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Abstract 18 

Fusarium crown rot (FCR) on wheat is a soil-borne disease that affects the yield and quality of 19 

the produceproduct. . In the year 2020, a total of 297 Fusarium pseudograminearum isolates 20 

were isolated from diseased FCR wheat samples from eight different regional areas across Hebei 21 

Province in China. . Baseline sensitivity of F. pseudograminearum to fludioxonil 22 

(0.0613±0.0347 μg/mL) and tebuconazole (0.2328±0.0840 μg/mL) were constructed based on 23 

the in vitro tests of 71 and 83 isolates, respectively. . Results from tThe resistance index analysis 24 

showed that no resistance isolates to fludioxonil was detected, and 2but two low low-resistance 25 

isolates in year 2020 to tebuconazole in 2020were detected.  There was an increasingly increased 26 

frenquency of resistance resistant isolates from 2021 to 2022 based on the baseline sensitivity for 27 

tebuconazole. . There was no cross-resistance between fludioxonil and tebuconazole. . This study 28 

provides a significant theoretical and practical basis for monitoring the resistance of F. 29 

pseudograminearum to fungicides, especially the control of FCR. 30 

 31 
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 34 

Introduction 35 

Fusarium crown rot (FCR), a soil-borne disease, causes major yield losses in wheat (Triticum 36 

aestivum L.) worldwide. . The occurrence of FCR has been reported in many arid and semi-arid 37 

wheat-growing continents and countries, including Australia (Magee, 1957), America (Smiley, 38 

2005), Africa (Gargouri et al., 2011), Europe (Agustí-Brisach, 2018), the Middle East (Hameed 39 
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et al., 2012; Shikur Gebremariam et al., 2018), as well asnd China (Li et al., 2012; Zhang et al., 40 

2015b; Xu et al., 2018). ). The infected wheat results in brown necrosis at the first two or three 41 

inter-nodes and the production ofes white blighted white heads and abortive seeds when severe 42 

(Scherm et al., 2013). As a cConsequencetly, significant yield losses occur.  43 

 44 

Specifically, Hebei Province, among the wheat-corn rotation region in the Huang-huai Huai 45 

Plain, China, accounts for about 10% and 11.4% of the planting area and production in China, 46 

respectively. . Cases of FCR has have been reported across all the eight main wheat regional 47 

areas in Hebei Province, and leading some to potential yield loss. . FCR was caused by Fusarium 48 

spp. including F. pseudograminearum, F. colmorum, F. graminearum, etc. (Agustí-Brisach et 49 

al., 2018; Kazan and Gardiner, 2018; Scherm et al., 2013; Zhang et al., 2015b) causes FCR. . 50 

According to Deng et al. (2020) reported that, F. pseudograminearum was the most commonly 51 

isolated pathogen causing crown rot of wheat with strong pathogenicity in China. . This species 52 

has been spreading in Hebei province and has been repeatedly shown to be associated with 53 

Fusarium head blight (FHB) as well (Xu et al., 2015, 2018; Ji et al., 2016).  54 

 55 

There are commercially sSeed dressing chemicals for controlling FCR diseases in China, such as 56 

Qingxiu (10% difenoconazole), Cruiser (2.2% fludioxonil + 2.2% difenoconazole), Dividend 57 

(3% difenoconazole), Raxil (6% tebuconazole), Celest (2.5% fludioxonil), Aobairui (1.1% 58 

tebuconazole) are used in controlling FCR disease in China. The most commonly used active 59 

ingredients are tebuconazole, difenoconazole, and fludioxonil. As for the characteristics of these 60 

chemicals, fludioxonil belongs to the phenylpyrrole class of chemistry and has a unique mode of 61 

action. It by inhibits inhibiting the phosphorylation of glucose, resulting in the inhibition of the 62 

growth of fungal mycelium. Its use has also been shown to increase the seed emergence rate of 63 

wheat (Hysing and Wiik, 2014). This chemical has been commercialized in China since 2013.  64 

 65 

Triazole fungicides, tebuconazole, and difenoconazole, for instance, are fungicides characterized 66 

by high efficiency, wide spectrum, safety, long duration, and strong internal absorption. They are 67 

sterol 14α- demethylase inhibitors (DMIs), which affect ergosterol biosynthesis. Recently, some 68 

reports showed that DMIs was were the most effective chemical for controlling diseases caused 69 

by Fusarium spp. (Delen, 2016; Hellin et al., , 2017), and they can also be used to prevent the 70 

formation of mycotoxins produced by F. culmorum and F. graminearum (Shah et al., , 2018). 71 

