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Abstract

The aim of the research was to compare the productivity and quality of several forage
grasses in the climate conditions of south-eastern Europe. The research was
conducted during 2012 and 2013, in the south-western part of the Pannonian basin
(vicinity of Osijek, Croatia). The experiment included 5 grass species: Italian ryegrass
(Lolium multiflorum), cocksfoot (Dactylis glomerata), hybrid ryegrass (Lolium x
boucheanum), perennial ryegrass (Lolium perenne) and timothy (Phleum pratense)
cut three times per year, i.e. 6 cuttings in total for two years. The results have shown
that there were significant statistical differences for all investigated traits between the
years of the species and their interaction at the P<0.05 levels. In average, the highest
dry matter yield was achieved during the first year of usage (10.4 and 9.1 t/ha). The
average usage of two years, the highest yields of dry matter had Italian ryegrass and
cocksfoot. Quality results showed that the cocksfoot was the least digestible because
it contained over 700 g/kg of neutral detergent fiber (NDF) and 450 g/kg of acid
detergent fiber (ADF), unlike the perennial ryegrass which had 559 and 327 g/kg of
NDF and ADF. Energetically most productive was Italian ryegrass with a production
potential of 19,739 liters of milk and with milk fat of 4%. On the protein productivity
base, the most prominent was the cocksfoot which could produce 11,878 liters of
milk from 713 kg proteins in one year. The results show that none of the tested
grasses had a balanced relationship between protein and energy.
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Sazetak

Istrazivanje je imalo za cilj komparirati produktivnost i kvalitetu nekoliko vrsta trava u
klimatskim uvjetima jugoisto€ne Europe. Istrazivanje je provedeno tijekom 2012. i
2013. godine u jugozapadnom dijelu Panonske nizine (okolica Osijeka, Hrvatska). U
pokusu su istrazivani klupCasta ostrica, macji repak, talijanski, hibridni i engleski ljulj
u 4 repeticije. Provedene su 3 koSnje po godini ili 6 otkosa za svaku vrstu tijekom
pokusa. Rezultati su pokazali da postoje znacajne statisticke razlike za sva
istrazivana svojstva izmedu vrsta, godina i njihove interakcije na nivou P<0,05. U
prosjeku, najveci prinos suhe tvari ostvaren je tijekom prve godine uporabe (10,4 i
9,1 t/ha). U prosjeku za dvije godine koriStenja, najveéi prinosi suhe tvari imali su
talijanski ljulj i klupCasta ostrica. Rezultati kvalitete pokazali su da je klupCasta oStrica
bila najmanje probavljiva, jer je sadrzavala preko 700 g/kg vlakna topiva u
neutralnom detrdentu (NDF) i 450 g/kg vlakna topiva u kiselom detrdentu (ADF), za
razliku od engleskog ljulja koji je imao 559 i 327 g/kg NDF i ADF. Energetski
najproduktivniji je bio talijanski ljulj sa proizvodnim potencijalom od 19.739 litara
mlijeka uz mlije€nu mast od 4%. Na osnovu proteina najprinosnija je bila klup&asta
ostrica, koja moze proizvesti 11.878 litara mlijeka iz 713 kg proteina u jednoj godini.
Rezultati pokazuju da niti jedna testirana trava nije imala balansiran odnos proteina i
energije.

