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12Abstract: Powdery mildew is a serious disease of rubber tree (Hevea 
13brasiliensis) worldwide. Temperature is the main climatic factor 
14that influences the development of this disease. In this study, 
15the effects of five high temperatures (30, 32, 34, 36, and 38°C) 
16at each of six exposure durations (0.5, 1, 3, 6, 12, and 24 h) were 
17measured for the pathogen at 0, 3, 12, and 48 hr post-inoculation 
18(hpi), which represented four life stages of the fungus (conidia, 
19conidial germination, infection, and hyphal growth). The results 
20indicated that the germination, infection and disease severity was 
21reduced with the increasing temperature and exposure duration. 
22Temperature and exposure duration also significantly interacted to 
23affect all life stages (P< 0.001). The relationships of inhibition 
24rate of conidial germination, infection and disease severity with 
25duration of exposure time (et) and high temperature (T) were 
26described by logistic equations with the percentage variance 
27accounted for above 68%. Ungerminated conidia were found to be the 
28most resistant stage to high-temperature for E. quercicola from 
29rubber tree out of the four stages tested in this study. Only 
30controlled-environmental experiments were conducted and field 
31studies are needed to enhance disease forecasting of rubber tree 
32powdery mildew.

33Keywords: Hevea brasiliensis; rubber tree powdery mildew; high 
34temperature effect; germination; infection; disease severity
35

361. Introduction
37Natural rubber is an essential industrial raw material, which 

38is primarily derived from the rubber tree (Hevea brasiliensis) [1]. 
39Although the rubber tree is native to the Amazon basin, it is now 
40mainly planted in Southeast Asia, which produces more than 90% of 
41the global supply of natural rubber [2].Powdery mildew occurs in 
42all rubber-growing regions, especially with a high incidence in 
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43sub-optimal regions for rubber cultivation [3]. The causal agent 
44of the disease was first described as Oidium heveae. However, 
45recent studies demonstrated that O. heveae is the asexual morph of 
46Erysiphe quercicola on rubber tree [4-6], although its teleomorph 
47has not been reported on rubber tree yet. The pathogen is an 
48obligate biotrophic fungus and only infects young tender rubber 
49leaves, buds, inflorescences and shoots; therefore, the disease 
50mainly occurs in spring, when trees refoliate after the winter, 
51resulting in a reduction of latex yields of up to 45% [2].

52Rubber cultivation regions in China, mainly in Hainan, Yunnan, 
53and Guangdong provinces, are all located in sub-optimal rubber 
54cultivation regions. The environmental conditions in these regions 
55including low temperature, higher altitude and dry weather are more 
56stressful to rubber and the rubber clones planted in China have 
57been adapted to these stresses [7]. Also, these locations provide 
58favorable conditions for the epidemic of some diseases, such as 
59powdery mildew, which is the most serious leaf disease of rubber 
60tree in these regions [8]. The disease occurs mainly from February 
61to May in China. None of the popular commercial rubber tree clones 
62are resistant to powdery mildew [3], so current control of rubber 
63powdery mildew still relies on fungicide applications, primarily 
64sulfur dust [9-10].

65Weather conditions play a crucial role in the development of 
66powdery mildew diseases [11]. The main climatic factor that has 
67been reported to influence the development of rubber tree powdery 
68mildew is temperature [12-13]. The favorable temperature for 
69conidial germination ranges from 16 to 22°C and from 15 to 25°C 
70for infection, colonisation and sporulation [14]. The effects of 
71constant temperature and leaf age on conidial germination and 
72disease development of rubber tree powdery mildew were studied in 
73a previous study [15]. Temperature affected germination and post-
74germination growth of rubber tree powdery mildew while leaf age 
75primarily affected post-germination growth of the pathogen. The 
76estimated optimal temperature for conidial germination of E. 
77quercicola was 23.2°C. No visible symptoms were observed at a 
78constant temperature above 30°C. Also in field conditions, it was 
79noted that rubber tree powdery mildew development declines when 
80the daily maximum temperature is >32°C [12]. A more recent study 
81also indicated that the infection level of rubber powdery mildew 
82decreased by 8% per 1 °C rise of the daily maximum temperature 
83above the optimum in the refoliation season [13]. These previous 
84reports indicated that high temperature has adverse effects on the 
85development of rubber tree powdery mildew. However, with global 
86climate change, daytime temperatures frequently reach >32°C in 
87spring in the rubber-production regions in China. Therefore, it is 
88necessary to understand the effects of high temperature on the 
89development of rubber tree powdery mildew.

