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Development of Production Technology of High Quality
Stable Production and Control of Bacterial Soft Rot of
Chinese Cabbage in Alpine Region
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SUMMARY
1. Development of Growth Control Technology for Producing High Quality of
Chinese Cabbage in Alpine
This study was performed to find out the optimum concentration of diniconazole
on growth inhibition of Chinese cabbage for the summer production in the alpine
region. Seeds of Chinese cabbage (cv. 'Kangruk Summer’) were sown in 162 cells
plug tray and seedlings of 25 days were transplanted in pots and field. For
investigating the proper concentration of diniconazole (5% wettable power) in pot
test, three different treatments (50, 100, 500 mg - LY were given. Higher dosages
(100 and 500 mg - LY) inhibited leaf growth and thus 50 mg - L' treatment was
considered the optimum concentration. Numbers of leaf treated by diniconazole
were increased (8-10 leaves) compared with the control. Diniconazole 50 mg - L™
application reduced the head height up to 7-10cm without influencing the quality
and yield. Top fresh and dry weights were increased by diniconazole treatment at
harvesting time, meaning improvement of growth. Glucose content was higher
than frutose, especially showing higher content in lower part of leaves than higher
part. The content of sucrose was undetected. Diniconazole application increased
firmness and cutting force compared with the control. Residual contents of
diniconazole soon after application were detected but not at 40 days after
application. As a result, the proper amount of diniconazole (5% original sum) to
regulate excessive growth of Chinese cabbage during summer season without
decreasing marketable yield seemed to be 50 mg - L' with application frequency of
1-2 times at 20 days after transplanting. This study was carried out to obtain the
effects of treatments of diniconazole(5% wettable power) on the characteristics of
growth, especially, leaf-morphology and cell arrangement in chinese cabbage.
“Garak” and “Duck-Sung” chineses cabbages were used. They were planted in the
162-cell of tray, for 25 days, then were transplanted the experimental pot(diameter:

17cm). The concentraion of treated diniconazole were followed: 0, 100mg - L' and



1000mg - L', The methods of treatment were sprayed on all of the leaves of
chineses cabbages; the first treatment was performed on the 5th of March in 2003.
a week later, after transplantation. And the second was done on the 10th of
March in 2003. 5 days later, after the first treatment was carried. In order to
examine the cell arrangement, twenty randomly chosen cells per photographed
section were measured for cell width and cell length. According to the results, the
comparison of amounts of chlorophyll a, chlorophyll b among non-treatement and
treatments of diniconazole was higher in treatment than those of non-treatment,
by increasing the concentration of diniconazole. In comparing the cell width and
length, the cell width of non-treatment was 42.8um and the length of
non-treatment was 65.5lum. On the other hand, those of treatment(100mg L")
and treatment(1000mg - L") of diniconazole were observed like this, width;
23.153um(100mg/L),  24.29um(1000mg/L) and length;  74.457um(100mg - L),
63.85um(1000mg - L™'). This study suggest that the treatment of diniconazole
retards the growth of chinese cabbage and made their leaves more thicker, dark
greener than those of non-treatemnt. Also, in comparison of cell arrangement
among treatments and non-treatment, those of treatments(100mg - Lfl, 1000mg -
L") are more denser than that of non-treatment. Leaf blade of treatments of
diniconazole showed loosely packed larger mesophyll cells and non-treated leaf

showed tightly packed and smaller mesophyll cells.

2. Development of Control Technology of FErwinia carotovora subsp. c¢
arotovora of Chinese Cabbage in Alpine by Using Ecoenvironmental
Agricultural Chemicals.

Bacterial soft rot by Erwinia carotovora subsp. carotovora is one of the diseases

causing the biggest damages in Chinese cabbage cultivation. This study was

conducted to evaluate disease resistance of Chinese cabbage cultivars and breeding
lines to E. carotovora subsp. carotovora by new inoculation method, mineral oil

inoculation method, inoculating 10 m¢{ of the mixture (4:1, v/v) of bacterial



suspension and mineral oil on the central bases of Chinease cabbage seedling.
Total 43 Chinese cabbage cultivars and lines obtained from 3 domestic seed
companies and universities were screened for disease resistance using the above
mentioned inoculation method. This screening test showed that Chinese cabbage
C3-26, (C3-28, (C3-29 and C29-51-51-53 lines were resistant, Gangta,
Gumchonyealgali, Mini, DB50, Jibu, Pyungchng, Sanchon and Yellow King No. 2
cultivars were susceptible, and the others were moderate resistant.

Chemical screening was conducted to select effective agents for controlling bacterial soft
rot. Control effect of antibiotics, plant activator, and Biokeeper (avirulent Erwinia) to soft
rot were tested by in vitro assay, nursery test, and field experiment. The in vitro assay
was done by paper disc method and potato slice method. The nursery test was performed
by using mineral oil inoculation method with consistent disease induction. The in vitro
assay showed that streptomycin, oxolinic acid, bronopol, and copper hydroxide significantly
suppressed the growth of pathogenic bacterium and the decomposition of potato slice.
However, plant activators including acibenzolar-S-methyl did not show the suppressive
effect on the growth of pathogenic bacterium and the decomposition of potato slice. When
applied by the nursery test condition using mineral oil inoculation method with Chinese
cabbage ‘Kangruckyeurum’, Biokeeper, oxolinic acid, antibiotics streptomycin, validamycin,
and copper compound provided 83.5%, 95.2%, 91.2%, 57.5% and 79.9% in control efficacy,
respectively. However, the control effect of acibenzolar-S-methyl showed to be low to
cause phytotoxicity. Also acibenzolar-S-methyl showed a significant control effect in the
field experiment with Chinese cabbage ‘Sanchon’ in 2000, but the field experiment with
Chinese cabbage ‘Kangruckyeurum’ in 2001 revealed it had phytotoxicity to Chinese
cabbage. Such a difference was considered to be caused by differences in phytotoxic
reaction of Chinese cabbage -cultivars to the chemical. Streptomycintcopper, copper
hydroxide and Biokeeper showed 79.7%, 71.9% and 60.9% in control efficacy, respectively, in
the field experiment with Chinese cabbage ‘Sanchon’ in 2002.

3. Development of Sustainable Fertilizer Application Technology for Production of
High Quality of Chinese Cabbage in Alpine.

The investigation was conducted to find out amounts and ratios of N, P and K

_10_



fertilizers applied on summer Chinese cabbage in 58 farmers’ fields of highland
area. The application levels of N, P20s K30, livestock manure and lime fertilizers
were 444, 183, 390, 9,920 and 2,160kg hafl, respectively, for summer Chinese
cabbage. The ratios of basal dressing were 48% in N, 46.6% in K:O. The
frequencies of top dressing both N and K were 1.7 times. The kinds of compound
fertilizers were in the order of 11-10-10+3+0.3 > 11-6-6+4+13+17 > 12-9-11+3+0.3
in basal application and 18-0-18+0.3 > 13-0-13+1+0.3 ) 18-0-15+0.3 in top
dressing. The average contents of available phosphorus and exchangeable
potassium were exceeded as compared to those in the optimal range. But
exchangeable calcium and magnesium contents of Chinese cabbage soil were
ranged in optimum levels. From the surveyed results, we could estimate that total
4,347 tons of N, P:0s, and K.O fertilizers were over used for summer Chinese
cabbage by farmers in highland. Recommendation of N Fertilizer for Chinese
Cabbage with Application of Poultry Manure Compost in Highland: The purpose
of this study was to establish a model for recommendable application of nitrogen
fertilizer based on soil testing and to investigate its reduction amount for summer
Chinese cabbage. A field experiment was carried out according to various nitrogen
amount in highland sandy loam soil with poultry manure compost. The maximum
application amount of N in poultry manure compost plot(291kg hafl, resulted from
the maximum yield) was 0.87 times as much as that of non-manure plot(335kg
ha!). To reach the maximum yield of non-manure plot, appropriate amount of N
for poultry manure compost plot was 174kg hafl, which was 0.60 times of the
maximum application amount. New recommendation equation was established by
adding the calculated application ratio to the existing equation for lowland. With
regarding to the average soil condition (organic matter 33g kgfl) in highland field
for Chinese cabbage, the application amount of N was ranged from 215~12%g
hafl, which means that 32.8~59.7% as much as current application amount of N
fertilizer could be reduced. The soil available P2Os at bulbing and harvesting stage,
contents of N-P-K in stems and leaves at harvesting stage, and absorbing
amount were increased with such application of N that resulted from the
maximum yield in poultry manure compost plot compared with non-manured one.

In particular, use efficiency of N increased more than 10% by application of

_11_



poultry manure compost. Effect of hairy vetch(Vicia villosa Roth) sod culture on
Chinese cabbage in Highland: This study was conducted to find out the effect of
hairy vetch on soil conservation of hillside field and providing of green manure to
Chinese cabbage. Hairy vetch was seeded before planting, 15, 30 and 40 days after
planting and right after harvesting of Chinese cabbage. Growth characteristics of
Chinese cabbage and hairy vetch in each treatments were investigated. After
cutting, hairy vetch was provided into the field of Chinese cabbage as green
manure. Conclusionally, seeding of hairy vetch before planting of Chinese cabbage
was the most effective on soil conservation, but this treatment showed decrease of
yield because it affected growth of Chinese cabbage. Seeding of hairy vetch at 15
days after planting of Chinese cabbage was not affective yield of Chinese cabbage
and showed decrease of 74% soil loss comparing with bare land. And this
treatment was most effective on providing green manure as fresh weight 64.5ton
ha ’. Providing of hairy vetch as green manure showed similar growth to
conventional culture without adding chemical fertilizer at 15 days after planting of
Chinese cabbage. So seeding of hairy vetch at 15 days after planting of Chinese
cabbage and providing as green manure to the field is very effective to cultivate
Chinese cabbage for conservation of soil and reduction of chemical fertilizer

application level.
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H 3 & djgdsd s 2 A

A1 A

AE AA st ok A o E8FE 2000 ol 11,000hacl Al 427,000 Eo] A4k
HAa, 2 T FEzolA 320,000 =o] ArtEe] A= HAkEe] 5% E At 9l
of, dlF3 7S WiF FE S £-se T 95 st ATCEESH, 2000)
al ey A

AEA Y Y AAVIEREE Fopt £%x A (Erwin 5, 1989)% SR %A

(Erwin?} Heins, 1995)e <3t Ald W, A=AE &£5°] T Z(Latimer®t
Thomas, 1991)¥ 22 E214d Ww, AFAAAL A& (Gilbertz, 1992; Kacia, 1997)
I e gty Wy Sol ) 38d W T2 triazoled] o] AEEH = o

u] triazoleA] &3&-2 gibberellin(GA) &4 7oA monooxyganase inhibitorZ
“gste]l GA A el Hase] A=A Aol gAldnt. Triazoledl =429 &
=+  paclobutrazol, uniconazole, triadimefon, triacimenol, diniconazole,
tebuconazole, etaconazole 5 °] 2™, ©] ¥ paclobutrazol, diniconazole, uniconazole
o] A EHrF Hold HoF deAH dthH(Hamada &, 1990; Gilbertz, 1992).

TriazoleAl AFxAA = stdoly #3-8 83 7o A4S

(Davis &, 1988; Million &, 1998; Newman¥ Tant, 1995). 3% Kim %(1998)2 I
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B o] Zu]F S Hol triazoleAl 9] EZ 2 difenoconazole(¥EH @ F=2A)S A3

o FE A% vAE &S B A, plug B9 RS FASA FoEA B

o A 2 oly ol Aey Pyl wRAYL nurh vk AA] wAA oI5
A A HE A QA AN triaole $X& AFgso] WFe] A%

_%_

ol& AlEsta vk 2y AwiErtE diiiEe] oF 127
of 87 AS HEA triazoledlFe] S FaEEsA Axsta e Aol
HAAGse o]dos AEdS A AEAY A4l AFo] EVlssty o] A
stAV Fdo] "ol FAAME YEAL glo] ko R triazole EHol O
Ags=et A7), 3, aea FREEd g A7 dasith wepa 2 AT
M @A AEuFe Y F4H aEFHIE fete  trhazoled EHQ
diniconazoles ©]-&3ate] HjFo] BFRESE | F4 54 F9ysta, AAF

T, AP 9 ZAFEE Fystax S

HE
ia
Lo
£
iy
s
i

gedol A FAHPTY. FAFTS DHAFMNF (T FETH)E A
AGxdE Ze1a Edold 3% 5 2594l 27 9em PE potoll A 2ste] Ajulst
. A A= diniconazole(Y#FH RIVE] 5% F3HA)S o] &3tA o FLEAE =
AAE 71F o7 Fhe] 50, 100, 500mg - L' %= pot o)A & 5ARe] 13 A
Z stk ofAlAE ¥ 10Y€ Ao ® 33]o AA 4F, A, BATHAH, Aot
), AEEE Abe A Th
Adxde=d A7 44 F A5 9 1] A
Diniconazole *12]7} aied#] of Fulj 52 A5 2e Ao FHo vA= 9IS
Tyl s8] 20009 6€ 149 FH 2001 10€ 309714 A5 UEdu A2 te
Al A g7 Aol FREEAT SES A As2AA T 2ol A" A

| 1627 F22 EdolE AMEsdth sAlEES AEHAFIMF(E

e

(
i

]

s
=2
rr
o

off
ofN
Etl
i
>
%
_O‘L
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ste] Atk 424 & 1593 259 23]o] AA diniconazole

CFEW AYe) 5%53AE 50mg - LR guAE stk kAAY F 109 H4

o7 33 AA 24, AATEHATF, AdH), DTS AR o]5e3 SA4&
A7 et7] flel 9 ¥, 9E54A T, Ao dud

A= dyy guk o7 Fdon EA AT E SAS Program(ver. 6.12, SAS co.)g ©]

&
=
w
(@)
e
=
Ho
o
o]

o

Am ZAe WF A9 1/3( L, leah)®t 2/35-2(F#, midrib)ol A 2cmZEF o=
dAaste] 54 Ty & 240 AMEe A =3 FEE Kims (200009 4 W
Hell mpe} S 7] HozRY WA 1/4d sldste= TS5 (h), midrib)FiS
HAste S48 AtH(Fig.1).

