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SUMMARY

This study was carried out to investigate effects of cultivars and to provide the
practical production method of spinach (Spinacia oleracea L.) in the summer season for
the local farmers of alpine areas. Considering the rate of germination, bolting and
resistance to hot temperature, four cultivars 'Bio’, 'Kwangchae’, 'King of Summer’, and
'Samson’ were selected among the 12 cultivars tested. The rate of seed emergence was
more than 95% in both cultivars of 'Platon’ and 'Samson’. There were not bolted
plants from 'Kwangchae’, ‘King of Summer, 'Platon’ and ’'Samson’. Cultivars 'Bio’,
'Kwangchae’, and 'Samson’ showed high resistance to summer climate in alpine areas.
The increase of leaf width and number of leaves was typically associated with
increasing transplanting distance from 7x7cm to 20x20cm. For example, the fresh
weight measured at 30 days after transplanting with 20x20cm distance was two times
heavier than the fresh weight at transplanting with 7x7cm distance. However, the
10x10cm transplanting distance was the most effective, considering economic efficiency

and spinach quality.

This study was carried out to investigate the effect of plug cell size on the seedling
growth and to provide a guideline for practical production of spinach (Spinacia oleracea
L.) in the summer season. Leaf length reached to 8.3cm at 30 days after seeding in 200
cells plug tray. Plants grown in 288, 406(A) and 406(B) had the leaf lengths of 7.3, 5.6
and 7.0cm, respectively. Seedlings grown in 200 cells had larger leaf blades (4.3cm) as
compared to those in the other cells. Seedlings grown in 200, 288, 406(A) and 406(B)
had 7.2, 7.2, 54 and 54 in number of leaves, respectively. The greatest fresh weight
was achieved in seedlings grown in trays of 200 cells, followed by 288 cells, 406(B)
and 406(A) cells. Dry weight showed a similar trend to fresh weight. Leaf length, leaf
blade length, leaf width and fresh weight generally increased as plug cell sizes became
larger. From the above results, 288 cell trays are recommended for spinach seedling

production based on economic view.



This study was carried out to investigate differences between cultivars and effects
of transplanting on the growth and yield of summer spinach (Spinacia oleracea L.) and
to provide practical production technology in the summer season to local farmers in
alpine area. Growth rates of ‘Kwangchae’ and ‘Samson’ cultivars improved as the
growth stage increased. Numbers of leaves did not differ between cultivars at 30 days
after transplanting. High economic efficiency was observed in transplanting cultivation,
compared to direct seeding, in terms of growth rate, yield and quality. As a result, we
strongly recommend introducing transplanting cultivation technology with four selected
cultivars to help local farmers in alpine area to produce summer spinach with enhanced

quality and increased income.

This study was carried out to evaluate effects of storage temperature and
polyethylene (PE) film packaging on quality changes of summer spinach cv. Kwangchae
and to find optimum storage conditions after harvest. Fresh weight (FW) of spinach
stored at room temperature decreased by approximately 56% after 3 days, while those
stored at 4C decreased by 20% after 7 days. Fresh weight of spinach packaged in PE
film and stored at room temperature decreased by 2.5% after 3 days, while at 4C with
PE film packaging only 15% fresh weight loss observed. Among soluble sugars at
harvest, sucrose was the highest (4.9 mg - gf1 FW) while glucose and fructose were
1.9mg - gf1 FW and 1.7 mg - gf1 FW, respectively. These soluble sugars decreased
rapidly during storage. The sucrose content of spinach in 4C with PE film (0.03 mm)
packaging was 3.0 mg - ¢ ' FW and with 0.05 mm PE film was 4.0-4.5 mg - g,f1 after 3
days compared to control. Ascorbic acid content at harvest was 166 ug - g! FW and
decreased to 20 |.|g71 FW after 3 days. These patterns were more apparent at room
temperature storage without PE film pakaging. PE film (0.03 mm) packaging retained
the initial ascorbic acid content at harvest. Chlorophyll content at harvest was 400 |.|g71
FW and slowly decreased as the storage period increased. PE film (0.05 mm) packaging
prevented chlorophyll content from declining during storage. The shelf life for not

packaged summer spinach was determined to be not more than 3 days, but the quality



of spinach was maintained packaged with 0.03 mm PE film for 3 days. On the other
hand, the shelf life of summer spinach at 4C with 0.03 mm and 0.05 mm PE films in 7
days. When the spinach in 0.05 mm PE film exceeded 7 days in the cold storage, the
spinach showed poor appearence because of water-soak and wilting. In order to
maintain quality of summer spinach after harvest, low temperature (4C) storage
combined with 0.05 mm and especially 0.03 mm PE film packaging is strongly

recommended.

Early stage of summer spinach cultivation, Damping-off disease caused by E. solani
was occurred in alpine areas. However, wilt caused by F. oxysporum f. sp. Spinaciae
was occurred at mid and late stages. Also, Insect damages caused by Hymenia
recurvalis, spinach leafminer, cabbage armyworm, beet armyworm and differentiate
grasshopper were occurred at mid and late stages of summer spinach cultivation.
Selected 11 spinach cultivars for summer -cultivation were evaluated on disease
resistance against damping-off and Fusarium wilt. However, all cultivars had not

distinct resistance against diseases.

Antagonistic bacteria, B. subtilis B-S]-2, B. subtilis B-DB, Paenibacillus sp. P-B
had good inhibitory effects to R. solani and F. oxysporum f. sp. Spinaciae. In soil
inoculation test, B. subtilis B-SJ-2 or B. subtilis B-DB treatment showed good growth
of spinach. But, control efficacy of damping—-off was low. Seed treatment of B. subtilis
B-S]J suspension had good control effect against Fusarium wilt of summer spinach.
Damping-off of summer spinach caused by FE. solani AG-4 has become a very
important disease. For the control of summer spinach damping-off, antifungal activity of
thirteen  fungicides (pencycuron, trifloxystrobin, pyraclostrobin, azoxystrobin,
kresoxim-methyl, validamycin, fluazinam, Benlate-T, flutolanil, cyazofamid, hexaconazole,
tebuconazole, prochloraz) were evaluated in vitro and in vivo. Pencycuron,
pyraclostrobin, validamycin, fluazinam, Benlate-T, hexaconazole, tebuconazole, and
flutolanil significantly suppressed the mycelial growth of the pathogenic fungus.

However, trifloxystrobin, azoxystrobin, kresoxim-methyl, cyazofamid, and prochloraz did

_10_



not represent good inhibition on the growth of FR. solani. When applied by soil
drenching (2,000 mg/L), pencycuron, pyraclostrobin, validamycin, fluazinam, Benlate-T,
and flutolanil provided spinach survival ratios of 97.8%, 84.4%, 93.3%, 95.6%, 91.1%, and
86.7%, respectively. Also when treated in seed at 2,000 mg/L, pencycuron and

pyraclostrobin displayed survival ratios of more than 85.1%.

Circulation NFT-1I type(i's) that can make oxygen supply smoothly to root zone at
planting early stage is suitable to spinach production. Growth and yield of spinach that
grow up by this system are high.

Most suitable nutrient solution for circulation system was spinach exclusive use
solution that is developed in cornell University. Nutrient solution’s pH was 55~6.0, and
EC concentration was 2.0 dS/m, and when ratio of nutrient solution’'s NOs-N and
NH4,-N is 7:3, growth of spinach was good. This nutrient solution was low change
more than that developed in national horticultural research institute and Yamazaki
solution of Japan, and growth of spinach that grown in the nutrient solution was good.

When put granular rock-wool media to tray plug size of 180 holes and 200 holes
and sowed 4 seed on hole, growth of spinach was good and there were many yields.

Suitable spinach species for spring season culture were Mahoroba, Dimple, Artlars,
suitable species for summer season culture were Platon, turbo, Polka, Mirion, Paruku,
and suitable species for autumn season and winter season culture were Mahoroba,
Artlars, Dimple.

Suitable nutrient concentration to spinach growth stages was 2.1dS/m in seedling
raising stage, 1.8dS/m in the planting to harvesting, and yield of spinach that grown in
the nutrient solution increased.

Spinach plant to implant in the area was more, leaf number was decreased tendency.
Yield was most by 1,487kg/10a in 12x1lcm among some planting distance treatments.

After handle bio activator to spinach, it was no growth’s difference when compared
with control. There was difference in amount which assimilate to method to handle bio
activator to spinach. When the Germanium spreaded to leaf, and selenium poured to

nutrient solution or spreaded to leaf, and when the Chitosan poured to nutrient solution,

_11_



plant assimilated well. When poured selenium to nutrient solution and spreaded to leaf,
growth of spinach was inactive than control.

When regulated root zone’s nutrient solution temperature by 22C low in  the
summer culture, growth of spinach was good than control (more than 25C) and

chlorosis did not appear.

_12_
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£ 1 wA AFHsh ndA wFe] ZAY 2445
BA A=A Al A AR Al e A e
g = (1 7+) (1 7+) =A)
=4 (/10a) = N (%4/10a) = H(¥/10a)
40,000 40,000
Z E v 40,225
TP PR 51,852 51,852 98,000
f71 40 2] 210,000 210,000 120,000
Bl % < 10,000 20,000 130,000
d| Egolng 0 0 3,460
o | Smaeg 0 0 1,561
7] € ¥ & 82,560
85,000 85,000
27 396,852 406,352 393,246
2,400kg/10ax1,0009 /ke|1,800ke/10ax4,0009 /kg| 7 000ke/10ax3.0009 /ke
S () ’ ’
= 2,400,000 = 7,200,000 = 2,100,000
A5(FR-7A ) = 2,023,148 = 6,813,148 = 1,624,19491
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> = 45,589 5,635 44,308 4,762 44,907 4,579
o 37 5 11 1 23 2
ul = 124 32 64 10 20 2
7] E} 64 16 45 9 28 6
Z}5) KOTIS
Y. FA - A4494 &9
ANFA = Auaddsd 1-593 10-12€] FA &35 12719 69299 2T+
AakeFol =3 Aol oz ArtAe] kR P E Sy Jio] 7-8¢9 ©A
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A 2ol ANFA7LAL HopA Kl ol 2 AR A A 250 o] =2
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A2Ad dT+2ad

L AFA9 FAAEY R A3} Aurls Ad} AFAY 3% A= 74 ZeAd

7 B A AEAME AFAY FF ALH AL wE PS5 Hn

YA AMAa AFAY FApTels TAY T2 54 ujito] Dolg it opArE &
L, 8, Ask, A9 54 adga FF T o a2A Aol7b v (Leskovar
1999; Woo<l Lee, 1985), At ol&S =ol7] fgt Aol A+ ¢tk (Katzman
5, 2001; Ku &, 1996; Lee -5, 2003). YR o2 Algx] Fxpo] b dol& 3 WopA=
15ColA 7F¢ ¢-star Futy] $A R vty $27 975k A tH(Wooot Lee, 1985). A=
HqAe F+24 71AA 7 o H o (Bracy$} Parish, 1998).
Alg e AFAAl Lol ofs) ol Bk, =y, dud, ¥ SH 9 74F

e Aol FAZE Hla oW (GARES, 2004), F3l2E Solet =5 So] ol F

A AEjAl FA7E ZEa 9=

s
2

b Fo] a2rlel= WA Auirh 53] oW (Morita &, 1988). AAFH Al A AulA]
T uE A T stues AuA] 24" dEolnm BIF dokeA Ay il
Aot REsHor ko] FAadvs Ao webd o541 7TEHEH 98 = &
717v @A sl AlgAe grol AA Fedrh A FH AR 2 ndA] A9 ofFH A
=% 7152 ASAE AFAE At old e EAHE o= Ak 5T F AS
Aoz 7l aey Ag7hA A oS Aol A3 AleA EFe A, Ay
Hosol e At AR AAol weEbd  dqts AR Aol A o FHel Al
wAE A Aupslz] AAsh A FF AL ALl mE ASWHESs et

2) A= BN
aFA A AFAME FFS ALS AT AE2 7€ 10l HAFske] 99 209474

g#EA o] GAAHEIELE 720meel e HIE

ON

Fol Al AA = Qlth 2 g A8

=52 ‘B (Seminis Korea), ‘&% (F53%), ‘7F5'(Seminis Korea), ‘H}o] 2 (& -$H}9]
b
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Q), ‘4F+£'(Sinzenta), ‘Z~E%'(Seminis Korea), ‘Q7}w’(Takii), ‘224 (Seminis
Korea), ‘E}o] & (Seminis Korea), ‘Z 7V (Seminis Korea), ‘Z&E'(Seminis Korea), 13 1
TS-2506'(Takil) & 127 F&& AH&tATh A= Wol& 3} ol & FA717] 918t
of 12A17F &< 325 Eol HAAG F 64 T A2olA Azxsiiith v 7F e 29
A o8 AE(Bio-2, Seminis Korea)E A& 2837 Z 11 EFold W Hdxd TAE
ggste]l 2]l 2-3wi7F b ANE wizbA 2097 S EH § H[ZbE k2ol A2 sk

AAE 3R shler, oF Imx1-2m (FxZeo]) WHe] day 3utn oz gl A
7

rr

2 AAsdd. Ha), vg, ges Ul S 715} Aul el dF Aol whgka o}
&, 94, 9 9, g5 7, FuE, WA T2 AT £ A2 2ol 90%
o, Ful& 0%, 2l WAXRA, HAAE ok 7, WAA e 7Isem AAsth 13
Al 4] FFL SAdgMAR R 2mx30m(FxHeo)® At FE7]e] AlFA

ZAZS dolr Y] 98] A9t cutting forceE ZAFEI T AlF X9 cutting force

3
stit(lem, Weol)eo] SAARZ ket sinh
M A} chroma meter(CR300, Minolta) & 412 Hunter gt ZAFSFSATE. Ascorbic acid
= gx4 208 50% methanol €4 10mle]l ¥ BHTE 100mg #7133k & 2 3sto]
0.451 membrane filter2 o %3t ¥ HPLCE OA-1000 organic acid 41§ columns ©]&
3le] UV detector 214nmoll A 374 3} o).

AAdzo] we AEHHES dolry] 93 2L Seminis Koreaoll Al Edrbe ‘ga)

FAE AEHAT. B4 AL FE AL A9 2o PHor HASUL ANRE
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a9 3090 (5, A, 9, WEF, AL AAE, AR AAF, 20 PR 2
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=
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fr
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ox
Ho
N
>
>
rr
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e,
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S
e

E71= SAS(Statistical Analysis System, ver. 8.1)& ©]€3}o] Duncan® t=7aAo=
At T,

3) A% 2 w3

AF AN E AleA TS Adatr] Hg 127] FF9 54 FAF A3+ Table 63 23t

U Al A o] oA S A Al A T skl Role 2 E, Fergdr aga 'EehE o
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%% olFow b et e, FAet ‘wie]l b Zbzh 92%¢9F 93%® F2 Eols S
BT ), ‘A2EF 9 BolwHE 90%9 Y45 et wol& S Rl Katzman 5 (2001)3
Ku 5(1996) AotdRAUESR Ay vty 59 FAA g7t Potss wdthar Balst
ROk AFolA = T2 fe] oty s dolry] 98 HATe] FAATL HA o

ofo] A= FdsH FA oA5E Aulel A AlFA 7 A% ZAH T sl

Of

Zoje GA, el A, Fengv, Eolw, 1gn ‘BetE EFeIAE 8717
A A3 e gtk FAL Sasht FEvld Fu) we] A A Ao FEol
g FdolAl ATE Wed Aoz o YAGL BA W9 LTI 4l

A7k 72 b A vt b £ LoleS Wel Takii FEE Ts-2506%E Ful &
FAR 713 FAFAAHARIAN). FF F Wobg 90% ol 4,

T N EFo] AFA

=
i
o
X
=
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o
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o\ﬁ
11
uz‘: “‘1
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Yy
i)
ot
P
O
HU
>
it
i
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o

= LBW FFo] 7 vtom FAfef AhEo] f
AEE Btk Aol A ¥7lE YeEtlE Hunter L gt A9 ‘Bovdn +
i, w4 e —agtd =4S yeds bate AV 7P =3 3
BB 7 Eokth @ Hunter a/b gt At&e] -0.70 28] WA FFo] -0.
2 fAbeAl 2ARE ATHFig. 7). A AlF A A= BAITE ascorbic acid
ol 9o} A FFol 150u - g | ool e, AkEo] ok 85 pg g AW
7} 30ug - g ! ol8lE FAFE 9 tH(Fig. 8). Ascorbic acid o] #ol7t U= AL
ol Ao, A A Feete] APAA AEle EEFEAZES] Aol s} &F
A 717F AAIRIZ e o &k Apol7t AA A& AR AT

Aol AFEA A AR A FF FTolA
[e)

o W S oo
ID; [‘10 ~ UIO
oz oo™ lo
E

ofN
lo

°W e
Jﬁ?l

£
:é
do > oM
=)
2
2
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s

%
flo
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&
T =

Ao e JZF9 Aols A4 F 30¥9 A 7x7cm”F 9.8cm, 10x10cm”} 11.9cm,

20x20cm”} 13.6cmzA] AL =7 AH uet Z7FEAY. A5 A & 10 A=

frojidol gldAIRE 20€ 7 30 Aol = AALUETF AP wel FUkEE A
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(Table 7). Ao} A&t5 zhzbe] AAFTL 44 208 FHH AALEr AAFEE F7)
o Agre F9E= A4 F 30d0lE 7x7em7}t 41.8g, 10x10cm7}F 52.6g, 15x15cm7F
62.2g, 20x20cmi= 87.2g2.2 20x20cme] 75 7Tx7cm BT} A Fo] 20 oo AyE H
AtHTable 8). °l&= AALE7E A wep F3&3 7] 22 HHEAT F 55
Fol Furol At AT AlgA ] FEle AN AAFT] F FFS 1A
BE ANLEI AAFE T FEFES S dWAT S gaste e A7
Aoy ey e 71 ste
of wE AHEAL AEHH 7]
Ae A3ds HdelA s RedAT Aske] AATH AEFTE AAEETE 7xTemel A
20x20cmo. & Aol we} 19gell A 3.0gZ ol A F7HE AtHTable 8). A¥A o=
v AAEES ADFEs AFAY AAF] T AAR 20<20cmoll A AFgE AlF R 9] A
T o2 A2 Al A AlF Al HlEiA Slo] U A3 AP oR vt XA &
At o] HAHATE TxTemoll A TS 7HE SAAT FAAANA FF Fogez 4

W =S st AEAdol ot (Fig. 9). FFES £AFSHA Eskl oyt 10x10ecme] A
A

QAN A AFA} AAYS 2] HEES HFe] meke W FEAHCl d §
% Aoz 4renh
ES

SeA B ABA AMA FAY dolge AE Aomaw 1@ FepEdl

e
K
i
rlo
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N
)
e
o=
p‘L
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°
=
o
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>
X,
rlo
ot
:|N:"4
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o
fo
I
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f
w
by
o
=)
=)

A= AFE Bolu A4 5 30dd= AADER FAA] FoAE AT A A E =
mE g WsteE g4 F 3049 7x7em AHIAl 9.8cmel Al 20x20cm A HIA] 13.6cmE
AAEE7E A b SAEAT e A $ 1094 A E FATE IAA
R 209 A AL =T AZel whel drE wobdth AR Askt AT A4

T 209ARE ANEETE Ades SrEeH A g4 F 30d9l= 20x20cm A
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Hi= 7x7em AR E G A Fo] 20 o] @kt A sHte] BATE 7xTem7F 1.9g<1E ¥
3 20x20cm+= 297g= AALE=7E AZel weh S7bekdh 2 TxTemell M 7HE F %k
AR FHLE o]l duder A =S sto] AFAdol gold i BAdel =2
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Bio King of Kwangchae Samson
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Fig. 6. Fiber contents and cutting force at harvest of 4 spinach cultivars selected from
alpine area for summer cultivation in Korea. Spinaches were grown for 30 days after

transplanting.
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Fig. 7. Hunter values at harvest of 4 spinach cultivars selected from alpine area for

summer cultivation in Korea. Spinaches were grown for 30 days after transplanting.
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3 B
|_|

Ascorbic acid (ug-g” FW)

Fig. 8. Ascorbic acid contents at harvest of 4 spinach cultivars selected from alpine
area for summer -cultivation in Korea. Spinaches were grown for 30 days after

transplanting.

Fig. 9. Growth response according to different planting distances of spinach grown for

30 days after transplanting. A, 7x7cm; B, 10x10cm; C, 15x15cm; D, 20x20cm
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Table 6. Growth characteristics of 12 spinach cultivars used in this study.

Leaf  Leaf blade Leaf blade shape o
Summer Germination

Cultivar blade and petiole

color” Attitude bz};lluiigi apex resistance’ percentage

Bio 3 horizontal broad - 7 93
elliptic

King of Summer 5 horizontal broad rounded 6 95
elliptic

Kwangchae 4 semi-erect broad obtuse 7 92
elliptic

Manchoo 4 semi—erect elliptic obtuse 6 90

Nongrog 4 horizontal elliptic obtuse 5 86

Okame 3 horizontal triangular obtuse 5 80

Platon 3 horizontal broad - 6 95
elliptic

Polka 3 semi—erect elliptic obtuse 4 87

Samson 4 semi—erect broad rounded 7 95
elliptic

Strong 4 semi—erect broad rounded 6 90
elliptic

Titan 4 semi-erect broad acute 4 90
elliptic

Ts-2506 . .
(TakiD) 2 horizontal triangular obtuse 2 100

“Intensity of green color; Dark-green 5, Light-green 1

YStrong 7, Weak 1
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Table 7. Effect of different planting distances on the leaf growth of spinach

‘Kwangchae’ after transplanting. Seedlings were grown for 20 days in plug trays.

Days after transplanting

Planting
distance 10 20 30 10 20 30
Leaf length (cm) Leaf width (cm)

7xTcm 8.7 a" 209 a 283 a 8.7 a” 7.1 bc 9.8 ¢

10x10cm 83 a 176 b 28.8 a 83 a 7.8 ab 119 ab

15x15cm 75 a 189 b 26.3 a 75 a 84 a 11.1 bc

20x20cm 6.7 a 149 ¢ 264 a 6.7 a 70 c 136 a
Leaf blade length (cm) No. of leaves (ea/plant)

X {cm - 11.0 b 14.7 a 27 a 95 b 14.8 b

10x10cm - 10.5 bc 172 a 30 a 105 b 18.0 ab

15x15cm - 12.8 a 16.7 a 30 a 11.0 a 155 ab

20%x20cm - 94 ¢ 171 a 3.0 a 10.0 ab 185 a

Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 8. Effect of different planting distances on the fresh weight and the dry weight

of spinach 'Kwangchae’ after transplanting. Seedlings were grown for 20 days in plug

trays.
Planting Days after transplanting
distance 10 20 30 10 20 30
Top fresh weight (g) Root fresh weight (g)
7x7cm 2.2 a” 113 ¢ 418 b 0.3 a” 05 ¢ 19 b
10x10cm 1.7 Db 16.7 b 526 b 0.3 a 08 b 2.1 ab
15x15¢cm 14 ¢ 21.0 b 62.2 b 02 Db 1.0 a 2.4 ab
20%20cm 11d 316 a 872 a 03 a 0.6 bc 3.0 a
Top dry weight (g) Root dry weight (g)
7x[cm 0.3 a 0.8 c 30D 0.02 a 0.04 c 021 b
10x10cm 0.3 a 1.3 ¢ 34 b 0.02 a 0.08 ab 021 b
15x15ecm 02 b 1.8 b 41 b 0.02 a 0.09 a 027 b
20x20cm 0.3 a 26 a 56 a 002 a 0.06 bc 0.40 a

"Mean separation within columns by Duncan’s multiple range test at 5% level.
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4. 233 2 377 4EAFA B ASd AA= 9%

YA A A FA(Spinacia oleracea L.)E AFA20] 15-20CEA A= 7Fs}

ol
fd

sl okeke] 25T oA Afol E£8EH7] Adetn 30T olFANE g FAR
ohoEd ne - vl Bed AgzddAE e, Auds, aga ) Sel 2w
th AFAE AEAMAl Tel] o3 ol B, wdw, JuW @ WeNSy 5 24F

o) 9% 38 (GARES, 2004), 181 Sojg =EL 5o : °

AAE 7ol Ad nAx olele] WA AWzt 33

Tel= Qs
o} Hh(Morita 5, 1988). o] &
Al Al Al B uE ZAE T stve Al EAE dEelr® 5rF dAoketAl e A
o7 FEge] HAE zHgithE Aotk wEbA Fujel A
X8 AFH AlEshe2 AulAl
2l B AHWoo 5, 1996).
Ala Aol whol £E= 20Tl A E3kil(Lee &, 2003), AlaHoh KA Ro] £ EnfE
= 83 FEA SA2%7F 25TAA Ase] stk Bavk itk(Huh &, 2001).
o

A A A 22

==
QN
d
=
ot
1o,
&1]
N

g WEAxE gl 23S o] &3ty LRE UrE A ARE UrtHWoo T, 1996;

Zlato] Hla] H2]1 FEE SH WA FALeF] AE EBnk ofyd SHe did
A 2=]lst 7 7hs sk, A zkglo]l rH st whebA H A T (Honda, 1996a, 1996b) <l
MZ ol o]&x il rh. Suzuki®}t Takaura(1994)= FolZ 1 Edold ST AT
= Ftol A= At Aui7E Jhedtdvtal Basidth AlaAE ol A & B¢
Auf71ke] gEEo] EA o] g&o] FulEa oA AT welE s % FH Y
= 7l Ak 291 SEE SHxY 27339 7dd B i Aato] &oldtal A&
3 T A= Ao, 1992)0] do] 1990 thell -2 vhetel] =91#
ol solus FAlolt. FY el Arle] wet Badd s £ F, 73, Evl