90The objectives of this study were to (a) assess the effects of 
91high temperature and exposure duration on E. quercicola infection 
92and development on rubber tree; and (b) develop models to describe 
93the observed effects. This knowledge will increase our ability to 
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94develop effective management programs for rubber tree powdery 
95mildew, including a rubber powdery mildew forecaster.

962. Materials and Methods
972.1. Plant Materials and Inoculum Preparation

98A susceptible rubber tree clone CATAS7-33-97 [16] was used in 
99this study. Seedlings of rubber tree were produced by tissue 
100culture provided by the Rubber Research Institute, Chinese Academy 
101of Tropical Agricultural Science. Mildew-free seedlings were 
102planted in plastic pots (15 cm diameter) with coconut coir compost. 
103Seedlings with the youngest leaves at the copper bronze stage were 
104used. Plants selected for inoculation had three leaves that were 
105at the same phenological stage. All experiments were done from 
106March to April, 2022, which coincides with disease epidemics in 
107Haikou. Each full experiment comprising investigations of five 
108temperatures for each of six exposure times on each of four pathogen 
109stages: conidia, germinating conidia, infection and hyphal growth, 
110took over ten days, not including initial growth of the plants.

1112.2. Inoculation Procedure
112A field population of E. quercicola collected from rubber tree 

113plantations in Haikou in March, 2022 was used in this study, 
114similarly to the use of field populations on other powdery mildew 
115studies, e.g. on Podosphaera macularis [17]. The pathogen was first 
116identified based on molecular data (ITS and 28S rDNA region 
117sequence) and maintained in growth chambers with a 12-h day length 
118at 25°C through successive transfers onto rubber tree seedlings 
119(CATAS7-33-97) with leaves at the copper bronze stage. The conidia 
120on these leaves at 10 days postinoculation (dpi) were used for 
121inoculation by surface contact (dusting/tapping). All plants after 
122inoculation were maintained at 25°C prior to and after heat 
123treatment. All experiments were done from March to April 2022, 
124which is when rubber powdery mildew epidemics occur in Haikou. 

1252.3. Experiment Design
126The experiment was arranged as a factorial design with an 

127additional control, factors being temperature and exposure time, 
128for each pathogen stage. Each seedling was considered as a 
129replicate and there were three replicates for each treatment.

130Previous work identified the timing of pathogen growth on 
131rubber tree leaves at 0, 3, 12, and 48 hr postinoculation (hpi) 
132representing four life stages of the fungus (conidia, conidial 
133germination, infection, and hyphal growth) when grown at 25°C 
134[14].The effects of five high temperatures (30, 32, 34, 36, and 
13538°C) at each of six exposure durations (0.5, 1, 3, 6, 12, and 24 
136h) were measured were measured at 0, 3, 12, and 48 hpi. Therefore, 
137there were 31 treatments including a control for each life stage. 
138Inoculated plants kept at 25°C throughout the experiment were used 
139as controls for reference. Three seedlings, each with three leaves 
140at the copper bronze stage were used for each treatment. Previous 
141pilot studies for conidial germination and infection were conducted 
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142in advance as small separate experiments to develop the methods 
143used and their results agreed with our main experiments, confirming 
144the results reported below.

1452.4. Effect of High Temperature on Growth and Disease Severity
146For the pathogen at the conidium stage (0 hpi) when exposed to 

147high temperature, a leaf segment (half of an inoculated leaf) was 
148selected at random and cut from one seedling at 24 hpi for conidial 
149germination assessment by microscope. The other half was removed 
150at 48 hpi for infection assessment by microscope. The remaining 
151two leaves for each seedling were used for disease severity 
152assessment. The cut leaf segments were cleared by immersion in 

153glacial acetic acid for 24 hr and washed with sterile distilled 
154water for 2 min. Then the segments were stained in 1% aniline blue 
155for 10 min, rinsed in distilled water, and mounted in glycerol on 
156glass slides. Then these leaf segments were examined with a digital 
157microscope (Eclipse 80i; Nikon Corporation, Tokyo, Japan). Conidial 
158germination was assessed at 24 hpi as percentage of conidia that 
159produced germ tubes (Fig. 1a). Infection was assessed at 48 hpi as 
160percentage of conidia that produced at least one hypha extending 
161from an appressorium (Fig. 1b). At least fifty conidia were 
162examined for each cut leaf segment. The disease severity (the 
163percentage of the number of lesion pixels divided by the number of 
164whole leaf region pixels) was assessed 10 days after inoculation, 
165where the number of pixels was obtained using Adobe Photoshop 2022 
166software (Adobe Systems Incorporated, San Jose, CA, USA), as used 
167previously for in plant diseases [18-19].

