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Abstract:  Fountain grass, Cenchrus setaceus (Forssk.) Chiov. (syn. Pennisetum setaceum) is an invasive plant 

with high impact on insular environments such as the Canary Islands. Although there are no mentions on C. 

setaceus phytopathogens, plant communities with symptoms of withering, yellowing and decay have been found 

in Canary Islands. Our project aims to find autochthonous potential biological control agents for C. setaceus. 

Herein, we present a workflow in which we tested fast and cost-effective methods to screen a high number of 

fungal strains, aiming features like fast colonizers as well as competitive saprophytes and facultative pathogens 

with ability to cause infection. Affected plants were collected from the islands of Gran Canaria, Tenerife, La 

Gomera, La Palma and Lanzarote and 243 fungal strains belonging to 38 genera were isolated. First screening was 

performed on adult plants with pooled multiple species strains – spores suspensions of 10 random strains per pool, 

each strain representing a genus or a morphotype (n = 83). No symptoms of disease were observed. Most isolated 

genera in this study were Alternaria and Fusarium, known as cosmopolite phytopathogens. Next screening 

methods were focused accordingly. Two in vitro single-strain screening methods were employed by using 

mycelium-inoculated sectioned and entire leaves, to observe the ability of tissue colonization. First screening on 

sectioned leaves was performed with high amount of inoculum, to increase the chances of colonization and to 

determine the ability of fungi to use the plant material as substrate. The method was not effective in significantly 

reducing the number of candidates as most strains had abundant growth. To detect differences in fungal strains 

acting as facultative pathogens or phytopathogens, the 2nd single-strain screening was performed on 

physiologically-stressed (pelargonic acid, a desiccant molecule to induce turgor loss) and not pre-treated leaves 

using less inoculum. Six strains were selected and subsequently evaluated in the last in vivo screening in the 

presence and absence of the desiccant. Finally, we detected strain 967 Fusarium clavum as able to colonize and 

reproduce at the crown of the young plants. In view of our experimental process, we propose a workflow for the 

cost-effective search for potential BCAs in similar situations. 
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INTRODUCTION   
 

Fountain grass, Cenchrus setaceus (Forssk.) Chiov. (syn. Pennisetum setaceum) is a C4 

perennial wind-dispersed grass native to northeastern Africa widely used in horticulture as 

ornamental plant (Pablo Ferrer-Gallego  Boiset, 2015). It is a strong fire-promoting invader of 

arid and semi-arid areas, and it has been introduced into South Africa, Australia, South Europe, 

USA, Hawaii, and Canary Islands (Adkins et al., 2011; González-Rodríguez et al., 2010; Poulin 

et al., 2005; Rahlao et al., 2014; Rodríguez-Caballero et al., 2017; Sinden et al., 2004). Alien 

invasive plants represent one of the major threats to native biodiversity especially on islands 
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ecosystems due to their remoteness, small populations and high extinction rates (Walentowitz 

et al., 2019). In these environments, the influx of these species combined with other factors 

such as anthropogenic pressure and climate change lead to “the perfect storm”, invasive species 

being the main driver of biodiversity loss (Caujapé-Castells et al., 2010). In Canary Islands C. 

setaceus was probably introduced in the 20th century as ornamental plant and was early 

identified as potential invader displacing endemic species such as Hyparrenietalia hirtae and 

Oryzopsion miliacea (Betancort et al., 1999). C. setaceus is heterogeneously distributed in the 

Canary Islands. In La Palma, Tenerife and Gran Canaria colonizes large areas of land, while in 

the rest of the islands is spaced out in patches of smaller populations (see section Material and 

Methods - Figure 1).  

C. setaceus is managed by multiple environmental management agencies and its control 

is of high priority enabling various searching tools and strategies to eradicate or diminish its 

spread. The strategies used to manage plant invaders are prevention, eradication, and control. 

