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					ABSTRACT  

					ARTICLE INFO  

					Wheat Fusarium root rot is a common worldwide disease that occurs in a wide range of  

					environmental and temperature conditions. Understanding morphological and molecular  

					variations, as well as the geographic distribution of the fungi responsible is very important for a  

					better disease control. Seventy-two Fusarium isolates were recovered from infected wheat plants  

					collected in seven wheat production regions of Morocco. Five different species of Fusarium were  

					isolated: F. avenaceum, F. culmorum, F. sambucinum, F. equiseti, and F. graminearum. For  

					laboratory cultures, the potato dextrose agar is commonly used and gives good results for growth  

					rate and morphological typical structures of the pathogen. In this study, Malt-extract and Potato  

					dextrose Agar media were tested. The latter had shown higher growth rate for most of the  

					Fusarium species and diverse morphological structures and pigmentations. The most common  

					species in the regions of study is F. culmorum (59.72%), present in all of the studied areas followed  

					by F. equiseti (11.11 %) and F. graminearum (8.33%) which were mainly restricted to North-  

					Western Morocco, while F. sambicunum and F. avenaceum, with a percentage of 1.39% each, were  

					only found in Central-Morocco.  
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					Some species like Fusarium culmorum and Fusarium graminearum,  

					can cause seedling rot early on, followed by root and crown rot and head  

					blight.7 Wheat root and crown rot infections can reduce yield by  

					reducing the number of plants per unit, causing growth failure, and  

					anomalies in grain filling.8 Given that it is predicted that global wheat  

					production will need to rise by about 60% over the next three decades  

					in order to fulfill the demands of the growing population, these diseases  

					pose an important threat to wheat production globally and could have a  

					detrimental effect on food security.9  

					Introduction  

					Wheat (Triticum sp.) is one of the world’s most important  

					crops, constantly increasing its productivity is crucial to the livelihoods  

					of millions of people.1 According to the Food and Agriculture  

					Organization (FAO), wheat yield in the 2022 cropping season was 3.55  

					t/ha in the world, 2.76 t/ha in Africa, 2.74 t/ha in North Africa and 1.61  

					t/ha in Morocco. 2 Wheat crops are subject to attack by pathogens, such  

					as fungi of the genus Fusarium. As it produces mycotoxins, it represents  

					a danger to both people and animals.3 These pathogens are soil-borne  

					that can survive for a long time in the soil.4 Fusarium ranks among the  

					most significant genera of plant pathogenic fungi, with a record of  

					devastating infections in many kinds of economically important plants.  

					Fusarium species are responsible for wilts, blights, root rots and cankers  

					in different plants.5 In wheat, Fusarium spreads through roots, stems,  

					and xylem after infecting wheat through grain, crop residues, or soil,  

					resulting in shriveled grains, decreased biomass, and seedling dieback.6  

					In Morocco numerous Fusarium species are linked to the symptoms of  

					root rot.10 Therefore, root rot is a serious challenge for Moroccan cereal  

					growers since it causes losses and a consequent decline in grain  

					quality.11 Various species have previously been identified in diseased  

					wheat crops across different regions of the country.12 Their distribution  

					can vary according to various factors, including climatic conditions,  

					crop history, the rate of spore dispersion, farmers' cultivation practices  

					in each region, and the geographical location of the wheat fields.13,14  

					Identifying Fusarium species present in a diseased crop, has been and  

					remains an essential task for researchers, as well as identifying which  

					species are present in which regions in the area of interest. Hence the  

					objectives of this study, which consist in the identification of Fusarium  

					species responsible for Fusarium root rot (FRR) present in 7 regions of  

					wheat production in Morocco. Morphological analysis and PCR-based  

					techniques were employed to accurately identify Fusarium species in  

					question. A second objective is to describe the geographical distribution  

					of the recovered species and reexamine their presence according to  

					previous studies carried out in the country. Additionally, a cultural study  

					of the isolates is added to gain a deeper understanding of their  

					differences under laboratory conditions as well as have insight on their  

					growth rate. The findings would provide essential data for  

					understanding species diversity and optimizing detection and  

					management strategies.  
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					Material and Methods  

					

					

					Dmax is the maximum diameter  

					The number of days is the time period over which the  

					growth is measured.  