Kljué€ne rijeci: kvaliteta, NEL, prinos, probavljivost, trave

Introduction

Hay of perennial grasses and legumes is the primary source of valuable forage for
feeding dairy cows. Perennial grasses, unlike legumes, are less sensitive to soil
acidity, they are more tolerant to diseases and insect attacks (Leto et al., 2006; Nie
and Norton, 2009). Dry and high summer temperatures reduce the number of cuts
and increase the risk of production (Tucak et al., 2016; Falasca et al., 2017).
Therefore, it is necessary to systematically collect information about the adaptability
of forage grasses for each climate location within each region (Romani et al., 2002;
Chapman et al., 2008). The productivity of hay and grass species in dry conditions of
south-western Pannonian basin (during summer) is not satisfactory for intensive milk
production, neither the quality and nor the quantity. Therefore, the choice of
adaptable grass, species and cultivars is very important. Knowing reaction to the
agro-ecological conditions, which are results from the combined effects of
environmental factors such as type of soil, water availability, climate, altitude (Buxton
and Readfearn, 1997; Todorova et al., 2002; Sokolovic et al., 2011) are very
important in management practices (Duru et al., 2009; Gaujournd et al., 2012).
Animal performance mainly depends on the quality of forage available to livestock
(Glover et al., 2004; Lazzarini et al., 2009), therefore, a basic precondition for
obtaining hay quality is timely mowing in the heading stage, because it gets a
satisfactory leaf/stem ratio (Duru et al., 2008; Cop et al., 2009). Optimal
developmental stage for grass mowing is inflorescence emergence stage, when the
proportion of dry matter (DM) in plants is 15 to 20% (Vranic et al., 2009). With aging,
i.e. delaying of mowing, proportion of dry matter in plant rises, so growing in the
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inflorescence emerged stage, grasses have 20-30% DM and in a thesis stage
30-50% DM, while in soft dough stage proportion of DM can be over 50%, but
significantly reduces the quality (Cherney et al., 1993).

A large number of grass species differs in the quality of feed, depending on the age
of the crop, usage, purpose of cultivars, abiotic and biotic effects. For this reason, it is
important to determine the nutritional value of forage in livestock nutrition, because
effective livestock production is related to the amount of nutrients in the forage (Schut
et al., 2010). The most common parameters used to determine the quality and
nutritional value of the forage are: the crude protein (CP), neutral detergent fiber
(NDF), acid detergent fiber (ADF), total digestible nutrients (TDN), metabolic energy
(ME) and net energy of lactation (NEL) (White and Wight, 1984; Pinkerton, 2005).
Grass species differ in the proportion of soluble fiber in acid detergent. Grasses with
less ADF have greater potential in the diet and are generally better than species with
more ADF (Weiss, 1998).

Degradability of crude protein in forage has been influenced by number of factors
such as: species, the maturity stage and interaction between crops and environment.
The maturity stage affects the degree of degradation NDF in the rumen. The aim of
this research is to compare the productivity, nutritive value and the quality of hay in
different grass species and to asses’ potential in the milk production.

Material and methods

The experiment was established 20 September 2011, on luvisol soil type (Table 1) at
Croatian Centre for Agriculture, Food and Rural Affairs in North-eastern Croatia
(45°52' north latitude, 18°68' east longitude), at 98 m above sea level. According to
the climatic characteristics the area is classified as semi humid. During the two years
(2012-2013) through six cuts were analyzed yield and quality of five most commonly
used forage grasses: Italian ryegrass (Lolium multiflorum Lam. cv. Tetraflorum),
cocksfoot (Dactylis glomerata L. cv. Amba), hybrid ryegrass (Lolium x boucheanum
Kunth. cv. Bilbo), perennial ryegrass (Lolium perenne L. cv. Naki) and timothy
(Phleum pratense L. cv. Boxer).

Table 1. Chemical characteristics of luvisol

pH Organic matter  Nitrogen (mg/kg) AL (mg/100 g)

Profile
KClI H20 % NOs NH4 P20s5 K20
0-30cm 54 6 1.7 4.4 1.5 35.7 33.2

A randomized block design was used to assess species effects with four replications
and plot size was 8 x 1.25 m. The plots were fertilized with 79 kg N: 100 kg P20s: 150
kg K20 per hectare in autumn. Spring application was carried out with 40 kg N per
hectare every year.
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Dry matter samples were taken from each plot per cut, harvesting and weighing

biomass in inflorescence emerged stage. In order to use uniform developmental
phases of different grass species, samples from the second cut each year for
chemical analysis were taken. Crude protein (CP), soluble fibers in neutral detergent
(NDF) and soluble fibers in acid detergent (ADF) to the standard methods (Van Soest
et al., 1991; Cunniff and AOAC International, 1995) were analyzed. Based on the
chemical composition total digestibility index (TDI), the net energy content of lactation
(NEL), metabolic energy (ME) and digestible proteins (DP) were calculated. The
calculation of NEL and DP were done on DLG (1997) system for productive needs of
dairy cows for 1 L of milk with 4% of milk fat.

