16th International Symposium
FORAGE CONSERVATION

Brno, Czech Republic, June 3-6, 2014

CZECH REPUBLIC
June 3 -6, 2014

Forage Conservation, 2014



Forage Conservation, 2014



Conference Proceedings

NutriVet Ltd., Poho¥elice, CZ
Mendel University in Brno, CZ
National Agricultural and Food Centre — RIAP Nitra, SK
Institute of Animal Science, Prague - Ukinéves, CZ
Crop Research Institute, Prague - Ruzy#, CZ

16" INTERNATIONAL SYMPOSIUM

FORAGE
CONSERVATION

3 - 6th June, 2014

Brno, The Czech Republic

Forage Conservation, 2014



Forage Conservation, 2014



Organizing committee:

Ing. Vaclav JAMBOR, CSc.
Doc. Ing. Jii SKLADANKA, PhD.

Prof. Doc. MVDr. Ing. Petr DOLEZAL, CSc.
Prof. Dipl. Ing. Ladislav ZEMAN, Csc.
Dipl. Ing. Matu$ RAJSKY, PhD.

Ing. Lubica RACAKOVA, Ph.D.
Doc. Ing. Petr HOMOLKA, Ph.D.
Ing. Radko LOWKA, CSc.
Doc. MVDr. Josef ILLEK, DrSc.
Ing. Sergej USAK, CSc.

Further copies available from:

NutriVet Ltd.
Videnska 1023
691 23 Pohirlice
Czech Republic

E-mail: nutrivet@nutrivet.cz
Tel./fax.: +420-519-424247, mobil: + 420-606-764260

ISBN 366500065063

© Mendel Univerzity at Brno, 2014

Published for the 16" International Symposium of Forage Conservation, 3-6™
June, 2014 Brno by Mendel University at Brno, CZ

Editors: V. Jambor, S. Mala, B. Vosynkova, D. Kueghtova

Forage Conservation, 2014


Tomíková
Přeškrtnutí

Tomíková
Náhradní text
978-80-7375-975-9


Forage Conservation, 2014



General Sponzors

volac

WWW.VOLAC.COM

WWW.LIMAGRAINCENTRALEEUROPE.COM

Forage Conservation, 2014



Forage Conservation, 2014



SALINITY

WWW.SALINITY.COM

AGRE:

WWW.AGROBEST.CZ

dinamica generale

weighing systems and NIR solutions

WWW.DINAMICAGENERALE.COM

ECO@YHL
producth Lot

WWW.ECOSYL.CO.UK

L
©

WWW.OSEVABZENEC.CZ

NutriVet >

WWW.NUTRIVET.CZ

Forage Conservation, 2014



OBSAH

PRODUCTION AND REALIZATION OF MILK IN THE EUROPEANUNION ......ivtiiiiiii it et ei e ereean e 1
THE HISTORY AND ROLE OF FEED PRESERVATION IN THEZECHREPUBLIC ....cuviiviiiiiiiieciieeieeeeei e 3
FIFTY YEARS PROGRESS IN FORAGE CONSERVATION AND CHRENGES FOR THE FUTURE........ucetvunierineieineennnns 9
SECTION 1: FORAGE PRODUCTION - YIELD, QUALITY, FERT ILIZATION ....ccccoeeiiiiiiiiiiiiiiiiiinenn, 26
IMPACT OF DIFFERENT DRYING TECHNIQUES ON HAY QUALITY .. etuntiitnieeeteeeeieeeeteeeeneeeeaneesenaseeeanessnneeeanns 27
DIRECT SOWING OF RED CLOVER AND INTERGENUS HYBRIDSYBTHREE TECHNOLOGIES FORAGE PRODUCTION
F N3 1Y I 12N 39
CRUDE PROTEIN FRACTION OF LUCERNE IN LEGUMBRASS MIXTURE......cuutiitiiietieerieereteeeeneseanessnneesennns 43
SECTION 2: FERMENTATION PROCESS OF FORAGE - HARVEST, PRESERVATION AND
IO 72X 1 = 46
MANAGING THE AEROBIC STABILITY OF SILAGES. ....uiiuuittiitiitiettieetiettesiteesn st ssaeastesteestsstssaesstieressnesens 47
SILAGE ADDITIVES — ASSESSMENT OF THEIR EFFICIENCY TO IMPROVE AEROB&TABILITY OF SILAGES........... 55
FERMENTATION CHARACTERISTICS ANDAEROBIC STABILITY OF WHOLE CROPMAIZE INOCULATED WITH
HOMO-AND HETEROFERMENTATIVELAB AND ENSILED IN HERMETIC PLASTIC BIG TUBES.......ccvviiviiinciinn. 57
THE EFFECT OFMAIZE-ALL+ ON THE FERMENTATION AND AEROBIC STABILITY OF SORGHM SILAGE IN
S0V T 61
SECTION 3: NUTRITION VALUE OF PRESERVED FORAGE (DET ERMINATION OF FORAGE
QUALITY BY NIRS) AND THEIR EFFECT ON PRODUCTION AND HEALTH OF ANIMALS......... 64
RAPID METHODS OF ANALYSIS OF SILAGES TO IMPROVE FEENG MANAGEMENT IN DAIRY FARMS.................. 65
THE SILAGE FERMENTATION— EFFECTS ON RUMEN FERMENTATION AND IMPLICATIONS FORERTILITY .......... 71
EVOLUTION OF FORAGE QUALITY OF SELECTED GRASS SPEGBDURING THE1®" HARVEST REGROWTH............ 79
THE NUTRITIVE QUALITY OF MAIZE HYBRIDS IN EXPERIMENTS AT TROUBSKO ANDUHRINEVES.......occvvvevniennns 83
CHEMICAL COMPOSITION, FERMENTATION QUALITY AND AEROBIC STABILITY OF HIGHMOISTURE CORN GRAIN
ENSILED WITH DIFFERENT ADDITIVES. ... . ituutiittniettteetunetsasestaseetnssssanssstasstetssssnassstaesssnsesstsesensseesnniees 85
SILAGE HEALTH FOR ANIMAL VWELFARE ... itttittiittiiit et et e e et et et e s ae s st e st e e s e st e e e e e b e saneebn e st e et sebaeanns 87
QUALITY OF PRESERVED FEEDS AND THE RISK OF CLOSTRIBIL INFECTIONS IN CATTLE.......cccvtvriiririnieneeeeeennn, 89
QUALITY OF WHOLE PLANT OF PEA WITH LUCERNEAND POSSIBILITIESOF ENSILAGING .....vvvviviviiieeeeiiinnnn, 91
AGRINIR™ - REAL TIME, ON FARM ANALYSIS FOR MANAGING PRODUCTS VARIABILITYIN ANIMAL NUTRITION
.......................................................................................................................................................... 95
SECTION 4: PRODUCTION OF BIOGASS BY CONSERVED FORAGES........cco oo 98
BIOGAS PRODUCTION FROM AGRICULTURAL RAW MATERIALS INCLUDING NEW ENERGY CROPSIN GERMANY
.......................................................................................................................................................... 99
RUMINANT FEED PRODUCTION FROM CELLULOSE BIOMASS APRED AMMONIA STRIPPING FROM DIGESTED
SLURRY OF THERMOPHILIC BIOGAS PLANT. ..uuitttittietttttietneetaesaneesnestaseanessatssasstettessnessnsesnessniesnessnessnes 109
BIOGAS PRODUCTIONPOTENTIAL OF SELECTED GRASSSPECIESUSED TORESTOREGRASSLANDS............... 113
NON-TRADITIONAL CROPSPROSPECTIVE FORBIOGAS PRODUCTION .. .ccuiivtiiiieiieiiiieaneeeesieeaneeinesaessneeans 117
BIOGAS FROMIEEDING SORREL. . ..uuctuuiitiittetttitestsstesnssnsssessaessaesan sttt sststteraessttertesstaersnsesnereneees 121
o O LN I = 2 T 126
DIFFERENTIAL OF PRODUCTION POTENTIAL OF PASTURE STA IN THE PROTECTED AREAMORAVIAN KARST
........................................................................................................................................................ 127
Y IELDS AND QUALITY OF SILAGE MAIZE HYBRIDS GROWN UNLER DIFFERENT CLIMATIC CONDITIONS........... 129
THE IMPACT OF GRASSLAND MANAGEMENT ON PLANT SPECIEBIVERSITY AT A MESOTROPHIC SITE IN AN
EIGHT-YEAR-LONG EXPERIMENT. ... .tttuuiettnieeeueeetaeeestneeesneestaeeesan s saneesasseeanessnseetaseeensesreeeransssrsnarseen 133
THE EFFECT OF BIOLOGICAL INOCULANT AND CHEMICAL ADDTIVES ON FERMENTATION CHARACTERISTICS AND
NUTRITIVE VALUE OF HIGH MOISTURE MECHANICALLY TREATED CORN SILAGE .....ccuuiivtiiiiieeeeieeeaiesenneeeanns 137
OCCURRENCE OFMYCOTOXINS IN ALFALFA SILAGE ...cvuiittiiiiiiiiiiieieitieiesitseses st sssasssnsssnssanssterasanesanns 139
EFFECTOF CHEMICAL ADDITIVE ON FERMENTATION QUALITY OF BREWER S GRAINS SILAGE WITH MALT
S = 101U 1 = ST 141
THE EFFECT OFMAIZE-ALL+ ON THE FERMENTATION AND AEROBIC STABILITY OFMAIZE SILAGE IN CROATIA
143

Forage Conservation, 2014



THE EFFECT OF A NOVEL COMBINATION OF ANTI MYCOTIC CEMICALS ON THE MICROBIOLOGY AND

NUTRITIONAL VALUE OF HAY .. ettititeeet e ee et e e e e e e e e e e e e e e e eat e e e st e e s aa e s et e e e et e e ean s s st e sarassenanesennserenns 145
FERMENTATION QUALITY OF LUCERNESILAGES ON AGRICULTURAL FARMS IN WESTSLOVAKIA IN THE

Y EARS 20 L0-20 03 ..o ettt ee et e et e e e et e e e e e e et e et e e e aa e e et aa e enan et e eeeta e eran e aaararreeaaas 147
IMPROVEDPRODUCTION OF BIG BALE LUCERNESILAGE USING LACTIC ACID BACTERIA BLEND INOCULANT
........................................................................................................................................................ 149
EFFECT OF SEED NUMBER AT SOWING ON YIELD AND NUTRIVE VALUE OF DIFFERENT OAFPEA AND OAT-

VETCH COMBINATIONS ...ttt ittt st teea e et et e et et b e eaa e et s e s s aa s s b e ea s sb e e a s sa s saeesaesba e saeesassanssanssbnssansetsenans 151
EFFECT OF7-14DAYS DELAY IN CUT ON YIELD AND NUTRITIVE VALUE OF WHOLE CROP RYE DURING THE
APRIL-IMAY HARVEST PERIOD. ... cituuettteettt ettt eesteeeetaee st e eeaaaeestasseaa et et eesteseaneseteereseeennsessneerensns 153
CHANGES IN NUTRITIONAL PARAMETERS OF MAIZE WHEN HAR¥ESTED AT DIFFERENT TIMES......ccvvvnriivnnnnenn. 155
THE VARIABILITY OF THE RESULTS OF THE NUTRITIONAL VA.UE OF MAIZE SILAGE OBTAINED BY THE
APPARATUSAGRINIR ..ottt eem et e e e e et e e e et e e e e e e et e eeaa e s sanare b seeanessanesesneenansees 157
OMD DETERMINATION BY ELOS(ENZYMATIC SOLUBLE ORGANIC MATTER) METHOD IN GRASSES.............. 159
THE EFFECT OF FEEDING MYCOTOXINCONTAMINATED SILAGE ON MILK PERFORMANCE AND PARAMEERS OF
RUMEN MILIEU OF DAIRY COWS ...tutituituitutetnettattan ettt eansttsesnesssesaessassnesnessntesneesnstsneesnessnesssnsessernns 161
DETERMINATION OF PROTEIN DIGESTIBLE IN INTESTINE INGRASS SILAGE BY THENIRS METHOD ................. 163
EFFECTS OF A HOMOFERMENTATIVE INOCULANT ON DRY MATTR LOSSES FERMENTATION PATTERN AEROBIC
STABILITY , PROTEIN QUALITY AND BIOGENIC AMINES IN GRASS SILAG ......cceunieitnieeeieeiiieeeeieeeenesesneeseanns 167
FARM-SCALECOMPARISONSOFOXYGENBARRIERFILM WITH STANDARD POLYETHYLENE
FILM ASTOPSURFACECOVERINGSFORENSILEDGRASSCROPS.......oo e 171

Forage Conservation, 2014



Production and realization of milk in the EuropeanUnion

KUCERA, J.
Czech Fleckvieh Breeders Association

The milk market is highly globalized and respondsiévelopments in individual areas. The Europeaiotn
together with New Zealand belongs to the largepbgaers of milk on the market with the same 26% sliar
each of the major players.

Estimation of milk production in the EU
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Estimating the further development of milk prodantand its price is very complex task, which isfcomed by
the fact that there are many studies on this tiyt almost contradict each other. DG Agri estimatgarding
the development of milk production in the EU ti0Z2 are characterized by an expected gradual iserebthe
total volume of production and deliveries to preieg.

Estimation of milk production in New Zealand
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ot

1984 1083 1392 1996 2000 2004 2008 2012 2016 2020

Source; OECD and FAQ Secretariats.
A trend of estimation of OECD/FAO for the secondstnimnportant player on the international marketewN
Zealand - in the same period (till 2020) is vempitr to the prediction of European production. Hwer, if we
take account of possible climate impacts, it isicleow the volume production diverge in Oceania.
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The volatility of milk prices

New Zealan 24,k
Uruguay 22,0
USA 18,9
Poland 15,0
Hungary 14,4
Australia 13,8
Czech 12,9
Germany 11,1
Brazil 11,0
Ireland 10,9
Sweden 10,9
South Africa 10,4
Netherlands 10,2
Austria 9,7
Denmark 9,3
EU average 9,1

Many studies have dealt with the volatility of mipkices recently, an analysis of the EDF among them
Within the EU only Poland and Hungary have a higidk price fluctuations, while the large milk pnockrs
within the EU (Germany, Netherlands) are statifitidzehind the new EU member states.

If we look in more detail at the reasons for fluttans respectively price stability, then it is il that
Canadian market has one of the lowest volatilityhef price, thanks to a strict system of milk ggaad market
management. There is the highest price fluctuatidvew Zealand. However, the situation there dependinly
on the weather influence. It is also a market witremy regulation in terms of quantity or price.

The examples of big and strong sales organizatiorfiren what emerged from a study that the European
Commission commissioned to the Dutch UniversityNlageningen: the milk price is higher by 2,5 to Ejfo
per 100 kg of milk in countries (regions) with alhér willingness of dairy farmers to organize thelwss into
strong producers organizations than in countrigh Wiwer involvement in producers organizationkelise,
there are price fluctuations lower in states withhigher proportion of milk traded through the proers
organization. Generally, the 28 EU milk sector bbag of the highest participation of dairy farmenssales
organizations, which exceeds 50 %. In the long téhm most studies agree on increase of the mdkymtion
both in the EU and globally over the next ten yedroduction increase by 4,5 % is expected in dhe
member states of the EU till 2022; only a 2% prdiducincrease is predicted in new EU member states.

The establishment of an observatory for the devetp of the milk price (European Milk Market
Observatory) is a step, which the majority of &l tparticipants of last year's "dairy conferenee'Brussels
agreed on. The site http://ec.europa.eu/agricutnile market-observatory/index_en.htm keeps youwiinfed
about the development of milk prices, informatiantbe development of the milk and milk products kets,
and much more.
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The history and role of feed preservation in the Cazch Republic

JAKOBE, P.
SSZP, Klatovy

Considering the way of development of agriculture Czechoslovakia after 1950, the need for forage
preservation grew very quickly as a consequenaoldctivisation. The agricultural establishmerdgsrided in
the country at that time were relatively large ampared with Western European farms and it was rhamp
increasingly difficult for them to ensure a suféini supply of green fodder to cows. An increasettl fsize
brought about new issues connected with preservatfocrops difficult to ensile, sugar beet tops audar
refinery by-products such as molassed sugar hdpt pll was made even worse by unfavourable climat
conditions. That is why agricultural research tuibns began to address methods of forage presamvdrirst
of all | should mention the Czech doyen of foragesprvation, F. Isayev, later followed by F. Flamthee
Institute of Animal Science Prague - #iligves. In the 1950s and 1960s these researcherstigated
preservation methods of sugar beet pulp, sugartbpstand potatoes. The quality of silages fromasumpet
tops and non-pressed sugar beet pulp was verygbiabat time.

Further trials were performed in the Slovak Repybinainly at the Animal Production Research Centre
in Nitra, where the research was headed by MiroSlavltéty, or at the Grassland and Mountain Agtimel
Research Institute in Banska Bystrica.

As time went by, the leading position in researtio forage preservation was gradually taken uphiey t
Department of Biotechnology of the Research Initf Animal Nutrition in Pohielice that became the main
coordinator of the research activities in 1964 sTdevelopment mainly resulted from the work of Brdtic at
the turn of 1950 s and 1960s who built a specidletechnology site focused on forage preservatiethods,
forage treatment and preserved forage assessmeoithex major research researcher A. Karkan whoighdd
the books "SilaZzovani pokrokovymi metodami" (Pragree Ensiling Methods, 1959), "Vyroba a ulozZeni
kvalitni kukuicné silaze za pouziti PVC plachet” (Manufacture 8tatage of High-Quality Maize Silage Using
PVC Silage Covers, 1963), "Sildzovani kiika s chemickyistou ma@ovinou a siranem amonnym" (Ensiling
Maize with Chemically Pure Urea and Ammonium Sutphaand "SildZzovani picnin silostanem pyfiggianem
sodnym" (Ensiling Forage with Silostan Containirag®im Di-Sulphite, 1969). Later, along with his lealgue
K. Kozeluhov4, he focused on storage of fodder hadtsugar beet.

Significant methodological achievements of Ba&fanin the 1960s included the research into and
specification of the optimum dry matter level ofatfh for haylage, within the range of 42 — 45 %e BHlso
prepared standardized monitoring and fermentatimtgss evaluation procedures for ensiling materialbs
different levels of dry matter (DM) in laboratorgade silos and for concrete curbs used under sefdi-f
conditions.

In 1971 these investigations were followed by ¢rialith oat preservation aiming at producing high-
energy glycide feed under less favourable conditid that time early varieties of maize with sheegetation
times were not available in Czechoslovakia andjesahat did not contain corn cobs were of pootityudue to
low dry mater levels. These important studies becdme basis for later development of whole cropliegs
methods. Although studies on this topic publishbtbad were available, the Czechoslovak agricultseator
was unaware of it. Therefore the detailed researab focused on the effects of harvesting oat derdift
maturity stages, from heading to milk-wax maturdy, quality of whole crop oat silages.

Silage quality of oats harvested in different mayustages

Dry Acids Lactic acid br
Stage pH _ y

matter lactic matter

(%) acetic (%) | butyric (%)| VFAs loss (%)

Heading 17.01 5 0.21 0.93 0.36 0.1 18
Blossoming 20.03 4,72 0.34 0.63 0.26 0.3 12
Milk maturity 24.22 4.12 0.92 0.38 0.02 1.8 11
Milk-wax maturity | 33.18 4.32 1.17 0.25 0.01 3.5 8

Source: Baratic, F., Dedek, J., Jakobe, P.: "Vliv zvySeného bbssusSiny na kvalitu ovesnych silazi a senazi"
(Effect of increased dry matter levels on qualityvhole crop oat silage and wilted silage), in: @i#&néa vyroba
20, 1975, No. 9.
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In the early 1970s the quality of oat silage hated at different maturity stages determined itshér
use and orientation at other cereals for the fallgwreasons: milk-wax maturity of oats proved wer
appropriate, as the dry matter of about 35 % adsuery good quality of silage and allowed for direc
harvesting, providing that the chop length was vemgrt, which was impossible to achieve with maehjn
available at that time. Therefore it was recommenibeharvest oats at milk maturity, let it wilted the field
until 35% DM and then ensile. This, however, insezh the dependence on favourable climatic condition
and/or need for a silage additive. Another relagstie, addressed by Batanand Rikryl, was harvesting of
nurse crops, for alfalfa and clover were commordwrs under oats or barley which were left to achiée
maturity at the expense of the under-sown crop.aBge of the need for quality protein from underisow
perennial crops, recommendations were publishdthteest oats at heading, which meant either to fgedn
oats or let it wilt quickly and ensile at about 38y matter. This was often difficult to managedaherefore
barley was harvested at milk-wax maturity more camiy. This topic was further developed by studiés o
harvesting and preservation of cereals at milk-maturity, known as the GPS method.

In the 1970s, in addition to cereal harvesting praservation, Jakobe studied preservation of neassgr
varieties in collaboration with grass improvemexperts from Hladké Zivotice. He mainly focused etraploid
varieties of rye grass, with higher levels of wateluble sugars, however depending on soil featiim. After
the application of nitrogen fertilizers at highensés, nitrogen levels grass material increasedouthose
measured in clover or alfalfa. Taking into accoiilmte and other nutrient levels, the beginning eadliing was
determined as the optimum maturity stage for han@gtimum nitrogen dose giving the highest yieldss set
at total 240 kg of N, given in three applicatioriBue to the high levels of nitrogenous substancestop was
difficult to ensile, with either 36% DM, or 25% Dplus silage additive being prerequisites for suscBewly,
the methodological approach included the presemwatf forage from research fields in Vatin, a crop
improvement site belonging to the Forage Departroétite College of Agriculture in Brno. The condits of
grass growing were accurately defined there, inolydertilisation. Hartman was the first one to Uspid
chromatography for laboratory measurement of watduble sugars, pentosans and hemicellulose and the
fractions. These were valuable data for crop imersweflecting the results of their crop improveineffiorts
and a being an incentive for further grass groveind improvement in terms of yield and nutrient Isve

This is related to a broad issue of ensiling preessassessment which the Research Institute ofaknim
Nutrition paid a lot of attention to. The developthef chemical methods, particularly in the 1976d 4980s,
allowed for a more accurate monitoring of fermdotafprocesses. The micro-diffusion method for @ettid
measurement and gas chromatography for the measnteshacetic and butyric acid were introduced thg
same time the determination of free amino-acidgadosnol titration with calculation of the level ofgeolysis
was introduced. Most changes were made in analyséactic acid. The introduction of the micro-diion
method was followed by gas chromatography, andesit885 isotachophoresis has been used for ladtic ac
measurement. Its relevance has been confirmeddeyies of silage trials aimed at monitoring of fentation
processes in difficult to ensile forage speciesds found out that parameters such as lactic kaithte to VFA
ratio, ammonia to VFA ratio, readily soluble sugarsl protein are the ones most sensitive to positirem
management of difficult to ensile forges. On tlasib of this and other findings Hartman developatbw
system of silage assessment, published in the baldéd "Sildzovani objemnych krmiv" (Ensiling of irage
Crops) by Jakobe et al. (1986).

In the recent years the chromatographic method® Heecome the most commonly used way of
measuring fermentation parameters in differentgsilypes. The instrumentation and accuracy of cdenpu
assisted result evaluation have been steadily impgo

In the 1970s and 1980s, due to a lack of foragejnareased attention continued to be paid to
preservation of sugar beet pulp and tops by bathinktitute of Animal Science in Winéves (Flam) and the
Research Institute of Animal Nutrition in Pabtice (Karkan). The molassed sugar beet pulp prdut sugar
refineries by a new diffusion method contained Jery sugar levels and only about 6 - 8 % of DM.eMtpts
were made to use absorbent materials or chemichtivas, all without any noticeable success. Thardéswas
resolved by the introduction of pulp pressing hilieo problems appeared. Also sugar beet tops weted with
absorbent material - straw chops - but a techmecablem of homogeneous mixing with the tops emerge
Further efforts were made to increase dry mattatesd by dehydration (Karkan,1975), but the methvad not
established. The last stage of research into sogat top ensiling was inspired by the introductidra new
technology of sugar beet harvesting, which didproduce tops including the tuber heads but ontyoffuthe
leaf and petiole with a flail mechanisntikpyl (1985) proved that in comparison to the ttamgtially used cutting
the new method reduced the nutritional value offthhage and increased the risk of ash or soil cuoimtation.

In the 1980s maize continued to replace oat silagéghland areas due to the of maize hybrids with
earlier maturity. For the Czechoslovak agricultomaize was a new crop, and as mentioned in thedattion
to this essay, Karkan described its preservatichemrmethodology for farmers in 1961. In the 19304 1980s,
in the context of labour division approach appliedCzechoslovakia at that time, maize preservatias tested
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by Skultéty from the Animal Production Research t@eilitra. His research results became the basisaife
preservation methods.

Assessment of maize silage harvested at milk-waxritya(Skultéty)

La_cdtic Nutrients on DM basis
Silage dry| . acl
Lactic :

matter pH acid % | Volatile |N- Nitrogen
% . free Ash

fatty substance| Fibre % extract | %

acids % % 0
22.25 3.90 3.59 5.70 8.58 20.00 57.12 5.69
25.64 4.10 2.75 4.40 8.12 19.42 60.50 5.38
29.67 4.30 2.15 3.42 8.00 17.23 64.78 5.33
32.63 4.40 2.67 3.44 8.02 18.11 62.87 5.08

From the very beginning of fodder preservatioroeff were made to assure high-quality preserved
forages for cattle even where the local environnseich as low dry matter content or poor climatioditons
did not allow to achieve it. Unfavourable climatienditions both reduced dry matter levels in fodaledt did not
allow for increase of dry matter level by wiltinghat is why even in the Czech Republic studies werelucted
to test effects of the product AIV developed by Hienish researcher Virtanen, but the product wasaidely
used due to difficulties in acid handling and thecessity to neutralise the acids in feed. In thé0%9 the
research institutes in Pofetice an Ukinéves worked on the application of sodium di-sulploté practical
results were not satisfactory and farmers withdirem using it. Later on the attention was focusadhe use of
formic acid and a number of tests were performad, diespite very good preservation results practical
applications were minimal. The widespread use wavented by the caustic effect of acids causing ski
erosions and pervasive smell. That is why attentias focused on the mixture of calcium formaté sodium
nitrite in powder form called Silostan. The sodimitrite selectively suppressed clostridia in thastfistage of
fermentation, thus allowing for acceleration of Igepation of lactic acid bacteria. The use of this
Czechoslovakia was described by Karkan (Animal Matr Research Institute) and Kozak (Institute for
Scientific Management Systems). Its conservatidecebn silage was said to be satisfactory thengamition
of its homogeneous introduction into the ensiledemal. This was quite difficult though, and thiemre the
quality was variable. In addition, there were savhgections against sodium nitrite from the hygiepant of
view.

In those years a whole range of other silage meditwas tested, such as propionic acid (for grain
preservation, Bara&t 1970), iso-butyric acid (for grain and hay pmes¢ion, Vaclavik) or benzoic acid and
salts (for sugar beet conservation, Flam, Kpdaespite the good preservation effects the witksp use was
prevented by high costs.

Problems with forage quality persisted also in1B&0s and efforts were made to introduce othagsil
preservatives. The attention was focused on foretside because of its antimicrobial action. Forntajde was
usually used along with acetic acid. In Czechodt@vaf that time this issue was mainly analysedShyltéty of
the Nitra research centre, who prepared a methggdlr use of the silage additive Chemkosil, a onigtof
formaldehyde (50-56 %), acetic acid (20-25 %) aBd%d methanol, which is toxic and therefore theregewe
objections against its use. A similar effect isquoed by hexamethylenetetramine (urotropine), adedad in
mixture with sodium nitrite as Kofasil Plus. Bus iapplication was very costly and therefore Syrghes
Pardubice in cooperation with Jakobe arfikriyl investigated the application of the hexamédimgtetramine
based mixture with formic acid Silko M, or with giceacid Silko A. The additive showed good effect o
preservation of protein forages with a low dry mattontent of 24 %. The additive was availablehia liquid
form and special applicators were used to injedttid the output pipeline ending of the cutter ($edUOS
Zamberk). Although a correct application resultednio health or hygiene issues, the product cordaine
formaldehyde and potential milk contamination wasdesirable.

Another trend in forage preservation was represeby probiotic silage additives. In 1979 MVDr.
Mican (State Veterinary Administration, Hustépg performed in-process monitoring, on the basiwluth he
proposed the use of a probiotic as silage inoculdhe product was manufactured by the Agricultural
Cooperative of Hustoge together with the Medipharm company. In the autwil1979 the Poltelice research
institute (Jakobe and Bardo) commenced laboratory, pilot and in-process irigstof lactacidogenic
Streptococcus faecium, strain N 74, under the comialename of Lactisil. With 50 thousand homofermagine
lactic acid bacteria per 1 g of green forage thieiong results were achieved:
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Quality of beet top silages treated and untreatét Wwactisil (Jakobe, Baradic, Prikryl)

Dry matter % pH Lactic acid % Lactic aciolatile fatty acids

With Lactisil 17.30 4.0 2.18 3.62

Without Lactisil 16.99 3.98 1.98 2.96
Nutritional value of beet top silages treated amtreated with Lactisil (Jakobe, Baréig, Prikryl)

Dry matter | N-substances| Digestible nitrogenous substances
% % % Starch units

With Lactisil 17.30 3.73 3.21 10.03
Without Lactisil 16.99 3.63 2.98 9.01

The results show that quality of the preservedderdid not substantially improve, also due toféoe
that preservation of beet tops was performed ungémum conditions, unlike under the field conalits. In
fact, there was a big difference in the intakeavhfje by animals and repeated monitoring on fatmesved an
increase in average milk yield by 0.5 litres. Aretliavourable effect was an improved resistancenaize
silage against secondary fermentation.

Further development of probiotics in collaboratieith AB Medipharm headed towards combinations
of several probiotic strains. The first one was RITSIL that contained Streptococcus faecium, Ladditiba
plantarum, Lactobacillus casei and Pediococcus, spith total live bacterial counts of 10X1per 1 g of
product. Comparative trials confirmed that if cetrdechnological practice of application was obeérv
MICROSIL reduced fermentation losses and improveedfintake. Another silage inoculant tested by the
research institute in the 1980 was a combinatiobagteria and enzymes called BACTOZYM that condiste
lactic acid bacteria and fibrolytic enzymes. Theduct was designed for hard-to-ensile corps to awer
fermentation, digestibility and preserve high rtigrial value silage.

A retrospective look reveals that preserved fodderplayed a critical role in cattle nutrition.dém the
communist regime attention was paid to forage rydiicause, due to the low quality of and need fdmal
products by the society, pressure on feed graidscancentrates, considerably limited and controbigdthe
regime, was increasing. In the 1970s,with the ayerailk yield around 3,800 litres the productioficéncy of
forage ranged between 6 and 8 litres of milk waitlout 3 kg of concentrate consumed. This was maiuéyto
a lack of high-standard machinery which preventedrequired speed of storage and harvesting ioghienum
vegetation stage. Thus silage and haylage ofteweshdow quality and high fibre contents. Anotheleraas
performed by the fact that attention was focusedhanvest of and yields of cereals as strategicnoodities,
and thus forage production was not among the meées of agronomists.

A breakthrough for the Czech agriculture obviousiyne in 1990, when the prices and international
trade were fully liberalised. Decreased prices oficailtural production, especially of milk, and thesty
privatisation disadvantaged milk production. Thenbers of dairy cows have dropped from1.2 millioadein
1989 to 369 thousand these days. The figures tifteche change are given in the table below shgwin
percentages of concentrate in total intake of dagten per day for the given milk yield.

Comparison of percentages of concentrate in totalndatter intake per day

Country Milk yield Nutrient.
kg /day conversion*
CSSR 10 25.0
CZ 80 17.5 34.3
CzZ390 | 195 51.3
CzZ730 | 20.5 46.3
NL173 19 28.9
Fr 38 17.5 314
UK 246 |21 42.9
DE 645 | 19.5 56.4
AT 58 21.5 41.9

* 06 of concentrated nutrients in total dry mattatake in kg/day
Source: IFCN Dairy, Braunschweig, Jakobe, 2004

The first line of the table above shows approximeadues achieved in the Czechoslovak Socialist
Republic in the 1970s. Average milk production wasund 3,800 litres per cow and the proportion of
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concentrated feed dry matter was about 25 % ofvti@e ration dry matter. Average herd sizes aremivext to
CZs. The table shows that milk yield increased mrably on larger Czech, however these used aehigh
dietary proportion of grains (35 - 50 % on DM basWith such diets, production efficiency of foraigeluded

in the daily ration. Nowadays such a level of giaithe ration would give about 7,433 litres of kil

The present growth of production efficiency of fgeagoes hand in hand with the introduction of nnnde
technologies and equipment to farms such as higloqpeance applicators of silage additives, or baded
bagged silage. Another benefit is that farmersgetnrmodern and efficient varieties of fodder ptagitd maize
that enable to produce high quality silage if hated at an optimum maturity stage and good sitagking
practices are observed.

In conclusion it should be pointed out that Czeahmiers belong in the European Union and they can
make use of modern technologies and European kdgelen silage fermentation and preservation to yred
high-quality foodstuffs in compliance with the E&blslation on food safety. With regard to the lddiesation of
global trade the costs of milk production should fbeher reduced to maintain the competitivenesshef
European Union on global food markets.
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Fifty years progress in forage conservation and chignges for the future'

WILKINSON, J. M.
School of Biosciences, University of NottinghanttdduBonington Campus, Loughborough,
Leicestershire, LE12 5RD, United Kingdom. j.mikikvwson@gmail.com

Summary

Progress in the past 50 years is reviewed withrgafee to the major scientific disciplines involviedforage

conservation. Hybrid cultivars of maiz€ea maysL.), the forage harvester, the large baler, pblylene

covering for silos, stretch-wrap for bales, anditaides designed to improve the preservation of mb#y and

the fermentation of silage all contributed to imprd technological efficiency. The major biocherhjgathways

involved in silage fermentation have been descritmgkther with the effects on fermentation and hiero
stability during the feed-out phase of bacterialcmation. Total mixed rations have improved eéfitgy of feed

use by livestock. The value of covering bunker elagnp silos has been established, with recentrpssgn the
development of co-extruded oxygen barrier film. altinges for the future include improving the hyige

quality of silage to reduce risks to animal heatthtimising crop and silage composition for bioghgesters,

reducing loss of feed nitrogen to the soil and atphere, improving silo safety and developing edggalants
for silos.

Introduction

The five decades from the 1960s to the 2010s haen $uge changes in agriculture with increased
mechanisation and larger livestock farm unitsaddition, output per head of livestock increasedtly through
improved animal nutrition. The development of t@iques for the preservation of forage crops of gquodlity
and sufficient quantity has allowed high levelsaafmal output to be sustained during periods ofyder when
pasture growth was inadequate to support the imurtait requirement of the grazing animal.

The process of growing, harvesting and conservorgge crops is an applied science involving five
distinct disciplines: crop production, engineerinchemistry and biochemistry, microbiology, and aalim
nutrition. The successful production of silage dray therefore involves an understanding of theoirgmt
physical, chemical and biological factors affectig conservation process of which the most sicguifi are
oxygen and water.

| was introduced to silage and hay whilst workimgfarms in the 1950s and have been involved ingira
conservation research from 1965 to the present ddys review is a personal selection of some it of
progress in forage conservation and some challefiogdgture improvements in technological efficignc

Evolution of hay and silage production

Estimates of silage and hay production in Westarope are shown in Figure 1 for the period 1962 to
2012. There was a five-fold increase in silage piMduction between 1962 and 1992, associated tvith
technological developments described below. Prbaluof hay declined throughout the period so tha2012
total output was about half that in 1962. Totaldarction of conserved forage increased to reaaka#t pround
2002, with a small decrease thereafter. Maizegsilancreased substantially since the 1960s, edjyeaia
Western Europe so that by 2000 maize silage aceduiarr 48 million tonnes DM, 50% of total silage DM
production (Wilkinson and Toivonen, 2003). Sinhen, the production of maize silage has probaldyemsed
further to around 55 million tonnes of DM in 2012.

A similar trend occurred in the USA with total gj@production increasing from about 16 million tean
DM in 1959 to 44 million tonnes DM in 2013. Maigiage currently accounts for 75% of total USAagé DM
production. Of the total silage produced in theAJ8 is estimated that about 85% is stored in lmrekand
unwalled clamps (drive-over piles) with the rema@ndtored in towers, bales and bags (K.K. Bolsensqnal
communication, 2014).

! Presented at 16™ International Symposium Forage Conservation, Brno, Czech Republic, 3
to 6 June 2014.
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Figure 1 Evolution of silage and hay productionvifestern Europe: 1962 to 2012 . (Wilkinson anivdreen,
2003 and author's estimates).
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The changes in forage conservation in Europe betw%2 and 2012 were accompanied by large
reductions in the population of ruminant livestablring the period; from 201 million cattle in 1962 122
million cattle in 2012, and from 272 million sheap1962 to 129 million in 2012 (FAO, 2014). Iné&at
Britain, inputs of fertiliser N input to grasslamtcreased between 1962 and 1982 but thereafteavbege
annual quantity of fertiliser N applied to grasslatecreased from 126 kg N'him 1983 to 55 kg N ha in 2012
(British Survey of Fertiliser Practice, 2003, 20P4pfessional Nutrient Management Group, 2013)is likely
therefore that grassland yields increased in th@@el962 to 1982 and then decreased. There isasaa
increase in the production of concentrate feedcdtle by animal feed mills in the European Unioonf 32
million tonnes in 1989 to 41 million tonnes in 20@Ruropean Feed Manufacturers’ Federation, 20T3)ere
has been a trend in recent decades away from gramimards more intensive feeding of cattle on diets
comprised of silage and concentrates to suppohtehitevels of animal output which, in the caseaeérage
milk production per cow, increased in Europe fro2®2 kg annum in 1962 to 5580 kg annuhin 2012 (FAO,
2014).

Much of the progress in forage conservation inghst 50 years, described in the following sectibas,
been made with silage and not with hay. An impdrtfisadvantage of haymaking is the need for upeten
days of dry weather during which time the cropngd by turning and tedding (shaking) the crop ooicevice
daily, with consequential loss of valuable lea$tis. More energy is needed from solar radiati@hcamvection
towards the end of the field-drying period to remavater from within flowering stem tissue than w&tem
leaves and the outer layers of the stem that isrig@dly in the initial phase of the field-dryingrocess.
Consequently the rate at which the crop dries dse®as drying proceeds (Jones, 1979; Jones arid, Ha80;
Wilkinson and Wilkins, 1980). The vulnerability bhymaking to loss of nutrients due to poor weaktzer been
a major factor in the move from hay to silage ia prast 50 years.

Silage in the 1950s and early 1960s was made wittheuuse of forage harvesters. Unwalled clamps
were made at the edge of the field by raking unpkedpmaterial into piles. Although plastic sheetimas first
introduced as a method of covering clamps in tHe0389qShukking, 1976), lack of covering resultedxygen
ingress during storage with loss of extensive potd due to aerobic spoilage (composting or ratting
Nevertheless the probability of success was muehtgr with silage making than with haymaking. Tisk of
wet weather after cutting the crop meant that @ 1B60s high quality hay was likely to be maderne out of
four years in northwest Europe. Today, with onlg4ato 36-hour interval between cutting and harwesthigh
quality silage is likely to be made in three oufadr years.
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In the following sections, progress in the majaestific disciplines involved in forage conservatics
highlighted and some challenges for the futuredéseussed.

Crop production
The most important development in crop productiaswhe development of high-yielding hybrid cultivaf
maize Zea mayd.), some specifically destined for conservatioreasiled whole-crop forage, with emphasis in
northern regions on earliness of maturity. In arehere summer drought and early frosts are uncomntim®
risk of crop failure is relatively low. Research maize in the 1960s was mainly concerned withbdistaing the
factors affecting the composition and nutritionalue of the plant at harvest (Demarquilly, 1969n&wg and
Gunn, 1973) and after ensiling (Harris, 1965; Cunsni1l970; Danley and Vetter, 1973; Andrieu and
Demarquilly, 1974ab; Deinum, 1976). This work |#e foundation for work on the role of maize sddg the
nutrition of beef and dairy cattle (Thomas et 4875; Wilkinson and Penning, 1976; Wangsness antielu
1981; Phipps, 1990; Phipps et al., 1995; Bal ¢t1897; Cherney et al., 2004). Recent work hasifeed on
evaluating new low ferulatsfeandbm3mutants of potentially higher intake and digeétip{Jung et al., 2011).
The ability of the maize plant to yield relativetygh quantities of low-cost starch per hectare pted
with a relatively high metabolisable energy (MEncentration (Table 1) have made the crop a popkiaice
for farmers in areas where the land is suitableit®rcultivation.  In terms of composition, maigiage is
complementary to grass and grass/clover silagepg®h1990). In marginal regions, whole-crop wheaage,
of similar starch concentration but lower in ME nhaither maize silage or good quality grass silégyeften the
preferred annual forage crop to forage maize.

Table 1 Typical composition of perennial ryegrasshole-crop maize and whole-crop wheat silages
(Chamberlain and Wilkinson, 1996; Thomas, 2004).

Grass Maize Wheat
DM (g kg fresh weight) 250 300 400
pH 4.2 4.0 4.2
g kg’ DM
Ash 70 50 55
Neutral detergent fibre 520 440 460
Crude Protein 155 85 90
Total fermentation acids 120 100 80
Water soluble carbohydrates 44 15 70
Starch trace 280 230
Metabolisable energy (MJ KgDM) 11.5 11.3 10.6

Other notable highlights of progress in crop prdauncfor forage conservation include the developmen
of cultivars of perennial ryegrasisalium perennd..) with higher concentrations of water-solublebezhydrates
(Wilkins and Lovatt, 2004; Davies and Merry, 2004qorby et al., 2005; Marley et al., 2007) and hgbrof
perennial ryegrass and tall fescl@gtuca arundinaceak., Humphreys, et al., 2012) which are more rasist
to summer drought than ryegrass. Tall fescue isicpdarly valuable as a perennial grass speciesttie
production of high DM silage and hay because oéalit#ity to lose water more rapidly during wiltinigan other
grasses (Jones and Prickett, 1981).

Engineering

The most important engineering development in feregnservation in the #@entury was the development of
the forage harvester. Early flail forage harvestant and lifted the crop into a trailer in a ssg@lperation —
direct cutting — with little or no chopping to reguparticle length. Current recommendations arhtip drier
crops relatively short (25 to 50 mm) to aid cordation and to chop wetter crops to a longer avepagtcle
length (80 to 100 mm) to preserve particle lengtistimulate rumination and also to reduce liquitiuent
production (English Beef and Lamb Executive, 2011).

The introduction of more complex chopping cylindersforage harvesters resulted in the separation of
the cutting and chopping operation for grass crbpsnot for maize and whole-crop wheat for whipedalist
pick-up attachments were developed. Grain-prongssillers were incorporated into the chopping pmént
of forage harvesters in the 1990s to ensure momgplete digestion of grain by the animal (Shinn@G03).
The benefits to grain processing are most likelpeoseen with mature crops of maize and wheat ri/Adteal.,
2003).
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The invention of the big baler in the 1970s wadmaportant milestone in both hay and silage making.
The baler allowed silage to be made for the firaetin smaller, transportable packages that, lg, lsould be
traded easily between farms. Big bale silage ghpapularity on smaller farms with limited finankrasources
to invest in silos and also in upland areas whagetdrrain was unsuitable for larger machineryle&acould be
used for harvesting straw after grain harvest iabler areas and at other times of the year for esilag
haymaking. The design of both balers and selfiteg forage wagons meant that they were well-suited
harvesting grass crops that had been field-wilbedi50 and 550 g DM kfresh weight (Shinners, 2003). In the
1980s automatic wrapping equipment followed theoohtiction of the large baler. Bales are wrapped in
stretch-film of 25,um thickness with a 50% overlap either in-line asytare formed, or subsequently in the field
or at the place of storage (Savoie and Jofriet320Baled silage probably accounts for about 25%otal
silage production in Europe (Wilkinson, 2005).

Tower silos, the predominant way of storing silégeceurope and North America since the end of the
19" century, represented the ultimate in efficiencyerms of low losses and mechanisation of fillirgmoval
and delivery of silage to livestock (Wilkinson ét, 2003; Savoie and Jofriet, 2003). But towerserexpensive
and had restricted capacity. As livestock unitseéased in size, bunkers and large unwalled clangpsased in
popularity along with mechanical loading and uniogcequipment.

The introduction of total mixed rations in the mi®60s was the result of adding mixing augers to
a mobile forage wagon or truck so that silage ath@rofeeds could be mixed together before the mextas
transported to the livestock building and dischdrigeo a feed trough. Colman et al. (2011) denvatesd an
improvement in feed efficiency and animal health2ii3 dairy herds in France and the United Kingdom
following the adoption of a total mixed ration fémgl system linked to an internet-based nutritioppsrt
service.

Chemistry and biochemistry

In the past 50 years the main biochemical pathwaythe silage fermentation have been describedthed
processes involved have been reviewed elsewherB@hald et al., 1991; Rooke and Hatfield, 2003) sd&ch
in the early years of the #@entury was aimed at preventing undesirable fetatiems that had adverse effects
on the quality of cheese made from milk from cowang poorly fermented silage. The emphasis wadixatt
acidification (reviewed by Watson and Nash, 1960he preservation of moist hay by acidificationhwihould
inhibitors such as propionic acid, added at 10 § kgsh weight was a significant development in 18&0s
(Knapp et al., 1976; Benham and Redman, 1980) shmedraditional method of preserving moist haythg
addition of sodium chloride had proved to be ofialgle efficacy (Stuart and James, 1931, WatsonNah,
1960). Uneven application and loss of additive it in zones where tolerant moulds are ablest@ldp and
degrade the preservative allowing subsequent groWtiher species and deterioration of the hay €iast al.,
1978). Despite these drawbacks, organic acids asiqropionic or acetic and their salts are istilise as hay
preservatives (Bagg, 2012).

Sulphuric acid, the main acid additive for silage $everal decades, was superseded by the intioduct
in the 1960s of formic acid, a by-product of théniag of crude oil. Concern over adverse effeaftsulphuric
aid on the animal led to considerable researchdrnl®60s and 1970s into formic acid, but its reédyi high cost
limited its initial use (Shukking, 1976). The démment of the gravity-feed applicator that allovted acid to
be added uniformly at a relatively low level (2030 kg tonn& fresh crop weight) accelerated the adoption of
formic acid (Saue and Brierem, 1969). Howevewes not until the late 1970s that the scientifisib®af its use
was established by the important work of Woolfot®45, 1978) who showed that whilst the mineral scid
hydrochloric, sulphuric and orthophosphoric hadspecific antimicrobial properties against a ranfesilage
bacteria yeasts and moulds, other than via acidifin, some straight-chain organic acids (formiopponic and
acrylic) had the dual function of both acidificati@and inhibitory activity against undesirable spbearing
bacteria such as clostridia.

Animal feeding experiments confirmed the efficadyfarmic acid, especially with wetter crops (Wilson
and Wilkins, 1973; Waldo, 1977; Dulphy and Demallguil977) and by the early 1980s there was su#fiti
evidence to recommend its use by farmers as th¢ efficacious silage additive (Wilkinson, 1984) aado to
justify its use as the positive control chemicadiagt which other potential additives were asseéStxkn, 1991;
Pflaum et al., 1996; European Food Safety Authp#606, 2012).

Bunkers are today the preferred way of storinggsildut in the 1960s and for several decades tierea
there was debate about the cost-effectiveness\aric them. Early research to demonstrate thecisf of
covering on losses showed clear advantages toiogveunkers with neoprene-nylon sheeting (synthetiber)
over no covering (Gordon et al., 1961). Surprisingome farm silos in the USA are not covered yoda
(K. K. Bolsen, personal communication, 2014) in thistaken belief that the value of the materiat issless
than the cost of the covering film, despite dethilesearch in the early 1990s confirming signiftgahigher
losses in uncovered farm-scale silos than from iealsilos (Bolsen et al., 1993). Loss of DM frontavered
silos was very high in the uppermost 0.5m. Thiglifig was substantiated by a study of 127 commifianian
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silos that revealed average losses of organic m@del) in the uppermost 0.5 m of 470 gkgf crop ensiled
for uncovered silos compared to 203 ¢ Kgr covered silos (Bolsen, 1997).

The development of covering materials for bunkerd alamps was most rapid in northwest Europe
where these types of storage structures predominaBy the mid-1970s the conventional method ofecing
bunkers and clamps was with a double layer of gbigene film, each of 125 or 1pf thickness. This
technology remained essentially unchanged for 30syentil the development of co-extruded oxygenibar
film (Degano, 1999).

The introduction of oxygen barrier (OB) film forwering silos was a step-change in technology treest w
probably as large as the initial introduction oflyethylene film itself. Silage under OB film shogvdess
development of moulds and undesirable bacteridudirg butyric acid bacterial spores, in the peeith areas
of the silo or bale during the storage period (Bami and Tabacco, 2008; Orosz et al.,2012). €halts of
a meta-analysis of 51 comparisons (41 with bunketr @damp silos, 10 with baled silage) between siahd
polyethylene film and OB film are in Table 2. Tl film reduced losses from the outer layers of she
during the storage period and increased the aestdiiility of maize silage. The practical implicats of these
findings are that less labour is needed to disgadible material and the risk of accidentally udihg spoiled
silage in the animals’ diet is reduced. With bakesver layers of wrapping and less weight of filnay be
needed with OB stretch-wrap than with standard varaghthe process of wrapping bales may be speqred u

Table 2: Losses, inedible silage and aerobic sifybdf silage in the top surface layer stored undemdard or
oxygen barrier (OB) films (Wilkinson and Fenlon13).

n* Standard film OB film Sig.
Bunker and Loss of DM or OM (g kg) 41 195 114 <0.001
clamp silo$ _ ]
Inedible DM (g kg') 5 107 29.6 0.022
Aerobic stability (h) 11 75.3 134.5 0.001
Baled silage Total loss of DM (g Ry 10 7.68 4.56 <0.001

"Number of comparison$Includes drive-over piles and laboratory silos.
3 All comparisons with maize silage

A significant development in the early 1970s wdsetier understanding of the key chemical components
of the crop that affect the extent and patternhef silage fermentation process. Weissbach andazples in
Germany demonstrated the significance of DM, WSE lauiffering capacity (BC) in determining the pattef
fermentation and the minimum DM required to achiawable lactic acid-dominant fermentation (Figire At
the same time, McDonald and co-workers were desgrithe energy changes in ensiling and showing that
losses of energy were lower than those of DM, a@afigdn heterolactic and yeast fermentations afagise and
in the clostridial fermentation of glucose and det As a result the gross energy of extensivelynénted
silage is about 10% higher than that of the origtrap at harvest because the end products areceddu
chemically compared to the substrates (McDonald.el1973).