Fungicides containing DMIs have been used for many years in the USA, Europe as well as in, 72 

and China for many years. Some registered commercial products with tebuconazole as the active 73 

ingredient include Raxil (6% tebuconazole), Liangshi (1.1% tebuconazole and 19.9% 74 

imidacloprid), Oberi (1.1% tebuconazole and 30.8% imidacloprid). These commercial agents 75 

have been used for many years to control diseases such as sharp eyespot, Fusarium head blight, 76 

and powdery mildew. . It has also been registered as a seed dressing for FCR control.  77 

 78 



Fungal pathogens may develop resistance to different fungicides under certain specific selection 79 

pressures or under conditions of adversity (Feng et al., 2020). Resistance to fludioxonil has been 80 

reported in a broad range of plant pathogenic fungi such as Colletotrichum gloeosporioides from 81 

fruit (Schnabel et al., 2021), Sclerotinia sclerotiorum from oilseed rape (Kuang et al., 2011), 82 

Botrytis cinerea from apple (Zhao et al., 2010) and strawberry (Fernandez-Ortuno et al., 2016), 83 

and Fusarium species (Peters et al. 2008). . A range of DMI-resistant fungal strains have been 84 

reported from pathogenic populations of Botrytis cinerea (Zhang et al., 2020), Pseudocercospora 85 

fijiensis (Chong et al., 2021), F. graminearum (de Chaves et al., 2022), Monilinia fructicola 86 

(Lesniak et al., 2020), Cercospora beticola (Trkulja et al. 2017), and Venturia nashicola (Ishii et 87 

al., 2021). 88 

 89 

Currently, chemical control of FCR is the most effective method to limit disease, . but Still, 90 

repeated fungicidal applications may reduced the sensitivity to of Fusarium isolates to the 91 

fungicides and thus increase the risk of severe plant disease. . The determination of the 92 

susceptibility of pathogenic Fusarium species to fungicides in wheat has focused on F. 93 

graminearum, the cause of Fusarium head blight (FHB) (de Chaves et al., 2022; Breunig and 94 

Chilvers, 2021). In China, Yin et al (2021) showed that carbendazim had a strongly inhibitory 95 

inhibited effect on F. pseudograminerum populations, with a baseline sensitivity of 0.755±0.336 96 

μg/mL. . However, little information is available about the activity and the risk of resistance to 97 

fludioxonil and tebuconazole in F. pseudograminearum. . Therefore, this study aimed to evaluate 98 

such sensitivity and cross-resistance for F. pseudograminearum field populations to fludioxonil 99 

and tebuconazole, and monitor the resistance of to F. pseudograminearum isolates to 100 

tebuconazole. . Results from this research may provide the first reference for the resistance 101 

monitoring of the pathogen, as well as the rational application of these fungicides for controlling 102 

of wheat crown rot worldwideworldwide, especiieally across different regions within Hebei 103 

Province in China. 104 

 105 

Materials & Methods 106 

 107 

Collection of F. pseudograminearum isolates  108 

From late April (heading stage) to late May 2020 (filling stage), when wheat stems were 109 

exhibited characteristic crown rot symptoms, diseased samples were collected from different 110 

wheat-grown regions including Xingtai, Cangzhou, Baoding, Tangshan, Handan, Hengshui, 111 

Langfang, and Shijiazhuang across Hebei Province in China (Table 1). ). The infected stalks 112 

were sampled randomly each for an individual isolate, with at least 30 isolates obtained from 113 

each region, and a minimum geographical distance of at least 2 km between any two sample 114 

sites. . A total of 297 field isolates were isolated according to the method described by Deng et 115 

al. (2020). For each isolate, t The single-spore isolate was obtained and cultured on the PDA 116 

medium for each isolate. Species identifications of 272 strains (accounting for 91.6%) were 117 
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confirmed as F. pseudograminearum using primers Fp1-1 and Fp1-2 (Demeke et al., 2005) and 118 

the amplicon sequence analysis of EF1 and EF2 (Proctor et al., 2009). 119 

 120 

Preparation of fungicide-containing medium  121 

Technical grade fludioxonil (98% active ingredient [a.i.]) and tebuconazole (97% a.i.) were used 122 

for the in vitro sensitivity assay. . Stock solutions of fludioxonil was were obtained through by 123 

dissolving the original chemical with methyl alcohol to yield a concentration of 1000 mg/mL. . 124 

Tebuconazole was dissolved with acetone to obtain the same concentration. PDA plates was 125 

were amended with fludioxonil to give serially final concentrations of 0.015, 0.03, 0.06, 0.12, 126 

0.24, and 0.48 μg a.i./mL, . Other PDA plates was were amended with tebuconazole with 127 

concentrations of 0.025, 0.1, 0.4, 1.6, and 6.4 μg a.i./mL, to serve aswhile control, PDA plates 128 

were amended with 0.1% (v/v) methyl alcohol or acetone (Liu et al. 2016) only.  129 

