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YIELD, CHEMICAL COMPOSITION  
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Abstract. Forages from meadow fescue of Justa cultivar – uninfected (E–) and infected 
(E+) with endophyte Neotyphodium uncinatum were subjected to evaluation. Dry matter 
yield was determined as well as the chemical composition. Meadow fescue usefulness for 
ensilage was determined. Endophyte presence in forages influenced the increase of the 
dry matter yield. Endophyte infection of grasses caused the increase of the content of 
crude ash and total protein in forages. Meadow fescue forages are a good silage raw 
material, however the infection worsens parameters of their usefulness for ensilage. 
Silages obtained from endophyte-infected forages may be anaerobically unstable because 
of the large content of nitrates. 
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INTRODUCTION 

Meadow fescue is one of the grasses of highest nutritional value and nutrition 
usefulness. On many farms in Europe and in the rest of the world, silage made from it or 
in a mixture with other grasses constitutes one of the basic bulky feeds in dairy cattle 
and meat cattle feeding [Oliver et al. 2000, Vázquez de Aldana et al. 2001]. High 
content of water soluble carbohydrates (WSC) and low buffer capacity (BC) allow 
obtaining silage of very good quality [Mikołajczak et al. 2005, Podkówka et al. 2005b]. 

Grasses of genus festuce (Festuca) are often infected with endophytes of genus 
Neotyphodium. They have a positive effect on plants as they strengthen resistance to 
stress-inducing and adaptive agents (drought, frost, excessive soil moisture, toxicity of 
the soil) [Prończuk and Prończuk 2000, Vázquez de Aldana et al. 2001]. However, their 
presence inside plants may have an unfavorable effect on health and productivity of 
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farm animals, especially ruminants, eating them in the form of green forage, hay or 
silage [Cosgrove et al. 1996, Auldist and Thom 2000, Emile et al. 2000, Oliver et al. 
2000]. Some attempts are made to reduce the unfavorable effect of mycotoxins secreted 
by endophytes, so that they would not have a harmful effect on health and on lowering 
animal productivity [Oliver et al. 2000]. In the research of Podkówka et al. [2003] it 
was proved that presence in grasses ergovaline, which is a metabolic product of 
endophytes, does not occur in silage. Application of silage from meadow fescue 
infected with endophytes, N. uncinatum (level of seed infection 52%), in conditions of 
less intensive lamb nutrition, did not have an unfavorable effect on their growth and 
slaughter value, or on blood biochemical indexes as well as on the condition of internal 
organs [Podkówka et al. 2005a, c]. 

Obtained results allow stating that meadow fescue infected with N. uncinatum may 
be a good feed and is suitable for feeding in the form of silage, without the unfavourable 
effect of endophyte metabolites on animal’s organism. Growing this grass allows 
achieving high yields of dry matter and nutrients and it gives a good silage raw material. 

The aim of the research was the determination of the yield of meadow fescue of 
Justa cultivar uninfected and infected with endophyte N. uncinatum, and determination 
of chemical composition of forages on basis of which usefulness of these plants for 
ensilage was also determined. 

MATERIAL AND METHODS 

Plot research with the selected cultivar of meadow fescue started in 2006 at the 
Research Station of The Faculty of Agriculture and Biotechnology in Mochełek, 
belonging to the University of Technology and Life Sciences in Bydgoszcz, on soil of 
class IIIB of the very good rye complex in randomized block design, in 4 replications. 
The seeds of meadow fescue of Justa cultivar were sown (10 kg∙ha-1) as companion crop 
into spring barley (100 kg∙ha-1). Fertilization and crop management practices were 
conducted according to directions included in the cultivar instruction. In productive 
years, nitrogen fertilization was applied at a dose of 60 kg∙ha-1 in spring and under every 
subsequent regrowth. Phosphorus was applied once in spring at a dose of 44 kg P∙ha-1, 
however potassium at a dose divided into 50 kg K∙ha-1 each. Plot area was 14 m2 (2 x 7 m). 

