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Abstract: The objective of our research was to assess the beneficial impact of the Neotyphodium uncinatum (Gams, Petrini and Schmidt)
Glenn, Bacon and Hanlin endophyte on its natural host — meadow fescue. Assessment was made by measuring the green mass yield,
the susceptibility of the host plants to infection by pathogens, and the content of the toxic alkaloid ergovaline, in field conditions. The
research involved Justa meadow fescue. The studied factors were as follows: endophyte infection (E+ and E-) and system of use (for
pasture and for cut). The effect of N. uncinatum on Justa meadow fescue yielding in all the combinations was observed. The presence
of endophyte significantly enhanced higher yields of dry matter compared to the non-infested plants. The infestation of Justa meadow
fescue by the endophyte, N. uncinatum, significantly protected the plants from infection of the fungi which causes leaf spot. The en-
dophyte, however, did not affect the development of powdery mildew and rust fungi. Justa meadow fescue showed a relatively high
content of ergovaline when grown in the field. The level of the toxin in the season varies a lot, which suggests a high effect of external
factors on its production. Due to the production of the toxin, the animal feed made from infested plants can pose a threat to animals
when administered over a long period. N. uncinatum isolates from Justa meadow fescue cannot be used as biological control agents to

improve the growth and resistance of other cultivars, due to the production of ergovaline.

Key words: endophyte, Neotyphodium uncinatum (Gams, Petrini and Schmidt) Glenn, Bacon and Hanlin, Festuca pratensis Huds.,

pathogens, ergovaline, yield

INTRODUCTION

Meadow fescue (Festuca pratensis Huds.) is one of the
most important pasture species of grasses in Europe. It
has evolved symbiotic associations with fungi, including
ecto- and endomycorrhizal fungi of the roots and fungi
that systemically infect grass tillers. Among the latter, fungi
which live their entire life within the host grass, and form
nonpathogenic, symptomless, intercellular associations are
commonly defined as grass endophytes (Bacon and De
Battista 1991; Smith and Read 1997). The main two groups
of these endophytes are called: e-endophytes and p-endo-
phytes. The fungus belonging to the first group and classi-
fied in the tribe Balansiae of the family Clavicipitaceae (As-
comycetes), is known as Neotyphodium uncinatum (Gams,
Petrini and Schmidt) Glenn, Bacon and Hanlin (Glenn et
al. 1996). Phialophora-like endophytes belong to the second
group of meadow fescue endophytes and they are ordered
to Eurotiales (Ascomycetes) (An et al. 1993; Siegel et al.
1995). The e-endophyte — N. uncinatum has the greatest sig-
nificance which is related to the agronomic impact, mainly
to the livestock performance and persistence of the sward.
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This impact is highly correlated with biologically active
alkaloids which are produced in the plants infected with
the endophyte. The main alkaloid is ergovaline which is
assumed to be responsible for fescue toxicosis in livestock.
The symptoms associated with this syndrome are lower
feed intake, loss of live weight and rough hair coat (Por-
ter and Thompson 1992; Thompson and Stuedemann 1993;
Oliver 2005). Long exposure on high ergovaline concentra-
tions can even lead to an animal’s death. Neotyphodium en-
dophytes can also beneficially affect the host plant. They
stimulate growth and development of the host plant, tiller-
ing, and enhance drought stress resistance, persistence and
competitiveness compared to uncolonized grasses. More-
over, they often ensure higher resistance of the host plant
to infection by pathogens and insect feeding (Johnson et al.
1985; Clarke et al. 2006; Lehtonen et al. 2006). These facts in-
dicate the possibility of utilizing the endophyte isolates for
improving meadow fescue growth under biotic and abiotic
stress (Bouton and Easton 2005). Such a use could reduce
the costs of plant cultivation and protection. However, be-
cause of the toxins produced, application is hindered.
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The objective of the conducted research was to assess
the level of the beneficial impact of the N. uncinatum en-
dophyte on its natural host — meadow fescue. Assessment
was made by measuring the green mass yield, the sus-
ceptibility of the host plants to infection by pathogens,
and the content of the toxic alkaloid — ergovaline in field
conditions.