Figure 2: Minimum recommended dry matter concerdret for stable silage fermentation (Weissbachlget a
1977).

500 - 1
DMmin (9 kg™)
400 Lucerne
Red clover
300 - Othergrasses
Ryegrass
200 - Whole-crop cereals
Maize
100 DM, = 450-80 WSC/BC
0 T T T T 1
0 1 2 3 4 5
WSC/BC
-13-

Forage Conservation, 2014



Microbiology

The significance of the growth of undesirable micganisms such as clostridia in wet silage had lk@emn
since the early part of the 2@entury (Watson and Nash, 1960) and to this deytbduction of silage is either
prohibited or discouraged in some regions of Eutogeause of the risk of “late-blowing” of cheesedmérom
milk contaminated with clostridial spores (Wilkims@nd Toivonen, 2003). Research in the 1960s timto
factors affecting the pattern of silage fermentatiemonstrated the important loss in nutritiondli®gassociated
with clostridial growth in silage, reflected in remkd proportions of total fermentation acids asidaacid and
increased proportions of acetic acid and ammonia-tdtal N (Wilkins et al., 1971). Suppressionctdstridial
growth in crops of low DM and low WSC may be acleig\by a range of technological interventions intigd
wilting, chopping and addition of either acid (sd®ve) or homofermentative lactic acid bacteri@iéwed by
Woolford, 1984; McDonald et al., 1991; Pahlow et 2003 and Kung et al., 2003).

The probability of effectiveness of microbial indation depends on the acid tolerance of the speawies
strain and the number of bacterial colony formimitsiadded per gram of crop (Pitt and Leibenspert@87).
Heron et al., (1988) found that addition of tBganisms g was insufficient to improve the fermentation qtyali
of ryegrass whereas 4¢* was adequate. Strain of lactic acid bacteridsis kkely to influence the probability
of a beneficial effect on the fermentation (Woolf@and Sawczyc, 1984; Weinberg and Muck, 1996), @ajhe
if the bacterial strains have the ability to proglwell-wall degrading enzymes such as ferulate@&ste(Dupon
et al., 2012).

Work in Germany established that silages with catregions of undissociated acetic acid of more an
g kg FW were stable in air while silages with concetitirss lower than 3 g ki FW were unstable in air
(Wolthusen et al., 1989). Thus, enhancement df@aeid concentration should reduce problems atihg and
moulding of silage in the feed-out period. Driehet al. (1999) and Driehuis and Oude Elferink @)9@ported
improved aerobic stability following inoculation afiaize silage with.. buchnerj which produces acetic acid
and 1,2 propandiol from water-soluble carbohydrated lactic acid. The same team later identifiedes
strain, L. diolivorans which degraded 1,2 propandiol to 1-propanol angbipnic acid, potentially further
enhancing silage aerobic stability if present ia flage (Krooneman et al., 2002\cetobacter pasteurianus
may also have the potential to improve the aerstability of silage (Nishino et al., 1999) althoutite same
species was implicated in the initiation of aerobiterioration in later work (Dolci et al., 2011)Recent
developments have centred on identifying microsiiedins and species, some hitherto unknown, qtiaéta by
analysis of DNA (reviewed by Muck, 2012), which priges further elucidation of relationships betws&ains,
species, communities, chemical composition andtrrtal value of conserved forages.

Inoculants have also been developed for hay, sasedboriactobacillus buchner{Baah et al., 2005)
and others based d@wacillus pumilusan organism that is capable of growing in relagidelv concentrations of
available water (g and is able to compete with spoilage micro-orgausi (Mahanna, 1994). However, there is
relatively little independent research informattorsupport the efficacy of inoculant products whsed on hay
baled below 800g DM Kkyfresh weight (Department of Environment and Primargustries, 2009; Kung,
2014).

Mould development is a particular hazard becaud@maie spores can cause allergies and respiratory
distress in both livestock, especially horses, @ad humans (Robinson, et al., 1996). Mycotoxars adversely
affect the performance, susceptibility to infeciadiseases and fertility of dairy cows (Fink-Grertsn2008;
Hofve, 2014), and some, especially aflatoxin Blsepa risk to food safety (Driehuis, 2012). Advezffects of
mycotoxins in rations on rumen function, immundwsgaand milk yield may be mitigated by the inclusiaof a
mycotoxin deactivator product in the diet of datows (Kiothong et al., 2012).

Animal nutrition

The ultimate test of successful preservation ofients in hay or silage is the animal. Demarquilhd
Dulphy (1977) comprehensively reviewed earlier wadrkolving comparisons between silage and the
corresponding fresh forage or between silage alid-firied hay made from the same original cropeyT$tated
that both the intensity (extent) of fermentatiom dts pattern influenced the intake and utilisatadrsilage; for
silage to be consumed in similar amounts as theesponding fresh forage it must have the following
characteristics: NEHN < 50 g kg' total N, acetic acigk 25 g kg" DM and other volatile acids approx. zero.
They concluded that the degradation of proteinrduensilage could limit the performance of aninveikth high
protein requirements, as Clancy et al. (1977) fsad in comparison of different conservation metho

Thomas et al. (1968) reported although intake of &vhay was higher than that of silage made fram th
same crops, the digestible energy concentraticsilaje was 1.24 times that of hay made from theesaop
which explained higher efficiency of conversion afnserved forage to weight gain or milk production.
Wilkinson (1980) showed that the relative yield\ME per unit of fresh crop was higher for silagertihat of
hay as a result of lower loss of digestible enatgsing conservation. The substitution (or concetisparing)
effect of silage increases with silage intake ptigéifWilkins, 1974; Huhtanen et al., 2008) reflagtincreased
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digestibility and ME concentration (Flynn and Witsdl978; Steen and Agnew, 1995; Keady and Hanrahan,
2013) and improved fermentation quality (Demarguilhd Dulphy, 1977; Steen, 1991; Moran and Owef419
Patterson et al., 1996) enhanced by good silagéngnééchnique (Aston et al., 1994).

Degradation of protein to water-soluble nitrogencasmpounds including amines and ammonia during
the silage fermentation is considered to be a fagtsponsible for reduced efficiency of nitrogeilisation in
animals given silage diets compared to the fresp or dried material (Wilkins, 1974), often attribd to lower
rumen microbial protein synthesis (reviewed by MoBld et al., 1991). Some possible reasons, inoudi
asynchrony of release of energy and N solubilisatitd N, were suggested by Huhtanen et al. (2012).
Supplementation of silage with additional proteims hgiven production responses and there is evidemce
support histidine as a limiting amino acid for migkoduction, along with lysine and methionine (Sffiield, et
al., 2003; Hristov, et al., 2012). Davies et(abB97) found that high initial WSC concentrationh@rbage and
inoculation resulted in silage with improved pratejuality, indicated by a higher proportion of tkaf protein
ribulose-1, 5-biphosphate carboxylase (RUBISCOnthasilage made from herbage of low WSC, without
additive or with formic acid. Herbage with low WS@derwent a heterofermentative fermentation, icapiing
this pathway in enhanced proteolysis.

Inoculation of crops with homofermentative strairisactic acid bacteria at the time of harvest basn
the predominant type of additive for ensilage sitigeearly 1980s in North America (Bolsen and Heigk985)
and since the late 1990s in Europe (Wilkinson antvdhen, 2003). But meta-analyses of animal respsito
silage inoculation have produced equivocal conohsi(Kung and Muck, 1997). Possible reasons fiurés
include competition from epiphytic microflora, irficient fermentable substrate, low water activiand
excessive oxygen (Kung et al., 2003). It is atepartant to add a greater number of homofermermdtiutic
acid bacteria than the natural (epiphytic) popatatf bacteria to increase the probability that itheculation
will dominate the fermentation. Modelling work indted that a 10-fold increase was necessary @nitt
Liebensperger, 1987). The target level of addisbould be 10colony-forming units per gram of fresh crop
(Heron, 1996; Wilkinson, 2005).

Some challenges for the future

Reduced gaseous emissions from silage

The need to reduce greenhouse gas (GHG) emissmmsliffestock and ancillary operations is well éfithed
(Gill et al., 2009). Although the principal sourgeGHG emissions is methane from enteric fermémat(Opio
et al., 2013), inputs of primary energy to livestqaroduction systems that rely heavily on mechditira
(e.g. silage) should be reduced wherever possiblee energy balance of silage making is shown iol& 8 for
three different crops. Primary energy, mainly menewable energy used in the manufacture of feetili
accounts for almost 60% of the total energy conslimegyrass silage. In this analysis maize silgi@gavn with
reduced fertiliser and animal manure gave the ligbatput of ME per unit of energy input with luoerand
grass having similar ratios of ME output to eneiggut.. GHG emissions may be reduced by redudmy t
quantity of fertiliser N applied to grass, by grogialternative forages such as lucerne, and alsedycing the
global warming potential of other inputs such alygitnylene film. For example, Wheelton et al. (2pshowed
that use of OB film was associated with an 82% c&dao in global warming potential compared to stacd
polyethylene film.

Table 3: Energy input and output in silage makibgded on Wilkinson, 1980)

Grass' Lucerne Maize”
Energy inputs (GJ ha™)
Artificial fertiliser 22.0 2.8 9.2
Field operations 13.0 13.0 12.6
Additive (formic acid) - 7.3 -
Storage 3.4 3.0 2.7
TOTAL 38.4 26.1 24.5
Output
Crop yield at cutting (t DM hg 11.5 10.0 12.0
Lesdlosses of DM during conservation (g/kg) 190 210 017
Output of silage DM (t hg 9.3 7.9 10.0
ME (MJ kg DM") 11.0 9.0 11.2
Output of silage ME (GJ hHa 102.3 71.1 112
Silage ME Output: Total energy Input 2.7 2.7 4.6

1 Three cuts per year, 250 kg N ha-1. 2 Plus manur
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The issue of the low nitrogen use efficiency (NBWEN animal product as a proportion of total N ke
in livestock given forage-based diets is receiatigntion worldwide. N excretion is directly reddtto total N
intake (Dewhurst, 2006; Mills, et al., 2008) andrkvto reduce excretion of N in manure is concenttain the
extent to which total N intake maybe reduced witretithe same time reducing animal performancealetiled
study with dairy cows into the scope for reducitmghbmethane and N excretion by manipulating forsmarce
and diet CP concentration showed that methane imiger kg milk was lower for a maize silage-basést
than for a grass silage-based diet. Reducing@ietoncentration from 180 to 140 g kg DM-1 increlalSeJE,
though milk yield was also slightly reduced (Rey®weét al., 2010). Greater capture of N from ahimanures
and residual crop N in soil will be a focus forute research into crops grown in association wigizen and
whole-crop cereals, either as winter cover cropgsosecond crops on double-cropped land in wareggoms.

Improved hygienic quality of conserved forages

Some silage is very unstable when exposed to dircan deteriorate in less than 24 hours of expotuthe
atmosphere (Danner et al., 2003). Inoculationrops with homofermentative lactic acid bacteria catuce
aerobic stability (Weinberg et al., 1993; Dannerkt 2003). Wilkinson and Davies (2012) hightiggh the
significance of the aerobic deterioration of silageéerms of hazards to animal health through efcample, the
development of mycotoxins and bacterial endotoiirgpoiled silage. Muller (2012) stressed the ingnace of
good hygienic quality in the production of silage horses and highlighted the challenge of deswyibiygienic
quality with improved accuracy.

The significance of aerobic deterioration of comedrforages in terms of the effects on the anisabiw
being established though the specific anti-nutmaicfactors remain to be fully described. ReseamdBermany
showed an average 57% reduction in DM intake dfiteigaize silages differing in DM, chop length arehsity
and exposed to air for 8 days prior to being offei@ goats in a preference trial (Gerlach et &13). In this
trial the temperature of the silages was stabldHferfirst 48 hours exposure to air. The mean amitipn and
intakes of the silages exposed to air for 0, 4&ddys are shown in Table 4.

Table 4: Composition and intake by goats of maileges after 0, 4 or 8 days exposure to air (Gerlathal.,
2013).

Days exposure to air
0 4 8
DM (g kg” fresh weight) 360 371 395
pH 3.9 4.2 5.8
Lactic acid (g kg DM) 58 49 8
Acetic acid (g kg DM) 13 9 3
Ethanol (g kg DM) 6.2 4.3 0.1
Yeasts (log, cfu g% 4.6 7.2 7.3
Moulds (log, cfu ') 2.4 2.8 4.2
Aerobic mesophilic bacteria (legcfu g') 4.7 5.7 6.7
Accumulated temperatur€Q above ambient) -0.6 8.4 28.7
DM intake (3-hour period, g) 646 626 280

Dry matter concentration, pH, and counts of yeasisulds and aerobic mesophilic bacteria increased
during exposure to air whilst concentrations ofnfentation products decreased, with the largest ggsan
occurring between 4 and 8 days exposure. Accuedllaicrease in silage temperature above ambieimgiur
exposure to air was the best predictor of intakemparable work with.olium multiflorumsilages also revealed
a mean reduction in DM intake of 0.50 after 8 dayposure to air. However, in contrast to the waith
ensiled maize there was little change in tempeegattliemical composition or microbial compositiomidg the
8-day aerobic exposure period, suggesting thatlsandl hitherto undetected changes in chemical arahial
composition during exposure of silage to air afiagimal preference and DM intake (Gerlach et &11,4.

The use ol.. buchnerias a silage inoculant to improve silage aerolzibibty has been criticised on the
grounds that its fermentation is inefficient comgzhiwith addition of homofermentative bacteria sash..
plantarum(Wilkinson and Davies, 2012). Kleinschmitt et @013) reported that although increased additions
of L. buchnerito maize silage were reflected in improved aershability of maize silage, intake and milk yield
were not improved (Table 5). The effects were lated to increased concentrations of acetic ackllage, in
agreement with Eisner et al., (2006); though Gérlecal (2014) found a positive relationship bemveeetic
acid concentration and intake of grass silage katggoPossibly there is a critical concentratiomadtic acid in
silage that determines whether or not the animéikély to discriminate against the material on thesis of
smell or taste; further work is needed on thisdopi
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Table 5: Effect of level of addition of L. buchn€NCM 1-4323 to maize silage on acetic acid conetion in
maize silage and performance of dairy cows (Kldingitt et al., 2013)

Level of addition of L. buchneri (cfu g* Sig. of effects
fresh crop weight)
Zero 1x10 5x 10 1x10 Zero v Linear effect of

additive additive

lSilage DM (g kg fresh weight 332 341 345 339 NS NS

)

pH 3.87 3.85 3.87 3.89 NS NS

Lactic acid (g kg DNI) 47.0 35.4 31.8 40.0 NS NS

Acetic acid (g kg DM) 28.5 40.0 44.4 48.0 0.01 NS

Aerobic stability (h) 21.5 25.6 67.6 93.9 <0.01 D.

DM intake (kg day) 25.6 25.1 25.3 24.6 NS NS

Fat-corrected milk (kg day 36.4 34.0 34.8 33.7 0.05 NS

Increased silo safety

The trend to more continuous housing of livestoe#t ancreased production of biogas from silage imitiease
the demand for year-round provision of high quatibnserved forage. As the number of livestock fpem
increases greater silo capacity is required. Malog ®n livestock units were constructed severalades ago
and are now too small. Instead of investing in éwctures, old silos are over-filled. The issdisilo safety
has been highlighted with particular emphasis @nrigk of human injury and death from avalanchéapskes of
the silo feed face in silos greater than 3 metresettled height (Bolsen and Bolsen, 2013).

Optimised yield of biogas methane from silage

Increasing quantities of silage are being usetiénprroduction of biogas. Weissbach (2009) fourad ¢fas yield
was related to digestible (i.e. fermentable) orgamatter (FOM), which in turn could be predictednfr
concentrations of ash and acid detergent fibrer nk@st crops potential biogas yield was 800 likgsFOM™*
and methane yield was 420 litres kg F&MAmon et al. (2004, 2007) found that ensilingré@ased specific
methane yield (litres of CHper kg volatile solids) of whole-crop maize by 28%mpared to use of unensiled
(i.e. green) material, presumably because the ptecaf the silage fermentation were chemically oedliand
thus more suitable substrates for utilisation byhmeogenic archaea. They also found that sevéexiqiypic
characters of the maize plant had a significart@rfce on methane yield; namely crude protein, eriz,
cellulose and hemicellulose. A challenge for theurfe is to improve methane yield via in-line ams#dyof
feedstock composition, by making detailed asseswmeh the factors in the ensiling process that ichpa
significantly on methanogenesis, and by breediriivens with higher concentrations of fermentabibdsrate.

New edible sealants for silos

The development of an effective material for cavgriilos that is also edible by livestock remaiasbe
achieved. Berger and Bolsen (2006) describedrierifer an edible sealant and experiments with latiosed
starch/salt matrix. However, the material was lgast produce and required a protective waxy fimprevent
water ingress through cracks in the matrix. Simiksults were obtained in German work with a caxpl
sprayable blend of potentially edible compoundsl (&thal., 2011). Sodium acrylate may have potéatsaan
ingredient of an edible silo sealant since it ismftimicrobial (Woolford, 1978), probably due ts #@bility to
absorb 300 times its weight of water and hence aedy (Gelfand, 2014); ii) restricts fermentation angl ii
improves the aerobic stability of maize silage @il et al., 1979). When added at 2 kg active digre tonné
! fresh crop sodium acrylate produced silages oflaimutritional value to those made with additioiformic
acid (Wilkinson et al., 1979). The potential of &od acrylate as an edible sealant for silos shbelévaluated.

Conclusions

Considerable technological progress has been nmdwaproving forage conservation in the past 50 ydaurt
more work has to be done to achieve reduced emmeatal impact and increased efficiency of feedlysboth
live animal and mechanical fermenter. Researcimpnoving the efficiency of the conservation ofdges from
field to faeces is expensive. Given the importasfcgilage worldwide, the increasing size of liaedt units, the
rising world population and the need to secure gldbod security it is disappointing that the capador
multidisciplinary research on forage crops, whichribt compete as food sources with the human ptpaja
has decreased with the closure in the past twodeéscaf several major agricultural research estaiksts in
Europe. Investment in forage conservation resedéraigs long-term benefits to many sectors of dgcie
especially when sponsored by both public and peigattor organisations. Perhaps the biggest olgallor the
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future is to create sufficient political will to @gre sustained future investment in forage consiervaesearch
and development.
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Impact of different drying techniques on hay qualiy

RESCH, R; ADLER, A% POTSCH, E. M.
Agricultural Research and Education Centre (ARE@)Rberg-Gumpenstein
Austrian Agency for Health and Food Safety (AGEBY,

Summary

In the years 2010 to 2012 a comparison of threferdifit hay-drying-techniques was carried out at BRE
Raumberg-Gumpenstein. The treatments ,traditiodd fdrying“, ,cold air ventilation* and ,dehumiddation
drying“ were tested with forage of permanent gaasd) cut four times per year.

The results of chemical and organoleptic analybiswed advantages of the two ventilation drying
treatments in terms of hay quality compared witaldfi drying. Differences occurred for crude protein,
B-carotene, digestibility of organic matter, enexpncentration and some microbial germ groups g &r
sensory parameters like smell, colour and dus6 bf 11 trials the dehumidification technique sfgaintly
resulted in better hay quality than ventilationidgywith cold air and in 9 cases better resultdatde achieved
compared to field drying. Technical disfunctionstieé dehumidification technique caused negativectsfon
hay quality in 4 cases. During storage of hay dqudbsses concernin§-carotene, digestibility of organic
matter, energy concentration and development afegpmindicative micro-organisms occurred in adlatments,
but were highest in the case of traditional fielginlg.

Introduction

Hay and aftermath hay are still important foragasawves for ruminants even though the proportionagf has
decreased in Austria from 54 % in the year 1994IKM&on et al., 1996) to 23 % in 2010 (Resch, 2018a
some disadvantaged mountainous regions of Audtgaptoduction of ,hay-milk* is preferred by moreath
8,000 farmers (fig. 1), because some sorts of apbard cheese are made of clostridia-free unpases milk.
15 % of milk production in Austria is hay-milk, wdfi in the meantime has become a very successfotbra
Austrian hay farmers are located at an averagei@ddtiof 850 m (Resch, 2013b). The working commitiée
Austrian hay-milk farmers improved hay farming byjaality orientated marketing concept which resuiite
increasing sales quantity of hay-milk products us#ia and foreign countries during the last ye@rsthe other
hand costs of concentrates are rising, so hay-faitkers think more about strategies to improvederquality.
Approximately 24 % of profits in milk production plend on forage and its quality (Stockinger, 20@%9refore
own conserved forage will be more important forcassful farmers. Most of the forage in Austria mréges
from permanent grassland which is cut 1 to 4 tipgrsyear (max. of 6 times in Rheintal/Vorarlberg).

Figure 1: Designated areas with renunciation oagi production(BMLFUW, Invekos 2012)

Traditional field drying of forage is only usinglabenergy but this treatment takes a long fielgirdy
period with a high risk of unstable weather comdis. Dry matter contents of approx. 800 g'Kgad to
increasing quality losses by spalling of leavess(Re 2009) and to the risk of massive propagatfaep@phytic
micro-organisms (Adler, 2002) in clammy grass.

Indoor drying technique basically allows to hanfesage with higher moisture contents. This redubes
field time, the risk of unstable weather conditi@msl the leaves spalling. But on the other haigldtchallenge
for indoor drying techniques, to reduce the watantent of forage within a short period as posstblavoid
microbial spoilage of hay. Farmers should be famnilvith the physical characteristics of forage avith the
technique of the drying system, otherwise costsvgrp and hay quality decreases.

The effect of a cold air drying system is limited forage water content, air temperature and readativ
humidity, especially if it is cold outside in théght or air humidity is high (Nydegger et al., 2009entilation
with cold air reduces the efficiency of hay dryingcomparison with warm air ventilation.
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Treatments with air warming or dehumidification grerforming better under worse environmental
conditions, because they are able to remove saitablumes of water from forage (Gindl, 2002). Iteigen
possible to dry fresh grass by warm air, but dryogts are unecomically high in this case.

During the last decades forage science was focussedilage conservation, whereas hay was
disregarded. There is only little knowledge exigtabout the influence of modern drying technologiashay
quality in Austria. Experimental tests of differehfty drying systems under comparable conditionsewer
therefore necessary to provide results about nass-quality losses during the conservation profress field
to storage until feeding.

Objectives
ThJe Agricultural Research and Education Centre (BRRaumberg-Gumpenstein has given a special foous o
hay-quality with several projects carried out si2€®7. Within the current project ,Hay drying" défent hay
drying treatments were tested under defined canditto provide conclusions and recommendationfafoners.
The following areas were worked on:

e Technical aspects of hay drying treatments incly@inergy consumption

* Measurement of leave spalling

» changes of hay quality during the conservation @ssc

» changes in microbial status of hay

» feed intake, performance of dairy cows and milkliqga

» analysis of costs and benefits of conservatiortrtreats

Material and methods

A comparison of three different drying techniques hay (,traditional hay drying“, ,cold air ventiian®,
L<dehumidification drying“) was examined over thngears (2010 to 2012) and different grassland cutto(4.)
at AREC Raumberg-Gumpenstein. The experiment alsloded the factor storage period to determineityual
changes of hay. The forage material was harvestea germanent grassland area of in total 12 ha.aveeage
floristic composition of the first growth was 57 gfass, 21 % legumes and 22 % herbs. In the yed @oly
three cuts were harvested because the third cutiestsoyed by a flood. The harvest was manageddmtipe
comparable machinery (Péllinger, 2014, Resch, 2014)

Chemical and organoleptic analysis

Sampling was done by a sharpened steel drill t8ben{ internal diameter), taking more than 20 randeth
points of a forage wagon load. During the storageop hay samples were also taken from a minimurCof
different spots to a depth of approx. 150 cm. Dyicasampling was done at the harvest time, 7, 149r8060
days after harvest and at the beginning of feedirte primary sample was split into subsamples far t
following laboratories: AREC Raumberg-Gumpenstéarage laboratory Rosenau (LK Niederésterreich) and
AGES Linz.

Gravimetric analysis of absolute dry matter wasriedrout by drying at 105 °C during 24 hours
(VDLUFA 3.1). For analysis of quality parametersninimum of 300 g sample was dried during approx. 48
hours at 50 °C. Average grade of grinding was 1. i@hemical analysis of substances (Weender, stalct
substances, HCI-insoluble ash) and mineral macdonaiero elements were carried out at AREC according
the VDLUFA book of methods. Digestibilty of orgamieatter was measured by the in vitro two-stage ateth
(Tilley and Terry, 1963). Forage energy (ME and NRlas calculated by regression coefficients onbth&s of
relationships between dOM and ME or NEL (DLG tabdédorage for ruminants, 1997). For analysis otava
soluble carbohydrates (sugar) and carotene, sammes freeze-dried and then ground to 1 mm partide.
Sugar and carotene analysis were carried out agéolaboratory Rosenau. Organoleptic evaluatiosaofples
(smell, colour, structure and earthy contaminatiesp. dust) was done with the fresh material adgegrtb the
OAG-sensoric test (Buchgraber, 1999).

Microbiological analysis

Enumeration of aerobic mesophile bacteria, yeastsjlds and Dematiaceaewas determined by VDLUFA-
method 28.1.2 to validate microbial quality of hsgmples. After a fresh sample was shred by scissors
suspension with bufferd pepton-solution (20 g ahgke and 380 ml suspension) was produced in decimal
dilution series. Count plates were made of suitdblgion steps with one culture medium for baadfiryptose
Agar with TTC) resp. with two culture media for g&® molds an®Dematiaceag¢Bengal Red Chloramphenicol
Agar with Tergitol and Dichlorane Glycerol (DG 18yar). Inoculated count plates were count afterappate
time of incubation. Microbiological quality assessmh was carried out on base of orientation valuas f
microbial groups by VDLUFA-method 28.1.4 (tab. Efyesh harvested hay often has higher germ conténts
product-typical micro-organisms as it is specifiedhe scheme of orientation values. If storagedidtns are
good, germ contents decrease during a few weelch@wand Thalmann, 2006).
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Table 1: Orientation values (in %Ocfu ¢' resp. 16 cfu ¢') of VDLUFA for product-typical and
spoilage-indicating micro-organism in hay, pooledmicrobial groups (MG) 1 to 7 (VDLUFA 28.1.4)

i i rientation
Microbial Group (MG) orie o
value
Mesophile aerobic bacteria important indicator micro-organisms x10° cfug™

. Yellow pigmented bacteria,
MG 1 product-typical . 30
Pseudomonas, Enterobacteriaceae

MG 2 spoilage-indicating Bacillus, Micrococcus 2
MG 3 spoilage-indicating Streptomycetes 0,15
Moulds and Dematiaceae x10’cfug”

. Dematiaceae, Acremonium, Fusarium,
MG 4 product-typical L . 200
Aureobasidium, Verticillium

Aspergillus, Penicillium, Scopulariopsis,

MG 5 spoilage-indicating Wallemia 100

MG 6 spoilage-indicating Mucorales 5
Yeasts x10° cfu g™

MG 7 spoilage-indicating all species 150

Orientation values of VDLUFA 28.1.4 are upper lisniif microbial numbers for hay of normal condition
(see tab. 1). For description of quality four guyalevels (QL | to QL IV) were defined. QL I: norinstatus —
corresponds to microbial numbers up to orientati@mioe as a maximum. QL II: the microbial numberdbteast
one group exceeds the orientation value up to didefQL Ill: the microbial number for at least ogeoup
exceeds the orientation value up to tenfold. QL the microbial number for at least one microbiabugy
exceeds the orientation value more than tenfolthi;case spoilage of forage is evaluated.

Statistical analysis

All data of this project were entered into a MS-8ss database and then controlled for correctneds an
plausibility. Descriptive analysis was done by 8aite SPSS (version 21), multifactorial GLM-analybig
STATGRAPHICS Centurion XV (version 15.2.14). Thepexmental design considered correct statistical
analysis of main effects and interactions betwden ihvestigated factors drying technique, growtbyage
period and year. From each quality parameter aisabfsvariance components was carried outto quaniié
proportion of variability for each factor. Becausiethe comprehensive amount of results only a felected
statistical effects are presented in this paper.

Results and discussion

Concentrations of nutrients, digestibility of orgamatter, sugar, vitamins and microbial statustepful and
important parameters for the evaluation of hay iguarhe following results are representing the panison of
three different hay drying treatments tested ire4ct trials and carried out in the years 20100tb22

Ingredients of hay

It is of great importance in the conservation of haraise the dry matter content quickly above §%gj"* FM
(Nydegger et al.,, 2009) to ensure microbial stgbifior the storage period. Meisser and Wyss (1999)
recommended a minimum DM of 850 g k&M for hay. Precious plant leaves are sensitivairey spalling
losses and with an increasing DM content more leave destroyed by mechanical work.

Multifactorial analysis showed high significantexts of the factor growth on all ingredients (pess in
tab. 2 < 0.01). Estimation of variance componemtiicated highest effects of growth on crude proteatrium
and copper. An increase of crude protein (121X7th9 g kgt DM) could be noticed from the first to the fourth
cut whereas crude fibre dropped from 251.4 to 1@5k§" DM. The development of structured carbohydrates
(NDF, ADF, ADL) was not non-linear in comparisontivicrude fibre (tab. 3). The first growth providdo
highest sugar contents (154.4 g'kgM), the lowest were measured in the third growith 120.7 g. Hay of the
fourth growth had the highest averdijearotine content of 117.6 mg kdM. Crude ash was increasing during
the course of vegetation period with 75.1 (first)do 109.3 g kg DM (fourth cut) and there was also a clear
trend for the sand-content (HCl-insoluble ash, t8h.Sand values from the third and fourth cut exesl
20 g kg' DM which is according to Resch et al. (2013) atidator for earthy contamination of forage.

Significant effects on forage ingredients were obse for the factor year (tab 2) which for appré®.%
of parameters was identified being the most inftileg factor on data variability. Under comparabdaditions
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the factor drying-treatment had a high significaffect on crude protein arftkcarotine content. The average
effect of air dehumidification drying was +4.9 g Xg* DM compared with traditional field drying. Ventilan
drying (cold or warm air) increas@dcarotine content (+25 mg KgdoM) in opposite to field drying (tab. 3).

Table 2: Main effects and interactions of the fastgear, growth, drying treatment and time of sg@aon
different quality parameters of hay (p-values a#)d r

factor DM XP XF NDF ADF ADL NFC Xs XL XA sand carotene
year (y) 0,015 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
growth (g) 0,002 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000
drying technique (d) 0,106 0,042 0,914 0,527 0,647 0,388 0,884 0,187 0,257 0,952 0,532 0,000
storage time (s) 0,000 0,015 0,554 0,143 0,690 0,850 0,094 0,625 0,000 0,817 0,987 0,000
dxy 0,354 0,552 0,621 0,949 0,632 0,728 0,948 0,044 0,994 0,778 0,586 0,000
dxg 0,142 0,820 0,797 0,710 0,857 0,004 0,849 0,022 0,165 0,950 0,944 0,051
dxs 0,000 0,547 0,858 0,740 0,977 0,281 0,978 0,853 0,725 0,994 0,999 0,389
SXy 0,004 0,498 0,834 0,273 0,951 0,308 0,352 0,997 0,000 0,921 0,958 0,002
syg 0,982 0,057 0,967 0,592 0,877 0,438 0,665 0,991 0,064 0,992 0,985 0,002
R? 0,865 0,832 0,572 0,627 0,537 0,716 0,469 0,767 0,769 0,624 0,598 0,891

p-values refered on confidenzlevel 95 % (method LSD)

Time of Storage had a statistical impact on DM-eoht especially in first week after harvesting. eTh
utilisation of ventilation techniques enabled DMnatents above 870 g KgFM within 7 days, whereas
traditionally dried hay didn’t achieve 860 g DM'k§M during the total period of storage (fig B)carotine
content decreased by 40 mg'kgM resp. 38 % from the time of harvest to the d#téeeding. Crude fat (XL)
remained relatively steady in the hay samples lavel of approx. 21 g ki DM. Arrigo (2010) observed an
increase of +5 to +10 g XL KgDM from the first to the third cut of hay in Swéitand . The same trend was
described in the forage value tables for alpinéoregy(Resch et al., 2006).

Table 3: Impact of year, growth, drying technique atorage time on different quality parameterbaof

average count DM XP XF NDF ADF ADL NFC Xs XL XA sand carotene
total 198 | 8455 1429 | 2333 4743 2758 359 2721 137,0 208 899 246 88,3
year
2010 72 | 853,2° 149,9° | 2380° 469,6° 2773° 376° 272,7° 1199° | 183 894" 22,3° 51,2°
2011 72 | 8373 142,2° | 240,0° 497,8° 292,1° 43,9° 256,0° 129,8° | 200° 84,0° 215 133,8°
2012 54 | 8461 1367 | 221,8° 4553° 2581° 26,3  287,6° 161,4° 247 96,2° 301° 80,0°
growth
1 54 | 8469° 121,1° | 251,4° 504,1° 2854° 37,2° 2834° 1544°| 199° 71,5 12,8 73,5°
2 54 | 860,5° 134,0° | 247,1° 483,5° 2004° 356° 2789° 127,6° | 21,3° 82,3 16,4° 84,4
3 54 | 840,00 144,7° | 2391° 491,2° 2939° 39,7 2471° 12077 | 206 964 312" 77,9°
4 36 | 8347 171,9° | 1955 4182° 2337 31,2° 2792° 1455 | 21,4° 109,3° 381° 117,6°
drying technique
traditional field drying 66 | 839,4 1405 | 2331 4779 2785 356 2708 1346 205 903 257 71,5°
cold air ventilation 66 | 8520 142,8"°| 2342 4734 2743 354 2734 1394 208 895 246 97,1°
air dehumidification 66 | 8452 1454° | 2325 4715 2747 367 2721 1371 2,1 899 236 96,4°
storage time
0(harvest) 33 | 7179 145,1° | 2302 4637 2693 34,7 281,5  140,8 20,6° 89,1 24,4 102,2°
after 7 days 33 | 8745° 1388 | 2357 4728 2760 365 2801 1370 204 879 238 100,6"
after 14 days 33 | 866,6° 139,5°| 237,2 4866 281,3 359 264,7 1376 20,1° 89,0 24,3 96,4%
after 30 days 33 | 8743° 142,59 2350 4744 2767 365 272,8  136,7 20,4° 89,8 24,8 92,1°
after 60 days 33 | 8754° 144,3™| 2335 4767 2754 360 2675 1342 202" 91,3 257 75,2
begin of feeding 33 | 8644° 147,3° | 2281 4713 2764 359 2660 1359 232° 921 249 63,4°

units: DM [g kg'1 FM], carotene [mg kg'1 DM], other parameters [g kg'1 dM]

In comparison with classic crude fibre analysisjctured carbohydrates are representing nearbigyreal
(Gruber 2009). Total content of structured carbaates (NDF) was similar for the first to the thodt (483.5 to
504.1 g NDF kg DM) whereas hay of the fourth cut had significdotver NDF-contents (average
418,2 g kg DM) which is typical for the Austrian situation practice (Resch 2013b, 2013c). Lignin-contents
(ADL) were definitely lower (35.9 g kDM, standard deviation +/- 9.1 g kddM) than the average situation in
Austria without any influence of the factors dryiteghnique or storage period.
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Figure 2: Influence of drying technique and storgggiod on DM-, XP-, carotene- and sugar-contertiay
In comparison to the average quality of hay in AastResch, 2013c) much better values were found in
our project for the first cut, whereas the aftetmgtality was on the same level (Resch, 2014).

Carotene [mg kg DM]
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=
o
R
o

Digestibility of organic matter, energy content andsensory properties

Usability of forage can be classified by in vitragestibility of organic matter (dOM). In opposite the
estimation of dOM on the basis of crude fibre (@bt al., 1997), the results of in vitro digediipishowed
clear differences between the three drying tectesg decreasing trend of digestibility during tterage
period was observed. All tested factors signifigaimfluenced the energy parameters ME and NEL. (#iab

Table 4: Main effects and interactions of the fastgear, growth, drying treatment and time of sggwaon
OM-digestibilty, energy concentration and sensagpgrties

factor domMm ME NEL smell colour structure dust points
year (y) 0,000 0,000 0,000 0,000 0,000 0,239 0,310 0,001
growth (g) 0,000 0,000 0,000 0,542 0,064 0,000 0,000 0,215
drying technique (d) 0,006 0,013 0,014 | 0004 0,000 0,000 0,051 0,000
storage time (s) 0,149 0,020 0,041 | 0,008 0,380 0,055 0,011 0,003
dxy 0,143 0,169 0,178 0,075 0,004 0,021 0,617 0,009
dxg 0,184 0,265 0,271 0,011 0,053 0,017 0,264 0,021
dxs 0,985 0,996 0,996 0,583 0,935 0,759 0,942 0,842
SXY 0,924 0,966 0,965 0,806 0,596 0,160 0,104 0,710
syg 0,130 0,202 0,160 | 0,702 0,706 0,234 0,035 0,399
R? 0,666 0668 0,669 | 0454 0509 0,595 0,490 0,502

p-values refered on confidenzlevel 95 % (method LSD)

Average hay quality in the year 2010 was signifialower than in the following years 2011 and 2012
which might be caused by some technical problentis thie air dehumidification in2010 (Fig. 4). Hayngaes
of the growths were significantly different in dgjibility (tab. 5). Hay of the first cut had an aage dOM-value
of 72.6 % whereas aftermath hay of the third cutwsdd a low OM-digestibility of 64.2 % in all thrgears.
Ingredients of hay like NDF, ADF, ADL or XS carriedit no explanation for this dOM-depression.
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Figure 3: Influence of drying technique and storageriod on OM-digestibility, net-energy lactatiomda
parameters of the OAG-sensory test of hay

Hay conserved by traditional field drying had worgaality than hay processed with ventilation
treatments. Quality differences between cold aimtietion and dehumidification drying were not sigpant
(tab. 5). During the storage period a decreasealityy was observed in all treatments with an agenaduction
of OM-digestiblity from harvest to feeding of abduB %. Quality losses of traditional field dryiaghounted to
3.4 %, that of cold air ventilation were 1.9 % awith dehumidification drying 1.6 % of OM-digestilyilgot lost
during the storage period (Fig. 3). Loss of enesgye determined with 0.4 MJ NEL KdDOM (traditional field
drying) and ~0.25 MJ NEL kDM (ventilation treatments).
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Table 5: Impact of year, growth, drying techniquel atorage period on OM-digestibility, energy cantcation
and OAG sensory properties of hay

factor count | dOM ME NEL smell colour structure dust points
total 198 68,9 9,62 5,68 2,9 4,0 6,7 1,7 15,2
year
2010 72 66,6° 9,25° 5,42° 2,2° 3,7° 6,6 1,7 14,2°
2011 72| 689" 967° 572°| 29° 4,0° 6,7 1,8  153°
2012 54 71,4° 9,93° 5,89° 3,5° 4,5 6,8 1,5 16,2°
growth
1 54 72,6 10,33  6,17° 3,1 4,0 6,4° 2,1° 156
2 54 69,2 9,76 578 29 4,2 68 1,77 155
3 54 64,2° 88" 513" | 26 3,8 6,6" 1,5° 14,6
4 36 69,8 954> 562°| 28 43 6,9° 1,3° 154

drying technique
traditional field drying 66 67,8° 9,44 555 | 24 3,4° 6,3° 1,8 14,0°

cold air ventilation 66 | 692° 966° 571°| 34° 4,5° 6,8° 1,7 163°

air dehumidification 66 | 698 975° 577°| 28° 42° 6,9° 15  154°
storage time

0 (harvest) 33| 702 992° 587"

after 7 days 33| 693 968° 572° 36 4,2 6,8 2,0° 16,6

after 14 days 33| 692 964 570 29° 41 6,8 1,6 154%™

after 30 days 33| 688 958 565 29° 41 6,7 1,77 155"

after 60 days 33 68,3 9,48 558 | 2,6 3,9 6,5 1,6 14,6

begin of feeding 33 67,9 9,41° 5547 2,2° 3,8 6,6 1,4°  14,71°

units: dOM [%], ME and NEL [MJ kg'1 DM], other parameters [points]

A comparison between the results of the hay drgxgeriment and the field study ,LK hay-project"
(Resch, 2010, 2011, 2013b, 2013c) showed integestffects of drying techniques and cuts on the ggner
concentration (fig. 4). In the first growth thefdifences between drying treatments was higherftvaaftermath
hay. Technical problems with the dehumidificatioging in the year 2010 caused a significant NELrdsepion
(fig. 4 left side). The average energy level of (2911/2012) in the experiment ,hay drying" was imddgher
than the energy level of hay from Austrian hay-nfdkmers (fig. 4 right side). Disadvantages in ficaccaused
from the later forage harvest.
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Figure 4: Influence of drying treatments on energgncentration of hay and aftermath hay (left side:
AREC-project hay drying; right side: LK hay-project

In the AREC-experiment ,hay drying” also organolegibservations concerning smell, colour, structure
and contamination (dust, earth) were carried oemsSry properties allow to draw advanced conclissfonhay
and the effects of drying techniques. For sensoopgrties a significant effect of the factor yeaaswfound

-33-
Forage Conservation, 2014



(tab. 4), mainly caused by the bad conditions ih@®0 he third cut showed significantly worse sepsprality.

The drying technique had a strong influence ondiwserved hay, especially on smell, colour and. duis¢

traditional field drying system resulted worstémrhs of smell and colour but also in structure heeaf a lower
leaf content (tab. 5).

Microbiological quality-status of hay

Product-typical microflora

In every year and for all drying techniques an atm&imilar field flora was determined. Bacteriarfiovas
dominated by gram-negative germ groups like Pseotdas and epiphytic Enterobacteriaceae. Beside syeast
there were different Hyphomycetes and Dematiaceke Acremonium, Aureobasidium, Cladosporium,
Colletotrichum or Verticillium and sometimes alsoxigenic fungi like Fusarium and Alternaria occutre
Coelomycetes were detected at higher counts, edlyethie species Phoma and Ascochyta. The resuts a
comparable with observations of previous AGES-expents (Adler, 2002) and also with findings of athe
institutions (Brenton and Zwaenepoel, 1991; Witengh 1997, Wiedner, 2008).

Table 6: Main effects and interactions of year, wtio, drying treatment and time of storage on défdr
microbial groups of hay (p-values and r?)

factor product-typical spoilage-indicating

MG 1 MG 4 MG 7 MG 2 MG 3 MG 5 MG 6
year (y) 0,098 0,784 0,018 0,000 0,000 0,075 0,001
growth (g) 0,000 0,000 0,000 0,001 0,032 0,000 0,000
drying technique (d) 0,701 0,020 0,000 0,007 0,053 0,003 0,000
storage time (s) 0,000 0,000 0,000 0,560 0,423 0,000 0,019
dxy 0,819 0,063 0,159 0,000 0,003 0,315 0,690
dxg 0,077 0,040 0,004 0,015 0,000 0,020 0,003
dxs 0,905 0,887 0,979 0,651 0,980 0,760 0,709
sSXy 0,821 0,971 0,699 0,707 0,609 0,982 0,986
syg 0,334 0,277 0,280 0,474 0,879 0,839 0,980
R? 0,733 0,696 0,755 0,577 0,425 0,549 0,478

p-values refered on confidenzlevel 95 % (method LSD)

Numbers of product-typical bacteria (MG1) risedha@very cut during the vegetation period (Adler et
al., 2014). Fehrmann and Miuller (1990) also foundrerease of epiphytic flora on grass during thgetation
period. During the storage period composition @& thicroflora on hay changed because the primana fid
field-borne micro-organisms (relict flora) afterrbast decreased relatively quickly. Reduction &f talict flora
was higher in hay produced by traditional field idgy than in hay treated with cold air ventilatioesp.
dehumidification drying (fig. 5). In hay samplesthvielevant storage flora a higher decrease o fielra was
observed. Content of yeast showed an obvious rietiuof germ count in every treatment. Yeast codrihay
produced with the dehumidification drying systenswa0.3 log-steps higher during the total storagr@opl than
the other drying variants.
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Figure 5: Influence of drying technique and storgmgriod on product-typical bacteria (MG 1) resp. uids
(MG 4) in hay
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Spoilage-indicating microflora

In the hay store the relict flora could be complede replaced more or less quickly by a storageflt depends
on water content and other factors (temperatunatjlaton, etc.) what kind of storage flora is diygng (Reil3,
1986). In hay of all treatments storage flora wlaaracterised by little diversity of species. Spgp#landicating
bacteria like Bacillus were predominant and spa@tli Actinomycets occurred. Penicillium, Scoputgsis
and osmophile or xerotolerant fungi like Wallemébis species of the Aspergillus glaucus-group ocdfales
dominated flora of storage-fungi. Especially in géas with high counts of fungi, Aspergillus nigerdaalso
Aspergillus fumigatus were detected. The obserdedafof storage-fungi was according to other staidie
(Kaspersson et al., 1984; Undi et al., 1997; Relmiat., 2006; Padamsee et al., 2012).
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Figure 6: Influence of drying technique and storageriod on spoilage-indicating bacteria (MG 2) resp
mucorales (MG 6) in hay

Hay of third or fourth cut showed consistently hegltounts of storage fungi than hay of first oroset
cut. Reasons for more intensive development ofifdngng storage could be changes in the struafiferage
plants — fine or soft plant texture provide lessisence against storage fungi. High air humidggezially in
late summer or autumn implies a bad drying-capshdf air. Such conditions might result in an irese of
fungi.

Traditional field dried hay had at least three snhégher (> 0.5 log-steps) contents of importaiilage
indicating fungi than hay produced by the otheiimyytechniques.
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Figure 7: Influence of drying technique and storgmggiod on Aspergillus glaucus resp. Wallemia selriay

Hypothesis of microbial influence on in vitro-digesibility of OM

Results of project “hay drying” indicate a relatship between increase of numbers of spoilage itidiza
microbial groups and degradation of OM-digestipitituring storage. GLM-model including the factoryidg
technique, growth, storage period, year and conmagarm group was chosen to test for the influemefiects
(p-value) and to calculate regression coefficiéotshe correlation of different germ groups witBd.
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Table 7: Influence of different microbial groups ©i-digestibility of hay

microbial regression

group MG microbial species p-value microbial count dOM  coefficient
[log clug™FM]  [%] [%]
MG 1 Yellow pigmented bacteria, Pseudomonas, Enterobacteriaceae 0,000 7,81 68,8 3,65
MG 4 Dematiaceae, Acremonium, Fusarium, Aureobasidium 0,000 5,57 68,8 2,64
MG 7 Yeast 0,466 4,68 68,9 0,37
MG 2 Bacillus, Micrococcus 0,035 6,27 68,9 -1,29
MG 3 Streptomycets 0,102 4,79 68,9 -1,64
MG 5 all species of MG 5 0,008 4,02 68,9 -0,74
MG 6 Mucorales 0,092 3,38 68,9 -0,57
MG 5-1  Penicillium 0,283 3,13 68,9 -0,32
MG 52 Aspergillus glaucus 0,001 3,68 68,9 -0,88
MG 53 Wallemia sebi 0,001 2,68 68,9 -1,07

p-values refered on confidenzlevel 95 % (method LSD)

In Tab. 7 some defined product-typical and spoiiagkcating microbial groups (VDLUFA 28.1.4) and
their average effects on in vitro-digestibility @M are displayed. For more detailed information ugro
MG 5 was split in three sub-groups representingifipespecies (tab. 7). An increase of the courftstorage
fungi by one log-unit caused a decrease of dOMalper< 0,01), in case of Aspergillus glaucus (-0¥88and
Wallemia sebi (-1,07 %). The significant effects prbduct-typical groups MG 1 and MG 4 must not be
overestimated, because only spoilage-indicatingispecould reduce easy utilisable nutrients likgasuand
caused losses of digestibility of organic matter.

The results revealed that high counts of storagwifin hay will adversely affect the digestibilitf
organic matter. Further experiments are necesearyrifirm the causal correlation between incredspoilage
species and degradation of digestibility.

