
KSÜ Tarım ve Doğa Derg 24 (6): 1221-1229, 2021 

KSU J. Agric Nat  24 (6): 1221-1229, 2021 

DOI:10.18016/ksutarimdoga.vi.851241 

 

 

 

 

Some Epidemiological Studies on Rice Blast Disease Caused by Pyricularia oryzae 
 

Efkan AKÇALI1, Şener KURT2  
1Biyolojik Mücadele Araştırma Enstitüsü, 01321, Adana, Türkiye, 2Hatay Mustafa Kemal Üniversitesi, Ziraat Fakültesi, Bitki Koruma 

Bölümü, 31001, Hatay, Türkiye 
1https://orcid.org/0000-0002-5486-7502, 2https://orcid.org/0000-0003-4545-5968 

: akcaliefkan@hotmail.com 
 

ABSTRACT  

In this study, the effects of temperature and the duration of leaf 

wetness on the development of rice blast disease caused by Pyricularia 
oryzae and the reactions of Edirne and Osmancık-97 rice cultivars 

were investigated under controlled environmental conditions. Rice 

cultivars Edirne and Osmancık-97 were inoculated with a conidial 

suspension (5x105 conidia ml-1) of P. oryzae and exposed to 

combinations of five different leaf wetness durations (from 6 to 30 h) 

and four different temperatures (20 to 32°C) over the course of 

infection period. Disease severity on cvs. Edirne and Osmancık-97 

increased with increasing temperatures and hours of wetness 

duration. The highest disease severity was detected on plants exposed 

to 30 h leaf wetness duration at 28°C, while the lowest disease severity 

values were observed 6 h leaf wetness duration at 20°C temperature. 

Increased leaf wetness durations significantly increased disease 

severity at optimal temperature. But, it was observed that the all 

disease severity values on cv.Osmancık-97 was lower than cv. Edirne 

at same temperatures and leaf wetness durations. In addition, a new 

and simple technique was developed to increase the sporulation 

capacity of the P. oryzae to provide enough inoculum quantity in the 

experiments by this study. 
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Pyricularia oryzae'nın Neden Olduğu Çeltik Yanıklık Hastalığı Üzerine Bazı Epidemiyolojik Çalışmalar 
 

ÖZET 

Bu çalışmada, Pyricularia oryzae'nin neden olduğu çeltik yanıklık 

hastalığının gelişiminde sıcaklık ve yaprak ıslaklık süresinin etkileri 

ile Edirne ve Osmancık-97 çeltik çeşitlerinin hastalığa karşı tepkileri 

kontrollü çevre koşulları altında incelenmiştir. Edirne ve Osmancık-

97 çeltik çeşitleri P. oryzae'nın (5x105 conidia ml-1) konidial 

süspansiyonu ile inokule edilmiş ve enfeksiyon dönemi boyunca dört 

farklı sıcaklık (20-32°C) ve beş farklı yaprak ıslaklık süresi (6 ila 30 

saat) kombinasyonuna maruz burakılmıştır. Edirne ve Osmancık-97 

çeşitlerinde, hastalık şiddeti artan sıcaklıklar ve yaprak ıslaklık 

süreleri ile yükselmiştir. En yüksek hastalık şiddeti 28°C sıcaklıkta 

30 saat yaprak ıslaklık süresine maruz kalan bitkilerde tespit 

edilirken, en düşük hastalık şiddeti değerleri 20°C sıcaklıkta 6 saat 

yaprak ıslaklık süresinde saptanmıştır. Yükselen yaprak ıslaklık 

süreleri, optimum sıcaklıkta hastalık şiddetini önemli ölçüde 

artırmıştır. Ancak Osmancık-97 çeşidindeki tüm hastalık şiddeti 

değerlerinin aynı sıcaklık ve yaprak ıslaklık sürelerinde Edirne 

çeşidinden daha düşük olduğu görülmüştür. Ayrıca, bu çalışma ile 

denemelerde yeterli inokulum miktarını sağlamak için P. oryzae'nin 

sporlama kapasitesini artıracak yeni ve basit bir teknik 

geliştirilmiştir. 
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INTRODUCTION 

Rice has been considered one of the most significant 

staple food crops of more than half of the world’s 

population (Nalley et al., 2016). The global rice 
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production has reached to 510.1 million tonnes in 2018 

and consumption has expanded by 1.1 percent in 

2017/18 to 503.9 million tonnes (FAO, 2020). Asian 

countries supply approximately 90% of the world rice 

production. While China has a 27% share in world 

production with 208 million tonnes, followed by India 

with 22% and Indonesia with 9.7% (FAO, 2018). 