7t BaEo] YrHKim %, 2001; Lee®t Kim, 1999; Shin %, 2000). ©] ¢}

i
ojt
re
-
i,

2ol NEAe AAANE ofe 74X FHL AL QAT AFAA AFAY) &R U A
Aol @ A8 ATE 4TS Aotk X AFE AFAZ dAHoR Aue]

A FRA Fea Edole] 4 Arl] mE FHO YENEE FHHIA LAY
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T AA e dopg I oAl E FEAIT 7] fet] 12413 ¢ 52w Eo WA &
6A1 7 FQF Aol A AxsAT

Ax F 20T F27|oA Holrzl 5 SWYFEHN L EANE A% 11.0em’e] &
S 7bd 200, 6.4cm’e] &A1& b 2887, 34em’el &AS 7R 406(A)TF, 4.3cm’)
A& 7H 406(B)THe] Edlold] A T A & 19 shFete] 3093t S8EAT 3
SHE 18~25TE freledoA AAsgon, #4E 1Y 123 54
5 A= AASAh Avle Qo] WAF AFU 134 F 33 stojEdsst =

=
9 Zxa)g bzt 10000 M P EFAS AuATA YaF YA AEAR

oo X

o

ry
x
%
o
it
it
1 (

SR F 2 Edole 4 Avlel wE AFAe G4WE Table 951 2Th FE
F 1020] 2007014 23emz U} g ATl wal x7] Aol we §
I oo R 2837 > 4067-(B) > 4067H(A) woldth 309 HAAAE 2007-7F 8.7cm=E 7h
A% a1, 2884 7.3cm, 406(B) T+ 7.0cm, L8] 406(A)TE 5.6cm®E SHE A7

EN
p‘L
32
]

3 b2t
Fol Wt A 27t ALEE GFE oAt 4FL dehidnh ot FUF SRS
Yol AE A 277t 255 AY FES] ol JuHom Wol AgY Pgo FAHAL
2 % 5 Atk oUW At ;F, EkE, $F AR fARs] o] F54% Hel

A5ol F83tdtHKim %, 2001; Lee¢t Kim, 1999; Shin %, 2000). G212 A5zt =
A v R Eolo] A AV|7t 545 A AR 3o &1 3090 200
TFoll A 44cmPB 7F4 23, 28837 4.0cm, 406(B)TE 3.2cm, 18]I 406(A)T-E 2.8cm
o8 YetstHTable 9). 2eivt 9743 QA4S Hlasls o 28879 7] 7.3cm=E
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406(B)7 7.0cmet Hls2d S Ao, A 47 40cmét 32cmE WERY 294
o2 406(B)7e dol AA vEhd AL WAl oA 2ARES s o=
406(B)-7F 288-¢F Wlaste] A uFel] FHHE RS ol v How 406(B)T=
2887l Ml Tl % WAHER dwo]l A Aow AAHY gE2 §FH x| vif

2]
wASA S7FelaL, SR 20d Fols f4F S7heol w=3kH e AS & 5 UK (Table

Ala A R Hejdole Qlo] M AEleh frAlbste]l SR 30l 20079k 28871 2
7 7.1cm®} 75cm= Bl AlAdo] FRE A, 406(A)T9F 406(B)T77F ZF7F 4.8cmet 5.2cm®E
Aol A= ATHTable 9). 304 FE7IF S Algx9 459k AgF AHFS FH
2047 5-H el E3hH7] AlFEATh ol AleAl SHA 209 A

2] =
o AAE & Uve= 7FedS A= Ao, wekd S5 deE AAsE adlo]
O

2 Azt

A 2AE 309 A FAsgon 309 B REde] Heha 4Ee] ww AR
Hom Af Fa@de]l HAUYT Fela KEA WEY Ade RFoAE BT
zea Edold TelE Aelste] Yol wae 2As: dTE waslel rkYeoung 5,

B
AU (Kim &, 1999; Shin &, 1999), A&
g0 49 % ne BPo Ae

2
S} 406(B)7-+= 54 A tH(Fig. 11). webA, S8 712 255 Hs2g A =7] o= A
FEo Aol7b o= Axe S5HE F Jdua FHEY A Ao wE AR AT
AETE vl 43S Ut th(Fig. 12). 58 $F 304l 200794 71& A=A F1H
g, 406(B)7+= 0.6g, 183l 406(A)
T 04gem A AVI7F S5, B3 SH AU AoAdes ATl ST
FEs 9%, 9%, 9%, 99, 28 AT 2
o] T F& Ao® uswth Iy & AFtelA 200909k 2887 FH 1 EdoldA &
HE AeAs A5 30974 Al & Aols wolx wof AMHE nHs = u 2837

el Edo] S Agste] 209 KRS Aulsts Aol Adsitn Az,
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Zlofl W ASHSS petaat AASAL AlFA S5 5 A AV wE g W
sl= 81 & 3099 20070l A 87cmz HA] M Z9a, 288F= 7.3cm, 406(B)TE
7.0cm, 406(A)T= 5.6cm=zZ SR AGF7F S7Fge wel A F7)dd vldEsle] JHE HolA

© AFS etk w3 galde] ASHsE 4 mA R A 277 245 4
Aol AFEE 75| 200704 44emZ 7HE AT G5 W= SE T 1099
T EF sdstdoy 30del= 20079k 283771 7.2¢ 406(A)T-¢F 406(B)T-= 549 %tk

AAzle] mE g AT A=T v d&FS dEdlen, 1 5 30dl Al
T2 1 AAFS 20077F 13ge 2 7Hd A vEbwal, 288 oA 1.1g, 406(B) T
0.6g, 406(A)T-= 04go = A 7|7} 245, SHAF7E AoAds5 AAT] Sttt
2aHor Efolo A §Ho] Weas AN Ak, adla AT o dEe] F
< Aow YetEth 2 AFelA 20079k 2887 L EFoloA FHI AlgAE AH
30974 el & ZolE HolA ol AMHIE & & wf 288 e EdolE At
§38te] Aufst= Aol A2t Az
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Table 9. Effect of plug cell size on the length of leaf and leaf blade, leaf width, and

root length in spinach seedlings.

No. of cells After seedling (days)
per tray” 10 20 30
Leaf length (cm)

200 2.3 6.4 a” 87 a
288 1.2 6.4 a 73 a
406(A) 09 50 b 56 b
406(B) 1.0 47 b 7.0 ab

Leaf blade length (cm)
200 1.2 36 a 44 a
288 0.8 34 a 40 b
406(A) 09 22 ¢ 28 d
406(B) 1.0 28 b 32 ¢
Leaf width (cm)
200 0.7 1.7 a 1.8 a
288 04 15 a 1.7 a
406(A) 04 09 b 11 ¢
406(B) 0.5 1.1b 1.3 b
Root length (cm)
200 4.6 6.2 b 71 b
288 39 6.8 a 75 a
406(A) 3.5 54 ¢ 48 d
406(B) 39 50d 52 ¢

“Volume per cell: 200, 11ecm®; 288, 6.4cm®; 406 (A), 3.4cm®; and 406 (B), 4.3cm’.

YMean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 10. Growth response of spinach seedlings to different plug cell sizes at 20 (left)
and 30 (right) days after seeding. A, 200 cells; B, 288 cells; C, 406 (A) cells; and D,

406 (B) cells.
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—— 406(B)
U | 1 |
10 20 30
Days after Seeding

Fig. 11. Effect of plug cell size on the number of leaves of spinach seedlings. Means
separation by Duncan’s multiple range test. Points marked by the same letter are not

significantly different at P=0.05. Vertical bars indicate SD. Volume per cell: see Table 9.
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Fig. 12. Effect of plug cell size on the fresh (A) and dry (B) weights of spinach
seedlings. Means separation by Duncan’s multiple range test. Points marked by the
same letter are not significantly different at P=0.05. Vertical bars indicate SD. Volume

per cell: see Table 9.
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AlE A AHAE 16~20C2A Aol Zshal ao ¢falo] 25T o] ol Ao
w3h5 7] AlAste] 30T ol FellA = Aol AAE Rk ofye u -t BT A5
= HEs, Aedsl, S sol TASA drh Al A o] Wopg i} WolM=  FA
of Fx4 54 Wi 2%, &, 45k, B9 54, FF sl 98 A Aolrt v
(Leskovar &, 1999; Woo%} Lee, 1985), A& Tol&S =o]7] 9k Aol A=

gl tHKatzman %, 2001; Ku %, 1996; Lee %, 2003). How AgA FAe H o}
&3 WolAE 15TAA 7HE etar by AR vy FA7F st tH(Woo ot
Lee, 1985). Ala A AwIAl F2= G324 7| AA97F o] H 1 (Bracy ¢t Parish, 1998), A #)
ol AzAd g AdAFe] gle Ae7E Bob FRWAA AxA AY= A &
(Haar 5, 2002). Alg2= oAEAwA] 2o o&) wolrt EaFsta wvt®, Jaur, He
1598 & 4% ¥ 2ol ZAZE Ha 2w (GARES, 2004), S°Het =5yl 59 F
AT Alst, Ful 3ol 1Ly Fux] AujrF F3] o] HH(Morita 5, 1988). o1& A
w2 AA] mTE ZAH F o shue Al WA E AdEjelnR grb AokstA Ak A
Fr7lel TAstE mEEyor fotke] AE e dtis Aolth wEkd 7EERE 9¢

=] o]

= RS
A o] 7)o @A77 FA

O

1}
A A2 QA GFS FE= Q98 A2 > dAE > 7] >
HATHWoo &, 1996). AlAdAuie BA A7 Awja&d 5
(Larmonts, % 2003; Leskovar %, 2000), &3 S AES =

Al Al EEAAE S AR A o7 &= AFet B3 Barso] gt (Woo
B

al
oM FH FHE st AFAEAY AAAMuE T oY TAHS A A=

o

FEIS £ AS ZoR sigEnh Ay vE Fela SHE TR AE Wy o}
Y SR d3® Azgsrt sbesin Aol rHste] 2 dAlR{ S (Honda,
1996a, 1996b)ell A= @Wo] o] &5 laL, FolEel1 Egold §HI AFAE ho] A4
712 A2l ezt beatdths Rk vh(Suzuki®t Takaura, 1994). Al FAE A4
Al & Ag- Aujr)gte] FolEo] BEX o] &&o] TUHE: A4 Mo HFH #EE £F

K

W OED FHS /0E # Ak olsh gol AFAe] AAAME oy 4 FHL 7
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DAL AF7HA AlaAe] S5 R Aol w3 A&A A= AFS AAen &

A= odFdd AEAE HAHem Auistr] s dR e HupAujel wluste] EeL

B oAYE 69 23UNEH 8Y 2047kA &t 800me] e Al Sabdel] AAEa = A
St AAxANA AAHAT. AFAE A% AFAE AlFA FFLS AEF
‘HevAWE SHo g AAAu= A (Seminis Korea), ‘HFo] & '(F-$nv}o] ), ‘4
£'(Sinzenta), 181 ‘P 2 B4’ (Seminis Korea) FZ& A& & o] &3yt SHE )
750me] (F)#E Ze 2ollA 649 239 FFate] 2097 S8 F 7¥€ 99 AAgh A
A= AlFA FAE 2 A7 AP xAe] des HZMEEZol AR gEeto] Al

Stk AL wWobat wobAE FAAYIY] Astel 1247 B¢ B2E Bl FAT F

Yo 2887 EFela Edold W Axd FAE HFdle] B 2-3urt 4 A4E w7t
A 2097 FHF BE vbgele 2o AAsgh 243 £ U9 v 2 Xee AF

el Zqstac. A5 % 34 F @
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Ao m AAsank HHl, HE, HelE YAl T 71E Avide s dAggel mgia g
F T ARE Astre AKALS AT B AlEA A AEAdSs HES)
71 18] Aol we AAHE, A5, F4 58 aestel AAAS BAskdth SAA

2= SAS(ver. 81) ZTEa1#AS o] 839 t-ZAA I} Duncand tEAARo 2 BA &9

o

9e 649 EHH 8¢ TE7hA HvlS 17.0-200C =
JETE 747} oF 55T 9 65C7F stol AlgA] A&l fEstadnt &

ZAZE @ Go] 3054102 T o) 282412k o) 267A1 R ol Aol

23 o= *@Z%EJ%EHKMA, 2004). Al Aul7IZ 79 9UF-E 89 20U7kA] ez

HI 7 8h- -2 ol A A2 FHA 197ToA FHa 325Te] X5 2o, 7122 HA

217CoA Ha 392C BEE Yelth(Fig. 13). olul 109 ¢ Hyt 7]20] 28T=E

Alg A Aol tha Edou 2 717 Ulol] HEt A2 20C W R FAEHA7] Wl

o
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Table 10. Effect of direct seeding and transplanting on growth of leaf length and leaf

blade length for spinach cultivars. Seedlings were grown for 20 days in plug trays.

Days after direct seeding Days after transplanting
Cultivars
20 30 40 10 20 30
Leaf length (cm)
Kwangchae 85 ab’ 169 a 222 a
Bio 78 b 138 ¢ 204 a
King of summer 9.3 14.4 154 90 a 16.0 ab 170 b
Samson 11.1° 174" 26.1° 89 a 145 ab 226 a
Leaf blade length (cm)
Kwangchae 59 a 124 a 16.3 a
Bio 55 a 9.8 b 124 b
King of summer 6.2 9.9 105 59 a 11.0 ab 123 b
Samson 7.0 1.7 10.3 54 a 103 b 156 a
Leaf width (cm)
Kwangchae 36 a” 91 a 86 ab
Bio 36 a 79 a 99 a
King of summer 34 5.7 6.9 3.3 ab 78 a 81 b
Samson 3.6 6.0° 6.4 29 Db 74 a 9.5 ab
No. of leaves (ea/plant)
Kwangchae 110 a 16.8 a 168 a
Bio 85 b 158 a 145 a
King of summer 8.3 11.3 12.0 11.8 a 15.0 a 158 a
Samson 9.0 13.3° 16.0° 9.8 ab 135 a 15.0 a

*Significant at 5% level by t-test

zMean separation within columns by Duncan’s multiple range test, P=0.05
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Table 11. Effect of direct seeding and transplanting on fresh and dry weight for shoot

part of spinach cultivars. Seedlings were grown for 20 days in plug trays.

Days after direct seeding Days after transplanting
Cultivars
20 30 40 10 20 30
Top fresh weight (g)
Kwangchae 31 a’ 26.7 a 42.1 a
Bio 23 b 178 b 282 b
King of summer 3.1 9.7 159 36 a 16.7 b 231 b
Samson 39 13.9° 271.8" 27 b 199 ab  35.1 ab
Top dry weight (g)
Kwangchae 0.3 a 26 a 41 a
Bio 0.2 b 19 b 25 Db
King of summer 0.3 1.0 14 03 a 19b 25 b
Samson 0.3 1.5 25" 02 b 2.1 ab 3.7 ab

*Significant at 5% level by t-test

zMean separation within columns by Duncan’s multiple range test, P=0.05
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Table 12. Effect of direct seeding and transplanting on fresh and dry weight for root

part of spinach cultivars. Seedlings were grown for 20 days in plug trays.

Cultivars Days after direct seeding Days after transplanting
20 30 40 10 20 30

Root fresh weight (g)

Kwangchae 0.7 a” 13 a 35 b

Bio 05 a 09 b 39 b

King of summer 0.1 0.9 1.6 06 a 07b 41 a

Samson 0.1 1.1° 2.0 03 b 14 a 42 a
Root dry weight (g)

Kwangchae 0.05 a 0.19 a 031 b

Bio 0.05 a 013 b 0.30 b

King of summer 0.02 0.10 0.15 0.05 a 014 b 0.36 ab

Samson 0.03 0.14" 0.21° 0.03 b 0.18 a 0.46 a

xSignificant at 5% level by t-test

zMean separation within columns by Duncan’s multiple range test, P=0.05
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Fig. 13. Air and soil temperatures measured in the experimental field of summer

spinach.
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Fig. 14. Problems found on the cultivation of summer spinach. A, Irregular germination;
B, Damping off; C, Shoot overgrowth caused by high temperature and humidity; D,

Flower stalk formation.
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Al =2 (Spinacia oleracea L.)
o @Wol 3fEo] i, EARl GAAG AAE WA
ojdo] IRhtS oAgug 9 I o So Ut e Aoem dEA Atk (Magee,
1997; NHRI, 2004; Palaniswamy, 2003). 2001'd 2] = AJuiH =& =2 A 4,598ha<t Al
A 3286haz wid F7F FA Ao (MAF, 2002) ¥z a7 S71ed dwo|t), ¢
T A AlFA FEFAE Y dEE o AGE oxalic acidet #EE R al(Kawazu 5,
2003; Wu &, 1999)7F & o|FH, Aujz=dd mE A5 il aga 4o dxs ¥
FHA] gk A (Leskovar &, 2000), &5 AFFT AlaA =3t dAaksid el w7
(Hodges &, 2001), L2]3l ascorbic acid®] 7123} #HAH A F(Hodges2t Forney, 2003;
Toledo &, 2003)7} ®.ar¥o] ot ol A= A AlgAe Fo5ae], A%, 18
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T 750me] FASHINAH(F) AP EY D)ol A 649 23 FFeto] 2093 FH F 7€ 9
A Ag xFe oAt IFA FAE 1243 B¢ BE2E B HAT F 66X T
b Ao A Hxste] o8 JE(Bio-2, Seminis Korea)s %2 2837 Ze]71 E# oo
Z9 Axd FAE gFeto] 29 2-3vi7t & AlE WA 2093 s HEAT W}
Hokg-2oll o] A3k AlFA o 27 Bl A #FEE AF 27] zy F 29 4

Halls WA 5 71 Aln) #Ee DA Hel uhsioh
o e ANaA= FAWSE A 98 e 22 FH8%0E =
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50gS whaste] ZFzE 100mle chloroform:methanol(v/v, 1:1), methanol, 1.25% sulfuric
acid(100C), 1.25% sodium hydroxide, 2] il acetonel & T A3 W o] 3dto] F& A}
g AZA F FAE FAHSY Ptk Paull §, 1988). AlEA o] 7HEAEE dxF 2g
74 10mlel ¥ 7 23A7 & 4592 045um-membrane filter2 o] ¥sle] HPLC

2 BE43th. HPLCY 4 %27 columne Alltech 700CH(column 2%, 75C), mobile

tlo

phase= double distilled deionized water, =181 detector= RI detector® ®43}At}. Al
FAXUW ascorbic acide= HPLCE o] &8t XAl on HPLCS EX%7AE columne
Alltech IOA1000(column =%, 30C), mobile phase= 0.05N sulfuric acid, ~22] 11 detector
= UV detector® 245nme] Attt Al532] 42 Minolta Chroma Meter CR-3002.%
Hunter L, a @ bE XA 954 332 AAAE 25 acetone 20mlel] ¥ 2
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Sabste] At F7 EAM e subE S R ow g o BA= EFHAS Duncan
9] multiple range tast® zZ+7z} 389t}

=

84 T/ Ala A A EF] A= dHHaFA G HHre> 17-20C=

=

w
il

) J,]—7 ol
H
L

FARG o 6T AE7E vol AlgA A5

[e)
o
30541t BRA G H T 15-35417F do] A5Vt & dxFE ol AFd #Fed Aoew

(@)}
o
=3
A

\<

FHa 392TCe £x5 YRV AAD. ol 10¢
Aol v FAZEFAAR 22 7|ZF Wl Pt A2 20T W2 FAEA7] ol

NgA Agel WA FEAN Aow Anh L of szl FyAe] se 2 A

O

9
o
o
N

S~

>,
BN
A
2
>
)
=
rob
o
:N:'v
i
of\
lo
>
alt
s
4
Bl
»
o
2
o
o
£
o

N

N,

N

N
lo
24

_64_



N
N
o
()
o
[9%)
=
B8
e
E
é
e

FAZATE F 15% ooy A 149A o] @0.03mm ZEEo 243 Alax= 6.7% 1
93 2005mm AEFl TE AFAE 2% AE FA praen ot +HAR
Bz 95k Akl WEelthFig. 15). AFAY A4F FEwsE dopur] 98 =
A A

T
(Fig. 15) <=8HA] SNolA As Ak gaskslen, A2 347 A4 F
%]

& 14l oA AN
Nel A A7 14<d

oF A2AdE Be AT AlaAle AT el ARV FF Ao dAsA #
A = Ao (Fig. 15).

A FAe 7184 L sucrose’t 49mg - g ! FW=Z 714 2o glucosed fructose”}
247 19mg - g ' FW9 1.7mg - g ' FWollth(Table 13). A& 3d#o] AF2¢] sucrose
o] FFe Aol FHlel A HAson, 53 F 2RATY FEFTA
0.lmg - g ' FW7HA A3t= k. PE 282 20.03mm Rths @0.05mm ZEWe] A3
ol A sucrose FHA7F oFzb Aot FFo] Aol= AA FUTh Alw A fructose FFE
FHART FolEddom, 2T ET FEFTA 2 FAA FoAE o A

o Aol AR AlEAeA FavE At AAGA PE ZE TR wE

H:l

%E
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fructose o] xolx= @0.03mm E.ThE @0.05mm ZEo] A3 AJFX A fructosed]

=Lz
=
ol wokou EAAYA FodL jldth Al=A9 glucose TS Aol ws) A%

3U FxGTolM Frretgen 538 A2 AFANAM 37mg-g! FW7HA 27
F7bstath. ey A2 Az AFe AlaA= A 39l glucose FEFo] A 9
122 #2stden ol dAak F71ste] 90.05mm ZEol ¥ A|FAE FEA R B
& FEFE FAEA o) kA AT dEe AFx7 343 FAas F A

2AZA 20.03mmell 43 AlFAE 9 3.0mg g1 FW 23 @0.05mmol ¥4 A

|
LG HEAT FF FAR A2t AYINY AT FHA B EER0 xFE

AlZkel AW Aol 7hg 2 Rl AAHY, Al S F3F Ay +3 A A%
A R3 AX dEe Aas AAATA T ol ddEvh old #gA &

Aa2]9] 484 ascorbic acid T 166pg - g | FWolgl o Az 7]o
dto] A 3ol BE AAA e FolA 20ug - g FW oldt= z+2dt3lth(Fig. 16). A
W2 ascorbic acid S AAZLTo A FEATFO A FH oA 7 ek A
%Al @0.05mmell e AlFA BT 20.03mme] 2T AlFA A AR F
7t =& TS BT F3A] A F X9 ascorbic acid ¥ #EHS Hodges$} Forney(2003)2]

U A AZE ascorbic acid®] ZA7F B Ato|A] FZA3] A o] &

4 Aoy} FA3 o] f-2 A FX WY ascorbic acid FHE F72 3

in
ol

_EE}L
Mo 41 B

2
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ZAFSE Hunter @2 8 2 AH3F W3l Table 14

o} 2l AlF X9 Hunter L gk A 355004 A48 Fxg o F7tE A 93}

T, AZAGS AlaAs A TEHEEH BA] 718k A

2 S7bekAth. Al A9 Hunter a gt A7 39l A3 A24%

FEFTE @A, 90.03mmol £33 AlgXE S8y, @0.05moll XA Ale

A= FAasks 43S BAY Al9A ¢ Hunter b 32 2] 112004 A%
=

A= 165704, A2 ARG Alga= A% 1420 14-15 o4

ofy
jutn)
)
olN
)

wARSE AAANA gAY} FARRE AlTA] AEE FAshE
22 Hunter gkol ##&d o glow, Warr 42 o] weld Aoz dAddr. A4 9
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FA @0.03mmell EAZI A FX

N

b ASAA £gAE PRt FESTEE Wet 49
o 79 o] ALAFA AFAL 2003mm W 2005mm B
9 A Ror, A% 1496 Hunter #el Wal7h 4557 A s,

AFA Aol e B0 S 8] 400ug - g | FW ZEo|H, ke A4 39

o] WAool

AeAFE F

B, 58 AeAdd TFATAN 450u g FW ooz F/aHATh Aol A
WA Qs 44 gasd TEET A3 AR9a, 2006mel 4 AFAt 45
zol H37h AR AHAem A% ULt F8A Ash FRe) of Awoew i
Atk ol4rel Asbi H4S el Hunter -agtel AstolA £0.05mmel E3a A7

< =
AgAe] F& Ao punth PE Wl THskel ALAE AFAE 4G 79
AEolr], A44F £006mm BE LW AFAL Fde Fhou AF 794 o
0.03mme} @0.05mmell E73 AlF 3] Alolo] FZ ] o]zt AA| erom, AA 14+
20.05mmel EAAGT AFAAA Rt Aekgch 2Ls19l o FHel AFAE A LA
4w ALHE FAF AA, AA, D3 g 5 oAerde] WAdnE FAwstst
$9)g2 Zorstelol @tk PE UE £F AL A 79744E 2003mm3} £005mm
PE £ A¢ 2% Fdol $53e] Agol sbssht, 79 o4 m¥A 20.05mm PE ¥
Ao ABA FH} AES A WAARZ ALAY FEVI7re] TU oo Uojd

dFol= 20.03mm PE ¥7%o] Fud Aoz Ayt

¢

~

AgAL A 3AREel 56%, 4T AGA A Tl 20% o] gl FAE
of Ae&AGd AFH = A 3ol oF 25% 1Ela AHA

A AeA= A 7ol oF 15%°] FAZFATE oldvh AlaAl dxAW 7HEAATE
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A sucrose7} 49mg - g ' FW= 7}4 2o glucose®t fructose’t 2+t 19mg - g ' FW
ot 17mg - g ' FWolglen, BE Aol Agzrlel F43 tastgla, 443
20.03mmel EZF A|FAE o 3.0mg-g’1 FW 2] @0.05mmel] ¥%33 AFA&
40-45mg - g FW= o2 Hg el va] A 5489 AlE29 584 ascorbic
acid %2 166ug - g ' FWollow AFx7]o F248] 24
2ol M 20ug - g ' FW olat® Ztastglon], A3t Frgoln 714 st A
LA Al @0.03mmel 3E
e £ A00ug - g | FW AEolv, ke A% 3de] 247
BE Aol S & Aol JFgHAA FEFTIF M Al
A 2l e AT #FAasdow, @0.05mel 2 AFAF 454
7B A=A o]de] AFe A LTIl AFH AlgAs AAIA F4 WEE
o3t =4 Z3&a ok 3 @0.03mm PE ZE
ot A2AFA 20.03mm? @0.05mm PE £ BEF 7d7MA = FH o] -5, A7t
o] AolAW #0.05mm PE 273 Ao F33 A5 ddo] S8t
o

A=)
2§ AFA EA fAd felT A

Al A AZ7IZE Sb gt =2 S AT AlEA
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Table 13. Changes in soluble sugars content (mg - gf1 FW) of spinach 'Kwangchae’
during storage at room and low temperature after package with PE film. Spinach was

grown on alpine area in summer.