Conclusions

For more than 8.000 Austrian hay-milk farmers ressof exact trials are of great importance to imprday
quality and to provide reliable decision argumédatsselecting an optimal indoor drying techniqug. Beans of
the research project ,hay drying“ carried out at AR Raumberg-Gumpenstein three different hay drying
techniques were tested in eleven exact trials uadeur-cut-regime on permanent grassland. Undempenable
conditions the ventilation techniques provided drethay quality than traditional field drying, esjly
concerning digestibility of organic matter, enempncentration and microbiological status. Dehurgdifon
drying positively influenced the parameters crudgtqin, crude fat, and sand-content but the diffees to cold
air ventilation were not significant. Differencestiveen dehumidification drying and cold air veriia are not
appearing if the year 2010 with some technical l@mols in the dehumidification drying treatment was
eliminated from the statistical analysis. In fiveateven trials hay produced with the dehumidificatdrying
showed better quality than that of cold air vetitiia, in two cases hay quality was equal and irr foases
quality was even worse, caused by technical prabldrhe primary problems of microbial spoilage saesed
by to high water contents in the harvested foraganfavourable combination with insufficient indadnying.
The risk of microbial spoilage is rather high foaditional field drying because of a strong develept of
storage microflora. The higher the water conterttarvested forage the more important is a goodpmence
and optimal management of the technical constra¢tgroduce best hay quality for dairy cows.
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Direct sowing of red clover and intergenus hybrid$y three technologies -
forage production and quality

KOHOUTEK, A.; KOMAREK, P.; ODSTRLOVA, V.; NERUSIL, P.; KMCOVA P.
Crop Research Institute, Prague, Research Statialevicko, K. H. Borovskeho 461, Jevicko
569 43, Czech Republic

Abstract

At Jeviko site in the Czech Republic, an accurate smait pial was established in 2011 in two time
arrangements (June and July) by three technol@giesisting of directly sown seeds of red clover @&Mm(4n)
and “Suez” (2n) and of two intergenus hybrids ke (festucoid) and "Hostyn” (loloid). Direct skeg was
carried out by the technologies of slot seedindnwitseeding drill SE-2-024, strip seeding with atgiype of
PP-2 drill, with a prototype of STP 300 drill. Ihet trial with direct sowing technologies the DM guation of
red clovers was 7.43 t figcorrected DM (CDM) production 5.44 t flafor SE — 2 — 024, 6.74 t HCDM
production 4.20 t h for STP — 300 and 7.24 t h4CDM production 3.21 t.h§ for PP — 2. In the trial with
direct sowing technologies the DM production ofengenus hybrids was 6.21 t hgCDM production
1.08 t h&) for SE — 2 — 024, 6.11 t higCDM production 0,74 t hY for STP — 300 and 8.09 t hgCDM
production 2.71 t h§ for PP — 2.

Keywords: direct sowing, red clover, intergenusrigdy grasslands, production and quality

Introduction

Introduction of direct sowing into grasslands iBuanced by a number of factors. Operational susfoésess of
direct sowing is still in spite of attained resultsufficient and therefore the research, develognand
verification of new technologies continue (Kohougtlal 2002).

Materials and methods

At Jevitko site in the Czech Republic (average annual tempee 7.4 °C, annual long-term rainfall average
545 mm, altitude 342 m, geographic coordinates3493“N, 16°43'54“E), a multifactor trial with dérct
sowing into 30-year-old permanent grassland (PG} watablished in 2011. The meadow vegetation is
represented by a plant socigtyrhenatheretumlt is well established meadow vegetation in a chggrophyte
stand in the stream alluvium. Three direct sowiaghhologies were used: (1) slot seeding with SB22-0
(2) strip seeding with PP-2 and (3) strip seedirith & prototype of STP 300 drill (discs with coutfe with
spike seeding mechanism. The trials were establishéwo time arrangements (14une — T1 and 19July —
T2). We sowed (L) red clover "Amos” (4n) and “Su@n) at the amount of 8 million germinative se@d&S)
per ha and (G) of two intergenus hybrids — “Feliff@stucoid) and "Hostyn” (loloid) at the amount of
12 MGS h&. The trial plot length was 16.11 m, the lengtthafvested part was 11.11 m, 3 replications.

The trial plot was not fertilized in the year ofelit sowing 2011. In the first harvest year 201 ot
was fertilized with phosphorus at the rate of 35H&} P and 100 kg haK, nitrogen was only applied on
directly sown grasses at the rate of 180 k§ Kg60-60-60) in the form of LAV by a seed drill I&E - 80. The
trial plot was harvested by three cuts. The papaluates dry matter production and corrected drytena
(CDM) production[(DM x % projective dominance of a directly sown sps@y100). The forage quality was
measured using the instrument NIRSystems 65000bkerved parameters were: crude protein (CP),, fivbit
(net energy of lactation), NEF (net energy of faittg), PDIE (ingested digestive protein alloweddmergy) and
PDIN (ingested digestive protein allowed by nitrogeThe measured results were statistically evathand
differences between averages were tested with ukeyTtest.

Results and discussion

Dry matter (DM) production and corrected dry matt€DM) production in the first harvest year 2012 DM
production was significantly lower in the dry ye&12 in comparison with average rainfall years bgut one
third, especially in the growth of thé' and 3 cut. Average DM production in 2012 in the triakthwied clovers
was 7.14 t h4, out of which 4.29 t Hawas CDM production of directly sown red clovers,tire trial with
intergenus hybrids DM production was 6.81 thaut of which 1.51 t Hhwas CDM production of directly sown
grasses. At the trial site in long-term trials WK fertilization the original grassland produced®t ha' DM.
Total DM production in 2012 (Table 1) in the trigith red clovers (zero fertilized) was 7.50 t'tat T1 (CDM
production 4.95 t h at T2 it was 6.77 t hR(CDM production 3.62 t h§. In the trial with grasses the DM
production (N fertilization: 180 kg & 6.69 t hd (CDM production 1.82 t 5 at T1 and 6.92 t a(CDM
production 1.19 t H§ at T2. CDM of directly sown red clovers and gessis conclusively higheP(< 0.01) at
the first date of direct sowing in mid-June. Thesere not conclusive differences between red cloaeieties in
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DM and CDM production, DM production of 4n variet§mos” was 7.02 t Ha(CDM production 4.20 t K9
and of 2n variety “Suez” it was 7.25 £'H&DM production 4.36 t h3.

There were no differences in total DM productioriween directly sown intergenus hybrids, the DM
production of festucoid hybrid ‘Felina” was 6.75a" (CDM production 0.77 t h§ and of loloid hybrid
"Hostyn it was 6.86 t fa(CDM production 2.25 t i which is highly conclusive increase in comparisedth
"Felina”,P < 0.01). Fast growing species are more suitable for tisesving as penetrate the original sward
better and resist adverse external influence.

In the trial with direct sowing technologies the Dpfoduction of red clovers was 7.43 t’h€CDM
production 5.44 t b for SE — 2 — 024, 6.74 t HdCDM production 4.20 t hY for STP — 300 and 7.24 tha
(CDM production 3.21 t.H§ for PP — 2. Lower CDM production of strip sowrdrelovers was caused by a
mole damaging 30 — 40 % rows after strip sowingQahl.

In the trial with direct sowing technologies the Dpdoduction of intergenus hybrids was 6.21 t ha
(CDM production 1.08 t hY for SE — 2 — 024, 6.11 t BgCDM production 0,74 t h§ for STP — 300 and
8.09 t h& (CDM production 2.71 t WY for PP — 2. Highly conclusively higher DM and CDpdoduction of
strip sown intergenus hybrids is caused by a higipgrtion of loloid hybrid "Hostyn” on yield whenDM
production was 4.15 t Hathat is 2 — 3 times more than with other techgige and it reached the yield level of
directly sown red clovers.

In the trial with red clovers average CP conceiurain 2012 was 167.2 g RgDM, fiber 201.3 g kd,
NEL 5.84 MJ kg DM. In the trial with grasses average CP conegiain in 2012 was 132.5 g kDM, fiber
252.9 g kg DM, NEL 5.55 MJ kg DM.

Conclusion

In the trial with direct sowing technologies the Divbduction of red clovers was 7.43 t'@CDM production
5.44 t hd) for SE — 2 — 024, 6.74 t 1 CDM production 4.20 t hY for STP — 300 and 7.24 t h4CDM
production 3.21 t.H§ for PP — 2. In the trial with direct sowing tectwgies the DM production of intergenus
hybrids was 6.21 t fa(CDM production 1.08 t 8 for SE — 2 — 024, 6.11 t igCDM production 0,74 t hY
for STP — 300 and 8.09 t hdCDM production 2.71 t hY for PP — 2.
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Table 1: Dry matter production and forage qualitgrh directly sown permanent grassland with leguaras grasses (Jeiko, 2012)

Factor (L) Legumes Factor (G) Grasses
DM CDM | Forage quality DM CDM | Forage quality
CP Fiber | NEL CP Fiber | NEL PDIE
(t.ha (9-kg | (g.kg | (MJI.kg (t.hah) (9.kg | (g-kg | (MJ.kg o.kg | (g.kg
l) l) 1 l) l) l) l)
T1 7.50 495 169.8] 202.0 5.81 12 995 T1 96.6 1.82 131.5 252.7 5.53 814
T2 6.77 3.62| 164.5| 200.5 5.86 .78 97.2 T2 26.9 1.19 133.5 253.0 5.56 81.2
D1o.05 0.76 1.14 5.5 6.4 0.0§ A0 AD1o.05 0.58 0.34 5.1 5.7 0.09 0.8
Dro.01 1.03 1.55 7.5 8.7 0.11 A3 J6D10.01 0.79 0.46 7.0 7.8 0.13 1.1
Amos 7.02 4.20 167.5] 198.6 5.89 .82 9.0 nkeli| 6.75 0.77 133.6 2522 5.56 816
Suez 7.25 4.36 166.4 203. 5.78 .68 V.7 yiAost6.86 2.25 131.3 2536 5.52 81/0
D1o.05 0.76 1.14 5.5 6.4 0.0§ A0 AD1o.05 0.58 0.34 5.1 5.7 0.09 0.8
Dro.01 1.03 1.55 7.5 8.7 0.11 A3 J6D10.01 0.79 0.46 7.0 7.8 0.13 1.1
SE-2- 7.43 5.44| 168.7| 200.1 5.85 7 995 SE-2-6.21 1.08 131.6 252.4 5.47 813
024 024
STP- 6.74 4,20 169.7| 199.2 5.91 100.7 STP-6.11 0.74 1341 2513 559 816
300 300
PP-2 7.24 3.21 1625 204. 5.715 6 . 94.8 -PP| 8.09 2.71 131.6 2549 557 81/0
Dro.05 1.12 1.69 8.2 9.5 0.17 A5 2 51Dr0.05 0.86 0.50 7.9 85 0.14 12
Dro.01 1.45 2.18/ 10.6 12.3 0.1 1D 6 6/5D70.01 111 0.65 9.9 11.0 0.18 1.6
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Crude protein fraction of lucerne in legume-grass nxture
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Department of Forage Crops and Grassland Managentezech University of Life
Sciences Prague;Kamycka 957, 165 21 Prague 6 —d8ljdbzech Republic,
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Abstract

The aim of the study was to determine the effecthefcut order and presence of grass component on

crude protein (CP) and CP fractions in the forafjducerne growing in monoculture or in the simple

binary lucerne-grass mixture. In 2011, sampling veadized in field plot experiment over three caitsl

samples were analyzed for CP content and CP frextiocording to CNCPS. The CP and the soluble CP

fractions were the significantly highest in thesficut whilst the insoluble CP fractions were thedst.

Direct effect of mixture’s variants was lower; hoxge it seems that increase of the grass compongldt y

was related to increase of fraction A angliBlucerne forage. Results also supported ideadffatt of

cut on CP fractions could be in connection witheslied stand parameters such as stem length ottylensi
Keyword: forage, alfalfa, quality, nitrogen

Introduction

Forage legumes such as lucerne or red clover mpr@smajor protein source for ruminant nutrition i
Europe (Krawutschket al, 2013). Is well known that these crops produasgin-rich forage however
the proteins are extensively degraded into amindsaand ammonia in the rumen (Juletral, 2003).
Increasing protein escape from the rumen is a fjisbae and would provide an economic benefit o th
dairy industry (Cheret al, 2009). The main objective of this study was neestigate the effect of
presence of grass component in the lucerne-grasginmion CP fraction in the lucerne forage over
vegetation period.

Materisls and method

To test our hypothesis, we used a running expetimiemed at comparing four lucerne varieties (Zuzana
Jarka, Oslava, Tereza) in the monoculture (vardl®@) and in lucerne grass mixture with grass hybrid
Achilles (Festulolium) in the ratio of 10% (variant 90) and 25% (vari@d). Field plot experiment was
established in the spring of 2008 at the experialdigld station in th&erveny Ujezd (405 m above sea,
temperature 7.7°C, and precipitation 493 mm). Thet pxperiment was arranged in completely
randomized blocks with four replicates with plates2.5 x 7.2 m. In 2009 — 2011, three-cut regims wa
used and the total yield was determined from tlea af 10 rifor each variant. CP fractions in lucerne
forage were evaluated only at Jarka variety witleehreplicates in 2011. In each cut and plot, besma
was clipped in 4 cm height above the ground inatea 12.5 x 50 cm. The lucerne stem length of the
longest stem (MSL), stem density (SD), and lucemneé grass dry matter yield (DMY) were assessed in
each sample. These samples were oven-dried at 60otogenised to a particle size of 1 mm, and
analysed for CP fractions according to Liciga al (1996) into A, B (soluble fractions), B and
insoluble fractions Band C. Trichloroacetic acid was used to deterrttieenon-protein nitrogen (NPN).
The content of total nitrogen in the sample wagmeined by the Dumas method on Lecco analyser with
calculation of crude protein (N*6.25). Two-way (cuairiant) ANOVA and principal component analysis
were used for investigating of relationships am@myfractions, stand parameters, and tested variants

Results and discussion

The result of CP concentration, CP fractions, am@de yield over three cuts and three variants are
shown in Table 1. In regard to obtained values Bff@action in our experiment, they were differemanf
values reported by Kirchhat al (2010) which could be influenced by sample dryteghnique (oven-
drying vs. freeze-drying). In the first cut, the CP contemidathe soluble CP fractions were the
significantly highest in the first cut in contrasetsecond and third. Reversibly, the insoluble €etions
were the lowest in the first cut, the highest ie third cut. This effect could be given by reacheturity
stages where lucerne was in the bud stage in tbiecfit and in the full bloom stage in the second a
third cut. According to Kirchhoét al (2010) maturity stage did not affect the solubl fractions of the
legumes but increased fraction C of lucerne. Krashiteet al (2013) also reported that the variation of
CP fraction A (high soluble) was mostly positivegfated to N yield which is also in accordance waiti
results. The content of;Braction was not affected either cut order orgdstariant. In accordance with
Kirchhof et al. (2010), this fraction represented the largespprtion of CP. The relationships among CP
fractions, stand traits, and tested variants apgvelin the Figure 1. The first axe represents tifleénce

of cut (29 % of variability) where first cut labedse on the left side whilst second are in thergeenter
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and third on the right side. The second axe reptesmainly effect of grass and lucerne yield of the
sampleq19 % of variability) where lucerne yield was rethte MSL, SD and Bwhilst grass yield in the
sample was related to increasing ratio of fractiaresd B.

Conclusion

With limited data from one year, it is possiblecanclude that CP fractions in our experiment wasemo

influenced by cut order than presence of grass ooemut in the mixture, however it seems that inaeas
of the yield of grass component was related toeiase of fraction A andHn the lucerne. Results also

supported idea that cut effect on CP fractionsadel in connection with observed stand parameters.

Table 1: Effect of cut and ratio of lucerne in théture (variant) on the total dry matter yield,ntent of
crude protein (CP), soluble (A + B1) and insolubtede protein (B3 + C) in forage of lucerne.

Date Lucerne stage Yield CP Soluble CP B, Insoluble CP
(tha)  (g/kg) (g/kg CP) (g/kg CP)  (g/kg CP)
Cut 1 26. May Late bud 632 18.9% 40.9 485 10.6
2. 13. July Late bloom 489 18.3° 34.P 53.0 12.9
3. 6. October  Late bloom 396 16.8° 32.7 53.6 13.%
P <0.001 0.014 0.006 0.105 0.005
Variant 100 488 17.6 34.8 52.9 1223
90 498 184 35.8 53.0 112
75 5.16 18.0 37.1 49.1 138
P 0.025 0.499 0.610 0.212 0.021

P = probability of F test, different letters documtestatistical differences in each column (TukeyDHS
a = 0.05)

@
o DMY L
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%5
3/75
/90 3/100 v
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Figure 1: Biplot of Principal Component Analysisosfing relation among investigated variables
(presented by arrows; CP = crude protein; A, B1, B3, C = fractions of CP; DMY = yield, MSL =
maximal stem length, SD = stem density, G = grdss; lucerne) and supplementary variables
(presented by triangle labels; 1,2,3 = order of;cl@0, 90, 75 = lucerne sowing ratio in the mixture
Acknowledgement

Research was supported by “S” grant of Ministrydfication, Youth and Sport of the Czech Republic.

References

Chen, D., Peel, M.D., Olson, K.C., Weimer, B.C.Viz®d, D.B. (2009): Differential ruminal
degradation of alfalfa proteins. Canadian Jourfilant Science, 89, 1065 — 1074.

Julier, B., Guines, F., Emile, J-C., Huyghe, C.Q2p0 Variation in protein degradability in dried
forage legumes. Animal Research, 52, 401 — 412.

Kirchhof, S., Eisner, I., Gierus, M., Sudekum, K-2010): Variation in the contents of crude
protein fractions of different forage legumes dgrthe spring growth. Grass and Forage Science3d®,
—382.

Krawutschke, M., Kleen, J., Weiher, N., Loges, Raube, F., Gierus, M. (2013): Changes in
crude protein fraction of forage legumes during $heng growth and summer regrowth period. Journal
of Agricultural Science, 151, 72 — 90.

Licitra, G., Hernandez, T.M., Van Soest, P.J. ()9%®andardization of procedures for nitrogen
fractionation of ruminant feeds. Animal Feed Sceeaad Technology, 57, 1136 — 1147.

-44-
Forage Conservation, 2014



-45-
Forage Conservation, 2014



Section 2: Fermentation process of forage -
harvest, preservation and storage
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Managing the aerobic stability of silages

KUNG, L.
Dairy Nutrition & Silage Fermentation Laboratory epartment of Animal & Food
Sciences, University of Delaware, Newark, DE 19716

Introduction

Woolford (1990) stated that “the single most impattfactor which influences the efficiency with whi
forage crops are conserved as silage is the def@merobiosis achieved in the completed siloapigt
removal of air from the forage mass and the abibtprevent air from infiltrating the silage massidg
storage and feed out can have profound effect®ed §uality. Excessive exposure to air at the sfar
fermentation prolongs the metabolism of unwantedroties that thrive in air and delays the growth of
beneficial bacteria that produce lactic acid. Ttém lead to undesirable fermentations and a loss in
nutritive value. However, we should also rementbat anaerobiosis is also important for maintaining
the quality of silage during storage and feed Bublonged infiltration of air during storage or deeut
into the silage mass can lead to aerobic spoil&ilage that is unstable when exposed to air hapidly
and spoils, leading to aloss of DM and nutrientthwhe potential for production of undesirable
compounds. Aerobic spoilage during storage ofteresponsible for a large portion of the total Didtl

in forage conserved as silage and may be as hidth as 25% or higher in areas of poor compaction.
This review will focus on the processes involvedimy aerobic spoilage of silages, why aerobic sl

is undesirable and ways to improve aerobic stabilit

Aerobic spoilage of silages
When the active stage of ensiling is complete #maining microorganisms in the mass are relatively
dormant because of the low pH and absence of oxy@ftowever, if silage is exposed to air, the result
can be a chain reaction resulting in aerobic spgeiléFigure 1). Specifically, yeasts that are able
degrade lactic acid in the presence of air usuailtyate this process. Examples of these organisms
include Candida krusei (Issatchenkia orientaliaghd Pichia membranifaciens (C. validgyVoolford,
1990, Inglis et al., 1999). Yeasts able to metabadugars (e.gSaccharomycé@sre also active and can
add to the spoilage process. Aerobic microbialviigtcauses oxidation of nutrients resulting ireth
production of heat. Degradation of lactic acidcifieally causes an increase in ifithe silage to a level
that allows opportunistic bacteria (eRacilli) and molds (e.gAspergillus Fusarium andPencillium to
then become active, furthering the spoilage pro@dsPonald et al., 1991). Of particular concerrhe
development of pathogenic bacteria and molds inkaerspoiling silages because of their potential fo
producing mycotoxins and causing other detrimeetf@cts. For example, silages sampled from the top
layers of silos (where pack density was poor) adlatys that was loose on the bunker floor had higher
levels of A. fumigatusthan silage sampled from the intact silo facen@iAgri, 2007). This is of
particular concern because this organism has lelezd with hemorraghic bowel syndrome in ruminants
(Forsberg and Wang, 2006). In some cases, badteria the genusAcetobactermay initiate aerobic
spoilage in maize silages (Spoelstra et al., 1988).

Grain crops (e.g. whole crop barley silages, mailages, high moisture maize-grain silage) are
very prone to aerobic spoilage. Sugarcane silagésbd extremely prone to aerobic deterioratiorabse
it has high numbers of epiphytic yeasts and higlitynentable substrate (sucrose) (Pedroso et &15)20
Epiphytic populations of yeasts are found on alaége crops in the field. However, their numbegsraot
well correlated to aerobic stability because thera mix of non-fermentative and fermentative spgci
present. The ensuing fermentation and level afgsiimanagement ultimately determine the number of
lactate-assimilating yeasts that may survive amsilA list of some factors affecting the aerobibdtty
of silages is shown in Table 1. Porous silage ngmdseaks in integrity of plastic and the amount of
antifungal compounds added at ensiling, or produgedng fermentation have profound effects the
number of yeasts in silages. High concentratidriaatic acid and/or a low pH have minor affectstba
numbers of yeasts in silages as these organismsekatévely acid tolerant and lactic acid has poor
antifungal characteristics. In contrast, relativéligh concentrations of acetic and/or propionicdaci
usually reduces the numbers of yeasts in silageause of their antifungal properties (Woolford, 397
The concentration of acetic acid in silages cardyecially high in silages with high moisture comse
because the microorganisms that can produce tlisrasilages (e.g. enterobacteria and heterolactid
bacteria) thrive in wet conditions (more than 70%isture). Thus, wet silages with high concentration
of antifungal organic acids tend to have low nurslmryeasts and are relatively stable when exptsed
air. Ironically, one of the most antifungal acidsretimes produced in high moisture silages is lutyr
acid. This end product of clostridial fermentatisrvery active in inhibiting the growth of yeastst is
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certainly undesirable because of the other detdiateéactors associated with this type of fermenptati
(i.e. large dry matter loss and degradation ofgin)t Conversely, low moisture silages (less tB@%
moisture) undergo restricted fermentations and gnaduce low concentrations of organic acids asd al
pack poorly, often resulting in high numbers of stsaAmmonia also has good antifungal activity ibut
is doubtful that natural concentrations of this pound effects populations of yeasts in silages l@ee
discussion on ammonia additives). Numbers of yeamtsbe reduced in silages via the direct addibion
antifungal compounds (e.g., blends of buffered wigacids) or from microbial inoculation (to be
discussed later).

The ambient temperature around the silage masstaffee rate of aerobic spoilage. When
temperatures are very cold, microbial activityleged or even stopped (e.g. in freezing weath&/arm
temperatures stimulate microbial activity and traesobic spoilage and it is the primary reason itharte
spoilage typically occurs in the summer than in Wieter. High concentrations of residual sugars in
silage can also lead to a higher probability obbéar spoilage.

Impact of feeding aerobically spoiled silages to minants

Few studies have been conducted evaluating thecteffef feeding aerobically spoiled silages to
ruminants. Whitlock et al. (2000) reported thadmg spoiled corn silage from the surface of akeun
silo depressed DM intake as the level of spoiledifim the diet increased from 0 to 16% of the ratioy
matter. Recently, Windle and Kung (2013) reporteat heifers fed a spoiling TMR consumed less dry
matter than those fed a fresh total mixed ratioklR). In contrast the intake of cows that were fed a
TMR containing aerobically spoiling high moisturere was unaffected when compared to those cows
fed fresh corn but the former produced 3.2 kg Iedl& per cow (Hoffman and Ocker, 1998). When
animals consume spoiled silages, the exact cadse=doced intake and/or performance are not fully
understood. In the study of Whitlock et al. (2008)jluced DMI probably occurred because of lower
nutrient digestibility of the silage. However, the study of Windle and Kung (2013), the nutrient
composition of the diets was very similar and contd obviously explain the differences in observed
intake. One major difference between diets wasttiafresh TMR contained 5.0 log yeasts/g whereas
the spoiled diet contained 7.8 log cfu of yeasts8antos et al. (2011) added various levels of ra pu
culture ofl. orientalis to in vitro ruminal fermentations and reported lower NDF difpdgy as the
amount of yeast in the culture increased suggestiay undesirable spoilage yeasts may have direct
effects on ruminal fermentation. Gerlach et aD1@) reported negative correlations between ethyl
lactate and ethanol with dry matter intake in gdmtsthe strongest negative relationship with ietalas
from silage temperature (as difference to ambie@t)her variables that may contribute to depression
intake include the growth of molds in spoiled sdabat may result in the production of mycotoxinsl a
effects of microbes or compounds on immune funstio@rganoleptic properties (e.g., taste and srogll)
spoiled feeds on intake have not been well studiéd. addition to negative of effects on animal
performance, spoiled silages also potentially presecontaminant to the environment if the feed is
spoiled to the extent that it must be discarded.

Improving aerobic stability via silo management

Filling silos quickly with sufficient pack weighbtmaximize silage density and minimize porosity can
minimize oxygen in a silo. Even distribution ofrdge in the storage structure, chopping to a cbrrec
length and ensiling at recommended dry matters (Rivspecific storage structures aids in this pssce
After filling, silage should be covered with plastis soon as possible and weighted down with (ires
should be touching) or gravel bags to exclude Split tires are good alternative because theyeasger

to handle, do not accumulate water (thus less brgaegtounds for mosquitoes that could carry the Wes
Nile Virus), and are undesirable for animals totries The return on investment (labor and plasiic)
extremely high for covering bunk and pile si{@vlsen et al., 1993). Oxygen barrier plasticshvidtw
transmission rates for oxygen appear to be usefalinimizing the loss of nutrients at the silagagic
interface (Borreani et al., 2007). This practi@n @lso reduce the number of yeasts in silages and
improve aerobic stability.

Proper management for removal of silage from silothe feed bunk with the use of mechanical
equipment (e.g., block cutters and silo facers) lovelp producers to maximize profits and production.
Enough silage should be removed between facinginamize aerobic spoilage. Lesser amounts may be
removed in areas where ambient temperatures reroainduring the winter months. Removal of silage
should be such to minimize disruption of the siléaee and loose silage on the ground between fgedin
Extreme care should be taken to prevent air fromefating between the plastic and reaching thgesila
mass during feed out and storage and this candmergdished by stacking tires, or lining gravel bags
the plastic at the leading edge of the feeding.face
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Improving aerobic stability with additives

Chemical additives.Various chemical additives with antifungal propesthave been used to enhance the
aerobic stability of silages. The most common thee organic acids. For example, buffered propionic
acid-ased products are commonly used in North Acadiecause of they are less corrosive and safer to
handle than the straight acid. It is the undisdedigprotonated) form of organic acids that is oesible

for their antifungal properties and its prevalercéependent on pH. This fact unfortunately meaas t
more acid is needed to be effective in crops thataturally limiting in acids from silage fermetita

(e.g. crops with more than 40% DM). At the pH aftanding crop of lucerne (about 6) only about %% o
propionic acid is in the undissociated form whereas a pH of 4.8, about 50% of the acid is
undissociated. The undissociated acid functiorih by being able to penetrate into microbial catsl
disrupt cytosolic functions because of the relezfsd”. Undissociated acids also remain active on the
surface of microorganisms and compete with amiridsafor space on active sites of enzymes and by
altering the cell permeability of microbes. Apptioa of buffered propionic acid-based products oriN
America ranges from about 0.5 — 2 kg/t of wet feratgpending on the specific situation. In previous
studies, we have found that, as expected, theteeess of propionic acid based additives increase
with higher application rates (Kung et al., 1998jn§ et al., 2000). In the past, anhydrous ammonia
(about 3 kg/t of forage) was used in North Amemsaan inexpensive way to increase the N content of
maize with the added benefit that it had very gaotifungal properties. However, because of safety
concerns and cost, this practice is now uncommBatassium sorbate and sodium benzoate have also
been used to improve the aerobic stability of maitages. For example, Kleinschmit et al. (2005)
reported that 0.1% potassium sorbate-EDTA and Gsaétum benzoate were as effective in increasing
the aerobic stability of maize silage as treatnweitlt Lactobacillus buchneri 40788 applied at 400,00
cfu/g of forage. Treatment with 0.1% potassium atelalso improved dry matter recovery and aerobic
stability and lowered the final concentration dfigiol in maize silage (Teller et al., 2012). Kinckyd
Sporndly (2011) reported that an additive contgjndodium benzoate, potassium sorbate, and sodium
nitrate improved the aerobic stability of a variefycrops with DM > 35%. We recently have showatth
the same additive was effective in reducing theceatration of ethanol and improving the aerobic
stability of maize silage and high moisture maizagmgunder North American conditions (researchat t
University of Delaware).

Microbial inoculants. Bacterial inoculants, based on homofermentatietideacid bacteria are
commonly added to silages to improve fermentatioth imcrease DM and energy recovery. However,
most of these inoculants are not very effectivenimbiting the growth of yeasts because they temd t
maximize the production of lactic acid (poor antifial activity) and decrease the accumulation oéioth
organic acids that have good antifungal activityudd and Kung (1997) summarized the literature and
found that treatment with classical homolactic dwided inoculants improved aerobic stability alome
third of the time, had no effect about one thirditeé time but made aerobic stability worse abowt on
third of the time.

Lactobacillus buchnerian obligate heterolactic acid bacterium, has hesmd as a silage inoculant to
specifically enhance the aerobic stability by cotiig moderates amount of lactic acid to aceticl aei

a ariety of silages (e.g. maize silage, sorghuagsil barley silage, lucerne silage, ryegrass sitagbard
grass silage, etc.) (Muck, 1996, Dreihuis et @#99%a, Kung and Ranjit, 2001, Kleinschmit et al.020
Kleinschmit and Kung (2006) conducted a meta-atglys studies evaluating the effectsLofbuchneri

on the aerobic stability of maize silage. The @#eof L. buchneriwere divided into a low level of
addition & 100,000 cfu/g addition, LB1) or a high level ofdétbn (>100,000 cfu/g addition, LB2). The
increase in acetic acid due to inoculation Wittbuchneriwas greater as the application rate increased in
both types of crops. However, the increase was wibderate nature as the concentration of aceiic ac
was only 3.89% even with the highest level of aggilon in maize silages. (Note that this increasas

the equivalent of adding about 6 kg of acetic a@éiforage.) Treatment with LB1 alsesulted in a 10-
fold decrease in numbers of yeasts (3.10 log offi/gilage) compared to the untreated silage (4og8 |
cfu/g of silage) and treatment with a high levelpplication (LB2) decreased the numbers of yeagts
more than 100-fold (1.88 og cfu/g of silage). Agated with these lower numbers of yeasts was in an
improvement in aerobic stability but the effect waarkedly greater in silage treated with the higher
application rate (25, 35, and 503 h of aerobic ibtaldfor untreated, LB1, and LB2, respectivelyh |
maize silage, the changes in lactic and aceticsa@dulted in a decrease in the ratios of lactiacetic
acid in untreated maize silage from approximately13to 2.3:1 and 1.3:1, for the low and high doSk.
buchneri,respectively. Practical recommendations in tleddfhave suggested a desirable lactic:acetic
ratio of more than 3:1 (Kung and Stokes, 2001),cWhivould be an indication of a more dominant
homolactic fermentation. However, it is now evitémat silages treated with buchnerishould not be
held to this standard.
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Concerns relative to the potential of large lossfe®BM from silages treated with. buchneribecause of
its heterolactic nature have not been substantigfézinschmit and Kung, 2006). The loss of DM in
maize silage by the higher application lof buchneriwas 1 percentage point more than for untreated
silage. Relative to the potential beneficial effeof improved aerobic stability during storage and
feeding, this loss is small. Although some havggssted that high levels of acetic acid in silagey
depress intake, research studies have shown ttmaaunts fed silages treated with buchnericonsume
the same amount of DM when compared to counterpedtsuntreated silages (Dreihuis et al., 1999b,
Kung et al., 2003, Ranjit et al., 2002, Taylor &t 2002). Most research on improving the aerobic
stability of silages has dealt with the stabilifytlve silages alone. However, there is good evidehat if
silages are stable this benefit is transferreth¢oltMR. In two studies, TMR that were made withgks
treated withL. buchneriwere more stable than TMR made from untreatedyefigKung et al., 2003,
Taylor et al., 2002).

When Should Additives Be Used? A question that is often asked is when should petlthat
specifically provide enhanced aerobic stabilityused in silages? Such additives may be used &b tre
historic problems of silages heating in the silmget sizing, slow feed out rate, poor packing alticd).
Maize silages or high moisture maize that will beresd for prolonged periods of time (more than 6-9
months) or be fed during warm weather are othedgmmdidates for treatment. Drier silages that may
be challenged because of restricted fermentatiows @oor packing density may be candidates for
additives that improve aerobic stability. Considierating specific silos or parts of a silo relatito
summer feeding. Although some may argue thatitrgain entire silo may not be justifiable if the
problem occurs for only a few weeks out of the ydéais extremely difficult to predict in advanchket
feeding challenges from a specific silo.

Improving Aerobic Stability in Moved Silage. In certain areas of North America, silages are
moved between storage structures because of tliktaauix silage in a feeding center. In addition, o
many large dairies it is now common to find sevatays worth of silage fed from temporary piles
(brought in from other farms or silos and storea ataging area). In both of these instances;lthace
of aerobic spoilage is increased especially in wasgather. Moving silages quickly and in cool weathe
minimizes the potential for aerobic spoilage. Farvad silage and feeding piles, addition of chemical
preservatives that contain antifungal compounds,(buffered propionic acid, sorbates, benzoatsja
acid, etc.) can be added at the time of movinghtwaace stability (0.1 to 0.2%). A better practiezuld
be to consider treating these silages at the tifrensiling with an additive to enhance aerobic ititgb
(e.g. chemical additives dr. buchnerj. Microbial-based additives and ammonia are awtife on
forages that have already fermented.

Improving Aerobic Stability in TMR. Because silages are often incorporated into TMBir th
stability is also an issue on many farms. In alesuavey of TMR sampled in DE, PA and MD over two
years, more than 50% of 30 TMR (primary silagesnaiize and Lucerne) that were sampled within 1
hour of being made, spoiled in less than 12 h wihenbated at a controlled laboratory temperature of
about 22°C (Kung, Mulrooney and Morges, unpublisbdath Univ. of Delaware). These TMR would
have spoiled even quicker if they were incubatedhat ambient temperatures encountered during an
average summer day (high 27 to 32 °C). Thus thé4R had the potential to spoil in the feed bunkreve
if the farms were feeding twice daily. If nothingn be done to alleviate the primary causes(s)tiaet
(commonly referred to as “TMR-savers”) containingifungal compounds can be added directly to the
TMR to improve aerobic stability. The degree tlsilages have spoiled in the silo and ambient
temperatures will determine the doses requireddp further spoilage in the feed bunk (0.2 to 0.d6
additive per t of TMR may be required to preventtar spoilage in challenging conditions). When
using TMR-savers, it is best to start with a higisel for several days. If stability in the bunk bagn
achieved, a lower level can be used that keep3 e from heating in the bunk. TMR-savers can be
helpful but they are not economical for long terse Ubecause the rates of addition are very high. Fo
example, even added only at 2 kg/t of TMR, the emjent would be adding 4 kg/t of the product per to
of forage. In addition, stopping further heatingdapoilage in the feed bunk does nothing to shep t
initial heating and loss of nutrients that may haceurred in the silo. Data from our lab suggéss it
is better to control yeasts at that time of engiliather than after the fact in a TMR. The morasye that
are present in the silage and TMR, the higher thee df a TMR-saver will be needed to keep the feed
from spoiling.

Diagnosing Problems with Aerobic Stability Because silages heat during aerobic spoilage, the
length of time that silage remains cool when #xposed to air is often used as a measurementalfiae
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stability. Many research studies determine aershability by assessing the time it takes for agsl
mass to increase about 2 °C above ambient or haselmperatures after it is exposed to air. On the
farm, warm silage is not always an absolute indicaif spoilage because large silos often retain
relatively high core temperatures even in the wirltea recent survey, we noted core silage tentpers,

as high as 32-33 °C in some silos for as long eetimonths. Thus, steam coming from the silage mass
during silo removal is not necessarily a sign abb& spoilage. In a recent survey, we have noted
silage temperatures as high as +32-33 °C in solagesfor as long as 90 d. In contrast, aerobically
spoiled silage can often reach temperatures as d8g#8-50 °C for short periods of time. Signs that
silage is aerobically spoiling include measuringperatures in excess of about 42-43 °C 10 to 2@hcm
back of the silo face at feed out, reheating intthek, visible mold, lack of a sharp or sweet srteethe
silage and/or a flat or moldy/musty smell. If a piéter is available, a moldy smell coupled withighh

pH may also be a good indicator that a feed hagngote aerobic deterioration. Relatively inexpeasiv
temperature probes can be used to monitor tempesaitusilage piles.

The number of yeasts and molds in a silage sanmgiesometimes be used to assess whether a
silage sample has spoiled or has the potentialafoid spoilage. Care should be taken to ensutetba
sample is representative of that being fed. Initanhd samples for microbial analyses should betkep
refrigerated (not frozen) and sent to the laboyats quickly as possible (preferably stored wité ic
packs). This will minimize the growth of yeastsdamolds that could grow during transit. Unspoiled
silages usually contain about 1,000 to 250,000tggaer gram of wet silage. Samples containing more
than 500,000 yeasts per gram have a high probabgpaoiling rapidly in warm weather and/or have
already started to aerobically deteriorate. Ihdd uncommon to find spoiled silages with more than
100,000,000 yeasts/g of silage.

Visible signs of molds, lack of a sharp or sweetkno the silage and/or a flat or moldy/musty
smell are also indicators of aerobic spoilagea fH meter is available, a moldy smell coupled vaith
high pH may also be a good indicator that a feedumalergone aerobic deterioration.

Measuring the production of CO2 and the time ietafor silage pH to rise have also been used to
assess aerobic stability but these techniquesadneall suited for use on the farm.

Conclusions

Aerobically spoiled silage is undesirable becauslsses in nutrients and potential negative effext
animal performance and health. Good silo managemaedtthe use of various additives can help to
minimize the incidence of aerobically spoiled sdag
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Figure 1. The process of aerobic spoilage in gk&g

Silage is exposed to air

Lactate assimilating yeasts are revived

iilage begins to heat

Degradation of lactic acid results in an increassilage pH
Readily digestible nutrients are destroyed

Molds and bacteria continue the spoilage process

Massive nutrient losses

Table 1. Some factors that may make silages maneepio aerobic spoilage.

Factor Effects Examples

High sugar content or highYeast use sugars as energy sources) sugarcane
natural population of yeasts during fermentation

High DM content High DM restricts fermentation and_ucerne ensiled > 45 to 50% DM
reduces acids that could minimizeMaize silage ensiled > 40% DM
the numbers of yeasts
High DM crops are more difficult to
pack and allow infiltration of air into

the mass
Poor pack density/porosity Allows penetration of aito the Fill rate too fast
silage mass Insufficient tractor weight
Poor feeding management Allows penetration of iafo the Slow silage removal
silage mass Loose silage

Uneven silage face
Intermediate feeding piles
Moved silage
Poor management of plasticAllows penetration of air into the Torn bag silos
and weights silage mass Torn silo covers
Insufficient weight on plastic
Plastic pulled back too far in advance
High ambient temperatures Spoilage organisms grow faster inMore spoilage in the summer than
warmer weather winter months
Addition of spoiled feeds to Spoiled feeds bring spoilageSpoiled wet distillers grains
a TMR organisms to the TMR

Overly dominant homolactic Limited production of organic acids An extremely dominant homolactic
acid fermentation that have antifungal properties acid fermentation caused by microbial
inoculation
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Silage additives — assessment of their efficienay improve aerobic
stability of silages

KNICKY, M.; SPORNDLY, R.
Swedish University of Agricultural Sciences (SLRYpt. of animal nutrition, SE-753
23, Uppsala, Sweden.

Abstract

Precision chopped whole crop maize was used indy$b compare the effect of silage additive bazed
Na-nitrite, Na-benzoate and K-benzoate on silagdityuand aerobic stability of silages ensiled wot
ensiling conditions; regular and difficult. Ensijiconditions differed in packing density of foraayed in
air tightness of silos. Additive treated silageseviund to have reduced formation of ammonia-Ntiac
acid and ethanol compared with untreated contrlziges in both ensiling systems. Significantly
eliminated yeast growth was reflected in considigrattreased stability of additive treated silagedy

in difficult ensiling condition. Testing of silagadditive for aerobic stability under difficult efisg
condition provided a better answer about a poteotithe product in the agricultural practice.

Introduction

Aerobic instability is still a common problem of matypes of silage, particularly of these well
fermented. Experimental testing of silage additisgscommonly conducted under routine ensiling
condition with properly consolidated forages arldssproperly sealed. Consequently, it is not ssipg
that results of these trials do often not displapadential of a product in the agricultural praetic
Punctures and other damages of silo cover as walhaven forage consolidation in a silo are common.
These defects cause that ensiling condition beconuge difficult. Such ensiling condition challenges
silage additive to fulfil a purpose of being apglidt has been suggested that silos which werdigiat
under fermentation process are more prone to kebmetly unstable (Jonsson & Pahlow, 1984). Using
this suggestion, German system for evaluation tffe€ silage additives (DLG, 2009) applies a design
where silage additives are tested under difficalileng condition. This condition challenged byaavl
packing density and limited air leakage into siloridg storage is used to test silage additive on
improvement of aerobic stability of silages. Thgeckive of the study was to compare the impact of
regular ensiling condition with such challenged diton on silage quality and particularly aerobic
stability during silage additive testing.

Materials and Methods

Whole crop maize harvested by Class Jaguar 690ugthdstage of maturity was divided into 2 fractions
one forage fraction was left untreated and was @sedontrol and another treated with silage adalitiv
(Na-nitrite, Na-benzoate and K-benzoate) at the ft3 ml per kg FM. Crops were ensiled in two
ensiling conditions following DLG designs (DLG, 20 Regular condition with packing density of 160
kg DM/m?®, silos tightly sealed with a fermentation lock.ff@ult ensiling condition comprised crops
packet to density of 114 kg DMAnsilos and lids were obtained with inlets with tiieber stoppers to
allow air ingression into silos, which was perfothtevice during the storage period, 14 and 7 dajerbe
the end of the storage, for eight hours each tibiemical and microbiological analyses were perfarme
on silages, weight losses were monitored during levtgiorage period, and aerobic stability was
determined by measuring temperature increase daryg.

Results and Discussion

The formation of ammonia-N, lactic acid and ethamak significantly higher but acetic acid a lower i
regular ensiling condition than in difficult conidih (Table 1). Additive treatments in both ensiling
systems contained less ammonia-N, acetic acidnettend number of yeasts compared with untreated
control treatments. Moreover, additive treatmengmicantly reduced weight losses during whole
ensiling period in both ensiling conditions. As egfed, microbiological analyses revealed remarkably
higher count of lactate assimilating yeasts ineatid control silages in difficult ensiling conditithan

in regular one. As a consequence of that, aerdahiligy of silages showed that it took significBnliess
time for untreated control silages to increase ab8U'C than additive treated silages only in difft
ensiling condition. Results give the presumptioat tiesting of silage additive for aerobic stabilityder
difficult ensiling condition provided a better arewabout a potential of the product in the agrimalk
practice.
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Table 1: Chemical and microbiological compositi@misilages at different ensiling conditions (n=3).

Treat- DM pH NHs-N  Lactic Acetic Butyric 2.3-butan Ethanol Weight Hours until temp. aerated Lactate
ment acid acid acid diol losses silages increased by 3°C  yeasts
(max. temp increase)
% of TN % of DM Ig cfu/g FM
Regular ensiling condition Ambient temp.:48C
Control 38.6 3.9 9.3 5.4 15 <0.05 0.11 0.6 2.3 148 (2.4) 2.3
Additive 39.2 3.9 4.0 5.5 1.2 <0.05 0.10 0.4 1.8 164 (1.0) <17
Difficult ensiling condition
Control 38.9 3.9 8.4 5.1 1.6 <0.05 0.12 0.5 2.6 22 (20.2) 5.7
Additive 38.3 3.9 2.9 5.3 1.3 <0.05 0.09 0.3 1.8 164 (1.4) <17
LSDg 05 0.03 0.58 0.43 0.23 - - 0.08 0.72 76.9 1.58
P-condition i ok ok ok N.S. N.S. ok N.S. i i
P_add |t|Ve * *kk * * N i S N i S *kk *kk *k% *kk
P-inter. ok N.S. N.S. N.S. N.S. N.S. ok N.S. ok ok
* ** and *** at P<0.05, P<0.01 and P<0.001, respreely;
N.S. — Not significant
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Fermentation Characteristics and Aerobic Stabilityof Whole Crop Maize
Inoculated with Homo-and heterofermentative LAB andEnsiled in
Hermetic Plastic Big Tubes

JATKAUSKAS, J.; VROTNIAKIENE, V.
Department of Animal Nutrition and Feeds, InstitaftéAnimal Science of Lithuanian
university of health sciences, Baisogala, LT-82F.Zebenkos 12, Radviliskis distr.,
Lithuania, Email: pts@Igi.lIt.

Abstract

Homo and hetero LABL@ctobacillus plantarunDSM16568 andEntrococcus faeciurNCIMB 11181/ DSM
22502 and heterofermentative LAB strdiactobacillus buchner{CCM 1819/ DSM 22501)-based inoculant
improved significantly the fermentation quality die whole crop maize silage ensiled in a big tulye b
significantly reduced pH value 2 days (403.65) and 156 days (3.%3 3.60) after ensiling, by significantly
increased concentrations of lactate (38436.5 g/kg DM) and acetate (17\vks 20.3 g/lkg DM) and by
significantly decreased butyrate (Ov58 0.3 g/kg DM). The moulds count was reduced (P @5Q.in the
inoculated silage with 1.15 log10 cfu/g comparedhwthe uninoculated silage with 1.21 log1l0 cfu/dneT
aerobic stability of the inoculated silages (lalbona scale measurement) has improved by 68 hou8sdays)
compared with the untreated silage. The surfacea emgered with moulds in control big tubes was 4intes
greater than that in the inoculated big tubes.

Introduction
Bacterial inoculants were topical during the lasb tdecades and their potential to improve silagméatation
(Filya at al., 2007), and animal productivity waslely demonstrated ( McAllister et al., 1998; Cenas-Govea
et al.,, 2009). However, even when satisfactory gmmegion under anaerobic conditions has been atfain
exposure to air, particularly during feed-out, nmagult in aerobic growth of yeasts and fungi whiebults in
DM and nutritional value losses. Heterolactic fentag¢ion is less efficient in the conservation ofrimnts than
homolactic fermentation, but it produces acetiaddtiat is a more potent antimycotic agent thanidaatid
(Danner et al., 2003).

The current study was designed to examine the teffesilage additive containingomofermentative
LAB strains Lactobacillus plantarum DSM16568ancEntrococcus faeciunNCIMB 11181/ DSM 22502 and
heterofermentative LAB straibactobacillus buchnerf{CCM 1819/ DSM 22501) ofermentation end-products,
DM loss, aerobic stability and mould developen@nihole crop maize silage ensiled into an herenglastic
big tube.

Materials and Methods
Whole cropmaize, cultivar Baxxos FAO 200 was harvested arappld in the dough stage of maturity (34 %
DM) with a maize harvester “CLASS JAGUAR 840"ddength of <2-5> cm. Immediately after harvestitig
chopped forage was carted from the field to theggilg and storage area and was ensiled into anefierptastic
big tube, usingMurska tube bagging equipment with a loading turgaal and additive applicator. During the
filling of the plastic big tube, one control baggde from four layers cheesecloth) filled with léagiling mass
was inserted into each big tube for determining igses. Hermetic plastic big tube silages were gyegp
without inoculants (control - T1) or with blend thfe bacterial strains SiloSolve AS200 (T2). Thecidant was
dissolved in tap water (2 g inoculant/tonne of lirésrage) and applied at rate of 4 liter suspengi@entonne
forage according to the label instructions for agapion targeting a dosage of 1.5R10FU/g of fresh forage.
The same volume (4 l/tone forage) of tap water usedl instead of the suspension in the controlrreat (for
spontaneous fermentation). The inoculant was apmlieing the big tube filling process. Ten hermgiastic
big tube silages for each treatment were prepared.

Representative samples of the whole crop maize ta&en (5 samples 500 g each) at the big tubadilli
time. Big tube silages (10 from each treatment)ensampled after 156 days of storage for chemicdl an
microbial analyses and for laboratory aerobic $itgtiest.

Results and discussion

Whole crop maize had a DM content 339.6 g/kg, ciuaéein concentration of 98.7 g/kg DM and watdubkz
carbohydrates concentration of 88.3 g/kg DM. Butfepacity of herbage was law (20.6 mEq 100g DM}keBia
on the WSC content of the herbage prior to ensilihg forage was considered to be moderately emeydile
(35.0 g/kg fresh matter of WSC) according to the&sSEFopinion on silage additives guidelines (EuropEand
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Safety Authority 2008). The pH of the whole cropizeawas 5.4 and the nitrate concentration avera§ad2
mg/kg DM.

The inoculant treatment resulted in significant<{m®.05) pH drop after 2 days and after 156 days of
ensiling compared with the untreated control (Talle The inoculated silages had higher (P < 0.05)
concentration of lactate and higher (P < 0.05) eatration of acetate than the untreated silage. The
lactate:acetate ratio was decreased in the inazlladages (1.80:1) if compared with the untreatédge
(1.95:1). Moulds were reduced (P < 0.05) in thecidated silage (1.15 log10 cfu/g) compared withth&eated
silage (1.21 log10 cfu/g). The aerobic stabilitytbé inoculated silages has improved by 68 houd d2ays)
compared with the untreated silage.

