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高温调控对黄瓜霜霉病菌侵染的影响

李宝聚，彭 仁，彭霞薇，王福建，石延霞，赵哀梅
(中国农业科学院蔬菜花卉研究所 北京 川〔)。8”

摘要:采取M湿度相结合的方法来研究高温处理对黄瓜擂霖病菌(Pee"扣peronotpora -benso Ro.mr-)浸染的彭响比较

研究了3，~50c4个温度梯度、别男-90洲5个湿度梯度组合处理对病菌致病性的影响口同一相对湿度条件下.随着温

度的上开病菌致病性降低 40̂  5U C的高沮范圈内、衣同一温度下随着湿度f18不断升高，受处理病菌的致病能力逐渐下

降 在RH8n%以少、温度40C以上时，病苗的致病力随着处理时间的延长而变'SA;4,C以七的高温高7V处理病菌超过1

卜病菌基本r没有致病性

    通过高温控制苗期黄瓜擂排病的研究.确定高温禹湿防治苗期黄瓜霜霉病的最佳温湿度为45C 1 h(RIIW5)通过

高沮致死菌诱导植株伉性的研究，初步明确高温处理致死的病菌可以短期诱导植株的抗性
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The effect of high temperature regulation on the infection of Pseu-

doperonospora cubensis
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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 condition and o-ti ic

tivc 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-

,table disease. This method has been devclaped for over 2n years. but it was limited because the detai.ed

studies on the correlated environmental factors has been not yet carried out. This studv were to unds

stand the effects of high temperature regulation on the infection o! Pseudoprrotosporn -beasts by using the

method of combination of temperature and humidity, and find the optimum temperature and humidity to

control the cucumber downy mildew. Thus this information will probably provide new theoretical fuunda

(ion for ecological control.

    Diseased leaves of cucumber downy mildew with mould produced by placing in moist chamber were in

-bared in a growth chamber set to 50. 45. 40. 35 Cand relative humidity (RID 50只、60纵、70X. 80 ',

90 V.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 indicat

id that at the stone humidity, the pathogenictty of the pathogen was decreased with the temperature m

creasing when P.srudopemnospora tuben,i, was treated in a growth chamber at high temperature from 35 to

50〔and RH from 50% t，。%for 2 hours. At the .same temperature, doe pathogenicity was significantly

reduced with the humidity increasing when the temperature ranged 40 to 50 ，which showed the above
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f0(' high temperature and high humidity apparently has significant lethal action to P,eucioper-,,,epora

cuthensu. Whereas the pathogenicity of the pathogen was not obviously reduced when treatment tempera

tore was below 40 C

    .And Psendop-nospora近  nben- with pathogenicity were treated in a growth chamber at 50. 13. 40

and 35〔and RH 60线，gnu. for 30, fin, 90 and f 20 mfnutea. respectively, then aporangi,d ...penstou(4 r

10' sporangia/ml) was prepared by washing .porang'a from the treated leaves. 'I he disease utdex was in

vestigated 4 days after inoculation. The results showed that the pathogenicity of the pathogen wan reduced

with lengthening the treaunent time when the RH wasa  cl)-ted to 80Y, and the temperature ranged f"m

40(to 50 C. The pathogenicity became weak when the pathogen was treated for over 30 minutes at the

temperantre of 50 C or 45〔，RH 80兀。respectively it was observed that the pathogenicit)

从 as significantly decreased

。RH 80哭.

when the pathogen ova

Remarkably

pathogenicityafter treated for over 1'2o minutes at

40(

    These results showed that the effect of killing pathogen became more obvious with lengthening the

time of the treatment when the temperature and RII was set to above 45(and 60环respectively.

    By the above result and the experiment which controlled cucumber downy mildew by the high temper

amre and high relative humidity.I'he research results indicated the seedling treated by 30(ova, "ri- ly

harmed.even killed by burning, the treatment of 4.5(for 2 hours also had slight harm to seeclbng. But

the seedlings were not damaged when they were treated by 15 C for I hour or 40 C for 2 hours.The-

showed showed the ability of tolerance to heat of the host had limit. However, further field experiment still ne,d

to perform.