Differences among grasses were tested using analysis of variance with SAS — PROC
GLM procedure by SAS 9.4 (SAS Institute, 2013). Least significant difference (LSD)
at 5% significance level was used for comparison of means. The following model was
used for combined analysis: Yik = g + Yj + Bk +(YB)j + Si +(SY)j + eik; where Yik =
measured response of species i in block k of year j; y = grand mean; Si = effect of
species i; Yj = effect of year j; SY= species by year interaction; Bk = effect of block k;
(YB)k= year j by block k interaction; eik = random error effect of species i in block k of
year j. For each year analysis, the model was: Yik = g + Si + Bk + ei; where Yik =
measured response of species i in block k; u = grand mean; Si = effect of species i;
Bk = effect of block k; eik = random error effect of genotype i in block k.

Due to climatic conditions, the experimental site is representative of the southern part
of the Pannonian region, which is situated in south-eastern Europe (Figure 1).
Meteorological data were obtained from the national meteorological station in Osijek.
Average rainfall according to the 30 year records for that location is 683 mm with an
average air temperature of 11.3 °C. According to Lang's climate classification, the
location where experiment was conducted alternated at the semi-arid and semi-
humid climate. The average rainfall during vegetation in 2012 and 2013 was
unequally distributed over the vegetation cycle. In 2012 precipitations were uniform
and minimal during all months, while in 2013 there were long drought period during
July and August and rainfall extremes in May and September (Figure 1).

- 150
- 130

-
-
o

- 90
- 70

Temperature °C

- 50

Www uoneydisaig

- 30
- 10

B Precipitation —Temperature

Figure 1. Climatic conditions during two years of experimental on the location Osijek

JOURNAL 344

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2215

Original scientific paper DOI: /10.5513/ICEA01/20.1.2215
Cupié et al.: Forage grass productivity and quality in south-western part of Pannonian basin...

Results and discussion

The combined analysis of variance over years showed significant differences among
the tested species and years and their interactions for all traits at level P<0.05. The
productive potential of a species is the result of its interaction with the environment.
Environmental factors such as soil, moisture and temperature over years have an
impact on yield performance.

There is strong influence of environmental factors during various stages of crop
growth (Smeal et al., 2005), thus species differ widely in their response to
environments. Some species exhibit highly specific response to an environment
(rainfall and temperature), others are even in the performance over a range of
environments. On average of two years use, the highest yield of dry matter was
achieved by Italian ryegrass and cocksfoot, while timothy and perennial ryegrass
achieved the lowest yield in two years (Table 2). It is determined that the cocksfoot
has a much higher yield in the second year than all other species. Realized values
are closely related to its growth and developmental physiology with a long-life span,
deep root and a strong tolerance to cutting (Stjepanovi¢ et al., 2008; Andreata-Koren
et al., 2009).

Table 2. Dry matter yield (t/ha) and crude protein (g/kg) by species and years

Dry matter yield (t/ha) Crude Protein (g/kg)

Species

2012 2013 Mean 2012 2013  Mean
Cocksfoot 10 12.9 1.4 1114 6.94 9.04
Timothy 6.2 9.3 7.8 11.32 9.53 10.42
Hybrid ryegrass 12.9 7.4 10.2 8.63 7.16 7.89
Perennial ryegrass 8.8 6.5 7.7 11.84 8.76 10.3
Italian ryegrass 13.9 9.4 11.7 717 6.66 6.92
Total 10.4 9.1 9.7 10.02 7.81 8.91
LSDo.os-Year (Y) 0.8 0.02
LSDo.05-YXS 1.1 0.04
LSDo.o5-Species (S) 0.9 0.04

All components included in the composition of dry matter and protein content were
differed between grasses at P<0.05 level. In average of two years, timothy achieved
highest dry matter and protein content (Figure 2, Table 2). The lowest proportion of
crude protein had hybrid ryegrass. The values of the crude protein that was analyzed
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were lower than the values according to DLG values. Similar values of protein
content achieved Sokolovi¢ et al. (2006) in perennial ryegrass grown in similar
environmental conditions. The achieved results for the proteins disagree with the
results and comparative researches of Fairey (1985) and Wilman et al. (1996), which
stated that the Italian ryegrass and perennial ryegrass had a superior forage quality
compared to other grass species. A lower proportion of crude protein content in
hybrid ryegrass and Italian ryegrass indicated that these species are susceptible on
long dry period.
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Figure 2. Dry matter content per years

