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Establishment of Temporary Heat Treatment for Controlling Disease and

Insect Damages by Non-ventilation in Combination with Heat Stress Tolerant

Varieties in Summer Greenhouse Cucumber
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1 9<% 7 F Brassica campestris L. AT 3~ O /%
2 A7 Brassica campestris L. [ IR ) B a— o v
3 Foyay Brassica oleracea L. 2 b0 E R < BETA
4 A V7T T — Brassica oleracea L. ARI)—=0F 9y = I = BRI
s Yav¥s Chrysanthemum coronarium L. PREEH Wi
6 Fu~ A% Corchorus olitorius L. - T 7N
7 ¥4 XL G lycine max Merr. MR R I (AR
8 x4 4 Ipomoea aquatica Forsk. Ay avE gBFETT
9 vH A Lectuca sativa L. + ¥4 =R = B
10 Y— 7L ¥ 2 Lectuca sativa L. Ly Fr — 2 - 0yt
[T g Licopersicum esculentum M ill. oo ZF M7 AU7n
12 & 2 20 Malva verticillata L. - h ¥
13 ¥ v Perilla ocymoides L. #HLhdaLE hIg:
14 4% v= A Phaseolus vulgaris L. X & 8 hRT AU
15 Ay = 2 Phaseolus vulgaris L. - I O e g7 A
16 4% = 2 Phaseolus vulgaris L. vy aox— 101 BRT YN
17 479y =< 2 Phaseolus vulgaris L. T RXY hR T AYH
18 4% e 2 Phaseolus vulgaris L. R B =g h 7 YR
19 # ¥ x> ko Pisum sativum L. Telephone I— A HF A~ Ly
20 ¥4 2> Raphanus sativus L. (R A N kA 4
20 ND h ¥4 37 Raphanus sativus L. a2 Xy b T IT
22 2 VbV Rorripa masturtium -aguaticum Hayek. - F— o vt
23 kYL Uy Spinacia oleracea L. 72T 4T wr 7
24 ¥ Y ¥ Vigna sinensis Savi ex Hassk. Clim bing Snake Beans 7 7 Y%
25 A4 — }2— Y Zeamays L. ¥ 7 42—- 2 it 7 24
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3 7uvay 0.051 0.267 (527) 0.292  (577)
4 HY757— 0.182 0.337 (185; 0.105 (58}
5 av¥y 0.002 0.125 (6235 0.093 (4660
6 EO~NAY 0.733 0.694 (95) 0.689 (94)
7 ¥4X 0.631 0.718  (114) 0.739 (117)
8 LoH 4 0.681 0.740  (109) 0.734  (108)
9 L¥2R 0.340 0.621  (183) 0.715  (210)
10 Y— 7L F R 0.488 0.451 92) 0.409 (84)
11 b= b 0.089 0.380 (429) 0.332  (374)
124771 0.151 0.224  (148) 0.343  (227)
13V 0.647 0.720 (111) 0.710  (110)
14 A% 2 (REH) 0.420 0.492  (117) 0.217 (52)
15475 <2 (BFED) 0.230 0.343  (149) 0.487  (212)
16 A%< A(r>9%—101) 0.021 0.222 (1042) 0.378 (1772)
17475 =2 (BHEiKS) 0.094 0.422  (451) 0.496  (530)
18 474 Y= A(UIRE =) 0.113 0.487  (432) 0.602  (534)
19 Hyrrypy 0.028 0.071  (254) 0.038  (133)
20 ¥ 43> 0.011 0.120 (1088) 0.236 (2149)
FANRAR S 4 (= 0.017 0.046 (279) 0.108 (657)
22 Vv 0.004 0.036  (964) 0.050 (1334)
23 ko LUy 0.039 0.050  (128) 0.003 (8)
24 ¥4 ¥ 0.627 0.702  (112) 0.721  (115)
25 A4 — ba—> 0.533 0.616  (116) 0.643  (121)
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EHICASTICEREL. BROFEIZOVWTH,
ZBENTIX, 3XHEL L. SA19H, 26
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1 0.025:0.025kg/a, 77H [ T&1.93:1.93kg/a%
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HOB& Lk otz, EWEK - EFRE TR
EHHAEEL 2D NEIIER L, FREK -
PR b EFEISETL, NWEZIRILL. Zh
Wt LCRABREEM - BTBRE, FHEE
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(NI BB 2002), $7-, EEEICE 2T,
TEBETELVREETICEEELITV W
ZEns, BEHONEE - 7 RORHIRED
FHETH) L RERE, RETHL. i
LT, BEBEZIISAZHROREFMHAIZIN
i, SBEEOXELIIL ST, AIEREEY

LEZONLD, FEHONKEZERTHLE
BREOLN., AVFINT_ORERKIRE
1240C L SN THB Y JHE 1967), 45T, 1M
BEOBBTCII+o4&R, METE WM
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BEETCEREFEICERT LI L SRELE
ETAREN—DLEX LN, FICHHPERE
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2§ AT IR D )