    Therefore at the same temperature, the control effects were different as the different periods whop

the treatment of high temperature and high relative humidity were carried out after inoculation. the control

effect was more efficient, the time of infection was more short. The effect was best when the treatment

was carried out 2 hours after lnoculauon. At that time. P-dopers-p- cub-d, on the leaves w,L,

treated by high temperature and high relative humidity: However, the effects of treatment that were car

rigid out 1 and 3 day after inoculation was lower than that of 2 hours after inoculation. This showed shut

the control effect would reduce if the seedlings were treated by high temperature after out一breaks of dis-

case. At high humidity. disease was inhibited significantly if encumber seedlings were treated for]hour at

47(，whereas the seedlings were not harmed. Thus. "High-temperature sealing greenhous<”was to treat

the seedlings by 45 C and RH 80"/o for 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 research to high temperamr-the lethal pathogen by high temper-

cure could induce cucumber producing resistance. Diseased leaves of cucumber downy mildew with mould

produced by placing in a moat chamber were incubated in a growth chamber at 4-,Cand 80厂RH for 2

hours. Sporangia was brushed to prepare sporangial suspension (2 X 10̀  sporangia /ml)一The seedlings

were inoculated by spraying the sporangial suspension on the cotyledons. Then the cotyledons were irmcu-

laced with virulent pathogen“又10'spo-ngia /m) 1. 3 and ;day, 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 control and designed

as CK,。CKi, and CKs- respectively. 'f he disease index was surveyed 4 days after inoculation. The re

cults indicated that the resistance of leaves could be induced to enhance through inoculating the seedlings

with the lethal pathogen. The disease index of each treatment that the seedlings were inoculated by viru

lent pathogen 1. 3 and 9 days after the lethal pathogen inoculation was lower than that of the correspond
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mg control. The control effect was the best when challenge inoculation was carried out at the interval of 1

day- after induction inoculation. the control eff,-,i I:erame lower as the interval was leng;hened- This result

md;cated ilia曰he plants do not enable to retain induced resistance for a longer time. the further study on

systemic induced resistance of plant ii-If is in progress

    At present, many researchers have interested in the plant' reaction m heat shock. The changes of re

sistance can be induced when the plants are treated by high temperature. similarly, a lot of data demon

strated that weak-trulent pathogen or nonpathogenic pathogen can induce resistance of plants.  7 -he

pthogenicity is reduced or pathogen ;- killed after the fungus is treated by high temperature ;n green

house. Our hypothesis is that high temperature can make virulence of pathogen become weak or re-tilt in

pathogen dead, and then the weak-virulent or lethal pathogen can induce host to produce immunity reac

ion. i. e. "High-temperature sealing greenhouse" may result in twice induction of resistance to the It- .

However, there are not reports that whether either the weak-virulent strains caused by high temperate re

or elicitor can induce plants to produce "the second resistance induction". Our studies provided some -i-

deuce for this hypothesis. We think it appears likely that "twice resistance induction" has wide prospective

for disease control. particularly for the vegetable diseases in greenhouse.

Key words:high temperature regulation: infect ion; Fseudoperonospo,a caebeasis
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    .’高温闷栩”防治黄瓜霜霉病是蔬菜病害rL态防治中有代表性的方法’、。但在该技术提出后的 Oa