Turkey’s rice farming has been made in around 120 

thousand hectare areas in Marmara, Black Sea, 

Southeast Anatolia, the Mediterranean and the 

Aegean regions and rice production was approximately 

940 thousand tonnes (TUİK, 2018). The current global 

human population is predicted to grow by over a third 

and to reach 9 billion between 2009 and 2050 (Godfray 

et al., 2010); accordingly, it must increase by 70% 

globally cultivated land between 2005 and 2007 and 

2050 to reach food request from population 

development (FAO, 2009). Therefore, any reduction in 

production will have adverse effects on human food 

demand.  

Rice diseases caused by fungi are considered as the 

main limiting factor in rice production and cause both 

qualitative and quantitative losses (Kongcharoen et 

al., 2020). Rice blast, caused by the heterothallic 

ascomycete fungus Pyricularia oryzae Cav. 

(teleomorph: Magnaporthe oryzae) on rice, is one of the 

most widely disseminated and economically 

destructive diseases of rice and grass plants in the 

world (Ou,1985; Asibi et al., 2019) and Turkey (Oran, 

1975). Rice blast, the most serious and widespread 

disease in global rice production, is responsible for 

approximately 45-50% of rice yield losses worldwide 

(Singh et al., 2019; Asibi et al., 2019). It is therefore 

one of the most important limiting factors in rice 

production and a serious concern for the combat with 

global food security. P. oryzae species complex that 

causes blast disease has a broad spectrum of host 

range and is known to infect almost more than 50 

species of the gramineae plants including rice, wheat, 

and millets (Castroagudín et al., 2016). It has been 

stated that rice production was affected by the rice 

blast disease in more than 50 countries around the 

world, including America and Europe (Sirithunya et 

al., 2007). Also, rice blast was reported to infect rice 

resulting in yield loss of about 30-80% in Southeast 

Asia, South America and other parts of the world (Ou, 

1985; Talbot, 2003; Khush and Jena, 2009). Unless the 

spraying is made, it may cause yield loss at levels 

ranging between 60 to 100% in areas where sensitive 

varieties of rice are grown (Aravindan et al., 2016). 

In the field, the fungus is encountered mainly in the 

anamorphic state which used to be called Pyricularia 
oryzae if it infects the rice. Also, Magnaporthe grisea 

can attack wheat, barley and various wild grasses on 

which the asexual state is called P. grisea (synonym: 

Pyricularia oryzae). The fungus infects any aerial part 

at all developmental stages of rice, causing leaf, collar, 

neck and panicle blast symptoms. Leaf infection 

reduces the photosynthetic capacity of the plant and 

can even lead to death of the plant. However, panicle 

infection that result in yield loss causes great economic 

damage. Climatic conditions significantly affect the 

disease establishment, development and severity 

resulting in large genotype by environment 

interactions. The majority of field studies about rice 

blast disease has been conducted in tropical and 

subtropical environments (Suzuki, 1975; Groth, 2006). 

Temperature and wetness duration are significant 

atmospheric parameters influence the relation 

between fungal plant pathogens and host plants. 

Temperature generally accelerate biological process 

and both plant and their pathogens. The wetness 

duration that a part of plant is subjected to liquid 

water is an important factor affecting the occurrence 

and development of disease. Spore germination and 

appressorium formation require free water. It is both 

difficult and time consuming for rice breeders to breed 

for resistance to current strains of blast since blast is a 

fungus that can evolve and mutate to overcome 

resistance genes (Zhou et al., 2007). Identifying 

environmental parameters necessary for the 

occurrence and development of the disease help to 

understand the biology and epidemiology of the 

disease. Integrated management using biofungicides, 

resistant cultivars, chemical fungicides for foliar 

spraying and fluxapyroxad for seed application are the 

most effective tools in management of blast in rice 

growing areas where conditions are favourable for 

severe epidemics (Gohel and Chauhan, 2015; Chen et 

al., 2019; Anonymous, 2020; Kongcharoen et al., 2020). 

