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Table 1-1 The comparison between index of head rot occurrence and
differences of environmental factor in field. (1983)

Environmental Index of Expected 4 Progress of

condition in field he(ag)rg‘t '?%e));* B head formation***

upper 49.4 50.3 0.98 2.7

Undulation | middle  41.3 473 0.87 2.6
lower 55.6 45.9 1.21 2.5

. good 44.4 46.8 0.95 2.5
Penetration [notgood 2 593 120 31
Intercrop planted 47.3 48.5 0.98 2.6
{cabbage) |not planted 52.5  47.0 1.1z 2.5
Soil hardness hard  43.9  46.5  0.94 2.5
nothard  51.5 5.0 1.01 2.7

irarow soacin <33cm 554  51.8  1.07 2.8
nraowspaNd N\ sasem 384 433 0.89 2.4
aradiont { flat 49.4  48.0  1.03 2.4

| slope 46.8  49.5 095 2.7

*A: Index was calculated by equation(1).
**B : Expected index was calculated by equation(2).
***Progress of head formation was indicated by averaged index{0~3) ;
index ‘2’ =harvesting stage, ‘0’ and ‘1’ =before harvesting stage,
‘3" =over harvesting stage.

Table 1-2 The comparison between index of head rot occurrence and
differences of environmental factor in field. (1984)

Envionmental  Indexof Expected 4 progress of
condition in field he(ag)rgt "?ge))i* B head formation™*

upper 22.7 22.9 1.06 2.4
Undulation middie 14.5 23.4 0.74 2.5
lower 45.1 23.5 1.43 2.5
good 235 2.4 093 2.5
Ventilations normal 29.7 23.0 1.28 2.5
bad 36.5 21.9 1.43 2.3
. good 27.3 22.2 0.89 2.4
Penetration | normal 25,0 4.2 126 2.6
bad 48.2 4.0 1.27 2.6
Intercrop planted  31.6 23.8 1.02 2.6
{cabbage) | not planted 25 ¢ 22.4 1.1 2.4
hard 29.7 24.1 0.96 2.6

il hard
Soithar "ess[ nothard 286 7.6 112 2.3
Intrarow spacing <33cm 35.2 23. 6 1.07 2.7
=33cm 22.2 22.6 0.94 2.7
fiat 35.0 24.3 1.39 2.6
slope(easty 10.0  22.4  0.99 2.5
Gradient {west) 21.4 21.2 0.89 2.9
] (south) 24.1 22.7 0.6¢6 2.7
(north) 34.8 23. 4 1.21 2.7

*A : index was calculated by equation(1).
*g : Expected index was calculated by equation(2).
***Progress of head formation was indicated by averaged index(0~4) ;
index ‘3" =harvesting stage, ‘0’ , ‘1" and ‘2’
=before harvesting stage, ‘4’ =over harvesting stage.
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Tablie 1-3 The comparison between index of cold injury occurrence and
differences of environmental factor in field. (1984)

Envionmenta  Indexof Expected 5 progress of
condition in field ool? m;ury |E1de)x B head formation***
upper 40.9 47. 4 0.86 2.4
Undulation 1 middle 36.8 49.1 0.75 2.5
lower 75.¢ 48.8 1.54 2.5
good 45.6 49.0 0.93 2.5
Ventilation § normal 64.1 47.6 1.35 2.5
bad 51.7 44.8 1.29 2.3
good, 43.6 45. 6 0.96 2.4
Penetration{ normal 518 50.5 103 2.4
bad 82.1 49.9 1.63 2.6
Intercrop planted  §4.3  49.5 1.10 2.6
{cabbage) | notplanted 49,3 46,0  1.07 2.4
hard 55.9 50.3 Ln 2.6
Sei hamnessl nothard 6.4 440 1.05 2.3
<33cm 55.1 49.1 1.12 2.7
Intraro
Wsm'"g! 28%m 404 466 106 2.7
flat 794 50.9 115 2.6
slopefeast) 58.3  44.4 0. 64 2.5
Gradient {west) 70.1 42,9 1.33 2.9
l {south) 59.5  46.8  0.87 2.7
(north) ¢9,0  48.6 1.27 2.7

* A=Index was calculated by equation(1)
* B=Expected index was calculated by equation(3).
*» Progress head formation was indicated by averaged index(0O~4);index
3=harvesting stage, 0,1,&2=before harvesting stage,4=over harvesting

stage.

Table 1-4 The comparison between index of cold injury and head rot occurrences and
differences of environmental factor in field. (1985)

Environmental Index of * index of ™  Progress of
condition in field  headrot  coldiniury heaq formation*
upper 3.2 55.1 2.8
Undulation { middle 6.3 §5.0 2.5
lower 10. 6 76.9 2.8
good 6.0 61.6 2.8
Ventilation § normal .2 63.0 2.8
{ bad 4.2 70.8 2.7
good 2. 54.9 2.8
Penetration normal 7.8 62.1 2.4
10.0 §3.8 2.9
Intercrop planted 5.3 61.5 2.
(cabbage) ] not planted 4 4 4.7 2.7
. 59.8 2.8
Soil hardness
l ot hard 10.9 78.1 2.6
. <33cm 7.4 66.2 2.7
Intra
row spacing [ agem L1 8 -8
‘flat 12.5 80.5 2.7
slope(east) 0 §0.0 2.8
Gradient (west) 0 60.4 3.0
] (south) 2.1 50.0 2.9
(noth) 4.5 61.4 2.5

*Index was calculated by equation(1}.
*x Progress of head formation was indicated by averaged index(0 ~4) ; index
‘3’ =harvesting stage, ‘0’ , ‘1’ ,and ‘2’ =before harvesting stage,

‘4’ =gver harvesting stage.
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Table 1-5 The comparison between cold injury and
difference of low temperatures, leaf number
and seeding dates. (Dec.12,1984)

Head formation

Seeding Treatment  Leaf number#* :

date temp. T 1 3 1 s weight(kg)

—-3C 0 0 0 0 0 1.26

J - 5C 00 0 0 0 1.30

8/18 =77 ¢ 1 1 2 2 L0l

l -9°C 00 2 3 9 1.03

-11°C 8 8 10 10 10 170

-3C 00 0 0 1 1.13

J —-5°C 0 0 0 0 0 0.97

8/21 -7°C 00 0 0 4 1.18

l —-9C o0 1 9 9 1.09

—11°C 4 7 10 10 10 1.14

—-3C 0 0 0 0 O 1.16

J —-5C ¢ 0 0 0o 0 0.94

8/24 -77C 0 ¢ 0 1 3 0.86

l -9 0 0 3 8 8 0.80

—=11"C 3 10 10 10 10 0.73

* Index is shown from D to 10, “0’ _means no injury.
=+ Leaf number 1 is the outside leaf of head formation. Leaf number
5§ means the fifth leaf inward from leaf number 1.

2. EBBICEUIRBSLCKRORELLORE
BESATO, EBOF Y AYORERELHLIZ LI
IoT, HENFMELZBESMY, b, —5CTH5-7T
DN AR - F L 3 AR DN RT R il B o - S Nl
ZHBIC, REBIUHBEAELL.

(1) MEEROHE

e, BENERERBREZHIHRNOX v o
BES T Ro/. BHCBIARELEHF LRI D
12,19854E 1 H10H25 2 B10B AT, KB R U+ %
NYRHRBOEREHE L2 KRR, BIEoT, #
DHFETIRTF v XY ORKEREBOTEE ICH 7 53 _E15em

Table 1-6 The comparison among cold injury index and
treatment temperature, leaf number and seed-
ing date.(Jan.17,1985)

Head formation

T it Leaf number**
weight{kg)

temp. 103 4

date

1.39
1.41
1.8
.49
47
19
23
3
7
29
34
01
07

o[ o
P Bo-g95d

cooeco|los w oo L
=S

e —moolvnoo ol rncos|amno ol o;
- o
o

1
00 0
g 0 0 0
¢ 0 0 0
[
0 0 2 2
0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 0
1T 1 6 5
-3 ¢ 0 0 0
0 0 3 0
o 0 1 0
0 0 0 0
0 0 0 5
00 ¢ 0
¢ 0 0 0
0 0 0 0
0 0 0 0
0 0 0 3

*Index is shown from 0 to 10, ‘0’ means no injury.
w*Leaf number 1 is the outside leaf of head formation. Leaf number 5§ means

the fifth leaf inward from leafnumber 1.
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BHIRDOIEE L - EORE & IEHE OB AT 0
&, CIHTESIC RS 2 PR L 2 AT S Lt 2 422, 5em X
5 enDEMIRIT Y I T HELD, RS EAREIZL -
ThRELME, AHCTEELRFLLER IaD Y v —
LIZART, 5, 10, 158 X URCHERSE (V>3-
EHIFEE MIR—150) WTIORRIRERE L /2.
BROROETERER, FHERL» o 0%ITESY, #
OREILL > TSERBETRRL.

(2) #F

HEDRAE L IBHIRRE L OMR

B2 B EREHFIC L B F v XY OBEFREMRE LK
HRAEBEDOMEES Tablel — 7TIZRLA. FoXv%E
ERLHMBEMCURBER LA LE, HEORER
—5CTREETH 7205, —15CTIRASIHES
£ U7
FRIhOF A ARVELEBRFROREHE EREL T
BTIRIRT 5 &, HEZ A U801, BRI TRIL -
BT 275, BEEDLRVWETRIELALHOBRARES
WY, BRIELZd o7 L L, #HELSTAHS
PR TR L, FORIORETIIREIEE L.

FEHIREST & IR D BIFR
BRERDMETITIE Table 1 — 8ITRLA X H 10, B
LoTHEY, 5TTRIFILALHET LRV, 10CT
BIRAIEIT L2, B, 15~20C L BEVE VIR, #
DHEFTHEER R o 7.

4. BE

F Y OFRECEET HHER, Fig. 1 — 1 0%
THRENTVE LI, ERLZEOFHANLELTVS
DbIFTRRL, o, RKEEDEROSEAEETH
LRETHII LIS, EOMBEANEHEICL>TELT
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waEELONE (B 1982) OV, MEAEETH
N, BEROBYEBRWT, FrRU0 L) ZIREHE
O TIE, TEEVDPATE, EEITRTHE LS

Table 1-7 The index of cold injury and head rot at
each leaf inoculated with bacterium under
the condition of several low temperatures.

Treatment
temp.
{24hours)

Leaf number +»
4
1

Seeding
date

~5C

— o o|w

3 é
0 0
0 ]
0 3
1 3

1

0

0

° 0-
81g  ~1TC

0

]

10 10
¢ 10 10
01
1
11
33

SS|e ==
= =
s =

=15C

-5C

- a]|l—o
)

8/26 ~10C

¢
0
0
0
9

==
==

=15C

DO|DOo|(dO0|dO|Dn0|DO

S3s|ww|n e

010 1
¢ 10 1

10

“lndex is shown from 0 to 10. {Refer to table 1-5)

L eaf number 1 is the outside leaf of head formation. Leaf number 6 means the sixth
leaf inward from leaf number 1.

C:Cold injury

R:Head rot

Table 1-8 Head rot progress under the condition of
several treatment temperatures for 10 hours.

Repetition
Temp.
1 2 3 4 5 6
5°C + + - *+ - -
10c - + + #+ + +
15°c + Hit +it H# #
20°c i H H i ikt it

damage: nothing(-) ~ all plants (1)

NTW5, FrYORIRER, ENCL>THETOE
HHsb00, EEIER-S5TE2THSE, BELAE
Lakdichy, BICEBEFRTTRIELE, /4, KR
KE S ZNABESEVITY, HEOREIFWALT.
IHREDZENS, ZHEBTHEINLIXF v XY ODHE
EHET S LD AERE, —2ORELELT, #hR
—sCrEFESNA LhL, BUEBEGETHRESH
F2F ¥ XY ThH, Tablel — 5B LU Tablel — 6 127K
L &350, AEBHSBVY Y, BEOREI I b o
o, OZERD, BOBHOREY LT, B
B, EBEHMESELAbDEEL ORI TORIID
WL, HAHTHELIBRBILIT S,

EEc, BEBRIICBITAF A+ RYOERII-5CTET
EsHED LIELE, BERELTBY, FEORECR, T
BHBEXMEBITHIEEL L.