Table 1: Effect of inoculant treatment on the femmadon variables of ensiled in a big tube wholegmaize

Variables Control silage Inoculated silage Average
DM, % desiled 32.0 32.3 32.1
DM corrected, % desiled 32.9 33.4* 33.18
DM loss, % 8.7 7.4* 8.07
WSC, % DM 0.83 0.82 0.83
pH 2 days after ensiling 4.00 3.65* 3.83
pH 156 days after ensiling 3.73 3.60* 3.67
N-NH; fraction, % total N 3.27 3.1 3.19
Lactic acid, % DM 3.34 3.65* 3.50
Acetic acid, % DM 1.71 2.03* 1.87
Butyric acid, % DM 0.05 0.03* 0.04
Propionic acid, % DM 0.01 0.01 0.01
Alcohols, % DM 0.58 0.53 0.55
Moulds, log CFU/g fresh silage 1.21 1.15* 1.17
Aerobic stability, hours 100 168* 134
*statistically significant difference vs Control p<05

6 - Moulds

é i: ---¢--- Control [P ©

? 34 —x— Treated o

E 27 X

S 1 P L "”z_________x____._———x———"”~—~
0 - — ‘

0 8 14 21 28 35
days from opening of the tube

Figure 1: Dynamic of visible signs of moulds on sieface of undisturbed big tube maize silage duBb day
exposure to air

The surface area covered with moulds in control tiges was 4 -5 times greater than that in the
inoculated big tubes (Figure 1). The decreased vumbmolds compared with the control supportsfihéing
that the aerobic stability has improved in inooetbsilage compared with the untreated one. Thesinfis are
in agreement with those of Jaakkola et al. (2010).

Conclusions

Homo and hetero LAB-based inoculant improved sigaiftly the fermentation variables of the wholepcro
maize ensiled in a big tube by reducing pH valug,irrreasing lactate and acetate concentrationsbgnd
decreasing lacate:acetate ratio and butyrate fawmand aerobic deterioration. Mould count andblessigns of
moulds on the surface of undisturbed big tube vsaggrificantly lower after removing of the plastiower and
during 35 day exposure to air.
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The effect of Maize-All+ on the fermentation and ambic stability of
sorghum silage in Slovakia

FOLTANOVA, B.: MARLEY, G.
Sil-All, Danstar Ferment A. G., PO Box 445, CH-63RWUG, Switzerland

Keywords
maize, yeast, mould, aerobic stability, Maize-AP¥ppionibacterium acidipropionici

Introduction

The role of silage additives has long been to ecdahe fermentation of silage by outcompeting eyiph
microflora and preserving maximal levels of theileasfeed value and dry matter content (Ohyamayobie
stability of silage is detrementally affected byagke and aerobic exposure (Woolford). Historicalify,
improvement in the aerobic stabillity of silage wasjuired through the use of inoculant tHeactibacillus
buchnerilwas the only realistic option. Filya and Sucu (208@monstrated the ability dfropionibacterium
acidipropionici to convert lactic acid and glucose to the mordfamgal propionic and acetic acids, thus
enhancing aerobic stability, and with advancemantsacterial production method® acidiproponiciis now
a realistic commerical option for aiding the stapibf ensiled corn & sorghum. Their findings haween further
verified through the EU approval d¢fropionibacterium acidipropionicMA 26/4U to enhance the aerobic
stability of all forage types. Work by Foltanovadadarley (2014) has shown the improved dry mateovery
and aerobic stability of corn silage treated withiké&-All+ across Europe. This trial was designeddsess the
effect of Maize-All+ on sorghum silage

Material and methods

Sorghum was directly harvested using a Claas Ja@f@uto a theoretical chop length of 10mm at a 26%
natter. Harvested sorghum was untreated and ernsile@d¢oncrete walled bunker. A 150Kg aliquot ofraated
sorghum was homogenised and split into 2 pileszbtaill+ (Propionibacterium acidipropionicMA26/4U 1.5
x 10° cfu/g + Pediococcus acidilactici.0 x 16 cfu/g, total application rate 2,5 x 2€fu/g + 9,000 BAU/qu-
amyslase) was applied at 10mis/Kg using a hand $@ldyer in 3 x 250ml applications, Sorghum waseihix
between applications. 85009 of treated sorghum peaked into each of 5 red polyvinyl net bags whigre
then tied with a silk tail. 8500g of untreated darmn was was packed into each of 5 green polyvieylbags
which were then tied with a silk tail. Bags weraqad in the bunker during filling (as a Dorset weddags
were sequenced Treated, Untreated, Treated, Uadrexit and were sat on 1m of untreated ensilechsorg
The tails of the bags were drawn out toward the tawd the wall of the bunker was indelibly markedhdicate
the bag positions. A further 1m of untreated somglwas added on top with standard compaction. T mdu
was covered with a single plastic sheet. Bags wegiehed 9 weeks post ensiling, were dug out, weigtmel
then sampled for fermentation profile and aerobabiity. Aerobic stability was determined classigavith all
analysis being undertaken independently by Nutriehorelice as blind samples.

Results and discussion
Both silages were well fermented and were free wfiic acid (Table 1). Small variations in the rtitnal
profile were observed between treated and untresitage (ME of treated being 9.66 compared to 9/34Kg
on untreated). Nitrate levels in both treated antteated silage was below 1% indicating no residtale of
nitrate within the ensiled sorghum. DifferencesMiE and nitrate can be directly attributed to vatiarin
sampling (Table 1). The fermentation profile shaaseatment effect. Treated sorghum had a 7% isergathe
level of lactic acid (1.02% compared to 0.95%). Therease in the level of lactic acid being prodlifrem the
inclusion of the homolacti® acidilactici. Acetic acid levels are 14% higher in the treatehlsom (1.71%
compared to 1,5%). The fermentation pathwayP ocidipropioniciconverts sugar and lactic acid to propionic
acid and acetic acid leading to elevated level®ath acetic acid and propionic acid. Ethanol levelghe
sorghum silage increased by 22% from 0.22% to 0,#nM%ugh treatment with Maize-All+. This is consist
with the results observed by Szucs et al, but rgradictory to the results of Filya (Fyl& al, 2004; Fylia and
Sucu, 2006). The pH of the treated sorghum is mmadlieally lower than that of the untreated sorghdmi4
versus 4.19) which is in accordance with the higbeel of lactic acid in the treated silage. Thsilgasoluble
sugar in the treated silage was 123% of the uridesdrghum silage. Maize-All+ contains 9,000BAUgytase
which catalyses the breakdown of complex carbotigdisto simple sugars that are then available flags
fermentation or are available to promote the prodéicumen microbial protein.

Table 2 presents the aerobic data. Both silagesahgabod fermentation as described, but fermentation
losses were statistically reduced through treatmétit Maize-All+ (from 7.0% to 4.1%). On a 1000T riker
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this equates to an additional 29T of forage to feHus supports the improved fermentation obsernwit
treatment with Maize-All+.

Silage that was produced was classically aeroliaatistable with the untreated silage heating after
20.5hrs. Maize-All+ improved the aerobic stabilifythe sorghum silage by 150%, increasing the fione 2°C
rise above ambient to 34.75 hours. Propionic aamll @cetic acid produced bipropionibacterium
acidipropioniciare both antifungal , leading to a reduced le¥sgleast and mould within the silage and leading
to a parallel increase in the time taken for heatincommence.

Table 1: Comparative fermentation profile of Sorghu

Untreated Maize-All+
DM (%) 26.25 26.31
ME (MJ/KQ) 9.54 9.66
NO; (%DM) 0.9 0.8
NH; (% DM) 7.48 6.93
Easily Soluble Sugar (% DM) 0.47 0.58
Lactic Acid (%) 0.95 1.02
Acetic Acid (%) 1.50 1.71
Butyric Acid (%) 0 0
Propionic Acid (%) 0.14 0.16
Ethanol 0.22 0.27
pH 4.19 4.14
Table 2: Aerobic Parameters
Untreated Maize-All+
Fermentation Losses (%) 7.0 4.1°
Aerobic stability (hrs) 205 30.7%

Superscripts with different prefixes are statisticaignificantly different at P<0.05

Conclusion
Treatment of sorghum with Maize-All+ led to an iraped fermentation, statistical reduction in dry teat

losses and a statistical improvement in the aerstaibility of good quality sorghum silage. The Maill+
formulation is appropriate for use on both maizeé sarghum silage.
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Rapid methods of analysis of silages to improve fdmg management in
Dairy Farms

BERZAGHI, P.; MARCHESINI, G.
Department of Animal Medicine Production and Healtbiniversity of Padova, Italy

Abstract

In modern dairy farms, optimization of feeding iftical to maintain animal health, lower environnerimpact
and maximise profitability. However, large feed dachge variability reduce consistency of compositdf diet
delivered to dairy cows. A feeding management plarst implement a program of feed sampling and amaly
(St-Pierre and Cobanov, 2007), that ensure smalhti@n of nutrients in diets. Traditional referenevet
chemistry methods are accurate, but expensive, ¢aeybe implemented at specialized labs with redatbng
time of response. As an alternative to the traditianethods, near infrared spectroscopy (NIR) kasived an
increasing attention, with a large use in many cenwial and private labs. Proficiency programs (ltke
National Forage Testing Association) have provext iR can be accurate in respect to referenceaddththe
guantification organic feed nutrients. The papelt highlight the advantages of the use of NIR irding
program in term of precision feeding and animalfgrenance. It will also evaluate le challenges ofsite
analysis for dairy farm as well as for biogas paithe paper will also briefly cover the alternatimethods for
the determination of mineral nutrients with rapidianon-destructive methods, like x-ray fluorescefxRF).

Introduction
As milk productivity keep increasing, feeding gtyaknd feeding practises becomes more and moreriargan
ensuring productivity, animal health and reduceithpact on the environment. High producing dairyvsare
particularly vulnerable as they are subject toriegenutritional stress and any inconsistency id figgality and
feed delivery will affect their productivity and &éh (Schwartzkopf-Genswein, 2004).

Silages may represent a large portion of dairy dats and their quality can affect animal perforo®an
Their composition may vary greatly not only becaaséhe original composition of the forage, butoafer the
changes during ensiling. Also, silages are genesttired not protected from the environment andatian in
composition during feeding can be affected by gitation.

Silage variability and effects on cows

Silages are often stored in large single structuresle with forage that differs in composition doehe timing
of harvest and location of production. In the flifi of bunker silos the different sources of foraggy results in
layers with different composition like the one regented in Figure 1. The different sampling podaftthis corn
silage bunker shows a map of forage layers wittediht DM content in the same silo. It is cleatitihe bottom
layer is more humid with an average DM of 31%, itiddle layer is drier (average 37% DM) and the leger
has an intermediate composition with an average @M3.9%. In this situation, there are differendlgems
related to sampling for analysis and silage unlogdhat can affect the final product, which is thet for our
cows. If samples were taken at a person height threabottom we would obtain a composition whicimag the
average composition of that silo and the compasitibthe diet would not match formulation. Duringlaading,
if silage is not removed from top to bottom, thenpmsition of the loaded silage would change from tdaday,
making the diet inconsistent over time.

Stone et al. (2003) reported the results of analg§i9 hay-crop and 11 corn silages sampled on top
middle and bottom part of the silos. Dry Matter ltlael largest variation for both silages (Table i hay-crop
had larger variation in CP, ADF and NDF than cdlage.

Composition of alfalfa and corn silages were meadwver a period of 68d during a precision feeding
trial (Mertens and Berzaghi, 2009). Also in thigltrcorn silage was less variable than alfalfabdi, CP and
aNDF. In particular it was recorded that duringgipééation events, DM content of both forages cowddy more
than 10 % units from one day to another one.

Variations within the silo at any given time or iadions in composition over time will have an effat
the consistency of composition of the diet delidete the animals. Mertens and Berzaghi (2009) exatlithe
effects of daily changes of DM of silages on daioyvs performances. Single day variations in thepmsition
of the diet was created artificially by adding wate either alfalfa or corn silages or both, redgcthe DM
between 8 to 16% units. Milk production and milkatity was monitored 3 days before (Baseline) arthis
after (Recovery) the day of the variation. The gemin DM of the silages, on average, reduced teiridake
of 2 kg/d, which caused a loss of milk productionthe following two days (Figure 2). The decreat®MI of
1 kg for one day have caused the loss of 0.8kgilfimeach of the next two days. This short tetody could
only recorded short term production effects, bus sudden diet changes may also affect rumen aimain
health.
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Managing silage variability
Silage variability may be reduced through good agmic, harvesting and storage practices, but it is
unavoidable and we need to learn how to manageatiability in order to minimize the effects on tamimals.
The main tool in our hand is the implementatioradkeed and forage quality control program. Sucly@m
must :

» Implement accurate and frequent sampling

» Adopt accurate analytical methods

» Have rapid return of analysis

» Be simple to implement

» Be affordable

It has being calculated that in a dairy farm wi@l®Q@ cows, improper feed sampling and analysis may c
0.53% per cow per day (St-Pierre e Cobanov, 20D@se researcher have developed a software tolat@icu
optimal sampling and analysis, which would half tost of improper feeding. For a dairy farm witt0O0Ccows,
this plan would require sampling every 4 days amalysis run in duplicates.

If sampling and analysis protocols can be deterchiioe optimal result, it becomes difficult to achée
the other goals of a feeding program with the tradal wet chemistry methods. Reference analyticathods
are those recognize as official methods, which éfin@tion are the most accurate that anyone cankieeever,
normally the reference methods for the most impdntatrients are time consuming and quite expensiéch
would greatly reduce the economic advantages eéd fjuality control program.

In term of analytical methods, new technologiesoiditiced in the last 25 years, have helped to mede f
and forage analysis more affordable and easiempdeiment. In particular Near Infrared Spectrosc@EiR)
have established a key role in many research aminescial labs for the determination of organic s,
while very recently X-Ray Fluorescence (XRF) hameaised for the rapid determination of mineralsréghi
e coll.,, 2011). Both of these techniques are rapah-destructive and they don’t use any type ofnibal
reagent.

Near Infrared Spectroscopy (NIR)

In 1976 Karl Norris (Norris et al., 1976) publishde first paper on forage analysis using NIR. Sitlat first
study, NIR has increased in popularity and its isseow widespread in a numerous forage testing. [@he
advantage of NIR over the reference chemistry nusthis mainly related to the rapidity of analysisodérn
NIRS instrument associated with a personal compeaer collect a NIR spectrum and compute prediction
about one minute. That means that an operator ngnkith a NIRS instrument can generate predictibaver
200 samples a day with great reduction of cosiapatysis, but it also allows to return the resaftanalysis in
less than 24 hours. The combination of accuratdigien, low costs and rapid return of results hasn the key
to the success of this technique. Although NIR desady establish a reputation as rapid and reliabhlytical
technique, the development from the publicatiotheffirst forage application in 1976 to these dags not been
without pitfalls and drawbacks, which may remaintlie memories of many that nowadays are still tahtc
using NIR in forage analysis.

Near infrared analysis is a predictive techniquseblaon the relationship between organic (not miggera
nutrients and the reflectance/absorbance propeatiasample in the NIR region. Before being ablenake any
predictions, it is necessary to develop a regrasaguation (model) that relates the informationtamred in the
spectrum of a sample to the chemical compositidainbd with reference methods. In practice, itdsessary to
collect the spectra of several different samplésaio their chemical composition with reference moets and
develop the regression equations.

Although in the past few years there has beena gievelopment and changes in NIRS, the generas ste
involved in the development of an application hasahanged (Windham et al., 1989) in the past 2ZBsyand it
involves:

e Selection of several different samples with knowmaracteristics (physical, chemical and
biological) measured with reference methods;

e Collection of NIR spectra of the samples in thebration data set;

e Computation of mathematical relationships (equatioetween NIR absorption bands in the
spectra and the chemical composition using chen@riethniques;

» Validation of the predicting models.

Near infrared analysis is therefore a secondanhatktwhich predicts the chemical composition and/or
biological properties (e.g. digestibility) measuredth primary (reference) methods using the infotiora
contained in the NIR spectrum of the sample. The#ewstanding of this techniques requires at leastesbasic
knowledge of properties of the NIR spectrum andratteristics of modern chemometric methods appled
NIR analysis.
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The advantage of NIR over the wet chemistry methizdis rapidity (few minutes to few seconds), the
minimal or no sample preparation, the analysis igtipara metric meaning, that with the collectiohame
spectrum the information of multiple parametershained.

X-Ray Fluorescence (XRF)

X-Ray Fluorescence is a technique, which operativesembles NIR, because it requires a minimal $amp
preparation, the quantification is based on thati@iship between emission spectra and compostiion
calibration standards, the analysis is multipararimeand it is performed in a few minutes. Howevtre
technique itself is completely different as it eslion emission specific for each element afterstmaples is
irradiated with X-Ray. Because the emission of ealeiment is highly specific and identifiable thember of
samples required in a calibration is usually venak (less than 10 sample) and the calibration w@éross a
wide range of sample types.

Accuracy and Application of Rapid Methods for the analysis of silages

NIR is used in many commercial lab replacing theditional wet chemistry. Laboratories serving tked
industry and the feed industry itself are heavy wdehis technology for its reliability and rapidiof analysis.
NIR is normally implemented in the acceptance abming ingredients arriving at a feed mill, as valin the
quality control of the finished mixed feed.

Beside feed, forages are the next most common ptahalysed by NIR, silages included. Commercial
laboratories offers a large array analyses by NDRirfyland lab, 2014), not only including the majuartrients,
but also digestibility of NDF, rate of digestiondaWFAs, all important traits that wouldn’t be pddsi to
guantify with wet chemistry methods for their exsige costs. There is always the question abouaticaracy
of NIR compared to the reference method, that okeeps people off NIR. As it was explained, NIRais
secondary method and with the reference wet chgmistthods used for calibration being the primasthods.
Simply by this definition, the error of analysisng NIR will be always greater than the analytiealor of wet
chemistry. It is in fact generally accepted tha #rror of NIR prediction (Standardard Error of dicton —
SEP) should be less than 1.5 times the Laboratonyr ESEL) (Marten et al., 1989). This may scarmsoof the
potential users regarding NIR as being inaccutatéIR is by definition less accurate, it is in pt&e accurate
for the pourpose of the analysis. A proof comesnftbe proficiency program operated by the Natidraiage
Testing Association (2014), which test the accurfacywet chemistry and NIR methods in the deteritgmaof
the chemical composition of forage samples. Inligteof “approved” lab, meaning those that havespdsthe
ring test, giving grades on the lab and techniguwescan find many labs that have obtained certibioafor NIR
with also “A” grades, the maximum obtainable irstproficiency program.

The accuracy that is normally discussed is theaflectlaboratory accuracy. The advantage of NIfRas
is very rapid and economical at in practice, canirbplemented for repeated sampling and analysis¢ctwh
allows for a real implementation of a quality cahtprogram for animal feeding. The frequent sanwplis
necessary to monitor the changes in feed compnositiich are expected because of the natural \iityabf
forages, which is not predictable. NIR then cantlbe analytical tool of choice to improve accuraayd
precision of feeding.

Application of NIR analysis of silages normally iligs drying the sample, grinding and then perfognin
NIR analysis. This process requires the shipmerdilafje samples to a lab and require times forndryind
grinding. However, variation within day(s) can laege and we have seen, it may have a large impacow’s
performance even if the change in silage compasiitsoaltered for a single day. For the implemeatatbf
precision feeding is then necessary to move thiyticed process from the laboratory to the farm.

On-farm NIR analysis is nowadays possible thanksdaw technologies that allows manufacturing of
rugged instruments. In particular, NIR diode araag sensors that don’t have any moving part, vergllsand
can be used to produce portable instruments tlkat@wv available on the market (AgriNir, Dinamican@eale,
Italy; MicroNir, JDSU, USA, Polispec, IOR3, ltaly))There are several challenges for these portable
instruments. First, NIR spectra is dominated byewatbsorption (see Figure 3), which covers somg¢hef
information related to carbohydrates and proteligure 3 shows spectra within the range (1100-26()0n
covered normally by laboratory instruments. Diodeays used in portables of the NIR usually terngnat
1700nm reducing the information collected. A thieghnical problem that may arise is the fact thatsgample
presentation and scanning is performed by an dedkénalyst, which may increase the risk of mista&ad
errors.

In the precision feeding trial by Mertens and Bgtig2009), a lab bench instrument (Foss NirSystem
6500, Foss, DK) was compared to a diode array msstéAgriNIR, Dinamica Generale, ltaly) for the
determination of DM in silages and the error ofditdons of the diode array was about 50% gredtan the
laboratory instrument, but the overall error foristare was lower than 2%. Considering that day &y d
variation of moisture in silage can be over 10%su(Mertens and Berzaghi, 2009), the error of 2%sunf a
portable instruments would still allow a signifi¢atiet correction, with a large improvement in firecision of
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nutrients delivered to animals. On-farm NIR anaysan then express its value, through precisiodirfige
improving animal performances but also potentiatiproving animal health.

Nevertheless, we have to remember that on-farm &iRBlysis can encounter greater difficulties in
correctly quantifying important parameters likedge digestibility and the implementation of premisfeeding
with portable instrument cannot replace periodieckhups with more accurate laboratory methods.

On-farm NIR analysis of forages are not only lirdite animal feeding, but is the past few yearseters
being an increase usage of silage crop such cafrgeass, in the biogas production. Co-digestiomahure
with energy crops or the sole use of energy crepgery popular in Germany and ltaly and the potéraf
biogas production based on the biomass availakititynay play an important role in the renewablergye
supply in Europe. Biomasses are evaluated on didio-methane potential (BMP) or in other wordtireir
potential of producing methane, which is the eiaeoomponent of biogas of biomass. Methane cdy ba
produced by the conversion of carbon skeleton gfawmic component such carbohydrates (sugars, starch,
cellulose, hemicellulose), protein and fat. Wated ashes are diluting elements, which will depteesBMP
potential of biomass. Therefore the determinatibthe composition of energy crops is very importemvalue
such crop in the transformation into biogas.

Biogas plants may benefit on the use of NIR wheay thave to purchases energy crops. Corn and grass
just harvested have large variation in moisture tluieth on BMP. The determination of moisture at largsiwill
assist biogas plant in determining the value ohstrops and also help them in the decisions fatiments to
optimize ensiling. In the past few years John Dekas introduce the Harvest Lab, an NIR instrunagamlied
directly on the forage harvester that can deterrMieésture content on the go, with an accuracy of 23hn
Deere, 2014). The use of the same sensor or otinealyle NIR instrument during normal operation raéy the
plant manager in optimizing feeding of the pland afficiency of transformation.

Conclusions

Near Infrared is a mature techniques that has lesttald a reputation of reliable methods of analgsid widely
used in many feed and forage laboratories. As feecbmes more expensive, animal performances keep
increasing the errors during feeding may have gelaeconomical effect. Farmer should start implemgrfeed
quality control program and adopt practices thauoe variability of nutrient and increase feedirrggision.

NIR is the analytical technique of choice for suogtality control program.

The introduction of portable rugged NIR instrumevilf help with further implementation of precision
feeding, being able to adopt correction of dietrfolation in real time. On-farm NIR analysis canoal®e very
useful in the biogas industry, by improving theireation of methane potential of biomasses thathsiag
ensiled as well as in the evaluation of the silagiag fed to the biogas plant.
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Figure 1: Dry matter content (%) of different saingl position in\a bunker of corn silage

Figure 2: Changes in Milk production after one dariation of DM of the silage (Mertens and Berzatl09)
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Figure 3: Spectra of total mixed ration with diff&t moisture content and different particle size.
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Table 1. Corn and hay-crop silage variability withiunker silos (Stone et al., 2003).

Silage Deviation DM CP ADF NDF
Percentage deviation
Hay-crop  Minimum 5.2 3.3 1.1 5.4
Hay-crop  Maximum 44.7 52.1 20.0 24.8
Hay-crop  Average 21.0 17.6 10.7 14.7
Corn Minimum 1.3 2.5 2.3 0.5
Corn Maximum 55.0 29.5 18.3 18.6
Corn Average 12.3 11.0 8.4 8.6
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The silage fermentation — effects on rumen ferment®n and implications
for fertility
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Introduction

There are huge challenges facing the livestockstrgipespecially dairying, in the coming decadedipaarly
the challenges of increasing production whilst pedg pollutantsfrom nitrogen and carbon containing
compounds and all this with increasing pressureshensupply of quality protein and energy into th&on.
Tamminga (1992) in his forward thinking review elgi on ‘Nutrition Management of Dairy Cows as
a Contribution to Pollution Control’ highlightedeteritical links between environmental pollutiordatairy cow
feeding. His review focussed on many aspects lainisang nutrient supply to the rumen and the pcattivays

in which we can reduce these pollutants. Whilahynsteps forward have been made in these argesiaity
with better supply and balance of nutrients inte diets of ruminants, most, but not all, of thespriovements
have been made using non forage components oatiomr With the ever present moral question offttectice
of feeding food grade products in the feed of rianis, forages must and will make a greater propowif the
diet of dairy cows. As the industry shifts baclatmore forage based rationing system it is likbbt the health
status of the dairy herd will also improve, in tumproving profitability and sustainability of ouivestock
farms. In order to achieve these goals first wednt® understand better what we already have, bytba don’t
realise it and secondly resolve some of the problefnputting these benefits into practice in thenfaituation.
Some would argue that silages are already wellnddfi because we assess the nutrient content irs tefm
protein and energy, and this is more than adedoabe able to satisfactorily develop a balancemafor the
ruminant. The purpose of this review is to questitis assumption and to challenge current thinkind most
importantly to highlight the different languagesoken by silage biochemists and ruminant nutrititsnia the
hope that we can improve silage utilisation onydfrms globally.

The review is focussed solely on one aspect ofsifoduction, namely the silage fermentation amd h
that can impact on the rumen fermentation and sulesely on just one ‘dairy cow production diseasamely
fertility. With this in mind we should remembeitiSilage is produced as a result of a fermentatioocpss in
the silo BUT is the feed for a second fermentatimtess in the rumen — The quality of the firstrfentation
can have major effects on the second fermentation!

The silage fermentation

Firstly it is necessary to define the nutrientsfoleal components that are predominantly affectedthsy
fermentation process. These should be split imottvo key components of the ration namely Carboer&y
and Protein/Nitrogen. With respect to the carbompounds the focus will be on Water Soluble Carblodte
(WSC), and its fermentation products, predominahé#gtic and Acetic acids but will also considereatliarbon
containing volatiles. In regards to the proteitmbgen the story is more complex so consideratidhbe given

to the breakdown products of crude protein commamgsidered by the silage biochemist, namely, $elub
protein, true protein, amino acids, amines and aniadut we also need to put this into the conti#fxthe
components used by the ruminant nutritionist suehuanen degradable protein (RDP), rumen undegradabl
protein (RUP) and by-pass protein and here askulestion are we speaking the same language.

Over recent years the silage microbiologist anagsiladditive industry has been focused predominantl
on the aerobic stability of silage and have pogsibkt the importance of silage fermentation gyabin
subsequent animal performance. The target ofrévigw is the rumen fermentation and dairy cowiligrtand
so we have taken the liberty of ignoring all aspedtaerobic stability (which is the subject of tHrey review at
this conference) and are focused entirely on mainyi silage fermentation quality and the resultsitdge
fermentation product profile, and in turn how tladfects factors such as feed intake and subsequemn
nutrient use efficiency.

Carbon/Energy

The silage fermentation relies on the WSC to femntenlactic acid, volatile fatty acids, ethanol aather
volatile carbon containing components. The redatboncentrations of these different components teare

a ajor effect on intake and rumen fermentation ifgrof The traditional view of a good silage fernsian
process was to improve the rate of fermentatiothénfirst hours during storage and to maximizeidaatid
production at the expense of all other end-produlttss well accepted that a rapid fermentatiopiiaves silage
quality (McDonaldet al 1991). Silage fermentations that produce end yrizdother than lactic acid increase
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the DM losses and Wilkinson and Davies (2013) imiewing literature on the effect of inoculating it
homofermentative lactic acid bacteria (HoLAB) comgzhto heterofermentative lactic acid bacteria (MNB)-
showed a greater than 2 fold difference in DM lesdgring fermentation with the latter approach.eSenlosses
result in an inefficient use of WSC and the resgltsilages have lower levels of residual WSC. Mav¥illa et
al (2013) and Daviest al (2005) clearly showed that a silage fermentatiemidated by a lactic acid
fermentation increased residual sugar concentatiomThe results of Daviest al. (1995) (Table 1) show the
relationship between grass DM content, and endtpaietic acid, lactic acid and WSC concentrations.

Table 1 Composition of silages harvested at diffe2M concentrations and ensiled either with HoL&Ba
mixture of Ho LAB and HeLAB inoculant

Target %DM | 20% DM 25% DM 33% DM
Inoculant 1 2 1 2 1 2
Lactic acid 119.7 27.7 97.5 40.1 78.1 23.7
Acetic acid 5.7 72.0 4.9 66.0 4.6 525
WSC 70.2 15.4 160.5 37.8 174.9 315

All values are in g/lkg DM: Inoculant 1 = HoLAB. Inoculant 2 = HoOLAB+HeLAB

The HoLAB inoculated silages had significantly hegHactic acid and WSC and significantly lower
acetic acid concentrations than the silages treaftdthe mixed LAB inoculant at the P<0.001 levellt is
important to consider these shifts in silage ferragon on the rumen fermentation processes.

So the first consideration is the efficiency of mmmicrobial protein synthesis this will be dis@d$n
more detail later. However WSC supply to the rumeoroflora has an important role in improving eifincy
of microbial protein synthesis. Mergt al (2002) using thén vitro RUSITEC system fed two silages differing
in WSC concentration. The high sugar silage coeti85.7 g/kg DM WSC compared to the low WSC silage
with 30.0 g/kg DM. The results showed a significé<0.001) improvement in efficiency of microbabtein
synthesis from 21.4 in the low sugar silage to Z8.fnicrobial-N kg' organic matter apparently digested), or in
terms of efficiency of N use 0.65 (low sugar silppe0.85 (high sugar silage) (g microbial-N Gotal-N fed).

An additional assessment of the energy statuseoflitfierent carbon fractions to the rumen and the c
should be considered. Firstly WSC when comparethéolactic acid and other VFA products of the gila
fermentation is often considered to be of greatduer is this correct? Secondly should the eneaptent of
lactic acid be considered in its own right? Hamigt al 2003 in their review proposed a model where an
extensively fermented (inoculated) silage promogegropionate producing rumen fermentation where as
a estricted fermentation (acid treated) promoted@atate producing rumen fermentation. Magiral (1990)
showedlactic acid is metabolised by rumen bacteria via dlerylate pathway to form propionate. They found
a trong positive correlation between the conceioimabf lactic acid in silage and the molar propamtiof
propionic acid in the rumen. This has the potentiainprove glucose supply, and spares glucogania@acids
from catabolism. The acrylate pathway consumesdgehr, a by-product of acetate and butyrate prooiogcti
which would reduce methane emissions, and resuthénimprovements in energy utilisation reportedhwi
HoLAB inoculant treated silage. This was suppotgd Cushanaet al (1995) who showed that restrictedly
fermented silage gave a higher acetate to promaadion in the subsequent rumen fermentation coedp® an
extensively fermented silage. The results of Naw&flla et al (2013) indicated that where a combination
HoLAB +HeLAB inoculant has been used that a higbeel of acetic acid is produced in the silage \whagain
promoted a lower propionate:acetate ratio in tlmeeni and thus reducing the energy available to dlsé dnimal.

One key factor in improving dairy cow fertility te reduce the effects of negative energy balancB)NE
in the first few weeks postpartum. One practicdluon to this has been the addition to the die5@0g of
propylene glycol (Trabuet al. 2007). Each molecule of propylene glycol is femteel to one molecule of
propionic acid and absorbed from the rumen. Theggnealue accorded to propylene glycol is 28 MJ/Kbis
approach has a very positive effect on improvingydeow fertility. Should we now give silage lactacid the
same level of importance? Following through witke #irgument, on theoretical grounds, then eachclaciid
molecule fermented in the rumen produces one pnapé in addition 0.5 molecule of methane is savafier
correcting for the relative molecular weights thiéme equivalent energy value of lactic acid compated
propylene glycol is 23.6MJ/kg. Thus silage contagni00 g/kg DM lactic acid could be providing incess of
2 J energy, and this does not take into considerdlie energy sparing effect of reduced methanéh k&/spect
to methane and the silage fermentation processnatha@ theory holds true that the greater the rafio
lactic:acetic acid in the silo, the lower the metbgenic potential. The study of Navarro-Vika al (2013)
showed that when rumen methane production is espdes terms of Methane produced/total VFA produced
that the HOLAB Inoculated silages had lower valtlean that of the combined HoLAB + HeLAB inoculated
silages.
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Protein/Nitrogen

The importance of a rapid pH decline with respecptotein degradation and the resulting nitrogexctfons
present in the silage is even better established that for WSC story. Research (Hemiral 1986; Kemble
1956; Charmley and Veira, 1991; McKersie 1983) dlaarly shown that the breakdown of protein in $iie is

a two stage process, firstly the plant's own pre¢saattack the protein converting it into peptided amino
acids and these breakdown products are subsequantlerted into amines and ammonia by the micraflor
present within the silage. Thus the best contrglthethod is a rapid pH decline that inhibits boimt protease
and microbial activity. These two facts taken tbge mean that ammonia-N is not always a good mmeasfu
protein breakdown as protein can undergo the §itsge of the process to peptides and amino acidsadiu
necessarily be converted further to amines and arnavd. This can have important implications foe th
efficiency of rumen microbial protein synthesis afticiency of nitrogen use, which then influenewéls of
blood urea-N in the ruminant animal.

The constituents present in the nitrogen fractiwans influence the efficiency of rumen microbial {gia
synthesis. However hereby lies a problem, and @ language barrier between the silage biocheanitthe
rumen nutritionist. Often the silage biochemisamines protein breakdown products such as free@atits,
true protein, amines and ammonia. Whereas thétionist talks in terms of RDP, RUP Bi-pass proteind
sometimes splits the protein into fast and slowraégtion pools. We must begin to understand edobr's
modus operandand find a way forward that enables us to trulgresent the benefits we see from a rapid
fermentation, reduced ensiling protein degradagiot animal nutritional models.

There have been many studies showing a benefit fnoculation with HOLAB on silage fermentation,
silage intake and animal performance, possibly nsarewith single speciek. plantarumthan multi species
inoculation (Gordon, 1989; Mayne,1990; Meatyal1995; Muck and Kung, 1997; Rooke and Kafilzadel94t9
Winters et al.,2001). However, often the explanation of improyetformance is difficult to explain by
standard chemical compositional analysis.

At this point understanding how the changes ocogrin the nitrogen fractions during the silage
fermentation affect the rumen fermentation arerefigimportance. The faster the decline in pH dkerfirst
24 — 48 h, has a significant impact on the Fractideaf protein (Cussegt al, 1995; Davie®t al,1998). Fraction
1 leaf protein is the major protein involved in pbeynthesis and is the most abundant protein irpkiet leaf.
These studies showed that inoculation with HoLABserved up to 35% more of this protein comparedoto
treatment. Further studies (Wintessal. 2001) used a different approach and measured liotatd and free
amino acids to give a gauge of true protein breakdo These studies again showed that inoculatidh i
plantarumincreased the concentration of true protein andniied to beef steers improved live-weight gain by
34% compared to no treatment. In the rumen theeqnof balance of supply of protein and energysisd to
describe the way in which rumen microbial protsinteesis can be improved (Dewhuestal,2000; Tamminga,
1992). The concept states that the supply ofzatilie protein and energy needs to be synchronousdgimum
efficiency of microbial protein synthesis, the ceptneeds to be thought of not only in terms offitnut also
space, so the nutrients need to be present atatime $ime in the same place in the rumen for imptove
efficiency. So taking this balance principle hat, the improvements in silage true protein cantéh reduce
its speed of rumen degradation resulting in impdolalance of supply with the energy available froet wall
degradation. Bringing the results together orgsilaue protein and rumen microbial protein syritheBavies
et al. (1999), indicated that by inoculating silage with plantarumthe true protein content of silage was
improved and a corresponding improvement in rumésrahial protein synthesis was also observed. Heurt
research (Contreras-Govehnal. 2013) comparing silage inoculated with the MTDi#his of L. plantarumalso
found improvements in efficiency of rumen microbgabtein synthesis and concluded that the resultrba
due to improvements in the true protein conterthefinoculated compared to untreated silage. rimsef the
changes occurring during the silage fermentatiah tareir effects on the rumen fermentation and syibsetly
the animal it is important to assess the fate efrirogen compounds not captured by the rumenatiat flora
into microbial protein. So we now need to consitierrumen nutritionists view.

Rumen degradable protein supply and reproductive pgormance of dairy cattle
Dietary protein can be divided into two fractiomamen degradable protein (RDP) and rumen undegladab
protein (RUP) during pre-gastric fermentation ofmimants. Rumen degradable protein provides a soofrce
amino acids, ammonia and nucleic acid for rumenrobi@l protein synthesis. The efficiency of micralbi
protein synthesis (microbial protein synthesizedddid by fermented energy) is determined by bo#tady
RDP and rumen carbohydrate availability. A hightjpor of soluble or rumen degradable protein (RD&)ld
increase the amount of ammonia that escapes iomdpkhus increasing blood urea and lowering miedob
protein synthesis.

Some of the ammonia (which is toxic to both thevaliand the rumen) can permeate through the rumen
wall. The blood stream carries ammonia to the lieebe detoxified by converting it to urea. Urea e&asily
diffuse from blood to milk; therefore milk urea migen (MUN) is highly correlated with blood uredrogen
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(BUN) and plasma urea nitrogen (PUN) (Jon&eal.,1998; Broderick and Claytgri997). Milk urea may be
used as an indication of high ruminal ammonia I@stary protein nutrition or utilization and thesaciated
effects on ovarian or uterine physiology have beeonitored with urea nitrogen in plasma or milk;
concentrations above 19 mg/dl have been assoamthdaltered uterine pH and reduced fertility inrgacows
(Butler, 1998).

Meta-analysis conducted by Ferguson and Chalup89) indicated that excess protein in-take méscaf
dairy cow reproduction through the toxic effectamimonia and its metabolites on gametes and eaiyyas
and also by exacerbation of NEB. Increasing MUNelsabove 18 mg dt.appears to be negatively related to
dairy cow fertility, especially in the first parityt is also suggested that the levels of MUN thia adversely
associated with fertility, might be <12 and >18 dig’. Melendezet al (2000) studied a total of 1073 cows.
They discovered that cows with high MUN (17-25 niig Hbred during the summer were 18 times less likely
get pregnant than cows with low MUN (6-16 mg/dlithat were bred during the winter.

Jordanet al. (1983) discovered that uterine urea concentratias wositively associated with blood
ammonia and urea concentration when animals wetehigh crude protein diets. Studies also reported t
excessive protein intake decreases uterine pH dHtaal., 1993; Elrod and Butler, 1993). Elrod and Butler
(1993) examined the uterine pH value of dairy céeexling different levels of dietary protein. Theuhd that
high PUN concentration was a result of cows withigh protein intake and also these animals develope
a lower uterine pH. The results suggested that Righl, which may be associated with a decline imingepH,
could render the environment within the uterus uable for early embryo development. Larson e18197)
found that non-pregnant cows with high MUN, whicdha long inter-oestrous interval, may also be @ats
with a low-progesterone concentration in the bloBdvine endometrial cells in culture respond dise¢d
increasing urea concentrations with alterationkhgvadient but respond most notably with increasectetion
of prostaglandin ; (PGF). Increased uterine luminal PGF2a interferes witibryo development and survival
in cows, thus providing a plausible link betweeavated PUN concentrations and decreased fertHitytl¢r,
1998). Jorritsmaet al. (2003) review also suggested that exposure of esciyt antral follicles to elevated
ammonia or urea hampers cleavage and blastocysafomm, thus affects dairy cow reproduction. Thesailts
may suggest that high dietary protein (includingFRBnd RUP) may affect fertility by altering the mad
uterine environment and plasma progesterone coratEm, which could be detrimental for embryo
development.

The detrimental effect of excessive protein intakearly lactation could also be energy relatecgatiee
energy balance (NEB), which is common in earlydtion, was reported to suppress progesterone ctaten
(Spiceret al,1990; Villa-Godoyet al,1988). The NEB could be exacerbated by feedingssxpeotein because
of the extra energy cost to detoxify and excretsapespecially for RDP. Every gram of excess némofyom
over feeding CP can increase the energy requirenmni3.3 kcal of digestible energy (Butler, 199grrell et
al., 1970; NRC, 1989).Tyrrebt al.(1970) demonstrated that the requirement of enfengthe animal to excrete
excess nitrogen as urea through urine. Therefbdietary intake is low in energy or high in pratdd energy
ratio, rumen bacteria will have reduced efficierayutilizing free ammonia to synthesize proteirhioh can
result in increased BUN or MUN (Broderick and Clayt 1997; Hofet al. 1997; Rajala-Schultz and Sauville,
2003).

Silage fermentation and reduced blood urea

Rookeet al (1988) observed a marked difference in both gérodigestibility and nitrogen retention in sheep
between treated and untreated silages. Decreasemary nitrogen excretion were largely resporesifar the
improvement in nitrogen retention with the HoLABbaulated silages, and it is probable that thisltedifrom
improved microbial-N synthesis within the rumen famdreduced silage —N degradability within the rume
Similar results have been found in the UK (Fraseal. unpublished results). These studies indicatedbatto
the improvement in N-balance brought about by redugrine production that the blood urea nitrogemteat in
these animals would by association be lower and thducing the toxic effect on all aspects of thelec of the
ovum. Data of O'Kielyet al. 2002 supports this, where in a study with beefledktey found a better rumen
microbial-N production of 94 gtfor silages inoculated with.plantarum compared to 79 g dfor untreated
silages and this corresponded with a significalatlyer BUN of 3.96 mMol [* in steers fed the inoculated silage
compared to 4.39 mMol tfor those fed untreated silages.

Silage fermentation and intake

The review thus far has indicated that the use@fAB inoculants can improve the lactic acid:acetiid ratio

and reduce the protein breakdown products. Theders can have an impact on dry matter intakeerd lare
many papers examining the factors affecting intahe they are not in agreement. However if we erarttie

silage fermentation factors that affect intakesitdir to say that there is strong evidence tHagsifermentations
with elevated levels of acetic, butyric, 1-proparahmonia or other protein break down products leMeeen

implicated in reducing silage intake (Gdt al. 1988; Huhtaneret al.,2002; Kleinschmitet al. 2013; Rookeet
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al., 1991; Steeret al.1995;) All of these compounds are reduced in s#gagrepared using an inoculant
containing HOLAB and in particuldr.plantarum

So can silage fermentation really affect dairy coertility?

Davieset al. (2012) published data from a survey of fertility 803 dairy herds in the UK. Within the study
49 herds (11621animals) had been fed silage intezlilaith a specific strain df. plantarum(Aber F1), whilst
the remaining 54 herds (13415 animals) were feabs# either remaining untreated or treated withrge of
other additives including some with otherplantarumstrains. The results indicated that theplantarum Aber
F1 treated group had a significantly (P<0.05) sfromean calving to conception interval of 125 degspared
to 135 days for the other group. The data anatgsik into consideration all other variables andidates that
silage quality can have a significant effect oneasp of the dairy cow nutrition and health that mway not at
first expect. Whilst we could debate this studynadsea, it does show that even with the huge rahgmbable
nutritional status across the farms improving slégrmentation quality is important.

So in resume, the effect on fertility is likely be multi-factorial and the transition cow is atexyfinely
balanced nutritional state, but by pulling togettier factors that we know can affect silage fermgéon quality
we can begin to build up a body of evidence.

There are two key factors that affect the fertibfythe cow:-

1. Negative energy balance
2. Blood Urea-N

Taking these in turn we can see how silage fernientguality can reduce the impacts of these ifyear

lactation

Negative Energy Balance

 Improved intake from HoLAB inoculated silages vitfiprove energy intake and overall energy balance
it is well established that if a cow can achievieed intake level of over 4% of its body weight 10
days post calving it will improve conception rate.

 Improved lactic acid concentrations, improving thadily available energy to the cow and propionate
uptake in to the blood. Also reducing energy Ilessa methane.

» Reduced urea excretion so reducing the energyrestjfor this process and thus providing more energy
for reproductive process.

Blood Urea Nitrogen
* Reduced protein breakdown in the silo results iprowed microbial protein synthesis in the rumen,
reducing ammonia losses from the rumen and thusciegl the formation of BUN in the liver, which
then reduces the impacts on the ovum enablingterbgerine pH, and progesterone concentrations to
be maintained, and reducing the direct toxic eff@et blastocyst formation and survival.
However, having conducted this review there i atiheed for further studies that take a holisapproach to
the subject and within a well defined experimentasuge the variables discussed above. It is alporitant that
we better understand of how we can better formulatmns based on a good understanding of dairy cow
nutrition and silage biochemistry. Thus additloresearch is needed to detemine reliable datauoren
degradable protein (RDP), the non-degradable prqf®UP), soluble protein (SP), soluble protein eonen
degradable protein ratio of the HOLAB inoculatddges (for a range of crops) in order to calculéemodified
metabolisable protein value (MP, PDIN-PDIE, DVE-QBEBFE-MFN) for the different European evaluation
systems. The knowledge of degradation rate of génofractions from a HoLAB inoculated silage is orjant
in order to adjust this protein fraction to the reat carbohydrate source with a similar degradatéda in the
rumen to maintain the synchrony of the ingredidatsa more efficient microbial protein synthesisddower
plasma urea concentration in dairy cow diet. It laas important link not only with dairy reproductive
performance, but also economic and environmentibmsabilty.
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Evolution of forage quality of selected grass spexs during the ' harvest
regrowth

NERUSIL P., KOHOUTEK A., KOMAREK P., ODSTROVA V. AND NNMCOVA P.
Crop Research Institute Prague 6 - RuzyResearch Station Jekb, the Czech Republic

Abstract

The contribution evaluates dry matter increase @rahges in concentrations of nutrients and enefgygrass
species and varieties from 7 sequential samplimgeeiekly intervals from the end of April up to midne at the
site in Jewlko. Therefore a stationary trial was establisheddm0 at the Je#ko site on gleyic fluvisol (345 m
above sea level, 7.4 °C mean annual temperaturg;date rainfall average 545 mm) with seven grpssiss
(Dactylis glomeratal. "Vega’, Festuca arundinaced. ‘Kora’, Festulolium "Hykor” and "HostynFestuca
pratensisL. "Kolumbus”,Lolium perennd.. "Kentaur” (4n) an@romus inermid.eysser cv. “Tabrom’). The trial
was fertilized in 2011 with N 120 kg Han the form of ammonium nitrate with lime appligdtwo doses per
60 kg ha (in spring, after the first cut), 35 kg h® and 100 kg haK; seven sampling dates durind dut
growth, first cut on 28 April 2011, next samplings in weekly intervals itimhid-June. The dry matter (DM)
production at the time of the"harvest was in the average of species 2.20'(h&0 — 2.76 t HADM). The
average yield increase reached 0.96 t DM had within species it ranged from 0.80 — 1.09 t b&t. The
concentration of crude proteins (CP) in the foragthe ' harvest was 181.8 g RPM, CF 176.3 g kg DM,
NEL 6.10 MJ kg' DM and NEF 6.08 MJ kjDM. During the accrual period the CP concentratienreased by
16.6 g kg' DM (11.7 — 20.2), the fibre increased by 23.7 § KiM (21.3 — 26.9), NEL concentration decreased
by 0.23 MJ kg DM (0.18 — 0.27), NEF concentration by 0.29 MJ'KgM (0.23 — 0.34) for each week of
growth.

Keywords
renovation; forage quality; time of harvest; Dastyyjlomerata; Festuca arundinacea; FestuloliumfuEas
pratensis; Lolium perenne; Bromus inermis.

Introduction

The recent increase of individual milk productidrdairy cattle in the Czech Republic (over 7000H&M) lays
higher demands on voluminous fodder quality. Thelity of forage changes a lot during the first lestv
regrowth Individual species within forage mixturegrasses and legumes demonstrated significardrdiites
in earliness (1 — 3 weeks), and even higher diffegs in forage quality (3 — 4 weeks) - Pozdie#l. (2002). In
order to determine an optimum date for harvesefmh individual species, sequential samplings \aaedysed
during the first harvest regrowth.

Materials and methods

A stationary trial was established in 2010 at teeicko site on gleyic fluvisol (345 m above sea levell °C
mean annual temperature, long-date rainfall avebd§mm) by a method of quick renovation with segesss
species Dactylis glomerata.. "Vega“ (DG),Festuca arundinaceh. "Kora” (FA), Festulolium "Hykor” (FI-Hy)
and "Hostyn” (FI-Ho)Festuca pratensid. "Kolumbus™ (FP),Lolium perennelL. "Kentaur” (4n) (LP) and
Bromus inermid_eysser cv. "Tabrom” (Bl). Species were sown raralomised block design in pure-stand and
four replications. The trial was fertilized in 20@ith N 120 kg ha as ammonium nitrate, with lime applied in
two doses per 60 kg Ha(in spring, after the first cut), 35 kg he& (superphosphate) and 100 kg" Ka
(potassium salt). Seven sampling dates were peefbrauring the % growth, with the first cut on 2BApril
2011 and the next sampling in weekly intervals lumid-June. The quality of forage dry matter in 20&as
evaluated by NIR Systems 6500 fitted with a spigréample module, in reflectance range 1100-2500b@mgl
width 2 nm, measured in small ring cups, with degaie samples being scanned twice. The measurech@tzis
were crude protein (CP), fibre (CF), NEL (net eryenflactation), NEF (net energy of fattening),ngssoftware
WinlISlI I, vers. 1.50 with the aim to determine Igi® nutrient content and energy concentrationdutiom
during the first harvest growth. Characteristicsravstatistically evaluated using an analysis ofarare and
a method of linear regression; correlation coeffits were calculated and critical valuggn=7) of correlation
coefficient forag os andoy o; €valuated.