Management of rice blast through breeding blast-

resistant varieties had only limited success due to the 

frequent breakdown of resistance in field conditions 

(Bonman et al., 1992). Understanding the biology of 

rice blast disease is therefore of particular significance 

because it promises to develop new and durable 

disease control strategies (Skamnioti and Gurr, 2009).  

Temperature and leaf wetness are important factors 

deciding the progress of fungal plant diseases 

(Diéguez-Uribeondo et al. 2011; Uysal and Kurt 2017), 

because they play a key role in the infection process, 

namely conidial germination, appressorium formation, 

and germ tube elongation. Hence, the interactions 

between leaf wetness duration and temperature are 

scientifically important, because they were used to 

create different forecasting models depending on 

climate parameters. 

The objectives of this study were to assign the effects 

of temperature and duration of leaf wetness on the 

progress of rice blast disease caused by P. oryzae and 

reactions of Edirne and Osmancık-97 cultivars against 

blast disease in controlled environment conditions. 

Knowledge on the effect of climatic parameters could 

be utility for making or improving a novel forecasting 
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model which uses for estimate of timing of fungicide 

applications, so rice blast disease could be controlled 

with true spray timing and decreasing fungicide spray 

numbers. 
 

MATERIAL and METHOD 

Plant production 

For this purpose, rice seeds cvs. Edirne and Osmancık-

97 grown commercially in Edirne, Turkey were used in 

all experiments. The seeds were sown in a mixture (4:1, 

v/v) of sterilized soil and peat in a 28 cell plastic 

growing tray. Before sowing, seeds were treated with 

tap water during about 3-4 days of room temperature, 

and transferred into growing trays. Rice plants were 

cultivated in a climatic chamber set at 26°C 

temperature and 70% humidity. 
 

Preparation of inoculum 

P. oryzae isolate PC1 was obtained from infected rice 

plants from Ceyhan district of Adana province of the 

Mediterranean Region in 2010. This virulent isolate of 

P. oryzae has been chosen to represent the population 

of Turkey. Isolation of the pathogen from infected leaf 

tissue of the rice plant was particularly difficult, 

because of the contamination of other microorganisms 

and the slow growing and the non-competitive growth 

characteristics of P. oryzae on an artificial growing 

medium. 

The isolation was achieved by suspending rice leaf 

with symptomatic blast blades by pasting double sided 

tape to the lids of 9 cm petri dishes containing water 

agar. After incubation for 24 h at 26°C, conidia 

released from the conidiophores were collected on the 

water agar surface. Fungal hyphae were taken from 

the agar medium and transferred on PDA (potato 

dextrose agar, Merck, Darmstadt, Germany) 

supplemented with 50 mg L-1 streptomycin sulphate. 

The causal agent was identified based on 

morphological and cultural characteristics. Virulence 

test was performed by spraying plants with a 

suspension of 5x105 conidia ml-1 using a hand held 

sprayer to confirm pathogenicity of P. oryzae on rice 

plants. Conidial suspensions were prepared by flooding 

the surface of the colony with 10 ml of sterile distilled 

water by gently rubbing the surface with a sterile bent 

glass rod and filtering the resulting suspension 

through two layers of cheesecloth. In order to increase 

conidial density for inoculum concentration desired, 

the suspension was centrifuged at 3000 rpm for 3 min 

and the supernatant was discarded. Afterward, 

remaining conidial pellet were re-suspended with 

sterile distilled water. The conidial suspension was 

adjusted to a concentration of 5x105 conidia per ml with 

an aid of haemocytometer. Following inoculation, 

plants were covered with polyethylene and incubated 

at 26°C for 24 hours. Later, polyethylene was removed 

and rice plants were kept for 6 days at 70% relative 

humidity (RH). Non inoculated plants sprayed with 

sterile distilled water served as the control. 
 

The effect of temperature and leaf wetness duration on 

disease severity 

The trial was established to search the effect of 

temperature and leaf wetness duration on blast 

infection on both Edirne and Osmancık-97 inoculated 

with P. oryzae in a climatic chamber set from 20 to 

32°C temperature, 70% humidity, 12 h fluorescent 

light and 12 h dark. The experiment included five 

wetness duration (6, 12, 18, 24 and 30 h) for infection 

and four temperatures (20, 24, 28 and 32°C) for 

advance of disease. In the trial, 100 rice plants were 

used for each combination of temperature and leaf 

wetness duration and the experiment was repeated 

twice. This trial was arranged as a split plot design 

with two replications, using plants of cvs. Edirne and 

Osmancık-97 inoculated with a suspension of 5x105 

conidia per ml of P. oryzae by spraying plants with a 

hand held sprayer. Sterile distilled water was similarly 

applied on control plants. After all treatment period, 

rice plants were removed to another climatic chamber 

with 26°C temperature and a relative humidity of 70%. 

