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ABSTRACT 

Ergovaline is a mycotoxin produced by fungal endophytes belonging to 

Neotyphodium and Epichloë spp in several host grass species. Due to the 

production of this alkaloid, the ingestion of endophyte infected grasses cause 

toxicosis in grazing animals. The aim of this work was to determine if ergovaline 

is produced in several grasses (Agrostis castellana Boiss and Reuter, 

Brachypodium phoenicoides (L) Roemer and Schultes, Dactylis glomerata L, 

Festuca arundinacea Schreb, Festuca arundinacea Schreb subsp fenas (Lag) 

Arcangeli, Festuca ovina L, Festuca rubra L, Holcus lanatus L, and Lolium 

perenne L) infected by fungal endophytes in “dehesa” pastures in Spain. Forage 

and seed samples of several ecotypes of these grass species were analysed for 

the ergovaline content by HPLC with fluorescence detection. The ergovaline 

content in F arundinacea ranged between 0.03-0.85 µg g-1 in forage and 0.28-

3.17 µg g-1 in seed samples, in F rubra ranged between 0-0.08 µg g-1 in forage 

and 0.02-0.19 µg g-1 in seed samples, in H lanatus ranged between 0-0.02 µg g-

1 in forage samples and in one ecotype of F ovina was 0.11 µg g-1. All the nine 

ecotypes of F rubra had ergovaline in seeds, however in three ecotypes the 

alkaloid was not detected in forage samples. No ergovaline was detected in the 

other four endophyte infected grasses analysed. The ergovaline content should 

be a considered as an antiquality component of these pastures.  

 

Keywords: ergovaline, mycotoxins, endophytes, Neotyphodium, Epichloë, 

dehesa grasslands 
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INTRODUCTION 

Plants contain a diverse group of chemical compounds which are toxic to 

herbivores. These substances, classified as secondary metabolites, were 

considered to be waste products for long time but nowadays it is known that 

many of them have a role in plant defence against herbivores. However, these 

compounds are often toxic for grazing animals. Those chemical constituents of 

forages which can reduce animal performance or constraint animal production 

are called antiquality components. Some of them are inherent to forage plants, 

but others such as mycotoxins, are produced by fungi on the plant. Several 

forage crops, as well as silage, are a potential source of mycotoxins.1

Grasses infected by endophytic fungi of the genera Neotyphodium and 

Epichloë are reported to contain several kinds of alkaloids. The four major 

classes of alkaloids produced by grass endophytes are: ergopeptine, lolitrem, 

pyrrolizidine (loline), and pyrrolopyrazine alkaloids. Ergovaline (Figure 1) is the 

major ergopeptine alkaloid produced by Epichloë and Neotyphodium 

endophytes in several host grass species.2-4 This mycotoxin is the main 

causative agent of fescue toxicosis in grazing mammals,5,6 a syndrome that 

encompass symptoms such as reduced weight gain, lower feed intake, rough 

hair coat, fever and decreased milk production.7,8 Results of several studies with 

beef steers grazing tall fescue (Festuca arundinacea Schreb) infected by the 

endophyte Neotyphodium coenophialum [(Morgan-Jones and Gams) Glenn, 

Bacon and Hanlin] showed that the consumption of highly infected F 

arundinacea pastures can cause a reduction of 0.45 kg day-1 in steers.9 In the 

eastern USA over 90% of the 14 million ha of tall fescue pastures, which are 

used for livestock production, are infected by N coenophialum.10 Thus 
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endophyte infection has an economic importance: beef cattle annual losses 

from reduced calf number and reduced weaning weights have been estimated 

at $600 million.11 On the other hand, endophyte alkaloids play a role in 

protection against insects and nematodes.4,12 In addition endophyte infection 

has been found to be associated to increased resistance to abiotic stresses 

such as drought and mineral stress tolerance in some grasses.13

Endophytic fungi of grasses (Neotyphodium and Epichloë ) colonise the 

intercellular spaces of aboveground plant tissues and during the vegetative 

phase of the host grass do not induce any symptom. However, when the plant 

reproductive cycle starts two different types of grass-endophyte interaction 

occur. Asymptomatic interactions occur when the host plant develops normally 

and the fungus is seed transmitted (colonises the seeds and subsequent 

seedlings). Antagonistic or symptomatic interactions occurr when the fungal 

hyphae forms an external fruiting body, called stroma (Figure 2), that causes 

the abortion of the developing grass inflorescence. The type of interaction 

depends on the species of grass and fungus involved. 