The significant (P<0.05) differences for NDF and ADF contents of grasses are
indicated in Figure 3. The result has revealed that the highest NDF and ADF contents
recorded for all tested grasses, indicating low quality grasses when compared with
other studies (Chapman et al., 2008; Ragnarsson and Linberg, 2008; Gallo et al.,
2013). Givens et al. (1993) also reported that grasses had the highest NDF and ADF
contents when growing in unfavorable conditions. All included grasses had NDF
content higher than critical level (500 g/kg DM) which Paulson et al. (2008) states as
a quality limit. The reported NDF values for Dactylis and Phleum were much higher
than the threshold level (higher than 600 g/kg DM). All three Lolium species had
better quality and digestibility, but not on the level which were expected.

All investigated grasses had statistically significant differences in the level of P<0.05
for the nutritional value of ME (metabolic energy), NEL (net energy of lactation) and
DP (digestible protein). Metabolic energy (ME) is the portion of gross energy that is
useful for metabolism. It is the thing that is left after accounting for energy in feces,
urine and gasses and it is still not all available for an animal to use (Mlay et al.,
2006). Estimates of ME in feeds can be done either directly by measuring in vivo
digestibility, which is expensive, time consuming and laborious. The easiest way is to
calculate the energy content from chemical composition and digestibility data, as it
was done in this study.
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Figure 3. The average content of NDF and ADF (g/kg DM) during two years

The highest metabolic energy (9.44 MJ/kg DM) was detected in Italian ryegrass and
the lowest in cocksfoot (7.67 MJ/kg DM) and timothy (7.69 MJ/kg DM). ME values
obtained in this study for grasses were lower than in other studies (Givens et al.,
1993), but within the range of values reported by Mlay et al. (2006), for grass mixture

(6.78 MJ/kg DM). In two of the five grasses (cocksfoot and timothy) were not

evidenced a minimal energy concentration between 5 and 6 MJ per kg DM which is a
good base for milk production from grasses (Table 3).

Table 3. The content of ME (MJ/kg DM) and NEL (MJ/kg DM) by species and years

ME MJ/kg DM NEL MJ/kg DM

Species

2012 2013 Mean 2012 2013 Mean
Cocksfoot 7.42 7.92 7.67 4.67 4.44 4.56
Timothy 7.38 8.01 7.69 4.66 4.84 4.75
Hybrid ryegrass 9.21 9.23 9.22 5.5 5.29 54
Perennial ryegrass 8.6 9.45 9.03 5.61 5.67 5.64
Italian ryegrass 9.1 9.77 9.44 5.22 5.56 5.39
Total 8.35 8.87 8.61 5.13 5.16 5.15
LSDo.0s-Year (Y) 0.02 0.01
LSDo.05- YXS 0.03 0.02
LSDo.05-Species (S) 0.02 0.01
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Average values for NEL show that Italian ryegrass is the energetically most valuable
grass in this study. Comparing energy production per years, all species had higher
energy production in first year except cocksfoot which had more valuable energy in
second year. Contrary, for digestible protein the largest proportion has been
determinated for cocksfoot and the smallest one in timothy (Table 4).

Table 4. The total productivity of NEL (GJ/ha) and DP (kg/ha) by species and years

NEL (GJ/ha) DP (kg/ha)

Species

2012 2013 Mean 2012 2013 Mean
Cocksfoot 46.6 57.3 52 790 636 713
Timothy 29 45.1 37 500 631 565
Hybrid ryegrass 71.2 39.1 55.2 793 375 584
Perennial ryegrass 494 36.9 43.1 741 404 572
Italian ryegrass 72.7 52.5 62.6 709 446 578
Total 53.8 46.2 50 706 498 602
LSDo.0s-Year (Y) 3.7 53
LSDo.05- YXS 5 60
LSDo.0s-Species (S) 3.6 43