Leaf

Midrib

Midrib for texture test

Fig. 1. Diagram of leaf and midirb of Chinese cabbage used for analysis.

52l A= Lee 5(1988a, b)e] WHel #sto] sttt AlE& 3xdem A7) =
A, AHAE AsE B 7(EZ-Test, Shimadzn)E AH&3te] A3t

ST A2 AL table speed 0.8mm/s, chart speed 2mm/s 1ow AokA o
= 7249y 9341, A= A4 3mme] 93 g31S AE F B4

gell Al dEstAl A Als 10gSs Fdte] &4 - AFsHe 0.45um

AN

i
4o
oz
1
S
Of
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membrane filter® ]33 3 HPLCE A}83}9] sucrose, glucose, fructoseE #7243}
Stk HPLCO Algx7H o= columns Alltech 700CH carbohydrate column, column
temperaturei= 75°C, mobile phase= 2} 5HF, flow ratei= 0.5ml/min, detector=
RI detectorg 7t7} o] 438t th(Hong 5, 1998). H &4 42 w59 94S AA
i, 7 HA QPSS o] &ste] R dEA S FASATE A - A T Est
Al Z+7y 45gS FH 3 dimethyl sulfoxide TmlE Y3l 65Col Al 2A)7F FeF =4S
v T¥EEAR 645nme} 663nmel Al S sk

=
& gFe ted 2o How A

o
i

Chlorophyll a = (12.7%Asssnm) ~  (259%Assam) +  fresh  weight(g) =+
1000x10

Chlorophyll b = (229%Asisam) -~  (4.67xAeszam) +  fresh  wetght(g) =
1000x10

Diniconazole ZHH2 EAo w3 A8 20go] whal NaCl 3g¥ acetonitrile 100ml-&
volume flaskell ¥ FE3to] YA st dAwd & A5ds 42T 1332
FZol A s =3 5 hexane®t acetoneS 7302 E¢d £ 2mlE £33}
€3 % 1g florisil cartridge®] n-hexane 2ml® %% % hexane®} acetone F&H O

2 &&4

=

7)31 7 PE5=3t] hexane®}t acetone £ 2mlE £3A 7= AAE
AE AF & gas chromatography(Crompack GC 9002)2 #A1&tvl. EAxAL
detecter ECD, injection temperature 2807C, detector temperature 310C, oven

temperature 130TCo|A 2% HE T 280C=E 1A

AgxHEH9 A AYse 78

Diniconazole =% Ao W& J&L Fig. 29 2o A7 F 104 AHg+¢

el A v =g ASS Bel FAA FA7F A8 EHA FRoy, A5UE 4
= diniconazole Aol Fe] AFo] JAH= AFS WEAAT AP F

30dd EFe 9% 155em vl 3 diniconazole 500mg - L A& T <37l 10.3cm

2 7} #<9k3l, diniconazole 100mg - L' 257} 10.8cm, diniconazole 50mg - L}

_27_



A8 T7F 129emZ diniconazole A& 77} thZzFo vl =F o] #E Ao=E e
t}. 18 diniconazole 100, 500mg - L' g Fol A A=A iadito] el
A4 FEE 50mg - L'7F ol A el Aow #FHIT olg 2 A Ko 5(2001)
ulj ol A, Noh 5(2001)2] Ze} &8bAjufol Al diniconazole *EAl F%=7F =&
T5 3t a7t SUFe Atk Baek dA stk ol a7l i F SEA] A
7b Han e AR Ald 2 Ao gRlHAY. dae A § 209 A
= HIRE A F7tske AEFS BIou, Ag § 30LelA dixzare 57t 13 =
7} A 93, diniconazole 50, 500mg + Lol A1 20w}, diniconazole 100mg - L 'el A} 23
"l 2 diniconazole X 7oA AF57F St AS & & AJ K (Fig. 3). ol &
A= fAaZe BaAeA] dstasE W] 918 diniconazole 80ppm ~320ppm<
At A3 #%27F =575 997 Bdvh= Noh (2001)9] H st A ZA3E
bl ghHel] Yoo 5(1999b) H& - H x4 daminozideE 1E == A

Lo

A

>

2 S
A e A7 A 2AE BHudAT o] triazoled] ERO FH9 A E&AE
of wel o Aol7t YE= Ao R AR EojA ™ diniconazole A # Al A7

Z7kshe 991 diniconazoled] AFOIAA G@Z Gl FobAE A Gt

7tE e Ao R Atgdrt. AA= AEEo] W3 diniconazole FEH A g7}t v 2 &=

ol\

33e diniconazole 50mg + L' A FollA thzTol nla) A5 QA Fo] °oF 2u)
AE F7betd i AeE AAFS diniconazole FE7F WE&FE iy wdo] 43}
ATh ESE Ao e dEse AAFor AN vE] oo AEEo] E
A dEbE AT oA 2ol yEbubA skt whebA s mE S-S A
A7} diniconazole 50mg - L' H#7} & Hxd vE) 7 453 o Alzdrt
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£ 15 | T A
S —&—3B
< ——C
2 10 |
<@
©
[0}
— 5 -

0

0 10 20 30

Days after application

Fig. 2. The effect of diniconazole concentration on the leaf length of Chinese

cabbage grown in pot. A, 50; B, 100; C, 500mg - LY Control, non-treatment.

25
—&— Control

20
2 ——A
15| | A B
@ —eo—C
S 10 |
(@]
=

5 -

0

0 10 20 30
Days after application

500mg - L' 100mg - L 50mg - L' Control

Fig. 3. The effect of diniconazole concentration on the number of leaves of
Chinese cabbage grown in pot. A, 50; B, 100; C, 500mg - L %; Control,

non—treatment.

A Ed A7t AF 3 F4d A= 9

AR LA AAE 93 AR TPAPAA ZAE diniconazole 50mg - L=
Abgstel A F S-S B olgtetd  54& AT Fa(kE)=
diniconazole A&l A tzel &) F 7~10cm #A WEb AR Asxddd 7t

4 5949 Ao JEUThFg 4). o 17 EviE S Ad 2o £4g
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A)3F7] 913 diniconazoles *€]3+ A3}, dlz=7o| H|3] diniconazole A E]A] H9| *
ol oF 17~20cm FFAE Ath= Choi 5(2001)¢] Hiret dX|stlal, w5 S5
of triazolel T =4S AHETFOEN 27| AFAA EAE Fiste A B &
AEadsE AUt Kim 5(1998)9] Hiaet® fAkgh A5 H T Diniconazole A
g et FAE TN ASAol= Fig. 109 2oh FAE FolAE a7 S0
UEaL F AWl A= diniconazole A 2] ol Al A o] X Wste] gk F4HS vHE
Wi, AT BlE AL Al a3 48] yErgthFig. 10). ol =
diniconazole®] gibberellin 34 I

gibberellin®] A& AATFo2AN 2aAFES AAY7] wjEoletal A o]zt A4
b At AT AEFS AYSF 10, 20980 = F24 Aol7b Ao,
719l AHElF 302 Aol = diniconazole 277t A JERSAI T 8152 A
= Ho A4 Fo4E yuauA @dtH(Table 1, 2). ol AT ATl
diniconazole A2 Al Fxle]gtoll Hla F7F S/ AS vEy A& AESTES
Aol vl FAEFAA tha wA dERY e W Ao B

Ao 2 Atz H ot

o

o] monooxygenase?] &E4AE A5t

50
& L
G 40 . . _ a
5 30 | . . —*
E

20
8 —e— Diniconazole
% 10 —a— Control

0

10 20 30

Days after application

Fig. 4. The effect of diniconazole application on the head height of Chinese

cabbage.
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Days after application

Treatment 0 20 0
Top fresh weight(g)

Diniconazole 676.7 1289.2" 2378.3

Non-treated 915.0 1871.7 2326.7
Top dry weight(g)

Diniconazole 44.32" 62.08" 137.85

Non-treated 59.75 83.77 128.88

Table 1. The effect of diniconazole application on the top

of Chinese cabbage.

ZSigniﬁcant at 5% level by t-test.

fresh and dry weight

Days after application

Treatment 10 20 30
Root fresh weight(g)

Diniconazole 12.15” 17.60 30.15

Non-treated 15.63 20.13 29.38
Root dry weight(g)

Diniconazole 1.43° 2.72 4.15

Non-treated 2.15 3.20 4.32

Table 2. The effect of diniconazole application on the root
of Chinese cabbage.

“Significant at 5% level by t-test.

Diniconazole =¥ Ao & =4 =S A £ 10¥
oAl 4% FT7HE YeEtWl oy, ASo] g uep ¢
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304 HolA thzxzT 341 SPAD unitel H]3] diniconazole 100W] 2|04 44.3
SPAD unit® 7Fg =4 WY diniconazole #2lA] G0l FojHs & = AAT
(Fig. 5). o]2}2& A3}+= uniconazole A EA HEFHEZAAN L EdFE

717F Aok AL, Al s et =eE Mzl A& 5407 WIPtE Yoo's(1999a) 2
Aol A3t 3 ancymidol® paclobutrazols syngonium(Wang, 1937)3F A}
5B (Wang?} Faust, 1986)°] Z}2t A elA] H&5 4 S§HS S7FAAGL Basde
g, dukd oz gAY Hels AEA do J=5A IdHFS TUAIE o=
4 A A (Yoo 5, 1999b). ©]+= diniconazole A T7F FFAd o 8 Ao=RE
At g

# 2% diniconazole =8 Aol wE Aok #elel AEgd g Aot}
AAA 0w A5l vlaf 5ele dsgo] =4 vetwr A4 d=2&9 45 o
Z- 7.7%°l W3] diniconazole 10008] = 2]-olA 83%% tad =A Uew oy &
AA Foxbe AAHA okt ¥e &8 diniconazole &gl ]3] ool
A ta =4 dEish o= itel W Aol Tl o B Jow AlsEH
wEbe FEEY e ASS FAFSE A3 diniconazole 10008] A7 thE F 9

Ms b FEE Ao AR

SERE!
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20
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10 t ——B
5 F —e—(C
0 )

0 10 20 30

Days after application
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Fig. 5. The effect of diniconazole concentration on the SPAD of

Chinese cabbage grown in pot.
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A, 500; B, 100; C, 50mg - L% Control,

(@}
T

20
o
o 15
% O Control
§)1O OB
= OcC
>
Q

Top Root

Fig. 6. The effect of diniconazole concentration on the dry weight of

Chinese cabbage grown in pot. A, 500; B, 100; C, 50mg + L'}; Control,

F 9o I3 FS Fig. 7, 129 Zth ZE ATl A fructoseo] Bl glucosed
Fol wka, 53 wiFd st txgolA F kel 7 E9kew, sucrosex
AEHA Gt ol2ld Z3+= Song 5(1996)3 Kim (200009 Aol frAFet7
LEskt). o] fructoseo] HlE] @& Zn == 7FA glucosedt@Fo] Rl HE] A
Y77t =502 Aol R "olA= Aow AlR AW, ofd wWE ¥
AR AT kow FalHojop & Fow AZtETHLowe, 1995). A4 T
Fig. 87 7ro] Chlorophyll a$} chlorophyll b¥ wj3=9] Ao A R rT} =k,
Aol A F ZolE Holx] kAW diniconazole A 2] FolA HEFA kol

Mg mgteh ol txel wsl Aol BE Fask FolEHA ANl 2717t

o

el

N

FolE A=AVt FAaEUA dMo] Hojxl RAoew AzdAn. og 22 Ade= F
Tt =575 454 FFe] SUHEATE 719 Haet dAEA Yoo &, 1999).
4ot At# 2 diniconazole A g oA =A WERSTHTable 5). o= #&3ke] A
oj¢} F74 Algielel whel Fmok ddH el Aot yEbd F AAAT B A3 lA

rr
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OD-LED-MOC-L HC-M 15
a OD-LED-MOC-LEC-M
107 a
0 g 10 a
o
3 ® b
g . b b g
(O] S c
2 05 c
00
00

Fig. 7. The effect of diniconazole application on the sugar contents of Chinese
cabbage harvested at 50 days after transplanting. D-L, sugar contents in the
leaf treated with diniconazole; D-M, sugar contents in the midrib treated with
diniconazole, C-L, sugarcontents in the non-treated leaf ; C-M, sugar contents

in the non-treated midrib.

12 12
OD-L mD-M OC-L BC-M OD-L mD-M OC-L BMC-M

10 a a 10 a
© —~ Q7 @
=z 8 == 8
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Fig. 8. The effect of diniconazole application on the chlorophyll contents of Chinese
cabbage harvested in 50 days after transplanting. D-L, sugar contents in the
leaf treated with diniconazole; D-M, sugar contents in the midrib treated with
diniconazole; C-L, sugar contents in the non-treated leaf ; C-M, sugar contents

in the non-treated midrib.
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a8y Ag 402 5 diniconazole A& oA = EHo] Eay o]

4

Q3 2

3T

o
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rr

oF i A SWHelA & o diniconazole 10008 Heo] AFZHAZ 7+ A9
3 Aoz dAE )

Table 3. The effect of diniconazole application on the firmness and cutting force in
the midrib of Chinese cabbage harvested at 50 days after transplanting.