Experiment material was constituted by green forages from the first cut of meadow 
fescue of Justa cultivar – infected (E+) naturally and uninfected (E–) with endophyte.  
E– plants were obtained from seeds from which, with the use of a thermic method,  
N. uncinatum was removed before the experiment started [Latch and Christensen 1982]. 
The degree of plant infection was determined with the use of the staining method 
according to Saha et al. [1988]. Neotyphodium uncinatum infection of the studied 
meadow fescue cultivar reached a relatively high level. Endophyte was present in 89% 
of plants.  

Green forages at the stage of shooting were cut in the afternoon with a disc mower 
and were dried after the first cut for 24 hours. For the night they were manually 
assembled into bales, and next day they were spread over plot areas for further drying. 
In the afternoon from each plot 5 forage samples were taken for chemical analyses. 

Meadow fescue yield was analyzed in successive cuts harvested in 2007 and 2008. 
In 2006, when the field experiment started, green matter was not harvested because of 
very unfavorable weather conditions in the growing period. Long dry periods caused 
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inhibition of the development of new plants and their thinning out on plots. 
Regeneration of plants in experiment occurred only in autumn and spring of the next 
period. For each cut, the yield of dry matter (DM) and content of ergovaline were 
determined according to the method of Rottinghaus et al. [1991]. 

The content of basic nutrients in forages was determined according to Weende 
analysis [AOAC 1990]. To determine total protein, crude fiber and crude fat, the 
following devices were used: Kjeltec Auto Distillation, Fibertec System 1010 Het 
Extraction, and Soxtec System HT 1043 Extraction Unit, respectively. Determination of 
the content of neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid 
detergent lignin (ADL) was conducted with the use of van Soest method [Goering and 
van Soest 1970], with ANKOM220 apparatus. 

Usefulness of green forages for ensilage was evaluated on the basis of their content 
of water soluble carbohydrates (WSC) [AOAC 1990], buffer capacity (BC) [Weissbach 
1992], fermentation coefficient (FC) [Pahlow and Weissbach 1999] and nitrate content 
(NO3) [Collective work 1994]. 

Obtained results were statistically elaborated with SAS statistical package 
[SAS/STAT 1995] with the use of analysis of variance. Significance of the differences 
between the groups were evaluated with t-Student test as well as Tukey test. 

RESULTS 

Analysis of ergovaline content in green plant matter of the studied cultivar proved 
its presence in infected combinations (E+) and the total lack of the toxin in plants 
without the endophyte (E–) (Table 1). Significantly higher toxin levels were observed in 
2008 than in 2007. 

 
Table 1. Ergovaline content in green forage from meadow fescue (Justa) infected and uninfected 

with Neotyphodium uncinatum, μg∙g-1 DM   
Tabela 1. Zawartość ergowaliny w zielonce kostrzewy łąkowej odmiany Justa zasiedlonej i nie-

zasiedlonej przez Neotyphodium uncinatum, μg∙g-1 s.m. 
 

Variant – Wariant Ergovaline level – Poziom ergowaliny 
2007 

E+       2.083* 
�0.13 

E–     0.000 
�0.00 

2008 

E+       2.297* 
�0.04 

E–     0.000 
�0.00 

* P ≤ 0.05  
 
Meadow fescue yields obtained in the research years were greatly diversified (Table 2). 

The first year of harvest was relatively favorable for the grass development, as it was 
characterized by moderate temperatures and quite good distribution of rainfall in the 
growing period (Table 3). Moreover, good growth conditions activated regeneration of 
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plants thinned out as a result of prolonged dry periods in the growing season in 2006, 
when the experiment started. The second year of observation (2008) was less favorable 
for plant growth (Table 3). The reason was little rainfall from the third decade of April 
until the beginning of July. Analyzed cultivar of meadow fescue yielded on a diversified 
level (Table 2). Higher yield of the first cut was noted in 2007. It reached 4.0 t·ha-1 of 
DM in combinations with endophyte (E+). In the following year, the yield was lower by 
nearly 50% because of weather conditions. At that time only 3 cuts were harvested in  
a year. The first cut always constituted over 50% of the annual yield. The lowest yield 
was noted for the last cuts. 