FEEREN % BRAL - ISR S ¢ A BHURIC DV TiE, Table
1—7BLO1—8ITRENL LI, FrAVEIH
EHE U CHGSER LA, REREBELLL
I3, BRI EoZ b b, BEIROMREFL LT,
BEDFE IO, FAHEOIRE L LT Sumner
(1972) SO oM (1989) D b, WEORIHRE D
5 L% vy o8kl - BEEREREL TS, £
7o, BEIROREIIZ, EFEEIRTYH, FRIDER
QL H10CH EVET, 15~20C T3 HEOBEISTERIC
BB EHG, EBRETTERL, —EOBREHILE
EFEZHN/. Fig. 1 —2WRLAED W, B, ¥
BIRCUEERT LD, RERORMBEIILESL
F G R sk VAR PR QUVARE S =% (WAl

ZOXD I BEOROREICE, TP, BICHELEL,
20tk FEHAEOBRABIUHHEE W) BELXES,
EEZ LN, EBRORSEFIIINGETRTHALT
VBRI ERL, BWELILRTWLHIE, BAELZER
ETBRETHLIEN, BRSNILELLD.

EIM RARRGEERRREORR

1. BRIOSSRE&M4EERREERIOME

BREORC L 2BEORER, EEMOBENKRE(, ¥
PR L EEIC Lo TR Ro TS, F/t, BWESR
BRETAHFRTH N 2ds, G LABLLVWDILE
CHEISKEWI LY, BTRE,IOEHShTEL
F e RYEIRLD, ZLOBRHFHEOHEY TR, —ED
IR BT 5 L EMEAHINT 2 L v 5 JIEELATT
Rbin e (Levitt, 1972) BV, 72k Hin 4t

X o THHEWI T 2 ERIEL~OBErREDOON D
Z & (Cox and. Levitt, 1966) P HHES ko TWW 5.
L L, EREOHEFEREETIALDERICOWTHA
h0RLEV. ThET, EEESLIAH L REY
FEICLZHEEHEDHRSBDOLRTWEH, SR
Bk & ATt HEE S EREOWHIERB b
DEEZLNS.

2T, EEBORELHLEEB LUBRBORE
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DORFREREEL, RBEMEIHEDREL XD LS 2h
PhoTWbPERH L.

(1) WEHE
1) BRI EEERE

1983 H19924E F TD 9 #EII AT T (19874 % 18
) MFENERMEETEHBR O v~y HiEhi ok
EEBRAXLTh o, BAERFIWEAETHEHRO ‘T
MW & LI BKBEVEET, ZHEEBOF v YR
BHFORTEIEICH Y, FIE, SHLEEBLEROE
MRREROTHEL Y B EITH N LI, E28TR
L&) D TH5.
WINOEREDS ¥ v Ny OBERYIZ 8 B T, T
MEIZI0A FOT—RL T, SAEIIBET 2 5 BlS
TAT v, IUERAICE U 72okk, 7212 IV LR Vo ik %
AR, 1EHHICD & 1008, A F50084T % - 72, 21T,
TRCERTIT LV, HEREICELT, BMshEh
OO ODOWMmE L THFICHEFRITE LW
bO% 1, HEREHEEBO0% LT CHREES DB
FEHEBNR L LCHTEELZ b D% 2, HEASKEERES
FHEMD20~50%15ET5b0% 3, FS0%LEDL D
T4 EHREILL, ThEREERE LS. BEIBID
4 TIHHFSRTERETH 5. K1 U Lokosis%
IERRSS AR L LTk 7, HEBREIXG)HI
YLD, BEORBEREE LTk,

500
Y=73{X; / (500x4)} X100 (5)
=1

ZIT, YEHEE, (3%KES, LiEHioRER
¥axRY.

2) HEHETORZEROSHT
BEIROREERRAEL T o T NCOEEIZON
T, EHHEDILA » S RO 1 A $ CaEICTEY,
&K, REXKIR BLUHOREKEZ FEEL L.
EHLLERT -5, AZESELSRICH 2 ke fERE
LHoMENERERBE SHSN TEHE S 7 2
YRAF—5ThHb.

(2) #&R

D REROBREEREL BNNKELER L OE
EEFBOBBROFERE L ORERES Tablel — 9
WY BEORORERIZISHEORELEN 1 % Th-

2DIZ3F U CL9914E1384.6% L EREDEWVIC X 2 EHK
Ehot.
WHRIORSEER L LT, 1IABLUVI2E DELEE
DFERE, FKES L CHEMESHERE LOg
BORSEETICH T 5 BRI 24750 o 72458 (Table
1-10) @55, BHEIFEOREERISH LCILADFHER
BOFEREOACECHBFRD SR, 6)R Tt
&9 ARG S R
y =20.68+18.63 x (r=0.828) (6
(5 BARUEFENED)

ZI Ty, BHIREAEE (%), x 311 OFEBER
BOTFEREE (C) 21T,

&5, NADRBOFEREXDEICTY, RES
L U ERIR T CIEHORSE A B+ 3 BB
{7 o072& 25 Tablel —1LIZRE L2 & 5 1211 Hhdg
DOEIBDTFERZEL RO HOCEBELSTED S . T,
KEB L OREREDFERLZLOBICEZRZRAE Y
HBEFBEDOONDL 0, WFRESIHERL LTh 8y
EEZ LN ZITH, HEEROMREEL LTTEY
FURDFERE XA L.

ZIT, LIAMEB L UHERERERICH7 5128 TF
HDOFYTIROFERE L BERRERS X ORISR
HREEOBRY, Fig. 1 -3BLUFig. 1 — 4123

BRIROFBEIIEENRERTHL 2L 0hb b, &
EREERER 5 EHICH -2 120 TA, 5 1 A
PUHTORBROBEID b, & LAEHBOERIER
15emBif: T, HEROPICH 2118 PHOREDBE
TR, ZOMPICKENTEEL ) SEDIHERL
7B, AR 2 o THESLLVERICH B Z &
FHEPE L7,

(3) =%

9 » FOB/TOBURREDERNEDOEE, 18
FHEZ PGSR T ZERROREIR D A B
ZRIZTEREERL LTI O0RBOREME O
BRSO 57z (Tablel —10, 1 —11). F+
NVNRET BIRBARILREE D FE S R (L - Aok,
1982) 57, CHAEECERSS S L, TS
2HITHWHLZ., 2ol ehs, 11EPHOREIR, &
MROFREL Y b, ZORHETHHENRE I HIEY
BB 2 TCnbI EPHEINS,

AR, ELRENGE R 150 2 BlohiTIL
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BENEFy_AVIET, FERERDZ 0D, 11
Bl EHBoEEIERIScnBBOEFTLRL, ¢
TURBHERIFRBE I N TWARETHS. T/, 11AH
AOZHEBERIRICB I IRROFEMBE, TAFA
F-#I2k B E12.8C, EREARGL.4TC, FRER
Bi39.3CTH Y, BREKRIZIIOCEZTELEHICH .
A, —fxiz, BEROEYIZI0CLUTORERICE 5 S
B LA AN (REBIE) §5LvbhTwy
% (Levitt, 1972) @V, F7:, = oMbl I&REIML % 21
FTHFRELTKGTAFLARKREEB LT TV

Table 1-9 Annual variation of head rot occurrence in
cabbage at Nagai in Yokosuka.

Head rot occurrence

Year
Percentage Index*

1983 46.5 24.8
'84 21.4 12.4
'85 1.0 0.0
’86 22.4 13.0
’88 13.2 5.6
'89 8.6 4.4
90 21.4 12.1
91 84.6 59.4
92 13.8 6.6

* Index: Index was calculated by equation (1).

B BBLTWD E XM TWwA (Cox and Levitt, 1966
™ ; Chen and Gusta, 1983 @ ; Kohn and Levitt, 1965
@ Lal, BEHOREE, WEHORSERL
LTUBOEYRBICEIBVHEEIZD LR
(Table1 —10). EHICHIMPLEIT LA L 25, £ <121
APHORR LR LEVEENRD b7 (Tablel —
11). THOMEE T, Cox and Levitt (1966) 7 A8
THLMILTWS L) ZBIKLEKTA ML AES 2T
D, ¥&GEraryto—LTsIEd, WELERLA
BECEYEATRTHLEEIOND I NS, BE
SfE I LBBOR0BERErHo ML, 20
MREEDLZEPELETHL EEDNE.
BEAMISRT, BAMIZHEROX v H11
AR EMEBRI OB I H b L ELLNS.
HEAVCEERTOIIOCUTORRIGEBX S 2 LI
Lo THDTHEROMMAHRIN TS, ZOHIC
DVWTIE, E2BIIBVWTHLIBRZIECTS. L
1250, L1APAORBIFEEL Y EGVEFICE, K
BEMLDSTFEL Y DRELIMAT Y, HIC, BIHUDELLEA
THLEITLHFETS.

12B i ARIE, BREKBOFIHMEILS TH L EBHICE
TL, LITLIZRER, ¥y \VEOHFENALNS X
kb, —F, BERAOHPEERMS0CHZETL

Table 1-10 Standard partial regression coefficients between meteorological elements (air temperature deviation from
normal, amount of precipitation, and duration of sunshine in November and December) and percentage of

head rot occurrence in cabbage.

Air temperature*

Amount of precipitation

Duration of sunshine

Nov. Dec. Nov.

Dec. Nov. Dec.

.828 - —

* ‘Air temperature’ means the air temperature deviation from normal.

Table 1-11 Coefficient of pertial correlation between the decade air temperature deviation from normal in November

and percentage of head rot occurrence in cabbage.

Decade mean temp.

Decade min. temp.

Decade max. temp.

first middle last first

middle  last first

middle  last

68 .89 .60 71

.58 .64 .89 52
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100
the middle of November o
Q
% 80 O percentage
E ol ® index ®
3
e O
o 40
E>
T 20 o 92
g 8. 0%
-2 -1 0 1 2 3

Air temp. deviation from normal.

Fig.1-3 Relationship between the air temperature de-
viation from normal at the middle of November
on growing stage and head rot occurrence in
cabbage (1983-1992 ; except 1987) .

ALT, FBLHTRLALIE, HBREROMKEICIE
HFBLRETHEIEPHBESNTVE, FrAVOH
DEERT, I0CUTOEEEL 2 WEHETIE, NEE
BEAME T ET SRS AT 2 Z L AR EATVWE LS
KB 2EBR), 2ARIIA LI BEEBETHE I Lhs,
FHOBS TS SIRRIMESMBR SRS 2 Lizk
B, LPLFy NI E o THMERBEMEASEA TV
WIRETEOBRESELL L, HEZSIIE L2, B
b, BOFEFASNBELIICRBET, SHEBICY
TEOWFILATE?»S12A A E T, BEICHLS
NBIZTOTEE LR T L I EFHEHIEICLEELE
ZHNB. Tablel —10B LU 1 —112RT LI, 11
AP HOREBOFEREEEBHFRE L OMICIE VA
HrHLN, ZOB, FREFFELY LEHICHEET S
BEREFEMBEL ho7-03 U LD LS 2BEIZE 2D

100
the last of December o
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] ® index
E 60 L
51 o]
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dod
e
o2 o 20 o
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gL % gt e
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Air temp. deviation from normal.

Fig.1-4 Relationship between the air temperature de-
viation from normal at the late of December

just before harvesting and head rot occurrence
in cabbage (1983-1992 ; except 1987) .

DEEZLNT.