168



Agronomy 2025, 15, x FOR PEER REVIEW 5 of 13

169
170Figure 1. Conidial germination and infection of Erysiphe quercicola 
171inoculated on rubber tree leaves at copper bronze stage at 25°C. a, 
172observed at 24 hr postinoculation (hpi); b, observed at 48 hpi. Scale bars 
173= 20 μm.

174
175Similarly, for the pathogen at conidial germination stage (3 

176hpi) when first exposed to high temperature, one leaf from each 
177seedling was cut at 48 hpi for infection assessment by microscopy. 
178The remaining leaves were used for disease severity assessment.

179For the pathogen at infection (12hpi) and hyphal growth (48hpi) 
180stages, all three leaves for each seedling were used for disease 
181severity assessment.

1822.5. Data Analysis
183To evaluate the effects of high temperature, exposure duration 

184and their interaction on the growth and disease severity of rubber 
185tree powdery mildew, an analysis of two- factor repeated-measures 
186ANOVA was conducted [20] using the generalized linear model (GLM) 
187in SPSS v. 21 (SPSS Inc.).

188Inhibition rate (IR) was calculated by (1−germination, 
189infection or disease severity in treatment temperature/germination, 
190infection or disease severity at 25°C) × 100%. The relationship of 
191inhibition rate with duration of exposure time (et) and high 
192temperature (T) was regressed by the following logistic equation 
193[21]:

194IR=1-EXP(a+bet(c-T))/(1+ EXP(a+bet(c-T)))
195where the equation parameters a, b and c were estimated with the 
196nonlinear regression procedure of SPSS v. 21 (SPSS Inc.).

197The time to 50% survival (LT50) was calculated by
198t=-a/b/(c-T).

1993. Results

2003.1. Effect of High Temperature and Exposure Duration on Erysiphe 
201Quercicola Conidia (0 hpi Onset)

202High temperature, exposure duration, and their interaction 
203significantly affected conidial germination, infection, and 
204disease severity when E. quercicola conidia (0 hpi Onset) were 
205exposed to high temperature (P< 0.001). At each temperature 
206evaluated, exposure duration had significant effects on conidial 
207germination although the effect of exposure duration was more 
208marked at 36 and 38°C (Fig. 2a). The germination rate was still 
209higher than 50% (of the total number of conidia assessed) when the 
210spores were exposed to 30, 32 and 34 °C for 24 h. Even at 36 and 
21138 °C, the germination was higher than 50% when conidia were exposed 
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212to these high temperatures for 6 and 3 h, respectively. No conidia 
213germinated when they were exposed to 38 °C for 24 h and the 
214germination was below 6% at 36°C for 24 h.

215High temperatures commencing at the spore stage (0 hpi) also 
216caused the amount of infection and disease severity to decline with 
217increasing temperature and exposureduration. This effect was more 
218marked with longer exposure durations at all tested temperatures, 
21930 to 38°C (Fig. 2b and 2c). The amount of infection was below 20% 
220when conidia were exposed to 30, 32 and 34°C for 24h, or exposed 
221to 36 or 38°Cfor only 12 h. The disease severity was below 5% for 
222conidia exposed to 30, 32 and 34°C for 24 h while the disease 
223severity was below 10% and 5% for conidia exposed to 36 and 38°C 
224for 12 h and 6 h, respectively.

225For conidia treated with high temperatures, logistic models 
226satisfactorily described the relationship of inhibition rate (IR) 
227of germination, infection and disease severity of rubber tree 
228powdery mildew with duration of exposure time (et) and high 
229temperature (T) with the percentage variance accounted for at 89.5, 
23092.6 and 82.0%, respectively (Table 1). The LT50 values (time 
231duration to inhibit 50% germination, infection or disease severity 
232at a given high temperature) for germination were more than 7 hours 
233even for the conidia exposed to 38 °C. LT50 values for infection 
234and disease severity ranged from 3.7 to 10.5 h and 3.6 to 14.4 h 
235for conidia exposed to 38 to 30°C, respectively (Table 2).

