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Abstract: To explore the occurrence dynamics and infection characteristics of citrus target spot, and screen 

effective fungicides and provide data support for citrus safe production. Two orchards with different 

altitudes and different management levels in Shuangshi community and Baiyan Village of Wanzhou District 

Chongqing city were selected to follow up the occurrence of citrus target spot. At the same time, the 

inhibition effects of 6 compound fungicides to Pseud of abraea Citricarpa (Citrus Target spot) were 

determined by the mycelial growth rate inhibition method. The results showed that, in December of 2021 to 

March of 2022, in the 2 orchards, the average disease spot, number of falling leaf showed a trend of reduce 

after the first rise, and incidence and disease index were characterized by rising gradually along with the 

passage of time. From late to the end of January, there were more rainy and foggy days, and the temperature 

dropped sharply, which aggravated the defoliation. Orchard 1 was with higher altitude 750 m and loose 

management, and the disease outbreak came more rapidly and severely. While in orchard 2, the lower 

altitude, higher management level and stronger tree made the disease be later and lighter than orchard 1. 

Further studies of compound fungicide screening showed that the EC50 against Ps. Citricarpa, from low to 

high, was 40% Tebuconazole·Prochloraz (0.03295)<13% Thifluzamide·Hexaconazole (0.03634)<30% 

Difenoconazole·Propiconazole (0.03881)<40% Difenoconazole·Pyraclostrobin (0.30849)<30% 

Thifluzamide·Tebuconazole (0.90167)<33 % Kasugamycin·Copper Quinoline (2.92935). These fungicides 

can be used for further research in the field test. 

1 INTRODUCTION 

China is the largest citrus producer in the world, and 

citrus in our country are planted about 2.67 million hm2 

in area, the output is 51 million tons (Wu, 2018; Li, 

2011). Target spot was a new leaf-spotting fungal disease 

of citrus caused by Pseudofabraea citricarpar (Chen, 

2016; Ao, 2021; Liu, 2015; Luo, 2015), which has 

caused considerable economic losses in local citrus 

production (Yang, 2018). This fungal pathogen was first 

reported infecting both Satsuma mandarin (Citrus unshiu 

Marcov.) and kumquat (Fortunella margarita (Lour.) 

Swingle) in Shanxi province, China, in 2004 (Zhu, 2011; 

Zhu, Wang, 2012; Zhu, 2012). Subsequently, the disease 

was found to infect more citrus varieties, such as 

‘Ponkan’mandarin (C. reticulata Blanco var. Ponkan) in 

Hunan Shanxi province, China, ‘Eureka’ [C. limon (L.) 

Burm.F.] ‘Beijing’lemon (C. meyerii Y. Tan.), 

‘Newhall’navel (C.sinensis) orange and Tarocco blood 

orange (C. sinensis (L.) Osbeck var. Tarrocco) in 

Chongqing city, et al (Xiao, 2020; Zhan, 2021). Citrus 

target spot pathogen Pseudofabraea citricarpa will not 

only infect citrus leaves and branches, but also cause 

fruits with about 0.5cm-2.2cm brown or black spots. 

Severely affected leaves and fruits drop easily, resulting 

in tree defoliation. 

In recent years, citrus target spot occured more 

frequently in our country, showing a trend accelerating 

from the north to the south. This disease has the greatest 

potential harm to the two major citrus-producing areas in 

the Yangtze River Basin and in western Hubei and 

western Hunan (Xu, 2020). In the Three Gorges reservoir 

area of Chongqing, the late-ripening citrus has a long 

growth cycle, which the fruits were hung in the trees over 

winter and ripens in late March of the next year. This led 

to higher risk of the fruits. 

So far, studies on citrus target spot mainly focused on 

etiology (Zhu, Wang, 2012; Zhu, 2012; Xiao, 2020; 

Zhan, 2021), molecular detection (Yang, 2018), 

prediction of suitable areas (Xu, 2020), resistance 

identification (Chen, 2022), etc. There were no reports on 

the disease occurrence dynamics, and there were no 

effective compound agents, which seriously affects the 

taken of disease control by plant protection workers. 

Therefore, it is necessary to research the occurrence 

dynamics, screen effective agents, so as to take effective 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/). 

