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Chemical composition of a Trifolium repens L.
population in a grazed mountainous

grassland in Central Greece

Z.M. Parissi, M. Karatassiou* and P. Sklavou

Dept. of Forestry and Natural Environment, Aristotle University of Thessaloniki,

54124 Thessaloniki (Greece)

Abstract. The purpose of this study was to evaluate the effect of grazing on the herbage production and on

the nutritive value of a natural population of Trifolium repens L. in mountainous grassland.The research was

conducted in Pindos mountain, in Central Greece in July 2013. Three plots of 9 m² each in the study area were

fenced on 2012, in order to be protected from sheep grazing. Herbage production was measured in the grazed

and fenced plots. Hand-plucked samples of Trifolium repens from the grazed plots and the protected ones

were analyzed for crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent

lignin (ADL). Also, phenols (TPH), tannins (TT) and condensed tannins (CT) concentration were measured. As

expected, the herbage production was significant higher in the protected plots (2350 kg DM/ha) compared to

the grazed ones (957 kg DM/ha). The CP content of Trifolium repens was increased significantly in the grazed

plots (183 g/kg DM) compared to the protected ones (142 g/kg DM). The NDF, ADF, ADL content and TPH and

TT concentrations decreased significantly in the grazed areas compared to the protected ones. On the other

hand, CT concentration was significantly lower in the protected plots (2 mg/g DM QE) compared to the grazed

(5.7 mg/g DM QE). It seems that grazing ameliorates the nutritive value of Trifolium repens.

Keywords. Forage quality – Tannins – Small ruminants – Legumes.

La composition chimique d’une population de Trifolium repens L. dans une prairie montagneuse pâturée

en Grèce Centrale

Résumé. Le but de cette étude était d’évaluer l’effet du pâturage sur la production d’herbe et sur la valeur nu-

tritive d’une population naturelle de Trifolium repens L. dans une prairie montagneuse. L’essai a été menée

dans la montagne du Pinde, en Grèce centrale, en Juillet 2013. Trois parcelles de 9 m² chacune dans la zone

d’étude ont été clôturées en 2012, afin d’être protégées contre le pâturage des moutons. La production de

plantes fourragères a été mesurée dans les parcelles pâturées et dans les surfaces clôturées. Des échantillons

de Trifolium repens ont été rammassés à main dans les parcelles pâturées aussi que dans celles clôturées,

et puis ont été analysés pour la protéine brute (CP), la fibre à détergent neutre (NDF), la fibre au détergent

acide (ADF) et la lignine (ADL). En outre, la concentration en phénols (TPH), tanins (TT) et tanins condensés

(CT) ont été mesurées. Comme prévu, la production d’herbe était significativement plus élevé dans les par-

celles protégées (2350 kg MS / ha) par rapport à celles pâturées (957 kg MS / ha). Le contenu de CP de Tri-

folium repens a été augmenté de façon significative dans les parcelles pâturées (183 g / kg MS) par rapport

à celles qui sont protégées (142 g / kg MS). Le contenu en NDF, ADF, ADL et les concentrations de TPH et

TT était diminué significativement aux énchantillons des surfaces pâturées. Au contraire, la concentration CT

était significativement plus faible dans les parcelles protégées (2 mg / g MS QE) par rapport à la pâturée (5,7

mg / g MS QE). Il semble que le pâturage améliore la valeur nutritive de Trifolium repens.

Mots-clés. La qualité du fourrage – Des tanins – Petits ruminants – Les légumineuses.



I – Introduction

In mountainous countries such as Greece, transhumance system integrates the different envi-

ronments and the mobility of shepherds and animals (Sarno, 2014). This system is a traditional live-

stock movement between fixed points from the lowlands in winter to the highlands in summer, in

order to utilize their herbage production availability (Nyssen et al., 2009).

Grasslands are a crucial component for extensive livestock feeding in the Mediterranean region and

are often characterized by the abundance of species, which contribute to the variability of herbage

composition and production (Maranon, 1985). Moreover, legume species contribute to the higher

forage quality of these ecosystems. It is well known that Trifolium repens has a high feeding value

for lamb and milk production (Ulyatt et al., 1977; Thomson et al., 1985). Furthermore, it is an essential

forage legume of the natural grasslands, although it is a spontaneous component of them (Dewhurst

et al., 2009), due to its ability to fix nitrogen and to withstand grazing (Burggraaf et al., 2003).

The aim of this study was to evaluate the effect of grazing on the herbage production and on the

nutritive value of a natural population of Trifolium repens in a mountainous grassland.