236

237Figure 2. Effects of five different high temperatures (30, 32, 34, 36 and 
23838°C) and six exposure duration times (0.5, 1, 3, 6, 12 and 24 h) on 
239conidial germination (a), infection (b) and disease severity (c) of 
240Erysiphe quercicola on rubber tree leaves when high temperatures commenced 
241immediately at inoculation (0 hpi). Inoculated leaves were subsequently 
242incubated at 25°C. Inoculated plants kept at 25°C throughout the experiment 
243were used as controls for reference with conidial germination, infection 
244and disease severity at 86.64%, 82.26% and 65.06%, respectively. High 
245temperature, exposure duration, and their interactions significantly 
246affected conidial germination, infection, and disease severity (P< 0.001).

247Table 1. Parameter estimates for the model IR=1-EXP(a+bet(c-T))/(1+ 
248EXP(a+bet(c-T))) describing the relationship of inhibition rate (IR) with 
249duration of exposure time (et) and high temperature (T) of Erysiphe 
250quercicola from rubber tree at different life stages (exposure stages) 
251when exposed to high temperatures.
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Exposure stage Influence stage a b c Percentage variance 
accounted for

Conidium Germination 2.192±0.121 0.046±0.004 31.321±0.278 89.5
Infection 0.967±0.051 0.021±0.002 25.620±0.665 92.6
Disease 
severity 1.452±0.135 0.037±0.006 27.304±0.625 82.0

Germination Infection 0.530±0.072 0.036±0.004 29.348±0.279 80.9
Disease 
severity 1.400±0.154 0.087±0.014 27.632±0.553 82.4

Infection Disease 
severity 1.067±0.149 0.049±0.008 29.847±0.391 68.2

Hyphal growth Disease 
severity 0.681±0.069 0.037±0.004 28.592±0.309 84.5

252Table 2. Predicted LT50 (time to 50% survival) of Erysiphe quercicola from 
253rubber tree at different life stages (exposure stages) when exposed to 
254high temperatures.

Exposure stage Influence stage 30°C 32°C 34°C 36°C 38°C
Conidium Germination >24 >24 20.0 10.9 7.5 

Infection 10.5 7.2 5.5 4.4 3.7 
Disease 
severity 14.4 8.3 5.8 4.5 3.6 

Germination Infection 22.4 5.5 3.1 2.2 1.7 
Disease 
severity 6.8 3.7 2.5 1.9 1.6 

Infection Disease 
severity >24 10.1 5.2 3.5 2.7 

Hyphal growth Disease 
severity 13.2 5.4 3.4 2.5 2.0 

2553.2. Effect of High Temperature and Exposure Duration on Erysiphe 
256quercicola at Germination Stage (3hpi Onset)

257High temperature, exposure duration and their interaction 
258significantly affected infection and disease severity when E. 
259quercicola at germination stage (3 hpi onset) were exposed to high 
260temperature (P< 0.001). Conidia at the germination stage at 30 to 
26132°C only experienced a gradual decline in infection with 
262increasing duration of heat exposure but declines were much more 
263dramatic when exposed to 36 to 38°C (Fig. 3a).Infection percentage 
264(% conidia producing at least one hypha extending from an 
265appressorium) was higher than 25% and 20% respectively when the 
266treatment temperatures were 30 and 32°C for 24 h at the conidial 
267germination stage, however, the infection percentage was below 13%, 
2689% and 6% when the treatment temperatures were 34, 36 and 38°C for 
26912, 12 and 6 h, respectively.

270The disease severity declined sharply with increasing exposure 
271durations at all five high temperatures applied at the germination 
272stage (3 hpi) (Fig. 3b). Disease severity was below 10% when exposed 
273to 30, 32 and 34°C for 12 h, and it was below 10% when exposed to 
27436 and 38°C for 12h and 1 h, respectively. Logistic models were 
275applied to describe the the relationship of inhibition rate (IR)of 
276infection and disease severity of rubber tree powdery mildew with 
277et and T for the conidia at the germination stage with the 
278percentage variance accounted for at 80.9 and 82.4%, respectively 
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279(Table 1). LT50 values were estimated based on parameters of the 
280logistic models for infection and disease severity ranged from 1.7 
281to 22.4 h and 1.6 to 6.8 h for conidia at the germination stage 
282exposed to 38 to 30°C, respectively (Table 2).