 
Table 2. Dry matter yield of the first cut of meadow fescue (Justa) infected and uninfected with 

Neotyphodium uncinatum, t∙ha-1 
Tabela 2. Plon suchej masy pierwszego pokosu kostrzewy łąkowej odmiany Justa zasiedlonej  

i niezasiedlonej przez Neotyphodium uncinatum, t∙ha-1 
 

Variant – Wariant  Dry matter yield – Plon suchej masy 
2007 

E+       4.04* a 
�0.29 

E–      2.49 a 
�0.34 

2008 

E+       1.80* a 
�0.08 

E–      1.40 a 
�0.02 

* values marked with asterisks differ statistically between the years of experiment (P ≤ 0.05) – wartości  
 oznaczone gwiazdkami różnią się statystycznie pomiędzy latami doświadczenia (P ≤ 0,05)   
a  – values marked with the same letters differ statistically between infected and uninfected cultivar  
 (P ≤ 0.05) – wartości oznaczone tymi samymi literami różnią się statystycznie między odmianą  
 zasiedloną a niezasiedloną endofitem (P ≤ 0,05) 
 

In 2007 N. uncinatum – infected meadow fescue (E+) yielded higher compared to 
the uninfected one (E−), and the statistical analysis confirmed this dependence. The 
effect of N. uncinatum infection on the yield was observed in the first cut. Endophyte 
presence (E+) considerably promoted obtaining higher yields. Thanks to the symbiont, 
the plants survived dry conditions significantly better in 2006, which resulted in a much 
higher yield of plants E+ compared to E–. 

Justa cultivar also yielded significantly better in combination with endophyte (E+). 
Also in 2008 meadow fescue yields from plants with endophyte (E+) were substantially 
higher than from plants without the endophyte (E–). 

Table 4 presents the content of basic nutrients. In the studied cultivar, higher  
(P ≤ 0.01) level of crude ash was noted in endophyte-infected grasses (E+) than in the 
uninfected plants (E–). Endophyte-infected plants (E+) also contained slightly more 
protein, however this dependence was not statistically proved. The plants were 
characterized by high concentration of crude fiber. However, N. uncinatum infection did 
not influence this parameter, or the content of crude fat or nitrogen-free extract (NFE). 
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It is worth noting that in the Justa cultivar uninfected (E–) and infected (E+) with 
endophyte, differences were noted in the content of fiber determined with Van Soest 
method. There were fewer NDF and ADF fractions (P ≤ 0.01) in plants with endophyte 
(E+) (Table 5). It was reflected in a smaller amount of crude fiber (Table 4). 

 
Table 3. Characteristics of weather conditions during field experiments 
Tabela 3. Charakterystyka warunków atmosferycznych w czasie prowadzenia doświadczeń 

polowych 
 

Month – Miesiąc 
Temperature – Temperatura, oC Rainfall – Opady, mm 

Decade – Dekada Mean 
Średnia 

Decade – Dekada 
Σ 

I II III I II III 
2007 

January – Styczeń 5.4 4.6 -1.4 2.7 7.9 47.9 20.1 75.9 
February – Luty -0.4 -0.6 -2.5 -1.0 11.5 9.5 7.0 28.0 
March – Marzec 4.0 4.9 6.0 5.0 13.1 18.6 16.2 47.9 
April – Kwiecień 5.9 9.3 10.2 8.5 14.2 2.3 1.1 17.6 
May – Maj 9.3 12.7 19.0 13.8 23.7 36.8 12.6 73.1 
June – Czerwiec 18.8 19.5 16.2 18.2 16.2 34.8 54.5 105.5 
July – Lipiec 15.7 21.1 17.3 18.0 66.1 3.6 35.0 104.7 
August – Sierpień 18.6 18.6 16.4 17.8 7.6 2.3 32.2 42.1 
September – Wrzesień 12.6 11.3 13.2 12.4 17.0 4.2 16.4 37.6 
October – Październik 9.3 6.1 5.5 6.9 10.5 9.1 0.3 19.9 
November – Listopad 3.7 -0.3 0.4 1.3 13.9 1.0 7.4 22.3 
December – Grudzień 4.3 0.1 -3.1 0.3 26.9 5.4 3.7 36.0 