Treatment Firmness(N) Cutting force(N)
Diniconazole 9.73 29.69"
Control 9.12 18.46

“Significant at 5% level by t-test.

Table 4. Residual contents of diniconazole on Chinese cabbage.

o 40 days after
1 day after application

.. Residual
Treat t application ermission
men

reatme Inner leaf Outer leaf Inner leaf Outer leaf p( ka)
m,

(ppm/kg)”  (ppm/kg) (ppm/kg)  (ppm/kg) PPIvES
Dinicinazole 0.568 0.893 0.000 0.000 0.1
Control 0.000 0.000 0.000 0.000 -

fresh weight
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Fig. 9. Growth response to growth regulator treatment in alpine field
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Fig. 11. The effect of diniconazole application on the sugar contents

of Chinese cabbage harvested in 50 days after transplanting.

D-L: sugar contents in the leaf treated by diniconazole
D-M: sugar contents in the midrib treated by diniconazole
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C-L: sugar contents in the leaf non-treated
C-M: sugar contents in the midrib non-treated

Chlorophyll a
(mg/g F.W.)

Ob-LmD-MOC-LmC-M

Chlorophlly b
(mg/g F.W.)
(e))

Zb-LmEDMOC-LEmCM

Fig. 12. The effect of diniconazole application on the chlorophyll contents
of Chinese cabbage harvested in 50 days after transplanting.

D-L: sugar contents in the leaf treated by diniconazole

D-M: sugar contents in the midrib treated by diniconazole

C-L: sugar contents in the leaf non—treated
C-M: sugar contents in the midrib non-treated
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Fig. 13. The effect of diniconazole application on the crude fiber
contents of Chinese cabbage harvested in 50 days after

transplanting.

_41_



160

120 |

80 b

Ca(mg/kg)

40

Eb-LmbMOCL mCM

20

12 1 b

Mg(ma/kg)

ObD-LmeDMOCL ECM

Fig. 14. The effect of diniconazole on the contents of calcium and
potassium of Chinese cabbage harvested in 50 days after

transplanting.

D-L: sugar contents in the leaf treated by diniconazole
D-M: sugar contents in the midrib treated by diniconazole

C-L: sugar contents in the leaf non—treated
C-M: sugar contents in the midrib non-treated
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Fig. 15. Effect of diniconazole and tebuconazole on the mineral
contents of Chinese cabbage.

D-L: sugar contents in the leaf by the treatment of dinonazole
D-M: sugar contents in the midrib by the treatment of dinonazole
T-L: sugar contents in the midrib by the treatment of tebuconazole
C-L: sugar contents in the leaf by the treatment of control
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C-M: sugar contents in the midrib by the treatment of control

o) bcd

ODiEb-MOT-LET-MECLOCM

70

bc

30

S (mg/kg)

20

10

|[ED-L mD-M OT-L mT-M EC-L OC-M |

Fig. 16. Effect of diniconazole and tebuconazole on the mineral
contents of Chinese cabbage.
D-L: sugar contents in the leaf by the treatment of dinonazole

D-M: sugar contents in the midrib by the treatment of dinonazole
T-L: sugar contents in the midrib by the treatment of tebuconazole
C-L: sugar contents in the leaf by the treatment of control

C-M: sugar contents in the midrib by the treatment of control
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Table 5. Effect of diniconazole and tebuconazole on the firmness and
cutting force in midrib of Chinese cabbage.

Treatment Firmness(N) Cutting force(N)
Diniconazole 9.73 b’ 29.69 a
Tebuconazole 1381 a 26.88 a

Control 912 b 18.46 b

“Mean separation within columns by Duncan’s multiple range test at P=0.05.
2. AFzAEAL ZAHaAA A w2 v Jesty Wl 2 g4 kg

7F A

| 3= (Brassica pekinaensis Rupr)© S-#uetell Al Aujs &= Ao A 7 WS A

Ag AAsk vk adA o FulSE 2001d =] 11,000hacl A 427,000E ] AY4HE]

N3, T F FLEAA 320,000E0] ABAkE o] HAuAAEFS] 75%E Afskar o] o

73 27 S zAste 8% 9FE st (FEENEA, 2000). LA
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Al 3}8%<¢ uniconazole®]Y}t paclobutrazol 59 AFZAAZS I E] s
24 EsAuAl 2718FE dAlE] g B2 A7 FAHATHKImA Kwack,
1991; Sankhla &, 1985; Wang¥ Faust, 1986, Wang3} Tsujita, 1990; Whipker<}
Hammer, 1997). ZL2ju o]5 sth&EEo] oA #3544 ¢
71 wiizol Aol A ARG EA ARGl oElwS Al AT 4R AulE il A
= uniconazole®] Y paclobutrazole]obd triazoledl 3&&Eo] T3 AHA|S AlZo]
U FEoA AelstrzA gl A 9 gstass sA AdFstar lem, i
S Abe wje] HFEHEFHW T oW 2 XsE 98 AREHIL Ades
diniconazole <3FA1(AE9: Hlv}g], 5% diniconazole)E At 2 JHKim¥ Lee,
1997). el FrEsHe AEd2dAYd TR/ BA ¥ A4S 19 o AEAE A

H¥ = triazoleAdl EgtEol A AAE sl ol&E & vk AdEHT oln
O

k31 sk A x "M
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B AL FAHA ol AW b B oS A vk AP AFA
AAA Aelg w2 AEAE VAR AloJET|de] ottt d54 wE9 Al
IUEE S7hHEE A YEFSE T Grossmann, 1991). oF# 74 triazoleAl 2]l €]

a3 dsiAe 2ag vzb ik 2ely ol
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gk, TE A% AEo|A Structural carbohydrate(A¥"  E3F  cellulose,
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(Photomicroscope) #8tdn| 7 #ZS Qste] FE|2HdA Auigt wjF 9 AE5E
Modified Karnovsky's fixative(2% paraformaldehyde and 2% glutaraldehyde in 0.05 M
sodium cacodylate buffer(pH 7.2))& AF&3Fe] 4CelA 1202%F 12 A 1xFaL
AL 1A-4H Am= 108 14802 A HA 0.06M sodium cacodylate buffer(pH 7.2) %
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t}. Chlorophyll a =(12.7%Agszam) - (2.59%Aesmm)+ fresh  weight(g) +  1000x10,
Chlorophyll b =(22.9%Agsnm) — (4.67%Agsnm)+ fresh Weight(g) + 1000x10. =& 7]1%F
T FAENE A8 nlF FES TAEIe] 288F Edold wEF 20U SHSl] X
Eo] AAEAT. AAZ 40UHE A 7A(Sunup), ¥ 124, 2% 6A](Sundown),
HE120] 24 xERR QS doE AfHste] dSs 4 T o 3TReE EYste] ¥UE
B#% & HPLCE o]&3le] &<43}&(Sucrose, Fructose, Glucose, Starch)@} w]E}%l C

o
AELTF v G954 dF2 F7HA 9E5LSAHoA dAIZHS=E diniconazole?]
®E 2000mg - L, 1500mg - L', 1000mg - L ', 500mg - L', 123 100mg - L' =%
off ] FAYHT =& FOoR EFYTE(Table 6, 7). YA Y potable 47|12 43k
22 g nuE By 7FErAo A Control: 30.3¢ H]3] 100mg - L ‘el A 61.1=2
Control RU% 201 A% =gtom, 1000mg - L 'l %= 48622 Control2 Rt} =9
th gAEEE A FAE 2540 Hl8) 100mg - Lol A 53.3% Control Rt} AR
E=9tom 1000mg - L 'l A= 4572 FA g Rrbs= =9ktH(Table 6). F=AZ =A4 8
7FA 8] F3%F <] Chlorophyll a®} Chlorophyll b& 3 2] <} H]Iﬂ_f‘f} A= 7
2 diniconazole?] RE3 g oA Chlorophyll a®} Chlorophyll be] &aFo] FA g el &+
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Bob Rt Eoka, RE A 2 2o]E HolA @AW diniconazole# 2]
T A gEA Feko]l b =gttt ol otz nlE] Ao wiF Tt o
EUA 7 Algel 2717F EolEx AEAVE 25HUA o] Zojzl Aom A
#HChoi 5, 2001). ol WjFe] Aol AFd AL ejvjshzdl, Ao FAmwA
71z Wil e Fr Jonw %Wlxiﬂoﬂ e B A A

A %
o] 4 ¥ diniconazole®] *z % & 7|E9] AFH(%
3

1__ 1 E
Qe saz, Qo FAL FHw, Aol BE XA, GRATI] Be A0 iyt
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o} ol dAFEAWE 28] AAANA Aot FAY wjFdY & WS AL

A3} diniconazole®] Hg® Ao <o FWHoA EIFFO FHIEAR L &

(trichome)e] YAH o2 Wol A7 AS B F JAF(Fig. 20). o]# 3 oz} 2 =&
&

o] 7k & AGZEA guA dElvdE #@42 olyth REAuAE & o
FLo A stressE Wrom Qo 94zt Bgo FU dAH oz dojdti(Larcher,
1995, Volkmar 5, 1998). #tt]e] 45 o disdtel FE54 ke F77F 159
ME AFEo]l 73 Ao=w yeyth A X E: Diniconazole 8] vjF ol A ¥E9}
FA gl Aol wjFele] ANEHwE B Table 87 Zth FA oA Al EZZE(width)o]
42.8um® 100mg - L' ¢} 1000mg - L' &gl A 23.153um, 24.29um®.t} S At} ool
Hha) AlEdoelE el 1000mg - L AgdlAdE Ws=d A3l 655lumst
63.82um¢eldl ¥ 100mg - L' Aol A= 74457um® 2ol Aoz AT} e
T}, diniconazole A2l e} FAg]zte] WA A wjFde MEwjdS vlus|RH 1
187 199F Zth. FA YA E Az AxFe] YoM FAEE 94 3
= ubd 100mg - L' 9F 1000mg - L' Aol A Agzae] A EEo] ZolSHA
WA wdE A= oled Aoz AHygH do FAYE FAYRT FALR
Aoz Azt gle] AM7zo]l o 2 thA] s AA A< Chlorophyll & &o] =7
ettt Aoz o AR AEo A9 triazoleAlE<¢l TE(Trinexapac—ethyl) & =&
(A2 AE)e} JEAR sEE T/HAZTH Wi AEe] Ao
FAg e Aerhe AxE et dojzte] Aole e Ao Ve
om, o3 FFTH W= T AwAA APAFAME YElE o
&2 A ) th(LeCain et.al., 1989). A4l H=4 T TE(Trinexapac-ethyl)# 2]
of o T7HHATE S AxEEe JFA e AHPd Ay Sl o
AP e (CO2 9 7k BAZE ' ez dEA drthMorgan 5, 1990). w32
o Al ol e} F59 Sucrose, Starch F#H2 2% 6AFE FT7ske] 184 it
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Effect of growth regulator treatment on chlorophyll concentration of

Table 6.

M: Middle,

Mesurements done at three portions L: Left,

R: Right. chlorophyll contents(mg/ g. F.W.)

Chinese cabbage.

Concentrations

Cultivar

2000
46.0

1500
454

1000
54.0

500
45.9

100

Con.
1284
M33.3
99.3

66.6

421 39.3 41.5

40.0

52.8

Gareck

37.7

38.7

49.7

474

63.9

30.3 61.1 444 48.6 411 41.7

Mean

45.0 50.7 50.4 38.7

59.0

Los4

45.1 42.0 47.2 40.6

45.5

Mo6.8

Ducksong

44.0 444 49.2 35.7

55.4

R30.4

2715 53.3 44.7 45.7 48.9 38.3

Mean
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Fig. 17. Effects of calcium treatment on growth of chinese cabbage.

olAel A¥E & uw triazoleAE <! tubconzoled} diniconazoleg ®iZFHufo] A &3]
uf A el FejeAl 5 fast, 5ol FAYNA, oo o]
g AEujdel = FAgel vla] Aed oA Axe= F2 Folxlow
Aol © Zolx Ao R yeylth ofZe] AEERE Hue AEE oo Alxajdol
o wwsty 2% Zow yUewt 454 FEE dluks 9A FAY Buos

diniconazole®] AHzl® oA =dom, A E AHEFs=7F 7HEFEdE 100m
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Table 7. Effect of growth regulator treatment on chlorophyll concentration of

Chinese cabbage.