					Sample collection, fungi isolation and purification  

					The study was conducted on different wheat-growing areas distributed  

					across seven provinces in Morocco, including one located in North-  

					Central Morocco (Meknes), one in North-Western Morocco (Gharb),  

					five in West-Central Morocco (Nouaceur, Sidi Bettach, Youssoufia,  

					Jemaat Shaim) and one in Central Morocco (Marchouch). Figure 1  

					illustrates the precise location of these provinces, mapped usingArcGIS  

					10.8.2 (Esri, USA).  

					For the pathogen isolation, 1 to 2 cm fragments of roots and stems of  

					plants showing characteristic necrosis were disinfected. They were then  

					transferred into petri dishes containing water-agar, incubated at  

					temperature of 25±1°C to promote the development of the fungus. After  

					4 to 5 days, the developed mycelium is transferred into new potato  

					dextrose agar (PDA) (Biokar Diagnostics, India) plates and incubated  

					at 25±2°C. The fungal colonies obtained are then purified by serial  

					spore dilution technique to get single-spore cultures.15  

					All statistical analyses were performed using Microsoft Excel (version  

					16.77.1). Descriptive statistics, were calculated to summarize the data.  

					Data distributions were analyzed descriptively to provide insights into  

					the trends observed.  

					DNA extraction  

					For DNA extraction, the stored lyophilized fungal mycelium (30-60  

					mg) was used. In 2ml Eppendorf microtubes, we proceeded to the  

					grinding of the samples using Geno/Grinder 2010 (SPEX SamplePrep.,  

					Metuchen, NJ, US). 1000 µl of 2% CTAB (Cetyltrimethyl Ammonium  

					Bromide) extraction buffer was added to each microtube and incubated  

					in a water bath at 65°C, gently mixed by inversion every 15 min. After  

					one hour, 700 µL of chloroform-isoamylalcohol (24:1) was added to  

					each microtube and put on a shaker for 15 min, on ice. The samples  

					were then centrifuged in a microcentrifuge (Socimed, France) for 15  

					min at 13.000 rpm; 700 µL of the supernatant was then transferred to a  

					fresh tube following the addition of 700 µL of ice-cold isopropanol with  

					a gentle manual agitation to precipitate the nucleic acid. After  

					precipitation of DNA, supernatant was removed carefully and then the  

					pellet was washed twice with cold Ethanol (70%). The pellet was air-  

					dried for 2 hours and then resuspended in 200 μl of ultra-pure sterile  

					water and stored in -20°C.  

					The 72 isolates obtained were cultured in Yeast-Malt liquid media  

					(Biokar Diagnostics, India) on a rotary shaker (JSSI-100 Series, JSR,  

					Japan) at 150 rpm and 25±2°C for 10 days. The mycelium obtained was  

					collected through filtration then lyophilized (Alpha 1-4 LSCplus –  

					Martin Christ) and stored at -20 °C for further use.16  

					Quality of DNA was evaluated on a gel electrophoresis box (Bio-Rad  

					Laboratories, Inc., USA) by electrophoretic separation on a 1% agarose  

					gel and quantity was measured on Nanodrop 8000 (Thermo Scientific  

					Inc., USA).  

					Molecular characterization  

					PCR primers specific to Fusarium species have been chosen for  

					identification by amplifying a fragment of the translation elongation  

					factor 1-alpha (EF-1α) gene. The same primers and protocol from a  

					prior study were employed, as they proved effective in identifying  

					isolates of Fusarium spp.12  

					Results and Discussion  

					Isolation and identification of Fusarium spp. and geographical  

					distribution  

					The isolations allowed the recovery of 72 Fusarium spp. isolates. The  

					morphological identification of Fusarium species was performed using  

					a microscope, following the guidelines established by Leslie et al..18 As  

					illustrated in Figure 2, the microscopic observation revealed the  

					presence of typical Fusarium spores, including canoe-shaped  

					macroconidia, septate microconidia, and thick-walled chlamydospores,  

					confirming the morphological traits of the genus.  