2008 
January – Styczeń -3.1 1.9 2.4 0.5 9.6 12.9 25.7 48.2 
February – Luty 2.7 0.7 5.1 2.8 4.9 1.1 9.9 15.9 
March – Marzec 3.9 3.3 2.0 3.0 23.2 24.0 14.0 61.2 
April – Kwiecień 5.7 6.7 10.4 7.6 16.5 18.4 3.8 38.7 
May – Maj 12.6 13.0 14.0 13.2 4.3 7.2 0.0 11.5 
June – Czerwiec 19.1 15.6 18.0 17.6 0.0 3.5 12.0 15.5 
July – Lipiec 19.1 18.2 20.3 19.2 12.7 44.4 1.6 58.7 
August – Sierpień 19.1 18.3 16.2 17.8 21.7 53.5 20.3 95.5 
September – Wrzesień 16.8 9.7 10.7 12.4 7.0 1.6 11.6 20.2 
October – Październik 8.9 9.8 6.8 8.4 9.2 27.1 43.7 80.0 
November – Listopad 7.1 5.2 0.5 4.3 1.6 14.1 3.7 19.4 
December – Grudzień 1.6 1.3 -2.0 0.2 3.2 18.2 3.4 24.8 

 
Table 4. Chemical composition of green forage 
Tabela 4. Skład chemiczny zielonki 
 

Variant 
Wariant 

Dry matter 
Sucha masa  

g∙kg-1 

Content, g∙kg-1 DM – Zawartość, g∙kg-1 s.m. 
crude ash 

popiół surowy 
total protein 

białko ogólne 
crude fat  

tłuszcz surowy 
crude fiber 

włókno surowe 
NFE  
BNW 

E+ 300.98 
  �4.85 

  54.92* 
�1.68 

  86.92 
�16.49 

23.06 
�1.37 

291.42 
�12.62 

542.86 
�11.00 

E– 310.48 
  �4.62 

  49.96* 
�1.88 

  82.16 
  �2.11 

21.72 
�1.06 

311.29 
�14.30 

534.87 
�17.66 

* P ≤ 0.01  
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Table 5. Content of NDF and ADF fiber and ADL lignin in green forage 
Tabela 5. Zawartość włókna NDF, ADF i ligniny ADL w zielonce 
 

Variant – Wariant 
Content g∙kg-1 DM – Zawartość, g∙kg-1 s.m. 

NDF ADF ADL 

E+ 554.34* 
�6.03 

283.50* 
�5.72 

20.80 
�0.81 

E– 563.31* 
�5.69 

 295.93* 
�2.70 

19.93 
�0.32 

* P ≤ 0.01  
 
Table 6 presents parameters of meadow fescue usefulness for ensilage. It follows 

that both uninfected green forages (E–) and the ones infected (E+) with N. uncinatum 
are a good silage raw material because of their high fermentation coefficient (FC) and 
small buffer capacity (BC). Interesting seems to be the fact that the content of water 
soluble carbohydrates (WSC) was higher (P ≤ 0.05) in forages uninfected (E−) with 
endophyte. A similar tendency was noted regarding fermentation coefficient (FC) and 
nitrate content. Their higher levels in grasses uninfected (E–) with N. uncinatum were 
statistically proved (P ≤ 0.01). 

 
Table 6. Parameters of forage usefulness for ensilage 
Tabela 6. Parametry przydatności zielonki do zakiszania 
 

Variant – Wariant 
WSC 

g∙kg-1 DM  
g∙kg-1 s.m. 