Ergovaline occurrence has been extensively studied in  F arundinacea 

infected by N coenophialum, due to its importance as a cultivated forage grass 

and its significance on livestock production. However, ergovaline production 

depends on specific interactions between both plant and fungal endophyte 

species. 14-16 The importance of endophyte mycotoxins in botanically complex 

natural pastures will depend on the abundance of host grasses, frequency of 

infection, and mycotoxin content. Semiarid permanent grasslands occupy a 

large extension in western Spain and are mainly used for extensive grazing 

cattle production. In these ecosystems, called dehesas, several grass species 
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have been found to be hosts of fungal endophytes.17 The purpose of the 

present study was to determine if ergovaline is produced in several grasses 

infected by fungal endophytes in the dehesa pastures. 

 

 

MATERIALS AND METHODS 

Study area 

Grass plants were collected from natural grasslands in the dehesa 

ecosystems in the province of Salamanca (Spain). The dehesa is an 

agrosilvopastoral ecosystem characterised by the presence of a low density 

tree layer mainly dominated by Mediterranean evergreen oak (Quercus ilex L 

subsp ballota (Desf) Samp), and Quercus pyrenaica Willd with wide open 

spaces occupied by grasslands. These ecosystems occupy about 5.800.000 ha 

in western and south-western Spain. In this area, pastures are characterised by 

a high diversity of plant species (grasses, legumes and forbs), with a biomass 

production ranging from 1000 to 2500 kg ha-1 and with an adequate nutritional 

quality for livestock.18,19 Land is mainly used for extensive grazing by beef and 

bullfighting cattle but sheep, Iberian pigs and game animals (deer, rabbits, 

hares…) are also consumers of the dehesa herbaceous resources. The climate 

is dry supra-mediterranean with cold winters and dry, warm summers. The 

average annual rainfall is around 500 mm, with considerable variation 

throughout the year. 
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Plant material 

Grass plants of Agrostis castellana Boiss and Reuter, Brachypodium 

phoenicoides (L) Roemer and Schultes, Dactylis glomerata L, Festuca 

arundinacea Schreb, Festuca arundinacea Schreb subsp fenas (Lag) Arcangeli, 

Festuca ovina L, Festuca rubra L, Holcus lanatus L, and Lolium perenne L, 

were collected from May to July at flowering stage, at several locations 

geographically dispersed in the dehesa grasslands. Once endophyte infection 

was detected, plants were transplanted into pots to allow for vegetative growth. 

Several clones of each ecotype were then transplanted in an experimental farm 

or in 16-cm plastic pots with a mixture of peat, perlite and sand (1:1:1). Plants 

growing in pots were kept outdoors. All plants were fertilised once a year with a 

solid fertiliser (48 kg N ha-1, 90 kg P2O5 ha-1, 90 kg K2O ha-1). Plants were 

grown during one or two years before harvest for alkaloid analysis.  

Plants were harvested between May and July. Plant clones of all grass 

species were harvested at heading stage during May and June months. A 

forage sample consisted of leaves, stems and inflorescences, and when 

present, fungal stromata from an individual plant (clone). At harvest, choked 

tillers bearing stromata, and asymptomatic tillers of each individual plant of L 

perenne and H lanatus were separated. Choked stems were divided into: 

stromata, stems and leaves. Several clones of ecotypes of F arundinacea, F 

arundinacea subsp fenas and F rubra were allowed to produce seeds which 

were harvested in July. A seed sample consisted of seeds produced by several 

clones of each ecotype. 
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Detection of endophytes 

Endophyte infection in asymptomatic plants was determined by 

microscopic examination of stem pith tissue stained with aniline blue.20 The 

presence of stromata in plants (Figure 2) indicating the presence of the fungal 

endophyte does not make necessary the microscopic analysis. Pure cultures of 

endophytic fungi were obtained from disinfected stem pieces in potato dextrose 

agar.20 Fungal endophytes were identified based on the descriptions given by 

White and Morgan-Jones.21

 