Storage (days)

Sugars Storage PE film a
temp Harvest 3 7 14
Fructose Room temp Control 1.66 099 b
#0.03mm 145 a
20.05mm 144 a
4C Control 1.66 107 b 143 a
20.03mm 152 a 1.24 a 121 a
20.05mm 1.71 a 1.35 a 1.35 a
Clucose Room temp Control 191" 3.66 a
0.03mm 094 c
0.05mm 0.81 ¢
4C Control 191 241 b 210 b
Z0.03mm 0.77 ¢ 154 ¢ 148 b
20.05mm 093 ¢ 240 a 2.76 a
Sucrose Room temp Control 4.8Y 0.11 ¢
#0.03mm 0.78 a
&0.05mm 096 a
4C Control 4.89 011 ¢ 013 b
20.03mm 0.56 b 0.33 a 025 b
20.05mm 0.85 a 0.34 a 0.45 a

"Mean separation within columns by Duncan’s multiple range test at 5% level.
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Table 14. Changes in Hunter values of spinach 'Kwangchae' during storage at room

and low temperature after package with PE film. Spinach was grown on alpine area in

summer.

Storage (days)

Hunter value Storage PE film at
temp Harvest 3 7 14
L Room temp Control 35.5 388 a
20.03mm 32.9 bc
20.05mm 349 b
4C Control 355 322 ¢ 34.6 a
20.03mm 319 ¢ 315 b 371 a
20.05mm 326 c 331 ab 378 a
a Room temp Control -8.5 -116 ¢
#0.03mm -86 a
20.05mm -10.0 b
4C Control -85 -9.0 a -98 ¢
0.03mm -81 a -79 a -10.0 a
20.05mm 91 ab -900Db -11.1 b
b Room temp Control 11.2° 165 a
#0.03mm 111 ¢
&0.05mm 131 b
4T Control 11.2 115 ¢ 13.1 a
20.03mm 10.7 ¢ 10.1 ¢ 145 a
20.05mm 118 ¢ 121 b 157 a

"Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 15. Changes in weight loss, cutting force, and crude fiber content of spinach
'Kwangchae’ during low temperature storage, as influenced by PE film packaging.

Spinach was grown on alpine area in summer.
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Fig. 17. Changes in chlorophyll content of spinach 'Kwangchae’ during low temperature
storage, as influenced by PE film packaging. Spinach was grown on alpine area in

summer
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Table 15. Contents of soluble and total oxalic acid in 34 spinach cultivars. Spinaches

were grown on alpine area in summer season.

Oxalic acid

No Cultivar

Soluble Total

mg g’ FW

1 Bokji 11.40 cdefgh” 14.39 cdef
2 Carnival 10.71 fgh 15.29 bed
3 Castel 10.43 fghi 11.65 hijk
4 Choice 1047 fghi 10.78 j
5 Ddangddali 11.54 cdefgh 14.35 cdef
6 Greenpia 13.22 bc 16.35 b
7 King 11.90 bcdefg 13.49 defgh
8 King of Denmark 11.54 cdefgh 11.85 ghij
9 Kwangchae 8.72 1j 13.35 efgh
10 Master 1518 a 1894 a
11 Melody 12.67 bede 16.30 b
12 Mighty 12.07 bedef 12.13 ghij
13 Nice 16.07 a 18.06 a
14 Paroma 10.00 ghi 11.84 ghij
15 Polka 11.47 cdefgh 12.60 fghij
16 Power King 354 1 420 1
17 Quinto 12.18 bedef 16.39 b
18 Shinsegae(F2) 1355 b 14.90 bede
19 Shinwoo 12.76 bcd 13.68 defg
20 Strong 1564 a 19.68 a
21 Titan 11.73 bcdefgh 12.99 fgh
22 Titanic 11.92 bcdefg 12.96 fghi
23 Shikyo0302 12.75 bed 15.86 bc
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Table 15. continued

Oxalic acid (mg'g ' FW)

No Cultivar

Soluble Total

mg gfl FW

24 SP3837 10.67 fgh 15.24 bed
25 SP3840 10.05 ghi 12.79 fghij
26 SP3855 12.03 bedef 14.05 cdef
27 SP3858 6.66 k 8.16 k
28 SP3859 10.76 efgh 11.92 ghij
29 SP3860 10.96 defgh 10.99 ij
30 SP3864 13.24 be 13.52 defgh
31 SP3866 791 jk 11.07 ij
32 SP3868 7.26 jk 753 k
33 SP6140 9.87 hi 12.63 fghi
34 SP6142 11.31 cdefgh 13.11 efgh

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Table 16. Relationships between oxalic acid and color factors, and their confidence

level of 34 spinach cultivars grown on alpine area in summer Season.

Factors Correlation coefficeint
Hunter axChlorophyll 0.5612"
Soluble oxalic acidxHunter L -0.2234N°
Total oxalic acidxHunter L ~0.0990™°
Soluble oxalic acidxHunter a 0.2943™
Total oxalic acidxHunter a 0.1913™
Soluble oxalic acidxHunter b -0.3077"°
Total oxalic acidxHunter b -0.1921™
Soluble oxalic acidxChlorophyll 0.1640™
Total oxalic acidxChlorophyll 0.1871%

NS+ “Nonsignificant and significant at P<0.01, respectively.
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Fig. 18. Content of soluble (A) and total (B) oxalic acid in spinach cultivars. Spinaches
were grown on alpine area in summer season. Refer to table 1 for each of cultivar

number and name.
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Table 17. Difference in growth characteristics of spinaches irrigated sufficient or not
caused by culture position in a house. Statistics of seven spinach cultivars was

presented among 34 cultivars in this table.

Length (cm) Leaf
No Irrigation
Leaf Blade width number (no)

Bokji Sufficient 26.1 m-o 156 gh 11.1 ¢k 134 i-k
Insufficient 195 gr 14.3 k-n 93 jp 134 i-k
Choice Sufficient 26.8 lo 15.7 f-m 126 a-e 13.8 i-k
Insufficient 176 aqr 11.1 op 79 n—q 13.2 i-k
King of Sufficient 274 1-o 184 a-e 123 a—g 14.0 i-k
Denmark Insufficient 265 1-o 16.1 e-m 119 a-i1 14.4 h-k
Kwangchae Sufficient 33.7 -] 179 a-g 11.9 a-1 14.2 i-k
Insufficient 26.4 1-o 14.8 k-n 99 g-m 134 i-k
Melody Sufficient 36.6 c-h 17.4 b-j 95 j-0 18.2 b-f
Insufficient 374 b-f 176 a-i 11.0 ¢-1 19.0 a-d
Mighty Sufficient 279 k-n 149 j—n 11.3 ¢k 15.2 f-k
Insufficient 165 r 103 p 6.8 g 13.2 i-k
Shinwoo Sufficient 209 pq 12.6 no 89 k—q 134 i-k

Insufficient 20.2 pq 12.6 no 84 m—q 118 k
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Table 17. continued

Root Weight (g)
No Irrigation
length (cm) Root Toral fresh
Bokji Sufficient 20.8 b-f 55 b-h 73.8 b-k
Insufficient 204 b-g 4.3 d-j 416 gk
Choice Sufficient 216 b-c 54 b-h 89.3 b-k
Insufficient 1777 c-1 221 23.9 j-k
King of Sufficient 165 e-1 4.0 e 50.0 f-k
Denmark Insufficient 236 a-b 37 g-j 68.3 c-k
Kwangchae Sufficient 17.2 c-1 91 a 145.7 bc
Insufficient 18.3 c-1 3.6 g-j 26.5 1-k
Melody Sufficient 16.1 f-1 47 d-h 109.7 b-h
Insufficient 20.1 b-g 44 d-i 70.3 c-k
Mighty Sufficient 21.0 b-f 53 b-h 2296 a
Insufficient 18.1 c-1 2.0 ] 186 k
Shinwoo Sufficient 21.8 bc 3.2 h-j 36.9 h-k
Insufficient 19.3 b-h 2.0 1j 226 jk
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Table 18. Contents of soluble and total oxalic acid in 7 spinach cultivars according to
irrigate condition. Spinaches were grown on alpine area in summer season. The

growing conditions were same except growing position in a house.

Oxalic acid

Cultivar Irrigation
Soluble Total
mg g’ FW

Bokji Sufficient 11.40 ab” 14.39 b
Insufficient 11.00 bc 11.90 cd

Choice Sufficient 10.47 bc 10.78 de
Insufficient 8.64 d 9.20 e

King of Denmark Sufficient 11.54 ab 11.85 cd
Insufficient 9.49 cd 10.15 e
Kwangchae Sufficient 872 d 13.35 bc
Insufficient 229 f 439 f

Melody Sufficient 12.68 a 16.30 a
Insufficient 589 e 10.70 de
Mighty Sufficient 12.07 ab 12.13 cd
Insufficient 9.65 cd 1418 b

Shinwoo Sufficient 12.76 a 13.68 b
Insufficient 11.30 ab 11.93 cd

"Mean separation within columns by Duncan’s multiple range test at 5% level.
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Fig. 20. Difference in leaf length (A) and total fresh weight with root (B) of spinaches
irrigated sufficiently or not caused by culture position in a house. Refer to table 1 for

each of cultivar number and name.
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Fig. 21. Difference in contents of soluble (A) and total (B) oxalic acid in spinaches
irrigated sufficiently or not caused by culture position in a house. Refer to table 1 for

each of cultivar number and name.
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Table 19. Growth characteristics of 11 spinach cultivars. Spinaches were grown on

alpine area in summer season.

No Cultivar Irrigation Bolting Leaf shape  Leaf attitude Root color”
1 Bokji Insufficient - Round Erect 1.5
2 Carnival Sufficient - Acute Erect 2
3 Choice Sufficient - Round Semi-erect 2
Insufficient - Round Erect 1
4 Kwangchae Insufficient - Round Erect 2
5 Master Sufficient - Acute Erect 3
6 Melody Sufficient Bolting Acute Erect 2
7 Polka Sufficient - Acute Erect 3
8 SP3840 Sufficient - Acute Erect 3
9 SP3855 Sufficient - Round Erect 2.5
10 SP6140 Sufficient - Mix Erect 3
11 SP6142 Sufficient - Acute Erect 1

* Root color : from 1(white) to 4(red).
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Fig. 22. Hunter values and chlorophyll contents of 11 spinach cultivars.

grown on alpine area in summer season. Refer to table 1 for each of

and name.
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Fig. 23. Hunter values and chlorophyll contents of 11 spinach cultivars.

grown on alpine area in summer season. Refer to table 1 for each of

and name.
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Fig. 25. Soluble sugar (A) and ascorbic acid (B) contents in 11 spinach cultivars.
Spinaches were grown on alpine area in summer season. Refer to table 1 for each of

cultivar number and name.
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TA2 wkgo] ttEvty B3 #H w7l v (Campion &, 2003; Gasztonyi ©F Lyr, 1995;
Kataria &, 1991). mebA] -7 FA|9] Ak Algx] Z5W WAE flste] Zagh 4740l
o}

EooF AlFA Aol EAV Y= el =
e AESHORE o #2 AS 27de A5HS doy|y F7leh $7]d LAst, 127]
o a7t AAE Aew HuHATR(EENEH FHAT7IEd, 2000). o5 AuAe J5H

n&sle] AutEE AEEHel PAE A2} vk
al

= F. oxysporum f.sp. spinaciaedl 2|3}o] 243

ol

zZAEHH, Wl Sl 71 BAVIEE 22y AESH e HAE 9t AESE WA
Aol dAxA B 3t WAl S st WAl Aol oddE = Al in vitro 2 in

vivo A EY L AT $5F RS el fAlE Aals] lskel Fass

=

-

Fig. 26. Problems found during the cultivation of summer spinach. A, Nonuniform

germination by damping-off;, B, Fusarium wilt; C, Shoot overgrowth caused by high

temperature and humidity; D, Bolting.
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Fig. 27. Inoculum preparation of R. solani and F. oxysporum f.sp. spinaciae (A) and method for

resistance screening of summer spinach cultivars aganist damping-off and wilt disease (B).

AFE 9] AFgI AHEAlE 13222 strobilulin Al AHFAR  trifloxystrobin,
pyraclostrobin, azoxystrobin, kresoxim-methyl& A}-&3F1 3L, ergosterol A4 A 3 A<l
hexaconazol, tebuconazole, prochloraz 12]il 7|} AbwrAl=  validamycin, fluazinam,

Benlate-T, cyazofamid, flutolanilZ A}-&3}91tH(Table 20).
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Table 20. Fungicides used in this study

Fungicide Formulation” Chemical name

Pencycuron 25% WP 1-(4-chlorobenzyl)-1-cyclopentyl-3-phenylurea

Trifloxystrobin 22% SC methyl (E)-methoxyimino—{(E)-a-[1-(a,a,a-
trifluoro-m-tolyl)ethylideneaminooxy]-=n-tolyl}
acetate

Pyraclostrobin 18.8% WG methyl N-{2-[1-(4-chlorophenyl)-1H-pyrazol-3
-yloxymethyllphenyl} (N-methoxy)carbamate

Azoxystrobin 20% SC methyl (E)-2-{2-[6-(2-cyanophenoxy)pyrimidin—4
—yloxylphenyl}-3-methoxyacrylate

Kresoxim-methy 147% WG methyl (E)-methoxyiminol[2-(n—tolyloxymethyl)
phenyllacetate

Validamycin-A 10% SP 11.-(1,3,4/2,6)-2,3-dihydroxy-6-hydroxymethyl-4

-[(1S, 4R,5S,6S)-4,5,6—trihydroxy—=3-
hydroxymethylcyclohex —2-enylaminolcyclohexyl
[f-D-glucopyranoside

Fluazinam 50% WP 3-chloro-N-(3-chloro-5-trifluoromethyl-2-
pyridyl)—a, a,a-trifluoro—2,6-dinitro—=g—toluidine
Benlate-T 20+20 WP methyl 1-(butylcarbamoyl)benzimidazol-2
—ylcarbamate + tetramethylthiuram disulfide
Cyazofamid 10% SC 4-chloro-2-cyano—-N,N-dimethyl-5-p—
tolylimidazole—1-sulfonamide
Flutolanil 15% EC a,0,0-trifluoro—3’—isopropoxy-uo-toluanilide
Hexaconazole 10% EC (RS)-2-(2,4-dichlorophenyl)-1-(1H-1,2 4-triazol-
1-yl) hexan-2-ol
Tebuconazole 25% EC (RS)-1-p—chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-
triazol-1-ylmethyl)pentan—3-ol
Prochloraz 25% EC N-propyl-N-[2-(2,4,6-trichlorophenoxy)ethyl]

imidazole—1-carboxamide;1-{N-propyl-N-[2-(2,4,6
—trichlorophenoxy)ethyll}carbamoylimidazole
IWP=wettable powder, WG=water—dispersible granule, SC=suspension concentrate,

SP=water soluble powder, EC=emulsifiable concentrate.
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of £33le] WE SHESS pot(F4 8 cm, & 150 mhol ¥l FHo} Azl AFAGES
AAA) A5 gZsta, 9A 712 2,000 mg/Lo g A %3 AiA dgAS pot ¥ 10 ml
#FeaL RF 2F Foll AAT AFAY FE ARSIl AEES AT FAA
= 1,000 mg/L 2,000 mg/LoZ ZAH A A HENo| Al F

S ARG dAFto] 25 F HT AA AlwAS 2AEkY] AEES AT

e

A FAE 2407 AXF

Fol'

o

AP Ale A REEE 9 A5 ok AESHE A

oF Aujgoz Add 117 FF T ‘D2 FFS AMEsdon, WY wde
PDA wj%], Water agar WiA|, FABRAMNAE 27 o] &stict & Aol A& 23 n
AES ZAsdietu A=883e3 ASHedddd et 52 Bacillus subtilis
Bacillus subtilis B-DB, Paenibacillus sp. P-B
oxysporum f.sp. spinaciae2t ZHEHW(J1HW)T O 2 R solani | W& in vitro ¥ in vivo
g S A e MAE o RS o] & TteAS EAFSIAT In vitro 244 B
w3 A FS sto] WA S AAGtE s AR OH, in vivo 84S F
th 495 Holrt @ FAEW FE&UAAEY EEA HAAA T A2 1095t &
ABAMA A Ak 5 9 Al SEH

ShE g gl ol 4 F vAEgA EIE BN,

3) A3 % 1

s

TUle] dAl R AlF A HEE T WA vlo]# 2 3% (Broad bean wilt virus,
Cucumber mosaic virus, Turnip mosaic virus)¥ F%o]¥ 10F 9 2F9] AZEHo] BFY

UH(Table 21). =3 Al Aol d&i& F= oz AMTHF7], ot dble, A5



a5 Aefek A, 1990)

Table 21. Lists of spinach disease reported in Korea

B R i
TELH Broad bean wilt virus(BBWYV) Wilt
Bafol a4 Cucumber mosaic virus(CMV) Mosaic

Turnipn mosaic virus(TuMV) Mosaic
Z A5y Cercospora spinaciae Leaf spot
A #golyy Cladosporium macrocarpum Gray mold
12 R Colletotrichum spinaciae Anthracnose
Al ESH Fusarium oxysporum f. sp. spinaciae Fusarium wilt
A=Y Fusarium oxysporum f. sp. spinaciae Damping-off,

Foot rot

Pythium aphanidermatum

Rhizoctonia solani
s Fusarium sp. Root rot
Z A 2 5] Heterosporium variabile Leaf spot
EarH Peronospora farinosa Downy mildew
A5 = Phyllosticta chenopodii Leaf spot
=R Phytophthora drechsleri Phytophthora root rot
BFZY 32 Meloidogyne arenaria Peanut root-knot nematode
Ay 7} Meloidogyne javanica Javanese root-knot
R e nematode
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200435 2005 A o EAFA Al
fEE ABS 27| R osolanid] ©F #HEHo] Hol

oxysporum f. sp. spinaciae®] 213+ AN ESH o] FEAH o7 A THFig. 28, 29).
Sz duyuy AJFXE
[e)

152 Wel7h A% FFuke] BEAoR Yeon,
LI L EF

b BEAon stsdon, ESubgs sbgE £l ek
Aol 24 A& 713 HFig. 30).

r]I.
=2

Fig. 28. Spinach wilt caused by Fusarium oxysporum f. sp. spinaciae. Symptom (A and
B), Colony (C) and microconidia of the pathogen (D).
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Fig. 29. Spinach damping-off caused by Rhizoctonia solani. Symptom (A), Colony (B)
and hyphae of the pathogen.
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Fig. 30. Larva and adult of Hymenia recurvalis (A, B), symptom of spinach leafminer (C),

larva of cabbage armyworm (D) and differentiate grasshopper (E, F).
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A ol A 178 AlgA 5o 259 e Alsadd dis AdAES A
e, R solaniRs-1) & F. oxysporum f.sp. spnaciae(Fo-1)x&7+e] %3
A3 110 FFol distel FA48 > Rs-1 > Fo-19] £o& YeRytth
Rs-1, Fo-1ol #dd AlaA FEHES FAd w8 =%,
g ATl FAY Al Hl&] @R st (Table 22, 23, 24. Fig. 32, 33).
Uatstel2s, 71 FE9 FAHEFRs-1, Fo-DWolA 2&o] b FFol vla] F%om
Fol2& FFL Rs-1 Aol A 24 Ao & AlgAl 5 v FA o
Bhutth el A= mtaE FFo] e AFAFSel Als tha Fskem F, o, A
sAAE  EZ7F FFo] & AFA FFd vlE G LA EE Uotsterse, 3A,
HA], ol FFol & AaA FF Hl& Fa A
gy iAo ® FAHEF(Rs-1, Fo-1w HET)NA #A 117 FF9 Ala4 A5
ol FA e AlFA ATl v AAAA AFL EFACE whebA AE AE X
A

o Aol Asgel Ue Aol A Aow vy

_|_4

==
A%, AE, A%, 2%, 2%
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Fig. 31. AlESH T (F. oxysporum f.sp.spinaciae)® = ZHE2W (R, solani)ol HZ9 117

A R solani® ol BAEH 11MEF A4 ASEFGH

=Y

F. oxysporum f.sp.spinaciaett o] HEE AlFX BSEG5(F)

e 2310 1MEFF5] AaA AFES (8D

B : FA et Azt AlaA ASH
(#) : ¥A48, () : Rhizoctonis solani®] ol FEH AFX

() : F. oxysporum f.sp.spinaciaed ol HE% Al=X
C: FAHE e H2zre AlZx B HE-E(Close—up)

(#) : A4, () R solanid o FZFdH A&X

(%) : F. oxysporum f.sp.spinaciaeitoll HZ ¥ A& %
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Table 22. AWrdEl Al FX]

117) E%o] tld Rs-1, Fo-19 Azl t9 T2 7re ASu

= AL W &
= % B & e %
Control Rs-1 Fo-1 Control Rs-1 Fo-1

vl 2~ E 12.86 AB” 542 FGH 474 GHIJ 716 A 3.34 FGH 244 1JK
w7bskel2s 1322 A 5.72 FG 5.32 FGHI 6.38 B 3.12 FGHI 2716 HIJ

Zo] 2 922 E 6.26 F 324 K 532 DE 374 F 1.9 KLM

Hashy 10.8 CD 4.12 HIJK 3.98 IJK 6.04 BCD 206 JKLM 212 JKLM
vUatskel24 119 BC 5.24 FGHI 4.64 GHIJ 6.18 BC 244 JKL 1.86 KLM
v7bskel33 10.86 CD 542 FGH 3.6 JK 518 E 2.86 GHIJ 1.48 LM
w7tskel32 1042 DE 558 FG 4.12 HIJK 5.54 CDE 3.12 FGHI 1.58 LM

= 7} 12.04 ABC 594 FG 5.22 FGHI 6.26 BC 3.62 FG 2.12 JKLM

A 10.46 DE 4.1 HIJK 5.16 FGHI 582 BCDE  2.84 GHIJ 2.06 JKILM

w2t 12.48 AB 6.22 F 3.72 JK 592 BCDE 3.32 FGH 1.46 LM

5 A 10.16 DE 586 FG 32 K 528 DE 3.26 FGH 1.34 M

“Mean separation within columns by Duncan’s multiple range test, P=0.05.

Rs-1:Rhizotonia solani , Fo-1: Fusarium oxysporum f.sp.spinaciae.
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Table 23. A5 A5A 1170 FFol tish Rs-1, Fo-1¢ A7 FA 2 1Fe] ASHa

= At W &
= A = bt T
Control Rs-1 Fo-1 Control Rs-1 Fo-1

I E= 2.78 BCD 1.38 FGHI 1.06 FGHIJ 4.4 ABCDE 2.0 GH 4.4 ABCDE
urtstet2s 2.76 BCD 1.38 FGHI 1.16 FGHIJ 5.0 ABCDE 16 H 5.2 ABCD

] 2.6 BCD 2.14 DE 1.02 FGHIJ 4.4 ABCDE 4.0 CDEF 4.2 BCDEF

7 3.18 ABC 0.86 HIJ 0.96 GHIJ 50 ABCDE 3.8 DEF 56 AB
uohstet24 314 BC 1.24 FGHIJ 0.84 HIJ 4.8 ABCDE 3.0 FG 5.2 ABCD
Uohsket33  2.86 BC 1.46 FGH 0.9 HIJ 58 A 3.6 EF 4.8 ABCDE
uststet32 2.68 BCD 1.48 FGH 1.0 FGHIJ 56 AB 3.6 EF 4.8 ABCDE

= J} 3.22 AB 1.66 EF 1.12 FGHIJ 56 AB 4.2 BCDEF 58 A

F A 376 A 152 EFGH 1.04 FGHIJ 5.0 ABCDE 1.8 GH 54 ABC

w2 254 CD 1.6 EFG 062 ] 56 AB 3.0 FG 58 A

& A 2.78 BCD 1.66 EF 072 1] 5.4 ABC 3.6 EF 5.2 ABCD

“Mean separation within columns by Duncan’s multiple range test, P=0.05.