II – Material and methods

The study was conducted in a grassland at the region of Stournareika on the mountains of central

Pindus in Greece (39o29’ N, 21o 29’ E) at 1216 m a.s.l. The climate of the study area is classified

as sub – Mediterranean (Mavromatis, 1978) with a mean air temperature of 10.5 oC and mean an-

nual precipitation of 1542 mm. The area is grazed continuously mainly by transhumant sheep from

May to October. Three plots of 9 m2 each were fenced in the spring of 2012, in order to protect the

vegetation from grazing. The grassland of the study area was composed by 36.4% grasses, 15.6%

legumes, 46% forbs and 2% shrubs in the grazed area and 9.4% grasses, 43.4% legumes and 47%

forbs in the protected plots. Trifolium repens occupied 4% of the grazed area and 34% of the pro-

tected ones (unpublished data).The species composition was measured during the grazing period.

The herbage production was measured by harvesting the above ground biomass of the vegetation.

Three samplings quadrats of 0.5 m x 0.5 m were used in each of the grazed and in the protected

plots as well more than a year after fencing, in July of 2013. After that, above ground biomass of

Trifolium repens L. was separated from the herbage production and oven-dried at 60o C for 48 h,

ground through a 1 mm screen and analyzed for Neutral Detergent Fiber (NDF), Acid Detergent Fiber

(ADF), Acid Detergent Lignin (ADL) (Van Soest et al., 1991) using the ANKOM fibre analyzer. Ni-

trogen was determined using the Kjeldahl procedure (AOAC, 1990), and crude protein was calcu-

lated as N content X 6.25. Samples also were analysed for total phenols (TPH), total tannins (TT)

and condensed tannins (CT) assays according to Makkar (2003) in three replicates. Total phenols

(TPH) and total tannins (TT) in the extract were determined by a modification of the Folin-Ciocal-

teu method using polyvinylpolypyrrolidone (PVPP) to separate tannin phenols from non-tannin phe-

nols. Both total phenols and total tannins were expressed as tannic acid equivalent (mg/g TAE). The

(CT) were determined according to the method of Porter et al. (1986), using purified Quebracho CT

as the reference standard. The CT contents are therefore expressed as Quebracho equivalent.

For all measured parameters differences between the grazed and protected plots were calculated

using one-way ANOVA (Steel and Torrie, 1980). All statistical analyses were performed using the

SPSS® statistical software v. 18.0 (SPSS Inc., Chicago, IL, USA). The LSD at the 0.05 probability

level was used to detect the differences among means (Steel and Torrie, 1980).
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III – Results and discussion

Herbage production was significantly lower in grazed area (957 kg DM/ha), compared to protect

one (2350 kg DM/ha) (Fig. 1). According to Ali-Shtayeh and Salahat (2010), there is a direct effect

of grazing on the vegetation growth through the foraging behaviour and trampling of animals. De-

spite the short time of animal exclusion in the protected plots, the herbage production was double

compared to the grazed ones. According to Harrison et al., (2003) the species composition tends

to alter in grazing areas. This is in agreement with our study, however in the grazed area, the per-

cent of Trifolium repens in the species composition was significantly decreased as it is a desirable

and palatable species.
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Fig. 1. Herbage production (kg DM/ha) of the grazed and protected areas.

* Different letters in each column indicate significant differences (P ≤ 0.05).

Trifolium repens’ CP content from grazing areas was significantly higher compared to the CP from

the protected plots (Table 1). The CP increase is probably occurred as a consequence of the Trifolium

regrowing after grazing. On the other hand, the decrease of CP in the protected plants could be re-

lated to the stage of maturity. According to Kilcher (1981), CP content of herbaceous plants decreases

as they reach maturity. Our findings indicated that CP content of Trifolium repens met the require-

ments of sheep for maintenance and lactation (Table 1) (NRC, 1985) in the mountainous area.

The NDF, ADF, and ADL from grazing areas were significantly lower compared to the same chemi-

cal parameters of Trifolium repens from the protect plots (Table 1). Plant phenological stage has

a substantial impact on the chemical composition of forage species (Arzani et al., 2004). As the

plants reach maturity the proportions of structural carbohydrates increase and the plant cell con-

tents decrease.

Similarly TPH and TT concentrations were significantly lower in the grazed plants (Table 1). On the

other hand, CT concentration was significantly higher in the grazed plants compared to ungrazed

ones. Grazing led to the development of defense mechanisms of plants against herbivores such as

condensed tannins (Barroso et al., 2001). The CT concentration was less than 50 g kg-1 DM, indi-

cating a positive effect on plants’ nutritive value (Piluzza et al., 2014). As Trifolium repens is a legume

with a small concentration of tannins, so this increase of CT in the grazed Trifolium repens will help

to overcome of rapid degradation of protein to ammonia in the rumen (Burggraaf et al., 2003).



IV – Conclusions

Generally, grazing reduced the herbage production compared to the protected area. However, it

ameliorated the nutritive value of Trifolium repens.