Results and discussion

The year 2011 was characterized by a quick ardf/apring with above normal temperatures (+2.6 t&)low
normal rainfall (-16 mm) in April and early May wdti clearly accelerated vegetation development by 1
2 weeks. The average dry matter production of etidpecies at the first sampling date {28pril 2011) was
2.20 t hd, with the highest DM production for Fl-Ho (2.7&&" DM) and the lowest for the, Bl (1.60 tHa
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The average weekly DM growth rate, evaluated wiitkedr regression (Table 1a) reached 0.96 t DM dwad
ranged within the evaluated species from 0.80 ¢(6F).09 (FI-Ho) t DM ha. The differences between species
are statistically high significant {g;) — Table 1b.

The average CP content of forage at the first smgpias 181.8 g kj DM, CF content was
176.3 g kg DM, NEL content was 6.10 MJ KgDM and NEF content was 6.08 MJ k@M. During accrual
period the concentration of CP decreased by 1&&'dOM (within the range 11.7 in LP — 20.2 in Bl), tfiere
increased by 23.7 g KgDM (within the range 21.3 in Fl-Hy — 26.9 in BI)EL concentration decreased by
0.23 MJ kg DM (within the range 0.18 in Fl-Hy — 0.27 in Bljhat was slightly lower than the value
0.26 MJ kg'DM observed by PozdiSekt al. (2002) in grass forage NEF concentration decreasgd
0.29 MJ kg' DM (within the range 0.23 in FI-Hy — 0.34 in Blgpweek ; correlation with time of all equations
of linear regression are highly conclusive {fp.

Low NEL concentration irLolium perennel. was caused in 2011 by a considerable droughhén
beginning of vegetation, when this species withllsharoot system has difficultes with nutrient uk¢a so
drought lowered its growth rate and yield (Garwo8ahclair, 1979, Thomas, 1986) unlikactylis glomerata,
Festuca arundinaceand Festuloliums, which tolerated better droughéinks to their deeper root system.
Prospective grass species for high productive daorys are FI-Hy "Hostyn” and FP "Kolumbus’, hamesh
mid-May.

Suitable grass species for suckler cows are FAdKand Bl “Tabrom” (Bl), harvested in the second ha
of May.
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Table 1a: Parameters of linear equation y = a +dharacterizing the evolution of dry matter prodoatiand concentration of CP, CF (g kg-1) net enarblactation (NEL)

and net energy of feeding (NEF) (MJ kg-1 DM) rafate time, in the period of first harvest accrualA011 from sequential grass sampling (n = 7) —fitet sampling in the
last week of April

Parameter

Species Variety DM (t ha' DM) CP (g kg' DM) Fibre (g kg' DM) NEL (MJ kg™ DM) NEF (MJ kg' DM)

R.p. ; R.p. r R.p. . R.p. . R.p. .

a b a b a b a b a b
DG Vega 0.88 | 0.98| 0.95*| 196.2 -18.§ 0.94*F 1456 2.2 | 0.99** | 6.57 | -0.27| 0.99** | 6.67 | -0.33 0.99*
FA Kora 154 | 091 | 095* | 196.1 -18.00 0.94* 1519 2.8 | 0.98* | 6.63 | -0.22| 0.98* | 6.37| -0.2d 0.98**
FI-Hy Hykor 156 | 0.86 | 0.96* | 17520 -156/ 0.93* 162|213 | 0.96* | 6.13 | -0.18] 0.97*| 6.13| -0.23 0.97*
Fl-Ho Hostyn 1.65 | 1.09] 098] 169.2 -140 090 43 | 247 | 097~ | 6.38 | -0.22] 0.96*| 6.47| -0.28 0.96"
FP Kolumbus| 1.27 | 0.80] 0.96*| 1951 -181 0.92% 1®7| 26.5 | 0.98* | 6.57 | -0.27| 0.98*| 6.66] -0.33 0.98*
LP Kentaur 058 | 1.08| 0.98*| 162.0 -11.f 0.92*% 148| 21.8 | 0.96* | 6.40 | -0.19] 0.98**| 651 -0.24 0.97*
B Tabrom 050 | 1.00 | 098+ | 219.8 -20.7 0.93* 132526.9 | 0.99** | 6.53 | -0.27| 0.99*| 6.62| -0.34 0.99*
Species average 1.14 096 0098% 1877 -166 0.94*139.0 | 23.7 | 0.98* | 6.42 | -0.23] 0.99* 6.49] -0.2p @9
Table 1b. Analysis of variance
f;’r‘i‘;‘gﬁityOf df ss E« | Sig. ss E« | Sig. ss B« | Sig. ss E« | Sig. ss E« | Sig.
A (species)| 6 32 11 o 138 | 21 ** 273 28 o 1 5 o 2 7 o
B (cuts) 6 720 | 247 | ** 2311| 259 ** 4478| 464 * 39 25 | ** 60 263 | *
Total 108 923 2860 5143 46 72

R.p. = regression parameters, r = correlation camént, df = degree of freedom, SS = sum of squdftessst = Fisher test, Sig. = statistically signédnt (P0,05 = *; P0,01
=**), NS = statistically no significant.
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The nutritive quality of maize hybrids in experiments at Troubsko and
UhFinéves

LOUCKA, RY; JAMBOR, \f; KUCERA, J; LANG, J%; NEDELNIK, J%
TRINACTY, J; TYROLOVA, Y.
1)Vyzkumny Ustav Zisi8né vyroby, v.v.i., Praha, 2)NutriVet, s.r.o., Bédlice, 3)Svaz
chovatef ceského strakatého skotu, Praha, 4)2é¢tsky vyzkum, spol. s r.o.,
Troubsko, The Czech Republic

Introduction

When distribution of maize hybrids by maturity iased on the FAO numbers, in practice, we often get
erroneous output data. This is because the easlegeression is dependent on the genetic predigposi

of hybrids and the cultivation conditions. The gafigation of the specific hybrid groups leads to
uncontrolled errors of the estimation of an appiaipr harvest time along with losses due to both
digestible nutrients and fermentation of silagesilimg of maize at various stages of maturity haerb
subject of extensive research e.g.. Andrae ef2801), Bal et al. (1997), Cone et al. (2008), Darb
a Lauer (2002), Di Marco et al. (2002), Hetta et(aD12), Jensen et al (2005), Johnson et al. (1999
Philippeau a Michalet-Doreau (1997). Since 2012, nbsearch project QJ1210128 is supported by the
National Agency for Agricultural Research, entitfédnovate systems of assessment of quality offeed
with emphasis on introduction of a new nationalleston system”. The main goal is a creation of an
independent and unified system of assessment aengibrids intended for production of more valuable
silage for animal nutrition during agricultural ptees. The project is set so that companies offeseed
maize on the Czech market can enter the reseatbhive goal to assess the broadest range of hybrids

Materials and methods
In 2013, eight seed companies have provided thet gemaize hybrids for our experiments. The hybrids
were grown in the specific form of small-plot fielsh Prague locality sowing was ®@pril, into 8 rows
with a length of 20 meters by sowing machine Moltit In Troubsko sowing was $@pril, into 4 lines
with a length of 10 m by a special one-row seeHghrids were sown in triplicate by random selection
The hybrids of plants were assessed from the petispeof the physiological and health condition.eTh
harvest was planned so that the individual hybrigse harvested approximately at the same level of
maturity, with average dry matter of 32%, in a ramd + 2 %. In the locality of Troubsko hybrids wer
sown 29" April. The harvest took place in three terms cdetpby the earliness of hybrids according to
FAO methodology 220-250 of #6August, the FAO 250-280 of"™4August and FAO 290-330 of
September 20, 2013. In Prague hybrids were sowh &gril. The harvest took place from the
2" September to the £8September. gradually by ripening hybrids. Theltttae lasted vegetation at
both locations consistently 134 days.

Samples were taken from the chaff and dried at 53t& samples were then homogenized in
a laboratory mill (sieve size of 1 mm) and useddetermination of Dry matter amount, contents ofi As
Protein, Sugar, Rough Fibre, Starch, Neutral Detgrdribre (NDF), and NDF digestibility (DNDF) and
organic matter digestibility (DOM). The digestiltyliwas measured with 24 hours incubation of samples
in rumen liquid of dairy cow. Standard methods adow to AOAC (1995) were used for chemical
analysis of the samples. The statistic evaluatians performed with StatSoft, Inc. (2011). The metbbd
analysis of variance ANOVAa(= 0.05) Tukey HSD test was used to compare vatimeaities.

Results and discussion

Table 1 shows the results of nutrition quality dftasted maize hybrids based firstly on the ldgal
Prague (P) and Troubsko (T) and secondly on thapgrdlivided by the degree of ripeness (very early,
early and later early). When the dry matter contérihe fresh maize plant was 31.3 = 1.6 %, therikgb
with the same number of FAO 220-330 were harvestad/o similar locations (Prague, Troubsko), but
with 200 km of distance. The effect of number of@-Aad no impact to the content of the Ash, Starch,
Fibre, NDF in whole plant dry matter forage. Theretations were low, trend lines had Rwer than
0.3. Significant differences (P<0.05) between litieed were found only in Protein (7.3 vs 8.58 % DM
Uhtinéves and Troubsko, resp.) and in Starch (26.68 v&53% DM) between FAO groups of very early
and later early, resp.

Conclusions
Although the hybrids with different FAO numbers (2330) were gradually harvested in both localities
approximately at the same maturity level (31.07.051% in Ukinéves, 31.60 £ 1.95 % in Troubsko), the
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results of the analyses of the nutritional and famtation values were significantly different betwehke
localities (P<0.05) in Protein, and between FAQugoof very early and of later early in Starch.

Results of 2013 were confirmed by the results df2®References are available from author of the
article.

Table 1: Nutrition quality of maize hybrids fronettocality Prague (P) and Troubsko (T)

Seed company Fao Hybrid LocalityDM Protein  Starch NDF DNDF DOM
Sempol 220 Almansa P 31.26 8.16 28.97 37.75 57,38,367

T 29.09 9.09 2491 44.67 53,90 71,36
Caussade Osiva 230 Rubben P 30.83 8.14 27.23 42.17 /59 5472,54

T 29.44 8.21 26.81 44.01 53,95 72,55
Saaten Union 240 Sudor P 32.79 7.02 31.15 40.08 7161,77,90

T 27.81 7.48 20.99 43.79 53,79 72,14
Monsanto 260 DKC 3507 P 31.48 6.48 30.20 44.82 47,00 60,85

T 32.57 8.90 31.82 42.03 63,29 79,93
Monsanto 260 DKC3795Z P 30.14 7.26 31.59 48.5E 42,97 62,43

T 31.36 8.80 28.93 45.15 63,50 77,56
Soufflet Group 270 Dynamite P 30.82 6.99 27.76 &7.7 58,13 74,02

T 31.37 8.87 30.54 43.04 61,40 76,11
Monsanto 270 DKC 3523 P 32.38 7.74 26.49 41.4851,01 73,00

T 31.00 9.17 25,51 4557 57,97 75,44
Saaten Union 280 Susann P 30.44 6.67 26.38 41.9 48,13 64,02

T 31.80 8.53 2483 4548 44,29 64,93
Limagrain 280 LG2 32.64 P 33.09 7.50 24.82 40.48 56,33 75,82

T 30.30 9.20 26.62 44.17 55,01 73,87
Syngenta 280 NK Silotop P 30.02 7.06 31.76 44.19 53,48 73,22

T 31.66 8.67 30.38 4450 54,65 73,45
Syngenta 290 NK Octet P 29.78 6.83 29.51 43.5€ 47,12 70,03

T 32.90 7.97 32.21 40.05 53,11 75,63
Seed Service 290 GKT 288 P 30.26 8.09 29.06 41.5147,38 70,81

T 36.20 8.10 34.87 4244 5291 73,25
Monsanto 300 DKC4014Z P 29.80 6.97 34.42 44.5€ 64,96 79,30

T 33.62 8.47 36.36 37.63 56,38 79,94
Limagrain 320 LG130.311 P 30.76 6.98 2452 42.20 55,95 75,35

T 32.84 8.47 28.86 42.72 61,03 77,23
Sempol 330 Helena P 32.17 7.56 32.17 38.87 54,93 77,26

T 32.02 8.83 2595 4480 56,90 75,77

Average 31.33 7.94 28.85 43.00 54,77 73,47

SD 1.59 0.81 3.45 255 552 4,85
Location:

Praque P 31.07 7.30a 29.07 42.66 53,40 72,33
Troubsko T 31.60 8.58b 28.64 4334 56,14 74,61

Maturity: Vegetation  days:
FAO < 250 Very early 116 30.20 7.90 26.68a 42.08 54,04 71,63
FAO 250-280 Early 121 31.29 7.94 28.25ab 42.08 55,03 74,14
FAO > 280-330 Laterearly 131 32.00 8.02 30.75b 44.21 55,88 75,27

Different letters document statistical differenée®ach column (Tukey HSR,= 0.05) for location and
maturity; Unit of DM, DNDF and DOM = %, Protein, &th and NDF = % DM; P = locality Prague, T
= locality Troubsko

Dedication: MZe QJ1210128
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Chemical composition, fermentation quality and aerbic stability of
high moisture corn grain ensiled with different addtives

PYS, J. B.;KOWALSKI, Z. M.
University of Agriculture in Krakow, DepartmentAhimal Nutrition and Feed
Management, Al. Mickiewicza 24/28, 30-059 KrakowlaRd

Introduction

It is assumed that the high moisture corn grain G@®J) is easy to ensile, and for this reason it dus
need any silage preservative to be well ensiled.tif@nother hand, HMCG is characterized by a low
content of WSC and water, and for this reasonjrtensity of fermentation of HMCG is much smaller
than in green herbages. A slow fermentation ratelMiCG results in a slow rate of pH decreasing in
ensiled biomass and finally in a low content ohfentative acids. Such conditions are favorablééo t
development of undesirable bacteria degrading pra@ed lactic acid. Furthermore, the silages made
from HMCG (HMCGS) are susceptible to aerobic detation when the clamp or silo is opened.

We hypothesized that by using the silage presemstisuch as bacterial inoculants (to increase
number of LAB and to stimulate the desired fermgotg and/or chemical additives (to inhibit the
growth of undesired bacteria) we could improvedhality of fermentation, decrease fermentativedsss
and increase aerobic stability (AS). The aim oftwdg was to determine the effect of selected silage
preservatives on the quality of fermentation, lsssed AS of HMCGS. The preservatives were homo- or
heterofermentative LAB, with or without potassiuartsate, as well as organic acids and their salts.

Materials and methods

Chemical composition of HMCG (PR38A79 hybrid; FABGQG}, either crushed or ground (GG.GG), is
presented in table 1. The treatments were: C oits mo additives, C or G with inoculant IL.(buchneri
LN4637 ATCC PTA-2494-5.0x10 CFUG™ of grain) — CG/I1 or GG/I1; with inoculant 2.(buchneri
LN4637 PTA-2494 L. plantarumLP285 DSM 4784 ATCC 53187.. plantarumLP329 DSM 5258
ATCC 55942 Enterococcus faecium

Table 1: Chemical composition of high moisture cgrain

Item Crushed grain (CG) | Ground grain (GG)
Dry matter (g-kd) 674.5 681.6
(g-kg* of DM)

Crude ash 10.5 12.6
Organic matter 989.5 987.4

Crude protein 93.6 88.9

NDF 104.1 104.5

ADF 28.9 29.5

Starch 795.0 783.5

WSC 13.8 16.4

SF301 DSM 4789 ATCC 55593 — 5.0x106 @ of grain) — CG/I12 or GG/12; inoculant 1

+ potassium sorbate (41 of grain) — CG/I1/PS or GG/I1/PS; inoculant 2pbtassium sorbate (as
above) — CG/I2/PS or GG/12/PS; with chemical additil (formic acid - 59%, propionic acid - 20%,
ammonium formate - 4,3%, potassium sorbate - 2,8%lg-1 of grain) — CG/CAL1 or GG/CAL; with
chemical additive 2 (formic acid - 55%, propiomicid - 5%, ammonium formate - 24,0%; 4.+l of
grain) — CG/CA2 or GG/CA2.

Each treatment was ensiled in triplicate, inyptiylene silo of 15 L, closed by snap lids,
allowing an escape of fermentative gasses. Theeietation lasted 60 days at 15€2 Chemical
composition and fermentation quality were determibg standard methods. AS was assessed during the
7-day-test, according to Honig [198890]. A measure of AS was the number of hours withperature
of silages not higher thar’@ above the room temperature. The results for ghgiical form of grain

" Corresponding author: Department of Animal Nutrition and Feed Managemeélttiversity of
Agriculture in Krakow, Al. Mickiewicza 24/28, 30-@5Krakow, Poland. Tel.: +48 12 662 40 84,
fax. +48 12 633 62 45.

E-mail addressrzkowals@cyf-kr.edu.pl
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were subjected to the one-way analysis of variarging MIXED procedure of SAS (9.2). When the
model was significant, the means were comparedByFF procedure with the correction for the Tukey
test.

Results

There were no treatment effects on chemical corntipaspf silages (table 2), except lower protein
content in CG and GG silages (no additives), ard highest content of WSC in grain ensiled with
chemical additives.

Ensiling of HMCG without any additive, irrespectigéthe physical form of grain, resulted in the
least aerobically stable silages (table 3), withhhlevel of protein degradation. Irrespective oé th
physical form of grain, all additives improved gi¢gaquality and AS. The most stable were silagedema
with chemical additives 1 and 2. However, the ifants with potassium sorbate were also promising.

Conclusions

Aerobic stability of high moisture corn grain sitegcan be very much improved by using silage
preservatives, especially chemical additives orroti@l inoculants with potassium sorbate. Higher
aerobic stability of HMCGS will be particularly aodwledged in the summer months.

Table 2. Chemical composition of high moisture agrain silages

Silage Dry Titter Crude ash ?rzg?tglrc pCr:)Ltjgi?W WSC Starch NDF ADF
(0-kg") (g- kg of DM)
CG 664.3 14.0 986.0 86.9b 10.8 a 794.1 101.6 273
CG/I1 661.2 13.3 986.7 91.2a 86D 790.0 96.6 28.6
CG/I2 660.0 13,5 986,5 91,6 a 7.3b 7919 97.0 27.5
CG/11/PS 660.1 13.6 986.4 92.0a 81b 792.0 97.8 852
CG/12/PS 659.8 13.2 986.8 92.1a 71Db 792.2 975 7.6 2
CG/CAl1 672.4 15.3 984.7 93.0a 125a 796.7 103.985 2
CG/CA2 671.8 15.8 984.2 91.3a 129 a 795.6 104.07,8 2
GG 673.3 13.8 986.2 80.0b 8,8b 783.7 102.7 29.0
GG/I1 669.0 13.6 986.4 85.8 a 70b 780.1 100.8 7 28.
GGl/I2 668.5 14.0 986.0 859a 6.8b 779.1 100.9 2 28.
GG/I1/PS 667.5 14.2 985.8 86.5a 6.4Db 779.3 101.3 28.4
GG/I12/PS 666.5 14.3 985.7 86.9 a 6.2b 780.4 101.9 28,6
GG/CAl 677.9 15.9 984,9 87.7 a 136a 785.5 104.39.3 2
GG/CA2 678.3 16.4 984.6 88.3a 14.2 a 785.8 103.99.2 2
Values marked with a, b, ¢, d within CG or GG di#ieP<0.05
Table 3. Fermentation parameters and aerobic sitglalf high moisture corn grain silages
Ethano Organic acids NHs-N | Aerobic
Silage pH I lactic | acetic | propionic| butyric | (g.kgtof | stability
(g-kgof DM) total-N) (h)

CG 480 a 44a 119D 9.8b 00b 0.0 123 a 35d
CG/11 441c 30b 106D 195a 0.7a 0.0 77b 9c7
CGl/12 434 c 22b 173a 13.1b 05a 0.0 70b 2c8
CG/I11/PS 444 c 27b 104b 221a 0.6a 0.0 6.1b113Db
CG/12/PS 442 c 24b 180a 140b 04a 0.0 6.3b117 Db
CG/CA1 463Db 05c 6.6c 56¢c 0.0b 0.0 3.6¢C 430
CG/CA2 465Db 0.6c 70c 6.7cC 0.0b 0.0 3.2c 432
GG 461 a 3.2a 129D 106 Db 0.0c 0.0 109 a 46 d
GG/l 431b 20b 13.0b 271 a 10a 0.0 6.0b 9b8
GG/I2 422D 1.8b 196a 142 b 0.7 ab 0.0 58b 2b9
GG/I1/PS | 4.20b 1.7b 13.7b 289a 05b 0.0 57b134 a
GG/I12/IPS| 4.19b 16b 20.2a 152D 0.6 ab 0.0 b55 136a
GG/CAl 4.60 a 0.3c 4.4 c 98¢c 0.0c 0.0 3.0c a4l
GGI/CA2 46la 04c 41c 7.6cC 00c 0.0 3.1c d42

Values marked with a, b, ¢ within CG or GG difféPx0.05
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Silage health for animal Welfare
MARLEY, G.
Sil-All, Danstar Ferment A. G., PO Box 445, CH-63AWG, Switzerland

Farms across Europe are recognizing the ‘all rouratiefit of producing quality silage on the direct
profit of their farms — the greater the silage @wais, the less the replacement feed costs are and
generally the greater the animal performance. THeset benefits are well recognized, but what of the
indirect benefits?
The quality of farm produced silage impacts mameats of the dairy animal, not only nutrition.
The ‘health’ of the silage directly impacts the ltea@f the animal, and therefore the profitabilif the
farm. Recognizing this fact immediately allows themer
Rumen Stability to mediate a solution. Equally, recognizing whictinzal
Animal Health  jssyesare not associated with silage will allow the farm
Slage to appropriately responq to animal issu_es. The impa
Farmer Stress vetsfees  mould and mycotoxins is of enormous importance iand
well recognized on farms, and has been discussethity
Toxins/ - articles and_ will not be detailed here. _
Replacement Fertility One issue that all farms suffer from is SARA (Sub
Feed Cost Acute Rumen Acidosis). SARA is generally not
associated with the lactic acid level of silagé is in fact
caused by excessive production of propionic, aaatit butyric acid in the rumen (the main volataéy
acids), and an inability of the rumen to adsorts¢hacids quickly enough, driving the rumen pH down.
This is often associated with low physically effeetfibre and / or high cereal content in the dieis
a mistake to blame a good homolactic fermentatorSARA.

Biogenic amines can be formed within silage thropgbtein decomposition (and can also be
produced by rumen microflora). Biogenic aminestéuse, putrescine, cadaverine, spermidine, tyramin
etc) can be formed in ‘high protein forages’ sustaHalfa and clover through protein decompositioi
also in maize through decarboxylation of amino sidigt various bacteria. Biogenic amines have been
linked to various health issues inclusive of ketoig systemic histaminosis and reduced nitrogen
degradability. A positive correlation exists betweaacreasing dry matter and reduced biogenic amine
concentration, and between a faster fermentatiah raducing biogenic amine. Use of heterolactic
inoculant to increase the speed of fermentationtiearefore benefit silage health and animal heaith
regard to biogenic amines (generally rumen micrafldegrade low level ingested biogenic amines [Van
Oset al, J Agroc Sci 1995; 125: 299-305), but this is caler the negative impact on intake].

Enterobacteria are generally rapidly killed durthg early stages of ensiling by the initial decline
in pH, but when the silage is aerobically challehgéher through the fermentation or through dantage
the sheeting, the pH rises and Enterobacteria nismiaa increase to the region of £&6u/g. The initial
Enterobacteria population at ensiling is often dwmateéd byErwinia herbicolaand Rahnella aquitilis
These are rapidly replaced by other species, indusf Escherichia coli, Hafnia alveand Serratia
fonticola (Heronet al, J Appl Bacteriol 1993; 75: 13 — 7), wikhcoli being the most significant threat to
health as (air penetration can come from a vaoégauses from inadequate sealing, animal damagje an
even reflected UV).

The presence of air leads to
compounding problems. Air penetration
slows and even stops fermentation, leading
to a non stable, elevated pH, or to the
elevation of the pH in localized areas, which
in turn allows the outgrowth of other
organisms / spores naturally present.
Clostridia sp lead to the production of
butyric acid. C tyrobutyricumis relatively
acid tolerant and converts lactic acid to
butyric acid and K which in turn raises the
pH of the silage and allows the outgrowth of
other undesirable microbes.Clostridia
botulinumis relatively rare in silage as it is
not acid tolerant, but, as a sporolating
organism it is capable of outgrowth between
pH 5.3 and 6.5 (which is typical of
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deteriorating silage) — generally the presenc&€ diotulinumis associated with an ensiled cadaver or
cadaver close to point of air entry. 1g of botulitorin is theoretically sufficient to kill 10 mitn people
(Silage Science and Technology), and with the prefemethod of feeding being TMR a small area of
contaminated silage can affect an entire herd giael 1,000 cows had to be slaughtered because of
botulism contamination).

The aerobic conditions described above also affordhe outgrowth olisteria spp.Listeria is
generally inhibited by an anaerobic environment lamdpH, but when aerobically exposed it can suviv
at pHs as low as 4.2 and can lead to abortiorgesidéye and other welfare issues as well as leaditige
possible contamination of produced milk. With aécoéxposure of silage, generally there is a visible
proliferation on the surface of the silage — bus fk only true if the aerobic exposure is at thdace of
the silage. If air penetrates through side walis, ‘presence’ can be invisiblBacillus cereuggrows in
silage under the conditions discussed and is otteeafausative agents of mastitis

Speed of fermentation brings many visible benefiimproved DM and nutrient recovery, but it
also delivers equally important ‘invisible benefit€onsider your bacteria. Consider your plastic.
Consider your cows.
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Quiality of preserved feeds and the risk of clostrital infections in cattle

ILLEK, J.; JAMBOR, V.; KUDRNA, V.
University of Veterinary and Pharmaceutical ScienBeno, NutriVet, Ltd.,
Pohovelice, VUZV, Praha-Ufineves, e-mail: illekj@vfu.cz

Nutrition is regarded as the most important exterfector in dairy cow nutrition that determineslkni
production, fertility, health and enables to futfie genetic potential of both the individual camd the
whole herd.

Silages make up the basic component of ruminants.di€he quality of silage determines
nutritional value and palatability of the diet atudal dry matter intake. Silage quality is influedcby
many factors during each phase of manufacturingcess, storage and inclusion in total mixed ration
(TMR) and feeding. Ensiled feed may pose a cettaigat to animal health, too. Even properly managed
silages that meet quality requirements are prongptolage and may become unsafe from the hygiene
point of view very quickly. Every year mainly inghspring and summer on many farms silages are
exposed to aerobic spoilage. The aerobic fermemtadi performed by yeasts, clostridia and fungiaste
are the ones most involved in the aerobic spoifageesses. Due to the degradation of lactate spage
is changed in favour of the growth of bacteria &nthi. In the silage products of secondary metaioli
are accumulated such as mycotoxines, biogenouseani@adaverine, tyramine, putrescine, spermidine,
tryptamine and histamine). The counts of E. colps@idia, Listeria and other bacterial species are
growing. The nutritional value of silage is reduaad its hygiene status is unsatisfactory. Sucliltspo
silages have a negative impact on health, perfoceand fertility of cows.

The cow’s health may be harmed due to increasentsof clostridia in the silage. As a matter of
fact, every silage contains some Clostridia, aey tire present in the digestive tract as wellhinforage
is contaminated by earth, slurry and manure, Qthatrcounts are very high, leading to alteratiarfis
silage fermentation processes. Large amounts afgkeic butyric acid, free ammonia and biogenous
amines may be formed in silage. Counts of Clostrahd clostridial spores are increasing. Such esilag
may pose a great hygiene threat and health riskotes. Clostridial spores may contaminate milk,
deteriorate its quality, thus preventing the prdituc of good cheese. In the digestive tract thehhig
counts of clostridial spores may induce mucosdaimmatory reactions, producing enterotoxins that ar
absorbed and may damage the liver and kidneystridiasmay penetrate across the gut wall damaged by
the inflammation into the circulation and inducdlammation in the peritoneum, liver kidneys and
muscle. Clostridia produce gas that accumulatethénsubcutaneous tissue, and produce toxins that
impair the general health status of the animalmassive infection may lead to fever, followed bgss
and death of the animal. Diseases induced by @lastirom preserved forage occur in cow dairy cow
herds every year.

In the herd A clostridial infection was diagnosadiairy cow fed wilted alfalfa silage from the pit
contaminated with slurry. In the herd B the souwr€énfection was wilted grass silages harvestedeund
bad weather and therefore contaminated with spnilbdth the herd a massive outbreak of clostridial
disease occurred, manifested as diarrhoea inaltdlwvs, drop in daily milk yield by 3-5 litres /cfay,
significant increase of somatic cell counts. Intieed A 6 cows died, in the herd B 5 cows died40rfb
of cows subcutaneous emphysema was found. Dietgryndtter intake dropped markedly. Metabolic
examination of some cows (10 and 6 cows from thidshA and B, respectively) showed dehydration and
impaired liver function. Rumen fluid analyses shdwemen alkalosis. In faeces, high counts of spofes
Cl. perfringensand CI. chauvoeiwere found. After the exclusion of spoilt silaga®d introduction of
dietary changes the health status was slowly impgg\however, some cows showed diarrhoea for over
10 days. Milk yield increased very slowly and ewdter one month it did not achieve the originalelev
Increased SCCs in bulk tank samples persisted fioor@hs.

The unsafe preserved feedstuffs are very risky dibrcattle production stages. Clostridial
infections cause a serious disease in cattle. Thay occur at every production stage and cause
considerable direct and indirect financial lossdesthe two herd, a source of the infection was the
conserved forage which was contaminated by soilwaiste water. In cows originated disease
characterized by multiple total disruption of hbala significant reduction in milk production and
mortality cows. For these reasons, it is necessapyevent these infections adherence to the pliesiof
technology in harvesting, preservation and storaysilages. In the event that the indication of the
disease in animals is the source of infection. Bastasures for suspected disease of cattle caysed b
Clostridia, the examination of representative sampulf feaces of cattle in the herd. In case of lprob
containing spores in milk may just these resultswsithat the cause of the poor feed hygiene or poor
milking technology. Desirable content dispute ia fhaces is < 10,000 / g respectively € @&U / g of
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feaces. If the content of the dispute in the feaokgattle repeatedly high (> 100,000 CFU / g ,

respectively 1L0°P CFU / g), it is necessary to examine the consefedder ( silage) and the quality of
the fermentation process, including aerobic stghiWhen proof of butiric acid fermentation (sum of
butyric acid > 1.0 % of dry matter) is that theeslibeen a multiplication or formation of sporesilage.
This should not be feeding silage to dairy cowsny¥eosely, if the content of the butyric acid ooigy
traces (<0.1 % of dry matter ) is a cause of seeergamination during harvest. Desirable content of
clostridia spores in silage is < 1,000 CFU / g eéd content is acceptable outcome to the dispute
10,000 CFU / g respectively 4GFU / g of feed in the higher incidence of 100,@¥U / g, respectively
10° is not this feeding silage to dairy cows . If tntent is low in dispute must be examined techmiqu
and quality of work for the collection bucket . Teanay be fed boundary layers (decayed or secdndari
fermented silage) or too large area for the cabecof silage from trough.

Observance of technological processes at harvidstjesown using suitable preservatives are
essential for the production of high quality hygefodder. Made preserved forage quality must bé we
stored properly collected, and fed . Contaminakigrthe soil is always a big risk for the develominef
clostridial infections.

This work was part of the research project of theidry of Agriculture and Food CZ
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Quality Of Whole Plant Of Pea With Lucerne And Posgilities Of
Ensilaging

RAX'AKOVA,L.; CHRENKOVA, M.; MLYNAR, R.
National Agricultural and Food Centre — Researchtitute of Animal Production
Nitra, Slovakia, rajcakova@vuzv.sk

The whole crop of pe@Pisum sativurnis considered to be a source of high quality gingt and amino
acids. It can offer high yields, good quality fded ruminants and it can improve self-sufficiendynailk
farmsto provide crude protein in feeds from own resosir@orreani et al., 2007). One way of using is
the production of silage from whole plants. Pea bangrown as monoculture as well as in mixture,
namely in legume-cereal mixture or in combinatiathiucerne Medicago sativa Mustafa et al. (2000)
reported that whole pea silages, harvested atpfudl stage, can successfully replace barley or thacer
silage as a forage source for dairy cows at thénbaty of lactation. They consider them to be adyjoo
alternative feed. A number of researches showetdsilzge from whole pea plants is very palatable fo
cows and it can be fed at large amounts also thémkke low content of NDF combined with high
passage of rumen. More over, in this silage is@dmlance between crude protein content and energy
and it seems to help save concentrates used indéeds (Rondahl, 2004).

From the cultivation point of view pea can offernfeers a great deal of flexibility in their cropping
rotations due to their quick growth in a short pdriproviding forage of a high nutritive value and
palatability (Koivisto et al., 2003). It is a vegpod forecrop. Growing pea for silage with undedseg
of lucerne as subsequent crop seems to be verurfabie. Rhizobiums are on roots of pea as wellnas o
roots of lucerne. Thanks to them creates pea atimathe soil that is very good for growth of lucerand
development of its root system, which creates dumsls for its further cultivation. If pea is sownthe
field together with lucerne, it is possible to hest/1 crop of pea for silage and 1 — 2 cuts ofrhee
during one vegetation period thanks to fast grovzeg.

Varieties of semi-leafless pea were developed legding. They are suitable mainly for regions
with higher precipitation depth and for soils walipplied with easily received nutrients. High resise
to lodging is their merit (Uzun et al., 2005). Bdegwy such pea simplified the harvest, compared thi¢h
past; it influenced directly also the purity of deend content of clostridia.

The objective of our work was to study the quatifysemi-leafless pea grown with underseeding
of lucerne during ripening and to test the quadityfermentation process and the influence of bimlalg
inoculant at low and high dry matter content in ¢imsilaged matter.

Material a Methods

Semi-leafless pea was grown together with lucetribeaelevation 275 m above sea level. The starsd wa
harvested in the phase of milk ripeness in pea.pdngon of lucerne represented only 10 %. One bglf
the cut matter wilted 4 hours, the second one 24shd he wilted matter was chopped, homogenized and
ensilaged into laboratory silos with the conteftlI1.

In each variant was produced control silage wittengilaging preparation and inocculated silage
treated with biological preparation, which contairieactobacillus plantarumDSM 3676 and 3677,
Propionic bacteriumDSM 9576 and 9577 (application dose 2 milKged). The produced silages were
stored in standard conditions for 110 days. Duthegstorage was observed the course of weightdosse
by weighing in regular 21 day intervals. Parametdrthe fermentation process were assessed iresilag
samples after the end of the experiment. The obdaresults were statistically evaluated and contpare
by one way variance analysis.

Results and Discussion

We harvested pea with underseeding of lucerne daifféerent stages of ripening. Decrease in
concentration of crude protein, water-soluble saddes, fat as well as crude fibre took place dythe
ripening. It was reflected also in decrease of N#fid PDI. Increase in concentration was noticed only
with starch. NDF level was generally low.

In table 2 are results of fermentation processilages made of whole pea plants with lucerne.
Addition of lucerne to pea did not deteriorate #mesilability of this feed. We found out that the
fermentation process passed through more inteysinekilages made of matter with low dry matter
content than in silages with high dry matter contd@iotal content of fermentation products, whichswa
markedly higher in silages with lower content oy dnatter, gives evidence of it. Rondahl (2004) eam
to the same results; he confirmed that the amoluntodsture present in the ensiled crop affectstthal
bacterial count and rate of fermentation. In wepsrwith very high soluble carbohydrate levelsitA&
are extremely active, and the result will be lowgildge of high lactic acid content.
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Application of Lactobacillus plantarumat ensilaging positively influences pH decreasd an
creation of ammonium N, it increases lactic acidhteat and water-soluble saccharides in silage
compared with non-inoculated feed (Fraser et 8002 Also in our experiment influenced the additiv
of biological inoculant positively the fermentatiprocess, decreased pH, VFA, proteolysis as walras
matter losses that occur during the fermentatiohe Tetected differences were not statistically
significant.

Table 1: Nutrition value in whole crop pea witltéune in different phases of ripeness (fresh mass)

Term of cutting
39 July 13" July 25" July
Pod swell Full pods - milk ripeness Full pods - start of wax ripenes{
Dry matter in g FM 179 234 412
Organic matter in g.k§DM 933 979 855
Crude protein in g.k§DM 182 156 113
Crude fibre g.kg DM 286 283 218
NDF in g.kg* DM 388 440 372
Sugars total in g.k§DM 77 51 22
Starch in g.kg DM 66 120 186
Fat in g.kg' DM 29 26 25
Ash in g.kg' DM 67 21 145
ME in MJ.kg* DM 10.5 10.5 9.0
NEL in MJ.kg* DM 5.97 5.82 5.24
PDI in g.kg* DM 109.38 94.83 68.47
Table 2: Parameters of fermentation process in whobp pea silages with lucerne
Low content of DM (246 g) High content of DM (48}
Parameters Control silage Inoculated silage Control silage Inatmd silage
n=6 X SD X SD X SD X SD
Dry matter in g1 FM 238.49 1.29 238.75 0.44 397.68 5.9 398.46 3.63
Losses of DM in % 0.92 0.27 0.84 0.11 4.09 1.37 83.7 0.87
pH 3.97 0.06 3.91 0.02 4.18 0.03 4.16 0.92
Acids in g.kg! DM
- lactic 105.19 6.53 102.36 4.81 82.47 5.90 95.7610.63
- acetic 21.61 2.96 19.27 2.51 11.47 1.23 10.77 201
- propionic 2.93 1.24 1.54 0.78 0.62 0.2p 0.60 20.8
- butyric + i.b. 1.66 0.49 0.61* 0.14 0.58 0.28 40, 0.23
- valeric +i.v. 0.83 0.21 0.50 0.29 0.31 0.14 8.1 0.12
- capronic + i.c. 0.64 0.24 0.48 0.33 0.07 0.2 090. 0.07
\VFA total in g.kg' DM 27.67 5.12 22.40 4.43 13.05 1.34 12.08 1.72
Acids total in g.kg DM 132.86 6.70 124.76 5.79 95.52 6.60 107.84 1070
Alcohol in g.kg' DM 2.18 0.31 2.39 0.13 3.54 0.62 3.05 0.44
NHs-N of total N in % 10.07 1.82 8.81 0.45 7.67 0.5 517 0.67
*P<0.01
Conclusion

The following complex requirements must be met ldvam high quality silage from whole pea plants:
wilting to 25 — 30 % dry matter, short cut of thatter, addition of effective additives, good pragsi
down and anaerobic covering. Whole pea plantsesd, fwhich is noted for good ensilability, namely a
lower as well as higher amount of dry matter coragawith recommended values. The lucerne
supplement in pea stand, which represented 10 %edght, had no negative effect on ensilability.
Inoculation of the ensilaged matter with biologicahsilaging preparation on the basis of
homofermentative LAB improved the fermentation mex
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AgriNIR ™ - Real Time, on farm analysis for managing product
variability in animal nutrition

BARBI, A.; GHIRALDI, A.; MANZOLI, M.
dinamica generale, Poggio Rusco (MN) Italy

The technology used in feeding dairy cows continués advance.

A primary reason is the need to improve the efficie of nutrient used on the dairy farm, decrease
nutrient excretion to the environment and improvaind farm profitability. This is driven by

a combination of animal and farm factors. Thereehlaen significant improvements in both genetics an
management of the dairy cow.

In 2009, a Dairy Farm Business Summary for 93 héndaestern New York revealed a total
purchased feed cost and crop expense per cow 84689, equal to 47% of the milk income. This
indicates the importance of the feed component aifydfarm management on costs and potential
profitability.

The primary feeding system used in US herds id totged rations (TMR'’s) with the scope to
obtain the best ruminal environment for microbéambining specific proportions of nutrients in tiet,
mixing all the feed together and making it avaia®0-22 hours per day.

Since many dairy rations are based on home prodsitzge, a key question is how to monitor
potential changes in silage dry matter and therthisenformation to adjust rations to maintain stamt
kgs of dry matter fed from the various silages.

Differences between theoretical, prepared and tffdg consumed TMR by the cows were
widely reported (Leonardi e Armentano, 2008je differences, are due to errors in loadingi$e@rong
weight, ecc...) and change in water content that #ite amounts of dry matter of feed loaded into the
wagon (Buckmaster 1998Ishler 200%). The value of keeping rations constant by adjgsfor dry
matter changes was reported in a research trialuded by Dr. Dave Mertens at the US Dairy Forage
Research Center. This indicated about a 2 kg ishiftilk production under the conditions of thaatri

Due to the current situation, it is a real basguieement for all dairy farmers to optimize thetdje
providing a more consistent TMR, controlling theaacy of the mixer operator, measuring on farm “in
real time” the actual Dry Matter Content of feedisttand monitoring the inventory of ingredients in
terms of quantity and quality.

The AgriNIR™ is a portable NIR lab, able to perform real timmalgsis on fresh samples in order
to take under control the quality of feed stuffsyur inventory measuring: Dry Matter, Crude Pnotei
Starch, ADF, NDF, Crude Fat and Ash.

Moreover, thanks to a specific software studied prmbuced by Dinamica Generale (DT
AgriNIR), it is possible to import predictions frothe AgriNIR™ save them in a Data base for statistical
analysis based on graph and reports. On top, BYTRgriNIR is completely integrated in a Feeding
Management Software (DTM IC) and is possible to adjust immediately nutseon feed ingredients
and, consequently, the target quantities of ingmdi in final recipes based on actual values of Dry
Matter, allowing the following:

Move Rations management from As Fed to Dry Matter bsis: definitely a “Great
step ahead” in terms of TMR consistency.

The AgriNIR™ is a tool able to help animal producers to optémtheir feeding processes
managing variability of feedstuffs. It is able tontrol wide changes in nutrients contents of fedist
providing necessary info to responsible in ordetat@® actions for keeping the final TMR as consistes
possible during the time, saving costs on feedingroving the process efficiency and reducing the
environmental impact produced by farms.

References

iLeonardi C. and Armentano L.E. , (2003ffect of quantity, quality, and length of alfalfay on
selective consumption by dairy codsDairy Sci. 86 (2): 557-564

iiBuckmaester D.R. (1998) FMR Mixer ManagementDairy Feeling System: Managements,
Components, and Nutrients, Camp Hill, PensylveNatural Resource, Agricolture and Engineering
Service (Nraes)

iii Ishler V. (2001) -The case for taking weekly silage dry mattéteards Dairyman (May, 10):
341

-95-
Forage Conservation, 2014



-96-
Forage Conservation, 2014



-97-
Forage Conservation, 2014



Section 4: Production of biogass by
conserved forages

BIs»FERM

WWW.BIOFERM.COM

-08-
Forage Conservation, 2014



Biogas Production From Agricultural Raw Materials Including New
Energy Crops In Germany

FERCHAU, E.; PFEIFER, J.
Verein zur Forderung von Biomasse und nachwachseRdéstoffen Freiberg e.V.
(Biomass Association Freiberg e.V.), Hauptstrads@ 09599 Freiberg

Introduction
Biogas can be created form a wide range of orgamiterial, so called biomass. It is an important fac
that the process can be supplied by a multi feelisto

The development of the biogas sector in Germankinvithe last 10 years was quite strong until
today. In figure 1 the development of biogas inatains are diagrammed. At the end of 2013 around
7,700 plant operating, the majority at the agrimt A total power capacity of circa 3,500 MW gexted
by biogas plants in Germany substitute about 5-fial power plant or 3 nuclear power plants. The
average electrical capacity of German biogas plardsat approx. 420 kW. Beside the sector agrimiltu
biogas installations can be found at anaerobiaMaiste treatment plants, at use of landfill and sengas
and waste water treatment plants mostly at the foddstry.
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Figure 1: Development of the number of biogas fdatd the total installed electric output [in MW
of 3/ 2014) including the forecast for 2014 [Raerband Biogas 2014].

The strong growth of the biogas sector especiatigesthe year 2000 was based on the German
renewable energy sources act (EEG) for electricedrgy from renewable (biomass) energy. The
amendment of this law in 2014 with a reductionaoffts is intended. The draft is causing strondiauie
by the German biogas association and the biogassind The use of biomass as a feedstock will be
significantly limited to an electricity productiaf max. 100 megawatts. To meet the expansion gagh,
support rates for new biogas plants are drasticaliijyced when the biogas extension of a year ezceed
100 megawatts. Only a limited number of small sdategas projects up to 75 kW electric and plants
based on biowaste feedstock can be realized urtder ftame conditions at the coming years
[Fachverband Biogas, 2014]. The German biogas tngusll continue focusing on projects abroad and
repowering of existing plants. The biogas companidishave to reduce personnel capacities under tha
future framework.

By biogas approximately 4% of all electricity isngeated in Germany in 2013 and it supplies
7 million households with electricity. Overall, alic23% of electricity and 10% of the heat generatio
produced from renewable sources in Germany in 20lthe year 2011 a number of 1,270 new biogas
plants were taken during operation whereas in 201 205Anlagen were built.
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Figure 2: Structure of German electricity productiofrom renewable energy sources in 2012
[Fachverband Biogas, 2013]

In all an electrical capacity of 3,500 MW from Baxyin 2013 are producing continuously
renewable electricity and heat. In general, poweation from biomass has some advantages when
comparing with power origins from other renewabksaurces like wind and photovoltaic, with
dependency on the weather conditions. The incrggsintion of renewable energy at the grid leada to
more volatile electricity production. Biogas carsigabe stored at the place and can create eldgtan a
flexible and demand orientated basis. Some biotat®gin Germany secure by a flexible operatios, th
stability in the power grid. The transition to thexible power generation is increasing and hatized
especially by biogas plants. Additional capacity das storage (and heat) and power generation toeed
be created as structurally. The market bonus aexibflity bonus offer opportunities for additional
income in the framework of the EEG 2012.

Members of the Biomass Association Freiberg haveectbgether to form a group of operators of
biogas plants, “Freiberger Land” and sell the eleity generated through a trading house diredtiythe
first stage 5 MW of electrical capacity (target M@V) from biogas are marketed directly together. The
first plant will nowadays be upgraded to a flexidhéving.

An ingenious concept to use the created heat En@akfor an economic operation of a biogas
project. The distribution of the heat via distrftating networks or via extra gas networks andlgate
combined heat and power station (CHP) locatedtatad sink are some options. The portion of 60% of
the generated heat must be reasonable used. Tthatabligation due to the actual legal framewd@kEG
2012) whereby 25% overall are counted for the gedtrat of the anaerobic digestion.

There are a rising number of biogas plants withragipg of the created biogas and injection into
the natural gas grid (124 plants [Fachverband Bipg@14]). Overall capacity of upgrading of rawdse
to biomethane is 132,000 Nm3-.hFor the political aim of 6 bilion m3 biomethame the gas grid
(Integrated Energy and Climate Program of Germatefsd Government) in 2020 a number of around
1,500 biogas plants (average of 5 MW thermal caypgaaind 1.2 million hectare fields with energy csop
are needed. With the development rate till tod&yaim will not be realized. The application of bis as
an engine fuel for transportation in vehicles &@ng and mainly based on the supply via the nagaal
grid.

Feedstock in German Biogas Plants

In 2013 1.15 million hectare, from total 2.39 nuli hectare for energy and technical crops, where
cultivated with energy crops for biogas formatieae figure 3 [FNR, 2013]. There are a strong rising
register over the last 10 years to 14.4% of allnGer farmland today from around 0.8 million hectire
renewable resources in 2003.
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Figure 3: Cultivation of renewable resources in @any from 1999 to 2013 [FNR 2013]

Figure 4 shows the proportions of the feedstockGerman biogas plants in 2012. According to
the assessment of the energy content energy craps8¥&.5% has the largest share. By weight, it is
52.8%. The amount of manure is 43 weight percehe potential of manure for biogas production is
exploited only at about 20 to 30%. The use of bast® and industrial and agricultural waste as a
feedstock previously played a minor role.
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Figure 4: Feedstock in German biogas plants in 2[Hathverband Biogas, 2013].

The uses of silage maize as a substrate for bijglgass are well established and highly economic.
The potential of one hectare silage maize is al5@d®0 to 7,000 Nm? methane gas‘hdZhere are
0.9 million hectares cultivated with silage maipe biogas formation. In some areas of Germany (e.g.
Lower Saxony) the cultivation of maize reachestiedahigh portions (between 45 and 70%). Opponents
in relation to the high cultivation area of silageaize point out ecological arguments (erosion,
monoculture), the competition to other agricultereps (fodder and food) and rising leasing cost for
land. [Emmann et al., 2012] Figure 5 the develogneéthe cultivation in Germany of maize by the use
is shown. In recent years, there was a slight saluof the cultivation area of maize silage foodp@s
due to the chance of feedstock and less new catising of biogas plants.

In organic farming clover grass with 21% has impnde as a feedstock for biogas. Up to
4,000 m3® methane gas hean be achieved at anaerobic digestion. Aroundbl®gas plants operating on
organic farms based mainly on 55% manure feedstnoky 17% use maize silage whereas conventional
biogas plants utilize approx. 39% maize as an inpaterial. [Renews Kompakt, 2014]
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ENTWICKLUNG DER MAISANBAUFLACHE IN DEUTSCHLAND
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Figure 5: Development of the cultivation area faaine (blue; low part: grain maize, green; middlefpa
silage maize for fodder, yellow; upper part: silagaize for biogas) in Germany [FNR, 2013].