—7, HEBERB X OTAKE L BRROFRE L ORI
HEI D LR dhol. ThKE, BRERIZOWTIE
FEBUBONIEERIC, vy OsEEREIIAX
LHEBESRBBEDTHRENRON ot zd L
Bbhb. ¥/, BAETE, ABKCRY->TEML L
FELTHI—EORRREPEMENELEIC L > THE
KB EOEEBETEY, HEEOMINCEET2 &
BEORBKFA ML ARESEAKBEORMEZ A5 13T
HTEhVIdEEL SR,

DL, W OPORRERDHT, BLHED
BELKELEEYREITOFKRTH )Y, Zoton
BEFE L BKEICOVWTIR, ABRIICIY PO—LTX
K WESERE TR, RRIEFEEEBLRIZTHOTIEE
VBT S

BAM MRMORENZELCET 3HME

REORESFEBYRREI L 2 RELEBOBRESSHTHLMC LA, LiL, EBICEA4 0REE(LS
W&o THYOWMEMAZELT 2 LPMON TS (Levitt, 1972) OV, Lidto, BEMOHEYTH S * v~
Vb, BRIDII ZHBEZILILNERIOR, BIHTHLAILSAAL I, NADEOREDA LS
NBLPERIC. E72, BIHTHLPILSNAZ L, H{ETOMEBUCRERLZTTHY, SHFLL * 4
N OWFEMEE AREICRE L REN 7 — 5 CET b DOTER V. 22T, AEHTIE, F vV OFEEE 27—
VOECEOBRERL T B LIS, BERBOZRRICL AHEEOBSEBII OV L

1. IREEEEHR & TR ORBE

1) REHE

Foy (RE: €F ) L, 199040 519914
BLUI99IED H19929E D 2 # TP THZE/|BEZ

ABG A BN OBS THEE L7 19904213, 8 A27
HICIRHEL, 10 2 BICEML7: (MTERL LES).
19914F\iE 8 A27HICEM L TI0A 4 HIZERiL7: (L
TEER2 EED). HHERI, EBR1, BXo2ry,
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BENES5cn, #RFI40em & L, HEARIGIEITIC Lizdto 7.

1) BREEEEORIE

KEERE ORI O E TR O W A S #
JTRE LA, HIER, NERTIGELZS 0 00ER
HRLE HERUToL) W iThor WECIE, T
MLDEBENCIZ L ZEN VLD, —FIROBIERIESIRIZ
TELTVBHT o 2% SHBEL, 1#H¥ D, #I
E#O—FESNEH LA IHEOEEHRA L. ZOEC
20V, KVERE BT TERIImO IV K—F—T
K NikE, 0592 17T NELTLIRRICDESH >
TN, BENSY IV ERELL. S TVOERE
BTG L 721k, SOmeDIERAF 0 - VERHFICAN,
FRE THREREESE L BERE L CREAE GhEE
b 7537—SPL) DR CHELEEITR o7, RER
i, —5, —7.5BX0—-10CEL, 1#iIcDE3D
DY FNEINICH Tz, FENEI, FRERER
DY ¥ 7N & BRI AN T— 3T T 2 B
DFERL, EE25 2 C—BErlsEE s %
—10CHEETKBEBET S, 79, —5CWEL
78, 2HBHZOREZFRSYE, —5CHOY Y7
LLTKE»PSTYEBLT, S5CREBRELRA Y Fa
N—y (FrI—BRIFHE MIR—9251) NTHREE
B —7.5BLUT—-10CHDY vk, 26i—-10T
DFEET—T7.5CETHRTSE, —7.5C% 2 MRS
TERYHELT, —7.5CHEOY YDA, FLA
YFANR-FNTREEE. —W0CHDOY Y 7T E
SIEROME LT, —10C% 2 BliRRs e/,
IHERICHBE LT, BEsEhwrIvE—
LCOBERT ) —H— (I —ERFEE MDF
—440) PIC12EEN EB W TRESICAB LIRSS
B IVEHAELE IhSORBE TR o721, BR
R (Dexter &, 1932) P2k Y, v_TOHF 7
VEBICEGKEOnNZ, 2EEE0GIRE 5 L2,
BRFEEFT GEETHRLIER CM—205) TEXERE
ExiflE L.

2) HEROWZE

HE S BEREEEDS, HEI X 2EOHGEE
REHEERE LTRoOA b, BRIZEEIR, EoH
BEERCFALTEL RBI Lhb, RGO T
VOBSIGEEORKEE, FELEFTTRNIE
Pb, HER0, —40CKI2RMULBVAY T 1D
BREEEOREZY HERIOHBRELT, -5, —7.5

BIU—-10CIIBIAY Y I VOERGEE,S, Fh
FRBELBEINT2HEE L RO EFEREMK
12Xk o TKRD.

Zj= (n;—a)./(b—a) X100 @

TIT, ZXEER JEKES, o SREBECE
T 20 OBRCEE, al3dEsLECBY 5 ERE
A, bt —40C 12K MBI BT 2 BERIZEETH 5.

7z, WELNSO% LB DEEL LTsok LTE R
AT L CEEL, WHREOKRE SOHEFEL Lk,

LT50(°C)= tl"‘(SO— Zy ) ( t; — tz)/(Zl — Zz) (8)

ZITH BLU i, KIBEAHC 2 RRLRELCER
%, Zy BI(ﬁZz ity B Z.th KRBT 2 HEFECTH
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Fig.1-5 Variation of LTso (the lowest temperature
required to kill 50% of the cells of cabbage
leaves). (1990-1991)
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Fig.1-6 Variation of LTso (the lowest temperature
required to kill 50% of the cells of cabbage
leaves).(1992)
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ka7,

(2) #HHE

EER1 T, NHERFI2BISH 25 2 B20H 20T
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Lo TRES RE o7, WHEHOHTEB LU FOKD
LTsofE DR % Fig. 1 — 5 BX U Fig. 1 — 6 IZ7R T,
MEMEIEER 1 T 1 A30H, 2T, 2 A28A
RLEED, EFEOBECC L - CTHEBOS T 2B
Ripol LTsoD &b E T o -HOMHIE, WTFhof
Eb—10CHIRTH o 72,

FEER1 CRIE L7 LTsoD$flIE, Fig. 1 — 71X/ L
7o & 5 WCHIER 2 & 19904E 12 B 5 — A A 5 19914
2 B30T COPMNEOFEYRBOHEBICR (B
L7c. LTsoD &b 8 T o 28I, FH9TFHERESE
LI oo L —F L 2.
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(1) REFHE
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Bl& LTso0 MRz RERA, RO FHLAEET—
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Fig.1-7 Variation of LTso (the lowest temperature
required to kill 50% of the cells of cabbage
leaves) (@) and pentad mean air temperature
(=) . (1990-1991)
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Fig.1-8 Relationships between accumulated daily mean
(@) . minimum (O), and maximum (&)
temperature for days before measurement of
LTso and LTso. (1990'1991)
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LTso and LTso‘ (1992)
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Fig.1-10 Relationship between the accumulated daily
mean temperature for Sdays before measure-
ment of LTso (the lowest temperature required
to kill 50% of the cells of cabbage leaves) and
LTso. (1990-1991)
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YEZ SRS BEMLIZOWTIE, Levitt (1972) GV gt
IRENL & TR E A, FHEIMLIEEIRIC & - TR
ENBELTWVA, 1IZAMKE, REBEOETEEDIC
Fig. 1 =7 HRT X952 LTsofE i3 EDEEOFHRE
DRI BREL, HEEOEMASE»SRD EEL
L,

EER1 LEER2 T, THEMEIRKE %o RS2
heEh, 1ATOBLP2ATHERR 2. 2hEh
DEETHD 1 ATAB LU 2 B THORR IR %
WL TEDRBIROEL 2o 2B E —3T 5. 2o
I, WHEMEORBICIE, AERPETEEL N LRER
DFBEEIVBLZITAILEEERLTVE, £, &
BlZowTd, 4 BHEEBEORERBIC X > T
BEEANZIEPHLPEL o7 (Fig.1—8,1—9).
HHMEAORIGIZ 2V T, KiB2 525 L HEERE W
MM TEHRMLEEMIPELLZEFHBI DS
(Levitt, 1972) OV, % v ~v { WBHE BRI T
FEHEWTIENTERLDEEZONT,

FyRYD LTsoflld, NHEHEZ B TL4TULEDE
FROLN, EKRINAPDICEDICRBITER LS
&, WESH MBS - 2128 2135 a5
LRBWI ENE L, HEXALLEREITEL 2 5.
Fh, UAPACTFEL ) SEDICFRSERZLAEL
Td, 12ALRE, 4 BESEPEITIE LT d EAL
WHEEFGFET T2 Ll BEEBRFEOREACE
Tablel —10B X U1 —1LICLR LA XS 12, SHED
ZEFERL-OBORLER (CoOBALAFEHOR
B LoMHEFEVI EMS, IARINRIENEERIC
ROEBETILEIH5). LL, LTypiROLE
BI1BIU2OERLTERTIEUTOL ) ICEET S
ZEMNTELI.

HAFHORBROEHEIL, R 1 BLU 2 ORELS,
BEHEMZNATA»S12A AT, Fr_VE
ST B AR BT AT Ao RS S0
Br525. ZORENCHENE U THREIEIE LY
A2, MEMEORAB X UM OKERE, BHE~ LK
BPAEETS. ZOMOEBICET ZERIEEL IS



116 HENEREZRBSHEHRE S45

NTWRwh, FHRAEONFE o741 APFFHEICR
HIZMZHXF Y RYVCRLBELFHIHILEERS
ha, 2079, IAPHORBIBEHEOREITHL
TRLUBVHBEERLALOEEI OGNS,

RIS LTIZALEE, LTsofEnEH & BRFEDOR
£ EOBRIE, Pkt EER SR Thig,
HELZTRTIBERIREL RV LW STIRBEG
BHDHLDD, LTsoflAHREEL LTEHRTE 2018,
EEMEHEOREEIFLTTHY, 43 L S BHEIR
DRELEBH L 2D LEIONS. LML, 12AL
BThoTh, WEMIZ4I AREEORBOREHEIZ
o TEEL, HEORELDOMIZEHVHEBEERTIE
76 (Fig.1—8, 1—9), EE®E U/ HBICEKR

NEEET AN EEB LRI IBRROREICL
THBWHERERTIOLELZ OGNS, BIL, BHHO
I LTI ATEORBORE G VOIE, 11T
W S128 AP TOWEBEOKE SPFREDHE
CHEESZ, COMMICHEERZZT LI LD, ok
McHEEZT5 L0 %, DHENNOBMEREICKRE
LEBERIZTIOELEZ OIS,
FEOFECHELTE, 4HBBEORADREILE
HTERV, LA oT, BOOREIEG B EtE
BLBIERD, BEEILL-T, HBEEZ LTSN
A5, Fi:, RETOERSRON L THHELS
FTWAETEENEVE BB, BHINMEICER
DBEEDHEN BN LFRICEBONDERbRS.



HAEAE . v~y OFENILICHET 2005 117

$2E MRMETEEOEN

F1ETH, Xy \YOMEEN, 10BEORBOEECI > THESSNL. ZOBOREFEVIIEET A &0t
oI ERT

IhET, EYWOMBEEOHBINTLIMEIHIMICED LN TE . WESEAOEYHEES L UHILFD
BEOHT, EEECET 5%, RBOBEHE - 725 DEIHA SN TS (Franks, 1989) 'O, 20h 2T, *+
NYERFELASOLBASNTEY, Fr XY OEOFBFEFNEISRERBOLEICECT LI LHIRENTH
B, LdL, ALFr~ycdRBEOECICL o TREEOKE SERZY BMRE51991) @0, %£Bis, £FL0T
WSO K X S 0FVIC & o THD CERIAEMEL TV .

THMEOBBICET MR TR, N Fo v Ve BEROBMOBE LR L b0 (A, 195859 ; 3t 195719,
1960“% 19655, & ey MHBEOTICOWTRELEL D (LA, 19935Y), MBEOIEE (Yoshida 5,
19749), WA OBWMA (FHS, 199297) LoWTRLAEDDENFTRERTVS bDOD, MPOT ML ORES
BB OWTEBMICERH S DRRZALRR V. Fl2iT, SEEORE oW, KETTIRY Y RED
EERIMAL, BEAEECHIONS L) 2Bl 5T 5L 8N THY, BEOBHEATEECHES LTWwE I EH
HWEENTVDEY, ZORFH 2 A DA AEHALICERL LBV IR, 72, BEE ETHEEOBRICOWT S,
T DA & W EROBEREIERERICH 2 L LTS, MEOBRE, MYoME, SBIcL-sTR2Y,
BRODHBLDELZVLDHAFELTNAS.