Rs-1:Rhizotonia solani , Fo-1: Fusarium oxysporum f.sp.spinaciae.
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Table 24. A5 A5A 1170 FFol ths Rs-1, Fo-1¢ A2 79 FA 2 Fe] ASHa

&= AL B &
= T S =+ %

Control Rs-1 Fo-1 Control Rs-1 Fo-1
w2 H 8.1 ABCDE 4.24 GHIJ 3.68 1J 0.092 C 0.0124 FG 0.0154 FG
rstel2s 1044 A 216 ] 5.92 EFGHI 0.09566 BC  0.00996 G 0.02594 FG

] 10.32 A 6.32 DEFGH 5.08 FGHI 0.05902 DE  0.02154 FG 0.01198 FG
7 836 ABCD 224 ] 4.9 FGHI 0.00584 BC 0.01486 FG 0.0187 FG
UostE24 9.1 AB 4.42 FGHIJ 6.4 CDEFGH 0.09852 BC 0.038162 EF  0.01984 FG
ohstel33 87 ABC 6.42 CDEFGH 4.88 FGHI 0.10404 BC  0.02592 FG 0.01938 FG
ohsE32 1042 A 6.66 CDEFG 5.72 FGHI 0.11762 B 0.03804 EF 0.02476 FG

Z 7} 10.04 A 4.14 HIJ 6.52 CDEFGH 0.10912 BC  0.03048 FG 0.02706 FG
& A 10.24 A 4.54 FGHI 6.84 BCDEF  0.18464 A 0.01426 FG 0.02528 FG
W 2 T 9.02 AB 5.1 FGHI 4.64 FGHI 0.06402 D 0.01016 G 0.01552 FG
& A 952 A 5.8 EFGHI 6.16 DEFGH  0.0968 BC 0.02274 FG 0.01804 FG
“Mean separation within columns by Duncan’s multiple range test, P=0.05.

Rs-1:Rhizotonia solani , Fo-1: Fusarium oxysporum f.sp.spinaciae.
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HED 1TAEEN O# A 1,Fo-19 A 78 A0 24T

AR (a2

Fig. 32. Al Al 11AFF ] te Rs-1, Fo-19] A9} FA23ke] BAF.

ASE TR EEM M As-1, Fo-18 HE|pst FRHE DN 27

EFDMCCm)

Fig. 33. Al= A 1170FFl tgk Rs-1, Fo-1¢] Ao FA ke 24
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th AlgA 2259 gl AlsSHd dE AEE UA

B oAFo HAEH A3 A Bacillus subtilis B-S]-2, Bacillus subtilis B-DB,
Paenibacillus sp. P-B2 Alax 59T 9 A3 Te] ALS A A A H(Fig.
34, 35). FAT H MAEAYFANNY AlFA AEFLS BF FEsEdtH(Table 26). Al
A AEZ2WRs-1) HFTFNIA S B-S], B-DB nlAEA 27t vh2 Aol v&] AFe] o

& FEgont Wl 4EEe vk A Btk AFA AELYEFo-D) FETNA
= B-S] MAEAL e ATl vs AFA ko] Ehom EE TF B A

o7 YelyoH(Table 25, 26, Fig. 36, 37, 33). wilx A E2He #A= Z23dA+ B
subtilis B-SJ-25& & &&31H 37 sty oz WAt 7heskel g AR H T

]
2]
A7 Ate] AlaA 25 B AlEaH

o
o%
2
Of
ol
v
»
o
)
»
=2
{‘::
::‘4
_|_4
rir
o
°
D)
o
]
o

Fig. 34. PDA uj#|c A ¢ A3
A @ PDA wjAell A 23 At}

AEg o] oA )
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Tvpes of Treatments

-;'.-n-.r:-ll B-5]-2 | B-DB

Fig. 35. PDA ®jx|el Ao 59 2D AlESH nAZH ol o A5 vl
Fo-1 : F. oxysporum f.sp.spinaciae, Rs—1 : R. solani. B-S]-2 : B. subtilis S]-2, B-DB
. B. subtilis DB, P-B : Paenibacillus sp.

Table 25. "= Aeld W=v Algxe 259 9 ASsd Od 4E8.

A8 W &
A 8 3t 5
Control B-S] B-DB P-B
Control 100% 83% 83% 100%
Rs-1 33% 50% 33% 50%
Fo-1 100% 100% 83% 66%
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Table 26. M=2T] Ala A5 45 O

ot
)
B(il
ok
SE
>
i
o
ok
lo,
=
o
i
_>“I|_'4
Ak
o
1o
ot
o
Ho
=3
El

N = A} vy &
Ao = 3 7 3 = =
Con. 11.14 A 5.80 P 0.80 * 524
B-SJ 10.00 * 5.36 © 0.90 * 5.4 %
con- B-DB 11.46 2 6.52 * 1.04 & 5.4 4
P-B 1112 4 5.88 AP 0.92 * 56 %
Con. 0.64 " 0.80 © 0.06 © 1.0°
B-SJ 5.50 * 3.24 & 0.48 * 3.8 4
Rt B-DB 5.90 * 3.84 & 0.60 * 464
P-B 152 8 1.26 ° 0.08 © 147
Con. 8.90 © 4.34 B 0.66 ° 4.4 8
B-SJ 11.32 4 6.00 * 1.18 & 5.6 4
Forl B-DB 10.40 P 5.67 8 0.88 8 5.4 4
P-B 10.30 P 5.67 P 0.84 P 58 4

“Mean separation within columns by Duncan’s multiple range test, P=0.05

it m)

AlSESE iF DERSY 3 Al ESEe
ojd-Baalel 25 2 Y @
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4

()12 ¢ &

A

-

2 AEgHel ngRA e o

H| 1l

&

A3

zf;,—l.

At Aol <]

&

- B- : P-B.
Hl 1L, A: Control, B: B-SJ, C: B-DB, D: P
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2h) A A E o83 in vitro oFE A4
Az ZEHE dodl= 7MY Fas wWedde R
(Deuteromycete)oll &3t= FEATFZE XS5 FAA] Y= dFol7] W dAMSE
 (anastomosis group)ell webA EFeta AlgA FEHE dod)= #o dirE2 AG-
2 B %ol dti(Naiki®} Nahoh, 1978; Kuramae %, 2003). o1& A& A AujolA Z7] ¢
g 7 & 4Fs vAE AEHEES WAy HsiA s o] Wdde dAF AFE o
dastt webA B Aol A= 13F9 AdEAE A
2 AgA 5] gk gAY A EHE A TH(Table 20). 2AME A&
% trifloxystrobin, pyraclostrobin, azoxystrobin, kresoxim-methyl strobilurin4] 4Hyf A
2 27 F (Basidiomycete)oll &3l 777 AAEE A FHEAe FEA FAOR
N A AEAdoly, FadHY I G At A o] i (Karadimos 5, 2005; Batlett 5,
2002). StrobilurinAl A7 A5 10 mg/Lo A pyraclostrobin® 7-$ 81.4%2 TAFE A oA
< Uetlloy bg& HEAES 549%0lste] W& AAE&S e THTable 27, Fig.
39). Karadimos %(2005)2 cytochrome b2 Qo sited] F2FalA mitochondria & &S A
3= strobilurinAl AT A= Cercospora beticola®l TAF AW T = ExdtolE o A3t}
o Bugk wrb Q= R osolani® Aol #ARERE AAEZATE WA vErsh
Pencycuron, Benlate-T, hexaconazole, flutolanil, tebuconazole= 10 mg/LolA 88.0% °]*4
o] A AAS AAFFG 2™ pencycuron®} flutolanile 1 mg/LAl A% 100% AR AS
AA st FARSE AdtAl F oin vitro €430l 7HE =A YEETh 18y cyazofamid&
1,000 mg/Loll A 58.6%%) 1L, validamycin, prochlorazt 100 mg/L ©]4+¢] oA FALA A
oA &ol 7799 82.9%¢] JAE&S WEto] vlwA w2 &S e ATHFig. 39).
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Table 27. Effect of fungicides on the growth of Rhizoctonia solani in vitro

Treatment . -—F7""""""""""""""""""""""""""—"————————————————————
control 1* 10 100 1000
Pencycuron 73500 0(100) 0(100) 0(100) 0(100)
Trifloxystrobin 71.7(0) 41.1(42.7) 42.9(40.2)  39.4(45.0) 31.9(55.5)
Pyraclostrobin 73.5(0) 28.5(61.2) 18.5(74.8) 3.7(81.4) 6.6(91.0)
Azoxystrobin 59.8(0) 41.7(30.3) 40.2(32.8) 44.8(25.1) 50.2(16.0)
Validamycin—-A 59.8(0) 70.8(0) 34.7(42.0) 13.2(77.9) 0(100)
Fluazinam 59.4(0) 19.1(67.8) 14.1(76.3)  11.4(80.8) 6.6(88.9)
Benlate-T 59.4(0) 34.7(41.6) 0(100) 0(100) 0(100)
Hexaconazole 74.7(0) 3.6(95.2) 2.3(96.9) 0(100) 0(100)
Cyazofamid 74.7(0) 729(24)  67.8(9.2) 54.7(26.8) 30.9(58.6)
Flutolanil 59.0(0) 0(100) 0(100) 0(100) 0(100)
Tebuconazole 68.6(0) 12.5(81.8)  8.2(88.0) 0(100) 0(100)
Prochloraz 68.6(0)  52.0(24.2) 36.3(47.1) 11.7(82.9) 5.5(92.0)
Kresoxim-methyl 59.0(0) 37.1(37.1) 29.7(49.7)  26.6(54.9) 20.3(65.6)

dConcentration in ppm.

PPercent inhibition.
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—=— Pencycuron —e— Trifloxystrobin —A— Pyraclostrobin

—l— Azoxystrobin —¥— Validamycin—A —&—Fluazinam
—o— Benlate-T —6—Hexaconazole —e— Cyaz ofamid
—>¢ Flutolanil —A— Tebuconazole —e—Prochloraz

—+— Kresoxim—methly

100

80

Inhibition (%)

1 10 100 1000

Concentration (mg/L)

Fig. 39. Inhibition effects of fungicides against Rhizoctonia solani, causal microorganism

of spinach damping-off in vitro.
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22y Ady e o g ANESHE dod)E F ooxysporium f. sp. spinaciae©l
R. solanioll Wjgh &Ado] =dd A3}
fFAYEHAl F. oxysporium f. sp. spinaciae N A% =2 A4S el Q) o] AdAE F2
FAAEA R AL =Y tubilin ATAS AsdtE benzimidazoleA 9 benomyld ® &4t
T Al thiram9 FAZ =g WY WS AdAelty. F oxysporium f. sp. spinaciael

gt ¥F5He2 =2 SagE Yrhe AdAls F%ol9 sterols AdlstE A A

i)
ot
—
w
N
N
N
i~
=l
lo
e
o,
lle}
BN
>~
>
_0|L
¥
=
os!
D
=5
&
®
—
rlr

(ergosterol biosysthesis inhibitor, EBIA])¢] hexaconazole, tebuconazole, prochloraz$ith

(Table 28).

Table 28. Effect of fungicides on the growth of Fusarium oxysporum f. sp. spinaciae in

vitro
Fungal growth (mm)

Treatment = ——mmmmm oo

control 1° 10 100 1000
Pencycuron 41.1(0) 41.9(0) 40.7(1.0) 44.3(0) 51.3(0)
Trifloxystrobin 42.8(0) 38.4(10.3) 35.1(18.0) 34.6(19.1) 32.6(23.8)
Pyraclostrobin 41.1(0) 35.7(13.1) 329(19.9) 26.1(36.5) 13.6(66.9)
Azoxystrobin 45.5(0) 43.4(4.6)  41.2(9.4) 40.9(10.1)  40.9(10.1)
Validamycin-A 45.5(0) 42.1(75)  42.6(6.4) 42.2(7.2) 34.8(23.5)
Fluazinam 42.4(0) 37.1(125) 31.2(26.4) 29.5(30.4) 28.3(33.2)
Benlate-T 42.4(0) 34.1(19.6)  0(100) 0(100) 0(100)
Hexaconazole 41.8(0) 22.6(45.9) 14.4(655)  7.2(82.8) 0(100)
Cyazofamid 41.8(0) 41.2(1.4) 41.1Q.7) 42.8(0) 41.2(1.4)
Flutolanil 41.2(0) 39.7(3.6) 38.7(6.1) 40.1(2.7) 17.2(58.2)
Tebuconazole 40.5(0) 12.9(68.1)  3.9(90.4) 0(100) 0(100)
Prochloraz 40.5(0) 0(100) 0(100) 0(100) 0(100)
Kresoxim-methyl 41.2(0) 36.1(12.4) 31.9(22.6) 32.8(20.4) 26.4(35.9)

“Concentration in ppm.

"Percent inhibition.
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nh) AtAl AFA e ofg FEW WA Za
datAle] s WAEARE FAFE] skl R osolani® 2 AW E Gl #Fg Skl
dAlsE #FAYE Ade e 2 FAA e 5 Y ow 311%We] AE
3} oY pencycuron, pyraclostrobin, validamycin, fluazinam, Benlate-T, flutolanil-
844%0°19 w2 AEES UEo FHZET o v =3 AEES ERATHTable 29).
Strobilurin Al ] A Al % pyraclostrobin® 84.4%¢] AEE&S UEIY O] 3oy 1A
3 A AE 644-71.1%°] BEES Uehdo] & Agdl AHES AdAE TolA T A=
o] k&= eyl 28y cyazofamid, hexaconazole, tebuconazole, prochloraz: 53.3%
nwke] vk AEES vehlo] of& vk vHA YES T Tebuconazole? hexaconazole®] 73
= 100 mg/Lel A R. solani®] TAMES 438 A A5 E B8t #FAe &3
AL ol AV} B ® FTFAH T 3t oFsfo] 7|elgt Aoz Atz HTH(Table

rlo

N

bt

29).

BFAYE el S £ AAol Aestolor su obAl Mol B A

9ol 9ol Eme FANAZY AFH ] F5

o
oL
2

al

okg7F @A YElY cyazofamid, hexaconazole, tebuconazoleE | <]
shar 10709 aatAlel hdk FAA ol og WAEZHRE ASIAT. #FAHE W 5
g FEE WY AHAES SAAYAAE 7T FEE e SAA = 4
7ke] oFAE 1,000 mg/L¥ 2,000 mg/LO= AHysle], wE7re] ¢kgaolE xAleE =
pencycuron¥} azoxystrobin® 7%+ 1,000 mg/LolA Ht} 2000 mg/LoA o =2 AES
S Yee] WAl g7 A YeEwt(Table 30). Pencycurons 1,000 mg/Loll A 76.6% <
A& el Wk 2000 mg/LolAdE 93.6%9 AEES YEFUS AL, azoxystrobine
1,000 mg/LolA 66.0%9] Hlaa] vre BEES HEbWlon 2000 mg/LolA s 76.6%= 4
T FAAP=005)C2 FAS Hr AEES HEAT 28u & A A=
ofgF Skl mE ofme FVhe yEuAl @dth(Table 30). StrobilurinZl At 121
pyraclostrobin A2 Fxel A#gle] & ALES YEWAL AFAga e oy}
TAA AR =2 WA 245 Hetldoh @A sl FALAFAR de AMEH =
A A 7F - Benlate-T9F  prochloraz?ld] oS AwrA]ek  W]usle]  pencycuron®

filo

o]
=

i
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pyraclostrobine Al g ZEHd gt WA g =1 FHTT4E EAHP=0.050=
H <=3k Axo WAEYyE e, E3] strobilurinAl A+ A€l pyraclostrobine R.
solanioll W& LW ofel T ol A4S JHA= WS AdAel7] Wi T
AGAZA ME75AE L =t A tH(Ammermann 5, 2000; Karadimos %, 2005). uhz}A
o] F-o FAA A AP T B A HAe] ALHA ok & Aot}

B oAFdA AlgA A= 9 ASESE WAE g8ty AEE Al A5 A A
EE AMETTAS AFs] AAA AMESTE AT FAES AT 7 S Ao, A
Aamd EFHRFAeR 234 WAZE bed Aew Atgdn aeu B AT
NS AESIY S0l d71A W "How oFEd Aol oiyg ¥ JAASHS A

lsha AFA YA vdaRS e SRE H% 18 AANE PP TR 99

y

i)
o

i)
ol
O

% 79 (integrated pest management, IPM)7} 7F4 ul&-=4 st}
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Table 29. Drenching influence of several fungicides on damping-off caused by

Rhizoctonia solani of spinach, cultivar "Sinsegae”

Fungicide Number of plants/pot® Survival ratio (%)
Pencycuron 8.8a 97.8
Trifloxystrobin 5.8de 64.4
Pyraclostrobin 7.6abcd 84.4
Azoxystrobin 6.0cde 66.7
Kresoxim-methyl 6.4bcde 71.1
Validamycin—-A 8.4ab 93.3
Fluazinam 8.6ab 95.6
Benlate-T 8.2abc 91.1
Cyazofamid 1.8¢gh 20.0
Flutolanil "7.8abcd 86.7
Hexaconazole 1.2gh 13.3
Tebuconazole 0.6h 6.7
Prochloraz 4.8ef 53.3
Inoculated control 2.8fg 31.1
Uninoculated control 9.0a 100.0

¥ Each pot was drenched with 10 ml of fungicide solution (2,000 mg/L). Ten seeds were
planted in pot containing soil inoculated with E. solani. Data are the everage of 5
replications and they were analysed using Duncan’s multiple range test. The same
letters within a column mean no significant differences between the numbers.

P Survival ratio (%) was determined after 2 weeks of growth of spinach plants in the

15-20C greenhouse.
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Table 30. Seed treatment influence of several fungicides on damping-off caused by

Rhizoctonia solani of spinach, cultivar "Sinsegae”

Fungicide Number of plants/pot® Survival ratio (%)”
1,000 ppm 2,000 ppm 1,000 ppm 2,000 ppm
Pencycuron 7.2abc 8.8ab 76.6 93.6
Trifloxystrobin 5.6cd 6.2cde 59.6 66.0
Pyraclostrobin 8.4ab 8.0abc 89.4 85.1
Azoxystrobin 6.2bcd 7.2abcd 66.0 76.6
Kresoxim-methyl 4.4de 4 defg 46.8 46.8
Validamycin-A 6.8bcd 6.6bcde 72.3 70.2
Fluazinam 5.2cde 6.6bcde 55.3 70.2
Benlate-T 5.2cde 3.0fg 58.3 319
Flutolanil 6.6bcd 5.0edf 70.2 53.2
Prochloraz 2.6e 2.8fg 277 29.8
Inoculated control 2.6e 2.6g 277 207
Uninoculated control 9.4a 9.4a 100.0 100.0

¥ Ten seeds were planted in pot containing soil inoculated with R. solani. Data are the
average of 4 replications and they were analysed using Duncan’s multiple range test.
The same letters within a column mean no significant differences between the
numbers.

Y Survival ratio (%) was determined after 2 weeks of growth of spinach plants in the

15-20C greenhouse.
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Table 31. Number and name of spinach cultivars. Spinaches were grown for selection

on alpine area during summer season in 2003 and 2004.

Third selection Final selection Simulted marketing
No Cultivar No Cultivar No Cultivar
1 Active 1 Bokji 1 Choice
2 Atlas 2 Carnival 2 Kwangchae
3 Baroque 3 Choice 3 Prius
4 Bokji 4 Greenpia 4 Nakahara?b
5 Carnival 5 Kwangchae 5 NSP39
6 Choice 6 Milion
7 Esper 7 Prius
8 Greenpia 8 Samson
9 King of Denmark 9 Nakahara25
10 Kwangchae 10 NSP39
11 Master
12 Melody
13 Milion
14 Prius
15 Samson
16 SS-King
17 Titan
18 NakaharaZ4
19 NakaharaZb
20 NSP11
21 NSP39
22 NSP40
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Fig. 43. Leaf length and width of 22 spinach cultvars. Spinaches were selected in 2003
and grown on alpine area during summer season in 2004. Refer to table 31 for each of

cultivar number and name.
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Fig. 44. Leaf number and fresh weight of 22 spinach cultvars. Spinaches were selected

in 2003 and grown on alpine area during summer season in 2004. Refer to table 31 for

each of cultivar number and name.
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Fig. 45. Dry weight and cutting force of 10 spinach cultivars. Spinaches were selected

in 2004 and grown on alpine area during summer season in 2004. Refer to table 31 for

each of cultivar number and name.
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Fig. 46. Ascorbic acid and oxalic acid contents of 10 spinach cultivars. Spinaches were
selected in 2004 and grown on alpine area during summer season in 2004. Refer to

table 31 for each of cultivar number and name.
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Fig 47. Hunter values of 10 spinach cultivars. Spinaches were selected in 2004 and
grown on alpine area during summer season in 2004. Refer to table 31 for each of

cultivar number and name.
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Fig. 48. Soluble sugars of 10 spinach cultivars. Spinaches were selected in 2004 and

grown on alpine area during summer season in 2004. Refer to table 31 for each of

cultivar number and name.
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Fig. 50. Weight loss of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (5 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 51. Cutting force of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (5 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 52. Hunter value L of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (5 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 53. Hunter value a of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (6 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 54. Hunter value b of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (5 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 55. Glucose content of 5 spinach cultivars during simulated marketing period for 3
days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP) with 8
holes (5 mm) and with 270 holes made by needles were used for the domestic market
and the export, respectively Spinaches were selected in 2004 and grown on alpine area

during summer season in 2004.
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Fig. 56. Total soluble sugars content of 5 spinach cultivars during simulated marketing
period for 3 days at room temperature (A) and cold chain (B). Oriented polypropylen
(OPP) with 8 holes (5 mm) and with 270 holes made by needles were used for the
domestic market and the export, respectively Spinaches were selected in 2004 and

grown on alpine area during summer season in 2004.
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Fig. 57. Ascorbic acid content of 5 spinach cultivars during simulated marketing period
for 3 days at room temperature (A) and cold chain (B). Oriented polypropylen (OPP)
with 8 holes (5 mm) and with 270 holes made by needles were used for the domestic
market and the export, respectively Spinaches were selected in 2004 and grown on

alpine area during summer season in 2004.

- 135 -



40
A

30

20
=
L
D 10
()]
E
- Emm Choice
O 0 — - == Kwangchae
@®© BN Prius
L2 B 1 Nakahara25
S === NSP39
O 30
o -
Q0
=)
o
0 20 H

10 H

0 - L L i

At harvest After simulated maketing period for 3 days
Control Domestic OPP  Export OPP

Film package
Fig. 58. Soluble oxalic acid content of 5 spinach cultivars during simulated marketing
period for 3 days at room temperature (A) and cold chain (B). Oriented polypropylen
(OPP) with 8 holes (5 mm) and with 270 holes made by needles were used for the
domestic market and the export, respectively Spinaches were selected in 2004 and

grown on alpine area during summer season in 2004.
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Fig. 59. Total oxalic acid content of 5 spinach cultivars during simulated marketing
period for 3 days at room temperature (A) and cold chain (B). Oriented polypropylen
(OPP) with 8 holes (5 mm) and with 270 holes made by needles were used for the
domestic market and the export, respectively Spinaches were selected in 2004 and

grown on alpine area during summer season in 2004.
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29 67, AFA S (NFD)F Sl 47 (DFT)H W=

= Jx Hal

E 33 AFA SRA 2AAN Az AE Y s $R
FE | %7 | A7 | 280 | AAAY | Axd ER o} o) he]
e (NFT-1)
1 71 O
obEehz | 043 11| 4.2 | 4.26 | 11x12em (NFT-11) %Ié ?‘2 i
- FA4Y(DFT) )
2) A3 5 nF
3E 34 ATA =8 FAAN AlaE dRed 9% AS 54
3] o3
I I A B e T 4 E - A9 | AAF | S |58
B | e | | 9B gy | I e [ () | @/F) | G | S
(cm) (cm) (cm)
NFT-1 23.2 a’ 90 106 a| 97 1.1 51 a 458 [ 139 b | 122 a| 1,342 a | 124
NFT-II | 198 ab| 90 |100a| 98 1.0 46 ab| 490 | 162 a [11,2 a| 1232 b | 114
DFT 155 b 8.0 70b| 85 0.8 39 b 488 [ 110 b | 98 b | 1,078 ¢ | 100
"Mean separation within columns by Duncan’s multiple range test at 5%.
HEE AR Y.
*SCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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CHY 70). T3 AlF A Aufel] Age Ao pHE 55~6.022 6.00]40] =W 235
AAFol TasE AFoIAoM(FE 40), Fde ECH wE A8f3 &

1.5dS/mell "8l EC 2.0dS/m oA %23 & AFe] Fi % SFHJAHE 4. FI9F
©] NHy;-N9| vl go we %3 £33 NH,-N 30% Hl&o] NH,-N9J 10%, 20%2] H]
S vl d T BATH FEE FFHATGE 42). wEbA AlFA FAFe] pHE 5
5~6.0, % EC 2.0dS/m, NO3-N¥} NH,-N9| "]&o] 70%}F 30%7F 433 Aoz et
= A Th,
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_ 4 o o

opore) | =8 | BF — duA (AAF| £F | s

T Cem) (/)| O | B e | (on/5) | (2/5) | (ke/10a)| A1 S
(cm) | (cm) (cm)

ofupz}7] 9} 1136 bl 100 | 64 | 72 ¢| 09 | 35 | 489 [147.0 c|12.1 b|1,331 b| 100

A A A 176 b| 90 | 76 | 99 b| 08 | 43 | 481 |161.0 b{114 c|1,254 c| 94
ST o} 200 a| 80 | 88 |122 a| 0.7 | 49 | 493 |166.0 a|134 a|1,474 a| 111

"Mean separation within columns by Duncan’s multiple range test at 5%.
HEE g eE YUs.

*SCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).