Kinds of chlorophylls

Treatment
Chlorophyll a Chlorophyll b

A Cont. 8.039 5152
A 100 9.880 8.037
A 500 8.026 7.350
A 1000 9.436 7.625
A 1500 6.959 6.709
A 2000 6.782 5.931
B Cont. 6.883 5.794
B 100 13.030 9.686
B 500 9.131 7.969
B 1000 8.636 6.664
B 1500 8.064 6.664
B 2000 7.683 6.664

A: Duksong cultivar, B: Garack cultivar
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Table 8. Comparison of the cell width and length of chinese cabbage

treated and non-treated wtih diniconazole

Cell-Size
Treatment
Width(um) Length(um)
Control 428" 65.5°
100 23.6° 74.4°
1000 24.3° 63.8"

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

Fig. 18. Comparison of the growth and cell arrangement of Chinese cabbage

leave after treatment.
. Comparison of growth between non-treatment and treatment

. Comparison of leaf-morphology between non-treatment and treatment

. Cell arrangement of non-treatment

O o w >

: Cell arrangement of treatment,
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Fig. 19. Comparison of the growth and leaf-morphology of Chinese cabbage
leave after treatment.
A B : Comparison of growth among non-treatment and treatments
C : Comparison of leaf-morphology among non-treatment and

treatments. From left to right : control, 1000mg/L, 100mg/L.
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Fig. 20. Comparison of trichomes and epidermal tissues of Chinese cabbage leave
after treatment.
A: Under surface treated B : Upside surface treated

C: Under surface nontreated D : Upside surface nontreated

Fig. 21. Comparison of the cell arrangement of chineses cabbage leave after
treatment.
A: Treatment(100mg/L) B: Non-treatment
C: Treatment(1000mg/L)

AB and C : longitudinal sections(x100 magnification)
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Table 9. Effect of different calcium compounds on growth of chinese cabbage

Contents of examination

Treatment
Leaf-width Leaf-number F/W D/W
Calcium- by A . .
Nitrate? 14.3™™ 17.0 31.2 5.7
1trate
Calcium-
CEICIT 14.2% 155 29.9% 47
oride
Calcium— ab ahc a ab
Oxid 145 155 31.2 47
X1de
Calcium— b be : .
, 12.9 15.0 20.3 35
Hydroxide
Calcium— a ab abc ab
Sulfat 15.7 16.0 27.8 48
ulrate
Calcium—
Phosphae 14.6™ 14.0° 22.0 3.4
Calcium—
Carbonate 13.5° 16.0% 26.9%° 4.4
Control 14.0™ 15.0™ 30.3 4.0™

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

7. Concentrations used : 100times
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Table 10. Effect of different calcium compounds on growth of chinese cabbage

Contents of examination

Treatment
Leaf-width  Leaf-number F/W D/W
Calcium- . .
;,?uinz 137 165" 29.7°¢ 45"
1trate
CalCium7 ab a abc ab
Chlorid 13.8 15.5° 28.5° 4.6
oride
CalCium7 ab a abc a
Oxid 15.3 16.0 29.7 4.3
X1ae
Calcium- Y a be b
. 15.5 145 26.7 4.4
Hydroxide
Calcium- ab a be b
Sulfat 14.5° 15.0° 22.8 3.7
ultate
Calcium- b a . b
Phosohy 135 14.5° 20.3 3.9°
osphae
Calcium-
Carbonate 14.5% 165" 32.3° 43"
Control 14.5® 15.0° 30.3" 43"

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

Z: Concentrations used : 1000times
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Table 12. Solubility and concnetrations of different calcium fertilizers

in water

01 M 1000times(dilution)
Items Formula FW

(g/100ml) Mol. PPM (g/100ml) Mol. PPM

Calcium—- Ca(No3)s -

, 2365  236g 207 800 0.1g 6.69° 2676
Nitrate  4H-O

Calcium- " i

) CaCl 11098 1.1g 8957 3580 0.1g 13277 528
Chloride
Calcium- " i

. CaO 56.08 056g 11.7° 468 0.1g 2247 96

Oxide
Calcium- 3 -6

. Ca(OH); 74.09 0.74g 759" 3036 0.1g 212 85
Hydroxide

Calcium-  CaSOQ;y -

Sulfate 1/2H,0
Calcium- Ca(H>PO,)

Phosphate - H2O
Calcium—

14515 145¢ 31.17° 1240 0.1g 7.70° 308
252.08 252g 69.9° 2796 0.1g 6.87° 2748

CaCO; 100.09 1g 188° 752  01g  422°% 169
Carbonate

Table 13. Kinds of calcium fertilizers for foliar application used in alpine area

1000times(dilution)
Items Components
Mol. PPM
5 4 Cao 15% 7677 306.8
24 F8A 4 18% 887 352
2 E F8A 7 15% 7387 295.2
=<4 3} B 45% 2506 10
oM 2 CaO 25% ©]% 6.47° 256
7V &7 -H 23] 17% 6.42°° 256.8
29 FEAZE 17% 7.647° 305.6
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Seedlings Seedling just before transplanting

Fig. 22. Seedling growth of chinese cabbage after growth regulator

treatment.

20 days after transplanting 30 days after transplanting

Fig. 23. Growth of Chinese cabbage after treatment in field.
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Calcium application 50 days after transplanting

Fig. 24. Growth of Chinese cabbage after treatment in alpine field.

Harvesting Nontreated Treatment

Fig. 25. Harvest of Chinese cabbage after treatment in alpine field.
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Fig. 26. Selection of growth regulators for controling

Chinese cabbage after treatment in greenhouse..

Fig. 27. Selection of calcium regulators for controling

Chinese cabbage after treatment in greenhouse.
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< Atolel &3 3= screening WS #Hsty] fske] 3F 3575

S AAST AT (Jun, 1998, A3 A, 1999). Ren 5(2001la)2 B9 ¥ 2 &4
3 4~
Al CPG WA (1.0g/L casein + 10g/L pepton + 0.5g/L glucose)°l A

[e) /\i

==

T colonyE< HWhs R Aol 2WA et 3WA Jrcte] He HFaow, 2 A

FTH AP dE AT V1= JAEWHo] At FUEFEE E=ooF dt=
A &g 593 =8 §lo] mineral oil FFTHE o83l w5, F, A FolA
FTH APAE g dri(e], 2002). #A FEE AFAAS HUbsh] 9@ A A el
THe e WS A2 BRS ol&ste] FEHd AFdAEI F5S el Wn
(Lapwood %; 1984, Lapwood®} Read, 1985). Bisht 5(1993)2 A} =7]o] =74
Hddel A4S Frketr] A8 dAFE ol &ste WS MLtk AE A
He A F2 3pstekA el A, T2 A, oxolinic acid 5& o] &3] WA g (A,
1989; ol ¢k #, 1989). 7eAl= 1 fEE Fi AYAE TA 9ol vroy A4y o
of Wom B3I AiAlmAel o] =gl FEg wA o] gle AA oA

S, 1993; ol¢F A, 1996; %= &, 1999). Auj el EFFFAE dxsto] EFLFO
TFAll FAof st EFS FFate] Hitshs WY

dol AEEolof gty e wAlE o f8 MAES

& T, 598 FAA dg AT 28 5 oY M 2AEE =EFst AHA F
1993; ol¢k 41, 1996). o]# gk #2835 sjAshr] flate] W&F A Q1 WA ol aqrdth
S84 AR vBLAA Erwinias ©]&3 M= Fefo] JEE AT o]=
WAE 98 A0iA vAE sokor dREdA FEHIeH

FEHol dalME 237t 74 ¥ Ak Takahara, 2000). # <ol
acquired resistance)S friEshs A=A AdE e WA g3 a3t v HeE B
1% M Agrious, 1997, Cole, 1999; Scarponi 5, 2001). L Fo|A %= NovartisAtell A 73k
acibenzolar-S-methyl< 3oyt oftjel oe] 7kA] Aol uiste] WAa}t &S
Hiska 9k

W 8 359 A4

%
WA FAE Al REYS EaHo WA WA s

_69_



TH

fei
=K

™

N
)

A
Ho

o)

i

o

}od 19 sodium hypochlorite©] 1

S

m == Ao

3Fo]  nutrient

54

a3l o,

Y v

tube©l

Fol 28T ol A 27 il

S

4

o

agar(NA)wl| =] o] =&

N

oA =A%

)

oh
o

gk ujAl el 33]

TF(ATCC #5)9F vdsdt= 9 »

el

A8kt (Table

I3
=4

o} A]

—_—

—~

—

W
i
G
‘mo

9} A EFTTQ ATCCIST13(E. carotovora

bick A

9|

off A&
A7 7 mn cork borer

3]
=

subsp. carotovora) TTE Al

x2 em’ A7& A

oj

to] 724 27l 05 em ZolZ T

g5

=
=

.
2%

Wi 1% sodium hypochloriteol] 2

UV/VIS

E=A(Shimadzu  UV-1201,

-
[¢]

13 10%cfu/ml(ODesgo

0]

tel 01 mE HEat

9|

0= =4

g 24
e

spectrophotometer) 2 Alvt U%

sho] 24

=
T=

0.1 mee] Hit

-
L

laL A2

Mo

_70_



Table 1. Erwinia carotovora isolates and their virulence used in this study

Isolate Host Location Virulence(%)
ATCC15713 19.3
EC-1 Chinese cabbage Korea(Ahnsung) 7.6
EP-1 Potato Korea(Gangnung) 16.3
EP-3 Potato Korea(Pyeongchang) 8.0
EP-4 Potato Korea(Pyeongchang) 14.3
EWS-1 Chinese cabbage Korea(Gangnung) 11.0
EWS-2 Chinese cabbage Korea(Gangnung) 119
EWS-3 Chinese cabbage Korea(Gangnung) 12.6
EWS-4 Chinese cabbage Korea(Gangnung) 12.7
EWS-5 Chinese cabbage Korea(Gangnung) 11.0
EWS-6 Chinese cabbage Korea(Gangnung) 16.7
LMG2432 Poppy Holland 11.3
LMG2434 Red pepper America 6.2
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A AAde AR wF= =l 78 T2 Aok dighe] Ao =R E 437h] H)
T R ASS £F Edv 4 i FF F AlS Sol= v= Cornell WSl
ANA A FFo=2 Mgk C3-26, C3-28 183l C3-295°] EZ3=o] 3tk (Ren
5, 2001b). = "iFE A7 75m EEC AHF HdFote] fFl2ddA J1slen 1t
1 S 2E 8= ARSI TH

Mineral oil H &9

ATCC15713(10%fu/m¢) @A 7} =3k mineral oil(Sigma Chemical Co.)& 412 &
ot & A2 F 1omE T S 7T 5 JFEAY dE2TEeE ST
o} mineral oil& 412 &33te HF3Ah

ETE AYAHE 23294

Mineral oil &l 93] Fdd FE89H ¢ AZE 49AZ F &3] w3+ F5HE
A AEE AYA, o5 AL 291 Fedoz Z2AEY H(Fig. D).

Zg 2 AA AH7E HdAd mAE gFEA

Za HE 7ES 7HAA 01, 02, 1% = w5 FREEE)d ¥ Axasith w5
= fFrEedoA 457 FEI S AFES 2™ mineral oil §FWS o] &3ste] M
TS JATshe F59 B ARSI 759 Zw HES F59 A anrt
=7 Yebd calcium hydroxide® 0.1, 0.2, 0.3, 0.4, 05, 1% &89S GHAAH &9
o A4 AP s F9E Kg soild 0.01, 0.05, 0.1, 0.5g= xE Hsdv. &3
A4 A2 7Y ¥ mineral oil §FWHl 93 BHFTS e FEH TAYAEE 4
AR FEste] MEAE St 2 AP e, 24 Zed A EF AR
Ao WA 7Aoo w 33 APt FEHY A WHEAR 2AP)
FIHE)S 8ot ZALE Ed 49AR o] FAFeF tHEFig. 1)
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Fig. 1. Disease severity rating scale of soft rot induced by mineral oil
inoculation method. A: 0 = No diseased, B: 1 = 0-25% of leaf area
diseased, C: 2 = 25-50% of leaf area diseased, D: 3 = 50-100% of leaf

area diseased.
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In vitro &3 A
o Paper disc ¥H
Ao ALy FE2H WA A= streptomycine e F841 43 (streptomycin, 20%),
copper hydroxideZ 33t FAlo]= 4=3}A|(copper hydroxide, 77%), oxolinic acidE ¥+3F
E 34l (oxolinic acid, 20%), acibenzolar-S-methyl 43}4(5%), validamycing 33k o}
o A (validamycin, 5%), SNU- 32715(50%), B|M 94X Erwinias ©]$3F Biokeeper =314
(avirulent Erwinia 5x10"cfu/g), bronopol WG(98%), calcium hydroxide$} o159 EFAES A}
&tk ol& ¢aE HAAs] st 121°C°ﬂ*1 1583 Es & oF 45TCE 243l potato
dextrose agar(PDA)®IA] 500m¢o] B YAdo] 943k #3729 AFdetA10%ctu/m) 10mS 2
2 2 o] Petri plated] 539tk HWo® f2 Petri plateol] A 23zl A5 & 4
8 me] "t paper discE ¥ FEH WA AE M sEEE 50 wH FASAT oHA
= A g3 paper discx 147F F9¢F clean bencholld AZA|Z1 & PDA v 9ol paper disc
& A5 AdE v 28T ellA 227 wiFe Fo clear zone® Z71& Z743H3Th

Moo

o R

A

I 147 Bot 39t o H£° 915 IOSCfU/mEE 249 AFdsd 01 A FE59
B EAE 01 mel PE4E A 20 F A 0AS sEE BR N 298 Aol
ARSI 1 B2AZ F LAZ Aol 4F Ao LAlsh v warn

TH FEHA
WAg B W dd 5o adA sRlse] AuE Adsske AEdgula s 2E (F4:
75emell AA HEete FEl2AdelA SEEATE Acibenzola- S-methylS & 54|,
WA Al EL HHE 19l ofdfo] oo T3] ExE JuAITEIL JFe FEHET
ATCC15713(10°cfu/me) ] Aoz} W13t mineral oil(Sigma Chemical Co.)& 412 &

Z e 510 mE wiFe T 71 ¥ H$ske mineral oil HEHE ARESEITHC],

3[3:
2002). A2 wiE 1054 HEste] THAEE AL GRS AASHI

EF FARANT

oblgel dg ¥4 ANFE ) dal AEFel BHolguFE AN 302 9 FEG
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Acibenzolar-S-methyl9 Z&FE4