Prevention policies are based on i) prohibiting imports of targeted species, ii) control of the 

main entry vehicles such as horticulture and iii) the development of predictive models 

(Reichard, 1997). When a species is in the early stages of the invasion, eradication should be a 

priority as it is only feasible according to the species-characteristics and generally within a low 

number of individuals, like so reducing costs and efforts. Classical weed control aims to limit 

or reduce invasive populations which cannot be eradicated. However, the strategies are not 

exempt of troubleshooting. Both mechanical control and chemical control can be really 

expensive, with impacts on ecosystems, as  soil erosion and resistance to the active molecules 

(Clewley et al., 2012; Culliney, 2005; van Wilgen et al., 2013). In the last five decades, weed 

and alien plant control has been focused on bacterial and fungal plant pathogens (Li et al., 

2003). Strategies such as bioherbicides have been developed based on the application of 

propagation biomass (i.e. fungal spores or bacteria suspensions) in concentrations that would 

not normally occur in nature (i.e. inundative biological control) (Johnson et al., 1996; TeBeest, 

1996). The main benefit of bioherbicides is the reduction of environmental impacts associated 

to classical chemical management techniques, besides their lower cost, their high specificity 

and their ability to spread without human help (Auld  Morin, 1995; Ghosheh, 2005; Hoagland 

et al., 2007; Johnson et al., 1996; Li et al., 2003). While in the earlier studies of biological 

control of weeds the use of imported insects and pathogens was considered safe, 

environmentally sound, and cost effective with savings up to millions of dollars (McFadyen, 

1998), nowadays strategies are based on autochthonous organisms due to negative effects of 

allochthonous ones on ecosystems (Khan et al., 2008; Messing Wright, 2006). Conservation 

biological control (CBC) is a sustainable approach which relies on modification of the 

environment to protect and enhance natural enemies that are already present within the system 

(Peshin  Zhang, 2014). This concept can be partially applied to our case study. Our project aims 

to find facultative pathogenic fungi associated to affected C. setaceus plants and introduce them 

back in the same site. The difference between insect pest control using natural enemies and 

invasive plants like C. setaceus using facultative pathogens is that these fungi present in the 

field need a weakened state of the host to act as potential control agents. So that the strategy to 

be feasible, it is necessary to achieve plant weakness (conservation phase) followed by 

increasing the fungal propagation biomass (flooding phase). Our project aims to find 

autochthonous potential biological control agents against C. setaceus. Although there are no 

mentions on C. setaceus phytopathogens, plant communities with symptoms of withering, 

yellowing and decay have been found in Canary Islands, opening the door to search for 

facultative pathogenic fungi. Herein, we present a workflow in which we tested fast and cost-

effective methods to screen a high number of fungal strains, aiming features like fast colonizers 

as well as competitive saprophytes and facultative pathogens with ability to cause infection.  



Romanian Journal for Plant Protection, Vol. XIV, 2021 

ISSN 2248 – 129X; ISSN-L 2248 – 129X 
 

129 
 

MATERIAL AND METHODS 

 

Collection of Samples 

Plants of C. setaceus were collected from Canary Islands (Gran Canaria, Tenerife, La 

Gomera, La Palma and Lanzarote). Plant individuals were visually analyzed for symptoms of 

diseases (spots, chlorosis, necrosis, etc.) and decay and finally 80 plants were selected (13 - La 

Palma, 5 - La Gomera, 1 - El Hiero, 12 - Tenerife, 42 - Gran Canaria and 7 - Lanzarote) (Figure 

1). Plant organs (i.e. inflorescences, stems, leaves and roots) were separated in the field, placed 

in zip-bags and subsequently sections were stored at 4-5 °C in sterile centrifuge tubes (50 ml) 

until further use. Samples were processed within 48 hrs. 

 

 

Figure 1. Map of C. setaceus distribution in Canary Islands and sites for collected plants 

 

Fungal Isolation and Conservation 

Plant fragments were only washed two times with sterile deionized water, for 1 minute 

each, under agitation. The plant material was dried on pieces of sterile filter paper under a 

laminar flow chamber and separated into fragments of approximately 2 cm. The flowers were 

separated from the inflorescences before surface washing. Fragments were placed in potato 

glucose agar (PGA) plates with tetracycline (10 mg L-1) and incubated at 25 °C in the darkness. 