BIO Web of Conferences 60, 01021 (2023)   https://doi.org/10.1051/bioconf/20236001021
BFS 2022



 

control measures against the disease and to prevent the 

further spread of citrus target spot. 

2 METHODOLOGY 

2.1 Places and Objects of Investigation 

The experiment was conducted in two orchards with 

different altitudes and management levels in Baiyan 

Village and Shuangshi Community of Baiyang Town, 

Wanzhou District, Chongqing City. Baiyan Village 

(Orchard 1): It with 34.33 hm2 at an elevation of 410 m, 

which was planted 22,000 ‘Eureka’ lemon [C. limon (L.) 

Burm.F.]. They were all 10 years old. Shuangshi 

Community (Orchard 2): Covering an area of 0.2 hm2 at 

an elevation of 750 m, and Similarly, there were 132 

‘Eureka’ lemon trees [C. limon (L.) Burm.F.] which were 

10 years old. At the end of November, the two orchards 

were treated by lime sulphur with 0.5 baume degree. 

2.2 Investigation Method 

In each orchard, the 6 ‘Eureka’ lemon trees were selected 

diagonally and randomly in the shape of "Z". Each tree 

was divided into all four directions. Each branch and its’ 

all leaves were listed and numbered. The number of 

diseased spots per leaf, fallen leaves, disease-free leaves, 

the incidence and the disease index were counted. The 

survey dates were respectively December 1 st, December 

12 th, December 29 th, January 5 th, January 12 th, 

January 19 th, January 26 th, February 2 nd, February 9 

th, February 16 th, February 23 th, March 2 th, March 9 

th and March 16 th in 2021, with a total of 14 times of 

survey. Incidence was obtained using the formula: 

Incidence (%) = (infected leaves/inoculated leaves) 

×100 % (Chen, 2022). Disease index was obtained using 

the formula: Disease index = [ Σ ( number of every grade 

× grade ) / inoculated leaves × 9) × 100 (Wang, Cao, 

2020). 

Standards for disease severity grading was as below. 

Grade 0: no spot. Grade 1: the lesion area accounted for 

less than 5% of the whole leaf area. Grade 3: the lesion 

area accounted for 5 % ~ 10 % of the whole leaf area. 

Grade 5: the lesion area accounted for 11 % ~ 25 % of 

the whole leaf area. Grade 7: the lesion area accounted 

for 26 % ~ 50 % of the whole leaf area. Level 9: The 

lesion area accounts for more than 50 % of the whole leaf 

area or the leaf falls. 

2.3 Fungal Pathogens 

Ps. citricarpa strains WZSS 5 was isolated from 

‘Eureka’ lemon leaves in Wanzhou District, Chongqing 

City. The strain were incubated on PDA medium at 

20 °C until the mycelium covered approximately 

three-quarters of the plates (about 15 to 20 days) and 

stored at 4 °C for further study. 

2.4 Fungicides 

The fungicides tested include in table 1. 

Table 1. Details of the 6 fungicides tested. 

Reagent name 
Effective content and dosage 

form 
Manufacturer 

Thifluzamide · Tebuconazole 30 % suspending concentrate Jiangxi Tianyou Biochemical Co., LTD 

Tebuconazole · Prochloraz 40 % microemulsion Guangxi Huifeng Biotechnology Co., LTD 

Difenoconazole · Propiconazol 60 % emulsifiable concentrates 
Anhui Meilan Agricultural Development 

Co., LTD 

Difenoconazole · Pyraclostrobin 40 % suspending concentrate Shandong Dongtai Agrochemical Co., LTD 

Kasugamycin · Copper Quinoline 33 % suspending concentrate 
Shandong Yilan Science and Technology 

Co., LTD 

Thifluzamide · Hexaconazole 13 % suspending concentrate Anhui Sida Pesticide Chemical Co., LTD 

