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Abstract : Environmental condition is a key factor affecting the outbreak of cucumber downy mildew. To
develop effective bionomic control strategies, it is important to decipher the essential condiion and restric-
tive factors influencing the occurrence of this disease. “High-temperature sealing greenhouse” , which was
used to control cucumber downy mildews, is a representative of the ecological control technique of veg-
ctable disease. This methad has been developed for pver 20 years. but it was limited because the detayed
studics on the correlated environmental facturs has been not yet carried out. This study were to undoer-
stand the effects of high temperature regulation on the infection of Pseudoperonvspora cuhensis by using the
methad of comhbinatian of temperature and humidity, and find the uptimum temperature and humidity to
control the cucumber downy mildew. Thus this information will probably provide new theoretical founda-
tion for ecological control.

Diseased leaves of cucumber downy mildew with maould produced by placing in moist chamber were in
cubated in a growth chamber set to 50, 43, 40, 35 Cand relutive humiduty (RID Q% 0% . TQYa . KO,
60 ¥ . respectively, for 2 hours. Plants were inoculated by placing droplets of sporangial suspension on
the surfaces of cotyledon. The disease index was investigated 4 days after inoculation. The results indivat-
ed that at the same humidity. the pathogenicity of the pathagen was decreased with the temperature in-
creasing when Psendoperonospora cubensis was treated in a growth chamber ar high rtemperature from 3510
=0 (" and RH from 50% to 40 % for 2 hours. Ar the same temperature, the pathogenicity was significantly

reduced with the humidity increasing when the temperature ranged 40 to 50 (', which showed the above
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10 C high temperature and high humidity apparently has signilicant lethal action 1o Pseudoperonus pora
cuhensis. Whereas the pathogenicity of the pathogen was not obviously reduced when treatmment tempera-
ture was below 40 C.

And Pseudaoperonospora cubensts with pathogenicity were treated in a growth chamber at 50, 15, 10
and 35 Cand BH 804%, 80% for 30, 680, 90 and 120 minutes. respectively, then spoarangial suspenswn Gl »
10" sparangia/ml) was prepared by washing sparangia from the treuted leaves. The disease mdex was in-
vestigated 1 days after inoculation. The results showed that the pathogenicity of the pathogen was reduced
with lengthening the ireatment time when the RH was adjusted to 80% and the temperature ranged from
10 C 1o 50 C. The pathogenicity became weak when the pathogen was treated for over 30 minutes at the
temperature of 50 C or 45 C . RH 803 . respectively. Remarkably, it was ohserved that the pathogenicity
was significantly decreased when the pathogen was pathogenicity after treated for over 126 nunutes ar
40 ¢+ RH 80%,

These results showed that the effect of killimg pathogen hecame more obvious with lengthening the
time of the treatment when the temperature and Rl was =et to above 45 (C and 60 % resperctively.

By the above result and the experiment which controlled cucumber downy mildew by the high temper-
ature and high relative humidity . The research results indicated the seedling treated by 30 ( was seripusly
harmed . even killed by burning, the treatment of 45 C for 2 hours also had slight harm to seedling. But
the seedlings were nat damaged when they were treated by 15 C for | haur nor 40 C for 2 hours . These
showed the ahility of tolerance to heat of the host had limit. However, further field experiment =ull neod
1o perform.

Therefore . at the same wmperature, the control cffects were different as the different perwods when
the treatment of high temperature and high relative humidity were carried out after ineculation . the control
effect was more cfficient, the time of infection was more short. The effect was best when the treatment
was carried out 2 hours afier inoculanon, At that time. Pseudoperonospora cubensis on the leaves was
treated by high temperaturc and high relative humidity s However. the effects of treatment that were car
ried out | and 3 day after inoculation was lower than that of 2 hours after moculaton. This showed thit
the control effect would reduce if the scedlings were treated by high temperature after out —breaks of dis-
case. Al high humidity. disease was inhibited significantly if cueumber seedlings were treated [or 1 hour at
43 (', whereas the seedlings were not harmed. Thus. "High-temperature sealing greenhouse™ was to treat
the seedlings by 45 (C and RH 80% far 1 hour. the control effect when the plants were treated at the early
stage of infection was more efficient than that at the late stage.