The estimated energy productivity in milk per unit area of the studied grasses (Figure
4) justified significant difference at P<0.05 between species. On the average, the
most of energy was produced by hay of Italian ryegrass, whose energy can produce
19,739 liters of milk with 4% fat per year. The largest productivity of digestive protein
per hectare had cocksfoot (713 kg/ha) which is enough for producing 11,878 liters of
milk with 4% fat. The result of this study clearly indicates of non-balancing ratio of
energy and protein in all examined grasses. Therefore, these unbalanced energy and
protein ratio reducing in the productivity of milk. These values are the results of
intolerance on high temperatures in the summer months which influences quick
passing through developmental stages. Therefore, imposes the need to combine
several different grasses with perennial legumes for better balance and better
productivity in dry summer months.
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Figure 4. The average productivity of NEL (L milk/ha) and DP (L milk/ha) by species

Conclusions

In the presented study productive and quality gradients of five forage grasses in the
south-western part of the Pannonian basin are assessed. They were exposed to
stress conditions in summer season, especially high temperatures and drought
period suppressed grass growth. The highest yield produced Italian ryegrass, but
protein content per hectare and highest energy value showed cocksfoot and Italian
ryegrass. In general, it can be concluded that more balanced and better exploited
grassland would be sown by grass mixture in those environmental conditions in
combination with drought tolerant legume — alfalfa.

References

Andreata-Koren, M., Knezevié, M., Leto, J., Safner, T., Ivanek-Martin¢i¢, M.,
Augustinovi¢, Z. (2009) Reakcija klupCaste oStrice (Dactylis glomerata L.) u
travno-djetelinskoj smjesi na gnojidbu dusikom i napasivanje. Mljekarstvo,
59 (3), 254-261.

Buxton, D.R., Readfearn, D.D. (1997) Plant limitations to fiber digestion and
utilization. Journal of Nutrition, 127 (5), 814-818.
DOI: https://doi.org/10.1093/jn/127.5.814S

Chapman, D.F., Tharmaraj, J., Nie, Z.N. (2008) Milk-production potential of different
sward types in a temperate southern Australian environment. Grass and
Forage Science, 63, 221-233.
DOI: https://doi.org/10.1111/j.1365-2494.2008.00627.x

Cherney, D.J.R., Cherney, J.H., Lucey, R.F. (1993) In vitro digestion kinetics and
quality of perennial grasses as influenced by forage maturity. Journal of
Dairy Science, 76 (3), 790-797.
DOI: https://doi.org/10.3168/jds.S0022-0302(93)77402-0

JOURNAL 349

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2215

Original scientific paper DOI: /10.5513/ICEA01/20.1.2215
Cupié et al.: Forage grass productivity and quality in south-western part of Pannonian basin...

Cunniff, P.A., AOAC International (1995) Official methods of analysis of AOAC
International. 16th edition. Arlington, Va: AOAC International.

Cop, J., Vidrih, M., Hacin, J. (2009) Influence of cutting regime and fertilizer
application on the botanical composition, yield and nutritive value of
herbage of wet grasslands in Central Europe. Grass and Forage Science,
64 (4), 454-465. DOI: https://doi.org/10.1111/j.1365-2494.2009.00713.x

DLG (1997) Futterwerttabellen Wiederkauer. Frankfurt am Main, Germany:
Universitat Hohenheim, DLG-Verlag.

Duru, M., Cruz, P., Raouda, A.H.K., Ducourtieux, C., Theau, J.P. (2008) Relevance
of plant functional types based on leaf dry matter content for assessing
digestibility of native grass species and species rich grassland communities
in spring. Agronomy Journal, 100 (6), 1622—-1630.

Duru, M., Al Haj Khaled, R., Ducourtieux, C., Theau, J.P., de Quadros, F.L.F., Cruz,
P. (2009) Do plant functional types based on leaf dry matter content allow
characterizing native grass species and grasslands for herbage growth
pattern? Plant Ecology, 201, 421-433.

DOI https://doi.org/10.1007/s11258-008-9516-9

Fairey, N.A. (1985) Productivity and quality of perennial and hybrid ryegrass, orchard
grass and reed canary grass grown in the lower mainland of British
Columbia. Canadian Journal of Plant Science, 65 (1), 117-124.