 130 

Baseline sensitivity of F. pseudograminearum to fludioxonil and tebuconazole 131 

For the sensitivity test, at least six isolates from each wheat geographic region were randomly 132 

selected to form a subset population. . Seventy-one F. pseudograminearum isolates were tested 133 

against fludioxonil, and 83 isolates against tebuconazole using the mycelial growth rate method 134 

described by Secor and Rivera (2012). ). Generally, 0.7 cm mycelial plugs from the edge of 135 

actively growing fungal colonies were transferred upside down onto the center of PDA plates 136 

amended with fludioxonil or tebuconazole. . The diameters of the colonies were measured for 137 

each treatment by criss-cross after 3-4 days of incubation at 27℃ in the dark. . The in vitro 138 

experimental design was completely randomized consisting of three replications for each 139 

treatment and was repeated twice. . The effective concentration for 50% growth inhibition (EC50) 140 

was calculated using the fungicide concentrations and the corresponding inhibition rate of 141 

mycelial growth. . Colony diameter (cm) = measured colony diameter-fungal plug diameter (0.7 142 

cm). Relative inhibition (%) = [(colony diameter of control - colony diameter of 143 

treatment)/colony diameter of control] × 100. Fungicide concentrations (μg/mL), were converted 144 

into a base-10 logarithmic value (x), and t. The inhibition of mycelial growth were was analyzed 145 

by the Statistical Package of the Social Science (SPSS21.0) software to make a linear regression 146 

of the corresponding probability value of the colony growth inhibition percentage against the 147 

Log10-transformed fungicide concentration (Liu et al., 2016). The final baseline sensitivity was 148 

established using the average EC50 values of the isolates, which fit the normal distritution 149 

distribution (Hu et al. 2020).  150 

 151 

Fungicides resistance isolates and their frequency 152 

The fungicides resistance index for each isolate was assessed by the formula below. . The 153 

resistance of F. pseudogramineum to fludioxonil and tebuconazole can be divided according to 154 

the following criteria, and samples classified as low resistance (LR), middle midium resistance 155 

(MR), and high resistance (HR) were all taken as fungicide resistance isolates. . Resistance index 156 

(RI) = EC50 of the tested isolate/ baseline sensitivity (Li et al., 2021). ). Sensitive isolate (S): 0﹤157 
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RI ≤ 5, LR isolate: 5 ﹤RI ≤ 10, MR isolate: 10﹤RI ≤ 40, HR isolate: 40﹤RI. Frequency of 158 

resistant isolates (%) = (resistant isolates/total number of tested isolates) × 100. 159 

 160 

Cross-resistance analysis  161 

A subset of 65 F. pseudograminearum isolates was used to assess their cross-resistance. The 162 

linear regression analysis was carried out by using lgEC50 of fludioxonil to the strain as the X-163 

axis and lgEC50 of tebuconazole to the strain as the Y-axis, and the linear regression equation y = 164 

bx + a was constructed. For the determination of the Pearson coefficient (r), and the significance 165 

level of the independent sample T-test (P value), cross-resistance between fludioxonil and 166 

tebuconazole were was analyzed. 167 

 168 

Monitoring of resistance isolates 169 

Ten sensitive isolates in the year 2020 were selected for sensitivity assay by measuring minimum 170 

inhibitory concentration (MIC) (Taga et al., 1982). ). MIC was estimated by observing mycelial 171 

growth at 3three days after inoculation on the medium amended with tebuconazole 172 

concentrations of 0, 1.0, 5.0, 10.0, 15.0, 20.0, and 25.0 μg/mL. When all the 10 isolates were 173 

completely inhibited, the corresponding concentration were was further tested for 107 isolates  174 

randomly selected from the field population in 2021 (49 isolates) and 2022 (58 isolates).  175 

 176 

Data analysis  177 

The SPSS21.0 and Microsoft Office Excel 2010 programs package were used for statistical 178 

analysis. . The means of results were calculated for no significant difference (P≤0.05) observed 179 

in mycelial growth for the two experiments. . Pearson correlation analysis was carried out using 180 

the SPSS21.0 software, and Duncan's new complex range method was used to test the 181 

significance of differences. 182 

 183 

Results 184 

 185 

Sensitivity of mycelial growth for F. pseudograminearum to fludioxonil 186 

The EC50 values for all the 71 isolates were combined to establish a sensitivity baseline. . The 187 

EC50 values of the corresponding isolates for mycelial growth assays were continuous, ranging 188 

from 0.0165 to 0.1789 μg/mL, with a mean value of 0.0613 ± 0.0346 μg/mL. . The variation 189 

factor (the ratio of the maximum to the minimum EC50 values) was 10.84. Based on the EC50 190 

value of the tested isolates, the frequency distribution showed a unimodal curve (Fig. 1). ). The 191 

isolates with EC50 values in the range of 0.03-0.06 μg/mL showed the highest frequency 192 