					The PCR was then used to identify the Fusarium species for each  

					isolate. Out of the 72 isolates of the collection, 43 were identified as F.  

					culmorum, with the highest percentage (59.72%), followed by F.  

					equiseti and F. graminearum, respectively with the percentages of  

					11.11% and 8.33%. Only one isolate was identified as F. sambinacum  

					and one as F. avenaceum. F. oxysporum was not identified among the  

					collected samples and 13 isolates were not identified by any of the  

					markers used (Figure 3).  

					To facilitate comparisons with other studies, the studied regions can be  

					grouped into larger sections representing broader areas of Morocco:  

					North-Central Morocco, North-Western Morocco, West-Central  

					Morocco, and Central Morocco. Figure 4 shows that most of the  

					samples were from the North-Western part of the country, with the  

					majority being F. culmorum, followed by F. graminearum and F.  

					equiseti. The North-Central region of Morocco only hosted F.  

					culmorum, the West-Central region contained F. culmorum and F.  

					equiseti, and central Morocco contained F. culmorum, F. avenacum,  

					and F. sambucinum.  

					Figure 1: Map of the studied areas showing the sampling  

					locations of Fusarium species in Morocco.  

					Morphological identification of Fusarium spp.  

					After 10 days of incubation at 25 ± 1 °C on PDA plates, the isolates  

					were examined based on their macroscopic characteristics, including  

					colony appearance, color, and growth rate.  

					Using a CX23 Biological Microscope (Evident, Japan), the microscopic  

					identification focused on the presence and morphology of  

					macroconidia, microconidia, and chlamydospores.17  

					For radial growth rate (RGR) measurement, every Fusarium isolate's  

					pure culture was positioned in the middle of the PDA and Malt-extract  

					(MA) (Booker Diagnostics, India) plates and incubated separately at 25  

					± 1 °C (3 replicate plates of each medium). The elongation of the  

					mycelium was measured daily with  

					a

					graduated ruler. Two  

					measurements were taken at 90° angles (perpendicular) per plate. The  

					fungal radial growth rate (RGR) corresponds to the rate of elongation  

					of the mycelium grown on a solid surface. RGR is expressed in  

					millimeters related to the culture time in days. The equation described  

					by Trabelsi et al.16 was used to get the radial growth rate:  

					퐷

					(푅퐺푅max ∗ ( max))  

					2

					(

					)

					RGR 푚푚/푑푎푦  

					=

					Number of days  

					This represents the radial growth rate in millimeters per day, where:  

					RGRmax is the maximum radial growth rate,  

					

					2308  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, May 2025; 9(5): 2307 - 2313  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					F. equiseti is another important Fusarium species that causes root  

					rots.26,27 It was previously detected in Morocco in a few plant hosts like  

					zucchini,28 citrus trees,29 chickpeas,30 saffron31 and many more. In the  

					present work, F. equiseti was the second most common species  

					(11.11%) (Figure 3) over 62.5% of the F. equiseti isolates originated  

					from Marchouch, with 25% from Nouaceur and 12.5% from Settat.  

					Those regions are located in West-Central and North-Western Morocco  

					(Figure 4) where the humidity and temperatures are relatively high. As  

					stated by Leslie et al.,18 it is a cosmopolitan pathogen that can exist in  

					cool and temperate regions as well as hot and dry ones.  

					Wheat is also a highly suitable host for F. graminearum.32,33 It has been  

					reported that it can be a predominant species along with F. culmorum is  

					several studies18,34 which was not the case in the present work. This  

					species was only isolated from one region in North-Western Morocco  

					(Marchouch) (Figure 4). Given that this species thrives under conditions  

					of high humidity35 and cooler temperatures,32 its presence in the region  

					can be attributed to the fact that the area experiences relatively elevated  

					humidity levels and cold weather, which provide an environment  

					conducive to its optimal growth.  