E 39, mAA ABAMA AFA A Foe] FR wE 4% L £

[e)

O

ol
ol

e [T E|

(em) [/ | (em) | (e

Lo
B
Q
)
2
I
A
)

==

=

AT | =T |HAEE| 7% | TF
5 ) A

(g/5°) | (g/F7) | (%) |(kg/10a)

_?'_
A o A 4236 b*| 132 55 [214 b |115Db|079 b |69 b |1,265 b| 100
o w2 |ofmuiAb7| K 232 b | 12.2 48 |214Db| 98 b |07 b|77a|1078 c| 8

9o 9252 a| 136 53 |294 a|145a|099 a| 68 b |1,59 a| 126

He A H193b| 121 48 1191 b|104 b|068 b| 6.5 b |1,144 b| 100
SS-king |°FulA}71} | 189 b | 11.9 42 (186 b| 92b|064 b| 70 a|1,012 c| 88

9o o223 al 126 51 [234 a|125a|079 a|63 b |1,375 a| 120

"Mean separation within columns by Duncan’s multiple range test at 5%.
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—a— a9 A —e— vt 4]

=)
o
=
50
¥ 70, % F=5HE oo pH W3H(8Y 20¥ ~99 4, F= : g
X 40. G pHe wE A5 2 FF
o 23| 9 AZ | Uy | AAF | HAEFT | DEE| TH
3T = O]:o_l‘l o H o H T H H =1
N & | &eiel (em) | (ui/==) | (cm) (enf) | (g/=F7) | (g/77) | (%) | (kg/10a)
55~6.0| 20.3 12.6 59 276 a”| 138 a | 097 a| 70 b | 1518 a
o w g | 6.0~651 211 13.6 56 233 b | 113 b |08 b | 79 a | 1,243 b
6.5~7.0 | 218 13.6 5.3 200c | 109 b | 080 c | 73 b | 1,199 b
55~6.0 | 182 11.1 55 231 a| 121 a |08l a| 67b| 1331 a
SS-king | 6.0~ 6.5 | 179 11.8 4.8 214b 108 b | 079 a| 73 a | 1,18 b
6.5~7.01| 175 11.3 5.3 20b [ 102b |07 b | 75a | 1122 b

"Mean separation within columns by Duncan’s multiple range test at 5%.
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& AL Fele] ECOl WE A% 2 53
= | FHS EC| 2% | &7 | 4F |99 | AT | HEFT | HAEE| T+ F
N ° (dS/m) (em) |(wH/F) | (cm) (er) | (g/5F°) | (g/F7) | (%) | (kg/10a)
1.0 20.7 17.2 58 283 b*[128 b|091 c| 7.1 ¢ | 1,408 ¢
& nl g 1.5 20.2 18.4 58 | 279 b [137b|121 b| 88 b | 1,507 b
2.0 21.1 19.3 59 296 a | 151 a|l142 a| 94 a | 1661 a
1.0 18.3 16.1 54 203 ¢ {109 b | 068 b| 6.2 1,199 b
SS-king 1.5 19.2 17.2 55 | 211 b |112b|072 b| 64 1,232 b
2.0 199 179 5.7 232 a|134 a|084 a| 6.3 1,474 a
"Mean separation within columns by Duncan’s multiple range test at 5%.
£ 42, Foje] NIL-N9| v]go] m2 4% 2 53
e o | NH-N [ 23| Q1% | 92 | gun | 4AF A8 08| 5 2
B g (%) | (em) |(W/F)] (em) | (at) | (/) | (/)| (%) | (ke/10a)
10 25.2 | 14.3 5.6 | 475 b"| 21.3 |1.65 c| 7.7 b | 2,343 b
ok v 2 20 26.6 | 15.1 5.9 506 b | 21.6 |1.71 b| 7.9 b 2;];76
30 26.1 15.3 5.9 508 a | 21.9 |1.84 a| 8.4 a | 2,409 a
10 22.3 | 12.8 4.9 401 ¢ | 17.3 |1.35 ¢| 7.8 b | 1,903 b
. 1,969
SS—king 20 23.1 13.2 5.2 | 446 b | 17.9 |1.61 b| 9.0 a ab
30 23.9 | 13.8 5.6 478 a | 18.2 |1.74 a| 9.6 a | 2,002 a

"Mean separation within columns by Duncan’s multiple range test at 5%.
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43~50% S5 = ATHE 45).

& 44, SEAA

2 o] @s]d u

il

AFA FE AFUF)

SuAA o Yug | =g | 9% | 99 | 9% | 4AF | =23
Ed# o] 114 (%) (em) | (7l/5F) | (em) (em) | (g/) | (cm)
105 90 a” | 8.1 a 4.0 b 3.1b 1.7 b 4.4 ab| 83D
RD
128% 90 a 9.2 a 43D 3.4 a 1.9 a 4.9 ab| 9.9 ab
PEUHW)+| 1058 | 89a | 89a | 47a | 37a | 20a | 6.0a | 9.3 ab
H}olE33(1
) 128 90 a 8.7 a 4.7 a 3.3 1.7 a 4.9 ab| 8.4 b
105 70 b 7.9 a 4.3 b 3.6 a 2.2 a 6.5 a | 11.6 ab
ool E3s
128% 71 b 8.2 a 4.3 a 3.3 a 1.9 a 6.1 a | 11.4 a
105 86 ab | 3.8 b 2.7 ¢ 1.8 d 0.8 ¢ 1.1 ¢ 4.4 ¢
IAFINE
128% 86 ab | 3.4 b 3.3 ¢ 3.2 b 0.6 b 0.9 ¢ 4.2 ¢
1053 59 ¢ 49 b 5.0 a 2.5 ¢ 1.5b | 28 bc| 11.5 a
R et bl
128 58 ¢ 4.0 b 4.5 a 1.9b 1.2 ab| 1.8 bc | 13.0 a
"Mean separation within columns by Duncan’s multiple range test at 5%.
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a8 71 S EAAC w2 AFR G A

B:dAaerH (D)+H ol E335 (1), Ci¢algt2H A,

¥ 45 SEAA] 9 EFo] A7 wE AJEX]2 S

ol 8
= o T X} ZH H—‘J:'—)E'

(%

o4
of
4
£

o

(/=)

A |4

(g/7)

PN
T

(kg/10a

Sl gt~HA] | 63 b
ok ™ = 2 1| 68 b

T E | 86 a

21.3 b

226 Db
26.6 a
27.8 a

16.2 b|281 b
18.4 a| 321 a
19.6 a| 348 a

16.4 b

17.6 b

21.5 a
23.4 a

1.61

1.98
2.01

al 9.2 a
a| 8.6 b

1,804 b

1,936 b

2,365 a
2,574 a

107

131
143

TEET| 84 a
2~#}A | 61 b
QS—kin | ¥ ™ =2l 1| 63 b
g 1285 H3| 81 a

20085380 a

18.2 b

19.6 b

23.5 a
24.4 a

13.1 b|234 ¢

14.0 b| 243 ¢

16.2 a|283 b
17.3 a| 301 a

14.1 b

15.2 b

19.3 a
21.2 a

1.31

1.39

1.65
1.84

b| 9.3 a

b| 9.1 a

1,551 b

1,672 b
2,123 a
2,332 a

100

108

137
150

"Mean separation within columns by Duncan’s
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multiple range test

at 5%.




>
>

i
N
Ho
2l
>,

2

>,
-
o
oy
oft
o\

FA5e e A% 2 5

oft

ANFA SFEA AATE(E)F FAF gE A8 2 FFS

o EdH(TEM)S ST T FHEE ATA FAE A
HOjFA22°C)el A HelAl A wele] ghHE M ul

(SEu A SR me 1Y 18] 4= #5)2 S5 #gshas 290 2~34
Al 3] WA (NFT- 1) o 2 ~E 2% = 30me] A2 el 11x12em 7+4 0

AASFATHGE 46). FAE FHAOR NG FHolME o§ I5E FF

93 &5 EFo] 128%
223 4
=

[e) =L O
- 4k a9

346, AleA FHA BAFTE(E)T FAT wE Ay gFEdr
. ; : AAD | HEus
L X% 1y] == ] 2= - W
=T “4'07] 2C—])/Ll7] T§‘|L7] (Cm) (%/Xé/ﬂ]?'ué> OCJ:Qﬂ}AAé
ZoE '04. 5. 22 6. 8 6. 25 11X12 2,3, 4,5 oy
i e '04. 6. 10 6. 29 7. 19 11X12 2,3, 4,5 oy

AATY(EG FA5e] hE Wobst FHI S A%l Folst o1 ), F

o AelE wold egrort, gWAd floiA A4 FHY 29 HF

(113.0am/%)0] 58 5% (88.0ar/F)ol wlal AX 7% WerE guAe 2 Al
Ak EeE FF A AATE 44T VAL HELRE AL 29(1250/7)°]
5903g/F)el Hlal oM, wa A4THY A4 TAL AFLAF Be 4~59 9F
(339~324g/%)°] ATHE 47, 19 73). webd AAHQ FFe 29 HES AL 3, 4,
5U7te] felde glglon), AAAA £Ee 29 TE(1,020ke/10a/18)el va) 4% THE
(1,491ke/10a/13]) o A 46% =% AT}
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X 47 SBEA AAFYG STl mE S 2 7
o H o 4 A A Z RS
T E S - 4 A A e %
F &) | VT ag |98 ag| 2 (an| @) | pa | 1e | Rell0a) 4
(cm) (c(r)n) vl | (em | = (g/7) |(g/=) T
7 23.2
2 120.1] 7.0 9.9 a"|10.2| 1.0 |4.3]45.2(113.0 a|12.5 a b 1,020 b[100
= 3 120.7] 6.0 9.2 11.51 0.8 |4.0|44.1 106.710. 8 317 1,394 a|136
=2 ab ab ab a
=
. 4 120.7] 6.0 9.7 11.01 0.9 |5.1|42.2 105.0 10.0 b 33.9 1,491 a|l146
ab ab a
5 120.5] 7.0 jb. 7 10.81 0.9 |5.0141.5| 88.0b | 9.3 b 3221'4 1,425 a|139
2 119.5] 6.0 9.8 19.71 0.9 |4.7144.3| 89.6 11.7 a 2?{),3 C9 81 100
26.5
S=| 3 119.1] 7.0 9.8 19.31 0.9 (4.2142.9| 77.7 10.2 b 1,166 b|118
- a
= .
4 118.8] 7.0 9.3 195109 |4.7|137.8| 76.6 99 b 2215 1,298 a|132
28.6
5 [18.4] 6.7 9.1 | 9.3 1.0 |4.1|31.4| 74.7 9.7 b a 1,258 a|128

"Mean separation within columns by Duncan's multiple range test at 5%.
AEE g oRE YUs.

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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= = AAAL | HEHT
™o =
(cm)

7t & 1~477) ¢ ofmpxtzl |pH 5.8 <]
< o] Alol ~
11X12 ERteR= il 2~3 5~14%77] : Fd N EC, dS/m @ 2.1

[eXXe)!] Ok ol 37
(/%) & o]

12 [ 22k [ 32 [ 42 [ 52 [ 64 [ 72 [ 82 | 92 [ 10 | 114} [ 122} [ 134 | 14%

?— p=E = =

= 7] 7] 7] 7] 7] 7] 7] 7] 7] 7] 7] 7] 7] 7]
e 10.211.1
57 9.24| ", | [12.6[1.29/2.27|3.27 | 4.26 | 5.21 | 6.10 | 6.28 | 7.14 | 8.6 | 8.30
42171 1%'2 116'1 1%2 1.2612.2413.25(4.21|5.22| 6.9 |6.29|7.15| 8.5 |8.31]9.23
7] 132 127'1 1.2612.23(3.24[4.20(5.19| 6.8 |6.25[7.19(8.10[8.30|9.24 105'1
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% 51, FAAMAl AlFA 12719 S D 5 54

| A 0 4 2 | g, b |
sem |2 (S_; Guz | T, | AW =5 |om | T

w350 T 2} | oIz}F " 0% . =z = = | =B éo n (kg/IOa

Cem) | ‘(?imo) %C;Do ] (%m) | ()| (& | @) A

Ty 17.4] 8.0 | 85 85| 1.0 | 4.6 475 |171.7] 0 | 9.0 | /A% S| 990
[o=(eXe)

o]~ 12.01 9.0 | 56| 57| 1.0 | 2.5 443|913 | 0 | 4.7 |=3+ e | 517
-
OJOS

AgtolE |17.2| 7.0 [10.2 | 6.3 | 1.6 | 7.0 | 48.7 [236.7| 0 |[13.2 |/WF e 11,452
|
—

wlE=uk (25,50 9.0 [12.1 ] 12.1 | 1.0 | 6.3 | 45.0 {296.0| 0 |13.8 |4 ! %Mf’ 1,518
|
OJOS

21 2021 7.0 9.1 | 10.3] 0.9 | 4.2 |49.4[148.3| 0 | 7.0 |A¥ 5 770
o005

g 21.3]10.0 | 89| 11.2 | 0.8 | 5.4 | 46.3[258.0| 0 [12.8]|2¢ 2o 11,408
1
oa‘%j;

9323 1431 80| 74| 6.0| 1.2 | 6.2 | 48.8|164.0| 0 | 81 |/N& et 891
|
—

=023 (13.0) 8.0 | 6.6 | 54| 1.2 | 4.8 | 48.0|145.7| 0 | 7.6 | /NI %Ano 836
-
0JOS

F A 16.3| 9.0 |10.0 | 6.2| 1.6 | 6.5 | 48.4 |281.3| 0 |13.9 |/ 5 11,529
-

ul-o] E] 11.2] 8.0 | 6.1 471 1.3 | 4.1 |163.6[121.3] 0 | 7.4 | /W% A 814

E}o] €k 18.5] 9.0 | 8.6 94| 0.9 | 5.2 |145.9(180.0| 0 | 8.9 |[NF Al 979

Zoreml= (115 6.0 | 6.6 | 45| 1.5 | 4.9 | 586|980 | 0 | 4.6 |/N% Al 506
—

AE 215 9.0 [10.6 | 10.1 | 1.1 | 6.7 | 47212553 0 [11.1 &9 33;? 1,221
-
— oa‘%j;

gz 24.4| 8.0 [11.9 | 11.7 | 1.0 | 7.4 | 435(312.7| 0 [14.1|2¥ E&f 1,551
—

olEgt~ (2471 80| 99| 13.9| 0.7 | 6.1 |39.7[256.3| 0 |12.7 |29 %Mf’ 1,397
|
— o3OS

& 20.01 9.0 | 9.2 | 10.2 | 0.9 | 6.1 | 45.0 |248.0| 0 |11.8|&¥ Af 1,298
038;6:

rEZ 135 9.0 73| 57| 1.3 |5.31]50.3(196.3| 0 |10.0|/N% e 11,100
-
_ gz

zny [22.1] 8.0 [11.2 | 10.0 | 1.1 | 6.8 | 47.9(265.7| 0 |11.7 |4 e 1,287
-
—

Z7} 18.2] 9.0 1105 | 7.7| 1.4 | 6.9 | 46.2333.7| 0 |14.1|3% %Mf’ 1,551
-
OJOS

F 182M [19.5]| 7.0 {10.4 | 85| 1.2 | 7.4 | 54.7 |254.3| 0 |12.1 |33+ "5 11,331
-

F 182L [22.3] 8.0 | 9.3 85| 1.1 | 7.1 | 49.9(235.0| 0 | 9.8 |&1 1,078
OJOS

SC7-008(20.7] 7.0 | 9.7 | 125 | 0.8 | 6.5 | 45.7|248.0| 0 |10.8 A% " 1,188
-
o005

022 M [20.7] 9.0 9.7 | 10.1 | 1.0 | 5.7 | 49.7(220.7| 0 | 8.3 |A¥ e | 913
-
L

C1-021 |20.6] 8.0 [10.3| 9.7 | 1.1 | 6.6 |45.3(262.3| 0 |11.1|A¥ gﬂf’ 1,221
|

TFE AUFOE

YSCDSV means specific color difference sensor value(SPAD 502,

- 162 -

Minolta, Japan).




¥ 52, FAAAl AFA 277 AS B S EA
. = . =
¥5u | &S | (e ] A% g e | o | S | ey
(em) | (em) | P ° (em) | B

7hg 128 | 13.7| 65| 63| 1.0 | 4.1 | 52.0 | 316 0 9.9 943
L}o] 2 145 | 150 73| 72| 1.0 | 3.6 | 50.8 | 2453 | 0 7.8 1,154
Aol E 14.8 107 | 82| 67| 1.2 | 6.3 | 54.7 | 455.0 0 16.6 | 1,449
n} 5 2 u} 25.0 9.0 |[11.0 | 14.0 | 0.8 | 6.5 | 48.4 |518.7| O 16.3 | 1,650
w2t 242 | 11.0 |10.4 | 13.8| 0.8 | 54 | 57.0 [456.3| 0 14.8 | 2,094
e 233 | 107 | 8.8 | 145| 0.6 | 46 | 50.7 [ 3423 | 0 13.7 | 2,527
D] 15.2 9.0 78| 73| 1.1 | 6.0 | 51.4 |286.3| 0 12.0 | 1,352
£ | 15.3 771 73] 80| 09 | 6.0 | 52.6 |294.0| 0 9.8 1,300
ol 17.5 851 90| 72| 1.2 | 6.5 | 476 |295.0| 0 14.8 | 1,953
kol El 12.5 80| 70| 55| 1.3 | 46 | 69.9 | 2603 | 0 8.3 990
Elo] & 26.4 11.0 {11.8 | 147 | 0.8 | 7.1 | 46.9 | 593.7 0 19.5 | 1,692
3355}“} 11.2 83| 57| 55| 1.0 | 49 | 625 |2147| 0 7.0 900
& 17.5 9.0 | 77| 98| 0.8 | 5.7 | 534 |357.0| 0 109 | 1,192
92 31.4 8.7 |12.1 ] 19.3| 0.6 | 7.0 | 40.6 | 527.0| 0 19.0 | 2,392
o} E gt 25,5 | 11.3|11.2 | 143 | 0.8 | 6.6 | 38.8 [557.3| O 20.4 | 1,820
e 20.3 | 107 ] 89| 11.3| 0.8 | 56 | 49.9 |482.7| 0 15.4 | 1,496
1EZ 115 | 11.0| 6.4 | 51| 1.3 | 4.4 | 50.6 |3303| 0 105 | 1,160
azEu g 17.7 73| 75| 102 | 0.7 | 4.6 | 50.5 | 238.7 0 7.4 1,864
azEu g 17.7 7.3 75| 102 | 0.7 | 4.6 | 50.5 | 238.7 0 7.4 1,864
Z} 23.5 9.0 | 95| 140 | 0.7 | 6.0 | 41.6 |396.7| 0 12.2 | 2,211
F 182M 18.2 831 91| 92| 1.0 | 6.6 | 59.9 |481.7| 0 17.2 | 2,334
F 182L 15.5 9.3(80| 75| 1.1 | 5.8 | 54.6 |384.7| 0 115 | 1,117
SC7-008 162 | 107 | 77| 85| 0.9 | 4.1 | 545 |373.7| 0 11.7 | 1,212
022 M 20.5 8.7 | 83| 122 | 0.7 | 6.0 | 57.3 | 345.7| 0 10.7 | 1,258
C1-021 27.0 | 11.0 |10.6 | 16.3 | 0.6 | 7.7 | 51.6 [651.7 | O 22.9 | 2,490

‘4P AWFOE i,

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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3E 53, FAAMA AleA 3F7] AS 2 T 54

= =m E A d 9 — AUA | FOE | AT | TF

mee (em) | (05 | 979 | 993|990 | 9% |9 E| (a/5) | (%) | (@5 | (kg'l0a)

(em) | (cm) g (cm) iy

7 14.7 80| 73| 74| 1.0 | 46 | 46.2 | 81.0 0 6.8 898
L}o] 2 11.4 9.0 | 54| 6.0] 09 | 3.0 | 46.1 | 91.0 0 5.6 739
Aol E 19.0 80| 59| 31| 1.9 | 54 | 46.7 | 117.0 0 5.4 713
vl 2 u} 24.4 9.0 | 9.0| 104 | 0.9 | 5.1 | 49.0 | 208.0 0 10.6 | 1,399
W 2t 17.6 100 | 82| 94| 0.9 | 47 | 47.3 | 175.0 0 9.4 | 1,241
oer 18.4 70| 6.9| 11.5| 0.6 | 4.0 | 44.1 | 109.0 0 4.9 647
bR 11.4 70| 67| 47| 1.4 | 57 | 47.9 | 130.0 0 5.5 726
HbEa R | 11.6 70| 64| 52| 1.2 | 57 | 49.0 | 124.0 0 5.8 766
ol 10.3 100 | 69| 34| 2.0 | 54 | 47.8 | 181.0 0 9.3 | 1,228
wlo] E] 9.5 60| 58| 37| 1.6 | 45 | 61.4 | 98.0 0 5.2 686
E}o gt 18.1 80| 85| 96| 09 | 6.6 | 44.9 | 124.0 0 12.3 | 1,624
ZeHdml= | 9.6 6.8| 55| 41| 1.3 | 42 | 575 | 96.0 0 5.1 673
A= 18.5 7.0 81| 104 | 0.8 | 5.5 | 46.7 | 149.0 0 6.1 805
9= 24.0 6.0 83| 11.7| 0.7 | 5.2 | 42.8 | 112.0 0 10.3 | 1,133
o} E g} 23.2 6.0 6.9| 83| 0.8 | 4.7 | 40.7 | 78.0 0 9.5 | 1,254
EoE 23.8 80| 83| 95| 0.9 | 7.9 | 44.8 | 215.0 0 13.5 | 1,782
1EE 10.5 90| 6.4 | 41| 1.6 | 4.4 | 51.9 | 134.0 0 5.1 673
R R 19.8 100 | 96| 10.2] 0.9 | 6.9 | 48.6 | 265.0 0 14.1 | 1,861
Z7} 17.2 11.0| 87| 85| 1.0 | 55 | 458 | 245.0 0 10.7 | 1,412
F 182M 12.3 6.0 66| 57| 1.2 | 52 | 53.9 | 94.0 0 4.6 607
F 182L 15.4 70| 83| 71| 1.2 | 6.4 | 48.8 | 190.0 0 9.6 | 1,267
SC7-008 | 22,5 8.0 | 7.8| 10.7| 0.7 | 4.9 | 44.8 | 112.0 0 9.5 | 1,045
022 M 17.0 70| 81| 89| 09 | 50 | 48.6 | 130.0 0 5.4 713
C1-021 20.4 8.0| 9.0| 11.4| 0.8 | 6.8 | 44.7 | 137.0 0 8.7 | 1,148
s dHF o R s

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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3E 54, FAAMA AlgA 447 S 2 T 54

cey | 27| 9% 998 duA | Fos AT o8

woe (em) | (ol/5%) ?3%; %2‘%? oA 7n)” ?3%3 gagy | (er/5) | (%) |(g/F) g) a

cm cm cm

7 11.6 97 6.2 54| 1.2 4.3 | 58.7 | 151.0 0 12.0 | 1,584
L}o] 2~ 9.3 80| 58| 35| 1.7 5.0 | 61.8 | 122.0 0 8.8 | 1,162
Aol E 16.6 87 68| 9.8| 0.7 5.5 | 65.9 | 134.3 0 9.0 | 1,188
vl 2 u} 23.2| 8795|137 07 5.8 | 55.1 | 172.3 0 | 115/ 1,518
W 2t 136 73| 58| 78| 07 4.3 | 587 | 1483 0 | 12.8 1,690
e 134 80| 56| 78| 07 3.3 | 60.5 | 89.3 0 6.8 898
D! 139 83| 74| 65| 1.2 49 | 59.6 | 136.7 0 8.3 | 1,096
wakEg (16,0 80| 83| 7.7 1.1 49 | 66.1 | 156.0 0 | 11.0 | 1,452
FA 7.7 871 53] 23| 2.3 42 | 716 | 98.7 0 9.0 | 1,188
wlol ] 6.8 80| 45| 27| 1.7 3.9 | 709 | 72.3 0 5.1 673
Elo] gk 8.7 87| 53| 33| 1.6 45 | 53.7 | 128.0 0 | 105 1,386
Zerdnta | 7.2 8.0 | 44| 28| 1.6 4.0 | 64.8 | 86.7 0 8.8 | 1162
& 11.6| 83| 63| 55| 1.2 5.4 | 55.6 | 204.0 0 | 15.5 | 2,046
92 246 6.7 90][11.6| 0.8 5.6 | 44.9 | 133.7 0 | 10.5] 1,386
O}E #} 20.8| 9.0 63| 85| 0.7 4.4 | 50.5 | 150.0 0 9.8 | 1,293
ETE 2220 93|60 52| 1.2 3.5 | 59.3 | 108.3 0 | 10.2 | 1,346
rEZ 6.8 10.0| 43| 29| 15 3.2 | 55.9 | 83.3 0 5.5 726
azEu g 20.5| 10.0 | 9.5|11.0 | 0.9 6.7 | 60.7 | 266.7 0 14.7 | 1,940
=7} 153 9.7]6.9| 84| 08 4.2 | 57.3 | 140.3 0 7.8 | 1,030
F 182M 9.9 83| 57| 41| 14 4.8 | 55.5 | 99.0 0 7.3 964
F 182L 164 77169 95| 0.7 3.3 | 65.9 | 837 0 6.2 818
SC7-008 23.4| 10.7 [10.2 | 13.2 | 0.8 6.2 | 60.2 | 256.7 0 | 1582086
022 M 129 77170 59| 1.2 5.2 | 63.9 | 160.3 0 | 124 1,637
C1-021 167 9.0| 72| 95| 0.8 4.8 | 54.8 | 138.3 0 9.0 | 1,188

e AR

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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3E 55, FAANIAl AlEA] 527 AS 9 FE 54

cew | 23| 9% A dodlzueaaz| s

el (em) o0/ | BENAEG ] opguyr| B gy T (%) | (/) | (he/10a)
7 15.5 9.6 | 83| 73| 1.1 | 45 | 575 |166.0] 0 | 10.8 | 1,426
Lpo] 2 9.9 83| 52| 48| 1.1 | 45 | 60.8 [118.0 © 8.5 1,122
Aetol E 17.6 85| 69| 107 | 06 | 5.4 | 62.0 |244.3| 0 9.9 1,307
w5 & n} 24.2 85| 96| 146| 0.7 | 59 | 56.2 |272.0| 0 | 11.9 | 1,571
& T 18.6 76| 791|108 | 0.7 | 53 | 59.0 [149.9| 0 | 105 | 1,386
e 17.4 81| 78| 97| 08 | 48 | 625 [135.6| 0 7.7 1,016
o83 16.8 871 73| 95| 08 | 5.2 | 59.0 [145.3| 0 8.6 1,135
Llaaty ) 17.8 82| 82| 96| 09 | 57 | 56.1 [155.0] 0 10.5 | 1,386
3 A 10.7 85| 59| 49| 1.2 | 46 | 61.6 |198.8] 0 9.7 1,280
wlol ] 10.8 81| 44| 65| 0.7 | 45 | 654 |122.3] 0 9.1 1,201
Eo| &t 20.8 88| 65| 94| 07 | 47 | 545 [129.0] 0 9.3 1,228
ACRERS L] 9.2 83| 49| 44| 1.1 | 43| 603 |8.9| 0 6.9 911
A= 15.4 81| 65| 89| 0.7 | 55| 563 [224.0] 0 | 121 | 1,597
9 23.5 6.8 9.2 133 | 0.7 | 5.7 | 458 [273.0] O 10.8 | 1,426
o}E g} 22.5 9.2 78| 127 | 06 | 4.9 | 51.2 [205.0] O | 10.1 | 1,333
ZeE 20.2 91| 75| 107 | 07 | 45 | 54.3 [212.9| 0 | 10.7 | 1,412
rEZR 148 | 10.0 | 58| 9.0| 0.6 | 3.9 | 56.8 [183.3| 0 | 10.0 | 1,320
Zn g 22.1| 10.1] 9.8 | 12.3| 0.8 | 6.5 | 61.5 [268.8| 0 | 11.0 | 1,452
Z} 20.2 9.6 7.2| 11.0| 07 | 4.0 | 58.2 [232.7| 0 | 10.8 | 1,426
F 182M 10.8 83|67 41| 1.6 | 4.6 | 545 [199.8] 0 | 113 | 499
F 182L 17.4 75 6.9] 105 07 | 3.8 | 60.8 |183.9 10.1 | 1,333
SC7-008 23.4 | 10.1 (102 | 13.3| 0.8 | 6.1 | 61.4 [207.0| O | 153 | 2,020
022 M 18.9 7.4 83| 106 | 0.8 | 55 | 618 [187.3| 0 | 10.4 | 374
C1-021 16.7 9.1 | 84| 84| 1.0 | 49 | 56.4 |2486| 0 9.9 1.307