Acibenzolar-S-methyl 5% <=3}A] 2000¥] 1S A-+x7] 9 ’&%Hﬁéroﬂ A shg o
A 1,5 7 149 F 2 s 44 Hstel ATS S48, 2A4S 96t
o -40C Ao AFAstFTt FFEAE Scarponi 5(2001)0] EnfEA F £
e St FRF wE adE oSttt HPLCEA S fldte] d=9
International Sorbent TechnologyA}2] SPE cartridges ENV+(sorbent mass 200mg)
o] 83}t

tlo

FEH UAE AT A AF AT

20009 -8 20023 AA 33 LAY AF}ES EYE acibenzolar-S-methyl
shAl ¢k Biokeeper 3 o]lE°] EFAE ol &t A AFES NEetr] e A4S
AAIEFA T Acibenzolar-S-methylZ} M| YA Erwinia®te] A AFHES $18h9]
acibenzolar-S-methyle] H|W A4 Erwinia?l A& v x& dTFS A7 35k
acibenzolar-S-methyl 100, 1000ppm®] Szt kAl WA= A 23FP Tk A 23 v A
of MM AY Erwinias W &stol Aol mA= GFS =AY B AAMA =
acibenzolar-S-methyl®} B YUA Erwinia ©A|, acibenzolar-S-methyld =] LA
Erwinia® A 2 acibenzolar-S-methyl¥} oxolinic acid §AE w3 FEZ o] &3}
of X AEFEEET U2A AE At fFEHAAY ARE Eg=E
acibenzolar-S—-methyl, streptomycin, oxolinic acid, W94 Erwinia®] @A 1] aL
A9 acibenzolar-S-methyl¥} o] A S @At AT LS G

NS wAstden ol AAd 7d o 43 A Axslch FEHe A
A 4G R U] 24
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343 % 1F
3 FEW g AYY FF 2384

WAHZE AR invitro AR AY B FEAE AES S BdEs Awstr] 95t
o Ba %@ Bre 13359 ¥ 9tk ATCCI5713 #5F 2 EWS-69
EP-1 w57 A AHS o] &3

w2k ATCCI5713 #F5 =

oA Mg HE ATE AL

o

of wjF FEel W Xi%“é wE LAY

Control EC-1 EWS-1 EWS-2  EWS-3

EWS-4 EWS-5 EWS-6 EP-1 ATCC15713

cf: Qi@

LMG2432 LMG 2434  EP-3 EP-4

20000

Fig. 2. Virulence comparison of Erwinia carotovora isolates on potato slice.
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Table 2. Disease ratings to soft rot of Chinese cabbage cultivars and selected

breeding lines

Cultivar or line Disease index”
87-114 1.1 abede”
Bukkyoung No.1 1.6 abcde
C3-26 0.4 ab
C3-28 0.3 a
C3-29 0.7 abc
C29-51-51-52 1.3 abcde
C29-51-51-53 0.3 a
C29-51-51-54 1.0 abcd
Charming yellow 1.7 abcde
CR-hagae 1.6 abcde
CR-green 1.5 abcde
CRsanchon 1.4 abcde
Gaenari 1.9 bcde
DB29 1.8 bede
DB50 2.1 cde
Fallforcer 1.6 abcde
Gangta 2.2 de
Gumchonyealga 2.2 de
Hagisokum 1.1 abcde
Hanyeurum 1.4 abcde
Heukjangmi 1.8 bcde
Heukjinju 1.3 cde
Jangmi 1.9 bcde
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Jibu 2.2 cde

Jung il pum 1.4 abcde
Jungsang 1.7 abcde
Kanghan 1.8 bcde
Kangruckyeurum 1.9 bede
Khunyeurum 1.7 abcde
Mini 2.2 de
Nokbo 1.7abcde
Noransok 1.9 bcde
Pyungchung 25 e
Sanchon 2.1 cde
Seoul 1.7 abcde
Sevensrat 1.6 abcde
Shinchun No.1 1.7 abcde
TP 1.4 abcde
Whangsimbong 1.4 abcde
Whangsung 1.8 bede
Yellow King No.2 2.1 cde
Yellow Queen 1.8 bcde
Yeurmsanchon 1.9 cde

%0 = No diseased, 1 = 0-25% of leaf area diseased, 2 = 25-50% of
leaf area diseased and 3 = 50-100% of leaf area diseased.

"Mean separation in columns by Duncan’s multiple range test at 5% level.
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Susceptible

Fig. 3. Disease responses to soft rot of cultivars and selected breeding lines of

Chinese cabbage.
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£33 calcium H]»—E SAACE Fod Ae AolE UElA BEAS JAES
Y (Table 3). 0.2% <} 1% A 2l =
W] calcium H]E7} HEHAS AA A 2F M E calcium hydroxide® ©E
calcium Bl ERHT FAXCRE Fofdo] A WS A3 ATHTable 3).
Calcium H&% W& F&54H dAS 0—121]6{— Ao w2 YeElY Calcium hydroxide]
S A UH(Fig. 4). 0.1%0A 1%7kA] ZAMEE A3} 5
o= ol m A= @l Aolzk AA e FA el of Hlasto] w2 QM]QM
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Table 3. Effect of several calcium fertilizer on the suppression of bacterial soft rot

on Chinese cabbage caused by Erwinia carotovora under seeding test

condition
Disease Index”
Treatment
0.1% 0.2% 1%
Calcium Nitrate 15 be” 16 b 1.5 bc
Calcium Chloride 1.8 bc 15b 1.7 b
Calcium Oxide 1.3 ¢ 12 b 1.0 cd
Calcium Hydroxide 0.8 d 05 ¢ 0.7 d
Calcium Sulfate 1.9 ab 16 b 1.1 cd
Calcium Phosphate 1.6 bc 15b 1.4 bc
Calcium Carbonate 2.4 a 2.7 a 24 a
Control 24 a 24 a 24 a

%0 = No diseased, 1 = 0-25% of leaf area diseased, 2 = 25-50% of leaf area
diseased and 3 = 50-100% of leaf area diseased.

"Mean separation in columns by Duncan’s multiple range test at 5% level.
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1.0 a

Disease index
O
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0.0
0.1% 0.2% 0.3% 0.4% 0.5% 1.0% Control

Concentration of calcium

Fig. 4. Effect of calcium hydroxide fertilizer on bacterial soft rot on Chinese

cabbage caused by Erwinia carotovora under seedling test condition.

_83_



3.0

25 ©

20 r

Disease index
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T
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o5 | |2
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0.01 0.05 0.1 0.5 Control
Concentration of nitrogen

Fig. 5. Effect of nitrogen fertilizer on bacterial soft rot on Chinese cabbage

caused by Erwinia carotovora under seedling test condition.
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Trearent

Fig. 6. Effect of nitrogen and calcium hydroxide on bacterial soft rot caused by
Erwinia carotovora in the Chinese cabbage fields located in Daekwallyong

alpine area in 2003.
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Table 4. Inhibitory effect of several chemicals on the growth of Erwinia

carotovora in a paper disc method

Chemical Concentration Clear zone size
(ppm) (mm)
Acibenzolar-S—-methyl WP 10,000 0
Avirulent Erwinia WP 10,000 10.3
Bronopol WG 10 0
100 10.5
1,000 20.1
10,000 37.4
Calcium hydroxide WP 10,000 0
Copper hydroxide WP 1,000 11.1
10,000 155
Oxolinic acid WP 10 9.5
100 13.6
1,000 175
10,000 22.8
SNU-32715 WP 10,000 0
Streptomycin WP 10 0
100 94
1,000 12.7
10,000 235
Validamycin-A L 10,000 0
Control - 0
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Fig. 7. Growth inhibition of Erwinia carotovora tested by paper disc method on
PDA. A; Validamycin—-A L, B; Streptomycin WP, G
Acibenzolar-S-Methyl WP, D; Oxolinic acid WP, E; SNU-32715 WP, F;
Calcium hydroxide, G; Bronopol WG, H; Copper hydroxide WP.
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o Ztx AH WY
AR At 9l streptomycin}t quinoline] At Al oxolinic acid=
A 25 0% ol A dHel RS A5 S bronopol

AA&S YEFHTHTable 5, Fig. 8). ey 2= @AAIQ acibenzolar-S-methyl? SNU-

10 ppm%-El 10,000 ppm
10,000 ppmell Al 87.7%2]

32175, calcium hydroxide 52 #AAF AHe| Hil& AA A A7 X3
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Table 5. Effect of several chemicals on the suppression of bacterial soft rot in
potato slice caused by Erwinia carotovora

Chemical Concentration (ppm) Inhibition of rotting (%6)
Acibenzolar-S-methyl WP 10 74
100 2.4
1,000 15.1
10,000 13.1
Avirulent Erwinia WP 10 36.0
100 65.0
1,000 77.3
10,000 771
Bronopol WG 10 134
100 10.4
1,000 44.9
10,000 87.7
Calcium hydroxide WP 10,000 0
Copper hydroxide WP 10 194
100 35
1,000 46.6
10,000 55.3
Oxolinic acid WP 10 92.8
100 93.0
1,000 96.0
10,000 92.6
SNU-32715 WP 10 20.3
100 15.0
1,000 7.0
10,000 3.4
Streptomycin WP 10 93.6
100 94.8
1,000 95.7
10,000 93.3
Validamycin-A L 10 17.1
100 7.6
1,000 49
10,000 7.2
Control - 0
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Fig. 8. Rotting inhibition of potato slice treated with different chemicals
agaginst Erwinia carotovora. A; Validamycin—A L, B; Streptomycin WP, C;
Acibenzolar-S—-Methyl WP, D; Oxolinic acid WP, E; SNU-32715 WP, F;
Calcium hydroxide, G; Bronopol WG, H; Copper hydroxide WP.
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o]-&3F A& HA A Biokeeper(R]* /3
Alel A streptomycin® oxolinic acid,
B tHTable 5). HEAFAQ Fe] A= 79.
Acibenzolar-S-methyl& A2 odE7]|o A3} o 3
5, 2000), FE7] arFel AYsils W Al
(Buonaurio &, 2002). &1} £ A g o)A acibenzolar-S—methyl= ®
acibenzolar-S-methyl& 743 o A

okl s

=
=

9%.2%, 57.5%°] A7}

o] o
A=

(Brisset

5

=

=

uj =

EF %a Al
20009 27 A FGEEEF) A AEE
Wk (Table 6, Fig. 8).
& 7ol Ak Brisset
acibenzolar-S-methyl2 2
tHTable 6). 1A
w AE8AdA SNU-32715 WPe] a3% =
FAYA ok -2 Al eke]
el WA 23t
199355 199613 71+ A = WA 23E YeH

TAPANME AR 2aE detilth B BrwiniadL 9%
tSso] v 2 4l 3t H-1] 3k o 2 A

2002\ EA|F o A acibenzolar-S

ey
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Al &2
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7o pA=N
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= Eea
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ol 80%01% A
AZ¥7E vl
q

ol AU sdH ol acibenzolar-S-methyl-S
eI

AR A9} ulR7tA 2 ke E d oA

A A acibenzolar-S-methyl WPE
Aoz YestH(Table 6, Fig. 9). Takahara (2002)2 Biokeeper=
Joka ®a st
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Erwinia)~ 835%°]
validamycin—-A+ 91.2%,
9%°] W7 YERH.
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Soke), g

27 AR Bk
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< =< WAEHE YE
= Adssle web A
g AelA

| 237k SEA ekt
I7F g ksl
e T4 AP 4
FEH o=

A, 4

g3t ZARA glov]
FAEES ARA @,

Zz = O

=0

o 2=

methyl# -2 A]e] ¢ ARg-o] WAl ARG gapAoR

FEHes WA A% v AnE YehdtiBuonaurio 5, 2002). 22l Al
streptomycin §A17F =2 WAVTE Uelltde Ade 2 AxE yeERTHE, 2002). ©]F
3 By Y82 EFAE AT A 7S Al 28 ddAe o At EES
Hedh 4 9lal, 71E oFgRT WA ARt ® =2 A adE vErd ¢ Qo] 34 oY
= BHANE s AR dddn ko w o] HY AnE EdE HAH Y £dnlEsS L,
s AR AAl, BEAeke] SFA ARE AT VY] FoF AxFgEY AL &
ox gHor FEHS UAY F JS AR Az
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Table 6. Effect of several chemicals on the control of bacterial soft rot on Chinese

cabbage caused by Erwinia carotovora under seedling test condition

Chemical® Disease severity (%) Control value (%)

Acibenzolar-S-methyl Wp 633 " 7.3
Avirulent Erwinia WP 11.3 ab 83.5
Copper hydroxide WP 13.7 ab 79.9
Oxolinic acid WP 3.3 a 95.2
Streptomycin WP 6.0 a 91.2
Validamycin-A L 290 b 575
Control 68.3 c -

"WP; Wettable power, WG; Water dispersible granule, L; Liquid.

"Mean separation in columns by Duncan’s multiple range test at 5% level.
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Table 7. Soft rot control by different chemicals in the Chinese cabbage
fields located Iin Daekwallyong alpine area in 2000, 2001 and 2002

Year Chemical Disease severity (%)  Control value (%)
2000 Acibenzolar—-S-methyl WP 130 a" 771
Oxolinic acid WP 29.0 ab 336
Probenazole G 33.7 ab 229
Streptomycin WP 31.7 ab 278
Validamycin-A L 207 ab 36.6
Control 437 b -
2001 Acibenzolar—-S—methyl WP 106 ab 24.1
Oxolinic acid WP 39 a 71.8
SNU-32715 WP 33 a 76.0
Streptomycin WP 50 ab 64.0
Validamycin-A L 56 ab 60.0
Control 139 b -
2002 Acibenzolar-S—-methyl WP 12.2 be 484
Avirulent Erwinia WP 93 a 60.9
Bronopol WG 6.3 bc 31.3
Calcium hydroxide 23.0 abc 3.1
Copper hydroxide WP 6.7 bc 71.9
Oxolinic acid WP 21.1 abc 109
Streptomycin+copper hydroxide 48 a 9.7
Streptomycin WP 289 ¢ 0
Validamycin+Streptomycin WP 9.6 ab 594
Control 237 b -

"Mean separation in columns by Duncan’s multiple range test at 5% level.
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Fig. 9. Soft rot control by different chemicals in the Chinese cabbage fields in
2000. A; Acibenzolar-S-methyl WP, B;  Oxolinic acid WP, C; Probenazole G, D;
Streptomycin WP, E; Validamycin-A L, F; Control.
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Fig. 10. Soft rot control by different chemicals in the Chinese cabbage fields in
2002. A; Acibenzolar-S-methyl WP, B;
C; Bronopol WG, D; Calcium
WP, F; Control.