Furthermore. on the basis of the rescarch to hugh temperature.the lethal pathogen by high temper:z-
ture could induce cucumber producing resistance, Diseased leaves of cucumber downy mildew with mould
nraduced by placing in & moist chamber were incubated in & growth chamber at 45 Cand 80%4 RH for 2
hours. Sporangia was brushed to prepare sporangial suspension {2 X [0° sporangia /ml). The secedlings
were inaculated by spraying the sporangial suspension on the catyledons. Then the cotyledons were inocu-
lated with virulen: pathogen (4 X 10° sporangia /ml) 1. 3 and 2 days after induction inoculation with lethal
pathogen caused by high temperature, respectively. The plants that were not inoculated with virulent
pathogen after induction inoculation were used as control. Each induction time had a contrel and designed
as UK. CK, and CKg, respectively, the disease index was surveyed 4 days after moculation. The 1e-
sults indicated that the resistance of leaves could be indured to enhance through moculating the seedlings
with the lethal pathogen. The discase index of each treatment that the seedlings were inoculated by viru
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1, 3 and 3 days after the lethal pathogen inoculation was lower than that of the vorrespond
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ing control. The control effect was the best when challenge inoculation was carried out at the interval of 1
day after induction inoculation. the control eflect berame lower as the interval was lengthened. This result
indicaled that the plants do not enable to retain induced resistance for a longer time. The further study on
svetemic induced resistance of plant itzelf 15 in progress.,

At present, many researchers have interested in the plant’ reaction to heat shock, The changes of re-
sistance can be induced when the plants are treated hy high temperature . similarly . a lot of data demen-
strated that weak-virulent pathogen or nonpathogenic pathogen can indure resistance of plants. The
pathogenicity is reduced or pathogen is killed afrer the fungus is trcated by high temnperature 1n green-
house, Otur hypothesis is that high temperature can make virulence of pathogen hecome weak or result in
pathogen dead, and then the weak-virulent ar lethal pathogen can induce host to produce immunity reac-
tion. i.e. “High-temperature sealing greenhouse” may result in twice induction of resistance to the host.
However. there arc not reports that whether either the weak-virulent strains caused by high temperan re
or elicitor can induce plants to produce “the second resistance induction”™. Our studies provided some evi-
dence for this hypothesis. We think it appears likely that “1wice resistance induction” has wide prospective
for disease control. particularly for the vegetable discases in greenhouse,

Key words :high temperaturce regulation:inflection s Psrudoperonospora cubensis

YRR S . 1000-0933(2001)11-1798-06 HEASHES.S113 X WHIRIEG. A

"B AENEEREAEAELEWEPAREENTE U, BAREREDRISH 20a
N RO R s R T ITIEAM N R DA ARRET . AE T ESREN FLBEMN AR
MAAWERNEARNFAEXLEALMME, EXRREBIHE AWM TERMERELE &/ILHEH N
13 5 py 82 ey L L Bk B B 8 R K B B B A8 IR S AR L MO R AR & B TR 7 I £ HH(R) GF AR B Ot Ty B
it K .
1 HRS5FE
1.1 fLa#f Fl
1-1.1 B AR ENRAERA —"KEFH". EREARANER : DNEFEF
HBA,20~30 CRF AR HKE 1 hErE A
1012 HEEMN REFABSFHHAESEALETEERRAASHERX KMF /R HERT
LR HEERGRBHEME,
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SOCHBERGTREER IS HELEEMIFTAHFRFANEZR ALK T HAH FKEH K —E
HERA FRSFE HERTH.
1.2 K& Fk
1.2.1 SRSEARESERIPER (DFRFRSESRLEY HMEEFRESHRTENER  HRERL
K BEENRERFATE TREZS R 50C.45C 40C 35 C HMBE DMK 504.60% 704,
8O/ B0 AL RBAPEINERKE FTHRTEARARSE A 2h . REHEER FBE KX
AFRKMBIREE N AX 10 RFE/ Ml HBTFER ASE T RESRTRATT FLUA RS R ERN
HTE-HHEEESHEHRFHRAMBCK. 8N 20K 3KER. EREHR I AFEEHEN.
OB EEBLEARME RS HAEEREMAEREAER ERERSOC.45CL0C B CHMNERE
(RHY K 60X B0UNMALSBEAT M EABREN EMEERE 30.60.90. 120min. BH L& F K
BeHERE A A 10D ETR ml HRFER WA FHERESTER AL RGP EERA R A HE
CK. BN 20KH 3KNER. BARE 1 KIRERHREN-

2 GHEABEHENEESNOIR ¥MREAFHEBHBETAERER 20478 /ml 98



b1 8 EER S . AEREEANAEERNEE R 170¢

TR HBEEEEMHAD | EHELAH. AZHF2h1d 3dEXMBRLERABER 0C 57,
SOC 350 AWEBAE RN SOVMATHRM LM 1 L2 hERABIE T EEIEE R VLR A 1T
A AR E M CK L 25 MBS 20 R O REE BG4 AEAREER.
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Table 1 The effect of high temperature and high humidily (reaztment to the zoosporange on the pathogenicity

oh FB R X8 BE The treatment of relative humidity (%) K

ob 79 R B i 6 70 80 a0 _
Temper- Mt mEFREME M MEFER AW RERER ERE RERN AR m¥YME A
aturel ) L (%) & (%) g B (U e () 75 M (9 1