283

284Figure 3. Effects of five different high temperatures (30, 32, 34, 36 and 
28538°C) and six exposure duration times (0.5, 1, 3, 6, 12 and 24 h) on 
286infection (a) and disease severity (b) of Erysiphe quercicola on rubber 
287tree leaves, when high temperatures commenced at the conidial germination 
288stage (3 hpi). Inoculated leaves were otherwise kept at 25°C. Inoculated 
289plants kept at 25°C throughout the experiment were used as controls for 
290reference with infection and disease severity at 62.48% and 63.00%, 
291respectively. High temperature, exposure duration and their interaction 
292significantly affected infection by conidia, and disease severity (P< 
2930.001).

2943.3. Effect of High Temperature and Exposure Duration on Erysiphe 
295quercicola at Infection (12 hpi onset) and Hyphal Growth Stage 
296(48 hpi Onset)

297High temperature, exposure duration and their interaction 
298significantly reduced disease severity when E. quercicola at 
299infection (12 hpi onset) and hyphal growth stage (48 hpi onset) 
300were exposed to high temperature (P< 0.001). When the pathogen was 
301exposed to high temperature at the infection stage, the disease 
302severity subsequently declined especially after exposure to 38 °C. 
303Disease severity was below 11% when the pathogen had been exposed 
304to 38°C for 1h while the disease severity was higher than 35% for 
305the other 4 temperatures applied for 1h. Disease severity was also 
306below 11% when the pathogen was exposed at 34 and 36 °C for 24 and 
30712 h, respectively. However, disease severity was above 16% and 
30820% when exposed to 32 and 30°C for 24 h (Fig. 4a).

309When the pathogen was exposed to high temperature at the hyphal 
310growth stage, the disease severity was below 4% when high 
311temperature exposure duration exceeded 6h at 38°C, however, it was 
312higher than 15% when exposed to 38°C for only 3 h. Disease severity 
313was below 10% for treatments exposed to 34 and 36°C, for 24 h and 
31412 h, respectively, while disease severity exceeded 13% for 
315treatments exposed to 32 and 30°C for 24 h (Fig. 4b).

316Based on the logistic models describing the the relationship 
317between inhibition rate (IR) of disease severity of rubber tree 
318powdery mildew with et and T for the pathogen at the infection or 
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319hyphal growth stage, the percentage variance accounted for was 68.2 
320and 84.5%, respectively (Table 1), LT50 values ranged from 2.7 h to 
321over 24 h for the pathogen at the infection stage for temperatures 
322ranging from 38 to 30°C, while for the hyphal growth stage, LT50 
323values ranged from 2 h to 13.2 h for temperatures ranging from 38 
324to 30°C (Table 2).

325

326Figure 4. Effects of five different high temperatures (30, 32, 34, 36 and 
32738°C) and six exposure duration times (0.5, 1, 3, 6, 12 and 24 h) on 
328disease severity caused by Erysiphe quercicola on rubber tree leaves when 
329high temperatures commenced at infection (a) (12 hpi) or the hyphal growth 
330stage (b) (48 hpi). Inoculated leaves were otherwise kept at 25°C. 
331Inoculated plants kept at 25°C throughout the experiment were used as 
332controls for reference with disease severity at 54.62% and 55.49% for 
333infection and the hyphal growth stage, respectively. High temperature and 
334exposure duration significantly affected disease severity (P< 0.001).

3354. Discussion
336The present study investigated the effects of high temperature 

337on the rubber tree powdery mildew pathogen, E. quercicola. The 
338results indicated that the conidial germination, infection and 
339disease severity was reduced with increasing temperature and 
340exposure duration, although the declines were much more dramatic 
341at 36 or 38°C. This was consistent with previous studies using 
342field data indicating a negative effect of daily maximum 
343temperature on the infection severity of powdery mildew during the 
344refoliation season [13].

345When the conidia inoculated onto rubber tree leaves were 
346exposed to high temperature, the percentage germination was still 
347above 50% even when conidia were exposed to 30, 32 and 34 °C for 
34824 h, which is consistent with a former study showing that conidia 
349still germinated under a constant temperature of 35 °C [15]. 
350However, the germination was below 6% and there was a total loss 
351of conidium viability when conidia were exposed to 36 and 38°C for 
35224 h, respectively.