Avirulent FErwinia WP,
hydroxide, E; Copper hydroxide
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Fig. 10. Continued. G; Oxolinic acid WP, H; Streptomycin WP, I, Streptomycin

+ copper hydroxide WP, ], Validamycin+Streptomycin WP.
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Acibenzolar-S-methyl9 Z&FE4

2000 2 20023 A FoA A Fart =4 YElG A EZ A acibenzolar-S-methyl
S AFx7)9 AbEelFed Ax 1,5 7, 149 F 2AdY FA S 47 Hske I
TS st WA HPLCEA S $138te SPE cartridges ENV+(sorbent mass
200mg)< °]&3l] xT ALt FAlAE " wlF A9 chromatograms H] 13} th
(Fig. 11). BAIA o= kAo 75 AN A3 ofAlA g G934 19 Fo AP
Hj ol M= ofAl7F Arete slew detwth(Fig. 12, Table 7). 224 1€ § A=
Y= AT 1gT 1141044010 01, 5 o] Fo AP wjFoA = Ae HEo] o
A ekt (Table 8).
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e il e

standard sample

Fig. 11. Representative HPLC of a standard of acibenzolar-S—-methyl and a

sample of arcibenzolar-S-methyl treated leaves of chinese cabbage.
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Fig. 12. Residues of acibenzolar-S-methyl in treated leaves of chinese cabbage.
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Table 8. Residue of acibenzolar-S-methyl on leaves of Chinese cabbage

Plant Sample Concentration (ug/g fresh weight)
1 DAT® 1.14+0.44"
5 DAT ND
7 DAT ND
14 DAT ND

“DAT = Days after treatment.
"Mean of 7 replicateststandard deviation.
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FEE BAE AT A AQ AT

Acibenzolar-S-methyl 100ppm, 1000ppme] o7t <A viA]o] v|HAA Erwinias
st A3k FAE wjAel A Ekopuel okAl AeujAll A= v Ad Erwinia?t
A5 HFig. 13). wekA v YAl Erwinia= acibenzolar-S-methyle} $HAl 2 A
27} 7=skde. fEAAS 53 A¥EE X go) A acibenzolar-S-methyl¥} oxoline
acid®] &% A7} acibenzolar-S—-methyle] Yt Biokeeper ©AlX T} A & 3}7F wojyk
o™ acibenzolar-S-methyl®} Biokeeper?] &A= WAl 237} =4 UEStH(Table
9). ¥# Agd Z3I acibenzolar-S-methyl¥2] &A1 S A7} acibenzolar-S-methyl,
streptomycin, oxolinic acid, B4 Erwinia®] @A He Bk @37 £A Jeby
tH(Table 10). webA wfF FEWo] oFa] WA ZE acibenzolar-S-methylet H]H A
Erwinia, streptomycin, oxolinic acid®] A @7} g2 FALAS 9 A

0% JEAPNA 48T & Y $4F PHOR ARHL
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Conmes 'n.llrlr-r ot by Sadwrurde s § g |
s ||| | e 1

@

Fig. 13. Growth on avirulent Erwinia on nutrient agar medium incorporated with

acibenzolar-S-methyl.
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Table 9. Effect of acibenzolar-S-methyl, biokeeper, and mixtures on the control of
bacterial soft rot on Chinese cabbage caused by Erwinia carotovora

under seedling test condition in 2003

Chemical Disease severity Control value
(%) (%)
Acibenzolar-S—-methyl Wp 31.6 b* 35.6
Biokeeper 13.7 ab 53.8
Acibenzolar-S—methyl+Biokeeper 22.3 ab 539
Acibenzolar-S—methyl+Oxolinic acid 206 a 58.6
Control 437 ¢ -

“Mean separation in columns by Duncan’s multiple range test at 5% level.
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Table 10. Soft rot control by different chemicals in the Chinese cabbage fields

located in Daekwallyong alpine area in 2003

Chemical Disease severity Control value
(%) (%)

Acibenzolar-S-methyl WP 33 a’ 445
Avirulent Erwinia WP 322 a 46.3

Oxolinic acid WP 31a 44.8
Streptomycin WP 333 a 445
Acibenzolar-S—-methyl+Biokeeper 294 a 51.0
Acibenzolar-S—-methyl+Oxolinic acid 281 a 532
Acibenzolar-S—methyl+Streptomycin 289 a 518

Control 60.0 b -

"Mean separation in columns by Duncan’s multiple range test at 5% level.
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Table 1. Status of farmers’ fields and numbers of varieties of Chinese cabbage

No.of Planted Altitude Slope Soil No. of Trans-

County” fields (33 %H?g eld) (m) (%) texture variety plagglgeg
PC 9 2,125 575 10.5 SL 4 June 12
HC 3 7,333 605 19.1 SL 3 June 10
HS 3 3,167 410 28.0 SL 2 June 14
KN 5 10,800 700 145 SL 3 June 22
JS 17 18,188 677 22.0 CL~SL 5 June 19
TB 12 20,083 1,013 29.0 L~SL 4 June 23
SC 9 4,550 645 18.8 SL 7 June 23

Average  (58) 12,089 679 20.7 CL~SL 3~7 June 19

(Range) s 17

* PC : Pyong-chang, HC : Hong-cheon, HS : Hoeong-seong,
KN : Kang-nung, JS  Jeong-seon, TB : Tae-back,
SC : Sam-cheok

AFHF FFTo2e A, nAAAE, AHAE g71gr 2 CR (Clubroot

2) aARBA oAFufFol I F7ke] 324 AH

1999 ol Al 2001 d =0l A A A o585 58 Al E7t7F A Al&3 shstu] R ALt
A H S ®BHA Table 29 Zth A& A8 &S had A 444kg, AAF 188kg, 2

30kgo = FA Anb o] wjFol] FHstaL = FEAIHF Bleto] D= 149,
Uik 24w, ZeE)= 20814 FEsteE Fo 2 YERSTE Park 5(1994)¢] 1@ A )
FE5 xsst "o 7909 Frbel didte] 1992 ko] ZARSE nlell o]t gpEtu|E =
A ha® A4 332kg, {14t 153kg, Ze] 231kgolAthal sttt ol 23 A= wjF9

EEANFS ST AT ngAA9 WFEturs e F2 AgsHm 9
o]

goful el Hridge Amol weht Tha el F7)

il
+

7k AAE

rlo
H
oz
=
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Table 2. The amounts and ratios of NPK, manure and lime applied in farmers’

fields in various counties

i, Ratios of Ratios of
. (kg ehrg:l%l)zers basa(l] appl. top Oappl. Times Manure Lime
County (%) (%) of top
appl. (kg ha!) (kg ha!)
N P05 KO N K:0 N K20

PC 351 193 310 54.1 622 459 378 16 8,200(6)™ 2,400(4)"

HC 407 161 460 359 380 641 620 1.3 9,240(1) -

HS 302 73 133 66.5 549 335 451 15 10,500(3) -
KN 490 152 412 40.6 342 594 658 16 15,480(5) 1,000(3)
JS 477 169 402 48.8 455 512 545 1.8 9,520(16) 1,770(14)
TB 454 192 407 39.4 386 606 614 19 4,240(12) 2,960(12)
SC 497 282 478 53.7 51.0 463  49.0 1.8 17,660(9) 2,000(9)
Average 444 188 390 48.0 466 520 534 1.7 9,920(53) 2,160(42)

* PC : Pyong-chang, HC : Hong—cheon, HS : Hoeong-seong,
KN : Kang—nung, JS : Jeong—seon, TB : Tae-back, SC : Sam-cheok

#% () . Numbers of farmer fields applied each material

TE ] A& 33 20w Fastth 2001de] 9hA A Aatel] <
st M BAET FaEQIA A ZF] RES HAH dvkE A olth(Table
3).
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FEAL, ABY 2E FLe @A % Wi ECE wAWAE FA7 w4
G Aww W 9 v wde] pH, A8 ZH s FEe A4
Sufel Q= Aow wol <Ak W B AR A gL makol weh Ful A el A}
4Zo] Fro LTE RES AP Fo|sE WA Eatelol Ak nAAE 7|
2o o] 5 golPen EFFRS] FEES} e W ope} F2 AAA 9
Aato] Mgkl Wolx Bl nie R FFUel Be HAAA HPAAY
S A W AFAMEE UGS FHE LENINE P 1B 49
AH 7| Zel BEAl Al E3ke] o Aol et Azt

Table 3. Chemical properties of upland soil cultivated  highland Chinese

cabbage
-1
ot Noof | pH oM EC Av. P,Os Exch. (cmol'kg ")
oun . _ B _

v fields | (1:5) | (g kg!) | (dS m") | (mg kg ") K Ca Mg
Pyong-chang 9 52 48 0.23 1,465 1.05 49 1.8
Jeong—seon 15 6.1 33 0.33 473 1.67 5.6 1.0
Tae-back 18 6.8 38 0.27 1,280 2.36 6.6 2.0
Sam-cheok 18 5.6 37 0.41 558 0.57 4.4 1.8
Average (60) 6.0 38 0.32 889 1.45 54 1.7

. 6.0 20 - 300 0.5 5.0 1.5
Optimum level 65| -0 | *I° ~500 ~07 ~6.0 ~20

°
ol

of pedste] WA LERS] FEAA D NBHLFo APAH A =
A= BOom(NIAST, 1999a ; Park et al, 1988 ; Jung et al, 2001), =] LEF

A Cho(1999)¢} Yang S(200D)¢] <atd  §&AS 620mg kg !, A4 2FL
09lcmol” kg 'o2 ¥ B 25 wjFo] #HAFF(NIAST, 1999b)& Z3ati e

Ao maslo] 9k,
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4) Bus, iy 2 A3 g ARg4
7 @AM AEsE HEHIRY S
Science & Fertilizer, 2001) 2.2 &#H A )
G olE ¥ HEE thgstth Table 400 A
58 57ke] ZAbl A WUdE mex o S
FHl R 1055 &7 AFEskal Atk

BYgHEE  wel AgHE o
A

= 15093 o] (Korean Society of Soil
of TAAe MEwo wE njFde o] v
HE npe} o] HA A g9 4F T

o 71w

.

EH R 18F, FHE &

"
o

g 7I¥E HFE2 11-10-10+3+0.3
(N-P205-K:0+Mg+B)= A bs7ts 19%, =< 11-6-6+4+13+17
(N-P205-Ko0+Mg+SiOz+Ca)  12%, 12-9-11+3+0.3> 9%, 10-11-12+3+0.3 <& 9%9]

O 2 AREetATh AFwF FH]E v FS 18-0-18+0.32 28%, 13-0-13+1+0.3 21%,
18-0-15+3 21%, 16-0-12+3+0.32 10%¢] &7H7F AR&aFAth. LA vl 52 FAH] &
S A A3 E Table 4914 BH w7t A AAs 78] 48%, FH] 52%, ZEe
718 47%, FH] 53%=A EF EAIHE (NIAST, 1999b)& A8 v dies 7|8E

o SHlsta AN, Zels 28y FuE ¥ Sulstal itk

Table 4. Principal compound fertilizers used and ratio of basal and top application

No.of Application ratio Appl.
Application Compound fertilizers frequ-—
fert. N K20 ency

Basal 18 11-10-10+3+0.3 (19%)%*) 48 47 1.0
11-6-6+4+13+17 (12%) > (35" (55)" 1.0)™

12-9-11-+3+0.3 ( 9%) >
10-11-12-+2+0.3 ( 9%)

Top 10 18-0-18+0.3 (28%) » 52 53 1.7
13-0-13+1+0.3 (21%) » (65) (45) (3.0)
18-0-15+3 (21%) »
16-0-12+3+0.3 (10%)

* Percent of compound fertilizer used

% Recommended application ratio of basal and top dressing

Bl FA ] Fobel A EuAES AREHNSERHN>SEH>AAR R AA =
ARRE 585 7% 91.4%((5357h ] F717F 7hSEE RS had H it 992kgs AHESEATH

FHo gxd HHlE A&ed HeAsol dllE FA Fods ESI

FAHAA T, ole @ EFFIIBE ofe b BF 2 vFPES wel
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el

B FoR 53 EGGUel Ad naA AAA Ege
gstthn 4e A dk(Jung et al, 2000).

AN e ANA>ANASHEDEEOR B 52 24 B7HE 81%0] gt 42
ol M8l Agstgom, A4e 7k had B 2160kg o2 A3 E2A ]

& 2,000kg(NIAST, 1999b)ell Htstar lo] M3 du g 243 Aol glov
S A8t eS¢ 5 UtH(Table 2, Table 5).