Infective Ihscase Infective Ihsease Infeective I[hsease Infective Discase Inlective Dhxease  Infecuve

index Reduction 1ndex Reduction index KReduction index Reduction mdex Reduction  index
50 7.45  88.77  4.18  83.70  0.00 [0 0.00 100 0.0 16 66.37
43 1G. 13 4. 96 8. 03 B7. 33 3. 66 0156 b, () 108 0. 20 16} B7. 31
10 14. 72 10. B4 40. 67 18. 92  3B. 42 23, 40 3a. Hh 28, 41 32,47 3307 oAb 1s
35 1. 50 1. 18 50.13 .73 61.59 —11.58 5365 —9.12 49.3% s0l8 53,75

CK. M ALt mE A No high temperature 1reatment

HiIlERFETARNEE G FRNEBETAERALFL S CU LAHERH SO 2 h B LIGEW
BARTRE.
1.2 SERARBOGAELNHEEY L ERHERFENEE  MAEk2PFERJERBE RH X 8050
A 40~50 C b AR AG R AR RE AL SR BT R A B K HBUR 7 RIK SR . MAA A2 RH 605 B ALTE 1 Aol
30C ., 45CRH ¥ 8048 30 min VL FH A FH B E TS, MAE 40 CRH80 20 4b A 120 min LA L Bf 8 A
HEHURAL.

AETR.GCUEMERRH b 6oKE] HEFAAINMERAETIHEHE LB 20 &5 FOE
TERERE -TTERHIZREENEE.
2.2 REFHENEERNTR

CERAEL T REBLAEEMAGHENE EHLCREBYAFR .G S B8R B 8 R A
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Table 2 The effect of different time treatment by high temperature and high humidity on pathogenicity

RO 5515 6 B TInfective index
Temper 804 RH RO KH
arurc 30 Bl 40 125 CK- 30 a0 Q) 12¢ CK -
50 4. 286 2. 65 0. 00 0. 0O 58. 75 6. 17 1. 14 3.9 1. 18 3877
£3 3. 11 1. 50 2. 64 G, GO 73.20  33.67 31. 25 8. 52 3. 13 73024
10 15. 34 41. 21 10. 04 25, 66 50,81 57.13 59. 37 16. 73 39. 67 LB
35 52, 4] 57,72 50, 04 57. 65 55.45 62, 84 67. 73 86. 49 50, 14 35,43

CR: 5 A 220 B PR No high temperature treatment
3 BMEFARHNESEALEHEHR

Table 3 The protection of high temperature and high humidily afler different period time of inocuilation

4 T 0 B 2h R BHEB LR s s d A
87 YRGB ) 2 h after inm‘ulmior_l“ 1 d after inoculation 3 d after mmoculation .
N Time PRl RERIECO MREN WERECO MWNEE RERECD
Temperature treatment Infective Disease [nfective Disease Infective Discase
ndex reduction index reduction index ri-duction
35 1 31. 29 9. 75 33. 38 3.72 TR Lo
2 7249, 65 14. 48 32.72 5. 62 34, 94 S-a BY
10 1 16. 14 53,45 31. 53 0. 40 36.92 -~ 5. 19
2 12. 70 3. 37 ah. 14 — 1. 386 37072 K. B0
43 | () Loy, GO 1. 32 05. 14 10, G HE. 35
2 3. 00 100. GO 0 108, 60 & &1 R 17
5 1 % — * — -
P ¥ » %
CK"* 34. 67 - 31. 67 — 34. 67 =

» BRaMNHCK " YRAGGEAIZEImBLE.
X4 HEARTERBFWERENRIR

Table 4 The effect of induced resistance to cucumber using lethalic pathogen caused by high temperature

41 78 it 8] e ame __%: | KAE _ ® Z_Ek_ﬁ]_é__ _ ]
N 7 4 RHIEIE ) A AR )
ime treatmert
Infective index Ihsease reduction Infective index Diseuse reductinn

e 1 dEER 8.93 63. 02 34. 69 45, 85

CKag 24.15 — THh. 28 -
BFIdLEM 15,42 32.16 58.15 17. 43

CKaug 22.73 — 70,43 —
S S dRiEFR 16. 34 10. 08 63.57 7,12

CK:q 20. 42 — £8. 41 —-

CK. 0, 00 — 0. ud

CK: &M A RIERKET.
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G RBET 2h HRAER-AIUERL . AREHATHELE . FRAMTH . CHEBHEX T A5CH
BaH 1 h MRFGREOMFEER UGN AZRRE EREREERNSEEROEERE.
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31 EARBESBLCALLHEENETEBR DB WPt &H. EL—2E .M & 4R
Fro MR R E R0 CU EMRER AT T . EEBERNA R & K 240w E0N
REAEHE FRELCHUENaEEBL R HET | h. EFEFREEA FRERIFE 0 CU T et
FAR N EAABSRERITHIALR,