DOI: https://doi.org/10.4141/cjps85-016

Falasca, S., Pitta-Alvarez, S., Miranda Del Fresno, C. (2017) Possibilities for growing
switch-grass (Panicum virgatum) as second generation energy crop in dry-
subhumid, semiarid and arid regions of the Argentina. Journal of Central
European Agriculture, 18 (1), 95-116.

DOI: https://doi.org/10.5513/JCEA01/18.1.1870

Gallo, A., Moschini, M., Cerioli, C., Masoero, F. (2013) Use of principal component
analysis to classify forages and predict their calculated energy content.
Animal, 7 (6), 930-939. DOI: https://doi.org/10.1017/S1751731112002467

Gaujour, E., Amiaud, B., Mignolet, C., Plantureux, S. (2012) Factors and processes
affecting plant biodiversity in permanent grasslands. Agronomy for
Sustainable Development, 32 (1), 133-160.

DOI: https://doi.org/10.1007/s13593-011-0015-3

Givens, D.I., Moss, A.R., Adamson, A.H. (1993) Influence of growth stage and
season on the energy value of fresh herbage. 2. Relationships between
digestibility and metabolizable energy content and various laboratory
measurements. Grass and Forage Science, 48 (2), 175-180.

DOI: https://doi.org/10.1111/j.1365-2494.1993.tb01850.x

Glover, D.E., Kielly, G.A., Jefferson, P.G., Cohen, R.D.H. (2004) Agronomic
characteristics and nutritive value of 11 grasses grown with irrigation on a
saline soil in southwestern Saskatchewan. Canadian Journal of Plant
Science, 84 (4), 1037-1050. DOI: https://doi.org/10.4141/P03-073

JOURNAL 350

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2215

Original scientific paper DOI: /10.5513/ICEA01/20.1.2215
Cupié et al.: Forage grass productivity and quality in south-western part of Pannonian basin...

Lazzarini, |., Detmann, E., Sampaio, C.B., Paulino, M.F., Valadares Filho, S.C.,
Souza, M.A,, Oliveira, F.A. (2009) Intake and digestibility in cattle fed low-
quality tropical forage and supplemented with nitrogenous compounds.
Revista Brasileira de Zootecnia, 38 (10), 2021-2030.

DOI: http://dx.doi.org/10.1590/S1516-35982009001000024

Leto, J., Knezevi¢, M., BoSnjak, K., Vrani¢, M., Perculija, G., Kutnjak, H., Klisani¢, V.
(2006) Produktivnost, kemijski sastav i odrzivost introduciranih kultivara
trava u planinskom podrucju. Mljekarstvo, 56 (2), 139-156.

Mlay, P.S., Pereka, A., Chikula Phiri, E., Balthazary, S., Igusti, J., Hvelplund, T., Riis
Weisbjerg, M., Madsen, J. (2006) Feed value of selected tropical grasses,
legumes and concentrates. Veterinarski arhiv, 76 (1), 53—-63.

Nie, Z.N., Norton, M. (2009) Stress tolerance and persistence of perennial grasses -
the role of the summer dormancy trait in temperate Australia. Crop Science,
49 (6), 2405-2411.

Paulson, J., Jung, H., Raeth-Knight, M., Li, N.J. (2008) Grass vs. legume forages for
dairy cattle. In: Proceedings of the 69" Minnesota Nutrition Conference,
Owatonna, Minnesota, USA, 16-17 September 2008, University of
Minnesota and Hans Jung, USDA-ARS, 119-133.

Pinkerton, B. (2005) Forage quality. Clemson University Co-operative Extension
Service. Forage fact sheet 2. Cooperative Extension Service, Clemson
University.

Ragnarsson, S., Lindberg, J.E. (2008) Nutritional value of timothy haylage in
Icelandic horses. Livestock Science, 113 (2/3), 202-208.
DOI: https://doi.org/10.1016/j.livsci.2007.03.010

Romani, M., Piano, E., Pecetti, L. (2002) Collection and preliminary evaluation of
native turf grass accessions in ltaly. Genetic Resources Crop Evolution, 49
(4), 241-348. DOI: https://doi.org/10.1023/A:1020655815121

SAS Institute Inc. (2013) SAS/ACCESS® 9.4 Interface to ADABAS: Reference. Cary,
NC: SAS Institute Inc.