Analysis of ergovaline 

 Forage samples were lyophilised and maintained at -20ºC and seeds 

were conserved within material bags at 4ºC. Ergovaline content was determined 

in ground samples by a modification of the chromatographic method of Shelby 

et al. 22 Samples (5.0 g) were spiked with 50 μl of a 100 ppm internal standard 

of ergotamine tartrate (Sigma Aldrich) in methanol. Fifty millilitres of 

methanol/water (70:30 v/v) containing 0.3% (v/v) NH4OH were then added to 

the plant material and allowed to stand in the ultrasound bath for 4 hours. After 

filtering, 25 ml of the filtrate was evaporated overnight at room temperature to a 

volume of approximately 10 ml. The pH was adjusted to 8.5 with NH4OH and 

the filtrate was extracted three times with 5 ml of CHCl3 in a centrifuge tube. 

The CHCl3 extract was evaporated at room temperature and the residue was 

dissolved in 1 ml of methanol/water (70:30 v/v) containing 0.3% (v/v) NH4OH. 

Precipitates were removed by centrifugation and samples were then filtered 

through a 0.22 μm nylon filter. Chromatography of sample extracts was 

conducted on a Waters 501 HPLC system with a Nova Pak C18 (Waters Assoc) 
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column (150 mm x 3.9 mm) with a guard column of the same material. 

Detection was by fluorescence on a Waters 474 Scanning Fluorescence 

Detector (excitation at 310 nm and emission at 415 nm). The mobile phase was 

methanol/water (40:60 v/v) plus 0.03% (v/v) NH4OH (A) and methanol/water 

(80:20 v/v) plus 0.04% (v/v) NH4OH (B). The flow rate was 1 ml min-1 in a linear 

gradient from 100% A to 100% B in 45 min, holding 100% B for 10 min. The 

ergovaline standard used was a gift from Dr Forrest Smith (School of 

Pharmacy, Auburn University, USA). 

 

Statistical analysis 

The data were analysed statistically using SPSS (8.0.1S) for Windows. A 

two-way analysis of variance (ANOVA) with grass-host species and plant tissue 

as main factors was applied for ergovaline content in F arundinacea (including F 

arundinacea subsp fenas) and F rubra in forage and seed samples.  

 

RESULTS AND DISCUSSION 

 The results of the ergovaline analysis in forage (leaves and stems of 

plants harvested at heading) and seed samples of endophyte-infected grasses 

are presented in Tables 1 and 2. Ergovaline was detected in endophyte infected 

plants of Festuca arundinacea, Festuca arundinacea subsp fenas, Festuca 

rubra, Festuca ovina and Holcus lanatus. In contrast, detectable amounts of 

ergovaline were not produced by infected plants of Agrostis castellana, 

Brachypodium phoenicoides, Dactylis glomerata or Lolium perenne. In Lolium 

perenne, different plant tissues were analysed to avoid a dilution effect in the 

whole plant sample but ergovaline was not detected in any part of the diseased 
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tillers (stromata, leaves and stems) neither in asypmtomatic tillers of infected 

plants. 

Forage and seed samples of endophyte infected plants of F arundinacea, 

F arundinacea subsp fenas, and F rubra were analysed for ergovaline (Table 2, 

Figure 3). Seeds of the F arundinacea ecotypes had the highest ergovaline 

content. The lowest ergovaline values were found in forage samples of F rubra. 

The coefficient of variation in forage samples was 82% for F arundinacea 

ecotypes and 97% for F rubra ecotypes and in seed samples were 53% and 

61% for F arundinacea and F rubra respectively. These results show that 

ergovaline concentrations were more variable in F. rubra than in F. arundinacea 

ecotypes and that ergovaline in forage samples had higher variability than in 

seeds. 

Data on ergovaline of forage and seed samples of F arundinacea 

ecotypes (including subsp fenas) and F rubra ecotypes were analysed 

statistically for analysis of variance. There was a significant effect of the host 

grass species (P<0.001) on the ergovaline content, with F arundinacea having 

higher ergovaline than F rubra (Table 3). Seeds had significantly (P<0.001) 

greater ergovaline content than forage samples. There was a significant 

interaction (P<0.001) between the effects of species and plant tissue. In F 

arundinacea ergovaline content of seeds was greater than that of forage but in 

F rubra differences between plant parts were not statistically significant. Similar 

results were reported by Rottinghaus et al 23 who found that at each of the 

different harvest times, ergovaline concentration was higher in seed heads than 

in stems and leaves of F arundinacea plants, and that ergovaline declined in 

leaves and stems and peaked in seeds at seed head maturation, moment at 
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which differences between plant parts are greatest and ergovaline concentrates 

in seeds. The greater ergovaline content in seeds than in other plant parts14,23,24 

indicates that higher ergovaline levels seem to accumulate in plant parts which 

are essential for the propagation of the fungus. 