BC – PB1 Nitrates2   
Azotany 

FC 
% 

E+   19.91* 
�0.65 

  5.26 
�0.08 

    18.84** 

�1.04 
    60.38** 
�1.12 

E–   21.49* 
�0.40 

  5.15 
�0.11 

    21.03** 

�1.16 
    64.82** 
�0.75 

1  g lactic acid∙kg-1 DM  –  g kwasu mlekowego∙kg-1 s.m. 
2  g NO3∙kg-1 DM – g NO3∙kg-1 s.m. 
*  P ≤ 0.05; ** P ≤ 0.01  
WSC – water soluble carbohydrates − węglowodany rozpuszczalne w wodzie 
BC – PB – buffer capacity – pojemność buforowa 
FC – fermentation coefficient – współczynnik fermentacyjny 

DISCUSSION 

Meadow fescue belongs to the grasses of high economical significance in Poland.  
It is often infected with endophytes of the genus Neotyphodium and Epichloë. These 
symbionts develop intercellularly inside the tillers, and reach into seeds in the period of 
seed maturation, and thus may effectively spread with the seed material. However, high 
sensitivity of endophyte mycelium to unfavorable conditions of traditional seed storage, 
often cause a quick loss of its viability [Rolston et al. 1986]. Therefore,  
a frequent circulation of the seed material is the cause of relatively quick decrease of the 
endophyte-infection percentage. It is characteristic especially of the qualified seed 
material of registered varieties of different grass species and of shortly-utilized 
plantations [Cappelli and Buonaurio 2001, Pańka and Sadowski 2002]. In the conducted 
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research, infection of the tested cultivar of meadow fescue was high. It resulted from the 
fact that the seeds used to start plantations came from a breeder and were sown after 
short period of storage in controlled conditions [Moyer 2004]. 

In the conducted research, high ergovaline content was observed in green matter of 
Justa cultivar. The ability to produce this alkaloid depends above all on the genotype of 
the host plant and on the endophyte genotype [Faeth 2002]. Obtained results indicate 
high potential of toxin production by this cultivar. Genetic relationship of symbionts, 
however, is not the only element influencing production of the substance in a plant. 
Equally significant is the growth temperature, amount of rainfall, development stage of 
the plant, as well as fertilization, especially nitrogen fertilization. With regard to 
weather conditions, greater amounts of alkaloid are observed usually in late spring and 
early autumn. With more intensive nitrogen fertilization, also increase of the content of 
ergopeptine alkaloid in grasses is observed [Belesky et al. 1988, Lyons et al. 1990]. 

Maturity stage of a plant at the time of its harvest for ensilage as well as weather 
conditions and agrotechnical factors which influence chemical composition of forages 
and their usefulness for ensilage [McDonald et al. 1991]. Apart from water soluble 
carbohydrates (WSC) and buffer capacity (BC), the content of the dry matter is one of 
the most important factors influencing fermentation processes [Ostrowski 1996]. As it 
follows from the study of Pahlow and Weissbach [1999], there is a dependence between 
these three parameters. Insufficient content of carbohydrates (WSC) may be, at a low 
buffer capacity (BC), compensated to a certain degree with wilting of grasses. 

With regard to the physiology of ruminant nutrition and fermentation processes, the 
content of crude ash in the studied cultivar of meadow fescue (Justa) may be considered 
as normal, as the acceptable level of this ingredient in silages should not reach 80 g∙kg-1 
of the dry matter [McDonald et al. 1991]. The content of crude ash and total protein 
influences the buffer capacity (BC). Worth noting in the studied grasses, is greater 
content of total protein in forages infected (E+) with N. uncinatum than in forages 
uninfected with this fungus (E–). Greater concentration of these components is reflected 
in a greater buffer capacity (BC) of the green forage from infected grasses (E+) than 
from the uninfected (E–) with endophyte, however this dependence was not statistically 
proved. On the other hand, greater buffer capacity (BC) of endophyte-infected plants 
was reflected in the lower fermentation coefficient (FC). 