Incubation time until purification of each strain was different according to strain velocity (2-5 

days). Only strains with morphological differences were purified. Strains were maintained for 

short-and long-time conservation in mineral oil at 4-5 °C and 20% glycerol at -22 °C, 

respectively. 

Fungal Strains Identification 

Prior to taxonomic identification, a preliminary classification was made to avoid the 

selection of identical strains arising from the same plant individual, separating isolates into 

morphotypes according to (Cosoveanu et al., 2018). Briefly, we observed the shape and color 

of fungal colony and characteristics of reproductive organs under microscope. Selected strains 

were processed for DNA extraction, amplification, and sequencing by SEGAI (General 

Research Support Services of the University of La Laguna). Molecular identification of the 
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fungal strains was performed using ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4 (5′-

TCCTCCGCTTATTGATATGC-3′) primer pair to amplify the 5.8S rDNA and the two internal 

transcribed spacers ITS1 and ITS2 (White et al., 1990) The sequences were run through the 

BLASTN search page using Megablast program (National Center for Biotechnology 

Information; Bethesda MD, USA) where the most identical hits (> 98% for species and > 95% 

for genus) were obtained.  

In vivo Pools Screening 

To discard the possibility that fungal strains may act as potentially pathogens in the 

field, first screening was performed on adult plants of C. setaceus with multiple fungal species 

and strains per batch. Pooled spores suspensions of 10 random strains per batch with each strain 

representing a genus or a morphotype (except last three batches having 11 strains each) were 

used. In total 83 strains were evaluated. Spores suspensions were obtained by adding same 

amount of recovered mycelium from solid media per strain, in a sterile 50 ml tube with sterile 

deionized H2O, shaking with a vortex for 1 minute. Plants were inoculated with 10 ml of 

solution using a glass laboratory sprayer coupled to multiple sheets of gauze to filter unbroken 

large size hyphae and allow the spores to pass through. Five plants per pool were inoculated 

and further watered normally and kept under observation for 45 days in greenhouse from 

October to December. In total, 45 plants were used (with five replicates as control). Daily 

evaluation was made to observe symptoms of disease. Treatments were completely randomized. 

To evaluate the pathogenic ability of the strains in Alternaria genus, similar pools were made 

with a collection of 30 strains. Spores suspensions of 10 random strains per pool were prepared 

as before explained. Three inoculation methods were preformed: i) foliar inoculation by adding 

a 10 µl drop of spore suspensions on the leaf, ii) wounding the stem and injecting with a syringe 

10 µl spore suspensions and iii) wounding the leaf before inoculating with a pipette 10 µl of 

spore suspensions. Six replicates (seedlings) were used per pool and inoculation method as well 

as control. Seedlings were maintained in greenhouse with regular watering and observations 

for disease symptoms were made once a week, during 45 days. 

In vitro Single Strain Screening 

 Most isolated genera in this study were Alternaria and Fusarium, known as 

cosmopolite phytopathogens. Following screening methods targeted strains of these genera. 

Two screening methods were developed by using mycelium-inoculated leaf fragments and 

entire leaves, maintained in agarose, to observe the ability of tissue colonization. Healthy leaves 

were collected from plants maintained in greenhouses and sections of 7 cm were inoculated 

with high amount of mycelium. The fragments were handled with sterile forceps and rolled on 

actively growing mycelium of each strain. Three replicates (fragments) were used per strain. 

Fragments were introduced in 3% agarose gel to maintain leaf moisture and force the strain to 

use as substrate the leaf. Fragments were maintained at 25 °C, in the dark, for 5 days. The 

evaluation was performed on the 2nd and 5th day after inoculation. Selection criteria for good 

colonizers was made with the following scale based on growth: 1 = Low growth, 2 = Medium-

low growth, 3 = Medium growth, 4 = Medium-High growth, 5 = High growth.  

In vitro Single Strain Screening +/- Stress Agent  

To detect differences in fungal strains acting as facultative pathogens or 

phytopathogens, a single-strain basic screening was performed on physiologically-stressed and 

normal leaves, using morphotypes strains of various species of Alternaria and Fusarium.  