All the nine ecotypes of Festuca rubra had ergovaline in seeds. However 

in three ecotypes -CR, PER, SAN- the alkaloid was not detected in forage 

samples (Figure 3). This means that ergovaline is produced in the nine 

ecotypes of F rubra but, in different plant and fungus genotypes the synthesis of 

detectable amounts of ergovaline is not favoured in forage samples (leaves and 

stems which were harvested at plant heading). Environmental conditions and 

the character of plant genotypes are the main known factors influencing the 

production of ergovaline.25 Thus, due to the influence of climatic conditions 

Cagas et al 26 found an inconsistent production of ergovaline in endophyte 

infected wild ecotypes of Lolium perenne and Festuca pratensis during two 

consecutive sampling years. Belesky et al 27 found that a water deficit generally 

increased alkaloid production in endophyte infected tall fescue. Increased 

ergovaline concentration can be also achieved with high levels of soil 

nitrogen28,29 and phosphorus.30 In the present study plants were frequently 

watered. Since environmental conditions of the dehesa ecosystem, where 

endophyte-infected grasses were obtained from, are characterised by low water 

availability, and high summer temperatures, the alkaloid contents observed 

under the growing conditions of this study (Tables 1 and 2) could be lower than 

those occurring in the natural conditions of the dehesa ecosystem. 

Correlation analysis did not disclose any significant relationship between 

the ergovaline content in forage and in seed samples for F arundinacea 
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ecotypes including F arundinacea subsp fenas (r=0.52, P>0.05) neither for F 

rubra ecotypes (r=0.23, P>0.05). Thus, those ecotypes of F rubra with the 

highest ergovaline content in seeds were not those with the highest ergovaline 

content in forage (see Figure 3). These results indicate that the variation in the 

ergovaline content, across several ecotypes of the same endophyte infected 

grass species, is different in seeds than in forage. 

The endophytes associated to the host grasses Agrostis castellana, 

Brachypodium phoenicoides, Dactylis glomerata, Holcus lanatus and Lolium 

perenne produce stromata around developing inflorescences (Figure 2) that 

sterilises the host. All these grass species were bearing stromata in all or most 

of tillers at harvest time. Ergovaline was detected in only one of these 

symptomatic grass-endophyte interactions: in H lanatus (Table 1). Two different 

ecotypes of H lanatus produced low levels of ergovaline, but in both ecotypes 

the alkaloid was only detected in half of the clones of the same ecotype. 

Ergovaline was not detected in asymptomatic tillers or in stromata of infected H 

lanatus plants.31 This confirms that the absence of ergovaline in some ecotypes 

was not due to a dilution effect in the whole plant sample.  

On the other hand, ergovaline was produced in the four host grasses 

associated to asymptomatic endophytes: F rubra, F arundinacea, F 

arundinacea subsp fenas, and F ovina (Table 2). In general, it seems that 

production of ergovaline is related to asymptomatic associations between grass 

and endophytes. These results are in agreement with those obtained in other 

research studies. Siegel and Bush15 and Leuchtmann et al 32 did not detect 

ergovaline in symptomatic interactions between D glomerata and H lanatus 

grasses and their endophytes. There is no previous report on screening of A 
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castellana and B phoenicoides for ergovaline occurrence. Ergovaline was 

produced occasionally in L perenne artificially infected by Epichloë typhina, 

however the alkaloid was not detected when the grass was naturally infected by 

the fungus.4

It has been reported that feeding cattle with diets containing 0.05 μg g-1 

of ergovaline causes measurable physiological effects.33 Most research workers 

regard 0.40 μg g-1 of ergovaline in the diet as critical level above which clinical 