(54.93%). %). The average EC50 value of 0.0613 μg/mL was preliminarily determined as the 193 

baseline sensitivity of  F. pseudograminearum to fludioxonil. . No resistant isolate of F. 194 

pseudograminearum was observed in the field subset population from those we tested.  195 

 196 



The mean EC50 values of F. pseudograminearum isolates collected from different geographic 197 

regions were significantly different (Table 1). ). The isolates with the most sensitivity (<0.03 198 

μg/mL) were from Shijiazhuang, Baoding, and Cangzhou within Hebei Province in China. . The 199 

isolates with the highest EC50 were from Shijiazhuang and Handan. . Isolates from Baoding 200 

showed the lowest sensitivity variation to fludioxonil, while isolates from Shijiazhuang showed 201 

the highest. 202 

 203 

Sensitivity of mycelial growth for F. pseudograminearum to tebuconazole 204 

The EC50 values of 83 isolates for mycelial growth assays to tebuconazole were also continuous, 205 

ranging from 0.0417 to 1.5072 μg/mL. . The variation factor was 50.21. . Based on the EC50 206 

values of the tested isolates, the frequency showed an abnormal distribution (Fig. 2) and was 207 

confirmed by by SPSS21.0 (k=0.002, p<0.5). Fifty-five isolates with EC50 values in the range of 208 

0.04-0.40 μg/mL showed the highest frequency (66.27%). %). With further analysis of the 209 

frequency distribution of these 55 isolates, a unimodal curve with a positive skew was 210 

constructed (Fig. 3). ). The average EC50 value of 0.2328 μg/mL for this subset of 55 F. 211 

pseudograminearum isolates was preliminarily determined as the baseline sensitivity for 212 

tebuconazole with F. pseudograminearum. . Isolates from Hengshui showed the lowest 213 

sensitivity variation on tebuconazole, while isolates from Tangshan presented the highest record 214 

(Table 2).  215 

 216 

Resistance index and cross-resisitance analysis 217 

RThe resistance index (RI) were was analysed analyzed based on the constructed sensitivity 218 

baselines of the two fungicides.  . Our results showed  that the RI of all the 71 strains to 219 

fludioxonil were was lower than 5, ranging from 0.269 to 2.918, indicating that all these strains 220 

were sensitive to fludioxonil. . The RI values for 81 strains to tebuconazole ranged from 0.179 to 221 

4.672, indicating their sensitivity to the fungicide tebuconazole. Specifically, about the 2two 222 

isolates (accounting for 2.41%) with the RI values of 6.196  and 6.474, these two isolates with 223 

low resistance (LR) were collected from Shijiazhuang (SJZ9) and Tangshan (TS70), 224 

respectively.  225 

 226 

From the isolates we tested, there was a subset of 65 isolates was used for cross-resistance 227 

analysis using the SPSS21.0. . The result showed that there was no correlation (r=0.295), at a 228 

significantly difference (p<0.05), between fludioxonil and tebuconazole (Fig. 4). This result also 229 

means that there was no cross-resistance between these two chemical agents tested. 230 

 231 

Resistance isolates from the field population 232 

From the 10 ten sensitive isolates, 3 (20HS16, 20TS65, and 20CZ237) were completely inhibited 233 

at 5.0 μg/mL, 3 (20SJZ39, 20HD77, 20LF223) at 10.0 μg/mL, 2 (20HD14 and 20SJZ208) at 234 

15.0 μg/mL and 20BD38 at 20.0 μg/mL. . 25.0 μg/mL was confirmed as the minimum inhibitory 235 

concentration (MIC), considering that all the 10 isolates were completely inhibited at this 236 



concentration. . Of When the 107 isolates were tested, totally 22 isolates (11 from out of 49 in 237 

2021, and 11 from out of 58 in 2022) can survived on plate amended with tebuconazole (25 238 

μg/mL). These 22 isolates were then further tested in vitro assay on mycelial growth. . Based on 239 

the resistance index, 7 seven low resistance isolates (accounting for 6.54%) were resistance 240 

isolates (Table 3). In detail, 2  isolates (accounting for 4.08%) from Shijiazhuang (SJZ) and 241 

Xingtai (XT) in 2021, and 5 (8.62%) from Hengshui (HS), Shijiazhuang(SJZ), Handan (HD), 242 

and Cangzhou (CZ) in 2022 were detected (Table 4).  243 

 244 

Discussion 245 

 246 

Baseline sensitivity data of a phytopathogenic fungus to a fungicide are useful for evaluating the 247 

risk of resistance developing in sensitive populations of the fungus (Zhang et al., 2015a). ). In 248 

this study, the EC50 values for fludioxonil to F. pseudograminearum ranged from 0.0165 to 249 