The method consists of leaves maintained hydrated in assay tubes with inoculation of a 

fungal strain. For this, 17 cm long healthy leaves were inserted in two cm of 3% agarose gel 
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and tapped with moistened absorbent cotton and aluminum foil. This is a two-step method 

where in the first round healthy entire untreated leaves were inoculated and in the second round 

healthy pre-treated leaves with pelargonic acid were inoculated. Strains were inoculated by 

placing at the base of the leaf 0.5 cm mycelium disk collected from the actively growing hyphae 

in PDA. The leaves were treated with a desiccant molecule (i.e. pelargonic acid) in-house 

formulation modified after Fukuda et al. (2004) dispersion of pelargonic acid (PA) at 2,5% with 

mineral oil and tween 20 in water (using a stock solution 3:1:1, PA:mineral oil:tween 20). Four 

different treatments were used: T1 = 2.5% pelargonic acid, T2 = 1.25% pelargonic acid, T3 = 

control with H2O and T4 = control with Tween 20 and mineral oil. Three leaves were used per 

strain and treatment. Only the strains which behaved as potential candidates as good colonizers 

in the first round (i.e. healthy leaves) were used in the second round (pre-treated leaves). For 

the evaluation of the strains, we proposed a series of selection criteria for good colonizers in 

both screenings: IG: Insignificant growth <0.5 cm, IMG: Growth inside agarose without 

necrosis, IMGN: Growth inside agarose with necrosis, OMGN: Growth on the leaf surface and 

symptoms of necrosis on the outside of the medium, NOS: No symptoms, AGM: Abundant 

mycelial growth (< 1 cm) on the outside of the medium, colonizing the leaf 360°. To further 

discriminate between strains, we performed a scale based on the previously mentioned criteria. 

Selection of candidates was made according to the following groups of criteria: AGM, OMGN 

and IMGN = 3 points; AGM, OMGN or IMGN = 2 points; OMGN and/or IMGN = 1 point, IF 

there is NOS or IMG or IG = 0. 

In vivo Single Strain Screening + Stress Agent  

The selected strains from the in vitro screenings were further assayed in vivo. 

Inoculations were performed using 2 ml of spore suspensions [1x106 ml-1] with 0.005% Tween 

20 on pre-untreated seedlings and pretreated seedlings with 2 ml of in-house formulation of PA 

at 2.5% (previously described). Spores suspensions and PA dispersion were applied with a glass 

laboratory sprayer. The treatments were as follows with 5 replicates (seedlings) per treatment: 

T1 = seedlings with spores suspensions, T2 = Seedlings with PA and spores solution, T3 = 

Seedlings with PA, T4 = Seedlings and dispersion of PA (mineral oil and tween 20, without 

active substance), T5 = Not treated seedlings. Seedlings were maintained in the greenhouse for 

5 weeks evaluating weekly the following parameters: the number of healthy leaves, the number 

of dry leaves and the number of leaves with spots.  

Statistical Analysis 

To determine the effect of fungal strains and pelargonic acid on seedlings, several linear 

mixed models were used. For each model we established the monitored variable as response 

variable, treatment and time as fixed factors (without interaction) and individual as random 

factor. Analyses were carried out with the 'lmer' function of the 'lme4' package (Bates et al., 

2015). Normality and homocedasticity of residuals was visually checked. Subsequently, to 

determine differences among groups, we carried out a Tukey’s HSD post-hoc adjustment for 

multiple comparisons. All analyses were set to a significance level of p<0.05 and were 

performed using R software v.4.0.3 (R Core Team, 2020) 

 

RESULTS AND DISCUSSION  

 

Our fungal collection associated to affected plants of C. setaceus is represented by 243 

strains with 38 genera and 83 morphotypes. Strains considered as morphotypes, representative 

for the species or species complexes were used for the present study. Among isolated genera, 

Fusarium and Alternaria stand out with 53 and 37 strains respectively. Both genera are widely 
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known as serious plant pathogens of a variety plant species (Thrane et al., 1999; Rojas-