2.5 Fungicide Test Method 

The toxicity of fungicides was determined by the 

mycelial growth rate method (Zhan, 2021). The 

fungicides were mixed into 1 g/10 ml mother liquor, then 

diluted into various concentration, added into the melted 

potato dextrose agar (PDA) in a certain proportion, 

mixed, and poured into the petri dishes. Briefly, an 

individual sclertium square (5 × 5 mm) were placed onto 

the center of the PDA and cultured in a 20 °C. PDA 

medium was used as a control. After 7 days, the diameter 

of hypha was measured by the cross-over method, and 

the inhibition rate of fungicide on hypha growth was 

calculated (Yang, 2011). All treatments were repeated 3 

times. Hyphal growth inhibition rate (%) = [(colony 

diameter of control- colony diameter of treated)/ colony 

diameter of control] × 100 %. The Toxic regression 

equation, correlation coefficient (R2) and median 

effective concentration (EC50) were calculated (Yang, 

2011). 
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2.6 Statistical Analysis 

The data was analyzed by IBM SPSS 16.0 (New York) 

and Microsoft Excel.  

3 TEST RESULTS 

3.1 Occurrence Dynamics of Citrus Target Spot 

The number of leaves and fallen leaves in Orchard 1 

were stable before January 12th, and there was no There 

was no significant defoliation. Subsequently, from 

January 12 th to February 9 th, and severe defoliationa 

was occurred. And then, the falling peak was reached on 

January 26 th (135 fallen leaves) (Figure 1). The number 

of diseased spots also increased sharply along with the 

survey. On January 19 th, the total number of diseased 

spots and the average number of diseased spots per leaf 

were the maximum, which were 3448 and 11.97 

respectively (Figure 2). The incidence rate increased 

rapidly from 15.77 % conducted on December 1 st to 

100 % on January 19 th (Figure 3). The disease index 

showed a gradual increase over time, reaching a 

maximum of 59.59 (Figure 4). From now on, the total 

number of diseased spots, the average number of 

diseased spots per leaf and the number of fallen leaves 

gradually decreased, and there were only 22 leaves in the 

fixed branches of investigation until March 16 th. At this 

moment, the falling rate was of 92.62 % and the 

incidence was 100 % (Figure 1 and Figure 3). 

Orchard 2 showed a similar pattern to Orchard 1, but 

the disease progres developed more slowly. Until the end 

of the investigation, the defoliation rate was also only 

25.71 % (Figure 1). The total number of disease spots 

was less than Orchard 1 as well and reached the 

maximum of 933 on February 23 th. Before January 12, 

the average number of diseased spots per leaf was less 

than 1. During the investigation period, the number of 

diseased spots per leaf was mostly less than 5, and that 

was above 16 was almost 0 (Figure 2). The incidence rate 

was below 50 % before January 19 th, and following, it 

was gradually increased, of which was reaching a peak of 

93.59 % on March 16 th (Figure 3). The disease index 

peaked at 24.77 on February 9th (Figure 4). 

  
Figure 1 Occurrence dynamics of citrus target      Figure 2 Change of the number of lesions of leaf 

        spot in the two orchards                       in different time in the two orchards 

  
Figure 3 Change of the incidence on leaf in        Figure 4 Change of the disease index of citrus 

      different time in the two orchards                leaf in different time in the two orchards 

3.2 Meteorological Factors During the Survey 

According to Figure 5 and Figure 6, during the 

investigation period, the rain days accumulated for 48 d 

(accounted foe 39.67 %), fog days accumulated for 3 d, 

and the total rain and fog days accounted for 66.94 %. At 

the same time, the days of low temperature below 10 ℃ 

was got to 100 d, accounting for 82.65 % of days during 

investigation Furthermore, the days of low temperature 

below 5 ℃ was for 46 d, accounting for 38.01 %. Of 

which, according to the data of the meteorological 

department, it was raining for 16 days in January. 

Moreover, from January 20 th to 29 th, it was raining for 

9 days, accompanied by the lowest temperature of 1 ℃ - 

7 ℃, which aggravated the falling of diseased leaves 

during this period. 
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Figure 5 Rain and fog days during surveys          Figure 6 Days of low temperature under 