0.1789 μg/mL, and. such Such differences may be related to the natural differences of the strains 250 

in different regions, the physiological differences in the isolates themselves, as well as the 251 

population structure of the isolates of the F. pseudograminearum under control level in each 252 

wheat production region (Feng et al., 2020).  253 

 254 

In this research, the variation factor between the most sensitive isolate and the least sensitive 255 

isolate was 10.42, indicating that the species F. pseudograminearum was sensitive to fludioxonil 256 

in nature. Since the baseline sensitivity results in this study was 0.0613 μg/mL, and there was no 257 

fludioxonil resistant F. pseudograminearum isolate detected, the such result could be used for 258 

monitoring any future sensitivity shifts in resistance to fludioxonil in the field populations of F. 259 

pseudograminearum. . Meanwhile, it provides further evidence to indicate effective fungicides 260 

and future methods for the controlling of fungicide-resistant mutants. . Another significant 261 

finding from this research showed a low resistance (LR) frequency (2.41%) on F. 262 

pseudograminearum to tebuconazole from the field population in 2020, and an increasing 263 

frequency of low resistance in 2021 (4.08%) and 2022 (8.62%). %). This result indicated that 264 

rotational and substitution strategies for fungicides with other modes of action should be 265 

implemented to delay the development of serious resistance.  266 

 267 

There are varied various ways to reduce the use of fungicides in controlling FCR, .and  oOne of 268 

the preliminmary methods is to provide detailed information, including active ingredients, 269 

potential targets, and risk exposures for different types of pesticides used for seed treatments 270 

(Lamichhane and Laudinot., 2020). ). Generally, clarifying the cross-resistance of a pathogen to 271 

different fungicides will also help to provide a theoretical basis for the prolonging of fungicides 272 

used to control pathogens (Feng et al., 2020). ). Based on our results, there is no cross-resistance 273 

between fludioxonil and tebuconazole. . The natural population of F. pseudograminearum in 274 

Hebei Province was most sensitive to fludioxonil in vitro. . By contrast, the high variation factor 275 

of tebuconazole (50.21) suggests that there may be different levels of control of wheat disease 276 

Formatted: Font: Italic

Formatted: Font: Italic



within different wheat production regions. AtIn the meantime, low resistance isolates from the 277 

field population to tebuconazole suggests that further consideration should be given to 278 

prohibiting tebuconazole as the active ingredient in wheat seed dressings. . Our former research 279 

also indicated that Raxil and Dividend (tebuconazole and difenoconazole as the active 280 

ingredient, respectively) showed relatively lower control efficacy compared with Celest (2.5% 281 

fludioxonil) under a pot assay (Zhang et al., 2022). ). Applying fludioxonil in mixtures with 282 

newer fungicides, other than triazole fungicides, such as pydiflumetofen or even biocontrol 283 

agents, may reduce the risk of developing fungicide resistance in F. pseudograminearum.  284 

 285 

Conclusions 286 

This is the first report on the baseline sensitivity for of F. pseudograminearum populations to 287 

fludioxonil and tebuconazole from China. . Fungicides with fludioxonil have been used 288 

successfully for theto control of wheat crown rot in recent years. . No cross-resistance for these 2 289 

agents with  F. pseudograminearum was recorded. . The baseline sensitivity (0.0613 μg/mL for 290 

fludioxonil established in this study can be used to detect the further resistance level for field 291 

populations in the future. Based on the baseline sensitivity of tebuconazole (0.2328 μg/mL), a 292 

total of 4.76% low resistance isolates were monitored from the year 2020-2022, this which 293 

guides our rational use of the relevant appropriate fungicides. 294 

 295 

Acknowledgments 296 

The authors are grateful to Shuming Luo and Percy Wong (University of Sydney) for the critical 297 

review of this manuscript. 298 

 299 

References 300 

Agustí-Brisach C, Raya-Ortega MC, Trapero C, Roca LF, Luque F, López-Moral A, Fuentes M, 301 

Trapero A. 2018. First report of Fusarium pseudograminearum causing crown rot of wheat in 302 

Europe. Plant Disease 102(8): 1670  DOI org/10.1094/PDIS-11-17-1840-PDN 303 

Breunig M, Chilvers MI. 2021. . Baseline sensitivity of Fusarium graminearum from wheat, 304 

corn, dry bean and soybean to pydiflumetofen in Michigan, USA. PlantCrop Protection 140: 305 

