(Cichorium
intybus L.); (left) 10 days grown, (middle) 20 days grown, and (right) 30 days

grown.
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Table 1-28. Effect of seedling culture method and period on the top growth, stand ratio
and bolting, determined 35 days after transplanting.

Raising seedling Leaf height Leaf width No. of Stand rate Bolting
Method Period (Days) (cm) (cm) leaves (%) (%)
Direct sowing - 37.6 10.7 19.0 79.5 -
Cup pot 10 276 8.8 1777 86.1 -
20 24.2 8.2 20.0 95.6 -
30 35.0 109 20.3 98.0 -
Plug tray 10 32.6 9.6 16.0 35.8 -
20 32.6 9.7 18.7 96.6 -
30 32.0 10.6 15.0 98.1 -

Table 1-29. Effect of seedling cultural methods and periods on the rootstock growth and
yield of Chicory.

. . Market
Raising seedling Rootstock Length Diameters No. of abr.l.: 4 Yield Yield
=bili
Method Period(Days) Wwt. (g)  (cm) (cm)  branch ((y)y (kg/10a) index
(6]
Direct sowing - 28377 a> 240 4.3 1.3 85.2 2,690 100.0
Cup pot 10 266.3 ab 17.7 4.2 3.7 82.3 2,642 982
20 2473 bc 153 4.2 4.3 80.9 2,678 996
30 2327 ¢ 14.5 4.3 4.0 81.2 2592 964
Plug tray 10 268.3 ab 18.0 4.2 6.0 834 2,663  99.0
20 2450 bc 170 4.2 4.7 82.0 2,717 101.0
30 231.7 ¢ 14.0 4.2 3.7 78.6 2,501 93.0
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YMeans separation within columns by Duncan’s multiple range test at p=0.05.

Fig. 1-18. The growth pattern of Chicory rootstocks according to seedling culture

method
and period of Chicory (Cichorium intybus L. var. foliosum); (Left) direct sowing,
(middle) cup pot (10, 20, 30 days), and (right) plug tray (10, 20, 30 days).

_&L_l‘
N

& Rk 71zbd A Fel e AZ NG FA= A F3 F2oA] 235
o2 M A, HEES FHaEde] £ FTooAE 209 SrolA
225g 0.2 ot FAR A& HH(Table 1-30). webM A Arbs
H
H

L
e Ang 35 FA 29 WAZ A3t 27 F@E0] "Wold Felt wo
8 Z Alsd

Table 1-30. Effect of seedling culture method and period on in Chicon head formation

in hydroponic blanching culture system.
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f : Head Headin
Raising seedling Fresh wt. Hardness Length Width &

formation rate

i (g) (g/gbmm)  (cm) (cm)
Method Period (Days) g g/pomm cm cm (1-5)° %)
Direct sowing - 235 a’ 1,240 176 6.6 1.9 96
Cup pot 10 217 abc 1,215 17.2 6.6 2.0 84
20 220 abc 1,238 17.0 6.5 2.2 85
30 198 ¢ 1,216 16.8 6.3 25 78
Plug tray 10 203 bc 1,230 169 6.2 25 83
20 225 ab 1,245 17.3 6.7 2.1 86
30 205 bc 1,235 17.0 6.4 2.4 86

“Head formation is based on size, compactness and shape, with an index of 1 (excellent) - 5 (bad).

Means separation within columns by Duncan’s multiple range test at p=0.05.

SHE WY 77k XA T2 w2 A2 10a¥ THAA2 i plug tray 20¥
SETNA 2100kg FFEo 2 7FE =93, plug tray 10¥ S HA 7FF weko(Fig.
1-19). 53] plug tray$} cup pot &3] 1083 30¥ANA AZXFFIAEH ol T ALHA

PEE Ash B e v S dde] gl= Aew FAHEH

O
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(raising
seedling)

Plug tray 30days 1903
Plug tray 20days 2146
Plug tray 10days
Cup pot 30days
Cup pot 20days 2025
Cup pot 10days

Direct sowing

2139

0 500 1000 1500 2000 2500
Yield potential of Chicon (kg/10a)

Fig. 1-19. Effect of seedling culture method and period on the yield potential of Chicon.
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B A2 QAe AR AAG HF AV} R, Esh A A7 2
of olE AuAel AT HEFOLA T wFe B Aol wE Aol sere
WA 5 ogle] ke 25 wdw 9 o4e nANYD 5 Ak

e g, AL, Wl S, A% AFE, B AL AFash 2 AM L A
g AT HEF S slol A, BAA FRAA olHlel ek

EATE $F 4% ERoR Rysm g Az oe AsAN &S F7s]

ik 9 =

AgS 98 TS Aty Y8t AnAE dF3dduy A5 xgoly, gF A
Ao 10a"d EH] 3,000kg, &4 4kg, &3¢ 8kg, d3} 7] 24kg, LE 43| 15kgS 7]
Hl 2 3le] 30cmeol’d ZolZ sttt o9 o= s wiE fsty 754 %

A Zrel =4 g, L 90cm=E HESTH

2003 8¢ FA] #FF9 ‘Focus (Nunhems, Netherland)E F7F 10~15cm, =3+

40cm A0 F T 2~3YH HFH1, AV WolE Ewaks] 915t W Fetol

8 @7 BESAL Bol ¥ 4% YT @ Fu @3 Fop Foom, £ B

S aau 4AE SAN) Aol Bh BB Zob FAZ BEAA. 43 BelE x

7 wgs dAs] sl EG AW AxA LehIAUkg/1009 FekfA
EEL! ;

(300cc/10a)E olx< vt
Ao s BEete] A
20034 11¥ &4

mZi rn
2 gy

%:
3k & Fto /xgx]—;ﬂoﬂ/q 15~25cmE #7713 & AAS
= 18 AE=
ARESEA T Aol o] &3 T Aol 18cm=E ¢ qu‘]—ﬂ] 22 A7 535mm, FA 323.1g
CESE A2 AL 5 FlE A7) ekl Wlid o] E-T 434 100g
ghikol] 3] A g &He 1A A F 5ol wy o] &3t th(Fig. 2-2).
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Fig. 2-2. Harvested rootstock (Left) and rootstock for Chicon blanching culture
in hydroponic system (Right).

2) =4 ug
A 9 FH 2AE A8 A 7FHES S AlFS A9k, dAst 219 Fo e
of AT, NEF, 2%, 24, A%, A270H, 4+, 2 F, st AE4 7HA, TR
IF T AT AESS AATE 34T F AdxT]dd €] 60TAAA 72A13F
ANA SR, 2 D 2AE A2 Holg M wWe HS AT ARe AR
A (510-5, N.OW., Japan)= =743}, A7 F e+ +dd 229 A7 2gS a7, 1
T, B Tl wE 1(F)~-5(UE)E RGN, 2 i X Z9] npg Rt AA

A £33 %28 Hunter colormeter(CR-300, Minolta, Japan)& ©]-&3}o] L3t
(lightness : O=black, 100=white), agt(red-green : +80=red, -80=green), bak (yvellow-blue :
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+80=yellow, -80=blue) .2 =A 3}t
2 ERAo glo] dke A A gA R S, RS Axy, guEe
Kjeldahl®, AW g2 F&W, Zo AsFS

ot 99‘7 A &g 10mLE 7
o] & 5%7r 80rpme2 FES & 8000rpmo = 20&3+
FEstaL Al AFHAIZL & FA A ERE ARESEA T 4] 7171 HPLC(waters 510, ), RI
detecter(waters 410, )S A}-&3}3d ).

Column& Supelcosil LC-NH2 column(5um, 25cmx*4.6cm)S AF&3t3t}. o] 5Ae] n]
£2 acetonitrille : water(v : v, 75 : 25)2 38te] TFS 660nm, 4 1.5mL - min |, &
T 3HCE A

AEA] Aie dAhe ASE 01g¥ HHFste] HSOs4 10mLA H7be & 23 3
A(CuSOy4 : KoSOy = 1 1 9DE ¥ 360TolA 243 &<t —‘?‘:GH?S‘]'Oj‘q— o5 AL AF
S5 7](Vapodest 50 carousel, Gerhart, Germany)® A% ZFF3 ¥ 0.006N H.SO,= A HA
stol =% 100go] gk go = FAkstith

A 23] ¢lAS vanadate & & 470nmell A B] M A (V-560, Jasco, Japan)E A& 3}o]
S, AEAe Ze, ZE, vtads §EE AREE 05g% WEFste]  ternaly
solution 10mLA #H7}sle] 360ToIA 2417 =<t Ea3 & Ax &34 33 %7 (Spectra
AA-220FS, Varian, Australia)2 =74 3}31t}.

AEA ] HENE AR5 01g¥ H&Fete] S7FF 10mL= 107 ,
olFato]l ImLE Fstal, 75 ImLE H7bste] 10M= 34 so], ghAZ(DNSH) %
T -2 dlole @S Tkt

v A Asa A
1) Bk
oAge 20023 12€ 58 2003 1€970A] Eul AFEFge] FIl 2
d o2 elA FdHAT. EaaY e 2uE =2
0C= %xlé‘}ﬂ f138ke] 30cm Zolol MAMS Attt of 7]l A
A & 95%° F%= FAE Aste] dA A
do] atghy H2S fste] Be YR HAth(Fig. 2-3).
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Fig. 2-3. Schematic diagram of soil system in the blanching culture of Chicon.
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Fig. 2-4. Schematic diagram of hydroponic system in the blanching culture of Chicon.

o AgAY ex 7Y
R 20029 129598 20039 19704 Ba AREF FLgE Ul FaEdn
(Fig. 2-5). #2354 Wols F4AM A2 Pulstn, FAAEE wysgon,

&%= 10, 20, 30T 9] 3¢+ = 3F3ith

Photo 2-5. Blanching room(Left) and temperature and humidity control

apparatus (Right)

in the blanching temperature experiment of Chicon.