MATERIALS AND METHODS

Field experiment

The research involved Justa meadow fescue (E pra-
tensis). The plot experiment was set up in 2006, at the Ex-
periment Station of the University of Technology and Life
Sciences at Mochetek (53°13" N 17°51” E), on IIIB class soil
of very good rye complex, as a two-factor experiment in
randomized block design, in 4 reps. The seeds at the rate
of 10.0 kg/ha were sown as a companion crop into spring
barley (100 kg/ha). Fertilisation and cultivation were made
following the instructions for the cultivar and the guide-
lines of the breeder. In the years that nitrogen fertilisation
was used, it was applied at the dose of 60 kg/ha in spring,
and under each successive regrowth. Phosphorus was ap-
plied once, in spring, at a dose of 100 kg P,O,/ha, while
potassium — at the split dose of 60 kg K,O/ha. Each were
applied under first and third regrowth. The plot area was
14 m? (2x7 m). The first factor involved the infestation with
N. uncinatum (combinations E+ and E-). The presence of
the endophyte in plants, was confirmed with the staining
method according to Saha et al. (1988). The level of infes-
tation accounted for 89%. The plants without endophyte
(E-) were obtained from seeds in which symbiont was re-
moved with the thermal method, prior to the establish-
ment of the experiment (Latch and Christensen 1982). The
second factor covered the system of fescue use: pasture
(P) and for cut (K). In the pasture system the plants were
cut at the end of tillering. For K, the plants were cut at
the beginning of the shooting stage. During plant growth,
plant protection chemicals were not applied. ‘Justa’ mead-
ow fescue yielding was analysed for successive cuts col-
lected over 2007 and 2008. In the year of the establishment
(2006) of the field experiment, no green forage cuts were
collected due to very unfavourable weather conditions in
the growing season. Long semi-drought periods resulted
in the inhibition of the development of young plants and
their thinning on the plots. Plant regeneration in the ex-
periment occurred only in the autumn and spring of the
following season. In 2007, four cuts were collected, while
in 2008 — three. For each cut, the yield of dry matter was
determined. The values obtained were verified with a two-
factor analysis of variance. The significance of differences
was defined with the Tukey test.

Meadow fescue infection by pathogens

Over the research years, the infection of plants with
powdery mildew [Blumeria graminis (DC) Speer], rusts
(Puccinia spp.) and leaf spot complex [Bipolaris soroki-
niana (Sacc.) Shoem., Drechslera spp.] was analysed. The
observations were made in spring, prior to the first har-
vest. The observations were made again in autumn, at the

end of the vegetation period. For the analysis, 50 leaves
each were randomly sampled from each replicate. The
degree of plant infection was evaluated using a modified
Birckenstaedt et al. (1994) scale, where 0 was applied for
healthy leaves and 8 — for the leaves on which disease
symptoms were visible on over 69.3% of the leaf area for
rusts and powdery mildew, and 64.7% of the leaf area for
spots. The degrees of plant infection were transformed
into disease index (DI%) values following the Townsend
and Heuberger (Wenzel 1948) formula, and then exposed
to the analysis of variance for two-factor experiments.
The significance of differences was defined based on the
Tukey half-intervals of confidence.

Ergovaline analyses

Ergovaline content was determined in each cut. Sam-
ples of the tillers were randomly harvested before cuts, ly-
ophilized, powdered in a laboratory mill, and then taken
for HPLC analyses. Chemical analyses were carried out
according to the modified method of Rottinghaus et al.
(1991). Aweighed portion of dry plant material (0.2 g) was
transferred to sealed glass vials. Five cm® 20% acetic acid
and 1 pg ergotamine as an internal standard, were added
and stirred in a vortex. Then, the samples were placed for
12 h at ca. 4°C and vortexed every hour. Next, the samples
were centrifuged, and 3 cm® of the extract was applied
to a solid phase extraction column containing 300 mg of
C18 packing material. Pre-condition of the column was
performed by washing with 3 cm?® of methanol followed
by 4 cm® of deionized water. The column was rinsed with
2 cm® of acetic acid used for extraction, and then with
4 cm?® of deionized water after passing through of the ex-
tract. The adsorbed toxins were eluted three times with
an ammonia solution (0.04%) in methanol (1 cm?® total vol-
ume), stirred and immediately analyzed using a Perkin-
Elmer Series 200 high-performance liquid chromatogra-
phy system, equipped with a fluorescence detector. The
wavelength of the excitation was set at A, =235 nm, and
of the emission was set at A =415 nm. Compounds were
separated on an Alltech Komasil C18 column (150 mm).
Elution was performed isocratically using methanol and
0.1 M/dm® ammonium acetate (3:1). The ergovaline con-
centration was calculated based on the peak area, taking
into account recovery, which was determined for each
sample separately on the basis of the ergotamine con-
centration (internal standard). For the preparation of the
standard curve for quantitative calculation, ergotamine
was used because of pure ergovaline unavailability. Anal-
yses were carried out in 4 replications. Results were sta-
tistically analyzed using two-way ANOVA. Means were
separated based on Tukey’s test.