105419 DOI org/10.1016/j.cropro.2020.105419 306 

Chong P, Essoh JN, Isaza REA, Keizer LCP, Stergiopoulos I, Seidl MF, Guzman M, Sandoval J, 307 

Verweij PE, Scalliet G, Sierotzski H, de Bellaire LL, Crous PW, Carlier J, Cros S, Meijer 308 

HJG, Peralta EL, Kema GHJ. 2021. A world-wide analysis of reduced sensitivity to DMI 309 

fungicides in the banana pathogen Pseudocercospora fijiensis. . Pest Management Science 310 

77: 3273-3288 DOI10.1002/ps.6372 311 

Delen N. 2016.  Fungicides. . p534, No. 1441. Nobel Press, Turkey 312 

de Chaves MA, Reginatto P, da Costa BS, de Paschoal RI, Teixeira ML, Fuentefria AM. 313 

2022. Fungicide resistance in Fusarium graminearum species complex. Current 314 

Microbiology 79, 62 DOI org/10.1007/s00284-021-02759-4 315 

https://www.researchgate.net/journal/0191-2917_Plant_Disease
https://doi.org/10.1094/PDIS-11-17-1840-PDN


Demeke T, Clear RM, Patrick SK, Gaba D. 2005. Species-specific PCR-based assays for the 316 

detection of Fusarium species and a comparison with the whole seed agar plate method and 317 

trichothecene analysis. . International Journal of Food Microbiology, 103, 271-284 318 

Deng YY, Li W, Zhang P, Sun HY, Zhang XX, Zhang AX, Chen HG. . 2020.  . Fusarium 319 

pseudograminearum as an emerging pathogen of crown rot of wheat in eastern China. Plant 320 

Pathology 69(2): 240-248 DOI 10.1111/PPA.13122 321 

Feng H, Wang S, Liu ZY, Miao JQ, Zhou MX, Huang LL. 2020. . Baseline sensitivity and 322 

resistance risk assessment of Valsa mali to pyraclostrobin. . Phytopathology Research 2(1):31 323 

449-453 DOI org/10.1186/s42483-020-00072-9 324 

Fernández-Ortuño D, Torés JA, Pérez-García A, de Vicente AFernandez-Ortuno D, Tores JA, 325 

Perez-Garcia A, & Vicente AD. 2016. . First report of fludioxonil resistance in Botrytis 326 

cinerea, the causal agent of gray mold, from strawberry fields in Spain. . Plant Disease 327 

100(8): 1779 328 

Gargouri S, Mtat I, Kammoun Gargouri KLG, Zid M, Hajlaoui MR. 2011. . Molecular genetic 329 

diversity in populations of Fusarium pseudograminearum from Tunisia. . Journal of 330 

Phytopathology 159: 306-313 331 

Kazan K and Gardiner DM. 2018. Fusarium crown rot caused by Fusarium pseudograminearum 332 

in cereal crops: recent progress and future prospects. Molecular Plant Pathology 19(7): 333 

1547-1562 DOI: 10.1111/mpp.12639 334 

Kuang J, Hou YP, Wang JX, Zhou MG. 2011. Sensitivity of Sclerotinia sclerotiorum to 335 

fludioxonil: In vitro determination of baseline sensitivity and resistance risk. Crop Protection 336 

30: 876-882 337 

Gebremariam ES, Sharma-Poudyal D, Paulitz TC, Erginbas-Orakci G, Karakay A, Dababat AA. 338 

2018. Identity and pathogenicity of Fusarium species associated with crown rot on wheat 339 

(Triticum spp.) in Turkey. European Journal of Plant Pathology 150(2): 378-399 340 

Hameed MA, Rana RM, Ali AZ. 2012. Identification and characterization of a novel Iraqi isolate 341 

of Fusarium pseudograminearum causing crown rot in wheat. . Genetics and Molecular 342 

Research 11(2): 1341-1348 DOI 10.4238/2012.May.15.4  343 

Hellin P, Scauflaire J, van Hese VV, Munaut F, Legrève A. 2017. Sensitivity of Fusarium 344 

culmorum to triazoles: impact of trichothecene chemotypes, oxidative stress response and 345 

genetic diversity. Pest Management Science 73 (6): 1244-1252. . DOI 10.1002/ps.4450  346 

Hu J, Wu JX, Gu MR, Geng JM, Guo C, Yang ZM, Lamour K. 2020. . Baseline sensitivity and 347 

control efficacy of fluazinam against Clarireedia homoeocarpa. . Crop Protection 137, 348 

105290. DOI org/10.1016/j.cropro.2020.105290 349 

Hysing SC, Wiik L. 2014. . Fusarium seedling blight of wheat and oats: Effects of infection level 350 

and fungicide seed treatments on agronomic characters. . Acta Agriculturae Scandinavica 351 