I‘HJ

gk A =24 0 8

Chicon A7ol A-dst 2% F9& 93] 1 C, 10 Co AF=A7 43 MAAE
Ao FHE S8 47 2HAE ol &ttt A= F 1T Chicon® HAA S
= 4 dew Sl 8 A 53] A A 22¢ 10T F7H4] =
Aletlth. 47k =3 RE dA g JAFe E4AE o]85HE= PE(polyethylene)
box®} FAE XA 71 wWol o] &&= wrap, 183 25 me 50 mFe] LDPE(ow
density polyethylene) film= AF&E3tE T AX & F27AS I3 ¥ F 2Ho=E 3=
o % 20e @35S oF 15 mmolm™® s FFOR S 1247 ANk

A RS A AT AA, TFAWTY ojibstera, gl g, AT o
#4 W3} greening Bk W3t 54 T s, aga vE C 3 WSE %

A

BN

(

R 5
i

o~

A}

-/
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Atk ZF FEE 4Nt ow zAbEY. AT WAl dAa
il |5 100%% sto] AT Haste AT 24
ojikstetrs, dEd 3 WSk A 8YAet A 15dA 23] HAH  gas
chromatograph(HP 6890)% ©]-83lo ZASISIY. ZALZ-2 Table 2-13 o), o34+
FAWSE 39 4 2Absisied, S F2 ¥E 7|2 greeningd=E Al9lEhaL
ARG A M 7 s 53, ¢ dEE 47, B Jhs e dEE 33
o, A7t ol HHE 2d, 18 #H7] dHE 17 o 8 sQlth E3F greening B
A EaRs L vk dHE slon 135S ¢4 39
HAow WE Jow sl greening AEE A 169 954 FHOom A=Al
ATt JEA FHFS 2ARE] fete] AA 10mme] dWS §F vkEY 371 e
N,N-dimethylformamide 10mLel] Yo] 4T <tAoA 33Uzt e
-meter(Beckman DU-64)% 647nm%} 664.5nmelA S3 =5 =AU, 4=4 a, b
2] Al total #h ofgfe] Aoz ALskelth(Inskeep and Bloom. 1985).

I A% 3 spectrophoto

Chlorophyll a
Chlorophyll b
Chlorophyll a

12.70% Aspas — 2.79%Agu7
20.70%Aga7 — 4.62%Ass45
17.90%Aps7 + 8.08*Aseas

E3 doitE AT FEAS AR AxrR o]&Hi Y FHE Fag vEn
C g&Fes 91 AF HAFTLA 15%“111011 A8kt BlEl C 92 2,6-dichloro

phenolindophenol HrHel| od] dFJAE =AHSHTH(AOAC, 1995). HIEHY C 3=
& A 5¢& 5% HPO3 50mL0ﬂ o] wlsle] (O-phenylenediamine &2 WHEA|A o
7137 350nm, 9337 430nmolA spectroflurometer (Kontron SFM)= =743} t}.
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Table 2-1. Conditions of gas chromatography.

Condition Ethylene Carbon dioxide
Column Aluminum oxide Active carbon
Detector FID TCD
Carrier gas N2 He

Flow rate 30 mL-min"’ 40 mL-min""
Injection temp. 100TC 180T
Oven temp. 100C 180T
Detector temp. 150C 2507TC
Instrument Hewlett Packard 6890

TAAME 2u e F2 - 5 ol AA ARG AN AAEHe o] 85t
o 2004 1958 3974 F3 38t

38

5

kel o]l FES 9t o PE, ofrIet = -l EelS AL, Al
t}ael Zalae B~ (NAP 104, Ace tech. tool, Korea)E o] &3tk A18S 93 =2
Aol dud AL T 250g, 2o 18cmz FLEA AU AZ A Foll Hof
WAEt7] flste] W] E-T 34l 100gS = 18Lell 3148k & 9o 30&7He e

—

5
o] W= el 2 ofF 5emo] ZHolvhE frAEREE w4 WHE 2AS)
o} wjekele] FHeb 84 HFE KNO; 160g, Ca(NOs): 90g, MgSO,s 60go 2 200L =
gl g7]o] FAatgdon pHE 7.00% z4dsttt Asr|e FHEy] A
TS 109, 159, 20, 2569, 30 FA 0w wkiEolh

2ol sk wob T A Aol Al HAlskAtH(Fig. 2-2). w42 AT v
[e]

r
¥ @ Az ot o o

SI
=
)

FAAME Eu AEFF 32 - 35 Yo AA A ZE A A A ~ES o] &8
o] 2004 195 397t#] a3+t

MFele] FFEe fletel Fo Wx oldrlsh F-ulF e WAL, AWML
gl Feb2~E BFA(NAP 104, Ace tech. tool, Korea)& o] &3ttt AdS gk T2
Lo gmE AL FF 250g, Zo] 18cmz EAEA ZASILE X2 YA Fo] o=
W2 5h7] 9ake] wlE ol E-T 484 100gS = 18Lo] 3|48 folo] 30712 A8 3
a5 A 5 Zob i Aul Aol Al AHAstGE FAL wA|7F vll 158A sle] w

_76_



of Wl= Well &7 of Sem?] Zlolvtg FAHEE v B e xAstvt. wf g e

9} 314 & KNO; 160g, Ca(NO3): 90g, MgSO, 60go.2 200L Zef2g 7] 34
stom, pHe 7002 A3t BAAAZE A2 @A vA= &S A 9
sto] A, HAAA, kA A 3A T, AFH o7t AF P HAE IS A
7] el T2 HE A9 ZolE lem, 2cm, 4me] 3HF TR TS

Rkl 5k th(Fig. 2-6).

)
z e —E—] o]

xma Wl AL RN 15-25mE W1 AL AAT F E 250g, 20l 18em

sdaA 2AGAT 24 Y Foe AT AN 2 WA Slstel W

o1E T F3hA 100g& 2 18LOl 3413 golo] 3087} QoA BT Fo
e ol g3tk FAL ARG 158 FEBFA shel, MFde] W= el oF 5emel 2
5 o

o] uk& wzlﬂéﬁ g wWBEe Ay g FH I F2 KNO; 160g,
Ca(NOs)2 90g, MgSOQ, 60go2 200L Zetxg 87]d 3|35ty on pHE 7002 2436}

%Ak,
Fo Arle] weE AT A% 9 FAL PHE7] AANE F2S 100g, 150g,
200g, 250g°] 4422 sttt
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EAaet A el mE A AsphgAS FHEty] flete]l Bl 1Y
oo WalE 2AEIATE 9 A 9AZFAE oF 16CE Holgr} oo A&dlo] 1449
= 20CEA 7HE %% L2 Y9 Ed ols X AT AsAmd "ad dA L%l
18~20°C94 W elell Easkon, = Wk 154 oF 80%7HA AdtE A
A U 99%F 304 A AspAee] Badt A4 FE 95% ol ¥
g Ao w #dH Avk(Fig. 2-7).

[l
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Fig. 2-7. The changes of temperature and humidity in the soil blanching culture

system.

EFA L 57 A g =
H2 @A AFdes FAQN EFAuRg Fzagon, 25
9.07, EFA w7} 1387 = oo

Table 2-2. Effect of blanching culture system on the growth of Chicon.
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Fresh Dry Head No. of

Blanching culture ] ] Length Width Firmness ]

. weight  weight (cm) (cm) (ke) formation  outer
system cm cm
Y () (g) & (1-5) leaves”
Soil 18149 a* 636 a 1717 a 6649 b 0.78 a 2.25 12.33 a
Hydroponic 25531 a 866 a 1917 a 8173 a 082 a 1.00 9.00 a

? Head formation is based on size, compactness and shape. Grade criterion divides into
1(excellent) ~ 5(bad)
Y Quter leaves mean non-market leaves.

* Mean separation within columns by Duncan’s multiple range test at P=0.05.

E of m& AEA A= Aol FAAM EdAEY =
d A& AQdetaie F Auizte]l & AolE HolA Fkil(Table 2-3), F718E &=
= 22 S BAtHTable 2-4). MAA=Z 243 A2 W=(Lg)
T A el ol HolA fgkont EFAMl= 82090 Mis| FAAM = 76.98%
of Auj7b -7.9291 6l Bl A= -911=A &
A 7F 44.611° wls) A A= 406224 &

)
2
—r
Ho
=
tlo
f
2o 0
o
L
Q
)
rlo
i
O 02

M) JEo} o7 ko, bke Eo

Table 2-3. Effect of blanching culture system on the food value of Chicon.
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Total Reducing sucrose

Blanching ) ~ Crude Crude 5
Moisture Calorie } sucrose (mg g, DW.) Ash
culture (%) (@) protein  fat (me - ¢! (%)
system ? & (%) (%) M8 " & Glucose Fructose Sucrose ?
D.W.)
Soil 350 a® 606 b 002a 772a 153a 040a 034a 074a 1585 a

Hydroponic 339 a 657 a 002a 394 a 133b 038a 033a 071 a 1728 a

? Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 2-4. Mineral element contents of Chicon grown under different blanching system.