AEs AR U

YSCDSV means specific color difference sensor value(SPAD
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3E 56, FAAIAl AlEA] 627 AS B T 54
g | e A A 4 D99 | 2e ||
EE Gl (ol [ 8908 ] B [qa| 7| @ | |afioa
7 16.4 721 75| 82| 09 | 42| 46.2 |154.3| 0 8.8 | 1,162
o]~ 11.8 70| 56| 59| 09 | 22| 44 | 913 0 4.6 607
Aetol E 15.2 81| 94| 62| 15 | 6.4 | 46.2 |208.9| 0 12.8 | 1,690
w5 & n} 20.2 8.2110.3 | 11.5| 0.9 | 6.1 | 44.2 |231.4| 0 13.7 | 1,808
& T 17.9 65| 84| 101 | 0.8 | 4.2 | 48.3 |138.9| 0 10.9 | 1,439
e 18.5 8.0 | 7.8| 106 | 0.7 | 5.2 | 45.6 |202.9| 0 12.1 | 1,597
g7 13.9 73| 74| 69| 1.1 | 5.8 | 471 |145.7| 0 8.9 | 1,175
Llaaty ) 12.9 70| 66| 54| 1.2 | 4.8 | 47.9 |138.4| 0 7.5 990
3 A 15.9 80| 84| 59| 1.4 | 6.2 | 485 |211.8| 0 13.4 | 1,769
wlol ] 11.2 64| 61| 51| 1.2 | 4.1 | 52.3 |111.9] 0 7.8 | 1,030
Eo| &t 19.8 80| 79| 93| 08 | 5.2 | 41.7 |168.9| 0 8.7 | 1,148
ZJorduta | 11.5 6.0 6.6 45| 1.5 | 4.9 | 49.6 | 95.0 0 5.2 686
A= 19.4 7.0 89| 103 | 09 | 5.4 | 44.3 |204.8| 0 12.3 | 1,624
9 20.2 6.7 94| 107 ] 0.9 | 6.9 | 41.4 |242.7| © 14.2 | 1,874
o}E g} 19.9 6.6 | 9.1 12| 0.8 | 5.4 | 37.8 [243.3| 0 12.3 | 1,624
ZeE 20.7 7.0 85| 99| 09 | 5.6 | 44.2 |2207| 0 11.7 | 1,544
rEZR 13.5 80| 73| 53| 1.4 | 53 | 475 |189.4| 0 10.8 | 1,426
Zn g 20.1 7.0 91| 91| 1.0 | 6.5 | 46.2 |223.4| 0 12 | 1,584
Z} 21.8 8.0 97| 68| 1.4 | 6.9 | 44.7 |279.2| 0 13.4 | 1,769
F 182M 18.7 7.0 93| 79| 1.2 | 7.4 | 456 |230.1| 0 11.5 | 1,518
F 182L 18.4 6.4 93| 81| 1.1 | 7.2 | 47.9 |202.3| 0 9.9 | 1,307
SC7-008 17.6 6.7 9.4 103 | 09 | 6.3 | 44.8 |221.7| 0 9.9 | 1,307
022 M 16.8 7.0 91| 95| 1.0 | 5.6 | 47.6 |189.7| 0 8.4 | 1,109
C1-021 19.5 7.0 89| 95| 09 | 6.5 | 44.6 |198.3| 0 10.8 | 1,426
s AHFoE s,

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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3E 57, FAAAl AlEA] 77 S B 54
N H A S D99 | 2e ||
wER (ngo; (“H/"—;r) ?:1;% ?%Z?;Sg o3 ) E)%m%) QA ¥ (Cm;/_zr —,EE'/IJ)IEr (ggﬁlzrv) (kg/)lOa
7 17.7 70| 79| 98| 0.8 | 5.6 | 48.3 | 76.0 0 4.7 620
L}o] 2~ 175 | 10.0 | 7.2/| 10.3 | 0.7 | 3.0 | 43.6 [120.0| 100 | 4.5 594
Aetel E 22.3 80| 73| 15.0| 0.5 | 3.8 | 45.0 | 89.0 0 5.3 700
vl 2 u} 255 | 10.0 [12.3 | 18.2 | 0.7 | 6.5 | 41.8 |165.0| 20 | 17.2 | 2,270
& T 22.0 9.0 9.8| 122 | 0.8 | 3.0 | 445 | 79.0 0 5.1 673
e 20.0 80| 80| 120 | 0.7 | 5.5 | 444 |108.0] 0 6.9 911
DI 24.3 9.0 83| 16.0| 0.5 | 4.0 | 56.8 |117.0] 0 7.4 977
ety ] 27.1 8.0 98| 173 | 0.6 | 7.5 | 452 |143.0] 0 8.8 | 1,162
Bl 15.2 9.0 90| 62| 1.5 | 4.6 | 545 |135.0] O 7.5 990
wlol gl 16.5 6.0 65| 9.8] 0.7 | 4.1 | 61.0 | 79.0 0 3.8 502
Elo] gk 20.7 | 10.0| 9.4 | 11.3 | 0.8 | 4.3 | 484 [140.0] © 9.2 | 1,214
ZJervdvula | 13.0 80| 68| 62| 1.1 | 4.2 | 657 | 87.0 0 4.7 620
AE 28.3 | 10.0 [11.5| 16.8 | 0.7 | 6.4 | 38.7 |185.0| 40 | 17.3 | 2,284
9 22.8 9.0 9.0 138 | 0.7 | 3.7 | 433 | 80.0 | 10 9.5 | 1,254
o}E g} 28.2 | 10.0 [10.2 | 18.0 | 0.6 | 4.9 | 42.4 |146.0| 20 | 10.9 | 1,439
e 243 | 10.0| 9.2 | 151 | 0.6 | 4.8 | 47.9 [130.0 9.2 | 1,214
1EE 18.6 9.0 | 86| 10.0| 0.9 | 5.0 | 459 | 81.0 6.6 871
¢ 23.7 70| 82| 155| 05 | 4.8 | 51.2 |116.0| 15 6.9 911
Z7} 28.0 | 10.0 [10.3 | 17.7 | 0.6 | 5.5 | 43.3 [180.0| 0 12.3 | 1,624
F 182M 22.2 7.0 82| 140| 06 | 4.3 | 51.0 | 92.0 | 80 6.9 911
F 182L 21.2 | 11.0| 9.2| 12.0 | 0.8 | 5.6 | 49.8 [159.0] © 11.1 | 1,465
SC7-008 20.6 | 100 | 7.1 | 13.5| 0.5 | 3.3 | 46.8 | 91.0 0 5.9 779
022 M 27.2 9.0 9.8| 174 | 06 | 5.1 | 49.1 |155.0| 100 | 13.0 | 1,716
C1-021 18.9 9.0 8.6| 10.3| 0.8 | 4.9 | 46.6 | 96.0 | 100 | 6.6 871
93 11.9 7.0 59| 60| 1.0 | 3.7 | 63.0 | 50.1 0 3.4 449
=3 21.4 9.0 | 6.6 | 148 | 04 | 4.2 | 86.0 | 50.6 0 5.7 752
1y} 18.1 80| 76| 105 | 0.7 | 4.1 | 88.0 | 55.3 0 4.8 634
Zh:H 121 | 100 | 69| 42| 1.6 | 3.7 | 105.0 | 60.2 0 6.2 818
s dHFoE s
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3 58, FAANIAl AlEA] 827 A 8l 54
aoa | ogm #H o 4 AU = pe |l ga=| TF
w3E imo; (“ﬁ/—'—;r) ?:1;3; ?3(;3;53} qg;gu]z (()%m%) O]j&'l L=t (cm;/—T— T(;E)g ?gg;q—ler) (kg/)lOa
7 135 | 7.0 | 57| 7.8 0.7 | 3.2 | 46.8 | 49.3 0 2.6 343
Lpo] 2~ 11.7 | 80 |52 65 | 0.8 | 2.3 | 475 | 36.0 | 100 | 1.9 251
Aol E 119 | 80 [55| 64 | 09 | 3.9 | 489 | 55.0 0 2.8 370
vl 2 u} 124 | 7.0 | 57| 6.3 | 09 | 31 | 47.3 | 49.0 | 15 2.4 317
pik=R = 142 | 9.0 [ 62| 80 | 08 | 2.4 | 54.3 | 48.0 0 2.2 290
FE 139 | 80 [59| 73 | 0.8 | 2.7 | 47.1 | 54.0 5 2.9 383
DI 134 | 80 |72 6.2 1.2 | 44 | 49.7 [110.0| O 5.7 752
Elaahu S| 11.8 | 70 [6.2| 58 | 1.1 | 3.6 | 525 | 67.0 0 3.5 462
Bl 137 | 7.0 [ 7.2 6.5 1.1 | 3.0 | 52.0 | 79.0 0 3.8 502
wlol ] 127 | 7.0 | 6.2 6.5 1.0 | 3.7 | 46.5 | 64.0 | 15 3.4 449
Eo| &t 150 | 80 [6.7] 83 | 08 | 35 | 50.6 | 67.0 0 2.9 383
ZAerdnta | 11.0 | 6.0 [55| 55 | 1.0 | 2.3 | 50.5 | 36.0 0 1.9 251
A= 135 | 9.0 [ 62| 7.3 | 0.8 | 3.4 | 48.7 | 90.0 0 4.1 541
9 152 | 80 | 6.4 | 88 0.7 | 2.7 | 50.2 | 51.0 | 100 | 2.9 383
O}E g} 151 | 7.0 [ 63| 88 | 0.7 | 3.1 | 49.7 | 59.0 | 40 3.0 396
EoE 145 | 80 | 6.2 83 0.7 | 3.3 | 52.5 | 61.0 0 3.0 396
IER 133 7.0 [ 65| 6.8 | 1.0 | 3.4 | 51.4 | 63.0 0 3.4 449
¢ 155 | 90 [7.0| 85 | 0.8 | 3.7 | 51.0 | 86.0 0 4.2 554
=7} 16.0 | 80 | 7.7] 83 | 09 | 39 | 49.3 | 72.0 0 4.1 541
F 182M 139 | 80 [6.8] 72 | 09 | 42 | 48.7 | 89.0 | 100 | 5.8 766
F 182L 150 | 80 [73| 7.7 | 09 | 44 | 553 | 96.0 | 100 | 5.2 686
SC7-008 160 | 80 [ 73| 87 | 08 | 2.8 | 50.7 | 67.0 0 3.8 502
022 M 121 | 80 |58 | 6.3 | 09 | 3.1 | 49.0 | 64.0 0 3.3 436
C1-021 163 | 80 [7.0] 93 | 0.8 | 3.7 | 495 | 74.0 | 100 | 3.8 502
= 144 | 6.0 [ 66| 7.8 | 0.8 | 43 | 49.0 | 75.0 0 5.3 700
=% 116 | 80 [53] 6.3 | 08 | 3.0 | 51.6 | 46.0 0 2.7 356
8o} 137 | 7.0 [ 6.2] 80 | 08 | 3.0 | 53.8 | 56.0 0 2.4 317
Hu 122 | 7.0 | 64| 58 | 1.1 | 32 | 47.6 | 71.0 0 3.6 475

‘4P AWFOE i,

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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3E 59, FAAAl AlEA] 927 A 8 54
_ N H o 9 AMA| 2 e e | 2R
wE G | HETEE oy oy (g Ty ?g;?ﬂg) (Qg—/)an
Fh 174 | 7.0 [ 7.4 (100 | 0.7 | 3.4 | 381 | 59.0| 20 3.4 449
L}o] 2 181 | 6.0 [7.1]11.0| 0.6 | 2.6 | 43.3 | 55.0 | 100 | 2.7 356
Aetol E 155 | 6.0 | 7.2 83 0.9 | 4.3 | 50.5 | 59.0 0 4.1 541
w5 & n} 189 | 7.0 | 79| 11.0 | 0.7 | 3.8 | 47.6 | 63.0 | 40 3.7 488
W 2t 143 | 80 [6.0| 83 | 0.7 | 25 | 489 | 43.0 | 60 2.5 330
el 213 | 6.0 |82 | 131 | 0.6 | 40 | 43.1 | 68.0 | 70 4.3 568
D = 16.0 | 80 |7.7] 83 | 09 | 51 | 41.0 | 96.0 | 10 4.9 647
Eleahi e 152 | 6.0 [6.7| 85 | 0.8 | 3.8 | 45.0 | 58.0 | 20 3.8 502
el 183 | 80 | 6.8 | 115 | 0.6 | 43 | 456 | 91.0 0 5.2 686
wlol gl 14.0 | 7.0 | 6.8 7.2 09 | 4.3 | 57.8 | 55.0 | 30 3.9 515
Elo] g 224 | 6.0 |86 138 | 06 | 50 | 47.2 | 96.0 | 30 5.6 739
Aervdua | 122 | 50 |51 | 7.2 | 0.7 | 3.2 | 52.4 | 46.0 | 30 2.1 277
AE 186 | 80 | 7.6 | 11.0 | 0.7 | 4.0 | 43.8 [100.0| 30 5.4 713
9= 140 | 60 [62| 78 | 0.8 | 2.8 | 333 | 51.0 | 100 | 3.1 409
o}E g}~ 154 | 6.0 | 63| 9.1 | 07 | 29 | 39.8 | 44.0 | 40 2.1 277
ZEE 20,0 | 7.0 | 75| 125 | 0.6 | 3.7 | 36.5 | 74.0 | 10 4.8 634
rEE 153 | 7.0 [ 75| 7.8 | 1.0 | 3.7 | 425 | 73.0 | 10 4.0 528
azEu g 166 | 7.0 | 7.8 | 8.8 09 | 2.6 | 45.9 | 88.0 | 30 4.2 554
Z7} 168 | 80 | 73| 95 | 0.8 | 3.7 | 45.8 | 89.0 | 30 4.9 647
F 182M 130 | 70 [ 65| 65 | 1.0 | 3.6 | 46.9 | 62.0 | 10 3.2 422
F 182L 132 | 7.0 | 67| 6.7 | 1.0 | 44 | 448 | 75.0 | 100 | 4.2 554
SC7-008 133 6.0 [63| 7.0 | 09 | 23 | 275 | 44.0| 10 2.4 317
022 M 157 | 7.0 |55 (102 | 05 | 23 | 36.3 | 31.0 | 30 2.0 264
C1-021 204 | 8.0 |84 |12.0 | 0.7 | 44 | 41.2 | 96.0 | 100 | 5.6 739
b 157 | 70 [ 75| 82 | 0.9 | 51 | 46.2 | 92.0 0 4.8 634
=% 111 | 7.0 [ 44| 67 | 07 | 2.8 | 40.0 | 41 30 2.2 990
2o} 15.0 | 6.0 | 6.7 | 8.3 0.8 | 3.4 | 39.9 | 67.0 | 30 3.4 449
HHE 103 | 6.0 |50 53 | 09 | 2.7 | 32.5 | 33.0 0 1.7 994
S dHFoE s
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E 60. FAAMA AFA 1087] A& L 5 54
X > A 4 4 mA | =ge | agz|, T
FER | () |Gl BLNDIT o gy HF Lo s G| | S (ke/l0a
sy 134 | 6.0 | 57 | 7.7 0.7 | 3.2 | 34.0 | 32.0 30 2.2 290
o] 2~ 177 | 7.0 | 72 | 105 | 0.7 | 3.4 | 36.0 | 49.0 | 100 | 3.1 409
Mgto] E 16.7 | 6.0 | 7.0 | 9.7 0.7 | 4.8 | 39.9 | 74.0 0 6.0 792
w5 &2 af 183 | 7.0 | 82 | 101 | 0.8 | 3.9 | 38.0 | 54.0 | 40 3.7 488
Wl 2 T 16.0 | 6.0 | 6.2 | 9.8 0.6 | 3.4 | 333 | 49.0 | 60 2.8 370
RN 13.1 | 80 | 6.4 | 6.7 1.0 | 3.1 | 40.8 | 64.0 | 70 3.9 515
b 13.8 | 6.0 | 6.7 | 7.2 09 | 4.1 | 325 | 68.0 10 3.7 488
Llesehis ] 9.8 7.0 | 5.2 | 4.8 1.1 3.7 | 415 | 51.0 20 2.2 290
A 157 | 7.0 | 6.4 | 9.3 0.7 | 45 | 39.5 | 67.0 0 6.9 910
wlo] g 105 | 7.0 | 5.2 | 5.3 1.0 | 2.9 | 52.2 | 46.0 30 2.5 330
Elo gt 164 | 6.0 | 56 | 8.8 0.6 | 3.9 | 452 | 67.0 | 30 4.9 647
AeBvdul=| 126 | 50 | 5.2 | 6.4 0.8 | 3.3 | 498 | 48.0 | 30 2.6 343
AE 175 | 80 | 7.5 | 100 | 0.8 | 44 | 36.2 | 96.0 | 30 5.4 713
9F 146 | 5.8 | 6.0 | 6.8 0.8 | 29 | 34.3 | 49.0 | 30 6.2 818
olE gt 183 | 80 | 7.6 | 107 | 0.7 | 40 | 36.3 | 72.0 | 40 4.1 541
ZHgE 165 | 8.0 | 57 | 108 | 05 | 3.0 | 51.2 | 67.0 10 5.7 752
rEZ 133 | 7.0 | 55 | 7.8 0.7 | 3.3 | 33.8 | 62.0 10 3.0 396
g 151 | 7.0 | 6.3 | 8.8 0.7 | 3.8 | 345 | 69.0 | 30 4.3 568
Z7} 153 | 80 | 6.7 | 8.7 0.8 | 2.9 | 415 | 62.0 | 30 3.3 436
F 182M 164 | 7.0 | 6.9 | 95 0.7 | 3.3 | 34.3 | 76.0 10 2.8 370
F 182L 163 | 80 | 6.2 | 102 | 0.6 | 43 | 375 | 70.0 | 100 | 4.6 607
SC7-008 16.7 | 6.0 | 8.3 | 8.4 1.0 | 4.1 | 376 | 68.0 | 30 4.7 620
022 M 14.2 | 80 | 7.0 | 7.2 1.0 | 3.2 | 38.1 63 30 3.9 515
C1-021 195 | 7.8 | 74 | 9.2 0.8 | 4.1 | 45.2 | 98.7 | 100 | 5.7 752
b 172 | 6.0 | 6.9 | 10.3 | 0.7 | 4.8 | 429 | 78.0 0 4.6 607
=% 199 | 6.0 | 6.9 | 13.0 | 05 | 45 | 36.2 | 64.0 10 5.0 660
I ylo} 148 | 6.0 | 75 | 7.3 1.0 | 2.8 | 47.7 | 50.0 | 30 2.6 343
ZRE] 16.0 | 7.0 | 80 | 8.0 1.0 | 4.6 | 40.8 |106.0| © 6.0 792
ystelele4 | 147 | 6.3 | 6.5 | 8.2 0.8 | 31 | 33.9 | 38.0 0 2.5 330
o} 2~ €} 140 | 80 | 6.8 | 7.2 0.9 | 3.5 | 40.8 | 64.0 | 20 3.8 502
of 2~ 3} 11.1 | 80 | 51 | 6.0 0.9 | 3.8 | 29.1 | 55.0 | 30 3.6 475
A= 11.7 | 6.0 | 5.4 | 6.3 09 | 3.8 | 36.9 | 36.0 0 2.1 277
e 9.2 6.0 | 4.8 | 4.4 1.1 | 2.7 | 43.0 | 20.0 10 1.1 145
Zo] 2 163 | 7.0 | 6.3 | 100 | 0.6 | 3.7 | 30.5 | 45.0 0 4.1 541
S dHFoE s

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).