					For what concerns F. sambucinum and F. avenaceum, only one isolate  

					was identified for each species (Figure3) and both were only found in  

					Jemaat Shaim, which is located in central-Morocco. As reported by The  

					Global Historical Weather and Climate Data website36 that region has a  

					subtropical steppe climate which is a hot semiarid climate. According  

					to Soudi,13 F. avenaceum was present in semi-arid regions (Tadla,  

					Chaouia and haouz), similar climatic conditions in the regions where  

					the same species were identified in the present study. However F.  

					avenaceum was also previously found in a cooler area,14 and in more  

					temperate regions.37 This broad range of climatic adaptations is due to  

					the fact that F. avenaceum is a cosmopolitan fungus species that is  

					widely distributed in a variety of environmental conditions.38  

					As for F. sambucinum, The Fusarium Laboratory Manual indicates that  

					it can be found on a large range of substrates in temperate parts around  

					the world,18 as well as its presence can be related to temperate climate  

					conditions.39 The present results are also in agreement with Peters et  

					al.40 as they found F. sambucinum to be the least common species in  

					their identified Fusarium species.  

					Figure 2: Microscopic morphology of Fusarium spp.1  

					1 A: Mycelial network with microconidia (x10); B: Mycelial network  

					with micro- and macroconidia (x10); C-D: Microconidia (x40); E:  

					Microconida (x100); F: Micro-and macroconidia (x40)  

					18.06%  

					Not  

					identified  

					1.39%  

					F.  

					Avenacum  

					In conclusion, most of the isolates were recovered from North-Western  

					Morocco, which has high levels of humidity and temperatures, creating  

					favorable conditions of Fusarium spp. growth.41,42  

					1.39%  

					F.Sambinac  

					um  

					Earlier study provided fundamental information on the diversity of  

					these fungi in regional wheat harvests by confirming the existence of  

					several species in Morocco.12 This study reexamines the distribution of  

					species in the country to look into possible alterations in the fungal  

					community and provide information on changes in pathogen prevalence  

					over time. F. culmorum is still the dominant species with an even higher  

					percentage than the previous study, F. equiseti is more frequent than F.  

					graminearum in this study, unlike in previous one where the opposite  

					was observed. No data have been generated for F. oxysporum thus far  

					in the course of this study. Unlike some other research where it has been  

					isolated from wheat in Morocco.43,44  

					59.72 %  

					11.11%  

					F. Equiseti  

					F.  

					Culmorum  

					8.33%  

					F.Graminea  

					rum  

					The distribution and prevalence of Fusarium species vary significantly  

					depending on several key parameters. Various Fusarium species display  

					distinct responses to temperature, highlighting the complex genetic and  

					evolutionary mechanisms that shape Fusarium species.45 It has been  

					reported by several researchers that elevation, monthly temperature and  

					other climate parameters affect their distribution.46 They are well-  

					distributed soil inhabitants with the ability to be parasites or  

					saprophytes,47 so the occurrence of their crop infections is influenced  

					by the pathogen population in the soil and its interaction with soil  

					physicochemical properties, including pH, organic matter, and nutrient  

					content. 48,49 Climate change is impacting agricultural crop yields and  

					altering the frequency and intensity of crop epidemic diseases  

					worldwide.50 This also could explain why certain species are present in  

					regions where the climate was previously considered unsuitable for  

					their survival. The main approaches to controlling these pathogens  

					involve rotating crops, utilizing genetically resistant varieties, and  

					applying fungicides.51  

					Figure 3: Graphical representation of the percentages of  

					Fusarium species identified by PCR technique in the studied  

					regions of Morocco based on 72 isolates  

					F. culmorum is one of the main pathogens of wheat all around the  

					world.19,20,21 It has been reported by El Yacoubi et al.22 that F. culmorum  

					is the most predominant pathogen agent of FRR in Morocco which is in  

					line with the obtained results. Over 50% of the isolates were determined  

					to be belonging to this species and were collected across all regions  

					analyzed. As it is also stated to be the predominant Fusarium spp. in  

					cooler areas in several studies,23,24 in this study, a high number of the  

					isolates of this species was isolated from Marchouch, located in Noth-  

					Western Morocco (Figure 4) which is one of the cold regions in the  

					country with few months of high humidity and high temperatures.25  
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					Figure 4: Number of Fusarium isolates recovered from wheat according to the different geographical origins surveyed  

					Cultural characteristics of Fusarium spp.  

					In the present study, for the isolates identified as F. graminearum, the  

					Species within the genus Fusarium exhibit variability in cultural  

					characteristics, as changes in the environment, including the culture  

					media, can lead to morphological alterations.51,52 The genus Fusarium,  

					like many soil-borne fungi, is well-equipped with survival mechanisms.  