内 尚末对其相关的环境因子进行详细的研究.协响了该技术的推广 在棚室可控高温条件卜，湿度对病原

菌致死的影响国内外还未见系统的报道。本文采取温湿度相结合的方法来研究高温处理对黄瓜霜霉病苗

侵染的影响，以期找到防治黄瓜霜霉病的最适温7X度条件.从而为该生态防治方法在川间应用提供新的理

论依据

1 材料与方法

Ll 供试材料

1- I- 1 植物材料 供试植株为黄瓜感霜霉病品种— ’‘长春密刺”在装有虹石和草炭(1:1〕的营养钵中

播种.1。一35CN}内培养。当长出1片真叶时待用

1. 1.2 供试菌种 试脸所用霜专病菌菌株是从北京市海淀区东刀乡科技园区大棚中的黄瓜霜毒病叶片

上获得.井鉴定具有较强的致病性。

1.1.3 接种体的制备 将采回的霜霉病病a}用清水洗净.放人培养皿中，卜向垫上湿润的纱布置于l8-

=Oc的温度条件下保湿培养1d后.用毛笔将叶片背而新产生的露层刷人烧杯中.用尤离子水配制成一定

浓度的抱子囊悬浮液.供接种使用

卜2 试验方法

.2. 1 高温高湿对病菌致病力的影响 (1)不同高温高湿处理对黄瓜霜霉病菌致病性的影响 将保湿后

产生大量霉层的霜霉病病叶置于温度分别为S0C,45C,40C,35C.相对湿度分别为5 0儿、6u州,70;0,

80/,90万的人工气候箱中(哈尔滨东联电子技术开发有限公司制造)处理2h,然后用毛笔刷 卜露层，用无

离子水配制成浓度为4X10‘个抱子囊1m1的悬浮液，用点滴子叶法接种于黄瓜子叶卜。以未处理霜霉病菌

抱子囊.相同浓度点滴接种子叶设为对照CK，每个处理20株苗.3次重复 接种后第.1灭调查发病情况

t2)高温高湿处理不同时间对黄瓜霜霉病菌的致病性的影响 在温度为50C,45C,40C,35C，相对湿度

(NH)为60Y , 80'/n的人工气候箱中分别处理有致病性的黄瓜霜霉病曲30,60,90,120min再用无离子水

配制成浓度为4x功，个抱子囊%m1的悬浮液 .用点滴子叶法接种于黄瓜子叶上，未处理霜霭病菌设为对照

;K.每个处理20株苗.3次重复 接种后第 1大调查发病情况-

1.2.2 高温高湿控制黄瓜霜霉病的研究 将培养好的霜霉病菌配制成浓度为2 x 10'个泡子健h}}l的悬
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浮液 用喷雾法接种第1真叶黄瓜苗，在接种后2 h,7 d,3 d将这批黄瓜苗分别放在温度为40( ,15C ,

柑C,35( 相对湿度为so%的人工气候箱‘}，处理1 h,2 h(高温处理前将育苗钵浇址水).以接种但小进行

高温处理的黄瓜苗为对照CK，共25个处理，每个处理20株苗.3次重复 接种后第4天调食发病情况

1.2.3 高温致死病菌诱导植株抗性的研究 将保湿后产生大量芍层的霜布病病叶置于温度为饭仁，相

对湿度为80 v的人工气候箱中处理2h然后用毛笔刷卜碍层 用无离子水配制成浓度为Z<10个抱子囊

ml的悬汗液。用喷雾法接种1'黄瓜苗子叶卜诱导后分别间隔 1 d,3d,6d再接种浓度为4二1。个抱子囊

  nil的有活力的霜霉病致病菌 诱导后未接种有活力的致病菌设为刘照(̀K�.茸 诱导时间分别设一对照，

即('K-CK-CK;。每个处理20株苗.3次重复，在相应处理后第4天调查发病情况

I-3 分级标准

1.3. 1 子叶病情分级标准 。级 无病症:I级;接种点有轻微小斑点，直径小于‘).5  in; 2级:病斑明邪，

直释为0..5--1. 0 cm:3级:病斑直径I'.至叶曲积的]/3:4级:病斑曲积占子叶面积的113-乡3a级:病

斑面积占子叶曲积的2/3以上

1-3,2 真叶病情分级标准 。级:无病症 1级、病斑面积不超过叶面积1;10:3级、病斑A积占叶面积的

1'l0~一1/4:5级:病斑面积占川面积的114-1122;7级:病斑面积占叶面积的!2-V4;9级:病斑曲积占叶

面积的3/4以上_

2 结果与分析

21 高温高t?对病菌致病力的影响

2.1.1 不同高温高湿处理对黄瓜霜霉病的致病力的作用 黄瓜霜露病菌在高温35-5。仁、相又」湿度

50另-90%的人工气候箱中处理2 1,.其致病性见表I。可以看出 在同 湿度条件下 随着温度的升高.处

理后病菌的致病性降低;10-110 C温度范围内 在同一高温条件下.随着湿度的升高.被处理病菌的致病性

明显减弱.说明4。仁以上的高温高湿对黄瓜霜霉病菌的致死作用明显‘而经35(处理的病菌，随着湿度的

仁月其致病性没有规律性，说明35〔的高温对霜霉病菌没有杀伤效果

                                表 1 高沮高沮处理对月.病苗致病性的影.自

      丁able 1  The effect of hieh temceratnre and hfeh hamidily treatment to the zoasooranee on the Pathogenicity