RESULTS

Endophyte effect on meadow fescue yielding

The reported Justa meadow fescue yields varied con-
siderably in the research years (Table 1). The first year
of harvest was relatively favourable to the development
of grasses (Table 4). Moderate temperatures and quite
a good rainfall distribution were recorded in the first year
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Table 1. Dry matter yield of Justa meadow fescue (F. pratensis) [t DM/ha]. Mochelek 20072008

Endophyte First cut Sum of cuts
status P2 | K | mean P K mean
2007
E+' 3.16 4.04 3.60 5.63 7.03 6.33
E- 2.32 2.49 2.40 4.50 4.73 4.61
Mean 2.74 3.26 - 5.06 5.88 -
NIR o =0.05 1=0.412; 11=0.412; II/T = 0.583; I/Il = 0.541 1=10.392; 11=0.392; II/I = 0.554; 1/I1 = 0.514
2008
E+ 1.23 1.80 1.51 291 3.55 3.23
E- 1.08 1.40 1.24 2.26 2.41 2.34
Mean 1.16 1.60 - 2.58 3.00 -
NIR o = 0.05 1=0.149; I1=0.149; I1/T = 0.211; I/IT = 0.196 1=0.267; 11=0.267; 11/1 = 0.378; I/I = 0.351

! first factor (I) — endophyte infected (E+) and uninfected (E-) plants
2 second factor (II) — type of utilization: for pasture (P) and for cut (K)

Table 2. Level of infection [DI %] of Justa meadow fescue (F. pratensis) by pathogenic fungi depending on utilization type. Mochetek,

2007-2008
Endophyte 2007 2008 2007-2008
status P2 | K | mean P | K mean P K | mean
Spring observation
Rusts
E+! 3.20 3.83 3.51 1.61 1.90 1.75 241 2.86 2.63
E- 4.00 422 411 2.22 2.17 2.19 3.11 3.20 3.15
Mean 3.60 4.02 - 1.91 2.03 - 2.76 3.03 -
— 3. — . — . — . — . — .
NIR @~ 0.05 Wiones Wllons Wleme: Wens. Wien: one,
Leaf spots
E+ 9.25 9.89 9.57 3.55 3.23 3.39 6.40 6.56 6.48
E- 10.90 11.31 11.10 4.44 4.79 4.62 7.67 8.05 7.86
Mean 10.07 10.60 - 3.99 401 - 7.03 7.30 -
NIR .- 0.05 Wlens Yotk Wlene: lote1 Wiene o085
Powdery mildew
E+ 1.67 1.90 1.78 0.83 1.03 0.93 1.25 1.46 1.35
E- 1.73 2.07 1.90 1.06 1.15 1.10 1.39 1.61 1.50
Mean 1.70 1.98 - 0.94 1.09 - 1.32 1.53 -
NIR & = 005 W= nes s, W= s, W= s
Autumn observation
Rusts
E+! 6.92 7.15 7.03 7.51 7.99 7.75 7.21 7.57 7.39
E- 7.39 7.65 7.52 7.90 8.02 7.96 7.64 7.83 7.74
Mean 7.15 7.40 - 7.70 8.00 — 7.43 7.70 —
NIR 0.~ 0.05 R Wene: s Hiene:ons.
Leaf spots
E+ 12.14 12.50 12.32 15.21 14.60 14.90 13.67 13.55 13.61
E- 15.75 15.31 15.53 17.07 17.24 17.16 16.41 16.28 16.34
Mean 13.94 13.90 - 16.14 15.92 — 15.04 14.91 -
NIR & =005 -1 199 T - e, 1T =090
Powdery mildew
E+ 2.23 2.45 2.34 3.84 3.36 3.60 3.03 291 297
E- 191 2.79 2.35 3.74 3.80 3.77 2.82 3.30 3.06
Mean 2.07 2.62 - 3.79 3.58 — 2.93 3.10 -
NIR o =005 -t s, 1=t T s, - T s