Section B 64: 537-546. DOI 10.1080/09064710.2014.929731.  352 

Ishii H, Cools HJ, Nishimura K, Borghi L, Kikuhara K, Yamaoka Y. 2021. . DMI-fungicide 353 

resistance in Venturia nashicola, the causal agent of Asian Pear Scab—How reliable are 354 



mycelial growth tests in culture? ? Microorganisms 9(7): 1377 DOI org/10.3390/ 355 

microorganisms9071377 356 

Ji LJ, Kong LX, Li QS, Wang LS, Chen D, Ma P. 2016. First report of Fusarium 357 

pseudograminearum causing Fusarium head blight of wheat in Hebei Province, China. Plant 358 

Disease 100: 220 359 

Kazan K and Gardiner DM. 2018. Fusarium crown rot caused by Fusarium pseudograminearum 360 

in cereal crops: recent progress and future prospects. Molecular Plant Pathology 19(7): 361 

1547-1562 DOI: 10.1111/mpp.12639 362 

Kuang J, Hou YP, Wang JX, Zhou MG. 2011. Sensitivity of Sclerotinia sclerotiorum to 363 

fludioxonil: In vitro determination of baseline sensitivity and resistance risk. Crop Protection 364 

30: 876-882 365 

Lamichhane JR, Laudinot V. 20201. Unveiling the unknown: knowledge and risk perception 
366 

about the planting of pesticide-treated seed among French arable farmers. . Journal of Plant 
367 

Disease and Protection 128: 501-509 DOI org/10.1007/s41348-020-00400-3 
368 

Lesniak K, Peng JY, Peoffer TJ, Outwater CA, Eldred LI, Rothwell NL, Sundin GW. 2020. . Survey 369 

and genetic analysis of Demethylation inhibitor fungicide resistance in Monilinia fructicola 370 

from Michigan orchards. . Plant Disease 105(4): 958-964  DOI 10.1094/PDIS-07-20-1561-RE 371 

Li BY, Shi J, Tian YY, Nie LX, Wang YZ. 2021. . The sensitivity to imazalil and cross-resistance 372 

against several other fungicides in grapevine white rot pathogen Coniella diplodiella. . Journal 373 

of Plant Protection 2021, 48 (4): 774-780 (in Chinese) 374 

Liu SM, Hai F, Jiang J. 2016. Sensitivity to fludioxonil of Botrytis cinerea isolates from tomato in 375 

Henan Province of China and characterizations of fludioxonil-resistant mutants. Journal of 376 

Phytopathology doi: 10.1111/jph.12542 377 

Ji LJ, Kong LX, Li QS, Wang LS, Chen D, Ma P. 2016. First report of Fusarium 378 

pseudograminearum causing Fusarium head blight of wheat in Hebei Province, China. Plant 379 

Disease 100: 220 380 

Li HL, Yuan HX, Fu B, Xing XP, Sun BJ, Tang WH. 2012. . First report of Fusarium 381 

pseudogrumineurum causing crown rot of wheat in Henan, China. . Plant Disease 96(7): 382 

1065 DOI 10.1094/PDIS-01-12-0007-PDN 383 

Liu SM, Hai F, Jiang J. 2016. Sensitivity to fludioxonil of Botrytis cinerea isolates from tomato 384 

in Henan Province of China and characterizations of fludioxonil-resistant mutants. Journal of 385 

Phytopathology. 165(2): 98–-104. doi:10.1111/jph.12542  386 

Magee CJ. 1957. . News from New South Wales. Commonwealth Phytopathological News 3: 26. 387 

Peters RD, Platt HW, Drake KA, Coffin RH, Moorehead S, Clark MM, Al-Mughrabi KI, 388 

Howard RJ. 2008. First report of fludioxonil-resistant isolates of Fusarium spp. causing 389 

potato seed-piece decay. Plant Disease 92(1): 172 390 

Proctor RH, McCormick SP, Alexander NJ, and Desjardins AE. 2009. . Evidence that a 391 

secondary metabolic biosynthetic gene cluster has grown by gene relocation during evolution 392 

of the filamentous fungus Fusarium. . Molecular Microbiology 74(5), 1128–-1142. doi: 393 

10.1111/j.1365-2958.2009. 06927.x 394 

Formatted: Font: (Default) Times

http://dx.doi.org/10.1094/PDIS-07-20-1561-RE


Scherm B, Balmas V, Spanu F, Pani G, Delogu G, Pasquali M, Mighli Q. 2013. Fusarium 395 

culmorum: causal agent of foot and root rot and head blight on wheat. . Molecular Plant 396 