- 171 -




3 61 FAAAl AlFA] 1177] S R+ 54
N # o 4 . . gk

. e - : AW | Fd& (WA 1L

FEE e || 3R [D [ gu| BF Jopae| @) (0) s (/102
Tk 11.1 | 11.0 | 5.6 5.5 1.0 2.7 | 43.0 | 56.0 30 3.6 475
o]~ 9.3 7.0 | 43| 50| 0.9 1.7 | 43.7 | 36.0 | 100 1.2 158
Aol E 15.8 7.0 | 44 | 40| 1.1 2.8 | 49.0 | 35.0 0 5.6 739
w5 2 up 11.5 70 | 5.7 | 5.8 | 1.0 3.4 | 39.7 | 56.0 40 2.5 330
W 2 T 10.3 80 | 5.1 | 52 | 1.0 2.7 | 54.4 | 51.0 60 2.2 290
ENS 14.1 | 11.0 | 6.6 | 7.5 | 0.9 2.7 | 47.1 | 60.0 70 3.7 488
3} 74 7.5 7.0 | 35| 40| 0.9 2.0 | 41.4 | 50.0 10 1.3 172
[l e 9.8 70 | 5.2 | 46 | 1.1 3.7 | 41,5 | 51.0 20 2.2 290
F A 15.5 9.0 | 6.2 4.5 1.4 3.9 | 43.3 | 75.0 10 5.6 739
wjo] E] 8.2 7.0 | 4.2 4.0 1.1 2.7 | 50.0 | 48.0 30 2.9 383
Elo] gk 10.2 9.0 | 55 | 4.7 | 1.2 3.8 | 49.2 | 65.0 30 3.2 422
ZHenvdnt=a| 7.9 7.0 | 43| 3.6 | 1.2 3.2 | 48.0 | 82.3 30 2.0 264
AE 15.6 80 | 7.3 | 9.8 | 0.7 4.1 | 40.2 | 93.0 30 5.6 739
2 177 | 10.0 | 6.9 | 6.8 | 1.0 4.1 | 48.8 | 74.3 30 6.1 805
o} E g} 13.5 9.0 | 6.2 | 7.3 | 0.8 3.3 | 45.0 | 66.0 40 3.5 462
ZeE 15.1 9.0 | 5.3 | 5.8 | 0.9 3.4 | 48.8 | 59.3 10 6.1 805
IER 9.2 9.0 | 5.0 | 4.2 | 1.2 2.9 | 37.2 | 39.0 10 2.1 277
gy 11.0 8.0 | 5.2 5.8 | 0.9 2.9 | 41.8 | 62.0 30 2.0 264
=7} 10.5 80 | 5.0 | 55| 0.9 3.2 | 404 | 77.0 30 4.0 528
F 182M 9.9 90 | 5.2 | 47| 11 3.3 | 47.9 | 45.0 10 2.7 356
F 182L 9.1 80 | 52 | 39| 1.3 3.4 | 484 | 683 | 100 | 2.5 330
SC7-008 16.7 | 11.0 | 85 | 82 | 1.0 49 | 482 | 85.0 30 8.1 1,069
022 M 10.4 9.0 | 5.6 | 4.8 | 1.2 3.1 | 52.7 | 53.0 30 3.1 409
C1-021 11.6 9.0 | 56 | 6.0 | 0.9 3.2 | 40.3 | 61.0 | 100 | 3.1 409
b 16.5 6.0 | 6.5 | 9.8 | 0.6 45 | 41.8 | 76.0 0 4.7 620
=% 18.7 6.0 | 6.7 | 12.3 | 0.5 4.4 | 40.1 | 65.3 10 5.1 673
EEET 10.2 80 | 5.2 | 50| 1.0 2.7 | 48.7 | 51.0 30 2.6 343
EE 16.3 6.7 | 7.8 | 80 | 0.9 4.0 | 41.2 | 99.8 10 5.9 779
vztstel24 | 19.5 9.0 | 7.8 | 11.7 | 0.7 4.4 | 46.2 | 100.3 0 6.4 845
o} 2~E} 13.3 9.0 | 6.8 | 6.5 | 1.0 3.7 | 48.8 | 76.0 20 3.8 502
ol 2~ 3} 9.1 | 11.0 | 5.3 | 3.8 | 1.4 4.3 | 49.0 | 69.3 30 5.9 779
= 6.0 70 | 39| 23| 1.7 2.8 | 49.0 | 52.0 0 1.5 198
=X 4.3 7.0 | 2.8 1.5 | 1.9 2.1 | 50.4 | 68.3 10 0.9 119
EXES 9.7 80 | 55 | 42 | 1.3 3.9 | 49.1 | 63.0 0 2.8 370
of| 23} 11.1 80 | 51| 6.0 | 0.9 3.8 | 29.1 | 55.0 30 3.6 475
v 22 8.7 8.0 | 5.0 3.7 1.4 3.2 | 43.4 | 66.6 0 2.8 370
o} 4 E] -2 5.7 70 | 34| 23| 15 2.1 | 48.8 | 38.6 0 1.1 145

‘AFE AWFOR W,

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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F62. FAAMA AFA 1287 A% D ¥ 54
. e B A9 = e g=| T

Iz i’é} c):]‘)l: = = = Agﬂ?i‘

FER ) e (ol | T N8R gy | FF o (0T o | (ke 102
s ks 109 | 9.0 | 5.8 5.9 1.0 3.2 | 42.0 | 57.9| 50 3.5 462
o]~ 101 | 76 | 49| 57| 0.9 29 | 42.3 | 37.8| 100 | 2.6 343
Aol E 109 | 7.0 | 6.0 | 49| 1.2 4.3 | 458 | 67.0| 10 4.0 528
w} & =2 nf 103 | 9.0 | 6.1 | 42| 15 4.0 | 489 | 98.0] 60 5.4 713
W 2 T 100 | 80 |53 6.1 ] 0.9 3.5 | 50.2 | 52.0| 80 2.8 370
NS 145 | 80 |6.8| 7.7] 0.9 3.4 | 499 | 82.0| 70 4.7 620
3} 7 11.6 | 9.0 |59 | 57| 1.0 3.9 | 50.2 [103.0| 10 5.2 686
W3u2s [ 139 | 8.0 | 7.8 | 6.1 1.3 5.3 | 53.6 [104.0| 20 89 | 1,175
F A 12.0 | 7.0 | 6.3 5.7 1.1 3.3 | 41.8 | 72.0 0 5.9 778
wjo] E] 153 | 7.0 | 6.7 | 8.6 0.8 2.7 | 49.7 | 63.0| 40 3.3 436
Elo] gk 11.4 | 9.0 |62 | 52| 1.2 4.3 | 47.0 | 78.0| 40 4.1 541
Horvdna| 67 | 50 [36]| 3.1 1.2 2.3 | 49.2 | 25.0] 80 1.2 158
AE 150 | 8.0 | 7.8 102 | 0.8 47 | 40.6 | 92.0] 70 5.2 686
s 20.1 | 6.0 [9.0 | 11.1 ] 0.8 49 | 454 [121.0] 20 6.4 845
o} E gl 174 | 87 | 79| 95| 0.8 3.9 | 48.8 [135.0| 10 7.4 977
ZeE 182 | 8.0 |8.0] 102 | 0.8 4.4 | 495 | 91.0] 20 6.4 845
IER 9.8 | 8.0 |52 | 4.6 1.1 3.8 | 38.2 | 38.9| 30 3.2 422
gy 13.0 | 7.0 |6.3| 6.7 0.9 45 | 51.1 | 77.0| 40 4.0 528
=7} 10.0 | 8.0 |54 | 6.0 0.9 3.7 | 40.3 | 76.8| 50 4.2 554
F 182M 95 | 80 |56 | 56| 1.0 3.9 | 41.8 | 44.7| 20 3.5 462
F 182L 143 | 7.0 | 7.7 | 6.6 1.2 5.3 | 45.1 [131.0| 100 | 7.0 924
SC7-008 24.7 | 8.0 117- 13.0 | 0.9 5.7 | 47.6 [199.0| 30 10.8 | 1,426
022 M 100 | 8.0 | 5.9 | 4.7 1.3 3.7 | 48.3 | 52.7| 50 3.3 436
C1-021 105 | 80 |57 | 5.8 1.0 4.0 | 39.6 | 60.3] 100 | 3.7 488
EE] 159 | 7.0 |82 | 83| 1.0 3.9 | 40.3 | 99.1| 0 6.2 818
=% 13.0 | 7.0 |58 | 7.2 0.8 3.4 | 482 | 61.0| 10 5.1 673
a3 o} 11.1 8.0 | 6.2 6.2 1.0 3.7 | 35.8 | 70.3| 40 4.0 528
BE] 158 | 7.0 |79 7.9 1.0 41 | 409 | 98.7] 0 6.5 858
Uztstel24 | 18.6 | 8.0 | 84 | 107 | 0.8 4.3 | 445 | 99.7| 0 6.1 805
o}~ E} 146 | 80 |72 | 6.8 1.1 4.2 | 46.7 | 86.0| 30 4.0 528
of| A~ 3} 98 | 80 |65 | 4.5 1.4 49 | 481 | 70.3] 30 6.4 845
A 105 | 8.0 | 6.0 4.5 1.3 4.0 | 52.2 | 88.0] 0 5.3 700
5] 55 | 7.0 | 42| 33| 1.3 3.6 | 483 | 69.4| 10 2.3 304
Z0] 2~ 89 | 80 |59 5.1 1.2 4.2 | 479 | 68.2] 0 3.2 422
of| A~ 3} 10.8 | 8.0 |65 | 6.5 1.0 4.6 | 309 | 65.2] 30 3.9 515
EEES 152 | 80 |85 ]| 6.7 1.3 46 | 50.0 [115.0] 0 6.2 818
o} FE] 9.8 | 80 |57 | 4.1 1.4 2.8 | 471 | 69.0| 0 3.4 449

PEE dHEeR U

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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=5
o
<o
3
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=
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l
R
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w
L)
N
o
Ho

-1 O
2 | ag A 9 4 Q| oo | |

wER Elgmo) (HH/"_IZ:) ?%I}; (Z?;Sg o3 4n)” E)%m%) o A Y (Cm;/—? —,E;ﬂ‘)g (ggﬁ%T) (kg/)l()a
7 169 | 6.8 | 7.2 |10.2 | 0.7 | 3.3 | 40.2 [145.3] 20 7.9 | 1,043
L}o] 2~ 179 | 6.0 |69 | 11.1 | 0.6 | 2.9 | 44.6 [105.0| 60 3.6 475
Aetel E 15.6 | 6.0 7 8.5 0.8 | 4.9 | 49.4 |156.3| 0 8.8 | 1,161
vl 2 u} 209 | 6.5 | 7.1]109 | 0.7 | 4.2 | 49.8 |163.2| 10 9.8 | 1,294
& T 145 | 7.8 [ 59| 82 | 0.7 | 3.3 | 47.9 [143.6]| 30 9.4 | 1,241
el 195 | 6.0 | 7.2]12.9 | 06 | 3.7 | 44.4 [158.9| 40 | 10.0 | 1,320
DI 156 | 75 | 7.1 85 | 0.8 | 49 | 43.6 [169.2| 10 7.8 | 1,030
Elesanu s s 145 | 6.0 [6.8| 86 | 0.8 | 3.9 | 46,5 [103.6] 20 7.8 | 1,030
Bl 177 | 7.7 | 6.2 | 108 | 06 | 45 | 44.9 [191.3| 0 10.2 | 1,346
wlol gl 136 | 7.0 | 59| 7.3 0.8 | 41 | 51.6 |155.6| 20 7.0 924
Elo] gk 198 | 6.0 | 7.4 | 128 | 0.6 | 4.7 | 48.9 [149.5| 30 8.5 | 1,122
ZAevduta | 113 | 50 |52 | 75 | 0.7 3 | 53.2 [100.2| 30 5.0 660
AE 176 | 80 [6.7]10.9 | 06 | 4.2 | 448 [2035| 30 | 10.3 | 1,360
9 21.4 | 6.0 6 | 79 | 0.8 3 | 39.7 |198.4| 10 | 10.5 | 1,386
o}E g} 209 | 6.0 |59 | 89 | 0.7 | 3.3 | 40.8 [155.8| 10 | 11.3 | 1,492
ZE 187 | 7.0 | 6.7 | 115 | 0.6 | 3.5 | 40.6 [189.7 10.5 | 1,386
1EE 146 | 70 [ 69| 79 | 09 | 3.9 | 445 [126.5 9.8 | 1,294
¢ 155 | 7.0 [64 | 78 | 0.8 3 | 47.6 |189.7 10.4 | 1,373
Z7} 154 | 80 [6.9] 92 | 0.8 | 3.8 | 479 [1996| 10 | 11.2 | 1,478
F 182M 129 | 7.0 | 65| 6.4 | 1.0 | 3.4 | 49.9 [189.6| 0 9.8 | 1,294
F 182L 131 70 | 68| 6.9 | 1.0 | 46 | 48.7 [1759| 50 | 10.3 | 1,360
SC7-008 178 | 6.0 | 63| 6.8 | 0.9 3 | 389 |1456| 0 9.9 | 1,306
022 M 137 | 7.0 [52 | 10 05 | 2.9 | 39.6 |165.8| 20 | 11.6 | 1,531
C1-021 207 | 7.1 | 7.8 | 11.8 | 0.7 | 4.6 | 44.6 |174.8| 50 | 10.4 | 1,373
3 145 | 7.0 [ 74| 79 | 09 | 49 | 45.8 | 95.0 0 6.9 911
=3 109 | 7.0 (46| 65 | 0.7 | 35 | 456 | 87.0 | 10 5.8 766
5o} 145 | 6.0 | 6.8 85 0.8 | 3.7 | 449 | 79.0 | 10 6.1 805
By 102 | 6.0 |52 | 6 0.9 | 3.4 | 40.7 | 54.0 0 5.7 752
s JdHFoE s,

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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=5
D
i~

=73
g | o A A A QA | oo [ am=| 72

EE Gl (ol [ 8908 ] B [qa| 7| @ | |afioa
7 149 | 93 [ 66| 83 | 0.8 | 3.9 | 49.3 [2580| O 11.0 | 1,210
o]~ 121 | 83 |53 ] 67 | 0.8 | 2.6 | 46.3 [122.3]| 0 11.6 | 1,216
Aetel E 166 | 6.7 [ 7.9 87 | 09 | 6.2 | 46,5 [314.7| 0 12.5 | 1,375
vl 5 2 u} 22.3 | 85 |11.1]12.0| 0.9 | 5.8 | 44.3 |287.6| 0 12.9 | 1,419
& T 183 | 87 |71 [11.2| 06 | 3.3 | 536 [177.7| 0 16.5 | 1,815
e 20.2 | 9.0 |82]12.0| 06 | 4.6 | 49.0 |248.0| 0 12.6 | 1,227
g7 159 | 7.3 [ 87| 72 | 1.2 | 59 | 54.3 [367.3| 0 10.7 910
Elea ] 173 | 5.7 [ 84| 91 | 09 | 58 | 48.3 [2243]| 0 13.9 | 1,051
3 A 126 | 97 [ 73] 53 | 1.3 | 55 | 556 [368.7| 0 13.1 | 1,152
wlol ] 14.2 | 6.7 | 74| 6.8 1.0 | 5.3 | 53.3 |242.0] © 16.4 | 1,443
Eo| &t 195 | 80 [9.0] 90 | 1.0 | 56 | 44.8 [176.0| 0 9.1 | 1,001
ZAerdnta | 109 | 7.0 [53 | 56 | 09 | 40 | 525 [123.0] 0 14.1 | 1,240
AE 220 | 80 [89] 98 | 09 | 6.9 | 49.2 |246.3| 0 12.3 | 1,353
9 25.8 | 7.3 |13.4| 17.4 | 0.7 | 7.7 | 45.0 |5153| 0 16.9 | 1,491
o}E g} 23.8 | 9.7 105|133 | 0.7 | 6.2 | 455 |[373.3| 0 15.1 | 1,544
ZeE 184 | 80 [7.6| 87 | 0.8 | 52 | 495 [264.0| 0 18.4 | 1,619
rEZR 116 | 87 [58 | 59 | 09 | 41 | 453 [160.3| 0 14.0 | 1,232
Zn g 216 | 9.0 | 9.3]123| 07 | 56 | 449 [491.0| © 16.6 | 1,566
Z7} 17.8 | 103 [ 85| 94 | 09 | 45 | 441 [3650| 0 21.0 | 1,848
F 182M 177 | 6.3 [ 85| 92 | 09 | 58 | 46,5 [251.3| O 19.2 | 1,689
F 182L 142 | 7.3 [ 75| 67 | 1.1 | 45 | 409 [248.7| 0 15.3 | 1,346
SC7-008 235 | 7.3 |10.5]13.0 | 0.8 | 55 | 44.7 |407.3| 0 17.8 | 1,566
022 M 226 | 8.0 [10.7]11.9 | 0.8 | 59 | 52.0 [419.7| © 20.0 | 1,760
C1-021 22.0 | 7.7 | 841106 | 0.7 | 54 | 444 [2850| O 20.3 | 1,786

‘APe AEFOR Wy

YSCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).
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4.6 b |0.30 ¢| 0.07

5.0 b |0.57 b| 0.09

15.0 a|0.83 a| 0.14

==

o A T (em/52) | (g/

29.1

29.0

29.2

A=
(cm)
0.9 ¢

1.4 b

1.8 a

g

0.7

0.6

0.7

MW.H(\

3.7 Db

5.6 ab

6.1 a

2.7 b

3.2Db

4.1 a

4.0

4.0

4.0

6.4

8.8

10.2

EC 1.2

EC 1.5

EC 1.8

Mean separation within columns by Duncan's multiple range test at 5%.
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*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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E 69, AFA AR £HA 597N F BE AP Gl

3] = 5 AAE | AEHE | FAE =
== 7 3% Z) Al 7 =35} = A =1 OF ol 2 A O]:oﬂ:r_
JJro ] T o o ] = ] (Cm) (%/_—%) (EC, S/m) o T e} o F/]
'04. 9. 22 |5 e I
Gheau [FPHE [10.25] 11 16| 11x12 4 (18,21, 2.4 |24 |pH 5.8 W<
'04. 11. 20 | ) 2oy ‘ o
(A Ay |CFESFS [12. 28105 1311 1112 4 (18,21, 2.4 |2 |pH 5.8 W<
'05. 2. 7 | qman o
Gy |CFERRE 8014 4 1L | 11x2 4 |1.8,21, 2.4 (=2 |pH 5.8 W<

W) A 2 uF

e FARAMAL Felsieed whE AlgAe] AS AldAF Fis=ErE EC 2.1dS/me]
EC 1.8dS/mell wWls} ZAe] =i 47(1,399kg/10a)°] 22% T Atk EC 2.4dS/m+=
EC 2.1dS/mell ®lsl <.3]& AFa o] s A AT(3£70).

all

T 70. 4 FAAN FlHmol B AFAY A% L 5 54

)
=
r

A A5

Jopsw | 24| 9% oo - g o s |
b [ o Az 7 =z
(as/m) | (em) | (o) | P8 1B o | B3 e | () | VWA TE 00y [ 25

(em) | Cem) (g/) | (g/&)

EC 1.8 |23.0] 9.5 10.3 | 12.7 0.8 7.2 50.3 | 194.3 | 8.6 |25.9 b*|1,139 b| 100

EC 2.1 |25.6| 7.8 11.3 | 14.3 0.8 7.1 47.1 | 206.8 | 10.6 [31.8 a|1,399 a| 122

EC 2.4 [23.0| 7.6 10.0 | 13.0 0.8 7.7 49.2 | 151.9 9.7 129.3 a|1,289 a| 113

"Mean separation within columns by Duncan's multiple range test at 5%.
Qg GUFOR .

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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ARAH(H 77). webd AlFA A AMA A NOs—Ne| ks aal7]7] fleir =
AFA 8 5Ll e NS AR wste] F= A AugEFe] shteta ded

.

ofl
e
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EC 1.8 = £2| pH2} NOs-N2o| st

9 180
8 1 160
7t 1 140
6| 11205,
2
z 5 | 1100
4t E— 180
—e—NO3-N 8
3t 160 Q
2+ 140
1L 120
0 0
04.11.3 15 17 119 11.11
ol X}
EC 2.1 52| pHet NOs-Ne| 5}
8 140
7 1120
51 4100 _
5 =
180 2
S4r It
—=—pH 4 60 40
3+ —e—NO3-N ZI
. | 140 8
1F 120
0 ‘ ‘ ‘ ‘ 0
04.11.3 15 17 19 1.1
ol x}
EC 2.4 52| pH2t NOs-Ne| 5}
9 200
g | 1180
7L 1160
6 | 1140 7,
1120 2
£ 100 j
Sat )
180 Z
S —=—pH 1 60 g
2+ —e—NO3-N 4 40
1r 120
0 0
04.11.3 15 17 119 1.1
ol x}

I 71, AN AlFA FAFe] pHeF NO;—Ne| #s}

oi
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1,600

1,400

1,000
800

600

NO:-N 5 = (mg-L")

400

200

112 11.138 11.14 11.15

o &t

11.16 1Az

a9 77 FdEEe mE Al Ul NO;—N =F st
[11¢ 129 wehd, 119 13 G Ael), 1Y 16978, 119 17¢:58k% 1¢]
AlEAY gl F71% F§F2 TN, P05, KoOv FdsErt &5 o] 57ty
i, Ca0v YNerrl 2255 U qFe daHdnt. 33 g K09 gaFo] 7134
Wkt (2¥y 78).
10
9
8
s 7
W 6
ol
5
20
N 4
o
3
2
1
0
T-N P205 K20 Ca0 MgO
a9 78, FAAN] AleA Y FAEe mE Ul TR T
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TN 9 Fosro] mE 27 T 4 AS
T

2.1dS/mol A 1,460kg/10ao =

o

ok o

= ©°

15

g}

o] zpole]

AN
s Ml 5~

e

Sk
(ew'/=7)

A5

T

170 A
(g/)

1=
(g/&)

2
et

(ke/10a)

43.5

309.4

8.9

31.1

1,368

43.1

324.9

9.5

33.2

1,460 | 106

42.7

274.8

9.0

31.5

1,386 | 101

YSCDSV specific color difference sensor value(SPAD

A FH gl mE AT A

502, Minolta, Japan).

A4k-e] QI NOy-N @ st

(39 mgl )

==

'05
ARLES ’

A~

1. 13| 1. 15| 1.

o;
i

fx
ol

1. 25
()

BZ)

.3

1.29( 3t

o
1o

)

1,840 | 2,240 2,207 | 1,860 | 1,647 || 1,887

1,540

1,887

1,687

1,633 | 1,313

1,960 | 2,453 | 2,233 (2,133 |1,800 | 1,920

1,640

2,067

1,793

1,713 | 1,473

2,200 | 2,467 (2,240 | 2,227 | 2,000 || 1,940

1,740

2,133

2,107

1,787 | 1,733

4,580 | 4,410 4,550 | 4,530 | 3,060 || 3,920

3,410

4,060

4,780

4,700 | 4,160

ok 2

4,593 [5,320( 4,960 | 5,100 | 3,570 || 4,230

3,830

4,220

5,200

5,670 | 4,360

4,840 | 5,660(4,970 | 5,220 | 4,870 | 5,310

4,210

4,610

5,690

6,780 | 5,270

Az FRAMAA FhEiol wWE AlFA
72, 19 799} Aok AlaA AE7IE FEE

Fole w4 waws) w guel NO;-NE 9
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AlExlel g Algxlel 2y

NOs-N &5 & (ng-L")

11 118 115 117 119 120 128 1.5 17 129 1.3 LM 113 115 117 119 121 123 125 127 129 1.3

o A o &

73, % SR Foleel wE AFA A% U 5 54
= [e=] =N ==
ot | 2| ga | R T AES
(dS/m) | (em) |5 | B | 98| oy | B | ozmex | (an/F5) | 17HA 1+ | (kg/10a) | A
Tl | Cam) | FE (o) [ BT () | (/) T

EC 1.8 |26.2| 6.8 8.9 17.3 0.5 5.2 | 41.4 | 149.7| 9.3 32.5 1,430 b”| 100

EC 2.1 |26.1| 8.1 9.2 16.9 0.5 5.3 | 43.0 | 129.3 | 13.3 39.9 | 1,755 a | 122

EC 2.4 |26.8| 6.9 9.6 17.2 0.5 6.0 | 41.3 | 192.2 | 13.2 39.6 | 1,742 a | 121

"Mean separation within columns by Duncan's multiple range test at 5%.
'JEE dHFeE Y.

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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X 74w FAA G sol mE Al Y] ddl TR I
opone T-N P,05 K0 Ca0 MgO
(dS/m) _ (%)HH (%)HH _ (%)HH _ (%)HH _ (%)HH
I I - R - -
g 744 51 | 43 | 21 | 36 | 94 | 6.2 | 26 | 0.7 | 1.1 | 1.6
1.8 |78 394 5.0 | 44 | 20 | 29 | 83 | 3.6 | 3.8 | 3.0 | 1.2 | 1.8
T34 40 | 42 [ 09 | 27 |69 | 39 | 34 | 14 | 08 | 1.4
g 744 53 | 47 | 26 | 3.1 | 95 | 7.0 | 1.7 | 1.4 | 1.6 | 1.5
2.1 |55 394 51 | 47 | 26 | 3.0 | 9.0 | 47 | 21 | 1.4 | 1.4 | 1.8
T34 42 | 40 | 24 | 31 | 82 | 3.7 | 1.7 | 20 | 1.0 | 1.8
g 744 59 | 49 | 28 | 3.9 [ 120 7.1 | 1.4 | 1.1 | 1.5 | 1.5
2.4 |F% 394 57 | 43 | 2.8 | 33 [ 122 49 | 09 | 1.5 | 15 | 1.4
T34 43 | 43 | 23 | 34 |57 |28 |09 |12 |11 1.0

7o 7AA(FN L L) 05, 4. 8, 8 3LA(FAuGF Aek7): '05. 4. 13, 7 7

SO ATH(E 75).

75 % FAANA FhEmel mE AFA ] AgHe] NO;-N FF (9] gl
o | % 794 % 594 3 394 FEFY
(dS/m) LTI T
EC 1.8 1,900 | 5,653 780 | 3,706 386 1,786 326 626

EC 2.1 2,153 6,093 960 | 4,253 433 2,013 313 1,600
EC 24 2,313 | 7,880 1,226 | 4,746 713 2,113 386 1,760

72 7AA(FAug D) 1 '05. 4. 8, 7 5L (HASF) 105, 4. 12, 78 3LH(AF]

) 105, 4. 14, 78 FY 05, 4. 16
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=

pH 5.8 U9

SRR

8.9-1.0-5.5-2.1-1.0 me/?)