Relatively large content of crude fiber, which is confirmed in the amount of NDF, 
ADF fiber and ADL lignin, should also be noticed. For the proper functioning of rumen 
and to avoid decrease of fat in cow milk, proper concentration of crude fiber in the dry 
matter of a dose should be 180-220 g·kg-1, of ADF fiber – 160-190 g·kg-1, and of NDF 
fiber it should not be over 250 g·kg-1 [Dorszewski 2006]. Recommended values are 
lower than in the tested cultivar, however if other feeds are considered in a dose, the 
recommended values should not be exceeded. The amount of water soluble 
carbohydrates (WSC) reached the level of about 20 g∙kg-1 of the dry matter. Such 
concentration is lower than the one regarded as proper for silage raw material, which is 
80 g∙kg-1 of the dry matter [McDonald et al. 1991]. Drying grasses up to about 300 g 
DM∙kg-1 of the fresh matter of forage, with the buffer capacity ranging from 5.15-5.26 g 
of the lactic acid·kg-1 of the dry matter, indicates that their usefulness for ensilage was 
proper.  

Justa cultivar is suitable for ensilage, which is indicated by high values of 
fermentation coefficient (FC), which according to Pahlow and Weissbach [1992] should 
be over 35. However, large content of nitrates suggests that obtained silages may be 
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anaerobically unstable. They may include butyric acid, produced during secondary 
butyric fermentation as a result of the activity of Clostridium spp. bacteria. During 
fermentation, nitrates undergo dissociation into nitrites, and next into nitrogen oxides 
and ammonia. The activity inhibiting the development of Clostridium bacteria, is 
displayed only by nitrites and nitrogen oxide, whereas ammonia increases buffer 
capacity (BC) of the ensilaged raw material. To inhibit these bacteria’s activity during 
fermentation, the nitrate content in the fresh matter of forage should range from 4.4- 
-13.3 g NO3·kg-1 of the dry matter. Both the smaller and greater amount do not display 
the activity inhibiting the development of Clostridium bacteria [Kaiser 1994, Thaysen 
2005]. It is confirmed in the research of Mikołajczak et al. [2005]. The authors obtained 
silages from N. uncinatum-infected meadow fescue containing butyric acid. However, 
such silages may be characterized by a high aerobic stability [McDonald et al. 1991, 
Podkówka et al. 2003, 2005b, Mikołajczak et al. 2005]. 

CONCLUSIONS 

1. Endophyte Neotyphodium uncinatum present in meadow fescue of Justa cultivar 
affects the production of ergovaline in plants at a relatively high level. 

2. Presence of N. uncinatum in meadow fescue may favorably influence the increase 
of the dry matter yield. 

3. Infection with endophyte N. uncinatum of the meadow fescue of Justa cultivar 
caused increase of the content of crude ash and total protein in forages.  

4. Forages from meadow fescue of Justa cultivar are a good silage raw material, 
however endophyte-infection significantly worsens their parameters of usefulness for 
ensilage. 

5. In conditions favorable for the development of Clostridium bacteria, obtained 
silages may not be anaerobically stable because of the large content of NO3, which may 
result in occurrence of secondary fermentation and the presence of butyric acid.  
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PLONOWANIE, SKŁAD CHEMICZNY I PRZYDATNOŚĆ DO ZAKISZANIA 
ZIELONEK Z KOSTRZEWY ŁĄKOWEJ (Festuca pratensis HUDS.) 
ZASIEDLONYCH PRZEZ Neotyphodium uncinatum 

Streszczenie. Ocenie poddano zielonki kostrzewy łąkowej odmiany Justa – niezasiedlone 
(E–) i zasiedlone (E+) przez grzyba endofitycznego – Neotyphodium uncinatum. 
Określono plon suchej masy i oznaczono skład chemiczny. Określono przydatność 
kostrzewy do zakiszania. Obecność endofita w zielonkach wpływała na wzrost plonu 
suchej masy. Zasiedlenie grzybem endofitycznym traw spowodowało wzrost zawartości 
popiołu surowego i białka ogólnego w zielonkach. Zielonki kostrzewy łąkowej są dobrym 
surowcem kiszonkarskim, jednak zasiedlenie pogarsza parametry ich przydatności do 
zakiszania. Kiszonki uzyskane z zasiedlonych endofitem zielonek mogą być niestabilne 
beztlenowo ze względu na dużą zawartość azotanów. 

Słowa kluczowe: azotany, endofity, ergowalina, współczynnik fermentacji  
 
 

 
Accepted for print – Zaakceptowano do druku: 26.01.2011 

 

 

 