Hernandez et al., 2014; Thomma 2003; Iacomi-Vasilescu et al., 2004) with species already 

considered as potential mycoherbicides (Abdessemed et al., 2020; Barberi, 2019) and even used 

as such (Cook et al., 2009; Pacanoski, 2015). Thus, members of Fusarium and Alternaria were 

considered a priority in the search for candidates as further potential biological control agents 

(BCAs). However, the symptomatology detected in the field does not correspond to classical 

symptoms of these genera. During the initial field prospections four phases of evolution of 

decay of the C. setaceus affected plants in Tenerife were established – class I Healthy 

individuals (without apparent symptoms), class II Individuals with normal coloration (including 

yellowish) and small black spots on some parts of the plants, class III Individuals with a grey – 

dark grey part of the plant that acquires a very brittle consistency and IV Individuals in which 

the dark grey-blackened part disappears (generally the central one), leaving only a few side 

shoots that mark the original perimeter of the plant (Rafael Paredes Gil, unpublished data). In 

addition, affected plant populations found in different islands showed similarities. Yet, the 

scarcity of physiological studies and the complete lack of previous mentions of any pathogens 

on this species makes difficult a targeted search. However, C. setaceus was reported to have a 

low N content in leaves, compared to native species in Tenerife (González-Rodríguez et al., 

2010). Facultative pathogens are known to increase in severity with low N supply of plant tissue 

(Dordas, 2008). Therefore, we ventured confident in a search for a suitable method to detect 

fast colonizers of stressed plants (i.e. facultative pathogens). Pooled screenings in planta and 

in vitro were performed to survey the diversity of the fungal collection in a fast and inexpensive 

manner, using combinations of different fungal species as well as representatives of the same 

genus (i.e. Alternaria and Fusarium). Both pooled screenings in planta - i) 83 strains of 

different species and genera and ii) 30 strains of Alternaria resulted in no symptoms on plants. 

Pooled screenings on plants might have been ineffective for a series of reasons: i) randomly 

selected strains may compete, ii) by selecting morphotypes we might have missed pathogenic 

strains and iii) effects of treatments cannot be easily detected as the nature of plant interferes - 

rapidly producing new leaves, with mature leaves turning yellow and curly. Although the 

screenings were unsuccessful for this plant model, we consider that the cost-benefit of 

performing similar assays to search for BCAs in other weeds is still useful. The closer to natural 

conditions an assay is, the easier the steps leading to a good BCA would be.  

From species-diverse screenings we moved towards single-strain screening, focusing on 

Alternaria and Fusarium both because of their abundance in our collection and because of their 

known behavior as cosmopolite phytopathogens (Woudenberg et al., 2015). For this purpose, 

we performed in vitro screenings with sectioned leaves looking for strains capable of colonizing 

plant tissues. First screening on sectioned leaves was performed with high amount of inoculum, 

to increase the chances of colonization, since no colonization was actually observed in previous 

assays (i.e. pooled screenings). This assay aimed to determine the ability of fungi to use the 

plant material as substrate. The method was not effective in reducing the number of candidates 

as most strains had abundant growth, apparently being good colonizers of the plant substrate 

(Figure 2). Of 30 tested strains of Alternaria, 23 of them were able to colonize leaf tissues 

abundantly after 5 days.  
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Figure 2. Pooled screening on leaves fragments with high inoculum. Images display two tested 

strains with different behaviour and controls. Treemap displaying hierarchical data of 

interpretation scale of strains. Scale interpretation of leveles of fungal growth: 1 - Low growth, 

2 - Medium-low growth, 3 - Medium growth, 4 - Medium-High growth, 5 - High growth 

 

Single-strain screening was further exploited using less inoculum (5 mm diameter of 

fungal mycelium) with both healthy leaves and pre-treated leaves with a stress molecule – 

pelargonic acid, a desiccant molecule to induce turgor loss (Ciriminna et al., 2019; Dayan et 

al., 2009) and allow facultative pathogens to install and colonize. The assay was performed in 

closed assay tubes to maintain high humidity and the agarose gel at 3% showed to be a good 

choice matrix to support hydration the leaf. The screening on healthy leaves showed three 

fungal strains with abundant growth and symptoms of necrosis (Figure 3).  