处理柑对湿度 1 -he ueatmem of relative humidu汀V,1

一一一一
处理温度

femper-
,rtrzec()

5U 611
                                                                  一 戈 1、

  80 90

  病情 病害降低 病情 病害降低 病情 病害降低 病情 病害降低 病情
  指数 〔%) 指数 (%) 指数 (u}l 指数 写I 指数
Inlert,ve Unease Infeciive Disease Infective Dnrnse Infecuce Disease loleruve

  index  Red-,m.  index Redueuon index        Red-v- index  Redu< 6- index

  病情

  指数
In[c<uve

  .rld卜义

〕; 一!:一:一{;4.. I S8. 53411. 67;:一)::.)!:;.;:0. 00U. U03,5. 66，100p628. 91. 001U. 900. 57

病害降低

    (拭 〕

  Dl，e月sc

Red- ....

    I0、

    】日〕

      3下 07

3几

17..31U. I A
        35      51.50     9.18   S0. 13     6.73   61.59 一 14.58  58. 65 一9.12   49.35      d. 18   53.71

- ...........................

(K:病两不经过高温处理Vo high mmperamre u<},mrnt

    通过高温条件下不同湿度对病菌致病性的影响可以看出.45c以上的高温RH 80%处理Zh足以能够

致死霜霉病菌

2. 1. 2 高温高湿处理不同时问对黄瓜霜霉病菌致病性的影响 从表2,p可以看出，在高湿RH为80:0

时.40-50(处理的病菌都随着处理时问的延长其致病力依次减弱。而相对湿度RH 60瑞的规律性不强

50 (C,45 CRH为80%处理30 min以卜病菌致病力明显变弱，而在40 C RH80%处理 120 min以上时病菌

致弱效果明显

    由此可见 45(以上的高温RH为60环时 随着处理时问的延长杀菌效果明显，处理2 h.基本卜已能

完全杀死病菌，可以控制该病害的发生「

2.2 高温控制黄瓜4}4病的研究

    在高湿的情况下.高温处理接种后的黄瓜苗 随着处理温度的升高.病情指数越来越低.相应的防效也
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越来越高.这与前面所处理病菌的结果是一致的〔表3)但经50仁高温处理的黄瓜幼苗.伤害严重.以全全

部灼烧而死.45 C处理2h的也有少里灼伤 45 C处理I 1,,40C 处理21及其以卜的温度处理对黄瓜苗无

伤害_

                                表2 高温离湿处理不同时间对病菌致病性的形响

        Table 2  The effect of different time treatment厉 high temperature and high humidity on palhogenicity

温度〔C〕

Temuer

病情指数Infrcrive Codex

80% RH 60'/, RH

爪，.rr 3日 5日 9O 〔K

﹂一
33

J目 45 11 十牛;
  120

  0 合O

  G. C日

2乃 66 57 13 59. a7 16 7几 39.67 ,r_ 61

      3几 52.41    57.72    50.09    57.65 55 45    62. R4    67. 73    66. d9 5{)I5        55 4子
一 ....，..............‘.............................一 一 一 一 ~ ‘ - 一 ~ . - 一 -

CK:病菌不经过高温处理No high temperature ,rca,mev,

                                    表3 接种后不同时间商温商湿处理防治效果

        fable 3  The protection of high temperature and high humidity after different period time of inoculation

!1?处理温度
    (C)

Tempera,.,,

处理时间

    (h)

    hime

trCatlll〔nt

  接种后Zh处理
7卜aft" ,onrnhnon

  接种后 ld处理
1 d aft,, looc�lavon

病情指数
Infect,-

  」ndex

病害降低(%)
    ])lsease

  11ductlon

病情摘数
1,d<",

  }nae�

病害降低tY)
    Dls‘俗尸

  teduct-

    浪种后sd处理
    3 d after .-.1.6-

病悄指数 病害降低(Y c 1
inlcai.e       Disrasr

  }nde. r ,d-dm,r

  34. I几 1勺)

  3a 98 户            en

  3G. G2 一5 上。

  3'i. Z g. g u

  10 v8         GS 33

    h. h I       n,. 7

4几

{:: :}:::
3艺

!::
肠0

(K ， 3.1%67 31“7 7J. E7

    黄瓜苗灼伤:fK” 为接神后幼苗不经过高温处理‘

                                    表4 高沮致死菌诱导植株抗性的效果

      Tahle 4  The effect of induced resistance 1. - he, using lethalic pathogen cauud by high temperature