RETHE, ZHERBOF Y RYOENRETH S ‘&F IR, WHEEEEIELLMEOELICLoTED L
I RHBEZI A, EREAMHLMCTAILEENE L. Thbb, WEMOBEE L UZ0ORE (- k=
YY) B RIZTERESMNE, S6IXFN-For ST ARE L MEBEBIC L AEEIIOWTRET 5.

B8 ERRMEHEMEORRF

(1) HEBLOFE

FARVDOEE 2HEDTTIAF YRy b (Bra—
ERAFRE MLR 350) MICRAL T, BEB XU
SHEZRABLE. FrXVoRBRENT ‘€% T
H4RDERTERDO TSy Ry VZBEL, BEr+
FE T, BETI IRy bHLIRITALEICkoT
5, BEEImORY Ry MIBH L. FHLAEEL
i, AEEL 28 (oY) EXA—2—3I v 2 RA (B
AEDFR)RBHLTL  LICBAL-OEHWS,
RES ORI TL R o7, BEHRT I ABRENTHT
v, FERORERFITE2TELZWVWED L, BEBOL
=%y b L7z BEIGERMICTY, BEEXE
FLC, BEIOAZY YRy PRIEBALTERE:
Toie.

FEER1
2EOFUOAF Yy ER FEEE LT, BiRERE XK
RIBORELEGEEZ LS, HHEEOKE SOILE
7oz,

F7:, BRI, B1EEIHTUAPHORIEIHE

DREELHEIBVWI EPHALPICERZENS, ¥
DAF v Ry POREREXILRPHOFLEEICED
¥C, BEAROFEMI.ICE IR, FHRBOTF
F1H12.9C % 6 BFfl, BHEFUROTEMEL6.4C % 9 BFM
&L, BRIZSHEICHRE L. BEIXH10000lux T
Hot:. TOLIBEHTEINC, HEBELTISTEMRE
L, BRZACIHRELL, ALEEo/axxy ¥
v MIHEEZBRALT, HHEEOKE SORBEfTo 7.

INLO&EE T BEMERFLZBIS, e NUERH
HUELT, FEORERED,L, WHEOoKE S 2
EL: FEELEOFEIEIEEIGTHRBLLE
ERBRE L, BEXAELLEELERCEELZNET S
eI Lo T o7,

1 EOMEIC 3 RETRY, hE 2@l WELE.
RKVERE & CEGH BT T—B S5 mic b L9
WIEATYY, 05¢g2 19T LT1IHIZOE
AT, GFRY Y INEEHE L. AEERTED
Bid, RURESR7OAFYER Y F2LED BT
FELIC, ERICHTIERTIEL L, ERSROE
BrEEPRIZELZ2VEIICLE. Sy IV 0BELK



118 HRINBEEZRESMRRE $45

AR CBRE L 7214, 500 IFR A F 0 — VEBRICAR,
TR E CHEIKEHES LABRER L CREANY (hHE
k&Ll 7537—SPL) OH CHEWLBZ T4 o7, BRER
Bix, —5, BXU—7.5CEL, 1#%ico& 200
YT NEINICH Tz FEELEG, HEEREROY
7N E FRICRBAEAIC AN T— 3°CT 2R E
fREFL, —HEBXKEI2SIOLLT, o2 LOEY
Ko S /oK M CHl - THORZ T2V, 4
Rabloidt s 7:. fOKTE BUOEREAEORIELT
—10C/ hoFETKBREET S 4, —5CIC
FLB HETORELRFRSYE, —5CTHOY Y
TNELTKEPSROHLT, STIRERELRA Y
Fan—% (VI -EHEHEE MIR—9251) WTH
WEE, —75CHOY Y ILIE, ¥51C—-6Th
DFEET—7.5CETTHET S, —7.5C% 2 BRI
ChERYE LT HEALA v FaN—FHTRHES .
IREFHICHBLE LT EEsghw Ik
—8COHOBIKB7 V-~ (o a—EiEEg
MDF —440) PICI2BEIL LB W TREIC % BT &
Y TINERAEL. SROGONEE TR - 7218,
BREYEDE (Dexter &, 19329) kb, ¥RTo
FFUFRICEEAREI0nNZ, 2EM305EE D L
7oth, BRIGEEE GREEETER CM—208) TE
KinEELHE L.

HlE s N BREEEDS, HEICL HEOMET
REFERE LTRD2, b, BEREEEE, EOH
BRI HPIL CEL 2B NS, FEEDT VT
VOBSIZEEOEEL, EEZE&( T Twinze
M, BHER), —80TCII2BEMEBWLY T LD
BEREEEOREL HERIQNIZIRELT, —5, B&
C—7.5CILBITAY Y ITVOBEBTZEENIL, FhF
NIBELEIHT 2HER KD, HEXKIFL1ED
(MR Lo TRDA, HERIVDNS VI ETHMEDE
V& HIRT L 7.

F/, ThERBRC, @B -EoHlzED .,
BRICEbEE, Y4704 —%— (YT A8l
HR—33T) TERELZHEL .

FEER 2

FyNYEHERIRIST, HRIOBEICRELZZOA
FrEiy MTIHEFLA BRI, #BBICL-
TR L, BEIZH100001ux THotz. F0Of%, 7o
AFxEry MAORIBRZ S CICHRERERLLHEL .
STILEHEE, 2BIV4BHZEICEY /7 OAX YA

FACEY ML, B ICHEREWE L. MR
KR LFAKTS 5.

FER 3
AEIMPRALH2EFE U TEH, LYY
BL, 0.2EVO 7 FYRBREZ200WO=HF7 5 A3
ART, 3HM, BRTEKEE 20k, HERE
£ LRABOFETHELE.

KEx4

EE1IBIVP2THERHLZ Ym By MBS
ERBRD L D% & 5121/5000a DT F AN A Y b CERE
L, BT L2ETHIRBENTET S, 0%
BATIC L7dSo /e, AERASERE L 721993487 A 5 BT,
BCLISTERFLAE2HEDIOZAF YRy PAIK
FNEFNIHOOMALTIHMLEL. ARHL
BEORBIC X ) 108FR & L 72, BEEIZ4910000 lux TH o
7o, TEEOKE SOWEIR, 1993467 F 8 Az, #Ek
EOFELEORNEI GRBIZHMPoT1I B LU2
MEBOEAMAL T, EBRICRLAOERABOFET
Thol. F72, ER1 LEKOFETEORETE S H
E L7

(2) #%

1) WS & RB MO MG
BREZEGTO, FEXKOLE Y Fig. 2 — 1 ~ Fig.
2 — 5 R L-.
—5CBIU—T7.5CBITHHERL BT S L,
Fig.2 —1allmRLz& )i, 18CE2—FIC#HFET 5L
DH2AUBEDH b 4BHUE, 5TICEBSELZ LI
L£oT, HERIET L $hbbiddnm s
bt F7:, STIKEBTIHENZEBETY,
Fig. 2 — 1 b IR LA D I 4 BRI TREIR/ S
WhOn, FERICEEFE o7, T, FERICE
DFEEER, HHEOLBETR—EOEMIIEDHhE
PolbOD, FAl—4 > FLOETIE, HEEOE T -
72 O0FEN, BEEFEL R 2EAFED LN,
KICFig. 2 — 2R L7914, 4EF? S H10C
= 12f, 7.5CE 120 & LC7 HM#ER L2 &,
15C % 12050, 7.5CH12HEMERFS S M T L+ 5
&, 10C %1205/, 7.5CH 12K MR L 22 Hi 0 55T
FHEEE T - .

F72, Fig. 2 =3 WRLALE I, 24RO H15C
LT 5CERIZEFREOOBNELTT7 BB S -1,



HRKE © *F vy OEEHIEICET 20% 119

20T L7.5CR 2RO oH D ELCTT7 HEFHE S

BELET AL, 15CELT.5CE2I2BETO8DELT

7 AEMER S E B O ARG E D o 72,
KIZFig. 2 — 4 ATRLAL S ICI5C L 5T 21286/

-
Q
o

-5C

(=]
T

5°C-4 hrs,18°C-20 hrs in a day.
[ @ 18°C/all the day

N A o O
e © © o
v

N A OO
o (=] [~ o
T T T T

Percetage of cold injury(%) Percetage of cold injury(%)
=
(=]

o

-
w

-
N
2

—@— 5°C-4 hrs, 18°C-20 rs in a day.
« = g~ = 18°C/all the day ‘A

Osmotic pressure(MPa)

-
-

3 p 5
Leaf number
Fig.2-1a Comparison of cold hardiness of two treat-
ments (18C / 20hours and 5C / 4hours and
18°C/all the day,10L-14D){or 7days.
upper : Percentage of cold injury was calculated under
-5C treatment for 2hours.
middle : Percentage of cold injury was calculated under
~7.5C treatment for Zhours.
lower : Osmotic pressure of cabage leaves.

DOBDBELTT HEMERSEHEI0CLT.5CEHER
R S - ET 2 L 15C L 5 TR L12BHS
BYVELTT7 AM#F S -EBoFrMalEEr»-
VAR

Fig. 2 — 51X A PHOFEME L2 EE L IRESH
WEBsEEHE, HBELTIBCE—EIR o2 HD
HEEOREE R L. TR, SBIcHLT, 115
PHOFEELEE LREEHTTR, N—F2r7
DEL, WHEEIERT I LFBEIrE Lo

2)  THEMAER & IR B ORISR

N
Q
o

(=]
T

PY [ B ]
@
T

B 5'C-2 hrs,18°C-22hrs in a day
£ 18°C/all the da

N
(=)
T

Percetage of cold injury(%

(=]

-~
Py [~ -] [~=]
o Q Q (=]
T T T

N
=]
T

Percetage of cold injury (%)

Q

-
(4]

~~@~ 5'C-2 hrs,18°C-22hrs in a day
=« 18°C/all the day

T ——
1.2 - —

3 4 5
Leaf number

-
w

Osmotic pressure(MPa)

Fig.2-1b Comparison of cold hardiness of two treat-
ments (18°C / 22hours and 5C / 2hours and
18°C /all the day,10L-14D) for 7days.

WEROEBELE Fig. 2 — 6 [IRL7-. 18T2 5
5 CICMBENREREE L2, 2RE# T, Wikko
WERDOTHIBEDONT. 4BERHETE, X5I1CHRE
KRS LN, 2272 L Z0REE, BRI Ao
WEREDD, hEhot.

3) WEREEBCRIEZT Y FYEBSEREOME

0.2mol D7 FUEBRWEBORKENEL, KEHK
SRLEOWHEDOHE® Fig. 2 — TI1IR LA ARE
BT, BERICEBRBIET, "—ForrERI%E5
FEREWS L2750, 0.2mol D7 Pz
RAK SNT-FE, WThOEMTHREMIE L ko7,
CDEIRX, BHFRLD0, EHLEERITELZWIO
O, KRICGERSETHEBIE T -7z, 1) OFEL
BB®LTDH, PO CRIRIC X ATt EB I tis 5 &
DEBbhi.