Acknowledgments

The authors gratefully acknowledge the financial support of the European Union through the Ac-

tion “THALIS” of the Programme “Education and Life-long learning”.

References

Ali-Shtayeh M.S. and Salahat A., 2010. The impact of grazing on natural plant biodiversity in Al-Fara’a area.

Biodiversity and Environmental Science Studies Series, 5, p. 1-17.

AOAC, 1990. Official Methods of Analysis. Washington DC, USA: 15th ed. AOAC, p. 746.

Arzani H., Zohdi M., Fish E., Zhahedi Amiri G.H., Nikkhah A. and Wester D., 2004. Phenological effects

on forage quality of five grass species. In: J. Range Manage., 57, p. 624-629.

Barroso F.G., Martinez T.F., Paz T., Parra A. and Alarcon F.J., 2001. Tannin content of grazing plants of southern

Spanish arid lands. In: Journal of Arid Environment, 49, p. 301-314.

Burggraaf V.T., Kemp P.D., Thom E.R., Waghorn G.C., Woodfield D.R. and Woodward S.L., 2003. Agro-

nomic evaluation of white clover selected for increased floral condensed tannin. Proceedings of the New

Zealand Grassland Association, 65, p. 139-145.

Dewhurst R.J., Delaby L., Moloney A., Boland T. and Lewis E., 2009. Nutritive value of forage legumes used

for grazing and silage. In: Irish Journal of Agricultural and Food Research, 48, p. 167-187.

Harrison B., Inouye D., and Safford H. D., 2003. Ecological Heterogeneity in the Effects of Grazing and Fire

on Grassland Diversity S. Conservation Biology, 17, p. 837-845.

Kilcher M.R., 1981. Plant development, stage of maturity and nutrient composition. In: J. Range Manage, 34,

p. 363-364.

Makkar H.P.S., 2003. Quantification of Tannins in Tree and Shrub Foliage: A Laboratory Manual. Dordrecht,

The Netherlands: Kluwer Academic Press, 116 p.

Maranon T., 1985. Diversidad florística y heterogeneidad ambiental en una dehesa de Sierra Morena. In: Anal.

Edaf. Agrobiol., XLIV, p. 1183-1197 (in Spanish).

Mavromatis G., 1978. Bioclimatic map of Greece. Institution of Forestal Researches, Athens, Greece.

Nyssen J., Descheemaeker K., Zenebe A., Poesen J., Deckers J. and Haile M., 2009. Transhumance in

the Tigray Highlands (Ethiopia). In: Mountain Research and Development, 29, p. 255-264.

N.R.C., 1985. Nutrient requirements of sheep. 6th rev. ed. Nat. Acad. Sci., Wahsington, D.C.

Piluzza G., Sulas L. and Bullitta S., 2014. Tannins in forage plants and their role in animal husbandry and

environmental sustainability: a review. In: Grass Forage Sci., 69, p. 32-48.

Porter L.J., Hrstich L.N. and Chan B.G., 1986. The conversion of procyanidins and prodelphinidins to cyani-

ding and delphinidin. In: Phytochemistry, 25, p. 223-230.

Options Méditerranéennes, A, no. 115, 2016606

Table 1. Chemical composition (g/kg DM) of TPH (mg/g DM TAE),

TT (mg/g DM TAE), CT (mg/g DM QE) of T. repens at the

grazed and protected areas

Grazed Protected

CP 183a 142b

NDF 469a 524b

ADF 293a 345b

ADL 27a 33b

TPH 3.9b 6.5a

TT 1.9b 3.9a

CT 5.7a 2b

* Different letters in each row indicate significant differences (P ≤ 0.05).



Sarno E., 2014. Historical maps and GIS environment as Integrated methodology to rediscovery of Cattle-track

landscapes. A case study. Review of Historical Geography and Toponomastics, vol. IX no. 17-18, 2014, p.

81-101.

Steel R.G.D. and Torrie J.H., 1980. Principles and Procedures of Statistics. New York, USA: McGraw-Hill, 2nd

edn, 481 p.

Thomson D.J., Beever D.E., Haines M.J., Cammell S.B., Evans R.T., Dhanoa M.S. and Austin A.R., 1985.

Yield and composition of milk from Friesian cows grazing either perennial ryegrass or white clover in early

lactation. In: J. of Dairy Research, 52, p. 17-31.

Ulyatt M.J., Lancaster J.A. and Jones W.T., 1977. The nutritive value of legumes. Proc. of the New Zealand

Grassland Association, 38, p. 107-118.

van Soest P.J., Robertson J.B. and Lewis B.A., 1991. Methods for dietary fiber, neutral detergent fiber, and

non starch polysaccharides in relation to animal nutrition. In: J. Dairy Sci, 74, p. 3583-3597.

The value chain in Mediterranean sheep and goats. Industry organisation,
marketing strategies, feeding and production systems

607