In Saxony for instance the portion of maize culiwa are 75 thousand hectare that are 11% of all
Saxon fields (average in Germany: approx. 22%)i¢Bner, 2013] Agricultural biogas plants in Saxony
(about 205; average 420 kW electric capacity) usirdd percent by weight manure as a feedstock. The
members of the Biomass Association Freiberg opggdiiogas plants with total 5 MW electric capacity
and using about 80 percent manure as a biogasratghsThe rest is covered by organic leftovers
materials (e.g. cereal husks, bad quality silaogdér leftovers, inter alia).

New energy crops for biogas
New energy crops offer many opportunities for ehbigspecies diversity and acceptance of bioenergy.

Large Cultivation investigations in Germany arerently in progress in the composite project
called EVA [Eckner, 2013]. The goal of the EVA peoj is carried out since 2005 to examine extensive
energy crops (economic & ecological assessmentsirdmation of biogas yields, irrigation experimgnt
two-crop use and experiments with the organic pcidn method). Eleven typical locations plot trials
were established with five crop rotations. The lteshowed in the project EVA in the years 2009 and
2010, crop rotation No. 1 (Winter barley-sorghunZE$ maize winter triticale Phacelia (SZF) over the
entire German locations across the highest yiett am average of 47.5 t dry matter (DM)*h@he same
level of income has crop rotation 3 (corn-wintee gorghum triticale-one-year ryegrass) considened t
average of all experimental plants with 47.4 t D&t hThe most profitable single crop on the field with
an average of 19 t DM Haand was maize on the methane vyield in the biotms ps well of economic
valuation. The following energy plants are examiméthin EVA project in Germany: silage or energy
maize, sorghum, whole-crop cereal silage, foddetturgs, cup plant (Silphie), sugar and fodder heets
winter turnip rape, sunflowers, rape, phacelia,ufegs, cereal mixtures, blooming mixtures) [EVA,
2014]. Beets while having a very high potentiatlee agricultural crop land of average 5,500 m® ha

Research and Development (R&D) - projects are ngmiith the crops buckwheat and quinoa in
southern Germany (Bavaria). Buckwheat has a yietémiial of 4.5 to 6 t dry matter (DM) per hectare
and a gas yield of 240 to 280 NI methane gas \kgatile solids (VS). On average 1,200 Nm? methane
gas per hectare can be achieved. With the cultivaif Quinoa a biogas yield of 1,600 Nm3 methare ga
ha' is possible. The advantages of both crops aret shuivation times (summer crop), at the crop
rotation and ecological aspects, e.g. that it biegBtockmann et al., 2014].

A mixed cropping of vetch (vicia villosa) and winteye (secale cerale) relaxes on crop rotation
and would be an alternative energy plant. It cdaddachieved an average yield of 11 T afield trials.
This mixed cropping could generate 3,400 m® bamethane gas in the middle [Fritz et al., 2011].

Mixtures of indigenous wild perennial crops caniaegé 50 to 60% of the biogas yield of silage
maize. Advantages are ecological aspects, extegsitiation and moderate costs. Mixture consigts o
18 to 36 species at the seed. The harvesting yalgs at the second year of cultivation betwedan 8
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15 tons DM hd. Relative high yields from 268 to 320 NI methame ¢g* VS where reported (10-15 per
cent lower than that from silage maize) [Vollralh, 2012]. The development is still in its earlpges
and offers potential. Figure 6 indicate a fieldndid perennlal crops in front of a biogas instadat

Figure 6: Mixture of wild perennlal energy cropsrfa major diversity [Agentur fur Erneuerbare
Energien, 2014].

The most hopeful energy crop for biogas is the @lgnt Silphium perfoliatupy a perennial
composite plant from North America. Around 400 kheetof cup plant in Germany is under cultivation.
Yields of up to 22 t haon good sites and thus methane productivity frof0® to 6,400 m3? hhare
achievable what is comparable to silage maize.dveatage is the high cost for planting. Experiments
are carried out to produce seed [Biertimpfel et2012]. It will help to reduce the initial costdore
details of the investigations had done near oftferg will be found at the passage RekultA.

Potential for biogas and already used biomass

4.000

Energy plants =Potential in MW installed electric capacity
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Annahme: 4 Mio. ha Ackerflachen stehen fiir den Anbau von Enx vgepﬁ nzen zur Verfigung, davon 2 Mio. ha fiir Biogas
Berechnungen FvB 2012; Datengrundlage KTBL 2010; DEFZQUH

Figure 7: Potenzial for feedstock for biogas [Faehvand Biogas, 2012]

Energy plants have the highest potential in addittomanure as feedstock for biogas plants. Here,
an assumption of 2 million hectares was made a®wigg area for energy crops for biogas. Figure 7
displays the potential of various feedstocks aral dhready installed electric capacity based on that
biomass.

Project rekultA

RekultA stands for: Reclamation of heavy metal ytelil areas and mining landscapes of the euro region
Ore Mountains by site-adapted growing of perenerargy crops; in Czech: Rekultivacgkymi kovy
zatizenycha reéla krajin po dini ¢innosti v Euroregionu Krusné hory diky mistprizpisobenému
péstovani viceletych energetickych plodin.

In the area of Freiberg/ Germany due to permaneningirand metallurgy activities heavy metal
accumulation in the topsoil are present due to PB&Hrs. On these heavy metal contaminated surfaces
with feed and food are being grown, which partidiltlgits are exceeded. If exceeding the limits ie th
harvested food and feed crops determine so farmass$ declare their products generally as wasteh Hig
economic losses and the threat of set-aside amoti®equences.

A solution for the heavy metal contaminated aremdcd: be the cultivation of energy crops for
energy. The positive aspect is that there is nopatition for food or feed production on those field
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In Ziel3 project "RekultA" (duration 2010-2014, fied by the European Union) the goal is to
grow perennial innovative energy crops on heavyahmaintaminated areas in the Ore Mountains to the
test and to generate regional and cross-borderassrsupply chains with relevant stakeholders. Hare,
intensive German-Czech exchange between the prpgters, the Association for the Promotion of
Biomass and Renewable Resources Freiberg e.V.t{®iomass Association Freiberg) and the Institute
for Okotoxiologie from Chomutov takes place, wittetaim for a cross-border biomass network. The
project partner in Chomutov performed on post-ngniandscapes with marginal land cultivation
experiments with new energy crops. The resulthe$e studies can be found on German and Czech on
the project page www.rekulta.org.

RekultA - growing trials in Saxony
The selected power plants should meet severatierit€limatic and soil suitability in the area ofeO
Mountains, perennial nature (erosion control, emvinental friendliness), no invasive power plant and
opportunities for energy recovery in biogas plammtsombustion facilities. Another important critamiby
farmers was that the energy crops stabilizing teavia metals in the soil (Phyto-stabilisation). A
phyto-extraction would have taken on the heavy mptdluted sites hundreds of years and would
therefore not feasible in the short term. In theddfitests are investigations under practical coont i.e.
the areas are managed under production conditiprast{ce test) and have an area of approximately
3,000 m? (except the szarvasi grass-area in Clausvith approximately 2 ha). At the Biomass
Association Freiberg are predominantly regionalicagfural cooperatives members. These farms are
interested in field trials to elicit well-foundedatements under large-scale field conditions, ay #re
practiced in practice, and then implement the gngwecommendations locally and with realistic giowt
and earnings expectations.

« The following energy plants were selected in Saxony

e Cup Plant, SilphieSilphium perfoliatum

« Reed Canary GrasPlfalaris arundinacak

e Miscanthus Miscanthus gigante(s

e Giant Wheatgrass ,SzarvasElymus elongatys

e Willow and Poplar (7 poplar varieties: Max 1,3,4ybtlide 275, Beaupre, Muhle-Larson,

Androsoggin; 6 willow varieties: Tordis, Tora, Ing&ven, Torhild, Jorr)

The objectives were to determine the crop developnamd income levels of the innovative
energy plants in the climatic conditions of the Mfeuntains in comparison to the established energy
plant maize and to analyze the heavy metal uptake.

The four experimental plots are located in the are&reiberg (Weissenborn, Niederbobritzsch,
Colmnitz, Clausnitz) in the eastern Saxon Ore Mainst The areas are located on the edge of the Ore
Mountains, i.e. in 400 to 900 m above sea leveh wipartially steep slope. Due to the height tloavirg
season starts a little later than in the Saxondadisites and thus has a slower warming of thewhith
reduces the earning capacity. The soils are relssaiuia with a high stone content. Due to the sltpmre
is a high risk of erosion.

Results

The cup plant (Silphie), that reed canary grassetaf’Palaton”, giant wheat grass "Szarvasi”, popla
variety "Hybrid 275" and willow variety "Torah" isommitted to results of RekultA growing trials for
cultivation in the Eastern Ore Mountains.

On the fields with Miscanthus a high mechanical ahdmical costs in the year of planting was
necessary to minimize the weeds. After the firsttei 2011/2012 the failure rate of Miscanthus pant
was up to 87%. This meant that the field was wrdppe

The issue of cup plant (Silphie) in the first y@ércultivation was in the low competitive ability
against weeds. Despite mechanical and chemicat plartection measures of the weed pressure was
present (see picture 1 for development detailsg @p plant (Silphie) optimally developed from the
second year of cultivation on the experimental pland had winterkill in the years 2012 and 2013 by
only 2% (by, inter alia, mice damage to the root)e long flowering period of about 8 weeks in Asgu
and September is an ideal bee and insect grazilageisummer, when there is no other agriculturaps
more bloom. The fostering of the cup plant shalkbpt with conventional agricultural technology lsuc
as for maize. The harvest can be done with a chiopfte corn head. At the RekultA - cultivation
experiments the harvest went smoothly with the eotienal technology. The only problem lay in the
crop management operation coordinated so thatrteigg crop is not harvested at the optimum time and
later because the same time held the corn harVhstensiling of cup plant (Silphie) takes placeiras
maize silage, but with the advantage that, evem ity matter content of about 25% no seepage
formation occurs [KTBL, 2012].
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July 201 August 2012 September 2012
Picture 1: Development of perennial cup plant (Bid) on the RekultA-trial areas from 2011 to 2012

The reed canary grass variety "Palaton” and thet giheat grass "Szarvasi" in the year of sowing
had a low germination rate of only about 30% beeaafsslow early growth, but the following year a
dense plant population was present without weeks.gfasses were harvested twice a year as a fekdsto
for biogas production (see picture 2).

Reed Canary Grass ,Paa“ Giant Wheat Grass Giant Wheat Grass ,Szarvasi”
May 2011 LSzarvasi* June 2012 September 2013

Picture 2: Development of Red Carnary Grass “Patdt@nd Giant Wheat Grass “Szarvasi” on the

RekultA-trial areas

In particular, 2012, the first year of harvest qlants (Silphie) and reed canary grass "Palaton”
both cultures remained well below the corn valudhen checking cup plant (Silphie) this must be
explained primarily by the fact, since the planpplation was still in the development phase as agby
the partial strong weed pressure, during the spdiegelopment. For some reed canary grass also the
reasoning of the first harvest year are valid, dagecially the culture was harvested only onceybés.

In Szarvasi - grass population that was planted0bh2, shows the significant influence on a two-time
harvest on the total dry mass harvest. This cultorees close almost to the low maize yields in 2013
crop year 2013 achieved both the cup plant (Si)phgewell as the reed-grass "Palaton" significantly
higher dry matter yields at all trial sites. Thepgolant (Silphie) had at this season about a tlss
income compared to the average corn yields. Aled anary grass was found in the experiment in 2013
significantly more profitable than in the first yeaspecially since made two cuts. Income of thellef

low corn yields were achieved, while an income whtained from average corn yields on another trial
site. See figure 8 for an overview of the yieldeath single crop.
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Figure 8: Overview of the dry matter yield in t -1 compared to regional maize yields (RGG
Palaton is the grown reed canary grass variety ‘@ah")

For an investigation of heavy metal uptake, a saihple to vegetation beginning of the year and
soil and plant samples at the harvest of the réispeenergy crop were analyzed by aqua regia extrac
dissolution and ammonium nitrate dissolution. le #oil samples, the limits for arable land from the
Federal Soil Protection and Contaminated Sitesr@rdie were undercut in all samples. In the energy
crops, in particular through the cup plant (Silptaed reed canary grass, low heavy metal conteate w
found. Only a small number of samples exceededetbe limit for cadmium. Looking at the differences
between the sites, there is no evidence of a teaasprelation between the contents in the soil thed
contents in the plants.

This has also been observed in other studies. Ampagrt of the total content of a heavy metal in
agricultural products can also be caused by comt@tinn with adhering soil.

Conclusions

Energy plants offer the highest potential for begaoduction in Germany. To address the partially
justified criticism regarding silage maize in thebpic and professionals are required alternativergyn
crops for cultivation. Advantages of the varietynefv energy plants are extensive farming and eaabg
aspects (bloom especially in the summer monthspmBss for biogas must be effective and
environmentally friendly produced. Ensure that tienate balance, especially the greenhouse gas
emissions of biogas production can be significamigroved.

Through a detailed study of the potential of biosnasd the relevant actors in Saxony and in the
Czech Republic possible project and approachesdifferent biomass value chains (e.g. power
plant => biogas; Woody Biomass => combustion) damiified. In the coming years, an implementation
is the plan.
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Ruminant feed production from cellulose biomass adped ammonia
stripping from digested slurry of thermophilic biogas plant

TAKAHASHI, J.
Obihiro University of Agriculture and Veterinary Mieine, Obihiro, Japan
junichi@obihiro.ac.jp

So far, livestock manures have been recycled aposnor liquid fertilizer which is digested sluroy
anaerobic biogas fermentation (Ellegaard, 2002yebent years, however, the surface or underground
water has been polluted by the excess nitrogehdrcompost or liquid fertilizer. In consequenceghhi
nitrate in the hydrosphere and nitrous oxide inadtreosphere are current important environmentakiss

to be solved (Shoun, et al., 1989; Goolsby, etl#97) . Therefore, the retrieval of excess nitrogs
ammonia from livestock wastes is presumable torteeas the solution (O’Farrrell, et al.,1972; Alitl et

al., 2012; Xia, et al., 2012). In the thermoph{&5°C) biogas plant, the greater portion of nitrogenous
malodor constituents might be degraded to ammaevtigreas sulfur compounds will be discomposed to
hydrogen sulfide. Thus, thermophilic biogas systeas a great advantage to retrieve ammonia gas as
a preprocessing procedure of livestock wastes ([adtd, 2007; 2010). Ammonia retrieved with
ammonia stripping from effluent (digested slurrftleermophilic biogas plant was treated to wheatvet
after organic desulfurization to improve feedindueaof wheat straw. The nutritive value of TMR
composed ammonia treated wheat straw comparedafalyowith control TMR with hay as forage.

Ammonolysis and ammonia stripping apparatus

Desulfurizatic

Filtration systm

X
e k! :
%3«« = 3J
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NH3; monitoring

Ventilation Pump Washing Drawing pump
fan Recycling blower digested slurry

pump
Figure 1: Ammonia stripping apparatus

Fig. 1 shows the complexed facility of the benchlsmlant for ammonia stripping apparatus.
Mechanism of ammonolysis reaction to soft-cellulbdemass with ammonia is presumed to degrade
B1,6-glycoside bond and amide bond in the site gfa#ation or chemical substitution of hydroxyl goou
in the second portion of carbon in glucose to amiirogen content (crude protein content) hereéy c
be increased in the cellulose biomass. Especitiky, former reaction will assist to soften the fiber
fraction of cellulose biomass due to inducing @érdiegradation of cellulose. In consequence, feddev
of cellulose biomass will be improved by ammonéatment with ammonia stripping.

Chemical composition of digested slurry from thermghilic biogas plant and characteristics of
ammonia stripping

Table 1 shows chemical composition of the digesledy. NH;-N content in the digested slurry was
1100-1600 mg/l. Ammonia amount collected with amiagstripping decrease in summer season due to
declining the excreta amount put into biogas pfantthe summer grazing. Fig. 2-1 and 2-2 shows the
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characteristics of ammonia stripping. Thermophidiogas plant has advantage in ammonia stripping,
because ammonia stripping depends on pH and tetapera

Table 1: The composition of digested slurry intthermophilic biogasplant

ltem 1st 2nd 3rd 4th Analytical method
pH 7.8 7.8 8.1 8.0 Glass electrode method
TS (%) 6.5 5.7 8.8 7.1 JIS-K-9111-2
VTS (%) 5.3 4.5 6.0 5.8 600t+25°C Ignition loss method
CODcr (mg/l) 18,700 59,000 58,000 62,000 JISA02-20
BOD  (mg/l) 210 7,300 7,500 7,100 JIS-K-0102-21
T-N (mgll) 2,700 2,600 3,100 3,000 JIS-K-04®
NH;-N  (mg/l) 1,100 1,600 1,400 1,600 JIS-K-0102-42
P,0s  (mgl/l) 1,100 1,400 1,400 1,500 JIS-K-0102-46
K,0 (mg/l) 3,300 3,700 3,600 3,900 Atomic apsion spectrophotometry
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Figure 2-1: Ammonia stripping depending on tempamt
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Figure 2-2: Relationship between ammonia conceittneand pH in ammonia stripping

Removal effect of ammonia stripping on odorous comgnents in the influent and the ammonia
treatment of wheat straw
Table 2 shows characteristics of odorous compoantbval, and Table 3 shows the results of ammonia
treatment of wheat straw. There were no contantinatdf sulfurous odorous compounds detected in the
stripped ammonia gas after passage through deedotwer. It was not necessary to deodorize for
ammonia stripping in the digested slurry of therhitip biogas plant.
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Table 2: Removal effect of ammonia stripping onrods components in the influent with alkaline
biological deodorizing method (ppm)

Constituents Before deodorizing tower After deotiog tower
NH3 <500 <450

H2S <50 -

MeSH <5 -

DSH - -

DMDS - -

Skatole - -

Table 3 Ammonia treated wheat straw with ammomipEhg

Constituents Control Treatment 1 Treatment 2 Ancdytmethod
Crude protein 4.8 5.2 6.3 Kjeldahl method
Crude fat 0.8 0.8 0.8 Soxhlet method
Crude fiber 37.6 41.9 42.8 Gravimetric method
Lignin 9.3 8.5 8.7 P.J.Van Soest method
Cellulose 49.8 47.2 45.1 P.J.Van Soest method
Hemicellulose 12.4 18.1 19.1 P.J.Van Soest method
Sugar content 13.7 10.5 11.9 Saccharimeter

Treatment 1: wheat straw 15g: ammonia 0.65g; Treain®: wheat straw 15g: ammonia 1.10g

Feeding value of ammonia treated wheat straw withramonia stripping
Feed value was accessed according>tet4.atin square designed digestion. nitrogen balamceenergy
metabolism trials with rumen fisturated wetherseaperimental animals. Ammonia treated wheat straw

was examined as TMR mixed with concentrate mixtdoesdairy cow at in addition to sole feed as
follows,

1) Crain grass hay

2) Ammonia treated wheat straw

3) TMR-1: crain grass hay + concentrate mixturex{ng ratio, 6:4 in ADM basis)

4) TMR-2: ammonia treated wheat straw + concentrateéure (mixing ratio, 6:4 in air dry matter
(ADM) basis)

Table 4 shows DM intake and digestibility in eagperimental feed. In the aspect of feed quality,
examined ammonia treated wheat straw with ammotmippgg was a mixture of wheat straw with
ammonia stripping in summer grazing and wheat stwath winter feeding in barn. The efficacy of
ammonia stripping was relatively low due to instiffincy of wastes collected for anaerobic fermenitati
i. e.,lack of ammonia stripping. Consequently, dry maiavl) and organic matter (OM) intake and OM
digestibility in ammonia treated wheat straw wagngicantly lower than those in crain grass hay,
compared to sole feed. However, there were nofsigni differences between TMR-1 and TMR-2.

Table 4: DM intake and digestibility of experimdrfeds

Crain grass hay Ammonia treated TMR-1 TMR-2
wheat straw

DM intake (g/d) 910a 474b 1002a 929a
Digestibility (%)
DM 54.8b 38.6¢ 63.7a 60.7ab
OM 55.4b 39.3c 64.8a 62.5a
NDF 56.0a 42.4b 54.1a 44.4b
ADF 49.9 42.1 50.7 40.3
CP 68.8ab 50.7b 79.7a 74.6b

Different superscripts in the same low indicdagmgicant difference (P<0.05)
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Conclusion

The system configuration of present study considtgproducing renewable energy from anaerobic
fermentation of livestock wastes and recycling mh@onia in the digested slurry with ammonia strigpin
Consequently, nitrogen content in the slurry asqaid fertilizer can be optimized. The retrieved
ammonia with ammonia stripping will be applicaldarmprove feeding value of cellulose biomass.
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Biogas Production Potential of Selected Grass SpesiUsed to Restore
Grasslands
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Abstract
The most important factor for the successful dgwelent of biogas production from grassland is the
knowledge of the specific yield of biogas (methaae) the potential of the biomass and methanegield
per hectare for different species and varietiegraés. On the whole, it has been tested 23 vaiatie
10 species of grasses in an exact small-plot fi@tiwith four replications. The contribution dfis paper
is to evaluate the yield potential of biomass am& ¢orresponding production potential of biogas and
methane in the three-year average. The specifld gitbiogas and methane from the grasses has been
determined by a batch process in experiments wghfollowing process parameters: a temperature of
37 °C: a stirring mode of 15 minutes every 2 hoarmtal residence time of 49 days; a reactor veloi
3 I. The obtained results of biogas and methané&gi®ary within a relatively wide range from
370-480 Nm of biogas per tonne of dry matter, respectivetyrfr200 to 250 Nrhof methane per tonne
of dry matter. The methane concentration rangewh $80-56 %. The average annual yields of dry matter
at analysed grass in an average of three-yeardegioged from 9.3 t per ha for perennial ryegrass t
12.8t per ha for tall oatgrass. The correspondingrage annual yields per hectare of methane ranged
from 2054 Nriper ha for perennial ryegrass to 3152 Nmar ha for tall oatgrass. Based on the results, it
is possible to confirm the significant influenceezch grass species on the specific biogas yieldtan
methane vyield per hectare.

Keywords: grass; biomass yield; biogas; specific methanieypotential methane yield.

Introduction

In recent years in developed countries, the intdogsalternative use of grasslands grows, paidylas

a source of raw materials for the production ofrgndrom renewable sources. The grass demand for
biogas production can have positive environmentaiefits due the maintenance and preservation of
perennial grassland, either in terms of carboraggiin the environment, their landscaping featutes,
preservation of quality at groundwater and surfaager, etc. (Rosch et al., 2009; Prochnow et 8092

The perennial grassland can bind about 0.6 t hagrer year. The inclusion of this effect to theddfis

of the used biomethane produced from grass asréselts in a reduction of emissions from internal
combustion engines by 75 % (Korres et al., 2018gr&fore, it is possible biogas production to coeisi

as an important technology for the sustainable afsgrasslands. In addition, biogas production from
grasses such as non-food raw materials and itasisetransport fuel, is considered a second gemerat
biofuel that is suitable according to the Guidediné Renewable Energy sources in EU (EC, 2009, 2012

Material and methods

Field trials Exact small-plot trials were founded after theoneery of perennial grassland (below PGL)
using an assortment of selected grasses at thenstivicko on Fluvisol gleyic soil with neutralilso
reaction (pH/KCI 6.7) in 2008. Preparing for a thpestoration of PGL was made after the first mawin
the application of the herbicide Touchdown Qudtlyphosate) in a dose of 8 | per ha. Subsequently,
there were seeded the selected grasses. The slinegtg was done by HEGE 80 seeder with sowing
device @yjord early in August 2008. The size of thsting area was about 10 mnd the trial was
organized in four replications. The species andetyar(in quotes) assortment of tested grasses was a
follows: 1) Italian ryegrass ,Lubin"; 2) perenniglegrass ,Algol", ,Mustang", ,Jaran", ,Korok” and
»~Jaspis"; 3) Meadow fescue ,Columbus” and ,Prongly’Cocksfoot ,Niva“ and ,Vega"; 5) Tall fescue
.Kora", ,Proba” and ,Protahly"; 6) hybrids of Festloliums (festucoid) ,Felina", ,Rebab” and ,Fojtan
", 7) hybrids of Festucololiums (loloid) ,Caves'L.qgfa” and ,Perseus"; 8) Timothy ,Bobr* and ,Sobol*;
9) Tall oat grass ,Median”; 10) Golden oat gras®zRovsky". Overall the tested collection is commbse
of 23 varieties of 10 species of grasses.

The trial with an assortment of grasses was cawigdn four mowings. The®lcut took place at
the end of May, the", 3%and 4" cut every 45 days from the previous one. The wdske of Nitrogen
fertilizer was 180 kg per hectare, the nitrogenliapfon was running at a system of partial doses
60-60-60 (spring, after the first and second ca$ingle spring fertilization of P and K was atase of
35 kg per hectare and respectively 100 kg per heclcdhe measured results were statistically andlyze
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and differences between means were tested using\VMNO(Fisher's LSD — the least significant
difference at a significance level @f o).

Laboratory testsl aboratory experiments were conducted on a bifigason unit of 48 per 3-liter
glass anaerobic fermenters (reactors) hot up abphdic temperature of 37 £ 1 °C, stirred for 15nties
every two hours. The testing of potential biogasdpiction and methane was carried out in accordance
with the methodology VDI 4630 (Anonymous, 2006)eTihput ratio of sample organic dry matter to the
inoculum was about 3:10. The inoculum was digedtata operating biogas plant, which handles animal
manure, corn silage and silage forage at ratidofia40:40:20. Data from experimental measurement o
biogas production were recorded usually once a alahe time of highest intensity of biogas proérct
several times a day. Qualitative biogas analysis merformed with the specialized biogas analyzer
.Biogas Check Analyser” from the renowned manufemtu,Geotechnical Instruments” (UK), the
measurement accuracy was checked using a gas dogragzh with a TCD detector. The total duration
of the experimental fermentation was uniformly aet49 days (7 weeks). This is sufficient time to
provide the intensive phase of biogas productioallaested substrates. In many cases, the praguofi
biogas was not completely stopped after a specifis®, which is associated with a progressive
fermentation of hardly degradable biomass companesitich as cellulose and hemicellulose. The
intensive phase of biogas usually lasted 2-4 weétks the delay phase (lag — phase), which usteadik
place in about 1-5 days.

Results and discussion

The results of the production potential of seledsabks species used for restoration of grasslaterins

of aboveground phytomass dry matter yield and tireesponding production of methane as the main
component of biogas in an average three-year pariedummarized in Table 1, and are divided for the
first cut and for the total annual production dfifeuts.

Table 1: Phytomass dry matter yields, methane yaeldl the corresponding values of the potentialdyiel
of methane according to the particular tested grgmscies on three-year period average (2009-2011)

Grass species Number | Annual averag’ey_ield of biomass| Specific methane F_’otential annua|
of dry matter in t per ha yield (Nnt per t of| yield of methane
varieties | 2009 | 2010 2011 Average dry matter) (Nmper ha)
Tall oat grass 1 15,4 | 11,7| 11,20 12,8 247 3152
Italian ryegrass 1 17,4 | 8,82 - 132 237 3108
Tall fescue 1 17,5 | 11,1 9,60 12,7 239 3045
Timothy 2 17,1 | 12,1 9,40 12,9 227 2924
Cocksfoot 2 16,4 | 11,1| 10,00 12,5 230 2873
Festucololium (festucoid) 4 16,1 | 10,8| 8,70 11,8 228 2700
Festucololium (loloid) 3 18,3 | 10,6| 5,90 11,6 222 2577
Meadow fescue 3 15,6 | 9,59| 7,00 10,7 214 2293
Perennial ryegrass 5 15,2 | 8,47| 4,20 9,3 233 2162
Golden oat grass 1 14,1 | 10,7| 6,00 10,3 200 2054
3 LSDy 05 3,82 | 2,74/ 1,97 2,16 19 376

Notes:%in the case of variety number greater than 1 thiari average of all varieti€swo-year average (dropped in
the third year of growthjFisher's LSD - least significant difference at grsficance level ofa® %

The production potential is given in dry mattertmdmass. The yield fluctuations in particular
grasses was influenced by grass species and wasttierns. For example, Italian ryegrass droppéd ou
after the second harvest year, so there are lsstethges for the two-year period. Also, the praducdf
perennial ryegrass decreased significantly dutiregthree-year period. Its yield on average of betiais
in 2011 was already the half in 2010 and 1/3rd4tHLcompared to the first production year, when it
reached a respectable 15.2 t per ha of biomassndtier. The average annual yields of dry matter in
tested grass in an average three-year period rdnged.3 t per ha for perennial ryegrass to 12 8rtha
for tall oatgrass. The average range of individeesdrs was even greater - from 4.2 t per ha of bésma
dry matter in perennial ryegrass in the third paiun year to 18.3 t per ha of biomass dry matter i
hybrids Festucololium (loloid) in the first prodiar year.

The obtained results of specific methane yieldh&srhain component of biogas is of relatively
wide range from 370-480 Nhof biogas per tonne of dry matter, respectivel§ 80250 Nrii of methane
per tonne of dry matter. The methane concentrattmged from 50-56%. The corresponding average
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annual yields per hectare of methane ranged frosd 20T per ha in perennial ryegrass to 3152 in tall
oatgrass.

The second highest potential methane yield peranediad Italian ryegrass (3108 Riper ha),
although in this case it is only a two-year averagh regard to the fact that this plant is biethnlia third
place is tall fescue with a value of 3045 Naof methane per 1 ha. This crop with regard tdeigendary
endurance (up to 30 years) is considered one ofnth& promising grasses for biogas production needs
Least significant difference at a significance laugsfrom a three-year annual production average of dry
biomass was 2.16 t of dry matter per 1 ha and ¢hheesponding annual production average of methane
about 456 Nrhof methane per ha. It follows that in many cadesyields of biomass dry matter and the
corresponding methane production at tested setasEgpecies and varieties are statistically sagnif at
the level of probability R o5

From the results is evident that surrender thedsghields of biomass dry matter correlate with
the highest values of specific methane yield irgh® For example, Timothy had the highest three-yea
average yield of biomass dry matter (when not dagrthe two-year average of Italian ryegrass),diso
one of the lowest biogas and methane yields (shyeate with a value of 227 Nrof methane yield per
t of dry matter). The grass species in the taldesarted in a decreasing sequence of a potentéd-fear
annual yield average of methane per 1 ha (i.eqrdatg to the last column).

Finally, it is possible to submit that the testedsges represent not only the basis of clover-grass
mixtures for grassland restoration and supplemgngawing of PGL for forage utilization with high
phytomass yields, but as the results show, therggaod opportunities for biogas plants becausaaif t
potential biogas (methane) production are ablesitain soil-climatic conditions closer to silagertahe
potential methane yield reached in the Czech Réptlald an average of about 3000-5000°ger ha.
The main advantage of growing grass instead of tmrbiogas is the soil reclamation and the effeti
protection against erosion.

Based on the results, it is confirmed the significefluence of particular grass species on the
specific yield and hectare yield of biogas and raeéh which makes the research on the differences at
grass species and variety in terms of the poteofiddiogas production and methane, a very current
problem.

Dedication: This paper is based on the results of researcleggeoMZE RO0414 (Ministry of
Agriculture) and TA02021257 (Technology Agency lod Czech Republic).
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Non-traditional Crops Prospective for Biogas Prodution

USTAK, S'; MUNOZ, J%; NOVAK, K'; USTAKOVA, M'; JAMBOR, \/
1)Vyzkumny astav rostlinné vyroby, v.v.i. (CropdResh Institute), Prague,
The Czech Republic. 2)NutriVet Ltd, The Czech Repub

Introduction

In the Czech Republic (CzR) was according to thaisdical data to 1.1.2013 in operation about
481 biogas plants (BGP) with a total installed ciyaof 363.24 MW and 1,406 GWh of electricity
production. The proportion of biogas in the renelamergy sources reached about 16 %. Of the total
number of BGP, the overwhelming majority (about%) of agricultural biogas plants use primarily as
raw material livestock manure and crop biomassrdtbee, the current issue for Czech agriculturhés
selection and verification for cultivation and useconventional and non-traditional crops suitatue
biogas production. The largest expansion to achibeee purposes has been the cultivation and use of
maize, whose advantage is its high productivity amtanding quality in terms of silage, which make
most suitable conventional crop for biogasificati@m the other hand, the intensive maize cultivate

a crop is expensive and represents a significaihtesosion risk, especially on sloping soils. Fbist
reason, the maize in the CzR with regard to thallyshigh broken country has significant limitatsm
cultivation. For an effective protection againsil gwosion and degradation, the most appropriatéceh
seems to be growing perennial crops, which not ogdigices the risk of soil erosion, but also redulces
total financial costs of cultivation. Therefore,idt recently a growing interest in testing and pcat¢
application for biogas production of new, mainlynrtoaditional perennial crops, to which is directbd
presented solutions as well.

Objects and developing methods

The crop selection for testing was oriented to desortment of contrasting botanical species (gsasse
legumes, herbage), which have high-production ardte perennial vegetation. There was selected the
following range of plants:

1. Tree Lavatera Lavatera thuringiacd..

2. Jerusalem artichoke Helianthus tuberosuk.

3. Topisunflower Helianthus tuberosus.x Helianthus annuuks.

4. Fodder hybrid dock Rumex patientid. x Rumex tianschanicés Los.
5. Cup-plant Cup-plant perfoliatunt..

6. Czech giant knotweed Reynoutria x bohemic&hrtek & Chrtkova

7. Eastern goat's rue Galega orientalid.amh.

8. Alfalfa (Lucerne) Medicago sativd..

9. Reed canary grass Phalaris arundinaced..

10. Tall fescue Festuca arundinaceS&chreb.

11. Miscanthus sinensis ,Giganteus” Miscanthus x giganteud. M. Greef & Deuter ex Hodk. & Renvoize
12. Maize Zea mays..

All of these crops (with the exception of maizehgrate perennial vegetation. Although Jerusalem
artichoke and topisunflower are not perennial crdpg in the case of tuber retention in the soibat
appropriate agricultural technology can be easikieved perennial stands of about 8-10 years. The
longest life stands were demonstrated in cup-pladier dock and knotweed (15-20 years and more),
lavatera life reaches from 10 to 12 years and thers, Goat's rue, reed canary grass, tall fesnde a
Miscanthus state about 6-8 years or more. For casgrawas examined maize as a reference crop for
cultivation to biogas and alfalfa as type of poahsilable crop. The total set of crops examinediitail,
including control maize was 12 plants. For all thesops were obtained at least four years datestabo
yields within parcel field trials in four varianté nitrogen fertilization (50, 100 and 150 kg ofgdr 1 ha)
and at a single dose of P and K fertilization @tk§ per ha of fOs and KO). For fertilizing of alfalfa
crop and goat's rue as legumes crops was usef @ hittogen dose.

Yield tests, chemical analyses and fermentatiots tek plants were performed according to the
plant different crops and fertilization variantdl Analyzes and experiments were carried out ileadt
four repetitions. In the case that dry matter dyifiarvest was less than 25 %, such crops wereagesll
in the fresh state and after 24 hours of witheriBgfore ensilaging, crops were all uniformly (same
length of cut) cutting with a forage harvester TANRG90. The Dry Matter ranged from 12 to 34 %,
while wilted dry matter in the range of 18-40 %rrRentation tests for silage were largely carrietitpu
laboratory minisilo with a capacity of 10 litersndling time was according to the normal procedures
uniformly set at 90 days. The basic parametersacharnizing the quality of silages were determingd b
standard laboratory procedures and in accordantteGNS (Czech National Standard) 46 7092.
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The determination of biogasification ability clogdbllowed the experiments with silage, starting
with sample taking and preparing, and ending wile use of ensiling products for subsequent
biogasification tests. Testing was performed in phgtomass of individual crops and without silage,
particularly in research of biogasification diffases in the various stages of plant growth. The
experiments with biogasification were performed amevice 48 - nesting kit gallon glass anaerobic
fermenter (reactors) heated at mesophilic temperaiti 36-38 °C and agitated every hour for 15 min.
The total duration of bio-fermentation test wasfarmly set at 49 days (7 weeks). It is a sufficignte
period, during which occurs the termination of Esgroduction intensive phase at all tested substra
To completely stop of biogas production, in mangasahave not yet occurred, apparently associatid wi
the gradual fermentation of hardly biomass degriedabmponents: cellulose and hemicellulose type.
During the experiments the intensive stage in tlogds production was deducted since the end of
start-up period (the lag phase) lasted usually aBalweeks, then the start-up phase was usuatiytab
1-5 days.The testing of potential biogas production andiaeé was carried out in accordance with
the methodology VDI 4630 (Anonymous, 2006).

Results and discussion

The following graph 1 below characterizes the yiptitential of the above listed non-traditional @op
presenting a four-year average of dry matter yiieldboveground biomass at harvest in a single sthge
mature or maturing seeds (usually in the fall, befthe end of the vegetation), at segmentation of
different fertilizer doses. In addition the cupimlg/ields are also listed in the stage of floweringnen
was the highest. For comparison, here is also stasae reference maize crop from the point of viéw o
biogas production, and that at harvesting for sil@pprox. 32-34% of dry matter).

Maize

Miscanthus

Tall fescue

Reed canary grass
Alfalfa

Eastern goat's rue

Giant knotweed fr—
Cup-plant
Fodder dock
Topisunflower H N3
Jerusalem artichoke N N2
Tree Lavatera N1
0 5 10 15 20 25 30 35

Graph 1: Comparison of aboveground biomass dry enatield of crops in t per ha at different doses of
fertilization, four-year average 2009 — 2012.

The results show that the yield of some testedtplexceeds maize. Above all, these are cup-plant
and knotweed. Earlier research has shown that laestvappears to be as the most productive plant and
related to the plant protection appears as thd B@manding plants suitable for the conditions tef t
temperate climate. Of course, when consideringkti@weed cropping must first take into account its
current role as a weedy invasive plant. Signifiadifferences in yields between the different vatsaof
fertilization at most crops is due to the largefatiénce between nitrogen doses, which is virtually
a multiple of the lowest dose (N 50 - 100 - 1504dtrcrops except legumes, in which the nitorgesedis
25 - 50 - 75). The lowest yields in average of fgear period has been noted in Lavatera. In asegnda
line follow topisunflower, Jerusalem artichoke, @®aue, reed canary grass, tall fescue, alfalfd an
fodder dock - all these are crops with an averaglel at four-year period less than 8 tonnes ofrdatter
per hectare, and that in the variant with the hégHertilization and thus yield (N3). Other crops —
Miscanthus, knotweed, maize and cup-plant with eerage yield for four-year period in variant N3
placed above the threshold of 14 t per ha of dritenaYields of Miscanthus exceeded this limit &
variants of fertilization, including N1 and in N8hieved a remarkable result in range of 26-32 thaeof
dry matter. Since the experiments were carriedim@homutov (except Miscanthus from our Prague
trials), it is in a less favorable soil - climatonditions, therefore maize and alfalfa yields guie lower
than indicated by the statistics and results otiotiesearch centres (e.g. Research Institute fddéto
Crops in Troubsko, see www.vupt.cz). Likewise a@hde assumed too, that other crops have lowatsyiel
here and in better soil - climatic conditions agkidigher yields.
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Generally, it is stated that for biogas productiosa preferable younger stands, on the other hand
younger vegetation contain little dry matter ane trerefore more difficult to harvest and transpanid
are thus less suitable for silage. In the caserphthtter less than 25 %, there are necessaryi@aohlit
agro-technical operations in order to reduce theemeaontent (withering, turning, collection in Isestc.).

It is favorable in terms of minimizing productionsts, to harvest and collect in an "upright posltim

time of maximum allowable dry matter for furtheopessing into biogas. When the dry matter content i
above 40 % (in certain crops and over 30 %) thaliegsprocess is worsened together with the
subsequent decreased biogas production. Therefamst be chosen a suitable compromise between
stand age and, therefore higher phytomass dry magtels on one side and its quality for silageq &me
subsequent biogasification on the other.

The following Graph 2 shows the statistically eledtion of the methane (CHyield average
values as the main component of biogas and thedsmde interval about 95 % of probability from the
summary set of results at the fresh mass of atested crops including the reference maize. Framseh
results, it can be seen that statistically sigaificlower values of methane specific yield compasitth
maize plant have knotweed, Miscanthus and legumbs. other crops are statistically significantly
different, although their average values of,Giitlds are lower compared with maize. These resukl in
good relation with German database of methane yiefddifferent traditional and non-traditional ceop
(Anonymous, 2009).

Maize : ! : = m—
Miscanthus ] | | I‘—+H
Tall fescue ‘ | | e e I
Reed canary grass ] | | | | .‘__%¢
Alfalfa ] | | | | ]
Eastern goat's rue ] | | | | e
Giant knotweed | | »—‘—‘%%
Cup-plant ] | | | i
Fodder dock | | | | | =
Topisunflower | | | | | e M
Jerusalem artichoke | | | | I
Tree Lavatera ] 1 1 1 1 ———
0 50 100 150 200 250 300 350
Methane, Nm®/ t DM

Graph 2: Average values and average confidenceviat€0.05) of methane yield in * Nrper t of dry
matter phytomass at the tested crops (year ave2@(8-2013) Nm?® - here and further - normalized volume
of methane, it is calculated on a dry basis andthealled normal conditions (0 °C and a pressud®df325 Pa).

The next Graph 3 shows the methane yield from sitafggested crops, corresponding to the four-
year average Yields achieved in the experimentdt/iaccording to the basic doses of fertilization i
Nm? of CH, per 1 ha.

Maize
Miscanthus
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Reed canary grass
Alfalfa
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Giant knotweed
Cup-plant
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Graph 3: Methane yield from selected crops caladdn Nni per ha.
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As it is seen from the graphs, the specific biogasduction and specially methane namely
particular crops with exception of knotweed and ddisthus lagging only slightly behind maize (with an
average of -14 %, a range from -5 to - 21 %, arlgl knotweed and Miscanthus have -39 %), but with
regard to the lower yields of most crops compar@th waize, these differences in terms of yield from
1 ha were deepened. Without Miscanthus which Hasies higher yields of biomass than maize inis a
average of -30 % and the minimum value is -61 %u&maize. On the other hand Miscanthus and cup-
plant, especially at the stage of flowering duartore higher phytomass yields surpasses the methane
yield from 1 ha of maize as well.

Another situation appears at the evaluation of pctidn costs during the cultivation of particular
crops to biogas, both in terms of biomass andénctirresponding potential production of methantnén
biogas (Table 1). For the calculation were usedaberage values in terms of a standard technology
acquired during the implementation. It was fourak tvirtually all the tested crops, with the exceptdf
topisunflower, have lower production costs per wifiphytomass dry matter and to 1 Riof methane
than maize. With regard to the lower yield of methagpractically in all crops, the results of the
comparative evaluation at monitored crops slightigroved the maize position in terms of methanédyie
compared with the yield of dry matter, but the @lgposition of particular crops remained the saife.
the costs of methane production from conserved &ssnis included a correction for dry matter losses
during ensiling.

Table 1: Economic and production comparison of ¢h#tivation, harvesting and ensiling of individual
tested plants as the raw material for biogas prdituc

Evaluated crops Phytomass average Total production costs of Specific costs per methane yielg
p yield from 1 ha phytomass in CZK per ha (CZK per Nni CH,)
- . Including . Including
Original Dry . Samphng conservation and | . Sampllng conservation and
wet matter (t) |matter (t) | in the field in the field
storage storage
Maize 40 13 21 380 23797 5.83 6.49
Reed canary grass 26 9 9139 11 588 3.97 5.03
Eastern goat's rue 38 9 6 814 9 235 3.49 4.73
Czech giant knotweed 84 20 11214 13 607 3.05 3.70
Tree Lavatera 22 7 6 749 9224 3.92 5.36
Cup-plant 76 18 11 651 14 044 2.64 3.18
Fooder dock 32 8 8915 11 239 4.40 5.55
Jerusalem artichoke 24 8 10 352 12 795 5.00 6.18
Topisunflower 18 6 9131 11619 6.06 7.72
Alfalfa 35 8,5 6 704 9125 3.43 4.67

Conclusion

In view of the perennial character of non-traditiborops and thus the lower costs of cultivation ba
concluded, that tested crops and especially Miseentcup-plant and knotweed may be a suitable
replacement of maize for biogas production, esfigcia areas with unfavourable soil - climatic and
habitat conditions, and in soils with the risk absion. Most of these crops can be grown for biogas
production only in the so called extensive modés #t lower unit costs per production but alstoater
overall yields per 1 hectare, because the testegscwith the exception of Miscanthus, cup-plant and
knotweed, do not reach the maize productivity. B ather hand, the perennial stand character ensure
soil conservation and erosion control effect otigation. Considering the fact that knotweed haggy

low specific methane production and is consideregad plant, it can be recommended only Miscanthus
and cup-plant as a suitable replacement of maizkiégas production at intensive cultivation.

Keywords: non-traditional crogsbiomass yield; biogas; specific methane yieldteptial methane
yield.

Dedication: This paper is based on the results of researcle@eMZE RO0414 (Czech Ministry of
Agriculture) and NAZV QH91170 (National Agency fAgricultural Research).

Bibliography

Anonymous, 2006. VDI 4630 - Vergarung organischeff€ (German Guideline: Fermentation of
organic materials — Characterisation of the sutestsampling, collection of material data, ferménta
tests). Berlin, Beuth Verlag GmbH.

Anonymous, 2009. Biogas — an introduction. - Faehag Nachwachsende Rohstoffe e.V.
(FNR), Germany, p. 25.

E-mail contactustak@eto.vurv.cz

-120-
Forage Conservation, 2014



Biogas from Feeding Sorrel
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Introduction

The assurance of biomass for biogas plants (bel@®)Hs our mainly based on the cultivation of maize
The results are good, but recently its cultivati@s been restricted, especially on the sloping tarae
not threatened by soil erosion. Therefore, it &klog for other crops such as fodder mallow, songlor
industrial hemp. A good experience are especialth feeding sorrel variety "Schavnat" (the original
name of the variety before registration was "Rui@&x2"), which is mainly known in our country as an
energy crop for the production of dry biomass {iRetva et al., 2006; Wak, 2007), but it has recently
been successfully used for feeding livestock andds, as well (Uak, 2012).

Results and experiences
The feeding sorrel has been cultivated as a higlityuforage for feeding livestock, which correspaio
the data in Table 1.

Table 1: The basic compounds in the sorrel plansdweral sampling dates

Item 25.4. 5.5. 12.5. 20.5. 26.5.
Dry matter (DM) content, % 11.5 8.89 11.3 13.0 12.4
Nitrogenous substances, in % of DM 31.4 23.9 19|18 341 12.0
Fats, in % of DM 1.47 1.87 1.73 1.13 1.18
Fibres, in % of DM 9.52 13.4 17.9 24.5 26.7
Ashes, in % of DM 11.7 11.2 10.0 8.28 8.6
Sugars, in % of DM nd nd 11.4 13.2 11.2

Feeding sorrel contains both high nitrogenous sugsts and sugar content. Therefore, we have
begun to test it for use in BGP (Kara, flaiva, 2008). We have compared the biogas produdimm
sorrel with maize, as it is evident from the resolt the cumulative development based on theseited
crops. From the graphs below, it follows that so@®raph 1) has a similar effect on the biogas
production as maize (Graph 2).

In the case of maize in one of the variants - \aitldition of 80% maize to 10% slurry and 10%
digestate respectively, the biogas production wan dower than the sorrel. Therefore, there are not
concerns that the addition of sorrel to other bissnaould hamper the course of fermentation.

350
Cumulative biogas production - chopped sorrel

—4—100% slurry
——100% digestate
250 ——— 20% slurry + 20% digestate + 60% sorrel

15% slurry + 15% digestate + 70% sorrel
—&— 10% slurry + 10% digestate + 80% sorrel

300 A

200 A

150

Biogas in liters per 1 kg of dry matter

50 4

0 T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Graph 1: Biogas production from chopped feedingedor
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350

Cumulative biogas production - chopped maize

300
——100% slurry
—-100% digestate
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Graph 2: Biogas production from chopped maize

The results of model tests have been directly stdd in the BGP and at the very beginning,
where the correct starting of fermentation is jgaitirly important. The basic substrate for BGP was
made up of three components, each accounting théthhird part: manure, corn silage and haylage from
permanent grassland (below PGL). Adding a third pasorrel to the basic substrate was started ftten
9" day after the launch of BGP so that haylage of R@is replaced. The results from monitoring the
biogas production and BGP power output are giveraiple 2.

Table 2: Biogas production in a new biogas planstairting the fermentation process.

Fermentation | Power outpu Biogas production (fth) Average substrate dosage (t/day)
period (days) (kwh) Average Range from - tg Total of which sorrgl
7"to 8" 110 52 50 - 54 9 -
9"to 10" 150 69.5 69 - 70 9 3
11" to 23° 200 94 80 - 105 11 35
24" to 28" 250 118 108 - 136 12 1.8

The results suggest that the biogas productionttedGP power output continuously increased
from the beginning of sorrel addition (instead af/lage). It follows that the sorrel does not disttiie
fermentation processes, and therefore it can b fos¢hese purposes.

The date assessment thus confirmed the possitilitige feeding sorrel in other processing BGP.
An example may be the large-scale cultivation foowt 75 ha, where this year (2014 ) it is the fourt
year of cultivation. To use sorrel in BGP is thestimnportant the first mowing, which is therefore o
utmost importance. The harvesting is usually in Meaxceptionally early June ), at the stage of full
flowering when the plant reaches the highest weightwell. The assessment to determine the correct
harvest time for the first mowing is very importdogicause it determines the overall yield of theocio
2013, the vegetation was at the first mowing nimanced, healthy growth, reaching a height of @ver
m, see Figure 1. The feeding sorrel at that tinggrtseto age, reducing the water content and nitrogse
substances (NS) and increasing the fiber contelmtthnis appropriate for the use in BGP. The yield o
ensiled biomass of feeding sorrel was at the fitestving on average around 18 t/ha. The harvesting is
provided by the same way and with the same mechtimiz of maize harvesting (Figure 2), which is
another advantage of feeding sorrel, as it is poessary to harvest a special technique.