%Eﬂfﬁﬁ% 1L EH9Rh B = mE o TE ERIEEES LipRE
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PR - 50.1 43 37.8 32 36.4 75.5
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B5E —IRNREBAE L REEREOM
5
1. LI
FAERDOBERBROBERD S, BEBHICL
5 —RHEIRLE T LA TR LRI
ENBDIE, FEEOEFLHENKR CEE
FUCEMl S5 2 LA T, a7 Ol
%8 & ISR RG2S E & WA e SR
SN, ) EAZHREARNPBRERFEHNTH S
TEERBLARET SQ0)OHEIZILET S
&, SRIORERIT, LY EBRBETORRTHY,
FoHEYAEPBRRICERT AR SEWE
O, BEFFE—THE»EAHTHS., kv L
YYD THRHRBRT TN ¥—¥EHEN L
ABRONBEIEVUNEDL 1985), /S—FF T ¥
— i Y R DAL ICBE Y 5 REEGUME
BERFTHAEZE, AUYTRNA—FFTY
—EEEENEBEABICHBE S S L
(Reuveni 1992)7%: EOMBA N6, N—FF L ¥ —
EiFEDO LA 2 ECHERIEPEES LT
BEZLONS, T, YIFNVBRELEELRF
DHEERMEY T FNVEEYWHTHET IR
VINSAFNEMBLIF2D) TR—F.
¥V —EREFORAVFE S, BERC
U T & 5 15 I 5t % (Systemic  Acqired
resistance: SAR)% ¥l L 72 Z & (Narusakab
199, N — % F LV ¥ - ¥ 2 F
pathogenesis-related (PR)% ~ /37 @434 ) F VEk
BRERFD) 720708 ) £ FEBROANELS
FoTHFHEINALZLERRLTWVS, EPH
FEREICERETAZLICE-THlERBI SIS
250 %K E IS 1L SARE FFIT 1L 5 (Ross
1961). ZhiZ, HFHEREORE L7V T
)4 FEBRICLA2V Y FVBOERERT
BRYL T FVBEFILESH, £HFEPRY V¢
JHERIFAPNT LRI VOFHIIEL—ED
KieThs, £, COREZT Y FIVEOM,
7 A ¥ 1) ¥ (White 1979), benzothiadiazole-
7-carbothioic acid S-methyl (BTH) (Gorlach®
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(Metraux > 1990) % L4 1) FVEBELUHWED
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FUBEFEYEAEESEEY T (Plant
Resistance Activator) & L TS L TWwAB I &
RpEND, FITRETIR, —HORRLE
Rl )oY FVBRBEZHET S
CEWRIoTCIDEHERIEL, KRIZ, BER
HEERRICL ), —HHRBLABOEHMES
UEHRERALL.
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rREFACLIZ—HHOFHERLE, Bo1lz
BEHEKE LTTAT 7HR, ‘bEdhe,
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g/mh& LTELZ.
v A7 A . Agilent Technologies CE G1600A
BNy 7 7 . 10mMA& 7 BB L, pHY.0
¥ % ¥J ) — . fused silica, 1=72cm, L=80.5cm,
id=75mn

#kBh4:f4 : injection: 50mb, 2 s, temp.: 25C,

voltage: 30KV,

detection: sig. 200/4nm,

ref.: 450/100nm.
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LB, MM ARVIERIEICE ) RE o725
18E0). &REAETIX, FHLSEN, HHH
BCTIX11.16£3.96 4 g/mliZxt L T —BEAY iR LR
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FEFZOLNE, ok bV FVEREED
wmdsa b i i, BEHB 042885 THY,
RATEAMME, BER, SHPE DR
Thot. LPL, YV FIVEBREELRERR
HERER Y ORRISIHARE Loz,

4 BEBRBOEDRTY FVRIREORRE
8

BHBELABKIGHEHE £ CIEREY) T
B, By ) FILVBIEIEAEFN20ug/g, 30ugs
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mAU
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System'Agilent Technologies CEG1600A", buffer: 10mM tetraborate, pH9.0,
capillary: fused silica, 1=72cm, L=80.5cm, id=75mm