 

  

Figure 3. Heat maps with grouped symptoms detected in single-strain screening: 1 – Fusarium, 2 – Alternaria. IG - 

Insignificant growth <0.5 cm, IMG - Growth inside agarose without necrosis, IMGN - Growth inside agarose with 

necrosis, OMGN - Growth on the leaf surface and symptoms of necrosis on the outside of the medium, NOS - No 

symptoms, AGM - Abundant mycelial growth (< 1 cm) on the outside of the medium, colonizing the leaf 360°. 

Different shades of blue indicate further interest in fungal strains producing grouped symptoms 
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Subsequently, 13 strains were selected for the assay on pre-treated leaves with 

pelargonic acid -1001 (A. arborescens), 1013, 1034, 1020, 1033 and 985 (Alternaria 

angustivoidea), 1156 (A. destruens), 1078 (Alternaria sp.), 1093 (Fusarium chlamydosporum) 

and 967 (F. clavum). Six strains (967, 1001, 1013, 1020, 1033 and 1034) showed good growth 

and necrosis symptoms (Table 1), therefore were considered as potential candidates for the in 

vivo assay. 

 
Table 1. Single-strain screening evaluation on pre-treated leaves with pelargonic acid. Treatments: T1 - 2,5%, 

T2 - 1,25%, T3 - control with H2O and T4 - control with Tween 20 y aceite mineral. IG - Insignificant growth 

<0.5 cm, IMG - Growth inside agarose without necrosis, IMGN - Growth inside agarose with necrosis, OMGN 

- Growth on the leaf surface and symptoms of necrosis on the outside of the medium, NOS - No symptoms, 

AGM - Abundant mycelial growth (< 1 cm) on the outside of the medium, colonizing the leaf 360°. 

Strain Treatment IG IMG IMGN NOS OMGN AGM 

967 T1     X X 

967 T2     X X 

967 T3, T4    X   

985 T1 X      

985 T2 X   X   

985 T3,4 X   X   

1001 T1     X X 

1001 T2 X   X   

1001 T3,4 X   X   

1013 T1     X X 

1013 T2 X      

1013 T3, T4 X   X   

1020 T1     X X 

1020 T2       

1020 T3,4       

1033 T1     X X 

1033 T2     X X 

1033 T3,4       

1034 T1     X X 

1034 T2     X X 

1034 T3,4 X   X   

1093 T1     X X 

1093 T2 X      

1093 T3,4 X      

 

The in vivo single-strain assay with pelargonic acid (PA) was performed with the six 

candidate strains on young plants to i) observe the potential synergistic interaction between the 

dessicant and the fungal strains and ii) to determine both the effect and the duration of dessicant 

application. Pelargonic acid pre-treatment decreased healthy leaves/total leaves ratios 

significantly (p < 0.05), compared to the total number of leaves (Figure 4). However, after 15 

days, plants pre-treated with PA recovered and showed a higher proportion of healthy leaves 

compared to the previous week (p < 0.05). Still, until the end of the follow-up, the plants pre-

treated with PA and inoculation of strains presented a lower ratio of healthy leaves/total number 

of leaves than their corresponding groups treated only with fungal strains, dispersion and water 

solutions. Hence, plants treated with PA remained weakened for at least a month and a half 

(total duration time of the assay) and slowly recovered. We appreciated that in the future assays, 

there would be a need for a second dose of PA, preventing the total recovery of plants. 

Symptoms of alternariosis were observed in plants treated with 1020 and 1033 of A. 

angustivoidea. Yet, ratios of leaves with spots/healthy leaves were only significantly different 
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for the strain 1020 in plants pre-treated with PA, at the end of the first week, compared to the 

rest of the treatments and controls (p < 0.05) (Figure 4). After 2 weeks-time, treatments were 

not different than controls, irrespective of type. 