‘ Mineral element(mg - L")
Blanching culture system

N P K Ca Mg
Soil 0.003 a” 3.03 a 47992 a 5131 a 36.11 a
Hydroponic 0.003 a 299 a 520.80 a 4542 a 30.75 a

? Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 2-5. Effect of blanching culture system on the Hunter value of Chicon.

. Hunter value”
Blanching culture system

L a b
Soil 82.00 a” 792 a +4461 a
Hydroponic 76.98 a -9.11 a +40.62 b

“L=0(black) ~100(white), a=80(red) ~-80(green), b=80(yellow)~-80(blue)

¥ Mean separation within columns by Duncan’s multiple range test at P=0.05.

Aze] AKHAS 20T 100 30Ce] vla) Afo] Fzad
Aow vehom, 1009 A%l 0THT AxF ol it A& dFenst 4fennn
srob mA A 2e] Wl Azehgla, 0TAA A Fol mAR ol fi 5% ol el &
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FEoll A aLo]l A&HEA AZ FL7F A E ol AWE Aoz AdEdvH(Table
2-6, Fig. 2-9).

Table 2-6. Effect of blanching culture temperature on the growth of Chicon.

Fresh Dry ) ) Head No. of
Temperature ) . Length Width Firmness ]
(C) weight  weight (cm) (cm) (ke) formation outer
cm cm
(g) (g) & (1-5) leaves”
10 6274 b* 497b 93 b 4645 Db 079 b 4.80 8.00 a
20 13990 a 957 a 165a 5944 a 093 a 1.00 6.80 b
30 - - - - - - -

* Head formation is based on size, compactness and shape. Grade criterion divides into
1(excellent) ~ 5(bad)

¥ Outer leaves means non-market leaves.

* Mean separation within columns by Duncan’s multiple range test at P=0.05.

AspA e 2ol wE A FZo AEAH RA A g dd 2 10T7F 7.92% =
A 20T 9 6.85%0l W& =ekout dxFolut T2 20T7F 10Tl vs) =4 etk



HA A, e, B A2 229 Aol gltH(Table 2-7). A2 F7IAE o
< Ay 259 fofdo]l A4 HA o (Table 2-8), MAAR A g X2 WE(L
e Al Fo)d2 gldey 10T7F 75.9920 8 vlsl] 20C &= 77.67=2 A1 <F3F Br2 A
= Bom agtd 10T7F -1044%1 0 M3 20T+ -6.9524 F249] Hrrt ofgh vk

om b 10CT7F 4452904 B3] 20C+= 4142%A4 Aol Fmrp ofxt wrdth(Table

Table 2-7. Effect of blanching culture temperature on the food value of Chicon.

Total Reducing sucrose
. . Crude Crude 4
Temperature Moisture Calorie ) sucrose (mg - g, DW.) Ash
\ protein fat 4
(C) (%) (@) o . (mg - g, (%)
%) (%) Glucose Fructose Sucrose
D.W.)
, 21.91 10.46
10 792 a® 841 b 0.10 a 161 b 021 a 020a 041 a
a a
10.99 10.29
20 6.8 b 859 a 002b 1.85 a 025 a 023a 047 a
a a

30 - - - - - - - -

? Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 2-8. Mineral element contents of Chicon grown under different blanching system.

Mineral element(mg - g !, D.W.)

Temperature

(C) N P K Ca Mg
10 0.016 a* 1.23 a 485.33 a 3273 a 2143 a
20 0.003 b 133 a 440.73 a 2167 a 2575 a
30 - - - - -

? Mean separation within columns by Duncan’s multiple range test at P=0.05.

Table 2-9. Effect of blanching culture temperature on the Hunter value of Chicon.
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Temperature Hunter value”

(C) L a b

10 75.99 a” -1044 b +4452 a
20 7167 a -6.95 a +4142 a
30 - -

“L=0(black) ~100(white), a=80(red) ~-80(green), b=80(yellow)~-80(blue)

¥ Mean separation within columns by Duncan’s multiple range test at P=0.05.
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Chicon< odjgal wAjo = ww 7 @wAgke] vre How A3 & Z wAZF HA &=
Aoz dHA oy dFEEe] dditEel Ao glo Fsjof & HEo|EE GS4E
T2 7ol & Aot} duky A7 oo gt %=+ 0.1~1ppme FTo

33ttt A 2 Chicon¥
| dul - kg ' - hr !t oo wra o WS
oz d# A dh(Kader, 2002). olEalel] g FAlFo FHAGE AT 9}
5ol A degreening®] WE ¥ = AAld WS s diARZ 0.3ppmel/del Al YE

[e)
wt}h. &2 degreeening® 74 -$-i Chiconoll oA FZAA e HUolo] HXA Y=t 1F
=

=9 ethylene & A] GAFAA & = JdE= & vE FHa+= 'russet spotting” °]=F =

T ATAF] F59 AA wHdd ol Chicond AR AT F U=
ethylene?] ot} &} & AJgo| = o]9} S 'russet spotting' = WENFA] &=
tl o] ChiconA gl olA 1T A5 7 5ol F749 L4AW gl §e] 7}
4 =99 50pum LDPEZF 0.3ppm ©]8tglew 10T A% 05ppm =02 Hlw A e 3
2o 1el7] wEolg Azttt w3 Chiconel ol€@e] wrSAE} F7F £59 AE 9
1Y Aoy F=dHAt}

SA oAbt Er A FE FEo A Chicone] MAA e QlojA] o]itstgtas e & uf B
o MA AFaass 7] Aalixe F3EE59 ol&o] a7 dATa AFstaie], o gl
I T2 B ugr v Sy 05ppmeyasbA d@uE Fert A e go
2 Hol FFdFo o]&o] Chicon® 7] A&l oA Feld FHolgts ZES IS
T Atk Chicon®] 749 io]Abslers 115 % ethylene® a7} 2 A3 7oAl e
U] gkol, aolskstEkA AAbAe] THAA TS B3 MAS A |zt A e T
THES B3 A3 o3 F AdS Aow AzHETt a2y o] ASdE wr=A] £
T 5% 2 FEAAAA AT A2 00TCelshH 7 875 & vRol )

_85_



Carbon dioxide (%)

Carbon dioxide (%)

Fig.

and

1TC.

50 50
A B

40 - fl,_,,, L O
1 I

30 30 -~ b

T

20 - ) -1 20 - .

10 t ’__‘ 10 {

00 00

Box Wrap 25um 50um Box Wrap 25um 50um
Packing materials Packing materials
50 50
C D

T

40 - s -1 40 -
T 40 T

T

30 30 I

20 20

10 t T 10 I

00 00

Box Wrap 25um 50um Box Wrap 25um 50um
Packing materials Packing materials

2-11. Carbon dioxide content in four different materials(PE box, wrap, 25um
50umm LDPE film) packed Chicon under light and dark condition and stored at
Vertical bars represents £SD from the mean(n=4). A and B: light condition, C

and D: dark condition, A and C: at 8days after storage, B and D: at 15days after
storage.
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Fig. 2-13. Ethylene content in four different materials(PE box, wrap, 25um and 50um
LDPE film) packed Chicon under light and dark condition and stored at 1T.
Vertical bars represents =SD from the mean(n=4). A and B: light condition, C and
D: dark condition, A and C: at 8days after storage, B and D: at 15days after

storage.
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Fig. 2-15. Changes in greening of Chicon packed four different materials: PE box,
wrap, 25um and 50wm LDPE film under light condition and stored at 1'C and 10T.
Vertical bars represents +SD from the mean(n=4). 5: excellent condition, 4: very

good, 3: good(marketable), 2: poor, 1: expired condition.
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50um LDPE film) packed Chicon under light and dark condition and stored at 1
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Fig. 2-17. Changes in visual quality of Chicon packed four different materials: PE
box, wrap, 25um and 50um LDPE film under dark condition and stored at 1C and 1
0. Vertical bars represents =SD from the mean(n=4). 5: excellent condition, 4:

very good, 3: good(marketable), 2: poor, 1: expired condition.
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Fig. 2-18. Vitamin C content in four different materials(PE box,

wrap, 25um and 50pm LDPE film) packed chicorn under light and

dark condition and stored at 1 and 10TC. Vertical bars represents
1+SD from the mean(n=4).
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Table 2-10. Growth characteristics of Chicon as affected by different blanching culture
days

in hydroponics.

) Fresh Dry ) No. of outer )
Treatments Length  Width . ] Firmness ; Bolting
weight  weight leaf”
(Days) (cm) (cm) (kg) (%)
(g) (g) (ea)
10 97d 39c 64.5 ¢ 56 ¢ 06 b 38 d -
15 139c¢ 44b 1764 b 101 b 08 a 5.6 bc -
20 148 ¢ 48 a 1937 Db 104 b 09 a 46 cd -
25 189 b 49a 2911 a 134 a 09 a 6.2 b 16
30 328 a 43b 3000 a 134 a 09 a 86 a 30

Outer leaf means unmarketable leaf.