10 ℃ and 5 ℃ during the surveys  

3.3 Toxicity of Fungicides Against Ps. citricarpa 

The results showed that 6 kinds of compound fungicides 

all had inhibitory effects on the growth of Ps. citricarpa 

in different degrees, but there were differences among 

various fungicides. In the all test fungicides, the EC50 

against Ps. Citricarpa, from low to high, was 40% 

Tebuconazole · Prochloraz < 13% 

Thifluzamide · Hexaconazole < 30% 

Difenoconazole · Propiconazole < 40% 

Difenoconazole· Pyraclostrobin < 30% 

Thifluzamide·Tebuconazole < 33% 

Kasugamycin·Copper Quinoline. In addition, 40% 

Tebuconazole · Prochloraz has the best inhibition effect 

among them, of which the EC50 was 0.03295 μg/mL. At 

the same time, EC50 of 40% 

Difenoconazole· Pyraclostrobin were respectively 9.36, 

8.49 and 7.95 times of 40% Tebuconazole · Prochloraz, 

13% Thifluzamide · Hexaconazole and 30% 

Difenoconazole.Propiconazole. EC50 of 30% 

Thifluzamide·Tebuconazole were respectively 27.36, 

24.81 and 23.23 times of 40% 

Tebuconazole · Prochloraz, 13% 

Thifluzamide · Hexaconazole and 30% 

Difenoconazole.Propiconazole. Whereas, EC50 of 33% 

Kasugamycin·Copper Quinoline were got respectively 

88.90, 80.61 and 75.47 times of the above three test 

agents (Table 2).  

Table 2. Comparisons of virulence of 6 fungicides to Pseudofabraea Citricarpa 

Test agents  Toxicity regression equation 
Correlation coefficient 

(R2) 
EC50 (μg/mL) 

40 % Tebuconazole · Prochloraz Y = 0.3927 x + 5.582 0.9444 0.03295 

13 % Thifluzamide · Hexaconazole Y = 0.2813 x + 5.418 0.9527 0.03634 

30 % Difenoconazole.Propiconazole Y = 0.2466 x + 5.347 0.8290 0.03881 

40 % Difenoconazole· Pyraclostrobin Y = 0.4184 x + 5.213 0.9533 0.30849 

30 % Thifluzamide·Tebuconazole Y = 0.3782 x + 5.017 0.9028 0.90167 

33 % Kasugamycin·Copper Quinoline Y = 0.6982 x +4.6741 0.9582 2.92935 

4 DISCUSSION 

Through the investigation of two orchards with different 

altitudes and management levels in Baiyang Town, 

Wanzhou District, Chongqing from December, 2021 to 

March 2022, the results showed that different altitudes 

affected the microclimate of orchards, and different 

management levels affected trees’ strength and 

resistance. The incidence of the disease in the two 

orchards broke out with the decrease of temperature and 

the increase of rain and fog. By the end of March, almost 

all the leaves were fallen. However, there were 

significant differences in the incidence rate and severity 

between the two orchards, indicating that temperature 

and rain may determine the occurrence and severity of 

citrus target spot. Therefore, the orchards in high-altitude 

areas should be treated with protective agents in early 

November and early January in low-altitude areas to 

prevent disease. Potassium fertilizer should be added in 

autumn to improve disease resistance (Peng, 2016) and 

improve cold resistance of citrus. Late-ripening citrus 

fruits, in particularly, should be carefully protected. 

Chemical fungicides are used to control citrus ring 

spot in the field (Liu, 2015; Zhu, Wang, 2012; Zhu, 

2012). Zhu Li et al. found that the Difenoconazole and 

prochloraz on citrus target spot were effective in the 

laboratory Inhibition effect (Zhu, Wang, 2012; Zhu, 

2012). This experiment was conducted by laboratory 

toxicity test, the results indicated that 40 % 

Tebuconazole·Prochloraz, 13% 
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Thifluzamide · Hexaconazole, 30% Difenoconazole. 

Propiconazole had better inhibition effect for the growth 

of the strain, which can be used for further research in 

the field test. 

5 CONCLUSION 

The altitude, climate factors and management level of 

orchards all had effects on the infection of target spot. 

The orchards in high altitude area appeared symptoms of 

the disease earlier and had more leaf spots. In case of 

continuous rain and temperature reduction, more severe 

defoliation was accompanied. 40% 

Tebuconazole · Prochloraz, 13% 

Thifluzamide · Hexaconazole, 30% 

Difenoconazole · Propiconazole had better inhibition 

effect for the growth of Ps. citricarpa. 
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