4) FEREOWRMEHS & KRS
KEERDSER L7z, FEERFORSNE L ABNCEIY - T 2



120 BENBEZABBMERE $S45
g100 g 1o
ES L e 2 a0 iy
2 80r = B 15°C-12 hrs,5°C-12 hrs in a day
£ T go| O 1W0CiNEISOIZIS Ay
2 60} 8
< c
S 40} . % 40
& B 10°C-12 hrs,7.5'C-12 hrs in a day 2 2
8 o [ 15°C-12 hrs,7.5°C-12 hrs ina day 3
g g o —
] : 3 4
o o =
2 3 4 E 100 ,
g -7.5¢C
< 100 E80f
= h-]
S0 ge
= o
= g0 ) 40
8 20t
[+
o 40 .
g 2 3 4
3 20 1.2
& o F
s 1.1f
s 1 .
v o wreeihee 10°C-12 hrs,7.5°C-12 hrs in a day
5 141 s
0 & K
8 810 £ . .
s 1.3r ) 2 3 4
o —®- 10°C-12 Nrs,7.5°C-12 hrs in a day Leaf number
B 1.2} vk 15°C-12 hrs,7.5'C-12 hrs ina day ) . .
= : Eeresaeetennane, A Fig.2-4 Comparison of cold hardiness of two treat-
© 1.11 2 3 "1 s ments (15C /12hours, 5°C /12hours and 10C /
Leaf number 12hours, 7.5°C/12hours, 10L-14D) for 7days.
Fig.2-2 Comparison of cold injury and osmotic press- 108
. o 3
ure of cabbage leaves treated with 7.5 and 80
3
10°C at half day intervals, and 7.5°C and 15 oo
at half day intervals for 7days. g .
S
ﬁ 20
__100 g o
g 5T
gaer FEEe F100
S go} B 15C12his7.5C-12hrsinaday B
§ [ 20°C-12 hrs,7.5C-12 hrsina day 280
w 40} ’ £ 60
o
9 3
& 20t S 40
3 -3
T ol £ 2
& g
& o
F100 18
= <
£ 8o g
= $15
el 3 =3
3 B0 %14
s a0l g S "
g, 8 1.3[ ——@~modeled temp. on the middle Nov. ;
8 o9t g oo 18°C 2l the day l
b3 »
e 812 y .
& 5
a 0 4 Leaf number
Leaf number Fig.2-5 Comparison of cold hardiness of two treat-
Fig.2-3 Comparison of cold hardiness of two treat- ments. One is a modeled temperature on the

ments (15°C /12hours, 7.5C /12hours and 20°C/
12hours, 7.5°C/12hours, 10L-14D) for 7days.

normal in the middle November (9.3°C /9hours,
12.9C / 6hours, 16.4°C /Shours) . Another is
18C for all day, 10L-14D) . The treatment
was continued for 7days.



FHERE : F v OFEEHIEICET A% 121

Percentage of cold injury(%)

Percentage of cold injury(%)

Fig.2-6

Upper

Lower :

Percentage of cold injury(%)

Fig.2-7

Upper :

Lower :

Percentage of cold injury(%)

a2 @ @ o
[=) o -1 'S
: . :

N
=
T

L~

100
80}
60
40
20t

0

0 2 4

Hours after change from 18°C to 5°C.

Variation of cold hardiness with time after

change of air temperature exposing leaves from

18T

to 5C.

: Percentage of cold injury was occured at-57C

treatment for 2hours.

Percentage ofcold injury was occured at-7.5C

treatment for 2hours.

100
80
60
40
20

& glucose
@ water

-
=1
Q

80
60
40
20

Leaf number

Comparison of hardiness of cabbage leavers

which were absorbed a solution of 0.2M glu-

cose

and water.

Percentage of cold injury was calculated at -5C

treatment for Zhours.

Percentage of cold injury was calculated at

-7.5C

treatment for Zhours.

HEDEY, —5BLU—7.5COKIBKEANT 2 KR
WML -BOHEROEF Fig. 2 — 8 IR L L. #
HECTH, ChETOHTHOLERLFME 7.5CK
SHEEBT A LiCko T, HERRIE{ R, Wi
BHEAR LI EPHIE o7 BREOREES,
WHAHMER Y E R L TRWb 00, 7.5C% 3 HEAR
THIEWLLoT, IBCEZRILBTA LD OE T o 72,

-
Q
o

N @
e 0o o o

-4

-
N P o © o
=] o o o o

Percentage of cold injury(%) Percentage of cold injury{%)

-t
3]

oy
[A]

-
Py

Osmotic pressure(MPa)

Leaf number

Fig.2-8 Comparison of cold hardiness of two treat-
ments (7.5C for all the day and 18C for all
the day 10L-14D) . The treatment was con-
tinued for 7days. Leaves of headformation were
treated.

(3) #E#&

TIWRRLE—EOERCREN IS L &, +
AT, FifRE LTINS E LRI EORENR
B Z ohahbnd SaiRe L b it
BOEFAHET 121, BAHRECIIBEEI &£ L%
W kAl (1967) PVHTRLTWB LY, Skl
Ld, ERFTORERECESH THIUE, HESE
U, MEEOEETERLZHIEMIS, §TD
ERTCRAMEL LT—3CTHXEZITEo7. ZhE
TR, FES (1986) 19V B L Y (1989) 4P ik msE



122 HENBEZRBSWRRE S48

BGRE, BbE—KEDOEES, HEOWEIIHES)H
KEWIEZFHELMILTWA. 72, Lindow 5 (1978)
G2 %515 (1985) %), 587 & (1985) @V 1 X 0N & (1989)
U kS RENE Sk at LR S Y, BELD
EEC5EHDHB I LEHMEL TS, #IZ, HIL

(1992) ® 13, BIMEIC L 2 EDFROTEEL S &
FHELTWA, Lo, AERTIIINLOE
ERRFEL, EBRFOEBEFEICICT A0 MRS L
THEIKZE T2 o 7.

AR, WEMEEIE, # LARET ORI d
HCTELPETRTLINTH S NS (i, 1982) 62,
FE—KAOEE, Hi0i, EBROVBEEO—~2TH
5 —=5CTOEGHER C72DIH b o THIKET% -
7.

Z DR, MRS SRR TOMEEO s R,
MENTSBEAShIERLEIORSE, LL, BH
G, LACFEPORREME, o2 LomEM
BRI NLVE)CISCUEICRBL ISR, ME
IR 2o TWEEZ NS, L, —Bruxxy
Eiy MUGALTUEZITR ) &, &b TEBEREIC
HHEMOEAE L Ebs, BEABIIR U THo
feEZLNT.

F v XY O EHEROBKERTIEZ, —EOER
HEDPS, T5CUTORRPEN EEL SR, T/,
IR E L % o IIERROBEMECTE, 7/, &
RIBOIREDE U 7% O IXKIRBOREIMEVIT ST
HEEo o7 BEEBIEERBOBERIZIOLI W
TROMAEEOERFIHELRIZTH, Fig. 2-512
BRENTWAE LI, EEodhvzid, KEH0R
BRI FT0EBEIREVW O ELEEbRE I,
F1ESAMIRLE, HEEERERELOHBEOM
BT, RIRBEOREMEDLD, FHRELRERED
BEMEL D WML OMNREIEr o722 L L
BHBHLDEEZ LT

EEOHELRGT I, HEEE BR7.5CIc2R
iF, WHEHEFBTo Tk, T4, KBS hEY
bEESVEE, oF ), EB1 -1 TCLATDEEE
L7-RERETHWEEOM IR IR, 0t

$ 28
(1) s LUHE

BRICEBFN- P FOBBLHAELE. Hdo
TEREEF TROXF v Ny H 122, AHORER

PoHobbrb LI, BIEEIHOEEISATHA
KBPLOCU TR o0722500, F v~k
BamEoTw dbDEHEESNI.

7z, RREHIGRELZEZ T, N For 7oHf
BT HI-ER (EER2) »o, WMoz, BR
BATEL, HBEMECWEEEPC, T¥mICiaEsz
e s LPmREN,

Lo L, EBR1TRENRA LI, 18T %208, 5°C
TAREEBSETT HERVETHL, #HERIILD
BT L7

IDZERL, WThOBED, BEREA THdED
EEHPEL, HEWECRHEAT, Witz
BT 57205 CiEA, 1HOEBHOHEYELIZL ST,
E5UTHHEOBEERIPRENL EE L bR,

7, TEOMRREBKSELEIEICL T, i
BPET o2 ehs, FYAVIZESTIE, KHOME
B AT HEE ORI B RITT L v A (1957)
“0) g (1972) “9, AHES (1967) @, fx ks
(1993) OV AT L 145 Rk, EOBHREL Lo T2
L L, B (1961) “Dpsi7 5 - LB TId, 7 N o
PR BEA LTl <, HEHEIEI B/
FeHE LTWE, WEFRIZLTY, EBOFRREIC B
T, 7ROBERZRAKSELIEICE T, FoRIEERIC
LBN—-F= v FFfThbhTulni ) e %24,
HEM LA SEDLDICHENLFEDO—DTHE I LA
REINZEVR XS,

7 F I EERORAKIC X BRI RIL, SR
LEF ¥ XY CICHTE L0 E) PRTBETH 25, 4
ZED, KRBICLAN-F= 73, BTOERER
P THRL, ERAOBRICORENL LI, #Ek
CELABHRTORENZI LD, THEEITiEE
F Y (Wl

FIEFLEH TR, WEEIBHL > TEBHL, »
2, FREFHTLORBROERBICE BT A I &Y
Borizasns, Lal, EBICE, BEEBEMLZVI &
DOTEHVEPT, "~ ForyBIUOFNn—Fzry
TERDEL, BRENLERELLTEYTLOBIIRE
PRELD LA SN,

S m ARt &R ORF

5C, BREOEBIZL > THELIOEMICSEELAY
OAFy KRy NATS BRFLASE, /oxFyv
v FNOREREX20CIER L/ 0CIKLEETLE



AHEAE : F v~V OHEEHECHET 30% 123

ACHEEZIY ML CELICHERLZE L. £742,20C
WKEHKZL, 3BLU6REEZICETIMIMBLT, BS
WKHEEEZHELL 1ABICOWT 3SRETR2Y, H
REATC2RIERTBYVELL. REROWEHEIE

-5C

injury(%)
8

®
o

L @ leaf No. 4
B feaf No. 5

C
o
(=]

o
(=]
Y

entage of cold
N
o

o

-
N F-3 [=2]
T Y T T

Percentage of cold injury(%) pere

(=]

0 1 3 6
Hours after change 5°C to 20°C

Variation of cold hardiness with time after
change of air temperature exposing leaves from
5C to 20T

Percentage of cold injury was occured at -5C

Fig.2-9

Upper :
treatment for Zhours.

Lower : Percentage of cold injury was occured at -7.5C
treatment for Zhours.

Bl —1LMEEEE L, BREREL20CICEEL, 20T
TR LB PE, BHE TR CWARBWICE S
L.

(2) ¥R
HEROREEFEILE Fig. 2 — 9IZRLE. 5THDH
CWAHBE T 214, 1 HEEEEZ»S, Tk
DOHEERTHEAHD T TICA LR, B L > Tid 3 RH

%, MBI BT RT TR 6 BRREIRICIE, BMEL T
HOHEIRD SN,

(3) E&

BREHIC LT, WHMEOMEE, 28IV 4RKH

LV ELDOTEILCEBTELZ, Zhid, REF)
iR R & ¢TI EEOER B L UKL H (1992)
©6) TV B & 91, WIS, L d R TA
LTWaBIZEFBELEMIENS, F1EE2EHICORL
72&9, EHTOFrANVIERIE, HHPIE20C % L6
HBIEWHD, IO ENS, 1BDEMPTHM?LN—
ForZeFN—Fo v 720 E LT3 I LHHEE
ENp., REHIHFOEETLIRNIIIL, BL0H
POWIHEEORB LR EL RS, BEAMIE, EaF
BWRRICEEZZ D 8 )1, T EH BAL
TEEZ2RT2b0LEZILN. LIL, BROE
ORISR T AN, N—ForFrnhicE Gl
BDEPEVD HIZOLNY, BPOBRTHELEPE T
L3, MEREBRAIIEZVEWV) AT, KEBICHT 3
BRERE L DI, BEETHIEEZ DRI



124 | BEERERIE®RE ST

FIE REBLUBRROHBEEICL IH%E

FyXRYBEFOBEERFFEETHHILnb, TAREMT A1}, ERCF rRYOERLHME) L L 2ER
BELTCETSE2WI EPULETHS,. NI T, MEMEL LTREEE, SulokiE (F)I16, 1958) G0 @
Bk, HEE REES BHE OWENRAONTES (FH, 1978) 0. Lial, F+xvnkin, Eboh
EVRTHRB R EE L R L LSRN, HCERLERTwa L 3BV, 22 C, 19806FEI Y, 5
BHEEE LTARCERL 01O, 1988) @, £ oBETHRIBMEE LTAR STV L 2itH S
BREF LA, REPTEMICE, EMRBNH, BEVOBREVEIIL- T, EL0EHEOLOPERESATHEL, =
HEBTIR, BFERICS A I VPHEIL L > THEX ST LWL, $72, HEOERLZHBCI L2HMIC, +
TEEBHORLPITIPERL Tz, 1, BEDLHNOBHMELTHTORS, BUTAFNER I UHRY
7TUE Ly ROBEMENGA T, BHERCH L TRENFRET S I EpELbRL0 (B, 1087) O KRz
T, BEEYERLEPTEME L TERT L& L7

BRORBICH T 53R ICE, FRMCHESHEBRTARIOBVWEMSLETH S (s, 1089) ¥, %4
HoRE, BROBFRCLoTEAVIRL Y, EMTHA -0 BROBITEISI% LB W20, HEtiE,
TEMEZZ ORI, RIS EToTh, BETHHEICL T, UhH, D EFFEROHFFRE S (B
£, 1988) OV F 7, N7ptF AFIHT B OBEIRIRC X 5T, BHASANT, FYALASEASTESS L
WPV RS, TICHR, FyAVYERELLTWEDT, BHAREPTOAERE LTHRET 2175 - 7.