(cm)

-12X9
-12X11
-12X13

-12X15

A A A 7
(NFT-1)"alo=z ~E=ZZ W

v
)

=3

FEIF
e
4

(d/

I

7

3}

=

=
T

2 Hj=| 9]
HEgE A (N-P-K-Ca—Mg

H
34971

8

76).
19 A4 AHWE AEEt A4 A
BRI

5}%7)

ofEgt2 '04. 10. 20|11, 18|12, 24

-
st

A
=

b ek

76. Al
[e)

o

g gfo]HA Holg 90%olA, ZFo] 25em U 9Ql ‘olEgpA’

mel Aol Aeme g ssi

ol

ze]

o)
oF

~

—

03
ol

B
ol

12X11cem7} 24.1cm, 12X15cm”7} 21.5cm, 12X15cem”}F 21.2cm

1

R

Fol

of wls) AAUE=TE Al uhet

A
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U AAEEE Fode AT 3 AR AAlTE AAEETE AdFE FUHEAS
1A FA= 12X9em(7.3g/F2) B8] 12x<11cm, 12X13em, 12X15ceme]l Z+2b 10.7¢g
o= 46% FHom, B 1&F BATE ANELErE ALTE F7HE] 12X9em(20.2¢/F)
o] w3 12x11em(33.8g/F), 12X11em(29.7g/Z), 12x11em(26.9g/Z)°] Z+Z 67~33%
Z7 o] FEFdl 9GS mHY FES 12x11em(1,489ke/10a)7F 12x9em(890ke/10a) el
H3 59% S7FE AT ol AAEETE AdFS Fo F3E3 F7]d0] Fol FFA
s Hojx Al AzrHo Y wEbA SR Al AR =T ADFE AlFA 2] A
A ATl F/AEHAT A 7R 159 AT 12X11lmBE o AW AAHE B

= Hol FAAMNA & FAFE A T AAAYI AAEEE 12x11metal AZpE o)

at

F 77 AFA ] AR whE S 9 5

. a5 #H o 4 A= 1 =)

ZH)\]I::EIE J_;;g_ H L. _ ojgd;q . _ PN 2} P 2}

3 (UH/ (E;g- ﬁ OXO]- o3 = Jox ot ‘T‘Z_' 17H Zﬂ 1= ]
(en) | (em) )| (em) | (cem) G (cm) | (/) (g/) | (&) (ks/102) |

12Xx9 | 23.1| 7.3 | 8.9 | 14.2 0.6 4.7 | 39.3 | 257.8 | 7.3 b| 20.2 b*| 838 b | 100
1211|241 | 7.3 | 9.8 | 14.3 0.6 6.0 | 41.1 | 361.4 |10.7 a| 33.8 a | 1,487 a| 167

12x13| 215 7.8 | 9.3 | 12.2 0.8 5.3 | 40.9 | 390.6 |10.7 a| 29.7 a| 1,306 a| 147
26 .9 1,183
ab ab

133

12x15 | 21.2 | 81 | 9.0 | 12.2 0.7 5.3 | 41.9 | 345.1 |10.7 a

"Mean separation within columns by Duncan's multiple range test at 5%.
QY AFOE b,

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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b Av R
b AN glol] ARBAA Aol o AFAe AKH £ 5HL X 793

2ot AEAA 0 wE F A FA o] vs] A8 Aol Ao o] ol
A FS o 3|A8 AS A|stus iR XA 1,227~1,257kg/10a ¢ #X &

i

noth AWuEze FAsA ks Yo FYT FIA AWML A7t A% F
gkt

3E 79, FAAMA A=A Al o3 AFAe] S A L FF
2y | BT e I B qua | gz T | sy
T (em) (uH)/%— ?gcg (ﬁ(:i)% egxyoha] ?3;? o a1 = (‘;mz/% (g/]%) (kg/)IOa A
A [EWAE|221| 77 (109 a"[11.1 ab| 0.9 | 7.7 | 48.1 | 240.6 | 28.2 | 1,240 | 101
g (SN | 202 | 6.7 [10.0 a [10.4 ab| 0.9 | 7.2 | 50.6 | 205.6 | 28.1 | 1,236 | 100
Ge) [ g 7 [211] 72| 104 107 | 09 | 74| 293 | 2231 281 | 1.238 | (100)
Ay |FUAEE|232] 73 114 a (119 ab| 0.9 | 7.1 | 47.0 | 261.3 | 28.4 | 1,249 | 101
F O|¥NEA| 188 6.7 |60b|9.8b | 0.6 | 6.1 | 41.9 | 179.3| 25.6 | 1,126 | 91
Se) w7 | 210 70| 87 | 108 | 07| 66| 444 | 2203| 270 | 1,157 | (96)
s |9HAE 220 77 [98a|13.0a | 07 | 6.3 | 40.3 | 205.3 | 28.5 | 1,254 | 102
A |4 188 6.7 | 93 a|95b | 0.9 | 6.0 | 48.7 | 194.0 | 28.0 | 1,232 | 100
CW w7 [ 204] 72| 95 | 122 | 08| 61| 445 | 1996 282 | 1,243 [(101)
21 g 212 6.3 | 9.9 a[11.3 ab| 0.8 | 7.0 | 47.0 | 206.3 | 27.9 | 1,227 | 100

‘Mean separation within columns by Duncan's multiple range test at 5%.

s AT eE U

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).

REDAAA A g Ao A% 7Rt vld 43S HATH(ER0, L
d 81). 7IEAL A7t g Agro 23 5 duHe] zon FdsMnctE Uizt
o Aol Egrh AdlEe] Aw FAd vl 28y At Aen A ASHE
NS Ho] #7(1,056~1,108ke/10a) %= FA2](1,166kg/10a)0l H]3] FrAa=H AT o=

AleA AW Ads FH00 o v Felzta dgEo A 55 Aol

=
o
off
il
i
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Mre Sgste] AEsts A ergeita Az Wt

3 80. A FAAMA BELAAA Aol o3 AlgAe] S 54 L FF
- Z Bé e | 2oEE

SR R B AL %ﬂfﬁj ]| ) | G |erlon) 2
Az (HEEE isz'g 8.0b | 9.3 [14.1 abc| 0.7 | 5.9 |42.4|346.3| 26.8 | 1,179 | 101
"HE Jopal 814 [22.2 ab|7.7 b | 7.5 |14.7 ab | 0.5 | 5.2 | 42.7 | 306.3 | 26.4 | 1,161 | 100
(Ge) q 7 | 227 78 | 84| 144 | 0.6| 55 | 425 326.3| 26.6 | 1,170 |(100)
QAT [205b (7.0b | 7.4 |13.1 bc | 0.6 | 5.1 [36.3]2283| 252 | 1,108 | 95
A‘%SHS‘; FNE A 1194 b |7.7b | 7.4 [12.1 bc | 0.6 | 4.4 | 37.4|217.0 | 24.0 | 1,056 | 90
g7 | 19.9 73 | 74| 126 | 06| 4.7 | 36.8| 2226 | 24.6 | 1,108 | (93)
QHAE [23.0 ab|11.0 a | 9.0 [14.0 abc| 0.6 | 5.9 |41.6 | 377.3 | 27.4 | 1,205 | 103
7(153‘} FoMs)A 258 a | 7.3b | 9.2 (16.5a | 0.6 | 6.0 [39.1]326.3| 26.7 | 1,174 | 100
H | 244 91 | 91| 152 | 06| 59 |40.3| 351.8| 27.0 | 1,189 |(102)
el 19.5b | 8.1 ab| 8.0 [11.5 ¢ | 0.7 | 5.8 |43.1|324.9| 26.5 | 1,166 | 100

"Mean separation within columns by Duncan's multiple range test at 5%.

A d¥FeE Y.

*SCDSV means specific color difference sensor value(SPAD 502, Minolta, Japan).

a9 81, A=A Al o AlEA9 A
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AERAA B 4 AREE EBAE BT A3 AZekiel 4 GRS AL
A ek BAMAA 2.03~3.94ng/ks O ALAW 0.01~0.73ng/ke W IFE BEF o}
AR ke AEATE Fshe AT FHOHE 81). AePEe ALARIAE @

ARt Uit YA s £83te] o]&st= Aol AlgA AEAUY F4dte
F(0.73mg/kg) o] Bkom, FAjujolM = FHAdEToRE AEA Y| FHH(3.94mg/kg)
o] ottt

¥ 81. FAAA] AZvkE A2l o3 AlFX2 AU i

T 718 A vl = Al
WA (mg/kg) 0.01 3.94
A H A E 4 oF W 3] A (ng/

0.73 3.35

A2 vbs kg)

ol 8] A (mg/kg) 0.30 2.03
37 — E0E

Al AT A=rkEe] FE0 W5 43S nGon ALAMRE B
J'

O 4Rl weton guiEsh FANNS £8392H LodwkeOE 7Y BUTHE

ot

82).
¥ 82, FAAA] A gl 3 AlFH] A FqHF
T = 718 A vl Al
AT (mg/kg) 0.01 0.98
W S AL + ok o 3] A (mg/kg) 0.23 1.04
= Y=
&l 8] A (mg/kg) 0.86 0.12
g - E1E

71Eqte] A9 AB2vkgeld Adwe HEAWe S 9}% 2] A 7lel whet A
=AW Fedids 2 Afole (e, AsAs FhEY, SA M= 3

rr
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U EAES Wass A AFA Gulel F5Fe] WATHE 83). ol ge] ¥ A 2
B}E EdE YERYAA B AWt F5, AMAIER gl e Ao
Buso] o o WM FF FRF AR BEste] Fd ARAL ATHEL
o]l Aol B Ao Aztert

83, FAAA F|BEAA g o g AlFA 9 AU THF
T 718 A vl = A vl
AHAE (%) 0.21 0.08
e %E?E+%ﬂﬁﬁ@@ 0.18 0.10
FA3A (%) 1.13 0.11
A4 - EHE

of, FAAA] ZA FALLo WE A|FX 9 AH

D As 2 g

g $AAA 29 goend me A3Ae) 4% 543 9 BH34L T
A3 A=Aulo A Zdlo] vlwA Zsk ‘FHFET o ‘TPE EES oLt EAE S
B Ede] 128F° S H(THEHM)S ST F 7H0) T AaA] FAE 49 3F5H]
T MBUOAA WA 0] B4 WAL T T0% AL D A
oA SEate] AnHfst3d HA1e] 2ol wel 19 13 Faas

i i3
FH
5
M K
&
ok
iRt
flo
jus)

ob
<)
2
Ho
ko
i
AC)
o

2
fu

G FultfH AlFA HEFH(N-P-K-Ca—Mg=8.9-1.0-5.5-2.1-1.0 me/ ¢ )2
2 Fasg 44 ARA 284 BUEFNFT- DEHoR ~E2F WEod 30m
Aoz ARG AFA AN B iU A% LRSS

w7] 93 165m'% oo} ZF(TCS—700S, Paru, Korea) 1t& A Xl Ajuvjslodct.

AARE FE77kA] e ZEo] LxxHES 98] 3-2>4%7|(Vision Scientific,
Korea)E& ©o]&3l3lth. &=A2& 19Ce 22TCT=2 FAHEE Ugu|2 gd& dAdyle|2 &

o1 FAFUl =BAWA AuSAth FA, 22CE AFH AA5EE 0§ BALE
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3 85, FAAIAl AlEAY] 2 g 2% AEd wE 19 &% ¥} v
Rl 19°C 29°C 2R (C) | B9z L%(T)
07:00 19.8 21.7 25.6 24.4
08:00 19.8 21.7 25.5 244
09:00 19.8 21.7 26.7 24.8
10:00 20.2 21.7 27.9 27.1
11:00 20.6 22.1 30.1 26.7
12:00 21.0 22.5 28.6 28.7
13:00 21.0 22.5 27.6 26.7
14:00 20.6 22.5 27.7 26.0
15:00 20.6 22.5 27.1 26.0
16:00 20.6 22.5 26.9 26.0
17:00 20.6 22.1 26.6 25.6
18:00 20.2 22.1 25.6 24.8
19:00 19.8 22.1 24.6 23.6
20:00 19.8 21.7 24.0 22.9
21:00 19.4 21.7 24.0 22.5
92:00 19.4 21.3 23.4 22.5
93:00 19.0 21.3 22.7 21.7
24:00 19.4 21.3 24.2 22.9
01:00 19.4 21.3 24.3 22.9
02:00 19.4 21.3 25.2 23.6
03:00 19.4 21.7 25.0 24.0
04:00 19.4 21.7 24.9 23.6
05:00 19.4 21.7 25.1 24.0
06:00 19.8 21.7 25.2 24.0
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(em) |(WF) | 57¢ | 569 H = nox | () | (%) | V| 1& | (kg/10a) | A
TG | Gony | F| (o | o | @D O OB e | 1 "
19C [18.0 a*| 7.0 [7.3 b| 10.7 0.7 4.4 ab| 33.1 60.3 15 [4.0 a| 16.0 | 704 a | 143
22C [19.3 a| 7.0 |83 a| 11.0 0.8 5.0 a 32.7 | 72.0 15 [5.1 a| 20.4 | 897 a | 182
22 [14.3 b| 6.0 |5.8 ¢c| 8.5 0.7 3.9 ¢ 44.3 | 72.0 20 |12.8 b| 11.2 | 492 b | 100
"Mean separation within columns by Duncan's multiple range test at 5%.
QP APFOR s,
*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
T 87, FAANA 29 Golene] e AFA BE FEe 4% 54 2 5
_ A u 4 N A
_ =z} o 2= o 1 &) ZFqu% Z~gk Z~gk
Ag | B HL T e z iy oy 3 ESR PSRN A
(em) | (2D | B | 98| o A3 mex | e/ (%) | VW | 1& |(kg102)| A5
e | oy [FE ) [T @ | @ B
19C [17.7 a*| 8.3 7.5 1 10.3 a 0.7 4.9 | 54.8 |133.0ab| 10 9.1 a [34.0 a|1,601 a| 146
22C |17.9 a| 8.7 8.9 9.9 a 0.9 6.0 | 56.8 |174.6 a 10 [11.4 a|45.6 a|2,006 a| 183
EA8 (144 b| 7.3 7.4 70D 1.1 4.9 | 53.4 | 96.3 b 15 6.2 b {24.8 b[1,091 b| 100

"Mean separation within columns by Duncan's multiple range test at 5%.
Qg Ao b

*SCDSV specific color difference sensor value(SPAD 502, Minolta, Japan).
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w29 A F57E wokth Kok Mgol ol 5= AAF 25
7b iAo wokal, BAF 277 BHAHUA AFA ] G5t F
Aol FAstHA FA el wls) 19T 22C7F o B2 AW & o
T& 3t Cad A9e AFAY A5t Fkeke A

L7t Fol FEEFVE Be FAeA 19T 22Tl wa] wwA F7F Bkth
POs—P9 A4+ 19CHT 2&7} %L 22T FAH oA 871704 #53] o B2 &
FE BT o) AnE AETNFY 2R w2 FAYAE N9k K, Mgl F571
19°CeF 22°Cell Hl3) Aoz vrol FA oA s AFo] Faos HolA i AlFA]9]

shelol Fah3gol vehd Aoz Az Teln 99 Aol AN BHE EFY 7
69 Sheol AA HFI BFo el Gl FFAl AskA ekidl ol &
sl gz wE el erzde] 6Anths 99 JlgEde] AFEA e Akl
el g8 Ao AzEth WA shgal AR LEe s (23)eEete)
A FH TR Bastin Az,
E 88, FAANA 29 Fewe] W AFA QU] B FHES  BehE)
A 1 T—-N P;0s K20 Ca0 MgO Mn Fe Zn
(%) (%) (%) (%) (%) (me/¢) | (m¢/2) | (mt/2)
19C 2.9 0.8 3.6 0.4 0.8 28.0 46.1 110.8
22C 2.9 0.9 4.5 0.7 0.9 26.9 111.0 89.4
A 2.4 0.8 3.5 0.6 0.6 25.8 77.4 90.2
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Okanagan Lavender

4380 Takla Road Kelowna,

Andrea McFadden

250)764-7795

Herb Farm B.C.VIW 3C4 Canada
Kelowna Land & 644 barnaby Road )
Raven Ridge 250)764-1091
Orhcard Kelowna, BC VIW 4A6

1125 Richter Street

Calona vineyards Manager 250)762-9144
Kelowna, B.C,
Summerhill Pyramid 4870 Chute Lake Rd
) Manager 250)764-8000
Winery Kelowna, B.C.

Agri. and Agri-Food

Canada Res. Centre

Dr. Valerie Stevens

Dr. Victoria Brookes

Pacific Agri-Food Research
Centre P.O. Box 1000-6947

Dr. David Raworth

#7 Highway Agassiz, B.C.

Dr. Sheila Fitzpatrick

WOM 1AO0

Dr. Grant Kowalenko

Dr. Tom Forge

Dr. David Ehret

604)796-2221

United Flower

Growers

4085 Marine way, Burnaby,
B.C., Canada V5] bE2

Henk Grasmeyer

604)430-2211

BC Greenhouse

Growers' Association

108-7565 132nd St., Surrey,
B.C.

A. Gaddy

W. Cheuk

604)519-4580

University of British

Columbia

The University of British
Columbia 6331 Crescent

Road Vancouver, B.C.

Dr. Murray Isman

604)822-4782

Dr. Jorg Bohlmann

604)822-0282

Fishers Blueberry
Farm

9351 No. 6 Road,
Richmond, B.C.

Bob Fisher

604)277-6681

Ravenhill Herb Farm

1330 Mt. Newton X. Rd.
Saanichton, BC

N. Rechardson

J. Cameron

250)652-4024

Phil's Farm

6080 Oldfield Rd. RR#3,

Vistoria, BC

J.P. Christensen

250)652-2264
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3. AT TdATE WELA

9:00
9:10-9:20

9:20-9:40

9:40-10:00

10:00-10:30

10:30-11:00

Student Tour(South Korea)

Agriculture and Agri-Food Canada Research Centre

Agassiz, British Columbia
9:00 - 11:00 am June 22, 2005

Welcome: Dr. Valerie Stevens, Research Manager

Weed Identification

Victoria Brookes, Biologist, Pesticide Risk Reduction and Minor
Use

Aphids and Blueberry Scorch Virus

Dr. David Raworth, Research Scientist, Small Fruit and
Greenhouse Vegetable Insects

Integrated Pest Management of Berris

Dr. Sheila Fitzpatrick, Research Scientist, Berry Insects
Environment Field Tour

Dr. Grant Kowalenko, Research Scientist, Soil Biochemistry and
Fertility

Dr. Tom Forge, Research Scientist, Soil Ecology and Nematology
Field Vegetable Research

Dr. David Ehret, Research Scientist, Greenhouse and Field Crop
Physiology
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Okanagan Lavender Herb Farm Kelowna Land & Orhcard

Agri. and Agri-Food Canada Res. Centre
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Dr. Murray Isman Dr. Jorg Bohlmann

University of British Columbia (seminar)

BC Greenhouse Growers' Association

United Flower Growers
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Blueberry Farm
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go] AH8(144%) - wiAl — 44

& ¥4 0 EC 1.5dS/m

A=A (TN EC : 24dS/m)

NH,~N(16me/ ¢ ), P(4me/ ¢ ), K(12me/ ¢ ), Mg(4me/ ¢ ), Ca(dme/ ¢ )
23X EC #4¥] @ 3.0dS/m
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*“Spray opponents scek UN’s help”
Citizens® group claims program
8 *human crop-dusting experiment®

¥ Anti-spray campaign paints risky picture”

Do we have to wait for an
aulopsy before we have proof?

Dr. Murray Isman
Agricultural Science
uBC

e “Spray causes fear for water supply”
Precautions urged to guard watershed

"
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“Reduced Risk” Insecticides

Reduced impact on human health and very
low mammalian toxicity

Displaces chemicals of concern te human
health

Reduced effects on non-target organisms

* Reduced potential for contaminating
groundwater

Lower potential for pest resistance (e.g.
novel mode-of-action)

High compatibility with integrated pest [Tjgc
management [f’“
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Reduced Risk” Insecticides Long-established Botanical Insecticides

i * Pyrethvum (Chrysanthemum
cinerariacfolium)

1 * Microbials, e.g. Bacillus
1 thuringiensis
* Insect growth regulators
(biorationals), e.g. methoprene,
tebufenozide
| + Botanicals, e.g. neem, essential oils
* New chemistries, e.g. spinosyns,
imidacloprid, fipronil, indoxacarb

d Rotenone (Derris elliptica, Lonchocarpus
species)

* Nicotine (Nicotianu and Anabasis species)
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: Nicotine

{ Recently Introduced Botanical Insecticides ] T
Source: numerous countries M CHy
Active ingredients: alkaloids (3
compounds), concentrates contain up to
40% alkaloids
i © Mode of action: synaptic poisons —
acetylcholine mimics
Pesticidal action: contact/knockdown
Rat oral LD,, = 50-60 mg/kg, equally
toxic via dermal exposure

* Neem (Azadirachta indica)

%) * Essential oils various including
| Eugenia, Cymbopogon, Thymus,
Cinnamomum, Citrus)

UBC
* T, =1-2 days out of doors s@e
o Pyrethrum
?

Source: Kenya, Australia (Tasmania)
Active ingredients: pyrethrin esters (6
types), oleoresin contains 20-25%
pyrethrins

Mode-of-action: axonic poison (Na*
channel)

Pesticidal action: contact/knockdown
Rat oral LDg, =260 - 600 mg/kg
(pyrethrins in purity), 1500 mg/kg

AT Tis.
o
P et

!‘_ '.;?ﬁ:

014

¥
b

Ly

¥

;: (oleoresin) . . gisc
133 * Ty, =4-6 hours in full sunlight o
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Azadirachtin

Neem

Source: INDIA, Australia, Central America

Active ingredients: limonoids (2 major
ones), technical concentrates contain 10-
25% ‘azadirachtin’

Mode of action: ecdysone antagonist

Pesticidal action: insect growth regulator,
antifeedant

Rat oral LDy > 5000 mg/kg
T,z =1-2 days in sunlight

Some Plant Essential Oils
and Their Major Constituents

2]
i Name Plant species Major constituent(s} &:‘
1 anise Pimpinella anisum truns-ancthole pias
cloves Eugenia caryophyllus eugenal
1 cucalyptus  Eucalyptus globulus 1. 8-cineale

lemon grass  Cymbopogon nardus citronellal, citral

&
%

pennyroyal Mentha pulegium pulegone 5
thyme Thymus vulgaris thymol, carvacrol ;3;
& £4

5
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Plant Essential Oils

* Source: worldwide (fragrance/flavoring
industries)

* Active ingredients: monoterpenoids,

4
%y

AL A

el

concentrates contain 5-30% actives & \ S s Mage Fien
* Mode of action: octopamine antagonists h;: o
+ Pesticidal action: cdntact/knockdown t& ECOSMART
- Rat oral LDy, = 800 - 3000 mg/kg (pure < Technologies
compounds) a4
* T\ = 1-2 days out of doors gggl ,.i;"f UBC
Current costs: Sources for New Botanical
botanical active ingredients Insecticides
Insecticide % active USS per kg d » random screening of Meliaceae
{source) Lreeients * wood waste, bark from tropical
Pyrethrum 20 45-60 timbers
4y (Australia, Kenya) * waste products (seeds) {from edible
Neem 10 125-200 fruit :
- (lndua)‘ . * traditional plant preparations in
Essential oils 90-98 10-25 local use
(various) UBC]
&
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Plant spacies
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Melia toosendan
(syn. M, azedarach)

.‘_,.,..
ST AT

B
&

o T
ity

LR

0%

Hiad:

51

Sentang (Azadirachta excelsa)
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Benzofurans from Aglaia spp.
3 OMe

OMe
* ma ReCONICI),  Rocaglamide
A e . R=CONHCH,  Desmethylrociglamido
B s R=COOCH,  Mothylrocaglsle
1 - = R=H " Rocaglol

128C
» ) ’—-—'
Ishibasbi et al., Phjtochemisty 32: 307 (1993) \_/
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Annonaceous acetogenins Geographic variation in poteacy of Annona
squamosa seed extracts to Spodoptery litura
w (Lealemia & Isman. Phytiysaraniica 2004}
PN @
el o " - B
Custard apple, Aunona reticulata °
d Sweetsop, A. squaniosa o 2 »
Soursop, A. muricuta annanicin €3 w 3
Pawpaw, Asimina trilobu E H '
. [ 5
-\ et 1 | 9
e \(VC\‘C\T“V‘.'MZL/(I" g 1o | B 4 w
.. = " J ’ i .
. 0
o asimicin e L
B U Negeri Lamn 2 Bacugnatung-a3 Semarang 4 Tantui
r_-.u’£ § Batugantung-b 6 Blara 7 Latulalat 8 Kudama £
? 9 Kate-Kate 10 Namilen {all secds collected 1996) w

e )
=

Aanual variation in potency of Aunona squamosa
seed extracts to Spodaptera litura
{Leateria & lsman, Physopuwrininea J0H4)

Isobutylamides from Piper spp.

=< W 1

£,

L
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P

s o
g ¢ @ o Piper aduncum
ﬂ‘ 5 s 5 = pipercide
'éq - --:3
SR {
A GF w i Piper nigrum
'g ]
3 ]

Vi

N96 N9 N9 B-9% B9IT B9 BY

(S
-

o

N = Namlea (1996-1999)
B = Batugantung (1996-1999)

G

ellow azalea
Rhliododendron molle

Crude Tall Oil

African marigold
Tagetes erecta
contains thiophenes
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Barriers to the development of
new botanical insecticides

* Resource
availability/sustainability

b . Stability, standardization and

quality control

i * Registration (toxicology)

Summary
+ Most botanical insecticides have low
mammalian toxicity, at least in the forms in
which they are used. With few exceptions they
are safe for the user and the consumer

Botanical Insecticides degrade rapidly in the
cuvironment

BUT, owing to cost and efficacy considerations,
botanicals are unlikely to displace synthetic
insecticides except in applications where
human and environmental safety are
paramount

UBC '

murray.isman‘@'ubc.ca
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Genes & Perfumes:
Floral Scent and Indirect Defense

Gene Family Tree

Structural Diversity of Selected Plant Terpenoids
Plant Chemicals

Terpanolds = Terpanes u isopranoids @ g .@ \?fr Q{)E ]
w0 st e g %?f 5

h' P
diterpenes 20 sbletic acid, taxol, gibberellins | AR aﬁ*“{sn’ Diterpanes,
Monotsrpenes C10 7' - Resin Acids C20
triterpenes 30 brassinostergids K
fetraterpenes 40 carotenolds
polyterpanes nx5 aatural rubber
/
Floral Scents A w
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floral scent emissions
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New TPS genes (terpenaid synthase) from Snapdragon

5 e
e s § == .
4 e — Etatatl
- r—y =
s e I =
Skt i e gaten '
5 PN
=== /
\ ———
A A } faaty
—— ) v
———— - Cha ey
==\ Al
L b drr—
[, { fmaredy
el T
PTG, |
- - &
=== X b T
: Yot . —
Fe———— =
n 0
fo .
" mtsn b e
' i =t
i
pleera
!
— '
S e
= ra—
= =

Snapdragon floral scent. genaes L
encode TPS enzymes
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Tissue specific TPS gene expression for floral scent
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Flowers:

Floral scent genes (TPS) make
perfumes for the attraction of insects,

TPS genes control chemistry,
time, and place of rhythmic emission

Perfumes in trees?
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Direct Defense

Perfumes in trees:

Function in indirect defense against insects.

¢'°l‘l"lﬂ=lld*ﬂﬂ Dalense; Tritrophic Defense Headspace Collection of Systemic Volatiles

FTC Induced Systemic, Diurnal Volatile Emission in Poplar Leaves
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Systemic FTC-Induced Transcripts in Poplar Leaves

Herbivore-induced, diurna!
foliar scent emissions

Scents Make Sense

Develepmental, diurnal
floral scent emissions
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