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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Fig. 2-19. Shape of Chicon as affected by different blanching culture days in

hydroponics.

Table 2-11. Mineral element contents of Chicon as affected by different blanching

culture days

in hydroponics.

Mineral elements (cmol” * kg 1)

Treatments

(Days) N P K Ca Mg
10 13.2 &’ 485 b 6.3 ab 1.7 bc 30 b
15 141 a 359.1 a 6.1 b 15¢c 28 Db
20 124 a 224.9 ab 7.0 a 1.6 bc 28 b
25 119 a 220.3 ab 70 a 19 b 29 b
30 163 a 2189 ab 6.8 a 25 a 42 a

"Mean separation within columns by Duncan’s multiple range test at p=0.05.

254 MRS B4 A Table 2-129 22d, &3 HEY Ce 309A 3t

o

_97_



A 2ol 7MY wew, A= 1594, 2094, 256944 F&F Aol A7 11.9%,
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Table 2-12. Food value of Chicon as affected by different blanching culture days in

hydroponics.
. Crude Crude Crude ) . )

Treatments Moisture . . Ash Calorie Vitamin C
(Days) (0 ~ mbre.oprotem b0 ) (mg ke )

v ’ %) %) (%) ’ . 8E
10 48 ¢ 103 b 132 a 13 a 113 a 784 a 163.8 ab
15 6.0 ¢ 119 a 14.1 a 1.0 a 84 c 797 a 1494 b
20 53 d 114 a 124 a 14 a 91 bc 795 a 196.8 ab
25 6.6 b 12.1 a 119 a 14 a 100 b 779 a 183.0 ab
30 76 a 102 b 16.3 a 11 a 97b 801 a 249.3 a

"Mean separation within columns by Duncan’s multiple range test at p=0.05.
Table 2-12. (continued)
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Treatments Free sugar (mg - gfl, D.W.) Total sugar

(Days) Glucose Fructose Sucrose (mg - g ', D.W))
10 05 a” 04 b 1.0 a 19 a
15 04 b 05 a 09 b 1.8 b
20 04 b 05 a 09 b 1.8 b
25 05 a 04 b 1.0 a 19 a
30 04 b 04 b 08 ¢ 16 ¢

“Mean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-13. Hunter value of Chicon as affected by different blanching culture days in

hydroponics.

Treatments Hunter value”

(Days) L a b
10 76.2 ab” -12.4 ab 414 a
15 771 a -12.5 ab 415 a
20 73.7 b -12.0 a 415 a
25 782 a -126 b 415 a
30 771 a -126 b 404 b

L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80 (blue).

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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Table 2-14. Effect of outer leaves removal for blanching culture on the growth of

Chicon in hydroponics.

) Fresh Dry ) No. of outer
Length  Width . . Firmness ,
Treatment weight weight leaf”
(cm) (cm) (kg)
(g) (g) (ea)
Non treatment 204 a¥ 58 a 2355 ab 101 b 09 a 92 a
Half removal 196 a 57 a 2140 b 112 ab 09 a 10.2 a
Full removal 206 a 6.0 a 270.3 a 128 a 09 a 92 a

Outer leaf means unmarketable leaf.

YMean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-15. Mineral element contents as affected by cutting leaves for blanching

culture in hydroponics.

Mineral elements (mg - L)

Treatment

N P K Ca Mg
Non treatment 35150.0 a” 140 a 46 a 234 a 20.1 a
Half removal 33640.0 a 143 a 59 a 171 b 179 a
Full removal 30340.0 b 155 a 52 a 211 a 193 a

"Mean separation within columns by Duncan’s multiple range test at p=0.05.
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AAAE PR A2 7] ARE G Lg, FAF B25% Be ag, =9
BEs YEl= bk A gztel Zkolzt flo] BdAAC wE A2 MZAZ F Aol
7F e Ao ® yestth(Table 2-17).

ojFell A BAAAN e AZe] AFI FAE AR v AFel B AT
o2 AT} AEFTH =%, FZNA A FE e Cu F FFol =4 HE
e € 7 Y wEA 5-Fe A2 AAer] Aste] 2de AAskE AL TS
Aete=d =yt 8 ASI Fdo anA F FFS MAA G JoE UagsS
& AT

Table 2-16. Food value as affected by -cutting leaves for blanching culture in

hydroponics.
Moisture Crude fat Crude protein Ash Vitamin C
Treatment 4
(%) (%) (%) (%) (mg - kg )
Non treatment 6.0 a* 17 a 20.2 a 12.7 a 20.1 ¢
Half removal 52 b 14 a 173 a 123 a 23.0 a
Full removal 54 b 16 a 159 a 149 a 216 b
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Reducing sugar (mg - gfl, D.W.) Total sugar

Treatment a
Glucose Fructose Sucrose (mg-g , DW)
Non treatment 218 b’ 26.8 b 545 b 976 b
Half removal 26.0 c 250 ¢ 51.1 ¢ 9.8 ¢
Full removal 30.8 a 30.0 a 604 a 1004 a

“Mean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-17. Hunter value as affected by cutting leaves for blanching culture in

hydroponics.
Hunter value”
Treatment
L a b
Non treatment 69.9 a¥ -1.8 a 6.8 a
Half removal 700 a -25 a 76 a
Full removal 726 a -25 a 91 a

L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80 (blue).

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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Table 2-18. Effect of cutting leaves for blanching culture on the growth of Chicon

in hydroponics.
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Treatment Length  Width Fresh weight Dry weight Firmness No. of outer leaf”

(cm) (cm) (cm) (g) (g) (kg) (ea)
1 212 a" 63a 300.8 a 137 a 09 a 11.0 a
2 216 a 62 a 312.3 a 145 a 09 a 10.0 a
4 192 b 62 a 296.6 a 147 a 09 a 92 a

“Outer leaf means unmarketable leaf.

YMean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-19. Mineral element contents as affected by outer leaves removal for blanching
culture

in hydroponics.

Treatment Mineral elements (mg - L")

(cm) N P K Ca Mg
1 33146.7 a* 170 a 47 a 214 ab 19.0 a
2 29603.3 b 139 a 36 a 208 b 19.1 a
4 30010.0 b 16.1 a 30 a 233 a 16.8 b

"Mean separation within columns by Duncan’s multiple range test at p=0.05.

Fig. 2-21. Effects of outer leaves removal on the growth and quality of Chicon.
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Table 2-20. Food value as affected by outer leaves removal for blanching culture in

hydroponics.
Treatment Moisture Crude fat Crude protein Ash Vitamin C
(cm) (%) (%) (%) (%) (mg - kg ')
1 6.3 a” 18 a 218 a 136 a 16.7 a
2 47 b 2.1 a 222 a 138 a 151 b
4 6.5 a 24 a 175 a 152 a 83 ¢

Treatment Reducing sugar (mg - g ', D.W.) Total sugar

(cm) Glucose Fructose Sucrose (mg - g ', DW)

1 28.1 b 271 b 55.1 ¢ 96.7 a
2 296 a 285 a 58.1 a 976 a
4 28.7 ab 271.7 ab 56.4 b 974 a

"Mean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-21. Hunter value as affected by outer leaves removal for blanching culture in
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hydroponics.

Treatment Hunter value”

(cm) L a n
1 74.1 a’ -1.7 a 6.8 a
2 73.8 a -20 a 83 a
4 73.0 a -1.8 a 80 a

L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80 (blue).

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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ZAFSE A¥= Table 2-229F 2ok =32 250gol Al 16.4cm= 7}%} Z29¢ vy U |
AYTFEL FoAo] AAHA Fka, =& 200g3 250gol A EF 52emz 7Y F
A AT 250gol A, AEFTS 25 OgOH/H 71 FsEdt. 2EAW AR
Aol frejdel JAAREA &
ot ywA AYFEL FodS Kol &ttt %’H&Zﬂﬁi ﬂi’ X *P° Hfﬂ
T #A(1991)2> 150g oldelar, #/(2001)+= 100g ©]/dol™ A4
TFollME ZFol FAETFE A2 AATo] Eol AT FFo FAE 250g°

oo gekE Qo)

&2 FIAE S 2AMSE AFE Table 2-237 224, N= 100gel Al 21.2cmol
Cekg'2A 7P BaE 9 gex] JEPse fofAe] AEA ggon, Cad 150g
ol 4 1.7cmol” - kg~ ‘24 74 Zokd ukd 100g ¥} 200gel A1 1.2cmol” kgflvo_iiﬂ 71 A

Ak UmA P, K 3 Mg A5 ol fFo8S HolA &Zstrh

220 A FEA NS BEAF A= Table 2-249F 22d, F8& 200g3 250g0l A
27 05%, 04% =24 7F4 =kom ) 3E2 100gol A 9.6%2A 71 ol i3 3 &9
Ay7p At s AL 2 F ddn AFELE 100g3 200g914 7HE weten, oz
< 100gel M 212%= 7H¢ @grem, wEd CE 100g3 150go1A 2+7F 651.9mg - kg ',
689.9mg - kg ‘A 7HF Bkt aRAw 2 g A kel foAde] A H A
ergtom Z e 100gol A F3] 19mg - g ' =A 7 Bkt
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!
100g 1500 2009 ' 2509

Fig. 2-22. Shape of Chicon as affected by different rootstock weight for blanching

culture

in hydroponic system.