All inoculated and control rice plants were kept in a 

controlled climatic chamber as described above (Fig. 1).  

 
Figure 1. Incubation period of plants after inoculation (A, B) and the period of disease severity assessment (C) 

Şekil 1. İnokulasyon sonrası bitkilerin  inkübasyon dönemi(A, B) ve hastalık şiddeti değerlendirme dönemi (C) 
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Disease evaluation on the individual of rice seedlings 

was performed on a scale (Anonymous, 1996) of 0 to 9 

(0= non affected; 1= 1% affected leaf area; 3= 10% 

affected leaf area; 5= 25% affected leaf area; 7= 50% 

affected leaf area; 9= more than 50% affected leaf area) 

seven days after inoculation. Percent disease severity 

was calculated using the Townsend-Heuberger 

formula (Townsend and Heuberger, 1943). 
 

Sporulation induction of Pyricularia oryzae 

P. oryzae often produces small amounts of conidia 

when grown in artificial growing medium. In order to 

obtain more sporulation, P. oryzae Ceyhan isolate PC1 

was grown up at 27ºC and under UV-light at 12h 

day/night cycle for 21 days. Afterward, mycelial discs 

cut about 1 cm width and 5 cm long like bands were 

transferred into another petri dishes no including PDA 

medium. All cultures were incubated at 27ºC under 

UV-light at 12h day/night cycle during about 3-4 days. 
 

Statistical analysis 

Statistical analysis of the data was realized using the 

SPSS statistics program (version 11.5, SPSS Inc., 

Chicago, IL, USA). Analysis of variance was performed 

at the significance level of P=0.05. When appropriate, 

means were separated using Duncan’s Multiple Range 

Test (P= 0.05). 
 

RESULTS and DISCUSSION  

The effect of temperature and leaf wetness duration on 

disease severity 

At the end of the incubation period, while disease 

progress occurred in all stages of the trial, there was 

no symptom of blast disease in the uninoculated 

control plants. The impact of wetness duration and 

temperature on the blast severity (%) on cvs. 

Osmancık-97 and Edirne changed from 0.1 to 12.3. 

While the lowest disease severity (%) on Edirne and 

Osmancık-97 varieties were 1 and 0,1 at 20°C 

temperature and 6-hour leaf wetness, the highest 

disease severity (%) values were 12.3 and 4.0 at 28°C 

temperature and 30-hour leaf wetness, respectively 

(Table 1).  

 

Table1. The mean blast severity on cvs. Edirne and Osmancık-97 inoculated with P. oryzae at different 

temperatures and leaf wetness durations 

Çizelge 1. P. oryzae’nın farklı sıcaklık ve yaprak ıslaklık sürelerinde çeşitler üzerindeki ortalama hastalık şiddeti 

Cultivar Duration(h) Temperature (°C) Average(%) 

Edirne 

6 

12 

20 24 28 32  

4.3 

5.7 
1.0±0.34 

3.0±0.34 

3.3±0.45 

4.9±0.23 

6.2±0.45 

7.2±0.56 

6.8±0.78 

7.6±0.45 

 18 4.7±0.89 6.3±0.78 9.9±0.34 8.3±0.33 7.3 

 24 5.4±0.56 8.1±0.34 11.8±0.23 9.3±0.22 8.7 

 30 6.6±0.33 8.7±0.45 12.3±0.78 9.8±0.00 9.4 

Average 4.1 6.3 9.5 8.7 7.1a 

 6 0.1±0.11 1.0±0.12 2.2±0.45 2.3±0.11 1.4 

Osmancık-97 12 0.9±0.23 1.6±0.22 2.7±0.22 2.7±0.00 2.0 

 18 1.3±0.22 1.9±0.12 3.1±0.23 2.8±0.34 2.3 

 24 1.8±0.23 2.4±0.00 3.4±0.11 3.0±0.34 2.7 

 30 2.2±0.22 2.7±0.45 4.0±0.23 3.4±0.11 3.1 

Avarage 1.3 1.9 3.1 2.8 2.3b 

General Average 3.1d 4.7c 7.2a 6.4b  
Values with in the same letter are not significantly different according to Duncan Multiple Range Test (P= 0.05). 