					One of these mechanisms is its ability to easily modify both its host and  

					its own morphology and behavior,53 having more insight on its  

					morphology is essential.  

					mycelia color varies between white, yellow or orange changing to  

					brownish on the PDA plates. The mycelium aspect is mostly flat to  

					cottony in growth on the PDA plates and more cottony on the MA  

					media. The pigmentation on the back of the plates was nearly similar on  

					both media.  

					This color variation is what was described as the identification  

					characteristics of this species on the Laboratory manual of Fusarium.18  

					Most of F. equiseti isolates produced white colonies on MAmedia, with  

					a difference in the aspect of the mycelium from one isolate to another.  

					On the PDA plates, rings of spore masses were formed by almost 90%  

					of the isolates, with the colors yellow, orange pink or purple. Like in the  

					MA plates, the aspect of the mycelium on PDA varied between flat to  

					cottony in growth, aerial filamentous or aerial with densely floccose  

					growth. At agar base, the plates were mostly yellow on MA and orange  

					or yellow on the PDA ones.  

					Figure 5 highlights some of the variations in cultural traits observed  

					across the isolates cultivated on two different media, MA and PDA.  

					F. culmorum isolates presented a great variation in morphology. On both  

					media, mycelium colors vary from white to yellow, orange, carmin red,  

					purple or brown, but on MA, more than half of the isolates showed a  

					white mycelium with no particular shapes or colors as the ones resulting  

					on the PDA plates. Annular zonations with different colors appeared in  

					some PDA cultures. The back of the plates showed darker colors on the  

					PDA plates than the MA ones.  

					Most of F. equiseti and F. culmorum isolates displayed characteristic  

					rings of spore masses, which appeared as annular zonations with  

					different colors. These rings are attributed to the presence of  

					macroconidia with a dorsiventral curvature.54  

					Nevertheless, regarding F. sambucinum and F. avenaceum, only one  

					isolate has been identified for each species. The morphological study  

					showed that F. sambucinum had a yellow abundant aerial mycelium on  

					both culture media. The pigmentation in contact with the medium was  

					orange brown on PDA and orange and dark red on MA plates. For F.  

					avenaceum, we could see that the aerial mycelium was white and  

					filamentous on the different culture media, the pigmentation on the back  

					of the plates was yellow on PDA, yellow and dark red on MA.  

					As for Fungal Radial Growth Rate, most of the isolates had a RGR of  

					0.12cm/day in both media tested. RGR can reach 0.23cm/day and above  

					(From 0.23 to 0.27 cm/day) only on PDA media. For MA media, most  

					of the isolates had RGR lower than 0.14 cm/day.  

					Figure 5: Comparison of cultural characteristics of some  

					isolates1  

					1 Culture plates of Fusarium spp. isolates after 10 days of incubation  

					at 25 ± 1 °C (A: Front and reverse on PDA plates; B: Front and reverse  

					on MA plates)  

					F. culmorum had higher growth rate than F. equiseti and F.  

					graminearum. Nevertheless, growth rate was higher on MA for all  

					Fusarium species, except for F. sambucinum which growth rate was  

					slightly higher on PDA, but it presented the fastest growth rate (in both  
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					media) along with F. avenaceum compared to the other species (Figure  

					6).  
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					Figure 6: Average growth rate for each species in different media  

					To summarize, maximum growth of the fungal colonies was on PDA  

					for all the species, which is a common result in several studies.55,56,57  

					This study confirms the fact that PDA medium is the most suitable for  

					this fungus, as it promotes faster growth and supports the development  

					of a greater variety of spore shapes and pigmentations.58,59  
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					Conclusion  

					To conclude, this study provides valuable insights into the distribution  

					of Fusarium species across various regions of Morocco. The  

					identification of F. culmorum, F. equiseti, F. graminearum, F.  

					avenaceum and F. sambucinum highlights the regional diversity of  

					Fusarium spp. and their potential impact on local agriculture. Given the  

					presence of these pathogens, further research is needed to explore their  

					ecological dynamics, pathogenicity, and the development of effective  

					management strategies to mitigate their impact on crop production.  
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