As well, the way of conserving sorrel biomass ilage is similar to that of corn. The small cut
biomass (Figure 3) is placed in the silos, or él@nthe packed pile", as is apparent also in tigaife 4.

It creates quality silage even without preservatigents, because sorrel has a high sugar contmt (s
Table 1), that proper ensiling reliably ensures.e Tdpood quality of the sorrel silage has been
demonstrated by the fact that after its inclusiarttee other substrates, it was possible to recheeotal
daily "ration" needed for the BGP.
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Figure 3: Detail of chopped sorrel at harvesting Figure 4: So siling for BGP

After the first (main) harvesting sorrel again dopes and creates usually for at least 2 additional
cuts. Its rapid regrowth contributes in particidanry or digestate fertilization. Although it pracks only
basal leaves, but they are also still significaenédit to the overall harvest. For example in 20&3e
harvested 2 additional cuts, with a yield of 1¥hatof silage biomass, so that the total yieldafed in
all three cuts was nearly 30 t/ha. Meanwhile, ifais below the yields of corn, but its advantages i
mainly in the fact that it is a long-term perenrgedp that requires minimal treatment method comxgpar
to corn, so would significantly reduce the prodoctbiomass costs for BGP. Also, sorrel seed psce i
significantly lower compared to corn: usually co4t800 CZK/ha , as a one-time investment, up to 10
years. This means that the cost of the seed ayed®i CZK/ha/year, whereas the price of corn isuabo
2,000 to 3,000 CZK/ha (or more) on an annual basis.

Of course, feeding sorrel can not fully replace ®&P proven corn, but it can usefully
complement it, especially on sloping land and ifdeoregions, where the maize is not very succéssfu
Therefore, it can be assumed that farmers understese benefits over time and will be more use als
for these purposes.

Summary and conclusions

The perennial feeding sorrel Schavnat (Rumex Okv&3 approved in the cultivation of biomass for
biogas plants. It was successfully tested in mosktls and in the BGP. After the addition of sosiklge

in BPS occurred a continuous biogas productiom, féhmentation was reliably carried out. Therefdre,
begins to be cultivated a large area and its imotuim the recipe allows to reduce the total sugistdose.
Feeding sorrel gives a yield of around 30 tonsitith 3 cuts per year. The importance of the finst, c
after which sorrel envelops again, especially whes used slurry or digestate as fertilizers. Fagdin
sorrel reaches lower yields, but it is cheaper tbam production and can be grown on sloping land,
which protects the soil against erosion even il@otegions, where maize is not very successfut Th
harvesting and conservation of feeding sorrel @vigled using standard agricultural equipments.
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Differential of production potential of pasture stands in the protected
area Moravian Karst

VESELY, P.; SKLADANKA, J.
Mendelova univerzita v BeénZen@delska 1, 613 00 Brna(R,
pavel.vesely@mendelu.cz

Introduction
This paper aims to contribute to the evaluatiothefnutritional value and production potential asfure
vegetation in protected landscape areas of thetCRepublic.

Material and Methods
Samples of vegetation were carried out on the pastear the village Sogka. It is located in the
Moravian Karst, in which the can operate draggyicadfure. Choice surface were grazed by a herd of
dairy goats that at the separate surfaces aredotiatoughout the year. Selected areas represented:
 extensive area in the former orchard that is moilifeed (site A),
« grasslands managed with medium intensity (doseoapp0 kg hd N - site B),
« alfalfa-grass stand (site C).

For yields of pasture stand were built at thesessienced areas of 4°nOf these the stands were
removed after reaching ripeness pasture and usddtésmine its nutritional value. After drying dfet
samples at 60 ° C was determined in the laboratongent of fibre, NDF (neutral detergent fibre), RD
(acid detergent fibre), crude protein, fat and 8NONYMOUS 2001). Nonstructural carbohydrates
(NFC) were determined by calculation (NFC = 10@P (% + NDF % + Fat % + Ash %). GE (gross
energy), ME (metabolizable energy), NEL (net enarfjlactation), NEF (net energy for fattening), RDI
(actually digestible crude protein in the smalkesttne) and PDIE (truly digestible crude proteirthe
small intestine) were calculated using regressegpragons (VESELY and ZEMAN, 1995, 1997).

Results and discussion

Yield aboveground phytomass integrates a numbefacbrs - such as habitat conditions , climatic
conditions , the intensity of management of the aitd use a form of grassland. These should refiect
intensity of management of the area , while respgdll integrating factors. About the level ofensity

in the first place decides whether in specific are&grassland prevails productive or non-produectiv
functions. Consequently, there is also a requirerfeanthe quantity of aboveground phytomass yield.
Consequently, there is also a requirement for thanfity of aboveground phytomass vyield. The
requirement to yield aboveground phytomass caneofiXxed, but varies in relation to the amount of
inputs and expected outputs (production and nodymiion), (VESELY, SKLADANKA, HAVLICEK,
2011). Therefore, we focused on the comparison thedsubsequent assessment of the acceptable
variability said inputs and outputs on the areagratsland with different forms and intensity oéuk

will be followed the evaluation of stability of inme, which is directly related to the habitat cdiodis,

and with the form of the use of grasslands. Froendhta collected in the spring of 2007 shows that t
dry matter yield with the intensification inputscieased to 357 and 532%. Quality phytomass does not
always have to integrate with a yield of phytomd&ss. example, in preference to non-productive ofle
grasslands where grazing does not in optimal grgwihase can be increased aboveground biomass
production, but that it is usually accompanied Isharp decline its quality.

One of the most important factors indicating qyadit pastoral communities is the fibre content in
dry matter. In the spring months, the dry mattertent significantly influences their species conifms.
Therefore, on the extensive site (A) with a higbgartion of herbs has seen the lowest contentboé fi
NDF and ADF. The actual increase of the fibre eahbn the pasture stand during grazing goatstis no
the primary problem. Detected fibre content, alttodiuctuated the required nanny goat of 50 kg live
weight (281 g kg DM) (SOMMER et al., 1994) and when milk productigrsignificantly lower, but the
dairy herd is grazing only used as supplementaed.f@he problem may be that with increasing fibre
content leads to adverse developments affectingntitgtional value of these stands, the decline in
digestibility of nutrients and thus the decrease doncentration of energy (CE). This trend was
confirmed in the collected vegetation. Developmeéntthe content of CP, PDIE and PDIN was not so
Clear.

However, despite all the differences in the nuinil value of stands, nutrient and energy yield per
unit area most significantly influenced dry matyeld per unit area. Production of nitrogenous ieutis
(CP, and PDIN, PDIE) with increasing intensity famm stands increased to 283-357% or 547-607%.
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Production of non-structural carbohydrate (NFGphigeased to 324 and 433%, and the energy (NEL and
NEV) to 335-339% and 496-504%.

Conclusion

When evaluating the nutritional value and produttimtential of pasture stands in protected landscap
areas of the Czech Republic it is necessary to lamwespect the specifics of these sites. Thisldhe
assessed when implementing grazing managemenese thabitats and / or the calculation of financial
compensation for farmers who operate in these areas

The content of nutrients and energy in pasturedstand yield of biomass per ha (®ad& 7.6.2007)

Factor Unit Site
A B C
Dry matter green forage g/kg 310,9 361,8 295,1
yield kg/ha 655 2336 3487
yield — index % 100 357 532
Crude fibre content in dry matter | g/kg 254,3 281,3 294,2
yield kg/ha 166,57 657,12 1025,88
NDF content in dry matter | g/kg 547,4 610,6 584,0
yield kg/ha 358,55 1426,36 1910,88
ADF content in dry matter | g/kg 319,7 327,1 336,6
yield kg/ha 209,40 764,10 1173,72
Crude protein  content in dry matter | g/kg 115,8 91,8 132,1
yield kg/ha 75,85 214,44 460,63
yield — index % 100 283 607
PDIN content in dry matter | g/kg 74,80 59,29 85,33
yield kg/ha 48,99 174,73 297,55
yield — index % 100 357 607
PDIE content in dry matter | g/kg 91,34 77,37 93,86
yield kg/ha 59,83 180,74 327,29
yield — index % 100 302 547
NFC content in dry matter | g/kg 223,5 203,0 181,7
yield kg/ha 146,39 474,21 633,59
yield — index % 100 324 433
NEL content in dry matter | MJ/kg 6,13 5,84 5,81
yield KJ/ha 4,02 13,64 20,26
yield — index % 100 339 504
NEF content in dry matter | MJ/kg 6,07 5,70 5,66
yield KJ/ha 3,98 13,32 19,74
yield — index % 100 335 496
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Yields and quality of silage maize hybrids grown uder different
climatic conditions

LANG, J% NEDELNIK, J% JAMBOR, V;LOUCKA, R%TRINACTY, J5KUCERA, J%TYROLOVA, Y.
1Zemsdelsky vyzkum, spol. s r.o., TroubskeytriVet, s.r.o., Pohelice,*vyzkumny
Ustav Ziveisné vyroby, v.v.i., PrahdSvaz chovatélceského strakatého skotu, Praha,
The Czech Republic

Introduction

The group of C4 plants (that involves also maizegharacterised by a temperature optimum necessary
for the course of their photosynthesis that ragdesm 28 °C to 32 °C. The group of C3 plants (that
occur predominantly in the temperate climatic zoreguires a temperature optimum that ranges from
18 °C to 23 °C. C4 plants are considered to be mooductive because, under favourable conditions,
both their rate of photosynthesis and productiobiomass are higher by 20 to 50 percent than tbbse
C3 plants. In plants, biomass production is infleezh(and limited) not only by the temperature Hsb a
by many other pedo-climatic factors. The avail&pitif water is one of these important factoran®
respond to the water deficit by a decrease inrdwespiration rate and this decrease is usuallycéssa
with a decrease in the rate of biomass productish) tus, in lower yields. Just in some of thosespaf

the Czech Republic where maize is one of importamps, there is a lack of water because of too high
temperatures and too low precipitations occurrimghie course of the growing season. This papesdeal
with the effect of water deficits on yields and lifyeof silage of some selected maize hybrids.

Materials and methods

In years 2012 and 2013, small-plot experiments witft maize hybrids were established in the logali
Troubsko, Czech Republic (latitude 49.165519 °N #owpitude 16.517477 °E). The aim was to to
evaluate factors influencing their growth. Six ame of these hybrids were grown for silage and for
grain, respectively (Tab. 2). Experiments wereldished in three replications and the inter rowcapa
was 70 cm while the intra row spacing was 15 cnthéncourse of the growing season, altogether 3§50 k
of N was applied in two doses. Evaluated were patars of physiological condition and health statiis
plants. Individual hybrids were harvested with eafie harvester in the same stage of maturity. Tdrgir
matter content was 32 + 2 %. In the course of tsivg, samples of chopped forage were collected and
dried at the temperature of 55 °C. Dry samples wem@ogenised in a laboratory grinding mill (sieve
mesh size 1 mm) and used for the estimation ofecdsitof dry matter, N-substances, sugars, crude, fib
neutral detergent fibore (NDF), and NDF digestigiliSamples were incubated in rumen liquid of dairy
cows for a period of 24 hours. Evaluation of ternapaétes and precipitations (Tab. 1) was performed
using the WMO World Meteorological Organisationfaenmendations and guidelines for the evaluation
of climatological conditions (Koznarova, Klabzub@02). Statistical analysis was performed using the
software package Statistica 10, the method of meei@nalysis (ANOVA P>0.05), and the Tukey's test.

Table 1: Climatologic evaluation of individual mastin years 2012 and 2013

2012 2013
Month Temperature Precipitations Temperature Precipitati
Mean | Evaluation | Sun] Evaluation | Mean| Evaluation | Sum| Evaluation
0.7 1 27.5 0 -1.3 0 21.3 0
February -3.8 -1 5.6 -2 0.4 0 47.5 1
March 6.1 1 1.8 -3 1.0 -1 42.1 1
April 9.5 0 12.1 -2 9.5 0 18.0 -1
May 16.0 1 25.4 -2 13.8 0 105.6 1
June 18.2 1 60.6 0 16.9 0 116.2 1
July 20.4 2 60.0 0 20.8 2 4.8 -3
August 19.7 2 72.4 0 19.3 1 68.8 0
September| 14.5 0 32.1 0 125 -1 48.4 0
October 10.2 1 35.1 0 9.5 0 33.3 0
November 7 2 20.1 -1 5.1 2 21.5 -1
December| -1.8 0 29.9 0 1.7 1 4.1 -3

Point evaluation of monthly temperatures: -1= cold= normal; 1 = warm; 2 = very warm
Point evaluation of monthly precipitations: -3 =texdry; -2 = very dry; -1 =dry; 0 = normal; 1 =wet
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Results and discussion

In 2012, the weather in the locality Troubsko wharacterised by very low precipitations on the one
hand and very high temperatures on the other. 113 28bove all precipitations were higher. The asialy
involved comparisons of mean yields and forageityuaf the whole set of hybrids in both experimant
years as well as comparisons of individual hybrids.

As compared with the year 2013, a lower dry matteid of tested hybrids was recorded in 2012,
obviously due to the precipitation deficit. As f&s the yield of dry matter was concerned, there meas
statistically significant differences among hybridebben, DKC 3795, and Dynamite. In this year, the
content of N-substances was significantly highdr;thee level of hybrids, only Rubben showed an
increased content of N-substances. In 2012, eehigbntent of sugars was found out in the testedfse
hybrids; in hybrids DKC 3795 and Dynamite no stithlly significant differences were found out.
There were no statistically significant differeneéso in the content of fibre. In 2012, the contfiNDF
was generally higher but no significant differeneesre found out at the level of individual hybrids.
2012, the average content of starch was higherwahdn comparing individual hybrids, only values of
the hybrid Rubben were different. In 2012, the didpdlity of organic matter of hybrids was reducéd.
this year, a significant decrease in the organittenaligestibility was observed in grain hybrids OK
3795 and DKC 4014 and in silage hybrids NK Octatl AG 30.311. In this year, also the digestibitfy
NDF of all hybrids was reduced and the responsthe@fgrain hybrid DKC 3795 to the precipitation
deficit was significant.

During the growing season, the course of weathewst an essential effect on yields and quality
of forage and of produced silages. These resulit@gponded with conclusions published by Rani et al
(2013) who studied effects of weather on the grcavtth yields of maize as well as with data published
Cone et al. (2008), Di Marco et al. (2002), Hettale (2012), and Jensen et al (2005) who invetgtiha
the quality of maize hybrids.

Table 2: Yields and silage quality of individuabinigs (years 2012 and 2013)

Dry maater yielg N-substances Sugars Fibre
Hvbrid [t.ha'] [% in dry matter] | [% in dry matter] |[% in dry matter]
yor Year Year Year Year
2012 2013 2012 2013 2012 2013 2012 | 2013
Rubben 12.84 16.73 10.39 8.21 12.13 4.64 19.06 020.B
DKC 3795 10.96 15.83 10.16 8.80 7.50 5.08 23.06 241.
Dynamite 14.89 17.01 8.57 8.87 7.04 451 23.84 0.2
LG 32.64 16.72 18.31 9.13 9.20 15.40 5.46 19.82 .479
Susann 13.04 18.24 8.80 8.53 11.38 4.48 19.07 20J/0
DKC 4014 15.42 21.33 8.66 8.47 8.82 4.05 19.02 120.
NK Octet 13.03 20.71 8.76 7.97 9.73 4.20 19.38 49.1
LG 30.311 | 12.54 22.90 9.26 8.47 10.63 4.26 20.709.071
Mean 13.67 [18.88° [9.22"° [8.56° [10.33° |4.59° 20.43% | 20.03%
SD 0.65 0.88 0.25 0.14 0.96 0.17 0.69 0.27
NDF [% in dry|Starch [% in dry SOH [% in dryl SNDF [% in dry
, matter] matter] matter] matter
Hybrid
Year Year Year Year
2012 2013 |2012 2013 2012 2013 |2012 |2013
Rubben 42.90 44.01 39.48 26.23 73.61 72.55 57.10 .9553
DKC 3795 49.24 45.15 27.19 27.93 60.74 77.56 42.883.50
Dynamite 47.35 43.04 30.42 26.97 71.28 76.11 53.161.40
LG 32.64 43.83 44,17 34.76 32.04 68.43 60.46 51.7%5.01
Susann 46.72 45.48| 30.64 26.53 57.84 64.93 39.75.2944
DKC 4014 43.92 37.63 36.25 37.87 67.54 79.94  48.366.38
NK Octet 43.53 40.05 32.64 33.66 70.15 75.63 50.453.11
LG 30.311 | 4545 | 42.72| 29.08 28.82 67.46 77.23 41.761.03
Mean 4537 |42.79* [32.56° |30.01*® |67.13 [73.0° [49.38 |56.08
SD 0.79 0.95 1.44 1.47 1.88 2.41 2.00 2.16

Different letters indicate statistical differend@aikey HSDg = 0.05).
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Conclusion

A deficit in precipitations caused above all ardase in yields of forage. It also influenced cotgeof
nutritive substances. However, it was not possiblevaluate explicitly the content of nutrients dese
such an evaluation was dependent above all ontgu@adpectations of farmers. A lack of precipitason
showed a negative effect on the digestibility ajanic matter and neutral detergent fibre. Howether,
degree of its effects on yields and quality of §@avas very individual.

Presented results were obtained within the framkwba project dealing with the evaluation of
yields and quality of forage produced by severalzmaybrids. The objective of this research was to
develop a uniform methodology of evaluation of hgbrand to create guidelines that could enable to
consultants, nutritionists, agronomists and farnersvaluate and select individual maize hybrids.

References are available from authors of the erticl
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The impact of grassland management on plant specidsversity at a
mesotrophic site in an eight-year-long experiment

ODSTRIILOVA, V.; KOHOUTEK, A.; KOMAREK, P.; NERUSIL, REMCOVA, P.
Crop Research Institute Prague-RuzyResearch Station Jekb, the Czech Republic

Abstract

This paper is aimed at evaluating the botanical pmsition which changed under different grassland
managements. At J&ko site in the Czech Republic, a long-term smadkplial with tall oatgrass stand
type (Arrhenatherion) was established on permageassland in 2003, consisting of 16 treatments in
4 replications. The intensity of utilisation wa$=[(1st cut until May 15th, 4 cuts per year — cutdsday
interval), 12=(1st cut between 16th and 31st Magu®& per year at 60-day interval), 13=(1st cutnssn

1st and 15th June, 2 cuts per year at 90-day mfleand 14=(1st cut between 16th and 30th June, 1 o
2 cuts per year, second cut after 90 days). Foueldeof fertilizer application were used: FO=no
fertilization, FPK=P30K60NO; FPKN90= P30K60N90, ARKB0=P30K60N180. In total 87 plant
species were identified between 2003 and 2011.rmth composition was above all influenced by
nitrogen fertilization, which supports grass spscd reduces legumes and other forbs. Higher grass
proportion was found in two-cut regimes (13, 14pt A higher diversity of plant species and a more
balanced proportion of functional groups (grassegumes, forbs) were found especially in grassland
without nitrogen fertilization.

Keywords: grasslands, cutting, fertilization, biodiversibgtanical composition

Introduction

Agriculture in the Czech Republic has been consiolgrtransformed after the reforms from the early
1990s which has brought a livestock decrease by 5ind more, which deteriorates management and
utilisation of permanent grasslands (Kohoutkal, 2009). The proportion of extensively utilised
permanent grasslands has recently increased ilCkhaip to 60 — 80 % due to agroenvironmental
measures, leading to a surplus of unfeedable fofdg& from Ministry of Agriculture, Green report
2009). In Switzerland, the law requires that a mimin of 7 % of total area consists of species-rich
meadows and pastures (ecological compensation)asithspostponed first cut until the £5f June in
lowlands and the #5o0f July in mountainous regions (Gujer, 2005). Hoal is to reach about 10 % of
interconnected ecological compensation areas itiz8uand. For utilisation of every further 1 % bkt
extensively managed permanent grasslands in theitG#Ryuld be necessary to increase the livestock
units (LU) numbers by 4000 heads which is not fdaspresently and so a 'vicious circle' arises
(Kohoutek and PozdiSek, 2006).

Materials and methods

The long-term small-plot trial was performed onrpanent grassland at J&ko site between 2003 and
2011. The vegetation on the study site was classdBsArrhenatherion. The experimental site is located
in a moderately warm and moderately wet region(T&aszet al, 2007) with altitude 343 m above sea
level, annual average air temperature 7.4 °C andual average precipitation 545 mm (Tolasal,
2007) given as the average for the years betwe66 48d1995. Soil type was classified as a fluvisol. In
2003 soil conditions were as follows: gkl 6.5, phosphorus (by Egner method) 37 mg' kg
potassium (by Schachtschabel method) 68 mq &gd magnesium 130 mg kgBefore experiment
establishment, grassland had been utilized byeetbut regime without fertilization over decadesoT
factorial design with four levels of each factottiwg and fertilization with all possible combinati, the
total number of treatments being 16, were applidt intensity of utilisation:{£(1% cut until May 1%,

4 cuts per year — cuts at 45 day interval(1* cut between I6and 3% May, 3 cuts per year at 60 day
interval), k=(1% cut between SLand 1%' June, 2 cuts per year at 90 day interval) an¢lf' cut between
16" and 38 June, 1 or 2 cuts per year, second cut after 98)d&our levels of fertilizer application:
F0:n0 fertilization, FPKzgoKeoNo; FPK’\boz P30K60+N90, FPKngo = P30K60+N180. PhOSphorUS was
applied as superphosphate and potassium as patiasargl nitrogen as calcium ammonium nitrate. The
trial was set up in small plots with an area of mf arranged as a randomized block design with
4 replications. Botanical composition of vegetatimas assessed as projektive dominance (cover) in
every year and up to four times (because of uptn €uttings) per year. The botanical compositibn
vegetation was recorded as proportion of planttfanal groups (grasses, legumes, forbs) and nuaiber
vascular plant species. The contribution evalugtesnumber of detected plant species per treatment
(annual value contains all of the plant speciesaet! up to four cuts per year and 1%) end the effect

of the treatments on the proportion of the plamicfional groups averaged of over the years. Thatees
were statistically analysed with a two-factor as#yof variance (ANOVA).
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Results and discussion

The results of variance analysis (Tab. 1) show ititansity of utilisation and rate of fertilizatidrighly
significantly influence the proportion of grassesl &egumes as well as the number of plant spegiteei
grassland. The proportion of forbs is highly sigrhtly influenced only by the rate of fertilizaticas
well as legumes by interaction A x B.

Table 1: Analysis of variance of evaluated featum®portion of grasses, legumes and forbs in % and
plant species number as no/1)m

Evaluated
feature

Source variability df  Grasses Legumes Forbs Plant species number

SS Fest SS et SS R SS et
A (cuts) 3 1187 ok 272 * 239 NS 1002 o
B (fertilization) 3 13268 bl 748 * 7383  ** 412 >
AxB 9 419 NS 208 b 141 NS 30 NS
Total 63 20185 1550 11972 1697

Ftest — Fisher test; SS — sum of squares; df —egegf freedom; ** - statistically highly significa(P0,01); NS - statistically non-
significant

The effect of utilisation intensity and fertilizati on the composition of functional groups and
number of plant species is presented in Figurenthé average of years 2003 — 2011 grass proportion
highly significantly increased from 4-cut utilisai (11=64 %) towards two-cut utilisation (14=75 %)so
progressive N fertilization increased grass prdaporfrom 55 % in the unfertilized control (FO) t@ 86
at the nitrogen rate of 180 kg ha-1 (FPKN180). Witbreasing grasses proportion in the sward, the
proportion of legumes and forbs decreased from f€8p. 26 % in 4-cut utilisation (I11) to 2 % (highly
significantly) resp. 22 % in extensive two-cut istition (I14) (Figure 1). Increasing N fertilizati@tso
decreased the share of legumes and forbs highhyfisantly from 6 % resp. 37 % (FO) to 0.3 % resp.
11 % (FPKN180).

Between 2003 and 2011 altogether 87 plant specire vdentified. In the extensive two-cut
utilisation lower number of species (18) was deteeth in comparison with the intensive 4-cut utiliesa
(28). The highest number of species was recordeplais without (24) or with low (FPK) fertilization
(24). A higher rate of N fertilization (180 kg ha-decreased the number of plant species down to 18.
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Figure 1: The effect of utilisation intensity arettflization level on the proportion of grassegyuenes,
forbs and number of plant species in permanentsiaasl

Two cut utilisation and increasing N fertilizatipnomoted development and competitive ability of
grasses, especially Arhhenatherum elatius and Dagigmerata, which reduced proportion and number
of the other plants. These findings break the ntlgttt an extensive two cut utilisation of grasslarsds
a way towards higher diversity of grasslands. Recegearch in the CR shows that the optimum exient
extensively managed permanent grasslands, cutdrJarie and utilised for cattle (dairy and beef gows
during interlactation period, should not exceedd 6f a managed area (Kohoutek and PozdiSek, 2006).
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Conclusion

The attained results demonstrate that more frequetiing systems (3-4 cuts) and extensive cattle
management (decrease density LU per ha agricultanal by 50 % and more) are optimum from an
agricultural and ecological point of view and alsam the viewpoint of grassland diversity.
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Mendel University in Brno, Department of Animal fitidn and Forage Production,
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Introduction
Technology of conserving crimpled or coarsely gburigh-moisture corn has found a number of
applications. Many authors studied the issue ofugdocorn conservation e.g. KUNG et al., 2004;
TAYLOR and KUNG, 2002; SCHAEFER et al., 1989; MLYR4and RACAKOVA, 2004; HOFFMAN
and MUCK, 2004; FELLNER et al. 2001; BIRO et alQ0® and many others. For this conservation
technology, the use is recommended of chemicalezwation preparations based on organic acids, esp.
formic, propionic, benzoic acids and their ammonisaits, applied in dependence on dry matter content
within a range from 4-5 I'tof the ensiled matter, or the use of biologicakcimants (MIKYSKA, 2001).
The principle of the effect of these chemical pratians consists in the reduction of pH value ali as
in the reduction of undesirable microflora of epjifds and development of their products. PETTERSON
(1998) claims that an addition of formic acid catitase starch hydrolysis in the rumen of animals.
Apart from the recommended content of moisture lig85-54%), also a full dose of conservation agen
is important for high-quality fermentation. Suitabhicrobial inoculants can be used for the congienva
of mechanically treated high-moisture ground camirg too (BIRO et al., 2009). Those usually camtai
in addition to homofermentative strains of the bdat of lactic fermentation — also some
heterofermentative strains suchLasuchneri, Propionibacterium freudenreickpp shermaniand other
necessary to enhance the aerobic stability (DOLE2ARI., 2002; HARRISON et al., 1999; FILYA et
al., 1999; MAYRHUBER et al., 1999 and others). Effect of the inoculation of ensiled high-moisture
corn grain on the fermentation characteristics wtglied also by RUST and YOKOYAMA (1992),
WARDYNSKI et al. (1993), KUNG et al. (2004) and etb.

The aim of this work was to evaluate the effecttlud addition of microbial inoculants and
chemical preparations on the quality of the ferragoh process in high-moisture crushed maize grain
ensiled in model conditions.

Materials and Methods

In our model experiment, we used coarsely grougdh-nioisture corn grain, which was treated in the
cylindrical crusher Romill CP1 Simple with an outfd up to 20 t/hour. The corn was harvested by the
combine harvester at a stage of dough ripenessanitiverage dry matter content of 691.4 g.Kthree
groups were included in the experiment as followgreated control-K as a negative control, ino@adat
silage-A and chemically treated variants-B, C and Be treatment of the ground corn was homogeneous
in all experimental variants. The chemical prepamai{B) was based on organic acids (formic acid,
propionic acid and ammonium formate) and the chamjmreparation (C) contained ammonium
propionate in addition. Both conserving preparatiorere applied at 4.5 I/t of grain. The last cleahi
additive (D) was urea applied at 4 kg/t of graim ihoculate the crimpled corn grain, we used the
bacterial inoculant (A), the active substance oficwhincluded the following bacteria strains:
Lactobacillus plantarum, Lactobacillus casei, Empocus faecium, Pediococcus acidilactiand
Lactobacillus buchneriThe converted application dose of water-solubleihant was 2 g/t. The treated
corn was ensiled in the laboratories of Mendel @rsity in Brno into special experimental containers
each of 9 | in volume at an average weight of 7&g8, which were then anaerobically sealed and
stored at a room temperature of 20-25 °C. The esdlagere opened after six months of storage and
samples were taken from each treatment (variamtpfoanalysis. Each silage treatment (variant) was
evaluated in three repetitions. The obtained dateevetatistically processed in MS Office Excel and
STATISTICA CZ programmes. In the evaluation, we digme-factor analysis, and the significance of
differences was tested by using Scheffe test mgréfisance level of P<0.05.

Results and Discussion

Aggregative indicators of the effect of ensilinglaives added to the mechanically treated high-tooés
corn are presented in Tab. 1. It follows from thsults that the individual preservatives have fediht
effect on the studied indicators of the fermentafioocess, namely on pH value, lactic acid cortefy,
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titrable acidity (TA), ratio of fermentation acidsA:VFA) and ethanol content. The evaluation of the
effect of added urea showed that the ammonizedesikexhibited statistically significantly higher
(P<0.05) not only the content of dry matter (728.68 g/kg) and a higher pH (4.74+0.054) but at the
same time the highest content of total fermentadicids in the silage dry matter (18.92+3.884 g/kg)D

In this particular silage, we also detected théndsgg contents of ammonium (1.62 +0.821 g/kg DM) and
ethanol (2.27+0.821 g|/kg DM). The higher pH vainehe ammonized silage is in line with the higher
level of ammonium in this silage. The level of ammiaoin the model control silage of mechanically
treated corn grain is in agreement with the resoitsther authors, too (PAJTAS, BIRO et al., 2004;
BIRO, JURACEK et al., 2004). The lowest content of ammonia watected in the inoculated silage
(0.53+0.076 g/kg DM), which is again in line withet results of other authors (BIRO et al., 2009 Th
theoretical assumption of higher ethanol formafiomthe untreated control silage (K) was corrobatate
By contrast, the content of alcohol in the inocedasilage (A) does not correspond with the findarfig
WARDYNSKI et al. (1993), who detected in their exp®ent a statistically significantly higher
(P<0.05) content of alcohol in experimental inocutlages as compared with the untreated control
variant. The development of alcohol as a minor faration product in silages is connected with the
factor of higher dry matter content in the ensitaalter, signalling at the same time that the prdgetic
fermentation could be limited (DRIEHUIS et al., 299In the case of ammonized silage it appears that
the correlation actually exists because this silegeibited a significantly (P<0.05) higher dry neatt
content (728.6+£0.553 g/kg DM). The statisticallywkst (P<0.05) pH value was recorded in the
inoculated silage (3.99+0.005), which is in linettwthe findings of other authors (BIRO et al., 209
while higher values are presented by SEBASTIAN .¢t1896.

Table 1: Fermentation parameters of HMGC silages

Variants of silages
Parameters
K A B C D

DM average 687.5+0.50 695.4+0.57 695.5+0.21 744.380|23728.6+0.553
(g/kg) index b a a d c
bH average 4.47+0.041 3.99+0.005 4.21+0.019 4.51+0.0191.74+0.054

index a b c a d
TA average | 1253.76+162.54258.82+182.7%1444.76+195.37830.13+35.75 932.72+105.14
(mg KOH/100g) | index a a a b b
LA average 103.5422.62 112.1427.62 83.1+10.19 44.7+4|3 149.6£36.52
(9/kg DM) index a ac ab b c
AA average 72.5+9.12 41.0+£3,84 45.3+3.39 14.1+1.43 61342
(9/kg DM) index c a a b a
PA average 0.00 0.00 18.33+10.8% 2.91+1.92 0.00
(g/kg DM) index a a b a a
¥ acids average 176.0+26.10 153.1+£31.2Y 146.7+23.73 61066, 189.2+38.84
(g/kg DM) index a a a b a

) average 1.44+0.353 2.71+0.420 1.34+0,181 2.60+0.216.76+0.790

LA:VFA -

index a b a b c
NH3 average 0.80+0.080 0.53+0.076 0.67+0.117 0.54+0.002..62+0.102
(9/kg DM) index b a ab a c
Ethanol average 2.55+0.352 0.94+0.354 1.17+0.209 0.33+0.822.27+0.821
(g/kg DM) index b a a a b
Conclusions

In our experiment with thenechanically modifiechigh moisture corn grain, the conservative effect o
chemical and biological additives on the fermentaprocess quality of model silages was examined an
compared with the control untreated silage. Theseoration with the chemical preservatives resuted

a statistically significant (P<0.05) decrease afitaacid formation from 10.35+£2.292 g/kg DM in the
control silage to 4.4.+0.437 g/kg DM and in theuetibn of the total fermentation acid content ilages.

In the inoculated silages, a positive effect onfdrenentation was recorded, which was demonstiayed
a significant (P<0.05) increase of the lactic acwmhtent, and at the same time by a significant
acidification pH value (3.99+£0.00%) comparison with the other silages.
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Occurrence of Mycotoxins in Alfalfa Silage
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Introduction
Mycotoxins are toxic secondary metabolites produzgdungi (molds) that cause an undesirable effect
(mycotoxicosis) when animals are exposed. Exposutssually by consumption of contaminated feeds
but may also be by contact or inhalation. Biolobietiects include liver and kidney toxicity, centra
nervous system effects, and estrogenic effectsamoe a few. Only some molds produce mycotoxins, and
they are referred to as toxigenic. The fungal texame chemically diverse representing a variety of
chemical families and range in molecular weightnfrabout 200 to 500. There are hundreds of
mycotoxins known, but few have been extensivelyaeshed, and even fewer have good methods of
analysis available. The primary classes of myco®xare aflatoxins, zearalenone, trichothecenes,
fumonisins, ochratoxin A, and the ergot alkaloidgh{tiow and Hagler, 2010). Because of structural
similarity to the steroidal estrogens, zearalereme several of its derivatives possess estrogetivts.
Although cattle are not as sensitive to zearaleremewine, infertility, reduced milk production and
hyperestrogenism have been reported (Diekman areen51992). T-2 toxin is associated with
gastrointestinal edema, and hematopoesis leadigdth (Hussein and Brasel, 2001). Deoxynivalenol
reduce feed intake, milk production (Whitlow andgtéa, 2010) and affect ovarian functions (Koles@rov
2011/12). Fumonisins have hepatotoxic and carcinicgeffects (Bondy et al., 2012). Ochratoxin A s a
important nephrotoxic and nephrocarcinogenic myxiatgMilicevic et al., 2010). Feeds not only with
high nutritional but also with high hygienic qugliire needed for the animal nutrition @éaiova, 2003;
Suchy et al., 2010; Skladanka et al., 2012; Dorskewt al. 2013; Zachariasova et al. 2014).

The aim of the study was to determine the occugesicmycotoxins and effect of biological
additive on the concentration of mycotoxins in Wéfasilages with high dry matter content after
12 months of storage.

Materials and Methods

Alfalfa (Medicago sativd..) was harvested in bud stage and wilted 48 Ting experiment consisted of
2 variants: alfalfa silages were ensiled withoutditide (control variant C) and alfalfa silages with
biological additive (actobacillus plantarum2x1® CFU.g") (variant LAB). Additive was applied in
granular form at the rate 0.5 k§.tBiological additive was applied homogeneouslyl Vdriants were
ensiled in 3 repetitions. Wilted alfalfa was fillétto mini laboratory silos (4 dfrof volume) and stored
in an air conditioned laboratory at temperatur@2C. All silos were opened after 12 months of ager
Alfalfa silages were sampled for mycotoxins contetdtal fumonisins, zearalenone, T-2 toxin,
deoxynivalenol and total ochratoxins. Mycotoxin 1 was determined by direct competitive
enzyme-linked immunosorbent assay (ELISA) usingatet quantitative test kits (Neogen, USA).
Significance between individual means was idertifiesing the Tukey's multiple range test of the
software package SAS 9.1 (SAS Institute Inc., 2004Ban differences were considered significant at
p<0.05.

Results and Discussion

We detected the average dry matter content infalilages 581,6 g.Kg(variant C) and 544,3 g.Kg
(variant LAB). Samples of alfalfa silages of bothriants were contaminated with all determined
mycotoxins. The most prevalent mycotoxin was zemahe, followed by deoxynivalenol and T-2 toxin
after 12 months of storage. Zearalenone was deteete concentrations 456.3+2.33 (C) and
427.3+16.69ug.kg” (LAB). Differences in zearalenone concentrationsen variants of alfalfa silages
were not significant (p>0.05). Galik et al. (200/8ported higher concentrations of zearalenone in
comparison with our results (from 635.8 to 708dlkgY). Alfalfa silages without additive (C) had no
significantly (p>0.05) higher content of deoxynieabl (390.8+4.4519.kg?). In our study, data showed
that concentration of T-2 toxin in alfalfa silagesated with biological additive (LAB) was signidintly
(p<0.05) higher in comparison with control (143.82vs. 73.3+1.629.kg"). Higher T-2 toxin average
value (176pg.kg") was observed in alfalfa silages from Czech Repufledinik and Moravcova,
2006). Our results not confirm previous findingsttselected strains of lactic acid bacteria ate &b
reduce of T-2 toxin (EI-Nezami et al., 2002). Canitef total ochratoxins ranged from 13.3+£0.64 (€) t
13.8+1.20 ug.kg" (LAB). The lowest contamination of alfalfa silagess by total fumonisins. No
significantly lower content (p>0.05) of total fumisims was found in treated silages.
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Table 1: Concentrations of mycotoxins in alfalfiages

ng.kg? FUM ZEA T-2 DON OTA
X 6.27 456.3 73.3* 390.8 13.3

C S.D. 0.01 2.33 4.60 4.45 0.64
Y 0.22 0.51 6.27 1.14 4.8
X 5.4 427.3 143.5* 375.3 13.8

LAB S.D. 0.45 16.69 2.33 13.36 1.20
v 8.29 3.9 1.62 3.56 8.73

C - control variant (without additive), LAB - Lactahibus plantarum, FUM - total fumonisins, ZEA - ral@none,
T-2 — T-2 toxin, DON- deoxynivalenol, OTA- totahmatoxins, *the values with identical superscriptsa column
are significantly different at p<0.05

Conclusions

Occurrence of observed mycotoxins was detectedl mifalfa silages after 12 months of storage. ZEA
was the secondary metabolite with the highest aunaton, followed by DON and T-2 toxin. Our study
confirmed that application of biological additivieaCtobacillus plantarumwas ineffective in reduce the
concentration of mycotoxins in alfalfa silages whilgh dry matter content.
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Effect Of Chemical Additive On Fermentation Quality Of Brewer’s
Grains Silage With Malt Sprouts
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Brewer's grains are characterized by high nutritredue also thanks to the fact that there remaimat
75 % out of the content of crude protein from barlEhey are used in animal nutrition either as diiie
feed mixtures or as fresh they are fed directlyhey are ensilaged (Nishino et al., 2003; Dole¥alle
2005, etc.).

Fresh brewer’s grains are characterized by verydoyvmatter content (200 - 220 g.kg-1). This
results in very high effluence of juices inclusieé nutrients, quick microbial changes and quality
deterioration during the storage. It is recommendedpress fresh brewer's grains to dry matter
350-400 g.kg-1 or to use a sorbent at ensilagingkgtil et al. (2009) consider malt sprouts as very
convenient; they state that its additive to bresigrains prevented effluent of silage juices.

Stability is a problem in silages from brewer’sigsa The deterioration process originates through
the activities of aerobic microorganisms, mainhasts and moulds, therefore, factors that affeciethe
microorganisms may affect aerobic stability of #ikages. The principal factors that influence a&rob
stability of silages are air, substrate availapidihd temperature. Organic acids and their saétone of
the most efficient feed additives for aerobic digband mould prevention.

The objective of this study was to examine theuirfice of chemical additive on fermentation
process and stability of brewer’s grains ensilatpegther with the malt sprouts.

Material and Methods

We produced a mixture of brewer’s grains and madbsts in a ratio 80 : 20. The matter was ensilaged
into 1.7 | laboratory silos after homogenizatione Wroduced one control variant (C), in which the
ensilaged matter was not treated, and one trighna(T), in which was the ensilaged matter tredigd
chemical ensilaging additive (22 % sodium benzdat® % sodium propionate). Its application doss wa
3.0 ml.kg' fresh matter. Silages were stored in a dark roamntemperature 20 — 2Z, during the
fermentation. The experiment finished 120 daysraftesilaging and parameters of the fermentation
process were determined in silage samples. Sangbpléesh matter as well as silage samples were
chemically analysed. The results were statistiomiigluated by one-factorial analysis of variance.

Results and discussion

In Table 1 are nutritive and energy values of theilaged matter and its individual components. Malt
sprouts appeared to be not only a good sorbetedfigh moisture in the brewer’s grains but alsery
good source of sugars necessary for favourableseoaf the fermentation process. Mixture of malt
sprouts and brewer’s grains, which was preparecefsilaging, seemed to be a valuable feed of good
quality with quite a high content of energy and RDs$pite of higher NDF level thanks to high conteh
crude protein and low content of crude fibre.

Table 1: Nutrition value and energy of malt sproimsewer’s grains and their mixture
Parameters Malt sprouts Brewer’s grains Mixture
(MS) (BG) 80 % BG + 20 % MS

Dry matter in ¢ FM 901.89 188.28 338.98
Organic matter in g.kgDM 934.06 959.70 948.68
Crude protein in g.k§DM 239.75 250.44 235,51
Crude fibre in g.kg DM 150.38 139.72 149.74
ADF in g.kg* DM 153.81 236.70 222.60
NDF in g.kg' DM 481.11 600.51 574.61
Hemicelluloses in g.kyDM 327.30 363.81 352.01
Nitrogen free extracts in g.KgdoM 528.33 501.67 500.81
Sugars total in g.kgDM 148.54 10.88 39.97
Reducing sugars in g.RdOM 98.55 3.47 27.80
Fat in g.kg' DM 15.60 67.87 64.62
Ash in g.kg' DM 65.94 40.30 49.32
NEL in MJ.kg* DM 6.14 5.98 6.02
PDI in g.kg' DM 105.28 118.36 115.43

Results of the fermentation process (tab. 2) shahatits quality was very good also in the silage
produced without any ensilaging preparation. Amilan of the chemical preparation slightly improved
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the fermentation process, which was manifested éorehse of dry matter losses occurring during
fermentation, increase of lactic acid concentratéond decrease of volatile fatty acids concentration
mainly acetic acid. Levels of alcohol and protemysere also lower in the treated silages tharhén t
non-treated ones.

Table 2: Fermentation profile of silages

Parameters _ Control (C) _ Treatment (T)

n=5 X SD X SD
Dry matter in ¢ FM 329.26 3.78 332.34 1.59
Losses of DM in % 5.22 1.62 1.64** 0.43
pH 4.07 0.06 3.93* 0.02
pH after 3days exposure to air 4.20 0.07 3.94* 0.02
Acids in g.kg' DM

- lactic 100.54 4.75 109.76 5.49
- acetic 24.61 0.79 21.31* 1.34
- propionic 0.66 0.11 0.61 0.12
- butyric +i.b 0.25 0.10 0.21 0.09
- valeric +i.v 0.25 0.07 0.15 0.09
- capronic +i.c 0.12 0.09 0.08 0.04
VFA total in g.kg DM 25.88 0.53 22.36 1.64
Acids total in g.kgt DM 126.42 5.28 132.11 4.05
Alcohol in g.kg' DM 11.95 0.24 8.94** 0.25
NHs-N of total N in % 6.06 0.26 5.37* 0.19

**P<0,01 ,*P<0,05

Evaluation of the fermentation process quality frdma viewpoint of acid ratio showed that the
better fermentation process was observed in tla¢etlevariant because the ratio of lactic acid anidtile
fatty acids was higher and better (4.90) comparii tive control variant (3.88).

Although were the differences in individual fermetign parameters between treated and untreated
silage low, we found statistical significance offeliences in losses of weight, pH, in content aftac
acid, alcohol and ammonia N.

Similar results obtained also Vyskbet al. (2009) in fermentation process of silggepared from
mixture of brewer’s grains and malt sprouts withthé additive of silage preparation. However, rthei
experiments did not confirm the positive influerdesilage additives on the fermentation process.

We measured pH after 3 days of exposure to airvaedfound out that the level of pH in
non-treated silages increased by the value 0.liglthis period, whereas it increased only by GrOthe
treated silages. This indicates greater stabititsilages treated with chemical ensilaging additive

Conclusion

Mixing brewer’s grains with malt sprouts in theioa80 : 20 provided feed with high content of crude
protein, low content of crude fibre and good engygiential. The course of the fermentation process
very good also in silage produced without the eg#ilg additive. Application of chemical additive thre
basis of salts positively influenced the fermewotati It manifested itself in decrease of losses in
fermentation, pH, volatile fatty acids, alcohol wasll as proteolysis. Stability in silages treatedhw
chemical ensilaging additive was higher than inrtbe treated silages.
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Introduction

Silage additives have been developed to enhancéetheentation of silage by outcompeting epiphytic
microflora and preserving maximal levels of theileasfeed value and dry matter content (Ohyama).
Aerobic stability of silage is detrementally affedt by yeast and aerobic exposure (Woolford).
Historically, if improvement in the aerobic stalbyllof silage was required through the use of inacu
thenLactibacillus buchnerivas the only practical option. Filya and Sucu (20@8monstrated the ability
of Propionibacterium acidipropionicio convert lactic acid and glucose to the moréfargal propionic
and acetic acids, thus enhancing aerobic stahidlitg, with advancements in bacterial production oash

P acidiproponiciis now a realistic commerical option for aidinge thtability of ensiled corn. Their
findings have been further supported through theapproval ofPropionibacterium acidipropionidMA
26/4U to enhance the aerobic stability of all fardgpes. Work by Foltanova and Marley (2014) has
shown the improved dry matter recovery and aershability of corn & sorghum silage treated with
Maize-All+ across Europe. This trial was designedssess the effect of Maize-All+ on maize silage i
Croatia.

Material and methods

Maize was directly harvested using a Claas Jagb@n® a theoretical chop length of 15mm at 30% dry
matter. Harvested maize was untreated and ensiled doncrete walled bunker. A 150Kg aliquot of
untreated maize was homogenised and split intde®.pVlaize-All+ Propionibacterium acidipropionici
MA26/4U 1.5 x 16 cfu/g +Pediococcus acidilacticl.0 x 16 cfu/g, total application rate 2,5 x 2L6fu/g

+ 9,000 BAU/g a-amyslase) was applied at 10mis/Kg using a hand Isgkayer in 3 x 250ml
applications, maize was mixed between applicati®$0g of treated maize was packed into each of
5 red polyvinyl net bags which were then tied vatkilk tail. 9000g of untreated maize was was packe
into each of 5 green polyvinyl net bags which wtren tied with a silk tail. Bags were placed in the
bunker during filling (as a Dorset wedge). Bagseveequenced Treated, Untreated, Treated, Untreated
etc and were sat on 1m of untreated ensiled malze tails of the bags were drawn out toward the fac
and the wall of the bunker was indelibly markednicate the bag positions. A further 1m of unteglat
maize was added on top with standard compactioa.blimker was covered with a single plastic sheet.
Bags were reached 8 weeks post ensiling, were diigweighed and then sampled for fermentation
profile and aerobic stability. Aerobic stability svadetermined classically with all analysis being
undertaken independently by Nutrivet, Pohorelicblaml samples.

Results and discussion

Both silages were well fermented and were free wtfytic acid (Table 1). Small variations in the
nutritional profile were observed between treated antreated silage (ME of treated being 10.83
compared to 10.84 MJ/Kg on untreated). Nitrateleireboth treated and untreated silage was beRdw 1
indicating no residual store of nitrate within tkesiled maize. Differences in ME can be directly
attributed to variance in sampling (Table 1). Tharfentation profile shows a treatment effect. Te@at
maize has a 10% increase in the level of lactid §2i15% compared to 1.96%). The increase in the le
of lactic acid being produced from the inclusion the homolactic P acidilactici in the Maize-All+
formulation. Acetic acid levels are also 10% higimethe treated maize (0.85% compared to 0.77%®. Th
fermentation pathway of P. acidipropionici convestigar and lactic acid to propionic acid and acatid
leading to elevated levels of both acetic acid arapionic acid. Ethanol levels in the maize silagae
reduced by 27% from 0.15% to 0,11% through treatmeth Maize-All+. This is consistent with the
results observed by Filya (Fylia et al, 2004; Fdia Sucu, 2006) is contradictory to the resultSafcs

et al,and of Foltanova and Marley 2014). The plheftreated maize is mathematically lower than dat
the untreated maize (3.76 versus 3.79) which &ceordance with the higher level of lactic acidhe
treated silage. The easily soluble sugar in thatece silage was 67% of the untreated maize siltige.
actual difference observed was 0.01% which candssed as irrelevant and easily explained by veeian
in sampling.
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Table 2 presents the aerobic data. Both silages ehagbod fermentation as described, but
fermentation losses were statistically reducedughotreatment with Maize-All+ (from 7.5% to 6.1%).
On a 1000T bunker this equates to an additional @#Torage to feed. This supports the improved
fermentation observed with treatment with Maize+All

Silage that was produced was classically aeroliaalistable with the untreated silage heating
after 26.6hrs. Maize-All+ improved the aerobic dtgbof the sorghum silage by 380%, increasing the
time for a 2°C rise above ambient to 101.25 hoBm@pionic acid and acetic acid produced by
Propionibacterium acidipropionici are both antifahg leading to a reduced level of yeast and mould
within the silage and leading to a parallel inceeas the time taken for heating to commence. Result
obtained through this system are indicative of wivatld be actually achieved on farm as material is
ensiled under ‘on-farm’ conditions.