Injection: 50mb, 2s, temp: 25°C, voltage: 30KV, detection: sig.200/4am,
ref: 450/100nm
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Ishii & (1962)1%, 1 FEHIH ) FIVEFEE
NTWBILERRL, =W AL THROKE
FE, 1 AVbbKRE, 1 FTEEMRBOR
FRF¥EME~NOMELZHEL, ) FIVERFE
B, RERIMEALTWRbDLERL. 20
#%, Dempsey© (199908 % { DR EHIEL T
Wa X, MEPERICEENSY ) FIVERIC
DWTOHEFED SN, ZD 7+ MREY
B LToRkE B IcEhTEL. T4b
Y, HEYESRREREY ISR S LB
PICHIB CrEtER R ML, MREOKE
RN T bR RET HZ LT K o THIFREESS
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oyA v, 70974 r¥F—¥, 72070
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F)FNVER 7NV TONR) £ FEBR TR
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1) 7 —E(PAL) L FIFFICAH S, PALIZE LI
HFUFVEBEART S, FTH) FIEIEY
T MEEBHRELTNR—FF T ¥F—¥, 7
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HIZES (Broglien 1991, Alexander®H 1993,
Liub 1994, Logemann® 1994, Jach® 1995,
Delaney > 1995, Lawton® 1996). #iZ, 1)
FNBDEREN 2 ko7 /Naeuf X+
X FDRRERGEIE, REEHREWICERELT
b SAR% B 3 T & % \» (Gaffneyb 1993,
Vernooij & 1994).
REICERRE Ly NT0H ) F VERIBEIL,
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ERMEETIMEIC LA T2 LML TW
A (Malamy® 1990). WEFEZEBML -2
YT, BEELAHEYRPREEAL L ICY
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WLTEB M LrHESNhTn S
(Metraux & 1990). <3 BR T — B it 85 R BRI
WY FVBIBENS LR LAFEER, 7=
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L EMRM L TWwWA, Kubo - Sato (2002)i3,
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sativus pathogen-induced protein 1 (CuPil)(Marro
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Summary

1) Cucumber plants require the use of multiple chemicals to protect them against disease and insects. In order
to reduce the amounts of chemicals, temporary heat treatment using heat stress tolerant varieties was developed
as a substitute for chemical spraying of summer greenhouse cucumbers.

2) The chlorophyll fluorescence generated from photosystem II was measured in 25 varieties of 17 vegetables
using a pulse amplitude modulation (PAM) chlorophyll fluorescence meter before and after high-temperature
treatment at 45°C. The decrease in ®II = (F'm-Ft)/F'm with high-temperature treatment depended on whether
the vegetables were treated with heat treatment.

3) The integrated ®II values for five hours after the start of the 45C treatment were calculated in 25
vegetable varieties. The scatter plot of the integrated @I of non-heat-treated varieties (natural
high-temperature stress tolerance) and the ratio of the integrated ®II in heat-treated / non-heat-treated samples
(high-temperature acclimation ability) explained the responses of the vegetables to high temperature.

4) Five cucumber varieties were cultivated under different temperature conditions by altering window
operations. The measured ®II suggested that the best temperature for estimating high-temperature stress
tolerance and acclimation ability was 50°C.

5) Twenty-two cucumber varieties were cultivated under heat treatment or control conditions. The ®II values
were ‘measured at 50C. High-temperature stress tolerance and acclimation ability were estimated on a scatter
plot using the integrated ®II values.

6) High-temperature stress tolerance was highly correlated with fruit yield in five varieties of summer
cucumber. This suggests that the integrated ®II value measured with a PAM chlorophyll fluorescence meter is
useful for screening high-tolerance varieties. 'Taisho' was the most suitable variety for heat treatment. In this
variety, heat treatment increased the yield remarkably.

7) Three heat treatments were compared: fully open, setting the ventilation temperature to 45C from 4:30
until 10:30 (short treatment: 1 hour at 45°C on a fine day), and setting the ventilation temperature at 45C
from 4:30 until 13:00 (long treatment: 3 hours at 45°C on a fine day). The yield was sufficient with the short
treatment. The results of the long treatment depended on the time of the year.

8) Daily heat treatment from 4:30 until 10:30 strongly suppressed diseases and insects without chemical
spraying. The yield was the same as with chemical protection. By contrast, chemical protection was absolutely
necessary for continuous growth in the fully open control.

9) To avoid disrupting labor in the morning, the effect of heat treatment at lunchtime (11:30-13:20) was
estimated. This suggests that pesticides should be used against mites.

10) The salicylic acid (SA) content was analyzed by capillary electrophoresis using the leaves of 22 varieties
treated with heat treatment and controls. The SA levels were higher in heat-treated leaves than in controls in
18 varieties. The increased SA levels suggested that SA acts as a signal transducer for inducing disease
resistance.

11) The time course of SA content was estimated in leaves after being soaked into hot water at 45C for two
minutes. Free SA increased 2.8 times after 12 hours and total SA did 21.4 times after 24 hours. This result
suggested plant resistance activation was induced in one day after high temperature stress treatment.
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12) To examine whether heat treatment induced disease resistance, an inoculation test was conducted using
Cladosporium cucumerinum. Infection was suppressed in leaves soaked in water at 45C for two minutes from
1 to 4 days after treatment. This effect was especially marked in ‘Tsubasa’, ‘Natsusuzumi', and
‘Shimoshirazu-jibai'.

13) If the greenhouse air temperature was close to the ventilation temperature (45C) when the solar
irradiation was strong, shading eliminated the need to keep the windows closed. Thermal sheets could be used
to provide shade.

13) An effective heat treatment for cucumber was as follows. A. Daily heat treatment suppressed disease and
insects; furthermore, it induced shoot growth and disease resistance at the beginning of the harvest. B. Heat
treatment should be repeated at 8- to 14-day intervals to maintain yield.

14) Chemical protection should be used as soon as possible when the weather is not suitable for heat
treatment.
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