353Disease severity was above 35% when conidia were exposed to 
35436°C for 3 h immediately at inoculation (0 hpi). However, disease 
355severity was below 25% when the pathogen was exposed to 36°C for 
3563 h at the other three later growth stages (3, 12 and 48 hpi onset). 
357These results indicated that the effects of high temperature on E. 
358quercicola from rubber tree were different among different life 
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359stages of the pathogen (conidia, conidial germination, infection 
360and hyphal growth). Similar results were also reported for E. 
361necator and Blumeria graminis f. sp. tritici, which are the 
362pathogens causing grape powdery mildew and wheat powdery mildew, 
363respectively [20, 22].

364According to the predicted LT50 values, conidia at the 
365germination stage appear to be the most sensitive to high-
366temperature exposure among the four life-cycle stages investigated 
367in this study. For B. graminis f. sp. tritici, haustoria formation 
368was the key infection stage affected by heat stress in high-
369temperature-resistant isolates [22]. In contrast, among three life-
370cycle stages (conidial germination, conidial production, and colony 
371growth) investigated, conidial production was found to be the most 
372sensitive to high-temperature for E. necator [20]. Ungerminated 
373conidia may be the most resistant stage to high-temperature stress 
374for E. quercicola from rubber tree. This was also the most resistant 
375stage to high-temperature stress for E. necator and B. graminis f. 
376sp. tritici [20, 22]. However, disease severity was still above 
37720% for all four stages exposed to 30, 32, 34 and 36°C for 3 h and 
378for the conidia and hyphal growth stages when exposed to 38°C for 
3793 h. Commencement of high temperature exposure at a range of 
380successive pathogen stages allowed normal pathogen development to 
381occur up to the onset of that high-temperature exposure, so that 
382effects of the high temperature could be quantified separately for 
383those different pathogen stages. Overall, it was shown that the 
384pathogen can resist high temperatures for a short duration i.e. 3 
385h when the temperature was below 38°C. This can explain why the 
386disease is still common and serious in locations where the daily 
387maximum temperature exceeds 32°C, which is common where the disease 
388occurs in China.

389The disease severity was below 4% when high temperature 
390treatments began at 0 or 3 hpi (conidia and conidial germination 
391stage) for high temperatures of 30, 32 and 34°C for a duration of 
39224 h, but disease severity was above 8% when exposed to high 
393temperatures at later onset times (12 and 48 hpi corresponding to 
394infection and hyphal growth stages). At the conidia and conidial 
395germination stages with exposure duration for 24 h, the high 
396temperature not only affected the present stage, but decreases in 
397spore germination resulted in reductions in subsequent disease 
398severity compared to controls. It is not clear whether the lower 
399rate of conidial germination under high temperatures was the result 
400of conidial mortality or whether they could germinate later when 
401suitable conditions resumed but nevertheless, the lower germination 
402rate resulted in lower disease severity after 10 days. It was 
403reported that E. quercicola conidia began to germinate and infect 
404within 24 h even at 35°C [15].

405Except for direct effects on the pathogen, it was reported that 
406high temperature also affected the susceptibility of host plants 
407to pathogen e.g. hop leaves to P. macularis [16]. This may be 
408caused by changes in the cuticle and epidermal cell walls under 
409high-temperature conditions as the infection of P. macularis on 
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410strawberry was related to a combination of cuticle and cell wall 
411thickness [23]. Whether high temperature has effect on the 
412susceptibility of rubber tree leaves to E. quercicola needs future 
413study. Also as only controlled-environmental experiments were 
414conducted in this study, additional field studies are needed to 
415enhance forecasting of rubber tree powdery mildew infections.

4165. Conclusions
417

418This study has demonstrated high temperature (≥30°C), exposure 
419duration and their interaction significantly affected conidial 
420germination, infection of E. quercicola from rubber tree as well 
421as disease severity. More importantly, the relationships of 
422inhibition rate of conidial germination, infection and disease 
423severity with duration of exposure time (et) and high temperature 
424(T) were described by logistic equations and the time to 50% 
425survival (LT50) was calculated based on the parameters of logistic 
426equations. Among the four stages tested in this study, ungerminated 
427conidia were found to be the most resistant stage to high-
428temperature for E. quercicola from rubber tree. The results of this 
429study can be used to explain why the disease is still common and 
430serious in locations where the daily maximum temperature exceeds 
43132°C, which is common where the disease occurs in China. Although 
432only controlled-environmental experiments were conducted in this 
433study, the results also provide basic data for disease forecasting 
434of rubber tree powdery mildew. 
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