! first factor (I) — endophyte infected (E+) and uninfected (E-) plants
2 second factor (I) — type of utilization: for pasture (P) and for cut (K)
*n.s. — not-significant difference
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Table 3. Ergovaline content in green forage [ug/g] of Justa meadow fescue successive cuts depending on Neotyphodium uncinatum
infection and type of utilization. Mochetek 2007-2008

Type of utilization in successive years of research
Endophyte 2007 2008
status
P2 K mean P K mean
First cut
E+ 0.775 2.083 1.429 1.217 2.297 1.757
E- 0.000 0.000 0.000 0.000 0.000 0.000
Mean 0.388 1.041 - 0.609 1.148 -
NIR a =05 1= 0.106; 110099 = 0155 11 0,144
Second cut
E+ 1.179 0.707 0.943 2.066 1.194 1.630
E- 0.000 0.000 0.000 0.000 0.000 0.000
Mean 0.589 0.353 - 1.033 0.597 -
NIR &=0.05 II}I==O(5917()22;;I%/TI2%7.(2);5 II}I==O(3,125103;;I%H=I(110€.>?;97
Third cut
E+ 3.244 4.836 4.040 3.940 0.938 2.439
E- 0.000 0.000 0.000 0.000 0.000 0.000
Mean 1.622 2418 - 1.970 0.469 -
NIR o = 0.05 1=0.092; I =0.092; II/I = 0.130; I/I = 0.120 1=0.211; I1=0.211; II/I = 0.299; I/Il = 0.277
Fourth cut
E+ 2.341 3.968 3.154 - - -
E- 0.000 0.000 0.000 - - -
Mean 1.170 1.984 - - - -
NIR o = 0.05 1=0.116; I1=0.116; II/I = 0.164; I/IL = 0.152
Mean for cuts
E+ 1.885 2.899 2.392 2.408 1.476 1.942
E- 0.000 0.000 0.000 0.000 0.000 0.000
Mean 0.942 1.449 - 1.204 0.738 -
NIR a =0.05 1=0.030; IT = 0.030; I1/I = 0.043; I/II = 0.043 1=0.077; 11 =0.077; 1I/1 = 0.109; I/I1 = 0.109

! first factor (I) — endophyte infected (E+) and uninfected (E-) plants
2 second factor (II) — type of utilization: for pasture (P) and for cut (K)
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Table 4. Weather conditions during the experiments. Mochetek 2006-2008

Temperature [°C] Rainfall [mm]
Month decade decade
mean z
I | I 111 I I I

2006
January -3.6 -7.3 -12.9 -8.1 0 0 2.8 2.8
February -34 -1.1 —4.6 -2.9 9.7 8.2 1.2 19.1
March -6.0 -2.0 3.0 -1.5 22 0.3 24.9 27.4
April 5.3 7.3 8.7 7.1 7.3 4.6 65.1 77.0
May 129 13.1 114 125 7.6 31.1 21.2 59.9
June 11.8 18.9 19.7 16.8 5.0 1.0 15.8 21.8
July 22.7 21.8 22.7 224 45 9.7 10.0 24.2
August 17.6 17.4 15.0 16.6 80.1 30.3 18.6 129.0
September 15.2 15.7 14.6 15.2 30.8 0.3 9.5 40.6
October 12.2 7.3 9.4 9.6 5.4 0.0 6.7 12.1
November 4.0 6.1 5.6 52 10.0 15.5 8.4 33.9
December 5.4 3.7 2.3 3.7 114 13.0 7.0 31.4

2007
January 54 4.6 -1.4 2.7 7.9 47.9 20.1 75.9
February -0.4 -0.6 -2.5 -1.0 11.5 9.5 7.0 28.0
March 4.0 49 6.0 5.0 13.1 18.6 16.2 479
April 5.9 9.3 10.2 8.5 14.2 2.3 1.1 17.6
May 9.3 12.7 19.0 13.8 23.7 36.8 12.6 73.1
June 18.8 19.5 16.2 18.2 16.2 34.8 54.5 105.5
July 15.7 21.1 17.3 18.0 66.1 3.6 35.0 104.7
August 18.6 18.6 16.4 17.8 7.6 2.3 32.2 421
September 12.6 11.3 13.2 124 17.0 42 16.4 37.6
October 9.3 6.1 55 6.9 10.5 9.1 0.3 19.9
November 3.7 -0.3 0.4 1.3 13.9 1.0 7.4 22.3
December 4.3 0.1 -3.1 0.3 26.9 5.4 3.7 36.0