 

The current epidemiological study conducted in a 

controlled environment has demonstrated the efficacy 

of wetness duration, temperature and cultivars on the 

progress of rice blast disease. The results of many 

studies revealed a significant relationship among leaf 

wetness duration, temperature, and disease severity 

(MacHardy et al., 1989; Trapero-Casas and Kaiser, 

1992; Webb and Nutter, 1997; Uysal and Kurt, 2017). 

The increase or decrease in disease severity values for 

different cultivars are most likely due to the 

susceptibility of cultivars to the blast disease. Miah et 

al. (2017) explained that resistant cultivars against 

rice blast disease in compare to susceptible cultivars 

indicates different degrees of resistance. 

Blast severity increased as temperature and leaf 

wetness durations increased on cvs. Edirne and 

Osmancık-97. The highest disease severity (%) values 

were recorded as 12.3 and 4.0 respectively, while the 

temperature was 28°C and the duration of leaf wetness 

was 30 hours (Table1). Although the disease severity 

increased with increasing leaf wetness at all 

temperatures, the disease severity (%) value of 32ºC 

was lower than 28ºC at 18-hour leaf wetness duration. 

Minimum 6-hour leaf wetness duration at 20°C was 

sufficient to the beginning of the rice blast infection for 

Edirne and Osmancık-97. Disease severity values on 

Edirne were higher than Osmancık-97 for the same 

wetness duration and temperature. Studies on the 
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factors such as temperature, humidity, light intensity 

and their effects on mycelial development and 

sporulation of P. oryzae were revealed that the optimal 

temperature for mycelial growth is about 28°C and the 

growth ranged from 8-9°C to 37°C (Suematsu, 1916; 

Sawada, 1927; Nisikado, 1927; Abe, 1930; Yoshii, 1936; 

Ou, 1985), but, optimum growth temperatures can 

vary from isolate to isolate (Konishi, 1933; Tochinai 

and Shimamura, 1932; Tseng et al., 1965; Ou, 1985). 

Temperature (P ≤ 0.05) and leaf wetness duration (P ≥ 

0.05) had a major impact on conidial germination, 

appressorium formation, penetration, rice blast 

disease development and severity (Figure 2 and 3). 

Knowledge about the effect of temperature and leaf 

wetness duration on disease severity on different 

varieties is vital to assessing the epidemiology of rice 

blast disease. 

 

 
Figure 2. The effects of different temperatures and leaf wetness durations on blast severity in cv. Edirne 

Şekil 2. Edirne çeşidinde farklı sıcaklık ve yaprak ıslaklık sürelerinin hastalık şiddeti üzerine etkisi 
 

 
Figure 3. The effects of different temperatures and leaf wetness durations on blast severity in cv. Osmancık-97  

Şekil 3. Osmancık-97 çeşidinde farklı sıcaklık ve yaprak ıslaklık sürelerinin hastalık şiddeti üzerine etkisi 
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Kato (1974) reported that conidial germination of P. 
oryzae can occur in the water within 3 hours. In 

addition, Rajput et al. (2017) revealed that the highest 

spore germination and appressoria formation rates 

occurred within 4 hours at 22, 27 and 32°C. 

Rice plants leaves were infected and caused symptoms 

in all combinations of temperatures and leaf wetness 

durations by P. oryzae isolate PC1. When the effects of 

temperature and leaf wetness duration interaction on 

the mean disease severity (%) were compared with 

Duncan's Multiple Comparison Test (Table 2), the 

lowest mean disease severity (%) value was 2.7 at 20ºC 

in different leaf wetness durations. The highest mean 

disease severity (%) value was found as 6.3, while the 

temperature was 28°C indifferent leaf wetness 

duration. Recent research on the effect of temperature 

on the incidence of the rice blast pathogen 

Magnaporthe oryzae indicated that the infection 

stages of pathogen such as conidial germination, 

appressoria formation, penetration and disease 

development were influenced significantly from 

temperature. They also reported that the maximum 

spore germination was observed at 27°C temperature, 

the spore germination decreased at 22°C and 

minimum spore germination was observed at 32°C 

(Rajput et al., 2017). These findings indicated that 

spore germination was inhibited with higher 

temperature. The temperature rise can inhibit the 

MgNIMA gene, which encodes the kinase protein that 

is a key factor for mitosis. As a result of blocking of 

mitosis, conidia loses vitality (Liu et al., 2007). 