Table 5. Percent distribution of fields applied anmal manures and lime materials

B ) Fields Fields applied animal Kinds of

Iiert Appl. r(ﬂ:e applied manure and lime animal

ilizer (kg ha ) (%) (%) manure
Compost 992 (53)" 91.4 Poultry(58%)> Pig(21%)> 5

Cattle (14%) > Fresh
Poultry (6%) >Others (1%)

Lime 216 (42) 810 Quick calcium (62%) > Slaked calcium 5
(21%) > Silicate fert.(8%) >Dolomite lime (4%)
> Others (5%)

* No. of farmers fields applied actually

*x 96 of field applied compost or lime to 58 total field

ZHn

W
>
oo
rlo

3] w5 dsolor & AFHAATE wARE Z
HaAA SR F5E dAs] A8 AL ESAA pHE S7HAZE

= A3E g@Fe aste wFo A AFZA gl = AAY
et al., 1988 ; Jung et al., 2000)
Sgvtgel A 7+ Eol Fgete] Tl e AFAuaE 1986 7HA = 44
o] ARk 1987 R HE A3 uER dHA don, MInEs dze]io] 53%RA, &
Hw B 0% THE Ta AAY DEEINHAES O gol Faan 3
of ZHAET A vhadlE ARol PEF =gdeld o mRHela hdtH(ung
et al., 2000 ; Korea Fertilizer Industry Association, 2001).

i
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ox
Sh
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fol
b

sNAE FEAEPAN AT Y BEANFRG O Be HPNEE AL
S 9es Pl AFIHAT MFel e FEAFHY BEANF FS By
Aol Aur FE EF AR AuFolne mAAs A EEAMTF] FF o]
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A G dA = Fo S EENE ALty FFHEE et ZAee s
2 ®BEF Fe 5 27 WH(MAFF, 1997 ; NIAST, 1999b ; NIAST, 1999¢)& #l
AlgtaL dolA TSR EH e stHl s EEA AREA A diEtes dAAE AT
AE e E=he] el Ha gl

71E9] A5 AN ES FHAESS didez dAE oz ndAe 34 o
B 548 e NEZE AHEAA Ao daKel aHFH . XA
AL HuA o= g, A9 EFAor Hol WM AdA e fAF Fgol w2
BAZE Ak w44 EG R FEdRe] A% Hme] & BE fFadEte] &
T3 Foll 9ste] zste] w9 EoH s A TH(NAAES, 2001). 1990\ F-E+=
Gk o] A AulH] Bk opEt mAAEFINE SR 3 o] FAS
= ooz HAF QA (NIAST, 1999a ; NIAST, 2000 ; Yang et al., 2001), Atk

=
7b b2 E ok gt RS EYH SRS Sk Hausde HRE s e Al
o] ¥&o] FHrjell wE AxEF B A9 5 BANFE VS A
A THCho, 1999 ; Park et al, 2001). FHoll 9fA = Aol = TAAAE E<F
Aol st AR AMAg e Ao g4 S @4 F ] A AYE
o] Fikso] Zha o of9f W& o
F2= EA, CEC(YFol2A&E), wrl=dde Hgadd oste FHHm vt
(Darl et al, 1999). LA HH—%XHHH 58 &7Fe] AlH =
AZEH(58%) » = HH(21%) > F-wHH(14%) > 7]
7P 2 ARERE 58%° F7F oA Abgstal flow, dAZMAE ALEY], =%
el g e2EHE S S E e @ ASFAE S aeddte 53R F2 3
Aol disto] AFdAME s skt spetH R FEAIH Fol Hlste] A
2 g 14-24-20MF A&t &S AdsAtHLee et al, 2002a). &+ A= H
wxe] @ AlHFH WRe]l mRA xHoE Aol FtedAE HESI ol
aFA oA AFulF AuiA] ALEE] AlGol wE Al daam e 246

Q3 Broz B XYL FPs+grt.
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3
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=
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X
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D AFES 2 2AAe 54
EXEY 2719 AlFdA EYS Table 104 He H]_g]_ o] Apekdol ol EZA E

O

Table 1. Physico—chemical properties of soil used for field experiment

pH OM Av. PyOs Exch. (cmol'kg ") CEC Soil
(1:5) (gkgh) (mgkeh) K Ca Mg (cmol'kg ) texture
6.5 18 231 0.30 5.7 1.6 7.8 Sandy loam

APAER ARERE AREYE Aldetal e ASEaFHEEA IR ES

Table 29} #t}.

Table 2. Chemical properties of poultry manure compost

T-C T-N P2Os K20 CaO MgO CN
(%) (%) (%) (%) (%) (%)
32.0 2.0 3.49 0.96 2.24 0.67 16.0

2) AHAZUg 2L Ay

A ARHH FAE3 AE6E ha HE 2 27 EFPA AT 2EH
A2 A0 (.01, 335kg ha ) EdFslo] AAFAE, 050, 0.75M]9] FE& Fof
FFAREEHR FALT AG) 2, AlF (22 AHSFE) 4289 g 8A g eA 2t
TR 3Rk o 2 Sttt AEEHY O] AR RS EdE AT WHINIAST, 1999b)
of oste] FAFM A& 35%e] P 6% ha & AlEskTh Al o
0= 2o 2 335kg ha 'Bl2

sk AlH] oA EFH A ok FAAAH R 1
S e42 st ZF Ao Anjujgol wal grEFste]l st AAl Aol AlE
5t QAL 266kg ha 'S €= ZEl: 302kg ha 'S dsitg 2, A3lE AFo

1,200kg ha '& &A3= ste] Algatgon, 7lwel Fule BEEAINNIAST,
1999b)ell Eske] Haxo] A 7IMl= 35%, FHI= 65%01H, FH= sdFor o
33 Al e, Zeje] 49 7IM] 55%, FH] 45%c°|H ZE|FHlE TdFger 33

—
AT A, AREY B 243 AEFE VI ERE AlEs it
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FAG Ao ndxe] FAREA ANl /g BE JEuFE FEe A4l
o, AL 204EE AAAY 60x35cm=E 3to] 6¥€ 5%, g2 3Y 5 AA]

EY 2 AEA £F AU HNIAST, 2000000 ote] Ao, EGEAS 9%
A7 2 7)o MG F1F 2 mmAE FIHAIA pH
B2 o ZAASTFH, F7)EdFS Walkley Black®, @AMH

FEAML Lancasterd, A2 dol=3 CECE IN
NH/OAc® FZ3dtol Z438vh AeAAgs F87]d A5 4de AH sk
0CAA AxF B AsE A2 A HCIOs © HoSOs = 10 @ 1O R FA #3514
da= Kjeldahl T dAFFeEEAH s FAst
A%, w3 2 JuaAs 52054 FANAAT 2 2RDA, 1998)0] F3tel
A A B AT

P:E
o
2
rlo
<
Q
5
Q
0.
Q
=
(@)
R
N
Y
o
-

o Ada % uE

AREE ] AlG3t DA H
AZE ] FAL AS2AAM Ao nu &l e wFaEFE Fig 1904 29
ALE ] FAE2 Ao AusFS(EFHA7IE, AHEE 1L0)7HA S8 el ne) 5
Fol SIF @ASA T AZEW AlgolM A HagFo s Lsly sl Ha

o

s A2 etk Figure 1914 AaAu$E3 Sdste] 37 BAA 2337
FRAANA AEF ARHY] AST] Ah HuANR(HFFAA 291kg ha &
EAREE ] A HTAH ZF 335kg ha ol wlate] 0.87u) & 13%9] dzte] 7b5at
Qo AL A&A wjF5Fo] bAF DA F 174kg ha 'S H1 F A H]
602 AREH A S0 2 AA 40%9] A3ro] 7Hedt tH(Table 3).

FAT DA F AES ARH FAE

o

)
g
A
=
4 o
Lo
-
o
e
f
&
off

]
ol Aa FU1gEo] AR 70%,

T 20%, = BWEA ﬁl‘ﬂ‘ﬂ 7 =ohal sl e ™, Prat et al.(1996)o] st
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bt A F718E = vl&o] Al Aol 40~50%, 21dzkel 10~20%, 31}l
 50%ehal st ZEol gk Aae] FHEAL 97wl stshulse] A3rE )
A 7l st
150,000
-~ 120,000
8
o 90,000
3 60,000 o Y=71,560+81,640x-47,040x2
g (n=12, R?=0.446) :
30,000 (0.87)
N appl. rate 0 0.25 0.50 0.75 1.00
Yield of control 70,140 - 79,430 83,680 101,180
Yield of compost 76,860 - 100,620 106,330 106,160

Fig. 1. Yield response of Chinese cabbage to N application

levels with poultry manure compost.

Table 3. Amount of N fertilizer adjusted with application of poultry manure

compost for highland Chinese cabbage

Items

Poultry manure com.

Remark
Without With
N application level
. . R 335(1.0) 291(0.87) .
- for maximum vield(kg ha ) o Maximum vield (ton ha')
-+ for stable yield (kg ha-1) 174(0.60)" Manure plot = 107~
Without manure : 101
N reduced level (kg ha-1) 117(40%)""

*%* N rate and reduced amount for stable yield to N level(291kg ha')

maximizing yield at poultry manure

compost plot

wkx  Maximum yield without poultry manure
A s AAE e EGAER A dAVE o Hlg5e A&Es 9 AAgE
ESAA AR el #5-Hn oY EYATY AAHE ESGH 4TS Fold
of o]& wAs F7] 9% WA stur FhA| 79 64%El tiste] E A
ot AHF FHANE ESTY AW d3o = 14T Al - - EFrlsAHNA &
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Faz A ok(Park, 2001).
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Table 4

e

KR
T

| LA ]

)

soil(33)
247
215
129

Highland *

45
176
153
92

235
204
122

25
294
256

N levels (kg ha ) based on soil OM
154

OMig kg

srol x| a1t}
T 57123% 33¢g kg (Yang et al,

Aujgke zbzh 215 129kg ha ' 24 e A

33 ¢ kgf1
Al AZ2A M F 247kg ha 'HT} AEEH] A

15
353
307
184
)

pu

]

8

)

2]

440.82 - 5.881X
38351 - 5.116X
230.11 - 3.070X

Y
Y

Y
obzel wheh A4 Au

(Y : N level, kg ha'
A 2 A vl A

N recomm. equation
X : OM in soil, g kg')

=

0.874H,
ol =
A]

Maximum

manure for highland Chinese cabbage
Item
Without poultry
manure (Present)
yield
Stable
yield

Table 4. N recommendation equation depending on the application of poultry

* Organic matter (OM) content of highland soil

poultry
manure

With
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d,A2E A, AA B2 A= S Eod AEHe2 A4 1.0 ARsETL
A S F5 oY AaHe A34E BATh A4 10W AlETY 9%, 9%, A
A, AET BF AAFAETd Hlgtod= 5%A #Fod zol= F7hHA o
2 AHEERRe] ol g Afol= gllnh AAAH] e S wE AEHE] 3
Av ALFAETED o3 Aol AU A ALEHE AEA HiFgEs
d EGHAY Aa 087 AlE Tl s A FAE Tl vste] 4, dF, A, A
Ag 2 =g A% S77F UAJA T ARlFEed = FolAdol fle 4%

Table 5. Growth status at bulb formation stage of Chinese cabbage

Poultry N appl. Leaf Leaf No.of Fresh Dry % of
Crgsnnplgset rate length width leaf weight weight m(;?{er
(cm) (cm) (No.plant’) (g plant?) (g plant ") (%)
Without 0 21.2 11.9 255 103 8.6 8.3
0.50 26.4 155 33.0 300 21.7 7.2
0.75 24.6 152 32.5 309 23.2 75
1.00 28.5 17.0 35.5 372 24.7 6.6
(Max.1.0)" (28.5) (17.0 (35.5) (372) (24.7) (6.6)
Average 25.2 14.9 31.6 271 19.6 74
With 0 25.3 155 33.0 250 182 7.3
0.50 30.3 184 36.5 455 29.5 6.5
0.75 29.8 20.7 38.0 501 316 6.3
(Max. 0.87) (29.8) (20.1) (38.0) (502) (31.6) (6.3)
1.00 29.2 19.6 38.0 495 31.0 6.3
Average 28.7 18.6 36.4 425 276 6.6
LSD (5%) AT 1.8 1.2 2.7 64 3.6 0.7
B ™ 2.6 1.7 3.8 90 5.1 1.0
Bin A 4.2 2.8 3.8 152 8.4 1.0

* N application rate and growth status

*x Main plot , **x Sub plot

Table 6914 K= wpel o] HAAH] Fao] F7ke

bl
2 AE2 AW oR & o Table 59 A7) A FA AHE B F1
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o AREY FALA HAuFHds A Aa 108 AR TR o, FE EF
qd, AF 97 R AEF 5 ASF 2 AFFo] ke AFe 1 F A4 10
o] 5, 98 9 4EFS AAFH o) vlEke fod FrhvF . AlREEE

A 1 075 7H A = AaE S Eel ok dvbAel A
S Fetn o, HuFHFe A A 087 7, 9, d4FE A4
FAgTe vlag wf feojdk FrbE Holth 53] AEH&S AREH FASAE
AA B A ol 7t A3 oy ARHE AgAE diho FHlo B AE

ok #Aa7E AT oVIM FED A2 TAdT Ao FEdAA ARE
]

A zhNAE A

= 1=
ol AKFAAA HgAALE BEF Frolgy Jee AT

Table 6. Growth status at harvesting stage of Chinese cabbage

Poultry N appl. Bulb Bulb Bulb 9%of Leaf Leaf No.of Dry % of
manure rate length width weight Wbellﬂg%t length width leaf weight mg?{er
compost (cm)  (cm) (g plant?) (%) (cm) (cm) (No. plant’) (g plant’) (%)
Without 0 235 136 1,069 2.7 28.7 16.4 50.5 151.7 10.3
0.50 24.6 14.1 1,249 74.8 31.2 18.1 50.6 168.5 10.1
0.75 23.6 140 1,254 71.3 31.0 18.0 56.0 186.2 10.6
1.00 24.7 14.1 1,507 70.7 31.6 184 56.3 223.1 105
(Max.1.0)" 247y  (14.1) (1,507) (70.7) (31.6) (18.4) (56.3) (223.1) (105
Average 24.1 140 1,270 72.4 30.6 177 53.4 182.4 104
With 0 24.9 126 1,170 72.8 29.3 16.9 56.0 188.8 11.7
0.50 25.2 145 1,526 72.5 31.7 19.2 60.1 221.9 10.5
0.75 26.0 156 1,655 74.2 314 20.8 60.8 212.1 95
(Max.0.87)"  (25.2) (14.6) (1,639) (73.1) (31.4) (19.1) (61.0) (209.3)  (9.3)
1.00 24.6 138 1,622 72.5 31.1 17.6 61.0 200.6 9.0
Average 25.2 141 1,493 73.0 30.9 18.6 59.5 205.9 10.2
LSD (5%) AT 1.0 14 107 2.9 0.6 1.0 4.6 14.0 1.2
B ™ 14 2.0 152 4.0 0.8 15 6.6 19.8 1.6
Bin A 2.5 3.2 350 59 1.8 19 82 48.1 2.6

* N application rate and growth status, #** Main plot , *%* Sub plot
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Table 7.