2008
January -3.1 1.9 2.4 0.5 9.6 12.9 25.7 48.2
February 2.7 0.7 5.1 2.8 49 1.1 9.9 15.9
March 3.9 3.3 2.0 3.0 23.2 24.0 14.0 61.2
April 5.7 6.7 10.4 7.6 16.5 18.4 3.8 38.7
May 12.6 13.0 14.0 13.2 43 7.2 0.0 115
June 19.1 15.6 18.0 17.6 0.0 3.5 12.0 15.5
July 19.1 18.2 20.3 19.2 12.7 44.4 1.6 58.7
August 19.1 18.3 16.2 17.8 21.7 53.5 20.3 95.5
September 16.8 9.7 10.7 124 7.0 1.6 11.6 20.2
October 8.9 9.8 6.8 8.4 9.2 27.1 43.7 80.0
November 7.1 52 0.5 4.3 1.6 14.1 3.7 194
December 1.6 1.3 -2.0 0.2 3.2 18.2 3.4 24.8
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growing season, which facilitated the harvest of 4 cuts in
2007. Good growth conditions accelerated the regenera-
tion of plants exposed to thinning due to the long-term
semi-drought periods in the growing season of 2006,
when the experiment was established. Only intensive
rainfall, starting in August, launched the period of plant
regeneration on plots. During cultivation, however, there
was a slightly lower plant thinning in the combinations
with the endophyte. There was relatively less weed-infes-
tation in the combinations with the endophyte than in the
combinations with no endophyte. Thanks to favourable
conditions later and the following year, the plants dem-
onstrated very good tillering, eliminating drought dam-
age. The second year of observations (2008) was also less
favourable for plant growth due to low rainfall starting
from the third decade of April to the beginning of July
(Table 4). In the second year it was possible to collect only
3 cuts.

An effect of N. uncinatum on Justa meadow fescue
yielding in all the combinations, was observed (Table 1).
The presence of the endophyte significantly enhanced
higher yields. The highest annual yields were reported in
2007, in combination E+ cut at harvesting maturity. They
exceeded 7.0 t DM/ha. Significantly lower yields were re-
corded in the combination which involved pasture use. In
the following year yielding was about 50% lower due to
the weather conditions. In both research years the first cut
was used to account for over 50% of the annual yield. The
lowest yields were recorded for the last cuts. The second
factor, the system of use, also affected Justa yielding sig-
nificantly. The effect, however, was not clear-cut. Signifi-
cantly higher yields from the plots cut at harvesting ma-
turity were only recorded in the combinations with the
plants infested by the endophyte. which resulted from
e.g. a longer growth period of plants cut at harvesting
maturity. In turn, the result was an increase in biomass
production. The process was additionally enhanced by
the endophyte at the physiological level. However, there
were no noted differences between cuts at grazing and
harvesting maturity in the combinations with the plants
without the endophyte. The one exception was for the
first cut in 2008, when the system of use significantly af-
fected combination E- yielding.

Occurrence of diseases

Analysis was done on the occurrence of fungal diseas-
es on Justa meadow fescue depending on the infestation
by N. uncinatum and on the system of use. The analysis
demonstrated a slight effect of the first factor and no ef-
fect of the second factor at all (Table 2). On the plots, the
most frequent fungi were those representing the Puccinia
genus, causing rusts, and Drechslera spp., B. sorokiniana,
responsible for spots on leaves. Powdery mildew symp-
toms were noted less frequently on the plants. While eval-
uating the condition of overwintering plants in spring, in
the first and second year of use, sporadic symptoms of
infection with Microdochium nivale (Fr.) Sam.ex I.C.Hallett
were found. By isolating microorganisms from decaying
tillers, the presence of the pathogen and Fusarium genus
fungi was identified.

In 2007, weather conditions at the beginning of the
vegetation period were more favourable for the develop-
ment of pathogens than in 2008 (Table 4). The result was
a higher infection of meadow fescue (Table 2). The level of
infection of plants with pathogens causing rusts did not
exceed 4.22%. However in 2008, the disease index value
did not exceed 2.22%. There was no significant noted
variation in the occurrence of symptoms of rust on the
plants infested and non-infested by the endophyte. Nei-
ther did the system of use affect the infection of plants.
The presence of the endophyte, however, affected the oc-
currence of leaf spot. Significantly less disease symptoms
were noted on plants E+, in the spring of 2007 and 2008.
The disease index of leaves reached the maximum value
of 11.31% in 2007. Similarly in the case of spot, there was
no observed effect of the system of use, on infection. The
relatively least amount of disease symptoms were noted
for powdery mildew. The highest value of the index of
infection with that pathogen accounted for 2.07% in the
combination with plants E- in 2007. There was no ob-
served effect of the factors analysed on the occurrence of
infection symptoms caused by B. graminis in spring over
2007-2008.