BIE NEFTTORESJCEREBIAEORF

A #3007 RNV EM L LTEHRL T, HEFEN) X EUAHT0BEVICL-T, BENTOREB L
UF vy RUSEREOFRICED L ) ZEVITEOONE D%, FICEREOEEISKRITL.

(1) HEBLUHE
FEERIZ, 19865E11 B I129T o7z 7AW AR, 7

IEDMGTER G B fHF - @SB oEROHE I,
B o TRKE SOfio 7246 % %K 3 BED, 2018

LVEFEGHH#300 (75 LE) 2R RBRIE,
I EFBE, UPPFTEBIUERERXD 3XFE 7.
3 EMTEE, REXOMEIS TR E
LT, #bd45endE S ICESHEAFIZREL. AH
DB HEDE, T BT TREEIREEL, $+
Ry LEGYOB R EFREFIONE LI LA £
72, UAAMHRTE, BEES vV ICEMT2 X5 10E
Wkt Bl Y cEE LS. BAEITHBE IR,
EEDRINBICTRASRLOT, EHWE OBICIE10en
BEOEMIEL:. Fig. 3 -1 IXIhLDNFEELE
XWCR L7z,
FAXVOREIR ‘EF TTHIGHIZEBEL, 8 A
2 BICEM L 7. AR BAIESSen, PRREI36cn T, &
RERX QMR ITHE3.3m, M3.6m (11.9n) & L7,
RENEIZIE, EEH0.32md TRMES % Hv7.
BIEGEBZENRE LT, ¥y —DREBERGLUTOLS
W4T o7z, RIROBZEIRERX 1 5T, BB oPRMT
DX v RYVFERLDOE S cn DB SITRBEL, EHIZT7L

ICHE T — T THREX 2RV T2 BER, F—B

BAOHE 2 mICERE LR ERMIEEST (B s

8 AF750) THIE L. Iz, S EIERNC) &

PUHEEZ 1XEREL, ESP0LTH 1 7 CEaERK

SRR (EaAEEHE CN—11) % v T EMRET

EEWMELZ. BEFtOMNE, BEEZAMLCI5E
A B

Floating row cover Contacting row cover

cheesecloth

cheesecloth

Fig.3-1 Schematic diagram of covering methods.
(A : the floating row cover, B: the contacting
row cover).



AHRAE vy OREHILICHT AR

125

2, 3, HoOBHRIGBICY Y FICTLT, 2D
G % 15T EICRE L7

(2) #E
EREETE AR IZ—E CHB L RN 2 AEREE
(1986411 5 18 H 18K:~19H 2 BF3057) OXIE, EiR,
BOEB & CEMRRSEREOZERELE Fig. 3 — 21IRL
7o, HBIERMSEREMEZEE LCERLE. BE
HRT LI, YRIHRLERATHo .
JEEAHEAS0em.” s BUF D & W EFS R 2R 0 BELLRT
OFEE, FREbFOEZICHACEEE >/ —
¥, R0 BRDUBE, JEOEASO0n, S EBA B LIRS
&, DEPTRLEHEFERTIE, &HIRBOLEFHFR
bohid, LeWIETHER Lok
R, BISRAFE 0 RELEIICIE, D BT, T
MIEEDIEREBXICHSTH 2 CESHER LA L
AL, GiREERICEEA R PR E & o 2250 0 K2
M, 3 2H»UES L UCEEBEROERE LR L0
L, UOWITETRER Lok, ZOKEE, Ui
R ORBARIEFICET LA, 28, 21,522
ORI D BEDS0en, S A BT D B, =
DHEEHEEROGE b ERALLCEEE
7.
11A1I8E 2 H2B I TR LN F— 5 OHP L,
RRIREE R TR ) XA O EWRIST BAB5~75W. m
OHBIHHBELRUHB L, B#HLOBRICOWTE
W7 ZOERE% Fig. 3— 3ITRLA. #EE, &
MEX L EEBEXOTES L UEROET, MlidEE
ThbH. HBEEBIUKER FREIISSHOTFHE
T, 7Oy b L7z F— 7R L b FRISEVEED
55U LR L - ROEE S I LEbDTH
5. EHoRRETRAREL RO DIFERTE
5.

BECERKE BNIIZ—EDEHET T, Ladty
X & EHBR OSEER, BA#0m, s TidEbdTh
XA, Bhlm sBEICRBE, ULASTROFD
WHEBERX LS 1 CHBE o/ —FH, 9 EFTK
BB ORREIEEN ML TR, 13
—FREBL, TEOERIZEALRO LN Do

—HERIZOWTH, BEA50em,/ sUTTR, 5%
IR, UAPHREEDCEEER I VDM 2CTEY-
7. La L, BEOHENE &b ICEFEROFERI LA
LT, LaASTRIGESE, 1m/ sBLETidz0ER
1CREIHET . —F, ) PR EEREXOE

BEIBEOHEMIE-T, EBCERLAER, I
2 CHitkDENI RN/,

(3) =%

7 VEFERDH00D250T I & B RBRIRIEE
EHS0em,/ ST v k) RERIEVIRETH R
i, D EMT, UAPFTEDIEEELD L 2CHEEY
Bl RO LWV BT, KEZHEIRDLNL LAL,
BOEDHINIE> T, BEBEX L S EFTX TRERD
ERLDFHL, U2 ETRERER L adhor, £
DEHELT, REDLILEEFTRETHS).

WSS & B BI85k, Fig. 3 — 217 LA IERRIR
HEROEISBLPR LI, BEPHFFrVvOLE
BOZLILEoT, V0% WBESND, LIzdoT, &
FIRETHIE, EEPTOREE L UHERIED &7
K, UhdRedic, EREELIDOEIRINS, L
ML, BEOHEIMC > T, AREFERL D IBVL
DIz, ERETE, BBOH AT EESLES
T3, JREHLT, LApIRTE, FAEsH#sh

0
=

measured above cheesecloth

measured under cheesecloth

S
S
1

Wind speed(cm/s) Radiation(W/m?)

1 1 i 1 1 1 1

6 48 o Contacting row cover
% e Floating row cover
% a Control
8T
£ L
b}
5 o

1 I i i 1 | I 1
&) o Contacting row cover
3
¥, * Floating row cover
g A Control
§
i
%
-

Fig.3-2 Variation of leaf and air temperature, wind
speed and effective radiation with time. (1986)



Eaas

= H, 2
126 MENRE=R ISR E

3
~ contacting row cover—control
< °
T 2f vl S8 o o
8 <
g ~—— °
£ o ~
< 0L ° o leaf
g ° 2
k2
|- ——

e . .
g - .\’:\_‘~ .
g o e T —— - air
5 [ S T
= hd [ e
-2 1 L 1

0 50 100 150
—~
L s
< .
] floating row cover—control
S
o 0 0% 8 % o leaf o
E 2 - 005 T
;a °

o a
o 1
E * o® . .
g L . . A a
Q 0 ~— .
.
- ! f
o 50 100 150
‘Wind speed(cm/s)

Fig.3-3 Relationship between air and leaf temperatures
and wind speed.
Upper : contacting row cover—control
Lower : floating row cover—control

TWBOIZ, BUTE B F v Ny AQEBROMIEHFT 2

bhiZ{w,
=%, I EPTRETIR, BRLAESD>SESEAT

B E o THAOMBEZI R T V2D, BHE
EDRIZIE, WICHESHE RS S BECHS T 2
REEARIND LEZLNB. T, ZE (1969) GV
PEE L, BOBCHERICEMNRESS b v 2 VT
HWEh s WARBEOSERSE L L —H L.

BREE R L2 RER oW T/RhE (1971) @D
B, ArFVICBTLaERHTE, BEEBETLLY
b, BiEERMEBEEZL MR OFRRES
BV EERELTWS, £72, IS (1962) 9843,
TESEEME LT, REOREBEDRIZ T & 28
LTWa, BHX v RIS BEGH O D Z AT 5%
REDOER o720, THODEREESI 7.

—%, LA, EEIGEVRETHIE, 3 &
FERREKORBIHRERT OO0, BEOBIIC
o T, MWHMIHENEL TS, Lol, EERET
ol LTH, BEWHESHIGHOEE %S
BiRE 2, ThEBMULS v Y3, bl (1967)
EUARLTVB LI, HKEBLMb-T, &l
EFELRTL BT EDNELONE.

INLOEEERERT S E, REORITGHIC L 2%E
ZRHIET A, UAA LD, 3 ENTETLS 2
EDLET, 5 EPFETRIIE, BHEFrARY L
D% HFICBEAREIT B 2 EHTETERF UG
TEHL9, IENFTOBSE, AERTITh-7:, #
FASenBl EE BT L E L LR SN,

F2H FAUOEBEENLEPUFEORBNMI L ZFEBIERE

WUIEICHI&HEE, 2 2 Y, BHRELHBLLTYo 0 BEHH#200 (Z2oF78) GITF#200503) B
LU #300 (BT #3008 1)) 0 2BEDESYEHCT, LrrIBLY, ) 290X aBBOMEY, et

L7z (BFERI &),

72, #300EMAL T, I EPTOREEBLVEIOBOMBL LA T, HBTOREBLUEES DL 2%

HEERTA0BRHENT o QITFERI L),

1. BAROESLHBHECLI8E (RRI)

1) #EBIUFE

FEBT, MENEZHTHOME)| S B R =5
BHNOBGEERL T, 1987F12A 5519834 1 Bich
T R o 7oL R OBEHITIZ, #200 (HA2. 10m,
ZEMET7%, EIFI8%) BLUH#300 (HAEL.04mn
ZEHER68%, EIE22%) RHEH LA RBRXIE, #EF
FEILE T, ) EPFFR, UrHFTESL L UEEER
DEHTSKERIF/. 5 EHFRIE, MBI %E T
T, SAEMICERA 7R E L THESOmDESIch 3 &

IS, EEHEKFCREL, ABoT23BRL T ¥
NY LEGHOBMEBRNKEETFONB LS LS 3
72, DA, FyXvotkbicEEEss iy
L,%%%a&ﬁbliuLfﬁﬁvﬂﬁumbt.:
DIRFET, EGHEINFECHZoNLOT, FHSLD
BHC10emSRDZEH AT S, ThooRBHEI, £1
HTRLEDOLEAKTH S, EGYOBBEF vV
FEERAMIZIZERLZI2A 7T H b, RERT T CH%EL
THZo7 Frv"vofliid ‘&% <, 8HIAK
L, 108 2 BICEME L7, SR > falE55em,