Table 2-22. Growth characteristics of Chicon as affected by different rootstock weight

for blanching culture in hydroponic system.

Rootstock Length Width Fr.esh D.r Y Firmnese No. of ’
weight (g) (cm) (em) weight weight (k) outer leaf
(g) (g) (ea)
100 13.1 p¥ 40 ¢ 86.3 ¢ 54 b 09 a 74 a
150 141 b 46 b 121.3 bc 7.4 ab 09 a 50 b
200 145 b 52 a 1405 b 79 a 09 a 50 b
250 164 a 52 a 179.7 a 85 a 09 a 50 b

*Outer leaf means unmarketable leaf.

YMean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-23. Mineral element contents of Chicon as affected by different rootstock

weight
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for blanching culture in hydroponic system.

Mineral element (cmol’ - kg ')

Rootstock

weight (g) N P K Ca Mg
100 212 a’ 2771 a 6.5 a 1.2 b 2.7 a
150 171 b 176.3 a 6.1 a 1.7 a 29 a
200 16.7 b 266.1 a 6.0 a 1.2 b 2.9 a
250 173 b 255.1 a 6.3 a 1.5 ab 3.0 a

"Mean separation within columns by Duncan’s multiple range test at p=0.05.

Table 2-24. Food value of Chicon as affected by different rootstock weight for
blanching culture

in hydroponic system.

Rootstocky ipyre  Crude - Crude - Crude 4 cjokie Vitamin ©
weight (%) fibre protein fat (%) (@) (me - ka )
(@) ° (%) (%) (%) ° & &K8
100 41 b° 151 a 212 a 10 a 96 a 75.3 a 651.9 a
150 46 b 125 b 171 b 1.0 a 85 Db 79.0 a 689.9 a
200 6.2 a 144 a 16.7 b 09 a 85 b 771 a 5456 b
250 6.1 a 121 b 173 b 1.0 a 91 b 788 a 595.6 ab

"Mean separation within columns by Duncan’s multiple range test at p=0.05.
Table 2-24. (continued)
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Free sugar (mg - g ', D.W.)

Rootstock Total sugar
weight (g) Glucose Fructose Sucrose (mg - g, D.W))
100 0.6 a“ 05 a 1.1 a 22 a

150 05D 04 a 0.8 d 1.7 d

200 05 b 05 a 1.0 b 20 b

250 04 c 05 a 09 c 1.8 ¢

“Mean separation within columns by Duncan’s multiple range test at p=0.05.

AAA R FHF A2 97 AEES dEle LatS Aol Fo4do] gllen,
TR =TS H2 agkS 100g7 150gol A 2zt -122, 123018l H, =& AEE

Bl = batE aghdt 2ol 100g3 150gell A &3] 41.4=A 200g¥ 250ge] B3] =] A

Table 2-25. Hunter value of Chicon as affected by different rootstock weight

for blanching culture in hydroponic system.

Hunter value”

Rootstock

weight (g) L a b
100 75.2 a’ -12.2 a 414 a
150 76.4 a -123 a 414 a
200 75.3 a -12.7 b 41.0 b
250 74.4 a -127 b 41.1 ab

“L = 0 (black)~100 (white), a = 80 (red)~-80 (green), b = 80 (yellow)~-80 (blue).

YMean separation within columns by Duncan’s multiple range test at p=0.05.
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A3 A FE SelRasl FHAY] L AAY 24

1. A

7t F<F stolitstet FHAIZ] B AAAN A

Chicory(Cichorium intybus L)t =73}3} sfjule}l7] Sl ﬁ—?O}—E ad ArEA A=
was A8 2 Cichorium intybus L. var. sativus)$t S A& =(Cichorium intybus L.
var. foliosum)®= ©|§38t7] ¢t Auslad

SE5Y $89 Fo AMA2ZE Chicon, Witloof, Belgium endive & o2 7}x H3& 7}
2 o] A= 1830 W r]oe] M. Brezierghi= 3 F-ol olste] 13 @7 E o] 1872
A2 A Al ZEekar gk Chiconol® €A 7)1 7F %<t chicoryd HHE 719

#H 4
TR Foll o] & of 257 A2AE shal, v 12~18T 9 ¢HHolA 353 7|27
Fo £ 22 Aol o | AL T

Chicory#+= 423} - o]k %zz}xﬂi o] & B oy FrlEls, ¥HYd, TF e
st olFal, 53] vl A&l intybine A&F3, A5EX, 7F A% w@adn]
A Al fre gk dEelth 3 g AaFol Hls) HE A, C, ZE, Za, ) Tl U
grslol glar, she FEfa, ggAde] Fob fHdAe Yty A S, dRedM=
Adue, 29 A A

el Fa A %ﬂ” Arlel, Mide=, ek ofgfe] Solth. Wr]de vdd=
T TR o5 ey 22 ojdee 3 & HallA kst Ao, 1986).
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Chicone i AYelA AujE BxF ofegl FgelAe 42 gk 5o F8 FY=
o

o, ¢uete FTHoly AF YiEFAM AN Fedeta A
}1\_]__

Aol B+ AXY Chicond el o
oy WA Fst FEHo=w 2 S
3

9] Chicons AJ4tst7] ¢+ Chicory $-%

o E

. AAAE A
A2 = T3] £l thdA e 1, 234 2EAER FHo] dakx|oja A A
Aol oF 100dFo] A F3l] At Adoetrlol, 5 Foll 23t (Van Gedtsenhoven, 1951, ;
) = = g T8 Aol Sy By
5 & T AEoR tgYdaA o & & e F&e AAREIH(Claire 5 , 1996). A
Al ol &Fol wetd A dE& ol&ste C endivest C intibus o2 TE3H7|%=
3t (Claire 5 , 1996).
Frdoll A= 16417] o] 5B AT HeE Ay gilow o] &atr% stglown, HLol=
S o] &3t e FFEC SAH odET|9 o, £& MY ER o &= (4,
1979). f-elvtetoll A= 1960 thH-8 A A E Ay & o= o] &stHA AujE 7] Al
et on, Me =g AAE 1980 o] FHE AujE7] AlFs Ak, 1993). XA
o ol oy 7kA A &3 wEed FulelA= XA g Favt ettt
7k 7] AlAskar glom) ofo W AWiAAE Frhstal dvk AstAE X2 FE
T3 (witloof) Tx WX 2 <lt}o]B (Belgium Endive) #t1% E&Ed e A$ A9
= T gFEsta vk dEE A Fel oEsta o] =uell A o] AT wko]
PTG FEARORE SAste e Fiety et A4 Hojxih
= AEd XS Fotdth dFE =AFH TFeel 3FEe] ALl F
FIE BEYE NG v o]F v HAEdlA Z1EW Aol e = o

3}
£ Azold ReEr o2 £y ALe ANz APEz o fHy sdalN WiE
o}

ol

AAY @ Aol Ao = oAsAule NEAAE Shstr] st Seluhe
AAANY FFL AT AL & A 20T Al RE Ao FHalA vehow,
SR RdRs wash AGE Ageld] Fol A EHhE 5, 1999). AR FF

o o,
=
2
-

4
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of W& M52 10ad A4 30kg Aol P AQ S FARE He Aol &3k
i, Vitamin C¢] & 10ad 224 10, 20kg A2l A 30kg ARt E=A e o)
s, 1994). AA ] ATHE HEE AFM AAAGE A5 ALA o] 1809 A
Fol 49.9%, =AAGS 1209 A Fel A 41.6%°] FHEE 0] ””33“2‘34, A7 o] A
of W& Fualse BAAT AAl 2109l 20.2%, F2A4FE 150€ 0 30.8%ATHE &

199). AA e ¢FEL YAAAE Fdstr] 93 A delA ﬂ]—“iﬂﬂi% A d o] 744
Aol ggstglon, AdAe AlfdelM= 2F 50%A gelA 7HE dEstdti (s,
2003). AAZY A Zell tht AlF2 2t Aol s B2 d3prt slem ok FA

augEE e AR B gAa Bo daAdE Be ZA4 BA5e dou, A&
of UE fEol AAH S, AAH s ofd gglrh

= Aol W@ Qurel anAdgel dald A@stn FulelA oY

& A2E Fotol FEHEAE HA e Fuish ATAA] AW D FYo] o] FoiAm

% FRAAE ek @A 20 vty 2 4

4w EoR/d BAS Bt Az ZAYS

- =
of 7bg 2 AL 2o fEA BANS B w
7

2. AR 2

7h A7 e Fre spopEst B FiAl7]
D A" AL
w A2 Chicory 3 & e 9% s A7E 79T Sz 20039 44
FE hE 2tAo R 997k A3y Aol FAFEE] Focus' (Nunhems,
Netherlands)E F%F 10~15cm, 7t 40cm, 255 9£3lo] 12971A] ZAseH ).