In the autumn of 2007 and 2008, there was a greater
intensity of disease occurrence identified (Table 2). The
most frequently noted symptoms were those of leaf spot,
which ranged from 12.1 to 15.8% in 2007 and 14.6 to 17.2%
in 2008. The rust symptoms were observed to a lesser de-
gree. Their occurrence intensity was higher in the second
research year and did not exceed 8.02%. More than half
as much infection was reported for plant infection with
B. graminis. There was neither the presence of the endo-
phyte nor the effect of the system of use on the occurrence
of rust and powdery mildew on both cultivars through-
out the autumn observations, in 2007 and 2008. Leaf spots
were the only one for which there was recorded a signifi-
cant effect of Justa infestation with the endophyte on the
decrease in infection.

Toxins production

The analysis of the content of ergovaline in green mat-
ter in Justa showed its presence in all the cuts from plots E+
in the research years (Table 3). The lowest level of the toxin
was noted in the plants of the second cut collected at har-
vesting maturity, in 2007. The highest toxin level was in the
third cut, also at harvesting maturity, in 2007. The method
of use had a significant effect on the amount of the toxin
found but the effect was not clear-cut. In the first, third and
fourth cut in 2007 and the first cut in 2008, higher contents
were reported in green forage collected at harvesting matu-
rity; in the other cases more was noted in the cuts at grazing
maturity. Analysing the mean values, there was a higher
content of ergovaline in plants, in 2007 than in 2008.

DISCUSSION

Endophytes of the Neotyphodium genus, as obligatory
biotrophes, take up nutrients from a living host-plant.
They develop only in intercellular spaces and never pen-
etrate inside the cells. This means that their existence de-
pends completely on the host plant. It is “in the interest’
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of the endophyte, therefore, to enhance the plant devel-
opment, and to protect it from the effect of many stress
factors which could lead to its death. Indeed, the effect of
endophytes on the host plant is very complex and covers
many aspects of its existence. The key components include
the effect on the host growth, its reproduction, resistance
to stress factors as well as competitiveness towards other
plants in the ecosystem. The effect on the growth is most
frequently expressed as the number of blades, leaf area
and dry matter of tillers and roots. A positive effect of en-
dophytes on the host development is widely reported. As
early as 1959, Bradshaw observed a significant increase
in the number of blades in Agrostis tenuis plants infest-
ed with Epichloé typhina. A negative consequence of this
association was, however, a total inhibition of seed pro-
duction by infested plants. An increase in the number of
blades of Danthonia spicata infested by the endophyte, At-
kinsonella hypoxylon, as compared with plants E- was also
noted under field conditions by Clay (1984). Besides, the
infested plants were more competitive towards Antho-
xanthum odoratum than the non-infested plants. If the soil
is limited in nutrients, and there are unfavourable envi-
ronmental conditions, the effect of the endophyte can be
negative. McCormik et al. (2001) observed worse develop-
ment of E+ plants of D. spicata when exposed to water and
mineral deficits in soil. A positive effect of the endophyte,
N. uncinatum, on the development of meadow fescue
was observed by Malinowski et al. (1997). They reported
plants with the endophyte showed a significantly higher
content of dry matter of tillers and roots than E- plants.
A significantly greater accumulation of dry matter of E+
plants of perennial ryegrass and tall fescue after 14 weeks
of growth, was also noted by Clay (1987). Similarly, in the
present research, the significant effect of N. uncinatum on
an increase in the dry matter of successive cuts in Justa
meadow fescue in the field were demonstrated. The ef-
fect was especially clear in 2007. It was the first year of
use after the semi-drought year of 2006. Most probably
the plants infested with N. uncinatum survived the period
better due to the symbiont, and thus, there was a higher
yield under the conditions enhancing growth, in 2007.
The main mechanisms of such an effect of the endophyte
are mainly: an increase in the volume of the plant root
system, root elongation, earlier and more rapid closing of
stomata, accumulation and metabolism of carbohydrates
and a greater content of phenolic compounds (Malinows-
ki et al. 1997; Elmi and West 1995; Richardson ef al. 1992).
Owing to good growth conditions in 2007, E- plants re-
generated and the differences between combinations
E+ and E- in 2008, were smaller.