Schut, A., Gherardi, S., Wood, D. (2010) Empirical models to quantify the nutritive
characteristics of annual pastures in south-west Western Australia. Crop
and Pasture Science, 61 (1), 32-43. DOI: https://doi.org/10.1071/CP08438

Smeal, D., O'Neill, M.K., Arnold, R.N. (2005) Forage production of cool season
pasture as related to irrigation. Agricultural Water Management, 76 (3),
224-236. DOI: https://doi.org/10.1071/CP08438

Sokolovi¢, D., Radovi¢, J., Lugi¢, Z., Tomi¢, Z., Babic¢, S. (2006) Genetic variability of
perennial ryegrass (Lolium perenne L.) autochthonous populations collected
in Serbia for seed yield and seed yield components. In: Rosellini, D.,
Veronesi, F., Proceedings of 261" EUCARPIA fodder crops and amenity
grasses section and Medicago spp. Group joint meeting. Perugia, Italy, 3-7
September 2006, Faculty of Agriculture Perugia, 253-256.

JOURNAL 351

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2215

Original scientific paper DOI: /10.5513/ICEA01/20.1.2215
Cupié et al.: Forage grass productivity and quality in south-western part of Pannonian basin...

Sokolovié, D., Lugié, Z., Radovi¢, J., Zivanovi¢, T., Babi¢, S., Simi¢, A., Maleti¢, R.
(2011) Evaluation of morphological traits, dry matter yield and quality of
Lolium perenne L. autochthonous populations from Serbia through
multivariate analysis. Genetika, 43 (1), 129-140.
DOI: https://doi.org/10.2298/GENSR1101129S

Stjepanovié, M., Stafa, Z., Bukvié, G. (2008) Trave za proizvodnju krme i sjemena.
Zagreb: Hrvatska mljekarska udruga.

Todorova, P., Kirilov, A., Durand, J., Emile, J., Huyghe, C., Lemaire, G. (2002)
Changes in the permanent grassland composition and feeding value during
the growing season. In: Durant, J.L., Proceedings of the 19" General
Meeting of the European Grassland Federation. La Rochelle, France, 27-30
May 2002, European Grassland Federation, 170-171.

Tucak, M., Popovi¢, S., Cupic’;, T., Krizmanic¢, G., épanié, V., Magli¢, V., Radovi¢, J.
(2016) Assessment of red clover (Trifolium pratense L.) productivity in
environmental stress. Poljoprivreda, 22 (2), 3-9.

DOlI: https://doi.org/10.18047/poljo.22.2.1

Van Soest, P.J., Robertson, J.B., Lewis, B.A. (1991) Methods for dietary fiber, neutral
detergent fiber, and nonstarch polysaccharides in relation to animal
nutrition. Journal of Dairy Science, 74 (10), 3583-3597.
DOI: https://doi.org/10.3168/jds.S0022-0302(91)78551-2

Vrani¢, M., Knezevi¢, M., BoSnjak, K., Perculija, G., Leto, J., Kutnjak, H., Lujanac, M.,
(2009) Feeding value of grass silages based on dry matter concentration.
Poljoprivreda, 16 (2), 42-46.

Weiss, W.P. (1998) Estimating the available energy content of feeds for dairy cattle.
Journa of Dairy Science, 81 (3), 830— 839.
DOI: https://doi.org/10.3168/jds.S0022-0302(98)75641-3

White, L.M., Wight, J.R. (1984) Forage yield and quality of dryland grasses and
legumes. Journal of Range Management, 37 (3), 233-236.

Wilman, D., Gao, J., Altimimi, M.A.K. (1996) Differences between related grasses,
times of year and plant parts in digestibility and chemical composition.
Journal of Agricultural Science, 127 (3), 311-318.
DOI: https://doi.org/10.1017/S0021859600078473

JOURNAL 352

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2215
http://www.tcpdf.org