£ EFRAS F71E Gl ¥, B wgde]l £x, JE/ A3, FEue AFE
v =3¢}

N o)y

24 we Aess] 109 Aol RABOE 10ad Hul 2000~3000kg, £.4 Skg, &3
S8kg, A3}7te] 24kg, 1LEA 3] 15kgES A|E3 Fo 30cm ol A A3 FH =

2~3%] v FUh

ojgte] Eol= wigE FA 7] fdted vhaA WA dob =A sk, AAIHA
9Ocm Yol o]Fol F7F 10~15cm, £3F 40emzE 2= IFoAot. FFA] £ FES
5T ddE fAE AL, SRS baAeld €A skt

271 Fxo TS JAst7] st EFAGE AxAQd deb(AE, dF=) 244U
kg/10a)tt A1(300 cc/10a)E oS The $of Axsidt, ol o

rr
i)
B~
=
il
1o

N
=
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£ lha'd 300~350% FEo= A5 d5kth

2) Sobs 54 24}
Chicorysl 3HEA7]% Wrol& B woldl, sol2 s 54, £
A FLA~9NACE wAd] HEste], Bel ) o4 29 A
Fatol A4 L AdE 5 2R
Aol NG Al 917wl wAE & J
o o}, A% AH, Holpa B FdlolHel emstel BAE EAsgT

“

v AAY T4 FH A7
D AE Me
2 AF= Chicory % T AMS A% JFA7IE FHE HFHo2 20039 4€

FE Y HFo 2 99714 dFd gl AFEFAA FAEFT A Focus' (Nunhems,
o
=

Netherlands)& <%} 10~15cm, % gE3te] 129717 FAbsEA
e EGxAS f7E e =i, B owge] Fi, AEV Za, FEyE A

ERA %S s 109 Hdol wAEeZ 10a% HH 2000~3000kg, &4 8kg, &3
8kg, dst7hE] 24kg, LEA S| 15kgE Al&F Fol 30em ol #AA AEstAnt FHI=
2~33] o] FoATh

olFe] Eolx wMigE FA stV st sbEA A Aol A sAx, AAHA
Ocm o) o]zte] F7F 10~15cm, Z7F 40emZE 25 953190, dFA] 239 FELS
53 AHE AR, BEE Ao & sk

z7] Fzxo HAS AASHY] St EGAHEY AzAd deH(AE, ) AAM
kg/10a)th FA(300 cc/10a)E ol&ds WE Fo Axadch wol FolE AAn g9 FH|

£ lha% 300~3508 o2 A5 #F3AU

gst7]l 9sle] 8¢ 4Y =Ao dFste] 9€ 7Y
El Atk =3 Chicory 9

st BAE BAFuA AFEAN /1L AL A 5°Colatel
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AsA7E A4 W ABA e §H3e #AE dEstaa 20039 9¥ 2495FH 4
T ASR 129 24A7A Fe] BAA 16gs dAFH Gkl AAALE ol st H&
WAzl ohe 20T 2askdch

ABA A#HEAMLS T4 AX3 Als 15g9] BHT(butylatedhydroxytoluene) 100mgS % 7}3}

= 50mL= 4°CellA 16A13bg <t anteld s =53 § o st Z 7]l
W& AlFo] thA] 80% HIRHE 50mL 4°Coll A 8AIZF &<QF Wk FEEko] o ek qith
eSS 3255 7](R-134, BUCHI, Switzerland)Z FEAI7]11 W 832 1N HCES
o] &3lo] pH 272 wFAt} 3¢9 PVPP(polyvinylpyrollidone)& 2. ulwk3k
A% 5 A4 Zestel AAAE Fgsisien, of AAS 23] whiE
ethyl acetates 5% Fo] £33 & FHoF=
%of o] ethyl acetate®=S ABA #2]o| A}&3}3t}.

Ethyl acetated<2 BHT 100mgS X 7}sle] &3] SdAI Ao T2 FA
20mgZ =9 KoHPOE o] &3to] pH 8022 9t =
A7 F E2FE 3ok, o] #8E 33 whEsin. olgg AABS AR =Fo 5F
9] ethyl acetateE Y1 HFSAIZl & EFS 358te HA
£ o)g3td B35S SmLE Y F . 2
set-pak C18 cartridge(Waters, U.S.A.)9l E3A71 & 80% methanol2 TA] set-pak C18
cartridge®] E3A1A EF&F E2AE methanold] €aAA 3 thS, 0.2um syringe filter
Millipore, U.S.A)& o 3#&}o] HPLC(high—performance liquid chromatography)® 43} ¢ t}.

E@ R A&5 ozl HPLCE BECKMAN, SYSTEM GOLD, 128 Solvent Module,
168 DefectorE A}&3t313, HPLCE columne APOLLO C18 5U, Length 250mm, I.D
10mmE AF&3t . &l acetonitrile(CHsCN) 3 H.O (0.1% formic acid)E o83l .oH,
acetonitrile (CH3CN)E 20%°l Al 80%7HA] =75 7o et th
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o
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=
=
%)
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)
=]
1)
[o
offt
of
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15 g F.W/80% MeOH (100 mg BHT) / 50 mL

Grindring (Homogenize material)

Shaking for 16 hours at 4T

Filteration
remain material shaking once more for 8 hours at
47T
Evaporation
adjust to pH 2.7 with HCI (1 N)
entrifuge with 3 g PVPP, 2 times
PVPP
Aqueous
extract with ethyl acetate, 3 times
Ethyl acetate

Ethyl acetate
— add BHT 100 mg

Evaporation

add 20 mL water

adjust to pH 8.0 with KyHPO4

extract with n—hexane, 3 times

Hexane

Aqueous

extract with ethyl acetate, 3 times

Ethyl acetate

Evaporation (to 5 mL water)

Sep-pak (Water) activation

HPLC

Fig. 3-1. Method for extraction and purification of abscisic acid in the growing of

chicory.
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Azl AAE BAS] slekel A e AzAS sk AF Akl o
A £SRAE AAFGOM, Ag 5 HEAS AT AYEAE FHOE £849 &
as aEgele] ange 2 B FEE 2w, NEKEANA ] Fasn
9 o geE 2Asgor, AL FEGA 2 vHIY BeAE gyeR £99%
9 7 gAY FENHE 2L 2AgEe BARAL 9 AUTR PARAE 44
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3, geel 2vARES dSadgon, fETE D A5 BAL B Az §
Be BAG W AAPNS EEAGm A2 S B4 W EQRIY BNE B
sto] AFHoz FAH AL o9

3. A% ¥

7h AAY T2 gtopist B FuiA Y] 9

Chicory $lohist ZAMZ|ZE &< 7123 A2 WslE BH(Fig. 3-2) 7|22 499
a1 30T ol HA 5T olstE Hof FHael HA o HAArE dids] Zlow, ofF 1 W}
o] Aa} ZFof 5¥ olFoE HALE 15T oS vedler, #Hu2ks 59 19¢
T 20C ol 4S YeAdLh A2 7lE @y &k AAIE oA AX] FowHA
2o Wslel A ASse AT BYn, A T3 59 199 o] FHEH 20Tl

S YEhAT Hit 71 A2e 25 59 199 ~9Y 29U7+A] 20T o] 4S yEa, %

o, 1

N

O:

ANz F A3 7)&8 3BT, AALEE 12TE YL 9+d (&8 FH 3 29T ol A
HA 19C9 WslE Bt 1089588 7129 #HA7F AAHA H7]o] 20T o]3t=
GolAE BES HYX, 1295 EHE AL, o] BE 5T ofshE vehit

Chicory®] #FA|7]E Wolgat wrolA= Table 3-13 2t} Wol&e mFA|7]e upe}
80% old oz moton Wolr|7he 49 F A= IF F 6LAFE 9LdA A 443
225903, 59 HF Aloll= 4LdAFE 9dAZEA 6247, 69 B 7 3T 3LATH 6
AA7EA 447, 89 dF2 2AANYH 4L A7HA] 3L7E, 99 HF2 2L A FE 5L A7
4930 2o ¥A TolAl= 49 9kFo] 0%ClATTt 9]7] V)0 Ao FE E:obA 5¥
o= 21.7%, 6490l 68.3%, 79l °oF 70%7bA F7Fetaith 89 9
IodokAl= A7 96% ol Hlew, wols B oAl JHE =2 A= 8¥EA

98.3% i ot
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Fig. 3-2. The changes of air and soil temperature in natural environment condition

during the experiment.

Table 3-1. Germination percentage and speed according to sowing time.
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Days after sowing

Sowing Germination Germination
time 1 2 3 4 5 6 7 8 9 10 (%) speed(%)
Apr. - - - - - 1 23 12 5 - 85.0 -

May - - - 13 18 6 7 3 3 - 83.3 21.7
Jun. - - 12 2 5 3 - - - - 81.7 63.3
Jul. - - 2 166 4 6 - - - - 85.0 63.3
Aug. -6 5% 3 - - - - - - 98.3 98.3
Sept. -4 5 4 1 - - - - - 98.3 96.7

Chicory®] 3}o}E3} AL Table 3-2, Fig. 3-3, Fig. 3-4 S #Zt}. n &3 A]719 A
F3 FHe Aol Ho AR BES UEhdH(Fig. 3-3,1), 971=%9 453 tEo
AFGg AFHS Fdsid w2 FuE AU (Fig. 3-3, 1), T=4 Ao Aol o5
H o) - H|$8lo] S B7]Ro] Ha, 1 7|5E Eo] t dste] Eeatal, o] B

Al A %

97} 7bsA AF@ 7ol AUTHFig. 3-310). Aol AFsA gapubel
A=)

B odsta e wla Aty VR e FE7F 94 WM (Fig.
S ohH(Fig. 3-3,VI-VID).