The endophyte also affected the production of ergo-
valine in plants. In all cuts in the research ergovaline con-
tent was relatively high. The capacity for the production
of ergovaline depends mostly on the host-plant genotype
and on the endophyte genotype (Faeth 2002). The present
results suggest a high potential for producing toxins by
association. Other factors affecting the production of the
compound in the plant are as follows: growth tempera-
ture, amount of rainfall, plant development stage as well
as fertilisation. Zurek et al. (2010) also reported higher
concentrations of ergovaline in grasses utilized for cut-

ting than for grasses for grazing. As far as weather con-
ditions are concerned, higher amounts of alkaloids are
usually observed late in spring and early autumn. Higher
nitrogen fertilisation also enhances an increase in the con-
tent of ergopeptine alkaloids in grasses (Lyons et al. 1990;
Belesky et al. 1988). A three-fold increase in the nitrogen
dose can increase the content of alkaloids by 60-80% in
tall fescue, depending on the year. In the present field
experiment, the amount of ergovaline increased in suc-
cessive cuts. Ergovaline reached the highest value when
the temperatures were the highest in the spring vegeta-
tion period. Besides, Arechavaleta et al. (1992) observed
that not only the nitrogen dose affects the level of ergot
alkaloids but also their form and noted a higher content
of toxins for NH,* than for NO,~.

In the present research, the association of Justa mead-
ow fescue with N. uncinatum did not prove to be especial-
ly resistant to infection from pathogens. Endophyte only
ensured a higher level of protection towards non-infested
plants, in the case of fungi causing leaf spot. Literature
reports state the presence of the endophyte can decrease
the susceptibility of the host-plant to infection by patho-
gens and feeding of pests, however, there are also known
cases of a completely different effect of the symbiont on
the host-plant (Bacon et al. 1997). Schmidt (1994) observed
a greater resistance of meadow fescue with the endophyte
to infection with some pathogens developing on plants
after emergence. At the same time, they demonstrated
that plants with the endophyte were more susceptible to
infection with pathogens causing pre-emergence seedling
rot. Vincelli and Powell (1991) observed a significantly
lower infection of perennial ryegrass with endophyte by
red thread (Laetisaria fuciformis). Similar results were re-
ported by Gwinn and Gavin (1992) investigating the sus-
ceptibility of seedlings of tall fescue with the endophyte,
to infection with Rhizoctonia zeae. There was also observed
lower susceptibility of the E+ plants to infection with
Sclerotinia homoeocarpa (dollar spot disease), Cercospora
leaf spot disease, Typhula ishikariensis (grass snow mold
disease) and virus BYDV (Koshino et al. 1987; Clarke ef al.
2006; Lehtonen et al. 2006; Wali et al. 2006). The infected
plants can also show a lower susceptibility to infection by
those pathogens which cause rusts and leaf spots and vi-
ruses (Lewis 1996a, 1996b; Panika et al. 2004). No effect of
the endophyte on a decrease in plant infection with rust
fungi was found in the present research project.

The present results show that endophytes in the as-
sociation with meadow fescue plants demonstrate both
a positive and a negative effect on the host. The endo-
phytes increase plant yielding, decrease infection by
some pathogens and, at the same time, they are respon-
sible for the production of ergovaline. Animal feed made
from infested plants can, consequently, pose a threat to
animals when administered over a long period of time.

CONCLUSIONS

1. The presence of the endophyte, N. uncinatum, in Justa
meadow fescue had a significant effect on the increase
in the dry matter yield, as compared with the non-
infested plants.
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2. The infestation of Justa meadow fescue by the endo-
phyte, N. uncinatum, significantly protected the plants
from infection with fungi causing leaf spot. The en-
dophyte, however, did not affect the development of
powdery mildew and rust fungi.

3. Justa meadow fescue showed a relatively high content
of ergovaline when grown in the field. The level of the
toxin in the season varies a lot, which suggests a high
effect of external factors on its production. Due to the
toxin production, the animal feed made from infested
plants can pose a threat to animals when adminis-
tered over a long period.

4. N. uncinatum isolates from Justa meadow fescue can-
not be used as biological control agents to improve
the growth and resistance of other cultivars due to er-
govaline production.
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