Chemical properties of soil with different growth stages

Poultry N appl. Bulb formation Harvest
manure rate
compost pH NOs-N AEI). Ex.K pH NOs-N A(\S. Ex K
(1:5) (mg ke (ngk;—” (cmolhg ) (1:5) (mg ke ) (szkg‘il) (emoléhg )
Without 0 7.0 26.6 401 0.49 6.7 9.8 398 0.53
0.50 7.0 29.4 397 0.49 6.8 13.0 394 0.51
0.75 7.0 31.7 400 0.55 6.7 15.6 356 0.50
1.00 7.0 41.2 388 0.50 6.6 24.3 346 0.52
(Max. 1.0)" (7.0) (41.2) (388) (0.50) (6.6) (24.3) (346) (0.52)
Average 7.0 32.2 396 0.51 6.7 15.7 373 0.51
With 0 7.0 26.8 450 0.54 7.0 79 327 0.44
0.50 7.1 31.7 455 0.50 6.7 11.7 310 0.42
0.75 7.0 33.1 442 0.52 6.7 22.7 365 0.44
(Max. 0.87)° (7.0) (37.8) (442) (0.52) (6.6) (23.8) (362) (0.44)
1.00 6.9 42.6 442 0.51 6.5 274 357 0.41
Average 7.0 33.6 447 0.52 6.7 174 340 0.43
LSD(5%) AT 0.2 16.9 125 0.10 0.1 10.2 133 0.08
B ™ 0.3 239 177 0.14 0.2 14.4 168 0.11
Bin A 0.3 16.3 204 0.24 0.3 11.9 101 0.10
* N application rate and soil chemical properties
*x Main plot , #**%x Sub plot
Park(2001)% Hong(200D)] S13H#l QbR e FH4ol Fsta o 5ol stol £
o o] Aol # HEa FFeAYe] Hrhal stgon, olet A EYS Aikgt
ol F7hdo] W& Ao deld ARHUE A8H AREA B oo, 4% 2E
HitAol vaste] B Ao AFd = FEUM FEFS b He 200 mg kg !

oA A% Wit v W AP EF

A wEe A4EE WA Fhsd o, F3

fol
o
>
ok

ZFo 450 mg kg | U9 =
310~365 mg kg ‘o2 A A

dot Ho
N,
2
rr

A2 400~500 mg kg | (NIAST, 1999b) Bt} v+ A2 w gt} o] st AJN L
wiFel Aol Widshs ATslel AgAel Aol F47b word, ARHy A

RS WEO] AT/ RTE F8]

2

| ebRkstSl 7] wiitoll 4
¥ Aoz AZTEAT(Lee et al., 2002b).

£
o 2 HBA AQF PI19R F3 FFFS Table 8o e
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o AA Ao W3t sy F4ES B AREHE] Algo] AAgle] AAE S
sto] weld FrlEo] AA HuFFodMe BALoR Fo4i0] dE ot AN
=
Table 8. Contents and uptake amounts of nutrient of Chinese cabbage plant
Poultry N appl. Content Uptake
manure rate N P,O5 K,0 N P,Os K,0
compost (9%)————————— (kg ha H)—————-
Without 0 2.79 0.55 3.39 202 40 250
0.50 3.73 0.75 3.36 314 61 257
0.75 3.19 0.78 2.64 312 67 258
1.00 3.70 0.72 2.67 342 73 278
(Max. 1.0)° (3.70) (0.72) (2.67) (342) (73) (278)
Average 3.35 0.70 3.01 292 60 261
With 0 2.62 0.48 3.43 208 40 280
0.50 3.19 0.85 3.11 300 85 325
0.75 3.41 0.72 3.04 344 84 336
(Max. 0.87)" (3.74) (0.75) (2.88) (363) (85) (318)
1.00 4.09 0.72 2.72 389 82 300
Average 3.33 0.69 3.07 310 73 310
AT 0.43 0.22 0.34 35 24 43
LSD (5%
(6%) B ™ 0.61 0.31 0.48 50 34 61
Bin A 0.82 0.49 0.69 92 61 119
* N application rate and soil chemical properties
% Main plot , *#%* Sub plot
AnsFe YA Aoz B APAuT] xR FF R FLYL wE AR
Hu] FAEA A HAGAH T AaFEe 37%, AAEF L 342kg ha olH,
BEEu Al &A] Aa HAAAE T Aadee 374%, AAFFHS 363kg ha O EA
Ange Aol glod AaFrEe ARHM Ago fFege glovt ke
ha 'A% t] 2e 232 woch AaZvd o JEAS Aadtge A 4
of gl whel, AEFFL tha Fas AFolArh QAW BYFLFS AA Y
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(M= PenningtonAh) &2 wWiF FE2 A Ao ol AujE= HAAFHFE
=

=
Aol ANdA EF EALS Table 1014 Hi= v} o] ARk

Agstit wA £
4o AAERA BF §71%, FEAN, ADYBE T L ool S
A4 A0 vlste] e g FEolUnt

Table 1. Physico—chemical properties of soil used for field experiment

pH OM Av. P:Os Exch. (cmol'kg ") Soil
(1:5) (g kg V) (mg kg ") K Ca Mg texture
6.1 14 761 0.45 5.1 0.9 Sandy loam

U Aee] B Au e wotate] slojaWx HEUMe w3 A, HAE 15
A, AAF 309, AAF 09, $44F § 642 A} AT WAL 147
16m' (4x4m) 2 dFo] W 3ukEo

49e st 69 259 WFEE FFao 25U FRF A4A 60x35emz 7Y

199 2 Ao AAstAch ol 3F#EFS had 40kgo = o HF
2 W F AAd gFe] Aol wiF oS wEY] Ao Ay s, wiF HAF

15, 30, 098] A= W o Aol FAAEEL 1A A% shdth 1n
WE FRF AFY ol FRAF AlYRAE A% BESAL WF A

F2 A HFNIAST, 1999b)ell Eakd o w5 FdFabs 445 5884749 94
of

q
179 2Abshsith WF RF solgMA REWHe WE VB 49 9=
Ak o 2003 49 15l ElojE WA dE&S ZAFSSTE 20039 6¥€ 17Y

o &£7e AdEes] g8 wA

MFE 44 sger A4F 1594 72 159 AFEAE ANGAT A
AFPRe FAH BRANEA Fadgor NFd BFRY 2 s 42
2N e 5Yater) & ANIAST, 20000)% 715 gk F 4% 2 FFAe 5
AEA SAANDAT ZAERDA, 1999)9] ek AN ST BB L SASER
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W AAFe] "ol AFL mdon MFsFe AYoE AR 5228ha’
H] 427%ha o2 Yol AES Bk ey wF A3 15 30, 409 3F
o Agoll= doje A Ao wE wjF A 9 gkl 9lo] Aolzt gt o]

o AaE & wiF GAHAd sy uAE dFd AFg-ol= oA s} wj
]
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o
=
A =dE 5 ARG Basuw oo e wdARe AR WF AulE3
A2 A4 dAolAUAE HEW o] AAs WANE FUT Ao
CEER!

Table 2. Growth of Chinese cabbage at different sowing time of hairy vetch

30 days after Planting
Sowing time of hairy vetch No.of leaf Fresh weight
(No.plant ") (g plant’)
(1) Planting time of Chinese cabbage 29 369
(2) 15 days after planting of Chinese cabbage 30 431
(3) 30 days after planting of Chinese cabbage 31 439
(4) 40 days after planting of Chinese cabbage 30 439
(5) Harvesting time of Chinese cabbage 30 421
(6) Bare land 29 407
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Table 3. Growth status at harvesting stage of Chinese cabbage

. . . No.of leaf Pl?m BL.llb Yield
Sowing time of hairy vetch (No.plant ) Welgfjt Welgl}t (ton ha')
(g plant ) (g plant ")

(1) Planting time of Chinese cabbage 71 1,876 1,155 427 b
(2) 15 days after planting of Chinese cabbage 69 2,123 1,382 bl1.1 ab
(3) 30 days after planting of Chinese cabbage 72 2,309 1,603 59.3 a
(4) 40 days after planting of Chinese cabbage 70 2,258 1,537 569 a
(5) Harvesting time of Chinese cabbage 72 2,345 1,657 61.3 a
(6) Bare land 70 2,106 1,383 522 a
* Planting time of Chinese cabbage : Jul. 19.
* Harvesting time of Chinese cabbage : Sep. 17.
2) dojel A FEHged e B¢ 95 9 A7 ey
doje A e W EG 35 g3 Table 49 2t w5 £8F 3047
Q1 109 14¢ Ax& A A3 WA dd = 17%<1 el wiE g3 FA
dolguAg e Ffols B%E v =2 FFS At =3 deF A4
T ol ol 49 179 ZAME T YA 6.7% div], 100% FE5E&S B on dE &
AL E B59%E WS we AL warh AAAAN BFHA A Pe @
g2 Qe 2AEAA o o] 7] x7var st th(Baver,1972; Laflan, 1979). & 2=
Aol olf EFHA Ae ERVRG 42 Welo) BFuge o8] B9 %
3 BAY 24 9 ARSE BA o] B 44 % AxF fERe gaA7E

@t s olsh we A
Smith, 1978)el 7] %3 EY¢FA=F
S
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Table 4. Covering and overwintering rate at different sowing time of hairy vetch

Covering rate (%) Overwintering

Sowing time of hairy vetch Sep. | Oct. | Apr. |[May. rate

17 | 14| 15| 15 (%)

(1) Planting time of Chinese cabbage 99 95 100 | 100 859

(2) 15 days after planting of Chinese cabbage 95 64 100 | 100 87.3

(3) 30 days after planting of Chinese cabbage 92 61 95 100 84.6

(4) 40 days after planting of Chinese cabbage 90 50 87 100 82.0

(5) Harvesting time of Chinese cabbage 88 6 60 | 100 65.7
(6) Bare land 85 17 6.7 22 -

* Planting time of Chinese cabbage : Jul. 19.
* Harvesting time of Chinese cabbage : Sep. 17.

Table 5. Reduction effect of soil loss at different sowing time of hairy vetch

Soil loss ratios
Sowing time of hairy vetch Cultivation Fellow

period period Year
(1) Planting time of Chinese cabbage 0.72 0.29 0.21
(2) 15 days after planting of Chinese cabbage 0.78 0.33 0.25
(3) 30 days after planting of Chinese cabbage 0.82 0.35 0.26
(4) 40 days after planting of Chinese cabbage 0.85 0.43 0.35
(5) Harvesting time of Chinese cabbage 0.96 0.79 0.77
(6) Bare land 1.00 1.00 1.00

* Planting time of Chinese cabbage : Jul. 19.

* Harvesting time of Chinese cabbage : Sep. 17.

3) dloj il x] gl wE A % SHEd R a
dlojeulx] sbgfo] mE HHAS 542 Table 63 2ty 58] AAFS A5
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Blevins, 1990). & $5:5= AAel glof S557 A=A e Farlol Far
5 XS dojgux, F2u 3§ IHEA4EE =Yg AdA F W] -2
S55 FASGe] wold Wavlnel YARNI Ak ATAde g AFE B
o] (Frye and Blevin, 1989) 5 Ajufol lolol® slojgjulx] =ujaEo] T2 A
A MEE dAT 5 AL AR A7t o] AR wFo % u wF A4
A4 % A4 159 o) Fol ol MAE HEY Aol Hul AR A )
T Bt =5 Aow dddr.
Table 6. Growth status Sowing time of hairy vetch

Sowing time of hairy vetch Fl”((?f(l;l \gj—iﬁ?ht D&HW;;‘T’T)}‘ t };};I
(1) Planting time of Chinese cabbage 63.1 a 122 a 3.02
(2) 15 days after planting of Chinese cabbage 644 a 104 a 3.15
(3) 30 days after planting of Chinese cabbage 60.6 a 95 a 3.27
(4) 40 days after planting of Chinese cabbage 494 b 79 b 3.36
(5) Harvesting time of Chinese cabbage 244 ¢ 42 ¢ 3.57
(6) Bare land - - -

* Harvesting time of hairy vetch : Jun. 17.
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Table 7. Growth status of Chinese cabbage depending on application of hairy

vetch
Sowing time of hairy vetch Leafciielr;gth Lea(fcrv;)idth (1;2:;;1?1

(1) Planting time of Chinese cabbage 10.2 6.2 12
(2) 15 days after planting of Chinese cabbage 95 5.6 11
(3) 30 days after planting of Chinese cabbage 9.0 5.3 11
(4) 40 days after planting of Chinese cabbage 9.8 56 11
(5) Harvesting time of Chinese cabbage 84 5.1 11
(6) Bare land 10.4 6.1 11

* Planting time of Chinese cabbage : Jul. 1
* Growth status of Chinese cabbage : 15 days after Planting of Chinese cabbage
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Figure 1. Growth of hairy vetch at different sowing time
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