 

Table2. The effects of interaction between temperatures and leaf wetness durations on the mean blast severity 

Çizelge 2. Sıcaklık ve yaprak ıslaklık süresi interaksiyonunun ortalama hastalık şiddeti üzerine etkisi 

Duration (h) Temperature (°C) Average (%) 

 20 24 28 32  

6 0.6±0.29 l 2.2±0.70 j 4.2±1.18 f 4.6±1.32 ef 2.9 d 

12 2.0±0.63 k 3.3±0.97 hı 5.0±1.34 e 5.2±1.42 de 3.8 c 

18 3.0±1.03 ı 4.1±1.32 fg 6.5±1.96 c 5.6±1.62 d 4.8 b 

24 3.6±1.13 gh 5.3±1.64 de 7.6±2.41 b 6.2±1.84 c 5.7 a 

30 4.4±1.26 f 5.7±1.75 d 8.2±2.43 a 6.6±1.83 c 6.2 a 

Average (%) 2.7 d 4.1 c 6.3 a 5.6 b  

Values within the same letter are not significantly different according to Duncan Multiple Range Test (P= 0.05). 

 

Considering different leaf wetness durations, the 

lowest mean disease severity (%) was recorded as an 

average of 2.9 in 6-hour leaf wetness. On the other 

hand, the highest mean disease severity (%) was 

obtained as an average of 6.2 in 30-hour leaf wetness. 

Rowlandson (2015) reported that studies have been 

carried out for centuries on the relationship between 

leaf wetness duration and the development of fungal 

diseases. However, it is known that as the wetness 

duration increases, the rice blast severity increases 

(Kato,1976). Our data are consistent with the findings 

of Teng (1994), who reported that the sporulation of M. 
oryzae and disease progress was supported by high 

humidity (89%), optimum temperature (25–28ºC), and 

minimal 4 hour leaf wetness. 

Considering the interactions between temperature and 

leaf wetness, the lowest mean blast severity (%) was 

observed in 6 hours of leaf wetness and an average 

value of 0.6 at 20°C. 

The highest mean disease severity (%) was observed 

with an average value of 8.2 at 28-hour leaf wetness 

duration and 30°C temperature. According to the 

statistical analysis mean disease severity (%) values at 

the end of the leaf wetness period of 24 and 30 hours 

at 32°C temperature appeared in the same group both 

in itself and 18-hour leaf wetness duration at 28°C 

temperature. There were significant interactions 

between the temperature and leaf wetness durations. 

Anderson et al. (1947) whose are studying about 

infectivity, spreading and continuity of P. oryzae 

reported that it was required to have 16-24 hours of 

continuous leaf wetness at 24-28°C to produce the most 

infection on the rice plant. 
  

Sporulation inducing of Pyricularia oryzae 

With this technique developed in studies on the 

epidemiology and control measurements of rice blast 

caused by (Pyricularia oryzae Cav.) in Çukurova, it has 

become quite easy to increase fungal spore production 

in artificial culture medium (Figure 4 and 5). 
 

CONCLUSION 

The current study indicated the impact of leaf wetness 

duration and temperature on the beginning, progress, 

infection severity of the rice blast disease at two rice 

cultivars and also described a simple and effective 

technique to increase spore density in artificial culture 

medium. Disease severity was increased by the rising 

temperature and leaf wetness on Edirne and 

Osmancık-97 cultivars and the highest disease 

severity (%) values were recorded at the 28°C 

temperature and 30-hour leaf wetness duration. 4-

hour leaf wetness duration at 20°C was sufficient for 
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the disease to occur. This information will contribute 

to the disease forecasting, management, the 

production of abundant spore for using in artificial 

inoculation and for testing of resistant and susceptible 

genotypes in controlled environment. 

 

 
Figure 4.Increased spore density in PDA growing medium 

Şekil 4 PDA kültür ortamında artan spor yoğunluğu 
 

 
Figure 5. Spore density after treatment on culture medium 

Şekil 5. Kültür ortamında uygulama sonrası spor yoğunluğu 
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