= Table 3-37 2t} 49 3F2 69 1744 holrp E3}5 o
74 9dd Fustgen, 5¢ T 79 240 glolrt sl 7€ 169 FdiEkAh
69 5 7¥9 309 FolE3rt FHo 89 139 FUstdon, 79 HF L 10¥ 199 3}
o7} B3l o] 109 22¢ FU =AY 28y 8¥ 3 9¥of 33k Chicorys 3olrt £3}
¥ A %o} Chicon A4Hs 13 F2ow AMRE = e axdo] HAoY, 9 3F3
Chicoryx 2 97|20 = <ste] 119 HAFE Ao A3t 3 FAHo] FLo=
A3 A w7t 52 ek, 89 9E g Chicory FAFREe]l 5 $ 90U A HE -t
Chicons A & 9l Ad3 T2 200ge] 3] T = Hlgisdth

HFA7|E ol F ol s AHe] wE 2ed¢et A 49 yFo] 747 649,
1,301.3Celaz, 59 &2 77F 514, 1,134.3C
= 49 #F L9 Y

=
Buh Bgokd 22 64K

1=
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Fig. 3-3. Stages of flower bud differentiation and bolting of Chicory in natural

environment condition in 2003.

Table 3-2. Radical word signification accordinhg to the stages of flower bud

differentiation and bolting of Chicory (Cichorium intybus L.)
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Stages Radical word

Signification

Vegetative

cluster

Bolting

=ES<=2 8 9 ~

Flowering

Primordium

Terminal flower

Lateral flower cluster
Floret formation

Apex usually flat or little convex

Swelling of the growing point which
becomes dome

Terminal flower cluster formed

Lateral flower cluster formed
Floret formed
Flower bud appeared from plant

Inflorescence initiated

Table 3-3. The stage

of flower bud differentiation of Chiory as affcet of sowing time.

Investigation date

Sowing

date June July Aug. Sept. Oct. Nov.
3101724 2 9 162330 6 132027 3 101724 1 8 152229 4 11
o
Apr. 4 I - - VI VI
m Vv
o
May 4 I - - VI VI
m v
o
Jun. 4 I - - VI VI
m v
ow
Jul. 4 I . VI VI
A%
Aug. 4 - - - - - - = — - - — - - - - - = = - - - - - -
Sept. 4 - - - - - - - - - - - - - - - - - - - - - - - =

“1, vegetative; II, primordium; I, terminal flower cluster; IV, lateral flower cluster;

V, floret formation; VI, bolting; VI, flowering

Table 3-4. Days and accumulated temperature required for flower bud differentiation

and bolting
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in the different sowing time of Cichorium intybus L. in natural environmental condition.

Investigation period

Growing point swelling to

Sowing Germination to growing point swelling .
date bolting
. Accumulated . Accumulated
Days required temperature (C) Days required temperature (C)
Apr. 4 64 1301.3 18 415.8
May 4 51 1134.3 14 3229
Jun. 4 48 11545 14 365.9
Jul. 4 7 2135.2 17 234.1
Aug. 4 - - - -
Sept. 4 - - - -

gF A 71 slolit sl Al7]e] S 542 Table 3-59F 2t} 4¢€ IF2 J57F 2370,
Lol dole 245cm, T+ 32.3mmeol i, A TS AGE7E 239.9g, ASHE7F 110.6g°]
Atk 59 WFE P57 20470, T2 Aol 182cm, FAE 260mme] i, AT X
-7 2585g, AsHE7E 55.0g, 69 FES J57F 1687, T2 Holv 162cm, FAE
18.0mmeo] a2, A F2 X457} 15564g, A sHH-7F 21.64ge| a2, 79 FF& AF7F 1727,
Tl Aol7t 236cm, FAE 244mmo] i, AA TS AFFE 142.5g, ABH7F 54.1g01
th olgt o] FFAV|IF FAAFE U|Lnrt AedorA AEEo AHS Az
A Aol A& AT 4TS Btk w3 Chicond ALY 93 Fo] FAE
200g ol/o] Hojof st=tl 4¥, 5¥, 69, 7€l 3F 3 Chicorye] Fto] FEAHol U+
Chicong A2t 4 A= A Tl v A Fsh= AeelA gholrt #8lx o] o] A
710l 33 Chicory $-#9 & Axtalrlols RAAS Aoz Adsdla, 9¢
7% 38 Chicory= 3tofe] b= o] FofX A ghokAIRE re 9o 7|2 JFgoz
Chicory 59 Ast 2 FAZ A3l FLo FFo] 100gelstz= FAF=E ] Chicons A
Abap7)ell = FAAS Aor AdH A ey 89| #Fg Chicoryv 3HE $ 0¥ 7
ol 11€ 4ol T FaFo] 200go] =eatdtt. o9k o] 9¥o] e Chicory &
Chicons AAkst7]o] A detA] %e o= dAdsm, 8€e 33 Chicorys &9
AZF 1149 1199 245.4g, 180l 255.4g, 26U 2882g2 2 A& AASIAA v slol &3}

9 Foi7k 94 @b Chicon® AT F At AT A/12 BEH

1
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Table 3-5. Growth characteristics at the flower bud differentiation time.

Sowing  No. of Leaves Rootstock Fresh weight (g)
date (ea/plant) Length (cm)  Thickness (mm) Shoot Root
Apr. 4 23.0 24.5 32.3 239.9 110.6
May 4 20.4 21.2 26.0 258.5 55.0
Jun. 4 15.8 16.2 18.0 155.3 216
Jul. 4 17.2 23.6 24.4 142.5 54.07
Aug. 4 - - - - -
Sept. 4 - - - - -

Table 3-6. The investigation of Chiory growth on concern with vernalization.
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Fresh weight

Sowing Investigation No.of Rootstock (g)
Leaves ;
date date Length Thickness
(ea/plant) Shoot  Root
(cm) (mm)

Apr. 4  June 3 14.4 16.0 18.7 87.4 26.7
9 17.8 20.9 25.0 140.6 55.0
17 23.0 245 32.3 239.9 130.6
24 28.6 24.8 37.7 374.8 152.3
May 4  June 25 16.8 17.8 17.6 125.1 18.7
July 2 20.4 18.2 26.0 2585 54.9
9 22.6 18.4 279 341.8 70.5
16 28.0 185 32.0 403.8 95.1
Jun. 4 June 16 10.8 13.2 7.6 25.6 2.0
23 12.2 155 12.9 84.3 9.1
30 15.8 16.2 18.0 155.3 216
Aug. 5 176 175 20.5 194.1 33.1
12 22.2 18.0 28.8 272.2 60.5
Jul. 4  Sept. 24 13.6 18.3 14.7 95.2 17.0
30 14.2 21.8 18.3 108.2 259
Oct. 7 17.2 23.6 24.4 1425 54.1
14 18.4 24.5 33.2 180.2 92.5
21 22.0 249 42.8 271.6 1314
Aug. 4  Oct. 28 196 26.8 47.0 271.2 176.3
Nov. 4 21.6 25.7 459 304.3 200.5
11 22.6 26.0 49.0 305.7 245.4
18 23.2 27.8 49.0 380.2 255.4
26 24.0 29.1 54.4 406.0 288.2
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Fig. 3-4. Accumulation hours of below 5T under open air temperature from Oct., 2003

to Jan., 2004.

Table 3-7. The growth investigation of Chicory sown in August.

Investigation No.of Leaves Rootstock Fresh weight (g)
date (ea/plant)  Length (cm) Thickness (mm) Shoot Root
Oct. 28 19.6 26.8 47.0 271.2 176.3
Nov. 4 21.6 25.7 459 304.3 200.5
11 22.6 26.0 49.0 305.7 245.4
18 23.2 27.8 49.0 380.2 255.4
25 24.0 29.1 54.4 406.0 288.2
Dec. 2 25.2 30.1 55.7 429.3 298.5
9 25.6 30.4 55.4 429.5 298.7
16 25.4 30.9 58.3 430.4 300.7
23 244 32.2 58.7 432.8 312.3
30 25.4 30.1 58.3 4379 320.2
Jan. 6 24.6 33.6 58.3 436.9 3195
13 25.8 34.0 60.1 438.9 320.7
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Table 3-8. The growth investigation of Chicory sown in September.

Investigation No.of Leaves Rootstock Fresh weight (g)
date (ea/plant)  Length (cm) Thickness (mm) Shoot Root
Dec. 9 16.6 244 30.4 75.5 68.7
16 16.4 229 32.3 76.4 80.3
23 154 24.2 33.7 80.2 9.2
30 16.4 20.1 33.8 80.5 89.2
Jan. 6 156 22.6 324 81.9 88.5
13 16.8 23.0 34.1 79.6 93.4
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718 ARe]l ABA oS 248kl A Fi 2} 20039 9€
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Fig. 3-5. Changes of ABA level in dormancy of Chicory from Sep. 24, 2003 to Jan. 21,
2004.
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oh AAA B

A2 194171 FHF FHFE FH e ool Al zt A AREvkar g /o,

SolA A vk AAle] v d&gS Aurd, 27

kel A9 A AAIAoRE AulHEA-L 20043 AA 28632haz svitt 24 Eoju

= FAelth 7 AfeiE A o] W m b= wWr]o 2 2004 A 16,234has A wj 5}

Aol AAAHA ] F 56.6%5 st vk AuiA AL WIS TSR FH

ATHE= A4S Holar lom, 1 oo opxobA 3t Hopxy| gt A Fo] zujEa 3l
thH(Table 3-9).