symptoms of fescue toxicosis are observed. In this study the ergovaline levels 

found in individual infected plants of of F arundinacea, F ovina and F rubra 

could cause cattle toxicity problems. Ergovaline contents detected in these 

species are within the range reported in several research works.4,24,31,34 

Concentration of ergovaline was lower in the endophyte infected fine fescues -F 

ovina and F rubra- relative to F arundinacea which is in agreement with the 

results of Yue et al.24 Reports about fescue toxicosis in cattle are commonly 

associated to areas where cultivated F arundinacea with high percentage of 

endophyte infection is present.35 In the dehesa pastures infected plants of F 

rubra and F arundinacea were detected in all locations where these grass 

species were analysed.17 Furthermore, in six selected populations of F rubra, 

the percentage of plants infected by Epichloë festucae averaged 70%.36 To our 

knowledgement there are no records of fescue toxicosis in cattle grazing on 

dehesa grasslands. These pastures have a high diversity of plant species which 

could help in dilute the ergovaline concentration in the pasture, so that the toxic 

ergovaline concentration in the plants does not result toxic in the diet consumed 

by cattle.  
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In conclussion, the ergovaline alkaloid was detected in the endophyte 

infected grasses F arundinacea, F arundinacea subsp fenas, F ovina, F rubra 

and Holcus lanatus, collected from semiarid pastures of the dehesa ecosystem. 

In general it seems that production of ergovaline is related to seed-transmitted, 

asymptomatic associations between grass and endophytes. The infected 

grasses here studies are relatively common in dehesa pastures and therefore 

the ergovaline content should be a considered as an antiquality component of 

these pastures. 
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Table 1. Ergovaline content in forage samples of symptomatic endophyte 

infected grasses from dehesa grasslands.  

 
 
Grass species Fungal endophyte Ecotype Plant 

growth 
Ergovaline 
(μg g-1) 

     
Agrostis castellana Epichloë spp. LAG F nd 
  LAG P nd 
     
Brachypodium 
phoenicoides 

Epichloë spp. TORR P nd 

     
Dactylis glomerata Epichloë typhina CABR P nd 
  SSI1 P nd 
  SSI2 P nd 
  CVIT P nd 
  LVA P nd 
     
Holcus lanatus Epichloë clarkii CBAC F 0.02 
  CBAC P 0 - 0.02 
  CBRE F 0.03 
  CBRE P 0 - 0.02 
     
Lolium perenne Epichloë typhina ZAR1 P nd 
  ZAR2 P nd 
  ZAR3 P nd 
  TORD P nd 
 
F = plants grown in field plots; P = plants grown in pots outdoors 
nd = not detected 
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Table 2. Ergovaline content in forage (leaves and stems) and seed samples of 

asymptomatically endophyte infected grasses from dehesa grasslands. 

           
   
Grass species Fungal Number of  Ergovaline (μg g-1) 
 endophyte ecotypes  Forage Seeds 
      
Festuca arundinacea Neotyphodium 7 Mean 0.35 1.97 
 coenophialum  SD 0.286 1.05 
   Range 0.03-0.85 0.28-3.17 
      
Festuca arundinacea 
subsp fenas 

Neotyphodium 
coenophialum 

1  0.51 2.20 

      
Festuca rubra Epichloë festucae 9 Mean 0.03 0.09 
   SD 0.029 0.056 
   Range 0-0.08 0.02-0.19 
      
Festuca ovina Epichloë festucae 1  0.11 na 
      
na = not analyzed 
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Table 3. Results of a two-way ANOVA on ergovaline content and table of 

means ± standard error 

 
Effect 
 

F 

Grass species (G) 47.3* 
Plant tissue (T) 26.6* 
Interaction G×T 22.8* 
  
 Ergovaline (µg g-1) 

 
Grass species  
 F.arundinacea 1.18 ± 0.27 
 F. rubra 0.06 ± 0.01 
Plant tissue  
 forage 0.20 ± 0.06 
 seeds 1.05 ± 0.28 
Significance level: * P<0.001 
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 FIGURE CAPTIONS 
 
 
 

Figure 1. Chemical structure of ergopeptine alkaloids of which ergovaline is the 

main one produced in grass-endophyte interactions. 

 

 

Figure 2. Holcus lanatus grass infected by the endophytic fungi Epichloë clarkii: 

Detail of the fungal stroma that causes the abortion of the developing 

inflorescence. Inflorescence of an uninfected plant   

 

Figure 3. Ergovaline content (μg g-1) in forage (leaves and stems) (�) and seed 

(░ ) samples in several ecotypes of Festuca arundinacea and Festuca rubra 

from semiarid pastures.  
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