HEHEFE : F v oHEHIECHTAHIR 127 -

HE40m & L, SREXOHERKIX 6 S, 3.3m X15m
=49.5nf & L7z, BERZEICWE, BEE0.32md THHAE
FEHG, BEERERT 2o 23— To L
HIIHRBLE. [ROHZER, BREMBRHBEZEX 14T
DOERMOHB E20enDE S ICERE L, EEICT I IFHOM
B EGERYMFITA EROBIER, BLLE-TKE
Do -k EEX 2 BERRY, FOHMBICHET -7
THREMNBBEZBRVMNT 2. T, BBEXCERESHO
EANCRENRRE RS T, FORERHIELL.
¥/, ERBXCIER) FY 2B SRS BUTiLRE
BHRR, 6131F) THILESOmDFTESIBELBEIE LA A
Wi, F—FBEPIcHLE 2 mIZERE U 72 B EMBGEET (3L
HioRilleEs AF750) CHIE L. BUERTO IR
BEE AL TTFOEZI0DT &, $/, thomiiks
BTEH TS TLT, ZFOFHER205 T LICF
i A PAR

(2) #H%

19884 1 A 132 H 4B ICH T TORBOFERZELE
Fig. 3— 4, ¥ERB X OBREOEKELE Fig. 3 -5
R, ML, LhERAERE T, BUEIZ 0 ~130cm S
Tdh ol JBEHIEERS0m, s LT TH - 72198205 %
TOWATIZBWT, HETORIRE, ) EPFTRETE
H#300DWEICL > THITC, #200TH 2 CERENE
EEX LD BE LR LA LEAFTRD ) E5TKLE
BIZFEROERERBEZR L. —F, 198205 % TOH
BTOERIE, ) EHFTR T, #3000HEICL-T
#3°C, #200T#2.5C, ThENEHBEX LD 8L
WBL T2, LEITRTE, #3000HEICLY
®2T, #200TH1TC, ThEPNERRER LD $E<
EBLL BEEMBIUEBHEOLPVIZLST,
BRI ESTD O Nz, 196405 LR EE DRI
EL%oT, RiBKE, EEERTIIERLA LAaL#E
BT TR #3000 9 &A0T K AEWH BRI HLERE W #E
BERLEDOD, ZoMoRBRE T, EHEXIEIE
DERFRLAT, BETORBRLEREROFBLD
ZEARL LEHBEXOFPE 22l tbbol. D
A #3000 U AT X TEHETH o 72,

FERL B L ER, BLEOHINL 2198405, &
BER T, BREoBINcE->ThF LA £/, #300
BLU#2000 %) &)X THFEROFEEHIRD SNz,
LA L, #3000 LAHFETR, ) EMFTETAHALR
ok REELREAEE ORICIFERD LT, HRELT
RBERGERS Lz, T2, #2000 LR b #HE

5 -
under cheesecloth #200

—- 4 —o— Contacting row cover A
£ 3 [ —e—~ Floating row covar A
D
5 2 Control
g 1 :%‘ R'E‘
g X W
R N xN
< N

-2 L

5

under cheesecloth #300

LA r*"‘/ >\\
[
5 A
g 1‘é"“lx,»:*\,/ VA
g ™\
5 0 \VV "Jﬂ
ot
£ ’\A r‘/ Y
<C

-2 18 2"0 22 & 2 {hour)

Jan.13 Jan,14(1988)

Time

Fig.3-4 Variation in air temperature with time at 20cm
above the ground under cheesecloths and con-
trol. The cheesecloths are #200 and #300.
Covering methods are the floating row cover
(@), contacting row cover (O) and control

(xX).

T & EHEEX & OTREIRA LIzA #3000 UardtT
REh/hEhoi.

ZDEIDHENFTE, UrFTES L UEEERD
KERVCEROMEOEERFRY, R L - TERR
NBEZEFALN LR F2C, BoNAFKEBL
CEROF— 7122w, I EFTEB LU LLTR
CEHERLOZLEEOBREEHE L TFig.3-6
BIUP3-TRLE I EFPTRBITLLPTED
iR, BEAS50en, s LT TE#300, #200& bR
BRIV, 12 ~-3CHBVFREDEME LI, £
DEFEHHWICELIL, 1m/ sPETR, TR
DFPEHEER L0 &L 2otz —F, ) EXTRIE,
Ba#EAS 1m sBEEZoTDH #300THE, EHEEX L
DL ICEHVRRZ R LAY, #2000 CERRER
BLALEDLN o7 ERIIOWTHIZIZFEED
B AERD b, BEANS0en, s PLToL &%, 4
BRIZERTOWTROKD 1 ~ 3 CEDP o205, FuED
BmE & HIICEREZBA LA LALH00D) &H
R, BEAEmL T 2 CUEOBERER T L.

BHBERUCESREOEEE{L%: Fig. 3 — 817K
#.ﬁﬁmgu,#maimmaévgﬁwtwﬁ#



128 HENERERBRSH RS

Faam

under cheesecloth #200
—o= Contacting row cover
—o~ Floating row cover A
.

1] Contral /_(f

=

-3 =

Leaf temperature(°c)

under cheesecloth #3001/"\

AN A

\&;;:Q::i;iwﬂﬂ%k__

N

'
-

Q
N

Leaf temperature(°C)
&

=
th &

Wind speed(m/s)
]
1

e
o tn
alLkI

(hour) 2
Jan.14-(1988)

L L

20 22 0
Jan.13
Time

Fig.3-5 Variation of wind speed and leaf temperature
with time at 20cm above the ground under the
two cheesecloths (#200 and #300) covering

and control.

PHETKIN D 2CRIBEREGEEL, BEHREL OIS
T EPTRETE, BEEEIVIBMASCER LA
A, UAPUECEESRE L LEVEREIE(,
ZERHD O OEEKSRYES L, BHERETH 7.
NEFOERTERS L UHE, BRRORBERKR®
Table 3 — LIZRT. BB ER L, BERHER T—FEL,
BELEETROINIE -7 HEEM OB, BE
FEDBVICL2EBERDO LW D o7, BEORE
RIBYPFETO% L@, #3000 EHFRTT %
L&, FOMORBRIZVTNG23% Tho7. BHK
FBORBEFITHI0D ) EHTETT%ERLELZFD
MORITEERREX % EDT23~21% TIFE A LEERTED
bhahoi, TOEHE, EHEXELELT, EE
DOEFEHEHCBVT, BEB L VBHHRORELRR TS
72DITH300DH) EFFRETTHo72

2. BERUOBERESJUHBOECHEBIC L3528
(RE& 1)

(1) HEBIUHE

EERX19894F 1 A B REERBRE = E 5 ER O
BESCTIT o7z, HRABMICIESY #3002 ER L,

HREEX & L THLE A 530em, 50cm B & UF100cm D 3 Bzl
DBSI) EPTLEEBLUCEHBR 2317, 9 &
PUIEOREFERCRBRBEIIERT LAk L

F7:, 1989461 B 5 HITIE, BEEREBLEMEICTET 2688
KTEEZET 2720, HiELERBICERI2. 5md 65
WA ) BT ORROE S 2 2 - RERK 15 BRES
DLEEICKFIZRE LS, A2HOENEBHOHOHE
AL, EBFRE (B#EE ED200) THmMLZERE%
WET S ZLI2L o RE S RASEE R,
T, BEETAEST, ) EFITOBEA50mE Lz
BREL2EAEL, —HaEROELEFITCESLT
PIER & BASHIRIBIC L7z, 513, BBROH % &5 Tt
RERITOENB X0 L BER REDHE kT,
ERILEBE L 4B, BEOBEMEE, s
WH T LIS IC 2O EE 58 L7,

(2) #BH
1989E 1 A5 HA2*5 6 HIZTTORIE, EEBL U
BOEOEEEILE Fig. 3 — 9IRT. LIk, Le#ny

BRLBETH -7, #HE20mDE S OBBHIKIER,
4
‘cheesecloth #200
~ 3 . 0
é"’ 2 8-y 2 3 L d
= .
< g
gl L
EEB o ° - o & .
i R o Contacting row cover * °
i Floating row cover 7o
-2 A
4
- chessecloth #300
g.‘ 3' °* * . 3
£ 2 v ]
g 1 ? .1
£ ° .
2o —=
< -1
o
-2 a Q.
] 0.5 1.0 1.5
Wind speed(m/s)

Fig.3-6 Relationship between air temperature differ-
ence (row cover—control) and wind speed.



BHEKRE © * v~y O@ENILIHET 2%

129

3 EHTOBREEA0mB L Fl00m DEET T, F
BB CRENELY S 1 TULE 2EBEIEH0.5C
BB LS. S0mX E100enE DB T, 1FEALE
BROLNEdok. —F, 0mX TlEEBI AR
50ecm/ S LT ThHo 188305 CIRHERBE LV LH
0.5CHE o 7288, FhIlEl, EHBEOFPRER
L, BUEDHINE & bIcF0ERBEDNLERFALR
AEHNERELTIm,/ S EBRAID L) Cho/223M0%
T, ZOERHICIELL T, BEF L
80cm,” S AT D & %1213, 30em X OB T OKRIREIES50cn
KOBBEBTOREL D b2 CRIHRED - 7225, Bk
80em./ S ERZ B LA DL, Z0EIREDIINL
EDWENY, BHE 1 m s EIETHISCIEL L.
F oy AV FERE L OBEIRE, D XA DEFRE100cm
R Tid, BEN1m s LT Tho 2208305 Tl3lE
BETOERID L, H2.5CE, o720, 208455 L

cheesecloth #200

—~

3)

<

3:‘:\

b .

-D_ LI .

a

g2 .

8 * . "

- ° ° ° oo

<1 [

©

- §¢
° .89

o

—
83 ¥ .. -
£ e
© L
32

Q ] °

£ ° 8

3 o

o« 1

S o o ©
- ?B°

o

0.5 1.0

Wind speed(m/s)

Fig.3-7 Relationship between leaf temperature differ-
ence (row cover—control) and wind speed.

Table 3-1 Comparison of head formation weight of cab-
bage and the rate of occurrence of head rot
under the condition of several row coverings.

Kind of Covering | Head forma- Percentage (%)
cheesecloth | methods [tion weight{g)|head rot|cold injury
#200 Contacting 1622 27 23
Floating 1588 23 23
#300 Contacting 1459 23 23
Floating 1602 7 7
Control - 1675 27 60
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Fig.3-8 Variation in dew point temperature and
temperature of cheesecloth #300 and # 200

with time.
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Fig.3-9 Variation of air and leaf temperatures and
wind speed with time. Air temperatures were
measured at 20cm above the ground, and leaf
temperatures were measured on top of cabbage
head under floating row covers stretched at
30em (), 50cm (@), 100cm (O) height
above the ground and control (&),
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Fig.3-10 Effect of wind speed on the difference of air
and leaf temperature between streching

heights of 30cm and 50cm (O) and between
100cm and 50cm (@) .
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Fig.3-11 Variation of temperatures of cheesecloth

#300 stretched at 30cm, 50cm and 100cm
height above the ground with time.
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Fig.3-12 Effect of wind speed on air and leaf tempera-
tures difference between the opened and
closed side cheesecloth (opened—closed).

Table 3-2 Comparison of amout of dew on top of cab-
bage heads under cheesecloth #300 ex-
panded 30cm, 50cm and 100cm high above
the ground.(Jan.5-6,1989).

Height above the ground Amount of dew

expanding cheesecloth #300 (g/100cm?)
' 30cm 0.93 (126%)
50cm 0.44 ( 59)
100cm 0.36 ( 49)
Control 0.74 (100)

¥ percentage of the amount of dew for control.
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Table 3-3 Comparison of head rot occurrences of cab-
bage under the several kinds of contacting
row cover cloth.

Kind of cloth ~ Material Head formation Percentage of
weight(g) head rot occurrence(%)

Tafuberu 3000N PVA 1157 18

Tafuberu 3800N PVA 1194 12

Marigisu PET 1208 24

Paopao S0 PP 916 32

Control - 1062 14

WEB L UBBUAORERRERE L 72,

(2) %
BREMZ LI L2 20, BERORERTL %,
Table 3 — 3 (" Y.