 

 

 

 

Figure 4. In vivo single-strain assay with pelargonic acid. Upper side - distribution of values for healthy 

leaves/total leaves of treatments with the six fungal strains (H1-H6), pre-treated leaves with pelargonic acid 

(APH1-APH6), and controls (PA – pelargonic acid, SMT – solution of mineral oil and tween 20, H2O). 

Bottom side – distribution of values for leaves with spots/total leaves in the same treatments as before. H1 - 

967, H2 – 1001, H3 - 1013, H4 - 1020, H5 - 1033 and H6 – 1034. Evaluation was made after 1 week (first 

column) and 2 weeks (second column). 

 

Meaningful to mention that although the assay was initially considered to have a 

duration of 4 weeks, we have maintained the plants in the same conditions for another month. 

During the second month, results with A. angustivoidea strain 1020, our best candidate at that 

time, were not favourable. The leaves damage caused by Alternaria strains was not significant, 

the candidate progressed extremely slow (i.e. small changes in number of leaves with spots - 

no relevant dissemination was observed on the proximity leaves and spots did not increase 

rapidly in size). While these observations were leading us towards a next assay with improved 

conditions for strain 1020, we have observed that random plants with dehydration appearance, 

turned yellow and died. We were able to detect that plants were colonized by the strain 967 F. 

clavum. The dissemination of the strain was among plants treated with PA, H2O and dispersion 

solution controls, besides plants treated voluntarily. As the disease progressed, the fungus began 

to produce mycelia and sporodochia from white to light salmon colour, at the crown (Figure 5). 

The strain 967 was recovered from all the symptomatic plants confirmed by microscope 

observations to compare with the originally inoculated strain (i.e. macroconidia characteristics). 
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Finally, its presence was confirmed by molecular identification using both ITS region and the 

translational elongation factor 1α (TEF1 α). 

 

 

  

Figure 5. Up - C. setaceus young plant dried out plant with the left side of the crown covered partially by 

mycelium and sporodochia of strain 967 F. clavum. Bottom, left – macroconidia of strain 967 F. clavum and 

right – sporodochia of strain 967 F. clavum 

 

In view of our experimental process, we propose the following workflow for the cost-

effective search for potential BCAs in similar situations (Figure 6). The diverse fungal 

collection is screened using pooled in vivo assays. If pathogenicity is observed, each strain 

should be evaluated separately for pathogen-like features. If pathogenicity has occurred in the 

pool assay but not in the single strain assay, it might be the case of a consortium causing 

pathogenesis. If there is no pathogenicity in the pooled screenings, in vitro assay with single-

strain would be the next road. If good colonisers are found in the in vitro single-strain assay and 

pathogenicity occurs thereafter in vivo assays, we have another potential pathogen. If a good 

colonising strain is found but no pathogenicity is observed, it is mandatory to change the 

inoculation methods. If no good colonisers are found in vitro assays, the search would focus on 

facultative pathogens. For this, a stress factor for the plant tissue is added to the assays. 

Optimisation of the parameters under which pathogenesis occurs can be critical. 
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Figure 6. Proposed workflow for screening of a diverse fungal collection as potential fungal 

pathogens or facultative pathogens  

 

CONCLUSION 

 

 When an invasive species is already established, the only way of management are long-

term control programs. Although fungal pathogens have a great potential as biological control 

agents, search is time and cost consuming, especially when number of strains to test is high. 

The workflow of screening methods we propose, together with the selected combination of 

features to choose pathogenic strains, may help researchers in the hunt of fungal strains as 

potential biological control agents in a cost-effective manner. Screenings with sectioned leaves 

give information on the ability of the fungal strains to colonize plant tissue, results being biased 

when inoculum is used in large amount. In planta pooled screenings need multiple 

optimizations as various factors may influence the interaction: i) pre-existent microbiome, ii) 

artificially inoculated fungal complex interaction and iii) abiotic factors. By far, we consider 
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that screening with detached leaves and moderate inoculum could pave the way for good fungal 

colonizers, followed by in vivo screening with “one strain-one plant” which could indicate good 

candidates for BCAs.  
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