3.2 EO0EBEEWNAHAENAEEMNMNWHR . MSHE " SRMBHEEHESERARTREE S
RH802 .15 C 1 h, FRMEMYIMAITTHRBFEGURE TEWIGBNE.

33 MAMERYGEEERIEEBESESHNELHTARESEA R EGLEEEL . 8REFERMA FTRE®
SERHEERMUERY HEF NG RSBHRZOZGHM . 50 C 555 40 B 5L 2 85 m L .
LOCHMBEALERh b ARRE . X SWARNHEEN REBRIMARERF(40~47 C 4B 2 h)eg 1 A [E .
ERBHBATSREMEELAELNEER AES 45 C.2h. HHEHEEIR S S Fd — S0 5.

3.4 BEdEEREEIETHEKAENARE. T EAEALSBLEMBANRERE T LUS S A E K
FENFEGETR I BRREANHEATNRAEREIRREVE MEXHAAFAERBBHEII T XL
HEBERZFHAHNBERIRELATE-FHE.

3.5 HAf-HYWMERAGHRENETIRANMITEZ X, Y EHRBEMNFHEEL . TIESFEKE
FERILET . FANEEMRECENRSRRENHEREESHBRENER " EWMENART .Y -
EHNEREAFHRER . TUERABRERER A ES - AR ARABE BT TFETLRERN —-
I F MRS _KES., AREREAFZRIZRI T N8R R85 ok aB i L
THFERBHFEMIARAEET ORE - SR Y ZEDNRE T FUE. RNERT A E LK
M EHFTR AN AR AT R .

A

1D MERETR/ARERSSENFY RBCERGARMEERNARX L& BRBRNRORE) 197720~
106,

L2 URKRGERS . BEY. KBELARERLEHGIER Y. mEERER 1990 213614

T BEREDNH.RUER.E AWHLERERARESHG /EMRERM. GAEESFIR.1001.205) 258263

“ 11 Alischuler M & Mascarcnhas | P. Heat shock proteins and etlects of heat shack 1n plants. Plunt Molecidar Bivdo-
gyv. 1882, 1:103~11..

" 27 Heale ] By Dodd K § & Gahan P B. The induced resistance re<ponse of carrot root slices to heat - —killed conidia
and cell-free germination flud of Botrvies einerea Pers, Ex Pers 1. The possible role of cell death. (lan. Bor. 1982,
49:547 — BaY,

[ 6 ) Locbenstein G & lLoveekovich L. Interference with tohacro mosaie virus local lesion formanion 1 tobacco by infect
ing heat — killed cells of Pseadomonas syringae. Virolagy - 19668, 30:587~3591.

[ 7 _ Lozano ] C.2. Luis Sequeira, Prevention of the hypersensitive reaction in tobacco leaves by heat killed bacterial
cells, Phvtoputhology.1970. 60:875~- 875.

" & ' Hazen B E & Bushnell W R. Inhibitinn of the hypersensitive reaction m barley to powdery mildew by heat shock

and cytachalasin B, Phwvicdogical Plant Pathology. 1983, 23.421--138,
9 . Stermer B A 8. Himmerschmidt R. Ellects of heat  — ~hock on varietal and non— host reststance in cucumbers,
FPhvtopathology. 1982, 72,964,

C1C Stermer B A and Hammerschmidt R. Heat shock induces resistance 1o Cladosporium cucumermum and enhances
peroxidase activity in cucurnbers. Physiologveal Plant Pathology, 1985, 25239~ 2405,

117 Stermer B A and Hammerschmidt R, Assoctation of heat shock induced resistance 1o discase with increased accu

mulation of insoluble extensin and ethylene synrhesis, PPhvsiologrcad und Motecrwlar Plant Patholugy V937 3145

1t &g & DHE-HaEEAMHFTEARNE DRI ED 15073

study . we focused an the interaction of tree species in sume community,and just used the basic equations of
tree grawth parl. The model parameters were cstimated by deviation from physies-math eguation and cx-
perimenlally statistical analysis {itting methods. Data that was uscd 1o estimated parameters and tested the

model come from management practices and {ield surveys.
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