第 I次调查 第 艺次调查
处理 时间

I'in,e treatment
  病情指数

IM"rN" index

  病害降低(%)

D- r- 11du(11曰n

  病情指数

丁of"tise mdcx

  病害降低〔Y,,

Di ,.�e red , nun

诱导1d后接种
      (K,d

诱导3d后接种
      (K:,a

诱导压d后接种
      CK钊

  8 ，3

24.15

15.42

2之 73

16 31

20.42

63.02 45.65

32.16 17 二3

19 9R

3t6J

75 28

58. 15

70.43

63.57

6R 41

          CK,                  0.00 一 0.00
一 ...............

CK:黄瓜苗不经过致死曲诱导

    在同一温度情况下 接种后不同时间高温高湿处理黄瓜苗，可以看出，病菌侵染的时间越短 "防治效果

越好 防效最好的是在接种后2h处理，此时相当于高温高湿处理叶面的霜霉病菌 而在此后!d,3 d处理

的防效均低丁2卜后处理的防效，可以看出，发病后再进行高温处理 防效有所下降 在高湿情况下，45 高

温处理1h对病害有很好的抑制作用，此时幼苗尚未受到损害 是高温高湿控制霜霉病的理想温度

2.3 高温致死苗诱导植株抗性的研究

    格高0致死菌接种到柑株叶片后.可以侨导叶片杭病性增强。从表 4可以看出.黄瓜苗接种致死菌后

万方数据



II期 李宝聚等:高温调控对黄瓜霜霉病曲侵染的影响 18,)l

分别间隔I d,3 d,5 d再接种有活力的致病菌 其病情指数都低丁各自的对照.其中间隔Id接种的防效最

好.随着问隔时间的延长.其防效越来越低.说明这种诱导抗性不能长期地保持下去

3 结论与讨论

31 通过不同高温高湿处理黄瓜霜霉病菌对其致病力影响的研究表明，在同一湿度卜，随着处理温度的

升高.相应的病菌致病性降低 圳C以上的高温条门下，随着湿度的升高及时间的延长.受处理的病菌致病

能力逐渐卜降 4C以上的高温高湿处理病的超过上h霜霉病菌基本上没有致病性 刊〔以下的高温处理

的病菌则没有明显的致病力变弱现象

3.2 通过高温控制苗期黄瓜霜霉病的研究，初步确定“高温闷棚”防治苗期霜霉病的最件温湿度为

RH80%,45 C 1 h 在黄瓜感病初期进行高温防治效果高于发病后防治

3. 3 通过对黄瓜幼苗在接种正常霜霉病菌后进行不同高温不同时间处理发现，虽然在高湿条似下似度越

高控制霜霉病的效果越好.但寄主对高温高湿的承受力是有限的 SOc高温处理的黄瓜苗全部灼烧而死

t,C高温处理2h也出现轻微灼饶‘这与前人所确定的 高温闷棚”温度范围(40-47〔处理zh)略有不同

在高湿的情况下高温闷拥防治黄瓜霜霉病.不宜超过40 C,:卜其田间植株试验尚待进一步研究

3.4 通过高温致死菌诱导植株抗性的胡究，可以发现通过高温处理而致死的霜霉病菌可以诱导黄瓜植株

产生抗病性.诱导后1d再挑战接种的植株抗病性表达效果最明显。但是这种杭性并不能长期地保拈下去

其植株本身系统性的诱导抗病性还有待进一步研究

3.5 目前，植物对高温热击的反应已引起人们的广泛关注。当 定的高温作用于植株后，可诱导植株的抗

病件发」_改变 同时诸多研究已证明弱毒或灭活的病苗具有诱导抗病性的作用二、一7在棚室的环境下，当-

定的高IN作用于病菌时 可以使病的致死或致病力变弱.该致弱或致死菌可能诱导寄主产生免疫反应 一

即对寄主抗病性产生第二次诱导 但是在设施疏菜栽培条f'1下，国内外尚无高温所致弱毒株或诱抗两激发

子对寄王是否存在‘两次抗病性诱导”的报道，本研究为该推测提供了例证，}司时看到了在病害防治 尤其

在棚室蔬菜防治，1'应用的可喜前景
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