Pathology 14, 323-341  397 

Schnabel G, Tan Q, Schneider V, Ishii H. 2021. Inherent tolerance of Colletotrichum 398 

gloeosporioides to fludioxonil. . Pesticide Biochemistry and Physiology 172 DOI 399 

org/10.1016/j.pestbp.2020.104767 400 

Shah L, Ali A, Yahya M, Zhu Y, Wang S, Si H, Rahman H, Ma C. 2018. Integrated control of 401 

Fusarium head blight and deoxynivalenol mycotoxin in wheat. . Plant Pathology 67(3): 532-402 

548 403 

Secor GA, Rivera VV. 2012. . Fungicide resistance assays for fungal plant pathogen. in Plant 404 

Fungal Pathogen. Bolton MD, Thomma BPHJ. . pp385-392 405 

Shikur Gebremariam E, Sharma-Poudyal D, Paulitz TC, Erginbas-Orakci G, Karakay A, Dababat 406 

AA. 2018. Identity and pathogenicity of Fusarium species associated with crown rot on 407 

wheat (Triticum spp.) in Turkey. European Journal of Plant Pathology 150(2): 378-399 408 

Smiley RW, Gourlie JA, Easley SA, Patterson LM. . 2005. . Pathogenicity of fungi associated 409 

with the wheat crown rot complex in Oregon and Washington. . Plant Disease 89(9): 949-957 410 

Liu S, Hai F,  Jiang J. 2016. Sensitivity to fludioxonil of Botrytis cinerea isolates from tomato in 411 

Henan Province of China and characterizations of fludioxonil-resistant mutants. Journal of 412 

Phytopathology. 165(2):98–104. doi:10.1111/jph.12542  413 

Taga M, Waki T, Tsuda M, Ueyama A. 1982. Fungicide sensitivity and genetics of IBP-resistant 414 

mutants of Pyricularia oryzae. . Annual Review of Phytopathology 1982, 72(7): 905-908 415 

Trkulja NR, Milosavljević AG, Mitrović MS, Jović JB, Toševski IT, Khan MFR, Secor GA. 416 

2017. Molecular and experimental evidence of multi-resistance of Cercospora beticola field 417 

populations to MBC, DMI and QoI fungicides. European Journal of Plant Pathology 149: 418 

895-910 419 

Xu F, Song YL, Yang GQ, Wang JM, Liu LL, Li HL. 2015. . First report of Fusarium 420 

pseudograminearum from wheat heads with Fusarium head blight in North China Plain. . 421 

Plant Disease 99, 156  422 

Xu F, Yang GQ, Wang JM, Song YL, Liu LL, Zhao K, Li YH, Han ZH. 2018. . Spatial 423 

distribution of root and crown rot fungi associated with winter wheat in the North China Plain 424 

and its relationship with climate variables. . Frontier in Microbiology 9: 1054 DOI 425 

10.3389/fmicb.2018.01054 426 

Yin XR, Xu JQ, Sun Y, Zhu K, Yang X, Xiong Z, Zheng W, Hou Y, Xu JQ. 2021. Sensitivity of 427 

the isolates of Fusarium pseudograminearum to carbendazim in Henan Province. Journal of 428 

Pesticide Science 0145 DOI 10.16801/j.issn.1008-7303.2021.0145 429 

Zhang C, Li TJ, Xiao L, Zhou SL, Liu XL. 2020. . Characterization of tebuconazole resistance in 430 

Botrytis cinerea from tomato plants in China. . Phytopathology Research 2:25 DOI 431 

org/10.1186/s42483-020-00064-9 432 



Zhang N, Yuan SL, Zhang Q, Liu WZ, Zhou Y, Yang WX. . 2022. . Screening fungicides for 433 

controlling wheat crown rot caused by Fusarium pseudograminearum across Hebei Province 434 

in China. . Agriculture, 12, 1643. DO 10.3390/agriculture12101643 435 

Zhang Y, Lu JL, Wang JX, Zhou MG, Chen CJ. . 2015a. . Baseline sensitivity and resistance risk 436 

assessment of Rhizoctonia cerealis to thifluzamide, a succinate dehydrogenase inhibitor. . 437 

Pesticide Biochemistry and Physiology 124: 97-102 438 

Zhang XX, Sun HY, Shen CM, Li W, Yu HS, Chen HG. 2015b. . Survey of Fusarium spp. 439 

causing wheat crown rot in major winter wheat growing regions of China. . Plant Disease 99: 440 

1610-1615 441 

Zhao H, Kimb YK, Huanga L, Xiao CL. 2010. . Resistance to thiabendazole and baseline 442 

sensitivity to fludioxonil and pyrimethanil in Botrytis cinerea populations from apple and 443 

pear in Washington State. . Postharvest Biology and Technology 56:12-18 444 

 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 

 456 

 457 

 458 