AHERE ¥ vy OHEERILICET A8% 133

BEOROFEERIE, 1 A29HORETIHEPE I X
T# 7RNW3000N 2 b Fhlicd o ik, i
NOBEML, Shotz. T/, 2 BUBORETI, ¥
7 ~UV3000N, ¥ 7NV3800N, BLU<)Y T— 254
Bhotn L L, WIFhoBRN O ERE X ) KIBIC,
RERBZMHIL TR LW EOERREDLAT. U
PITICE BHRIE, Roohdhhoi,

(3) %

Ui %iTa ) b, BESH#3000L X LR B
BIRDREEZBRTIIENTER Dol 7RV
3000N B X UFEI3800N 7251345, EHE & B H 0 B
TAHNBEBHALNT. DI EIE, EHHH3000E &
ERLC &I, ULadiFThdsini, BEENKL, B
BOMBITHICRTON WD, EELILRE, ¥
7 AL3000N B & U8 % 7~L3800N 1, BES (1989) @
ARL7 & S, BYEGE I A NEORE I, R

BAROEIHENRT, 14 —-7F-DEBI s, Rk
FEICENRT, BROEREE o b DEELLNR D,
¥ 72, BMOREEE 0P RIELD, 20
BBIZY 5T, NFGORT, BROHOREEIED
Bl hotbnkErzbnt, LhL, ERIIZ, BHE
DEBERHE LT, ENORHROEIC L 2881
FTIHbEENTLEIZEBZZON, TOHIZOVWTI,
e (1989) @ bR TWVE LI, SHROREICED
VAN

L2L, WFRIZLTH, Ui Lo TREBORK
FEHIC L2 EROET 2 ¥, BRRORELBRT
&2 L BEMRBRVEESh ol BHEROBAEM
AERALTYH, IRV L2V EPHLhrE R D
6, FEAKREC, BEGENC L AERETOERY B L
LABBEEIC I AEEE LT, LadTE, 20fiE
EhPbBEAAIRLADEPOCRBTHS LHEESH
7.

BAM |HY I EHFTORBSKEE

EIHBLITE2HTHLMILTE LI, BEBHI00D) EXNFE, FrAVOERYEHEFRLV ISR
DLV ETHENRDH LN, FIT, DL LBHEFERICE v AV OBFBRROBRIIE T2 0h L) 2k,

ERERIIC, ZHTHOREKES THRR L.

(1) HEBIUHE

Bk, Z@ETHMEBREOBREOKEEY CEE LS
BLZ. fiEgRR=@mHToRchiiBifEL, FIF,
BHROBELEFZFHELENTHEL H BB TH
3.

Bf% 255 LT, HEPFTERBIVERER L R
FN5A0nES O 72 D EHNTIE, ¥ u &S #1300
(2=F78) OIKE (185.4m, BE50m) %
L, 1914125 18RICAEZT2o/. I EFTOFE
BiCE, PARALVOBMICERTASSAT AR
DES2. 7m0 (FERHG: ¥y -, FRIER
*EGWORBDICE BB, HZmEBTERL
WKWFAAVOBHO LI CBIRICEEL, Zofoils
TiE, BEYOEALL>TERTI T, Fr_IVE
ithzwk ), EY2HERICEE L TESPEIZS
I L. EBEBE, YU FE-LVoLiifREs LI
LT, B TRELES X R2VEIHICLTy I—
TEZE L.

BRI FrARVOREIT ‘&F T, 8HBHIC
BIEL, 1085 HICEHESN, FAEMEREI TR0,

BRi36enT, 118 9 BCHfEE LTEED X vy (&
& ER201 ) PEHL:. BEREFOMoBERIIE
TichE- 72,

AR ICH725 1 A30HIZ, HIRES L VBRURRAE
RiZRAELL. BRREERKRE, Zh21100%RIC
OWT, FORERBIUVRAF 2RO/, BEEEH
EFLLFT P od D%k 0, EIKBLehkoRERD
—BBTIRENALDOOLNELDE 1, B2%LTFDD
D% 2, M20~50%DbD%3, 0% EDIDE 4 L
BEAELORX 2ok B 1BXU 2T, #E
HAEWYBRL I L oT, Bk LTOHTI MR
ThH5.

100
Y=3X,/4 )
=1

Table 3-4 Comparison between head rot occurrences
under floating row cover and control.

Treatment Head formation Percentage(%) Percentage
weight(g) headrot  can not shipping
Floating row cover 1046 8 1
Control” 1063 38 9
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Fig.4-1 A Plane figure of the experimental field.
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Table 4-1 Specification of frost protecting fan.

Diameter of fan(tm) Current intensity(A)
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Generating power(KW) H.P. Air volume(ms/min.)
1.8 2.4 2,200
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Fig.4-2 Variation of air and leaf temperature with time
at several distances from the fan. Air tempera-

tures were measured 50cm height above the

ground.
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Fig4-6 Variation of leaf and air temperatures at
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with time. Leaf temperature was measured st
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were measured at 10m distance from fan.
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Table 4-2 Head rot occurrences at several distances
from fan.(upper:1992, lower:1993)

distance from fan(m) [ Percentage index (headrot)
5m-13m 3@ 0.8
10-16 7 17
15-19 17 9.2
20-23 27 158
25-28 43 24.2
30-32 63 417
Control 80 533

Head rot
: Percentage Index

Cold injury
Percentage Index

Distance from fan (m)

-10~-16 278 14 200 12
-5~-13 33 13 20 6

5~13 3 2 3 2
10~16 7 2 0 0
15~19 10 4 10 ]
20~-23 37 13 23 8
25~.28 40 14 30 11
30~-32 43 21 33 18
35~37 63 27 50 23

Index:index was calculated by equation(10)
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Summary

The damage of bacterial head rot cultivated in winter,
which is one of the most serious problems in the Miura
Peninsula, was investigated in condition with mechanism
of cold injury to cabbages, temperature conditions in the
field and infection of bacteria. And the effects of preven-
tion of cold injury were investigated by covering
methods using cheesecloth made of Vinylon and the frost
protecting fan.

The results obtained as follows:

Head rot and cold injury to cabbages occurred more fre-
quently in low-lying fields or the fields with poor air cir-
culation.

The environmental conditions of the fields for the in-
ducement head rot and cold injury were similar.
However the condition which caused cold injury did not
caused head rot. Cold injury to cabbages occurred in
condition of low temperature below -5C for 24 hours or
-7 for 2.5 to 4 hours.

When cabbages were inoculated with bacteria
(Pseudomonas viridiflava or P.marginalis) under 25C
condition, the leaves of cabbage which were injured by
cold decayed. However, if the leaves were not injured,
they did not rot. Although the head rot progressed very
little under 5C condition, it progressed rapidly under
the condition of 15C to 20C.

Leaf temperature of cabbages in field often fell to less
than -5C, and occasionally less than -7C . However,
the temperature in daytime was such that it was possible
for bacterial invasion and multiplication.

These results indicate that the occurrence of head rot is
due to the invasion and multiplication of bacteria which

is pre-disposed by cold injury.

Relations among the bacterial head rot on cabbage and
the meteorological elements in growing period were in-
vestigated from 1983 to 1992 except 1987. Percentage or

index of head rot occurrence were determined using from

500 cabbage plants in each year. The meteorological data
were obtained from AMeDAS (automated meteorological
data acquisition system) data observing in Miura city.

The cold hardiness of the third leaf from outside of the
head was investigated during harvesting time for 2
years. Cold hardiness, using 'LT50’ which determines
the frost-killing temperature required to kill 50% of the
cells of cabbage’s leaves which were under the condition
of low temperatures (-5, -7.5 and -10C) for 2 hours in
low temperature water bath were calculated.

The results obtained as follows:

There were high correlations between the air tempera-
ture in the middle of November and the head rot occurr-
ence in cabbage. The higher the mean air temperature in
the middle of November than the normal, the higher the
head rot occurrence. There were no relation between the
duration of sunshine or the amount of precipitation and
the head rot occurrence in cabbage.

The time of increased cold hardiness of cabbage's
leaves was not the same. However, the lowest 'LTso’
was about -10C in each year.

There were correlations between 'LT50" and the
accumulated daily mean air temperature for over 4 days.
The difference of 'LTsp’ was more than 4°C during har-
vesting time, because of the differences in the mean dai-
ly air temperature when the cabbage were harvested.

These results indicates that if the mean air temperature
in the middle of November was higher than normal, the
countermeasure by covering cabbage is necessary.

The temperature conditions for increasing cold har-
diness were investigated by using nursery plants leafing
about seven true leaves.

Cold hardiness increased under the condition of low
temperature below 7.5C for 2 houres. The lower of
7.5C and the longer for 2hours cabbage disposed under

the air condition, Cold hardiness increased.
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The effects of covering cabbage plants to prevent cold
injury were investigated using cheesecloth made of Viny-
lon.

Two types of cheesecloth, #200 and # 300 were used.
The floating row cover method in which the cheesecloth
is at a height 50cm above the ground and the contacting
row cover method in which the cheesecloth is kept just
above the top of the cabbages were employed.

The air temperatures under the floating and the contact-
ing row covers, using cheesecloths # 300 and # 200
were 3C and 2C, respectively, higher than that of the
control durung clear nights with wind speed below
50cm/s. However, with increasing wind speed the differ-
ence between the air temperatures in the control and the
row covering were slight especially in the contacting row
covering, using #300. The leaf temperature under the
floating row cover with # 300 and # 200, were 3C and
2°C, respectively, higher than the control when the
wind speed was less than 50cm/s on clear nights. With
increasing wind speed over 100cm/s, there was no differ-
ence between the leaf temperatures in the contacting row
cover with cheesecloths #200 and # 300, and that of the
control. However, there was a difference between the
leaf temperatures in the floating row cover with # 300
and the control. In the case of the contacting row cover,
the leaf temperature increased slightly under # 200 and
# 300, leading to a small temperature difference between
the contacting row cover and the control.

These results show that the floating row cover with
cheesecloth # 300 was useful irrespective of wind speed.
The incidence of head rot caused by cold injury under
the floating row cover with cheesecloth # 300 was lower
than it was in the control in open field. The contacting
row cover and the floating row cover with cheesecloth #
200 were ineffective.

The influence of the height of the floating row cover

with cheesecloth # 300 on keeping the leaf temperature

higher by taking off or retaining all the sides o.f cheesec-
loth was investigated. Leaf temperature under the float-
ing row cover, stretched 30cm above the ground was
about 1.5C higher than that of the control when the
wind speed was less than 50cm/s on clear night.
However, the difference in leaf temperature was coun-
terbalanced when wind speed was more than Im/s.
When the cheesecloth was stretched 50cm and 1m above
the ground, the leaf temperature was about 2.5C higher
than that of the control irrespective of wind speed. With
increasing wind speeds of more than 1m /s, the leaf
temperature under the cheesecloth stretching 1m high
was about 1C higher than that at 50cm.

By covering all sides with cheesecloth # 300 stretched
at 50cm high, the leaf temperature was about 1C lower
than that it was without the side cheesecloth.

These results indicate the advantages of choosing
cheesecloth # 300 rather than # 200, and stretching the
cheesecloth at a height greater than 50cm in order to
effectively prevent cold injury to cabbage crops in the
open field.

The effects of air stirring method to prevent cold injury
were investigated using a frost protecting fan. The fan
was set up 6m height above the ground. It's generating
power was 1.8kw, and air volume was 2,200m’/min.

The fan was set to start when the air temperature at
50cm height above the ground was less than 3C. The
leaf temperatures of cabbage planted near by the fan
(less than 15m) were about 4°C higher than that of the
control.

These results show that the effect of frost protecting
fan to keep the leaf temperature higher was because of
sensible heat transfer.

The frost protecting fan was useful to prevent cold in-
jury, however it was expensive than the covering

methods.