E

A Bele] A M7 7F 764,373M/TZ AAakafo] 713 o v Zepavt
181,198M/T& @& A7g] els Aikstar vk o F =7helA ALt = A7 #y
o Ul &2 A AAAAEFS] oF 94% 78 kol gttt Holze st staE AviHA e wo
U, kg @43 B 4 2ol grk(Table 3-10).
Table 3-9. Chicory roots harvest area by countries.
(Unit : ha)
Country 2000 2001 2002 2003 2004
Belgium 16,067 15,000 13,300 15,797 16,234
Croatia 140 140 140 140 140
France 4595 4,533 4572 3,828 3,358
Kazakhstan 100 100 100 100 100
South Africa 4,200 4,100 4,100 4,100 4,100
Spain 255 200 200 200 200
Ukraine 500 600 640 980 1,000
¥ Source : FAO, Production Yearbook, 2001-2005.
Table 3-10. Chicory roots production by countries.
(Unit : M/T)
Country 2000 2001 2002 2003 2004
Belgium 730,960 600,000 606,900 692,510 764,373
Croatia 3,100 3,100 3,100 3,100 3,100
France 186,380 168,724 172,548 167,123 181,198
Kazakhstan 3,500 3,000 3,300 3000 3,000
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3,000 3,000

16,000
6,000
3,000

17,000
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¥ Source : FAO, Production Yearbook, 2001-2005.

g g

4 <A st

o

l'U

N
o & M

fo 4 o @
hins

of gt

- 128 -

= 9 EF X (witloof), T WA &

R EICER R

=t o= 433l

g o

e

wstel gt

=

&2

&2

i}

-

i

0%

2 o o

)

rie

v

(2
it

QAL THe A el A



7SI &G A 1gsd

Fig. 3-6. Distribution system of Chicory roots imported.
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(o]
A S Stojste] b om S Sdista webd 2HE =97 A= At
G7tE BE 7 e VIEs AEste] A e wEo] MR gHsta tgd A&
W vs fEetolok gt

3 Azl T A%
7H AAS E dF
A2el e £& Al A A AAHew FEHE FUkek FEFEE A2
Byl F8 FEREe U , 5, stolE, olde] 5 F= 3] wrbER AL
g RVE HE wekow pEEe TRk 20039 dAl 3692M/TE VY welth
(Table 3-11). AZele] 5 TS A Zegxrh 3584282 7P =arem, A2
a

o] Hytwrhe kg A E= A tH(Table 3-12).
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Table 3-11. Export amount of chicory roots by countries.

(Unit : M/T)

Country 2000 2001 2002 2003
Barbados 0 6 6 8
Belgium 1,726 0 1,758 1,421
Bosnia and Herzegovina 0 0 0 57
Fiji Islands 0 0 0 144
France 1,382 8,308 3,934 3,692
Germany 34 0 0 0
Haiti 33 20 44 27
Italy 0 0 18 11
¥ Production Yearbook, 2000-2004, FAO
Table 3-12. Export value of chicory roots by countries.

(Unit : 1,000%)
Country 2000 2001 2002 2003
Barbados 0 25 29 38
Belgium 757 0 920 1,002
Bosnia and Herzegovina 0 0 0 84
Fiji Islands 0 0 0 344
France 5,787 4,341 2,877 3,594
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Germany 38 0 0 0
Haiti 121 70 145 102
Italy 0 0 51 19
¥ Production Yearbook, 2000-2004, FAO

W AAle 9] d%

A2E Asl7] 918 A AT o] FEFE GA Wy Ty vdds=st ¢
EAoR wrh HFLe FYuse Fdel AvbEEA A7 w3 AAL B E
ato] it AZS A HA o8 ARgH oItk 2003d =] 7HE Yol W veke
HEa=s 21082M/TE FYstdnh. #9599 9GA dg@d=rt E9kovy w7gkel 4
7bAe te B ofF & HolJrh FHolA olek o] XA e FEY AUt
et A2 gt e] fFEmvbEe]l Aol tigk ARt ofF mom FUhgbel A E& A
ke 2 QlE XA E BEE Wol Aste AL A2 Aiv|Eo] AFsiegn F5H
o] ZtH(Table 3-13, 14). okro} oAM= A X 2o ti3t Fox= o HlaixE= & A3
AAA T Jds] B #Fo] avyoj ity G Jrh 53] B B A7 oA ol
ME e Be Fo AEE FYst E gdstA mvEolA= oz g 9l
gy A AAE B g FEY AA0] gle A outE EAAE ghof A ¢}
PR R 2 2] Y & Aoz A7 Holt

Table 3-13. Import amount of chicory roots by countries.

(Unit : M/T)
Country 2000 2001 2002 2003
Belgium 0 0 13147 294
France 3335 2498 1165 1310
Italy 350 500 1215 1166
Netherlands 73 0 2685 21082
Russia 1079 2026 1846 2352
Swiss 2838 1940 2332 2581
United Kingdom 317 0 1348 1393

¥ Trade Yearbook, 2000-2004, FAO

Table 3-14. Import value of chicory roots by countries.
(Unit : 1000%)
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1 2 3 4 5 6 7 8 9 10 11 12

1995 851 1918 2292 1982 2520 3022 1988 2130 1314 2016 2101 1918
1996 1733 908 1738 1417 360 558 828 1995 360 1170 970 1690
1997 1780 720 1350 1638 1638 1328 1638 1530 1665 2317 1488 470
1998 180 578 360 575 523 270 450 1371 360 854 1415 679
1999 617 561 96 782 431 1111 939 590 799 1191 1064 1425
2000 909 1327 1317 1308 1581 1782 1186 835 1543 1824 1247 839
2001 807 559 921 454 908 1012 967 1512 1247 1153 2014 2028
2002 1380 1584 1813 1765 1587 1723 1292 1564 1088 2190 1631 2090
2003 1810 1224 1588 1861 1768 1997 1995 2087 1951 2086 1451 2540
2004 1771 999 2359 1088 16915 1225 1285 908 1589 454 1589 2088
2005 681 681 1497 918 1747 2099 1390

Fig. 3-8. Import amount of Chicon by years.
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1 2 3 4 5 6 7 8 9 10 11 12
1995 6 11 13 12 15 18 12 11 7 11 12 13
1996 11 5 10 7 2 3 6 7 2 7 6 9
1997 9 3 6 8 8 6 9 7 8 12 7 2
1998 1 3 1 3 3 1 2.5 7 2 4 5 3
1999 3 2 4 3 2 5 4 3 4 3 5 6
2000 5 5 4 5 5 7 6 4 6 8 5.23 4
2001 4 3 4 2 4 4 4 7 6 5 9 9
2002 6 7 8 8 7 8 6 7 5 9 7 9
2003 7.42 5 7 8 7 9 8 9 8 9 6 11
2004 7 4 10 37 6 5 6 4 7 2 7 10
2005 3 3 7 4 8 9 7 0 0 0 0 0

Fig. 3-9. Import value of Chicon by years.
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&=st7] AlEske] 20058744 ] f-uEtR F]le] Eolval Sle Aot
1998\ ol o= ol a4 olgol, wHAAE FoA Fdo] £w Y o] FoiA T} o
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15553kgs TR, 1 o o
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ojgt -7k AL ojdE ot M Flo] HIAo, oot FHITIRA *@401 “}Ol
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—— 1995 —— 1996 1997 —><—1998 —¥%—1999 —@— 2000
—+—2001 —=—2002 —==—2003 2004 2005
8.00
7.00
6.00
. 5.00
2
3 4.00
3.00
2.00
1.00
0.00
1 2 3 4 5 6 7 8 9 10 11 12
1995 705 574 567 605 59 59 604 516 533 546 571 678
1996 6.35 551 575 494 556 538 725 351 556 598 619 533
1997 506 417 455 444 488 452 549 458 480 518 470 426
1998 556 346 278 522 574 370 556 511 556 468 353 442
1999 486 357 418 384 464 450 426 508 501 252 470 421
2000 550 377 304 382 316 393 506 479 389 439 419 477
2001 496 537 434 441 441 395 414 463 481 434 447 444
2002 435 442 441 453 441 464 464 448 460 411 429 431
2003 410 408 441 430 396 451 401 431 410 431 414 433
2004 395 400 424 460 219 408 467 441 441 441 441 479
2005 441 441 468 436 458 429 504

Fig. 3-10. Price per 1kg of Chicon.
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—e—US A —m—Holland

Belgium —>¢<—New zealand ==emsT,t{g|
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0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
USA 0 0 6608 4075 10466 12247 13111 19707 22253 16567 3492
Holland 17599 3537 0 360 0 3170 0 0 0 150 521
Belgium 6453 9785 10764 2520 0 0 0 0 0 0 0
Iz\Te?lZm d 0 0 0 0 0 281 471 0 105 0 0
Italia 0 0 0 660 0 0 0 0 0 0 0
China 0 0 0 0 0 0 0 0 0 15553 0
Japan 0 180 190 0 0 0 0 0 0 0 0
Brazil 0 225 0 0 0 0 0 0 0 0
Total 24052 13727 17562 7615 10466 15698 13582 19707 22358 32270 9013

Fig. 3-11. Import amount of Chicon by Nations.
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