Table 1: Comparative fermentation profile of Maize

Untreated Maize-All+
DM (%) 30.4 28.6
ME (MJ/KQ) 10.84 10.83
NO; (%DM) 0.04 0.04
Easily Soluble Sugar (% DM) 0.03 0.02
Lactic Acid (%) 1.96 2.15
Acetic Acid (%) 0.77 0.85
Butyric Acid (%) 0 0
Propionic Acid (%) 0 0
Ethanol 0.15 0.11
pH 3.79 3.76
Table 2: Aerobic Parameters
Untreated Maize-All+
Fermentation Losses (%) 7.5 6.1°
Aerobic stability (hrs) 26% 101.2%

Supercripts with different prefixes are statistigalignificantly different at P<0.05

Conclusion

Treatment of maize with Maize-All+ led to an impeal/fermentation, statistical reduction in dry matte
losses and a statistical improvement in the aerstaigility of good quality maize silage. The Maiik+
formulation is appropriate for use on both maizé sorghum silage.
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Introduction

Hay has been used across much of Europe as a staplef storing forage in order to provide nutnitio
and fibre to animals. Various forages have beed (sats, various grasses ,alfalfa etc ), all ofchtare
subject to deterioration through storage by th@aatf yeast and mould. Growth of yeast and mouals h
been well documented to reduce dry matter, redeed falue and lead to heat damage (in the form of
lost energy as generated heat but also in thenlin&f protein and increase in the level of ADIN)hay

and silage (Woolford). Propionic acid has histdiycheen used to try and control microbial deteat@mn

of hay but increasing cost of propionic acid codphgth a reluctance of contractors to use the pcod
and a change in global climate making an adequatdom of cutting, wilting and baling hay less lilgel

to adequately dry forage. This has resulted in ni@g being baled at a moisture content above the
optimal 15%. Hay baled at moisture content abo\ iSprone to microbial deterioration and is inchee
of treatment to control microbial activity. Ohyamiacumented the changes in nutritional value iader
through microbial action and aerobic exposue. Asgils have been effectively used in food and fotage
control fungal outgrowth and this trial assesseel phoposed Sil-All Hay formulas ability to effect
microbial and nutriotional parameters of hay urfidd circumstances

Material and methods
Third cut grass containing some leguminous spesi&s mechanically harvested, wilted over a 48 hr
period (tedded at 24hrs post cutting) and baleddayy matter (DM) content of 79 % .

A single treatment was applied in direct comparismmuntreated control (Sil-All Hay at 250g/T
active application and 1I/T). The negative contesleived the same amount of water as the Sil-Alf Ha
treatment. For each treatment 6 bales were prod(amemtiage weight 485Kg +20Kg). The headlands of
the field were baled in order to purge the baleawy carry over treatment and then central windrows
were baled, initially untreated and then treateguye bales were made and discarded from thetdrial
ensure a true application rate of Sil-All Hay . Thales were barn stored at ambient temperature,
unstacked and with a 0.5m space between eachSmigples were drawn at T = 3 days and T = 3months.
Samples were cored using Forage Master Probe lgitihal disinfection in between cores. Samples were
refrigerated prior to analysing and were analysgdim/5 hours of coring,

The laboratory examination focused on the fermenmtaproducts and the microbiological
analysis. Fermentation parameters were assessatthiNIR. Microbiological analysis (for lactic acid
bacteria (LAB), yeasts and moulds) were perform&dgitraditional plate count methods.

Data was compared using Minitab 16, ANOVA. Sigréfice was declared for P<0.05

Results and discussion

The density of bales was measured as between 358g3i#t .No significant difference in the feed value
of the treated and untreated bales existed atdpalifspplication of Sil-All Hay had no impact on the
initial T = 3 day nutrition of the bales, but aideith a more effective curing of the hay (averagasture
content of the treated hay fell to 17.9% compared8.9% at 3 months) and a resultant mathematical
improvement in the protein retention at 3 montt& 42 versus 27.0%). More effective curing of thg ha
results in greater moisture loss and concentrdtidw) of nutrient value

Retention of all energy parameters was mathemBticaproved through the use of Sil-All Hay.
Concentration of feed values was achieved throhglenhhanced curing gained through treatment.

A statistically significant reduction in the Dayy&ast count was achieved by treatment with
Sil-All Hay. Average untreated hay yeast countsenatr5.9 x 10cfu/g, whereas treated counts had been
reduced by 97% to 1.5 x 46fu/g. A similar reduction in the Day 3 mould ctsimas observed through
treatment with a 90% reduction from 6.3 X 16 6.5 x 10. The reduction in the yeast and mould counts
can be attributed to the antifungal activity of ttfeemicals within the Sil-All Hay formulation anbetir
natural equilibriation through the bale over thstfdays post baling.

Month 3 yeast and mould counts showed a matheahaifference between Sil-All Hay and
control bales. Both control bales and Sil-All Hagated bales yeast counts had reduced through the
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curing process as the water activity of the balethér decreased, The curing of the bales led torala
reduction in yeast counts. Mould counts for bo#tated and untreated bales increased between Day 3 a
Month 3 analysis with the decreasing water actioitthe bale favouring the growth of mould over the
growth of yeast. Visual inspection of both treatedll untreated bales did not show any visual grafith
mould and it is possible that the mould countsaderrantly high from mycelial growth.

Table 1: Summary Bale Analysis

Time = 3 day Time = 3 month

Control Sil-All Hay Control Sil-All Hay
Moisture Content % 21.3 21.5 18.9 17.9
Protein (% w/w) 24.2 26.5 27.0 28.9
NEI (MJ/Kg) 6.0 5.7 5.7 5.8
NEg (MJ/KQ) 2.4 2.3 2.2 2.3
Relative Feed Value 118.1 1204 123.9 133.1
Yeast (cfu/g) 5.9 x 10 1.5x 16° 1.5x 1d 1x1d
Mould (cfu/g) 6.3 x 10° 6.5 x 14° 8.5x 16 5x 10

Supercripts with different prefixes are statistigalignificantly different at P<0.05

Conclusion

Treatment of highly wilted forage (circa 80%) wiii-All Hay aids the curing process of hay onceelal
resulting in improved nutrient and feed value pecttn. Sil-All Hay rapidly reduced the yeast anduitb
counts of the fresh forage once baled and coulp teemitigate the risks associated with the balng

optimal dry matter forage.
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Data on feeds that are analysed in the chemicatadatry of the Department of Nutrition at the Resha
Institute of Animal Production, which belongs irttee National Agricultural and Food Centre, are bein
processed and collected in the Data Basis of F&mts. from this data basis serve as basis for tipgla
of the legislation and innovation of systems foaleation of nutrient requirements and nutritiveueabf
feeds.

Lucerne is the most important perennial fodder dropur country; it is an important source of
proteins. It is appreciated in the nutrition of inamts for its high palatability, quick passage andrall
beneficial influence on the feed rations’ structigasilaging is the most effective way how to atlithe
potential of lucerne. It is possible to producehhigiality and nutritionally balanced silages orflit has
high content of digestible nutrients and energyifme of harvest. Weissbach (2003) reported that the
process of biomass wilting before ensilaging isrtiest important measure that influences the qualfity
fermentation process in lucerne silages. The isimgaof DM content of significantly decreases ttsk r
of undesirable course of fermentation process dsal lagumes with low acidification potential can be
good ensilaged. Although this is well known, it esft happens that little attention is paid to this
knowledge in practical conditions of the agricuiufiarms.

The aim of our study was to compare the qualityfesmentation process in lucerne silages
produced on agricultural farms in west Slovakiamyithe years 2010 - 2013.

Material and Methods

We selected lucerne silages (analyzed in the y2@te, 2011, 2012 and 2013) from the National Data
Basis of Feeds of the Slovak Republic into theistieal set. There were selected totally 362 s#ayee
divided the silages according to the dry matterteaininto five groups within individual years. Rirs
group contained silages with dry matter contentaB00 g.kg, second group from 301 to 350 g'kg
third group from 351 to 400 g.Kg fourth group from 401 to 450 g.kgand the fifth one over the
451 g.kg' FM.

For the statistical evaluation of the fermentatiwocess we selected the following parameters: dry
matter content, pH, content of ammonia nitrogemotdl N, concentration of lactic acid, butyric, tice
and propionic acids. Chemical analyses of feed wmedormed by means of methods under the
regulation of the EU commission (ES) No 152/2009.

Results and Discussion

The average parameter values of fermentation psoteducerne silages produced during the years
2010-2013 were arranged into a table accordinghdividual groups. The group with the lowest dry
matter level up to 300 g.Kgwas participated by 11.63 — 19.56 % of the albpaed silages in individual
years. The highest part (19.56 %) was noticed lages produced in 2013. In this year was also the
quality of fermentation process in this group therst of all years. High pH (5.22), 21 % proteolysis
high concentration of butyric acid (16.97 g’kgM) give evidence of the fact that the ensilagivas not
managed well at all; the quality of these silages wery bad and its feeding to animals was a gigat

for their health. On the whole we can say thatgbhality of lucerne silages was the lowest in theugis
with dry matter content up to 300 gitaf all studied years.

Wiessbach (2003) also considers the esilaging aérhe with low content of dry matter to be
a great problem. In his opinion the increase of miatter content from 200 to 400 g’k§M improves
significantly the ensilability of lucerne mainly ¢suse of increase in concentration of water soluble
carbohydrates, which are necessary for fermentatitmwever, the lactic fermentation, which occurs
during the ensilaging process, does not dependamife concentration of sugars in feed. It is redhk
influenced by buffer capacity, which decreases Withincrease of dry matter content. This is tlesoa
why it is necessary to decrease pH to the levelgdifzhe dry matter content in lucerne is 200fghe
content is 400 g it is sufficient to reduce acitition only to pH 4.75.

Our statistical survey is in agreement with thiowktedge. Parameters of fermentation process
improve with rising dry matter content in all stediyears. The content of ammonia N and of unddsirab
butyric acid decreases. The highest content ofclaatid was noticed in the group of silages witly dr
matter level from 300 to 350 g.kd"M. Comparison of total average values of the &armation process
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in silages in individual years demonstrates thatlibst quality was in silages produced in 2011thed
worst one was in 2013.

Table Division of lucerne silages according to dmgtter content in west Slovakia in the years 200032

Vear, Paramete Group with level of DM content (g.KgFM) Average
to 300 | 300-35(0 350 -4(00400 — 450 over 45(
P01( n=91
Ratio in % 16.48 23.08 23.08 15.38 21.99 100
Dry matter ing FM 275.78 327.61 378.95 423.08 509.6b 3841
NH5-N of total N in % 14.64 9.60 6.89 8.45 7.02 9.2]
pH 4.71 4.63 4.45 4.61 4.66 4.61
_actic acid it g.kg' DM 66.29 81.66 66.47 48.80 43.65 63.61
Butyric acid ir g.kg* DM 5.10 1.66 0.91 2.32 0.47 2.05
Acetic acid it g.kg* DM 33.02 30.18 15.94 16.40 11.94 22.4p
Propionic acid i g.kg_jl DM 2.05 0.81 0.39 0.63 0.56 0.88
011 n=86
Ratio in % 11.63 26.74 30.23 15.12 16.23 100
Dry matter ing* FM 251.32] 328.80 374.87 423.89 512.99 3781
NH3-N of total N in % 7.14 8.08 5.75 8.55 10.69 7.64
pH 4.48 4.62 4.58 4.55 4.65 4.59
|_actic acid ir g.kg’1 DM 65.85 66.10 61.73 55.78 64.50 63.7p
Butyric acid ir g.kg* DM 1.11 1.40 0.55 0.44 0.92 0.97
IAcetic acid ir g.kg’1 DM 19.23 19.85 17.05 26.21 22.24 20.0p
Propionic acid i g.kg* DM 0.72 0.58 0.84 0.49 0.63 0.66
P01z n=93
Raio in % 15.15 24.24 33.33 21.21 6.06 10(
Dry matter ing’1 FM 274.28 322.98 370.57 433.11 491.64 365.p5
NH5-N of total N in % 12.41 8.90 7.17 3.89 5.13 7.6]
pH 5.08 4.64 4.54 4.64 4.65 4.69
| actic acid it g.kg* DM 56.46 62.55 55.73 58.73 44.71 57.2p
Butyric acid ir g.kg* DM 6.64 0.65 1.34 0.56 0.21 1.85
IAcetic acid ir g.kg’1 DM 39.10 22.91 19.45 10.42 9.49 21.3
Propionic acid i g.kg* DM 1.73 1.13 1.55 0.25 0.30 1.14
P013 n=92
Ratio in % 19.56 30.43 21.74 9.78 18.48 100
Dry matter in ¢t FM 256.64| 327.14 374.58 425.83 49560 3644
NH-N of total N in % 21.07 11.02 9.80 7.82 7.32 11.
pH 5.22 4.69 4.90 4.54 4.86 4.86
|_actic acid ir g.kg’1 DM 49.97 68.23 62.68 62.77 40.07 57.7
Butyric acid ir g.kg* DM 16.97 2.14 1.63 1.03 0.28 5.07
Acetic acid it g.kg* DM 42.97 30.47 21.93 18.36 9.72 27.9
Propionic acid i g.kg! DM 4.02 1.13 0.58 0.70 0.23 1.52
Conclusion

Statistical evaluation of lucerne silages produece2i010 — 2013 shows high ratio of silages with idny
matter content (up to 300 g:k¢'M). This ratio varied from 11.6 to 19.6 % of tin¢ally produced silages
and the quality of these silages was very poor.oAtiag to the Slovak standard were these silagés no
suitable for feeding to animals without testinghiéy are not detrimental to health, except forggtaof

the year 2011.

We found the best quality of fermentation processsilages produced in 2011 and the worst
quality was in 2013. A survey in practical condigoon agricultural farms confirmed that increadiing
matter contentimproves the ensilability dedicago sativeand the quality of fermentation process in
lucerne silages.
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Abstract

The effect of lactic acid bacteria blend containiigtrococcus faeciuniDSM 22502/NCIMB 11181),
Lactococcus lactigNCIMB 30117) and.actobacillus plantarun{iDSM16568) as an inoculant on baled
lucerne silage production was evaluated. Comparith tive untreated silage the inoculant treatment
decreased the pH value by 0.54 units (P < 0-08phals by 31.2 %, (P < 0.05), butyric acid 4.3 sme
(P < 0.05), ammonia N by 26.8 % (P < 0.05) and @&kés by 46.2 % (P < 0.05). Inoculant treatment
resulted in by 3.6 % higher (P < 0.05) DM contesdrfected for volatiles) and higher residual WSC
content (by 67.2 %, P < 0.05). Appreciable decreasenbers of yeast (2.0/41.18 log cfu/g) and molds
(2.66vs 1.87 log cfu/g) were detected in the inoculatéalgei when compared with the untreated silage.
At the time of plastic film removal (90 days aftmsiling) the inoculated bales were scored as fgusi
a scale from 0 to 5 and the untreated big bale® weored as 0.4. At the end of the aerobic stabilit
testing (18 days after removing plastic) the unieédig bales were scored as 4.2, whereas thelatedu
big bales were scored as 1.8, what was 2.3 timedd® < 0.05) compared with the untreated big bales
The inoculated lucerne silage was more aerobistdiile.

Introduction

The selection of the best strains is essentialtas@d on their ability to rapidly reduce the nurabafr
contaminant bacteria and fungi and preventing sgagnfermentation (increasing aerobic stability).
Many recently developed inoculants contain multgpecies, building on evidence that the growthraf o
bacterial species may facilitate the growth of apot(Fitzsimons et al., 1992). Several studies have
shown that fermentation responses differ widely agnstrains (Saarisalo et al., 2007) and all thatcco
exert different effects on silage fermentation pnaducts and, consequently, animal performance KViuc
2002). However, information regarding the effecfsirmculants on the quality of big-bale silage is
limited. The aim of this work was to evaluate tHficacy of a blend of bacterial strains containing
Entrococcus faeciurfDSM 22502/NCIMB 11181t actococcus lactigNCIMB 30117 and_actobacillus
plantarumDSM16568 as a microbial inoculant on the chemicathpositionfermentation end-products,
DM loss, aerobic stability and mold developmeniuicerne big bale silage.

Materials and Methods

A homogenous plot of thprimary growth of lucernéMedicago sativa 1) at budding stage of maturity,
was mown with disk mower-conditioner, set to plagiele windrows. Lucerne was wilted for 24 h
without tedding to a dry matter concentration ob@th35 %. The crop was picked up with a round baler
(LELY WELGER RP 245 and baled into a 1.2 m wide d@# m diametre cilindrical bales. The
following additive treatments were applied to fazag the windrows: (1) Control — no additive and (2
homofermentative lactic acid bacterial straiBstrococcus faecium(DSM 22502/NCIMB 11181),
Lactococcus lactigNCIMB 30117 and.actobacillus plantaruntDSM16568. The application rate of the
inoculant was 150 000 cfu/l g herbare and applted b suspensijon per 1 tonne lucerne. The same
volume (4 L/t) of tap water was used instead ofdhspension in the control treatment for spontasieou
fermentation. Each additive treatment was appl@d trandomly selected individual windrow within
a group of two adjacent windrows and four baleseweade from within each windrow. Additives were
applied across the full width of the top of grassdrows through a perforated dribble bar, and loglilas
within 15 min of additive application. Immediatedjter baling, the bales were carted from the fielthe
storage area (to dairy farm) and individually wragpand then labelled. Six layers of plastic film
(POLICROP RAPID, 750x0.025x1500 5 layer blown filmgre used for wrapping a big bale to ensure
anaerobic storage until opening. Five big balesnfeach treatment were chosen at random, weighed
when prepared and again after 90 days of storagesumed for dry matter (DM) losses. Prior to remgvin
the plastic film surrounding each bale, it was et carefully for visible damage. On removal of th
plastic film all visible mould colonies on the balarface were located numbered and scored. Eaeh bal
was core sampled for chemical and microbial analgsel for aerobic stability test.
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Results and Discussion

Mean DM content of wilted lucerne reached 342.3ydikrbage. Lucerne had a crude protein and WSC
content of 229.1 and 48.8 g/kg DM respectively. Thefer capacity of herbage was 56.4 mEq
/100g DM. Based on the WSC content of the herbage o ensiling, the forage was considered to be
moderately difficult to ensile (16.7 g/kg fresh teatof WSC) according to the EFSA opinion on silage
additives guidelines (European Food Safety Authid@2i08). The number of epiphytic LAB, moulds and
yeasts were detected at’1Q0* and 10 cfu/g respectively in the pre-ensiled fresh lueerbry matter
content (corrected for volatiles) and WSC concdioinaof the inoculated silage were higher by 3.6 %
(P<0.05) and by 67.2 % compared with thecontra@ggl Herewith, inoculation resulted in lower by
46.2 % (P<0.05) DM loss. Compared with the untréake inoculant treatment decreased the pH value
by 0.54 units (K 0-05), concentrations of ammonia-N and alcohgl2®.8 % (P< 0-05) and 31.2 %
(P< 0-05), respectively. Lactic acid concentratiorswore than two times higher (P<0.05) and acetic
acid concentration was numericaly (by 4.0 %) highethe inoculated silage. Only 0.9 g/kg DM butyric
acid was detected in the inoculated silage, whie gkg DM was found in the untreated silage. The
inoculated silage contained also more by 67.2 % (@ residual WSC (Table 1).

Table 1: Effect of inoculant treatment on the femtagion variables of ensiled in big bales lucerne

Variables Control silage | Inoculated silage| Average
DM, g/kg 3124 324.3 318.3
DM corrected for volatiles, g/kg 3234 335.1* 329.3
DM loss, g/kg 87.6 47.1* 67.4
WSC, g/kg DM 6.1 10.2* 8.2
pH after 90 days 4.95 4.41* 4.68
N-NHj; fraction, g/kg total N 58.6 42.9* 50.7
Lactic acid, g/lkg DM 32.2 71.7*% 51.9
Acetic acid, g/kg DM 19.8 20.6 20.2
Butyric acid, g/kg DM 3.9 0.9* 2.4
Propionic acid, g’lkg DM 0.2 0.2 0.2
Alcohols, g/kg DM 6.4 4.4* 5.4
OMD, % DM 66.96 67.70 67.3
Clostridia, log cfu/g 1.0 <1.0 0.99
LAB (log CFU/g) 5.00 5.36* 5.18
Yeast (log CFU/g) 2.07 1.18* 1.62
Moulds (log CFU/g) 2.66 1.87* 2.26
Visible surface area of mould growth at the timmogal of the plastic film, scores 0.40 0 0.20
Visible surface mould growth after aerobic stapilést, scores 4.20 1.80* 3.00

*statistically significant difference vs Control p<05

Lactobacilli numbers of the inoculated silages éased significantly (P < 0.05) compared with
control fermentation. Appreciable decreased nunatbgreast (2.07 log cfu/g and molds (2.66 log cfu/g)
were detected in the inoculated silage when condpari¢h the untreated silage (1.18 log cfu/g and
1.87 log cfu/g), respectively. There was a sigaific interaction effect of silage additive on visibl
surface area of mould growth at the time of remmfahe plastic film as well at the time after dsm
stability test. At the time of plastic film removall five inoculated bales had no visible surfagadal
contamination and were scored as 0. The untreatied were contaminated with one visible colony each
and were scored as 0.4. At the end of the aerdhhility testing (18 days after removing plastibgt
untreated big bales were scored as 4.2 and thelated big bales were scored as 1.8, what wasre3 t
lower (P < 0.05) compared with the untreated big$aTlhe aerobic stability of the inoculated luegern
silages has improved by 180 hours (7 days), condpaith the control silages.

Conclusions

The baled inoculated lucerne silage was superighénonset of fermentation and in the decline of pH
compared with the baled lucerne silages withoutitagd. The result was higher concentration of
fermentation acids and lactic acid, and lower katgrcid, alcohols and ammonia N fraction in the
inoculated silage compared with the untreated silégpculation inhibited yeast and mould countha t
silage and reduced visible mould growth on the baes surface. Higher aerobic stability of the
inoculated baled silage is reflective of the higimerobiologically inhibitory environment.
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Summary

The authors investigated the effect of differereadsaumber (per ha) and seed-rations on yield, enttri
content and digestibility of three summer annualxtares (three oat-pea and three oat-vetch
combinations, respectively). Mixture of oat (1.516° seed/ha) and vetch (2.0 x°1€eed/ha) had the
highest green — and dry matter yield (6,3 ton DNI/Hrut higher NDF content £§0,05), lower OM
digestibility (p<0,05) and NDF degradability €0,05) compared to the other combinations (oat 215°x
and vetch 2.5 x foseed/ha: 3,9 ton DM/ha; oat 2.0 X Hhd vetch 3.0 x F0seed/ha: 3,9 ton DM/ha).
Mixture of oat (2.5 x 10seed/ha) and pea (0.65 x°H&ed/ha) had the highest green — and dry matter
yield (4.3 ton DM/ha) compared to the other comtimes (oat 1.5 x 1Dand pea 0.65 x 106 seed/ha:
4.2 ton DM/ha; oat 3.5 x f(and pea 0.8 x fseed/ha: 3,9 ton DM/ha). Significant differencesrev
found in nutrient content and digestibility of théferent oat- pea and oat-vetch combinations.

Introduction

The authors investigated the effect of differerdadsaumber (per ha) and seed-rations on yield, enttri
content and digestibility of three summer annualxtares (three oat-pea and three oat-vetch
combinations, respectively). Nutrient content, oigamatter digestibility (OMd) and NDF rumen
degradability of the six different mixtures werdetenined by Near-InfraRed Spectroscopy.

Materials and Methods

Three different oat-pea and oat-vetch mixtures wwemeed on 28 March 2013. Nitrogen fertilization was
carried out before sowing in March 2013 (200 kgNRK and 54 kg N/ha). Experimental plot size was
1,5m x 10m = 15nm per repetition (treatments= 640 reatments were the following (Table 1).

Table 1:Whole crop oat-vetch and oat-pea mixturéS(@arch-19" June 2013 Kaposvar University, Hungary)
Treatments Cultivars Seed number/ha
Oat and pea MV Pehely Rubin 1,500,000 650,000
Oat and pea MV Pehely Rubin 2,500,000 650,000
Oat and pea MV Pehely Rubin 3,500,000 850,000
Oat and vetch MV Pehely Maxivesa 1,500,000 2,00D,00
Oat and vetch MV Pehely Maxivesa 2,500,000 2,50D,00
Oat and vetch MV Pehely Maxivesa 2,000,000 3,00D,00

Sampling was carried out 1Qune (oat and the legume in flowering) by handdeanized
sampling with standard frame: 1 nm, n=4) on randechiexperimental plots (determination of the yield
n=16, samples for laboratory analyses n=4, respdygji Green- and dry matter yield, crude nutrient
content, fiber fractions, organic matter digesitpiatnd NDF degradability were determined.

Samples were dried and grinded according to thedé€lines of Sampling® system (BLGG
AgroXpertus, Wageningen), equivalently with the igarian National Standard. Crude nutrient content,
fiber fractions, organic matter digestibility andDR rumen degradability were determined by Near-
InfraRed Spectroscopy. The spectroscopic methodagda developed by the BLGG AgroXpertus,
Wageningen, the Netherlands) uses the near-infragidn of the electromagnetic spectrum (range0100
- 2500 nm). A NIRS-analysis is an indirect method das been calibrated on primary classical wet-
chemical analysis, as reference methods. Listefdffierence methods and determination coefficiargs
available at the corresponding author. Spectra wetermined according to the guidelines of NEN-EN-
ISO 12099 (Q-Interline Quant FT-NIR analyser, I1SED39:2010 guidelines for the application of near
infrared spectrometry). BLGG AgroXpertus uses latalbration model, as special mathematical model
to calculate the desired parameters based on tResplictra. This approach increases reliability wihen
relationship between the NIR spectra and an arsfgsiture is not linear. BLGG AgroXpertus organizes
ring-test (inter-laboratory calibrations), and étlidates its satellite labs to maintain reliability

Applied statistical models were the following: Leeetest for homogeneity and one-way ANOVA
(comparison of the different mixtures).
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Results and Discussion

Mixture of oat (2.5 x 10seed/ha) and pea (0.65 x°H&ed/ha) had the highest green — and dry matter
yield (4.3 ton DM/ha) compared to the other combiars (oat 1.5 x 1Dand pea 0.65 x fGseed/ha:

4.2 ton DM/ha; oat 3.5 x P0and pea 0.8 x fOseed/ha: 3,9 ton DM/ha). Mixture of oat (1.5 x
10° seed/ha) and vetch (2.0 x®1$ked/ha) had the highest green — and dry matét (6,3 ton DM/ha),

but higher NDF content, lower OM digestibility ahdDF degradability (g 0.05) compared to the other
combinations (oat 2.5 x $@Gnd vetch 2.5 x f0seed/ha: 3,9 ton DM/ha; oat 2.0 xX°Hhd vetch 3.0 x
10°seed/ha: 3,9 ton DM/ha), showed in Table 2. Sigaift differences were rarely found in nutrient
content and digestibility of the different oat- eal oat-vetch combinations (Table 3).

Table 2: Changes in green- and dry matter yield aattient content of whole crop oat-vetch and oa&p
mixtures derived from first cut (28 March- 19th 2013, Kaposvar University, Hungary)
Seed/ha Green yield DM yield DM Crude protein Sugar Starch OMd DOM NEI-VC

t/ha t/ha g/kg g/kgDM g/kgDMg/kgDM % g/kg DM MJ/kg DM
Oat Pea
1,500,000650,000 24.0a 4.2a 176a 166a 64.5a 34.8a 70.4a629a 5.8a
4.5 4.5 1.0 0.1 3.9 131 1.1 11.0 0.2
2,500,000650,000 24.4a 4.3a 174a 164a 61.0a 51.3a 69.6a628a 5.8a
3.0 3.0 0.5 0.1 8.2 214 1.9 20.2 0.2
3,500,000850,000 20.6a 3.9a 191b 164a 73.3b 43.8a 68.9a624a 5.8a
1.0 3.0 0.5 0.1 3.0 2.8 1.1 9.7 0.1
Oat Vetch
1,500,00@,000,000 34.9a 6.3a 182a 157a 57.8a 28.8a 67.5a605a 5.5a
4.5 4.5 0.8 0.1 13.1 115 1.4 18.9 0.2
2,500,00@,500,000 22.2b 3.9b 177b 157a 56.0a 39.0a 69.0a6l7a 5.7a
25 25 0.5 0.1 8.8 20.9 1.8 21.6 0.2
2,000,003,000,000 22.0b 39b 176b 178b 443a 36.3a 70.9a635a 5.9a
3.7 3.7 0.6 0.1 8.5 15.9 0.5 6.9 0.1

abcd Means in the same column with different Isttiffer compared the impact of different seed Within the same type of
mixture (p£ 0.05), OMd organic matter digestibiltiy, DOM digiege organic matter,

Table 3: Changes in fibre composition and NDF runtegradability of whole crop oat-vetch and
oat-pea mixtures derived from first cut {2Blarch-19" June 2013,Kaposvar University, Hungary)
Crude fibore NDF ADF ADL  Cellulose HemicelluloseNDFd dNDF

Seed/ha g/kg DM g/kg DM g/kg DM g/kg DM g/kg DM g/kg DM % g/kg DM
Oat Pea
1,500,000 650,000 255a 512b 302a 30.5a 210a 271a 64.9a 333a
12.7 41.6 10.5 3.7 335 114 2.9 39.8
2,500,000 650,000 253a 492a 299a 32.0a 194a 267a 62.5a 308a
17.9 20.3 18.6 2.4 13.0 16.9 0.8 13.3
3,500,000 850,000 258a 488a 3lla 32.8a 178a 278a 60.8b 297a
8.0 12.2 3.2 1.3 10.7 4.1 0.6 9.3
Oat Vetch
1,500,0002,000,000 266a 528a 310a 28.0a 218a 282b 64.4a 340a
9.0 12.4 8.4 3.2 13.0 5.4 1.1 12.1
2,500,0002,500,000 254a 511a 293a 25.3a 217a 268ab 64.7a 330a
13.0 9.0 18.6 2.6 10.0 16.6 1.4 12.0
2,000,0003,000,000 26la 522a 296a 26.8a 226a 269a 65.6a 342a
9.5 18.4 12.4 2.6 10.2 11.9 0.5 11.6

abcdMeans in the same column with different letteffedicompared the impact of different seed /ha inithe same type of
mixture (i 0.05), NDFd NDF rumen degradability, INDF rumegrdelable NDF

Conclusions

The highest oat-pea seed number/ha had positiveadimpn nutrient content: increasing of seed
number/ha had significant effect on crude protaimd NDF-content of the mixtures. However, thereewer
a non-significant increase in the ADL concentrati@ducing the NDF rumen degradability<(p.05) in
oat-pea mixture with higher pea and oat ration. Bioation of oat and vetch, with the lowest seed
number of the vetch and oat (oat: 1.5 x 106 seed/dtch: 2.0 x 106 seed/ha) had the highest green
and dry matter yield (6,3 ton DM/ha), but lower nitite value as the higher oat-vetch seed number
combinations (g 0.05). It was found that the increasing seed nufhbeof vetch in combination with
decreasing oat ration improved the crude protemerd (< 0.05), moreover the digestibility and rumen
degradability in the mixture.
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Effect of 7-14 days delay in cut on yield and nuttive value of whole
crop rye during the April-May harvest period
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’Kaposvar University, Faculty of Agricultural and Eironmental Sciences, Department
of Plant Growing and Protection, Hungary

Summary

Authors aim was to determine the effect of theicals and the different phenological stages onrgree
and dry matter yield, nutrient content, organic teratligestibility (OMd) and NDF rumen degradability
of whole crop rye with 7 and 14 days delay, redpelt Crude nutrient content, fibre fractions, anic
matter digestibility and NDF degradability of twiffdrent varieties and three hybrids were determhine
by Near-InfraRed Spectroscopy (NIR) before eari2@tt{ April), in earing (7th May) and in flowering
(13th May) in Hungary (randomized experimental @lat=4). Crude protein content decreased with
8-20% during 7 days, while there was 39-42% reduc(jp<0,05) comparing of flowering stage to the
initial phenological phase (ear in stem). The ADdncentration elevated by 27-48% during earing and
49-71% after 14 days €0,05). The NDF rumen degradability decreased will6% during 7 days and
18-32% during 14 days after the optimal harveset{pe0,05). Organic matter digestibility dropped by
9-13% (7 days), and 18-24% (14 days) comparedet@dnly stage (0,05).

Introduction

Authors aim was to determine the effect of theieals and the different phenological stages orgtieen
and dry matter yield, additionally nutrient conteotganic matter digestibility (OMd) and NDF rumen
degradability of whole crop rye plant by Near-Ifed Spectroscopy during the first cut period with47
days delay, respectively (April-May 2013, Hungary).

Materials and Methods

Two different varieties (Diament and Protector) émete hybrids (SU Phénix, SU Santini, SU Mephisto)
were sowed on 1D October 2012 (130 kg seed/ha). Farm manure (4thdaprwas applied on 34
September before sowing. Nitrogen fertilization wasried out in 12 March 2013 (81 kg N/ha).
Experimental field was 1024 nm (applied plot sizeAW x L 16m = 64nm per repetition, treatments= 4,
n= 4). Sampling was carried out before earing (289hil), in earing (7th May) and in flowering (13th
May) by hand (randomized sampling with standardnfa 1 nm, n=4) on Latin square designed
experimental plots (determination of the yield n=8&mples for laboratory analyses n=4, respeclively
Green- and dry matter yield, crude nutrient contiber fractions, organic matter digestibility aNdDF
degradability were determined.

Samples were dried and grinded according to thed€lines of Sampling® system (BLGG
AgroXpertus, Wageningen), equivalently with the igarian National Standard. Crude nutrient content,
fiber fractions, organic matter digestibilty andDN rumen degradability were determined by
Near-InfraRed Spectroscopy. The spectroscopic ndeftiataset developed by the BLGG AgroXpertus,
Wageningen, the Netherlands) uses the near-infraigidn of the electromagnetic spectrum (range0100
- 2500 nm). A NIRS-analysis is an indirect methatt ehas been calibrated on primary classical
wet-chemical analysis, as reference methods. Eigteoreference methods and determination coeffisie
are available at the corresponding author. Spesttee determined according to the guidelines of
NEN-EN-ISO 12099 (Q-Interline Quant FT-NIR analyd&0O 12099:2010 guidelines for the application
of near infrared spectrometry). BLGG AgroXpertussifocal calibration model, as special mathematical
model to calculate the desired parameters basdtleoNIR spectra. This approach increases religbilit
when the relationship between the NIR spectra andnalysis feature is not linear. BLGG AgroXpertus
organizes ring-test (inter-laboratory calibratigres)d it validates its satellite labs to maintahability.

Applied statistical models were the following: Kagorov-Smirnov test, Shapiro-Wilk test,
one-way ANOVA (comparison of the cultivars), twoywANOVA (effect of cultivarsvs. pheonological
stages), correlation and regression analyses batwsarameters of the different cultivars and
phenological stages.

Results and Discussion

Crude protein content decreased with 8-20% durinkys, while there was 39-42% reductiogq®5)
comparing of flowering stage to the initial phergitml phase (ear in stem). The ADL concentration
elevated by 27-48% during earing and 49-71% afterddys compared to the initial stage<@5).
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Related to the lignification, NDF rumen degradaypitiecreased with 8-16% during 7 days and 18-32%
during 14 days after the optimal harvest timgQ(95). Based on the cell-wall effect, the organmtter
digestibility dropped by 9-13% (7 days), and 18-2d% days) compared to the early staged(p5).

Table 1:Changes in green- and dry matter yield bble crop rye derived from first cut (betweer"29
April-13" May 2013 Hungary, n=16)
29" April 2013 7" May 2013 13" May 2013
(before earing) (in earing) (in flowering)
Green DM Green DM Green DM Green DM
t/ha t/ha t/ha t/ha t/ha t/ha std errol std error

Diament 39.6ab 6.2a 45.5ac 7.5abc 43.4a 9.5a 0.118 3.268
Protector 37.5a 6.0a 42.6b 8.2ac - 0.153 4.003
SU Phonix 42.2bc  5.2a 44.1ab 7.5ab 42.3a 9.0bc 0.123 3.268
SU Santini 40.1c 5.la 43.2ab 6.9b 45.4b 9.1b 0.121 3.268
SU Mephisto 39.2bc 5.2a 47.4c 8.1c 43.6a 8.6C 0.120 3.268

Std error (columns) 0.541 095 0531 0.93 0.592 0.104
abcd Means in the same column with different Isttiffer (p< 0.05)

Table 2: Changes in nutrient content, organic nratigestibility and NDF rumen degradability of wieol
crop rye derived from first cut (29Apri I- 13" May 2013 Hungary, n=4)
DM  Crude protein Crude fiber Sugar NDF ADF ADL OMd NDFd dNDF
g/kg g/kg DM g/kg DM g/kg DM g/kg DMg/kg DM g/kgDM % %  g/kg DM
29" April 2013 (before earing)

Diament Mean 157a 213a 283a 103a 619a 285a 3la 76a 62a 38la
St.dev 19.1 19.3 7.0 16.7 10.5 13.0 2.6 1.0 0.7 3.2
Protector Mean 158a 191a 291a 110a 634a 302a 34a 74a 6la 384a
St.dev 8.3 23.9 8.4 155 9.6 111 1.4 11 0.9 5.5
SU Phonix Mean 124a 208a 283a 102a 618a 290a 33a 75a 62a 385a
St.dev 2.1 14.5 9.5 4.2 8.7 13.7 2.1 0.9 0.8 6.6
SU Santini  Mean 128a 215a 290a 87a 548a 288a 3la 76a 60a 328a
St.dev 9.3 10.2 6.9 13.7 165.1 131 1.3 1.2 2.1 92.8
SU MephistctMean  131a 199a 284a 109a 613a 293a 30a 76a 64a 394a
St.dev 12.3 12.0 5.1 16.6 7.9 8.8 2.9 1.0 1.0 9.2
7" May 2013 (in earing)
Diament Mean 166a 169b 354b 38b 689b 358b 46b 67b 52b 359b
St.dev 7.9 12.0 13.3 8.3 9.8 12.0 2.4 0.9 2.1 14.7
Protector Mean 193b 157b 353b 55b 691b 366b 47b 64b 51b 350b
St.dev 7.4 12.4 17.1 3.3 14.3 16.1 2.9 1.9 2.7 14.7
SU Phonix Mean 170b 182a 336b 51b 672b 345a 43b 67b 53b 356b
St.dev 11.9 20.3 16.0 6.4 19.1 17.8 2.9 1.9 1.3 114
SU Santini  Mean 160b 185b 331b 42b 667b 346b 44b 68b 55b 369b
St.dev 4.6 8.0 12.9 9.0 7.5 9.7 35 1.1 1.2 4.8
SU MephistcMean  171b 183a 329b 47b 663b 339b 38b 69b 56b 373b
St.dev 247 15.9 2.4 6.1 14.7 7.8 3.4 0.9 3.4 17.5
13" May 2013 (in flowering)
Diament Mean 219b 122¢ 372b 69ab 683b 390c 53c 62c 48b 328c
St.dev 3.9 12.0 7.3 2.0 49 9.2 1.0 0.6 1.4 7.8
Protector Mean 219c 114c 371b 85¢c 686b 383b 51b 61b 46¢ 312c
St.dev 61.5 19.4 14.2 10.1 12.9 17.9 1.7 1.4 1.4 9.3
SU Phoénix Mean 214c 128b 356b 77c 680b 377c 50c 62c 49b 334c
St.dev 13.0 14.2 15.3 13.7 8.4 12.8 3.3 15 2.6 16.0
SU Santini Mean 200c 137¢ 362b 52 683c 381c 51c 61lc 50b 338c
St.dev 4.3 9.9 7.9 10.4c 3.3 5.7 2.2 1.1 1.1 6.7
SU MephistctMean  197b 116b 410c 42b 703c 415¢c 51c 57c 44c 308c
St.dev 4.8 3.2 19.5 12.9 11.0 13.0 2.1 1.8 1.6 6.3

abcd Means in the same column with different Isttdiffer comparing the effect of the phonologictdges (g 0.05),
OMd organic matter digestibility, DOM digestiblegamic matter, NDFd NDF rumen degradability, dNDFren degradable NDF

Conclusions

It was found that the effect of the three differphenological stages (7 and 14 days delay compared
the optimal harvest time) was significant on graed dry matter yield of the whole crop rye cut arw
early stage (April-May 2013). However, the delayedvest had significant detrimental effect on rautti
content, OMd and NDFd. According to our resultss istrongly recommended to cut the whole crop rye
before earing, in order to maintain the nutritizdue of the crop. The impact of ‘lignification mddeas
more considerable as compared to the effect ofliffierent cultivars/hybrids on the same parameters
the same stage.
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Changes in nutritional parameters of maize when harested at
different times

TYROLOVA, Y.
Vyzkumny ustav ZiviSné vyroby, v.v.i., Praha Wméves

Keywords: Maize, hybrids, yields, nutrients

Introduction
Maize is an important crop in Czech Republic. Egilscas a feed for cattle. Today maize is utilifed
biogas production too. High yields and energy pectéwe are the most important reasons for its
application as animal food. Maize silage constwa important part of the winter feeding progranane
numerous agricultural enterprises. Each year diffemaize hybrids are evaluated at the Institute of
Animal Science to determine the nutritional pararsand yields at the individual plant components.
Choice of harvest time and the physiological m&juwf the crop at harvest are the most important
factors that can influence the quality of crop.rRars often underestimate the maturity stage oftplan
during the harvest. Changes in nutrient contentispgant yields of a maize hybrid with a FAO numbér
300 were monitored during four harvests in threekse

Material and methods

The maize hybrid was grown on the experimentadifidlthe Institute of Animal Science in Prague gug
beet growing region, 280 m above sea level). Teaiper in this area averaged 9.7°C in the last years
with an average total precipitation of 601.3 mm.iMawas grown under conventional agricultural
practices. Ripped planting lines was 75 cm apadtthe distance between seeds in each line was 15 cm
Eight lines each 150 m long were used. Numberaritslwas counted in June. Dry matter (DM) of maize
silage should fall within an optimum range, idedilgm 28 % to 33 %. Maize was harvested at four
different DM contents a three week-period. In ebatvest time 3x10 plants were cutting. Yield of \eho
plants, cobs and plants without cobs (residualtp)awere investigated. Some chemical analyses were
determined as quality indicators of maize. Digefitybof organic matter was determined by an inmrwit
method (48 h by Tilley and Terry 1963, modifiedRgsch 2004).

Results
Harvest

1 | 2 | 3 | 4 SEM
Whole plant
DM | % | 276 | 298 | 345 | 400 | 215
Cob
DM % 43.F 48.0 52.2 54.0F 2.42
Crude protein| g/kg DM 83.25 93.68 94.4115 97.36 1.75
Crude fiber g/kg DM 84.9C0 78.2F 77.30 74.46 1.99
Starch g/lkg DM 456.89 482.88 516.52 575.69 4.23
Ash g/kg DM| 23.03 21.67 21.58 24.458 0.30
Fat g/kg DM| 57.24 68.59 63.27 68.89 0.92
Digestibility | % 78.94 80.43 81.52 - 0.32
Yield t/ha 8.8 12.7 13.3 14.0 0.49
Residual plant
DM % 20.5 22.5 24.4 28.65 1.78
Crude protein| g/kg DNl 87.9F 78.07 69.83 48.0F 1.82
Crude fiber g/kg DM 314.03 332.16 332.28 358.53 3.98
Ash g/kg DM|  66.39 68.26 69.78 69.85 1.22
Fat g/lkg DM| 15.47 18.28 14.4F 7.68 0.84
Digestibility | % 60.24 59.71 59.57 - 0.28
Yield t/ha 9.0 8.1 9.1 9.1 0.23
Cob % 49.8 59.7 59.4 60.5 0.25
I’OpOI’tIOf

abq/alues in the same row with the different lettes significantly different (P < 0.05).
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With advancing maturity stages and increasing DMteot, contents of crude protein in the
residual plant was decreased (P<0.05) and crudeifiocreased (P<0.05). This is in accordance te Ett
al. (2003), who dealt in detail with the effectrofize variety harvested at different maturity staga
feeding value. Values of organic matter digestipiiin the residual plant were decreased but these
changes were not statistically significant. In paegers, elated to cobs crude fiber was decreased
(P<0.05) and crude protein increased (P<0.05). §lwbsinges were most evident in maize harvested
between 27.6 % and 29.8 % of DM contents. Similatgrch contents increased (P<0.05) when DM
contents became higher. Value of organic matteediility of cobs were increased but the changes
were not statistically significant. Yields werelieased only in cobs over the DM range of 27.6 t0 40
with no significant changes found in residual ptant

Conclusion

In order to produce high quality maize silage, Dbhients of maize have to be monitored. Most of the
nutritional parameters depend on the maturity stefigidae harvest. This study evaluated the chanfes o
basic nutritional parameters of a maize hybridoat different DM contents. With quality of the résal
plant deteriorating as time proceed harvest tim@itgcal. Most changes occured when the DM corstent
of whole plants were between 34.5 and 40.0 %.
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The variability of the results of the nutritional value of maize silage
obtained by the apparatus AgriNIR

LOUCKA. RY;, JAMBOR. \&; TYROLOVA. Y.
Ynstituteof Animal Science, Pragug\utriVet. s.r.o.. Pohlice.

Introduction

The aim of one part of our project was to find fassibility of using methods of the near-infrared
reflectance spectroscopy (NIRs) to analyse nutidtiosalues of the fresh material (plats or silagas)
practice. Near-infrared reflectance spectroscogiR@ is a method of analysing composition of fasg

in a fast and repeatable way by exposing a saropiedr infrared light and recording which wavelésgt
are absorbed and which are not. All of the majonponents of maize silage have known absorptiors rate
of near infrared light. By calculating which wawvetghs of light are absorbed and which ones are
reflected back, a value can be assigned for howhnaiceach component a feed has. AgriNIR™ is
a portable NIR analyser for forages and grains gl@ntifies, in seconds, the percentage of Humiaolity
Moisture (dry matter), Starch, Crude Protein, Ada&tergent fibre (ADF), neutral detergent fibre (NDF
Ash and Crude Fat of the plant material being as®aly The technical data for accuracy are: Humiality
Moisture 2%, all nutrients 3%. The complete analysin be ready in 60 seconds. The use of screening
instruments for detecting AgriNIR nutritional valoé the food is even greater interest by laboratgri
consultants and representatives of agriculturalices (seed companies).

However, there are not many articles (comparatiudiss) in the scientific literature that would
provide information about the variability of thestdts obtained for comparison with the results of
chemical analyses. If results in an article on thisic in the scientific literature were found, ainied
results are from NIRs device that handles dry matiet fresh green matter. Review of the nearairefd
spectroscopy has been written by Roggo et al. (2007

The main goal was to find out how to alter the itiotnal value of maize silage stored in a large
tube bag.

Material and methods

We tested maize silage stored in a large plastic Bhe first part (the control) of the bag (K) widked

with chop maize in 10 mm long, additives were ne¢dj the second part, experimental (P) was filled
with the same chopped material, but into which wpliad the additive based on salts of benzoic acid,
sorbic acid and sodium nitrite, 3 litres per tonfiée experiment lasted 90 days. On weekdays the
samples of silage (K and P) and samples of feedues from the feeding experiment with 22 bulls {Kz
and Pzb) Holstein breed (black and white), weréect#d into small bags, weight at the beginning was
212 kg. The samples were stored in a freezer sehions 18C till the end of the collecting process.
Afterwards they were unfrozen in the room ambiermperature (AT). The infrared spectra were
measured by AgriNIRs equipment of 4 x 62 samplemaize silage. From the same large plastic bags we
took samples three times (5 + 2 + 5). We analybedsamples of silage with use of chemical methods
(2 x 12 samples), also of control (Kc) and of expental (Pc) silages. Dry matter (DM), Protein,rSka
ADF, NDF, Ash and Fat was determined in the samplgth by AgriNIRs equipment and chemical
analyses, the AOAC (2005) methods we used.

Results and discussion

The results are in table 1. Coefficients of vaoatranged from 2.5 to 6.7% were higher than indress

in fresh silage. The residues in comparison widslir silages were found higher solids starch ADF and
NDF.

The correlation between the dry matter contentthacconsumption of silage were low in both the
control (0.01) and the experimental (-0.5) silaggonsumption the experimental silage (P) was
significantly higher (P> 0.05) than control silagge = 17.55, P = 17.48 grams per head per day,
respectively).

There were significant differences (P<0.05) betwdlesm analysis of maize silage AgriNIRS
apparatus and laboratory methods. The varianceevadi the analyzed by apparatus AgriNIRS within
a silage was low. Differences between control aqeemental silages which have been preserved with
the addition of additives was not significant (F3H).

Lundstrom (2013) measured 12 samples of maize esilagh AgriNIRs apparatus (A) and
6 samples chemically (R). The content of DM wasgini§icant (P> 0.05) between A (43 + 7%) and R
(45 + 7%), similar results were insignificant fdret protein (A = 7 £ 0.5%, B = 8 £ 0.4%). Signifitan
differences (P <0.05) were found in NDF (A = 32%,38 =51 + 4%).
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Schaaf (2013) compared the results of the measuterapeatability of the results recorded on
two apparatus AgriNIR. There were a total of 79zeailage samples taken from 36 dairfdssamples
were tested in the AgriNIR Forage Analyzer firsheTsame sample was then taken and analyzed by
Dairy One Forage Analyzing Laboratory. There wdsarge difference in the results between the two
machines. They had disagreement in their testteeant the disagreement varied by component. Severa
components had a low correlation between the twohimas, so the disagreement was not linear. Other
components had a high correlation, but they hadgeldifference in actual values.

According of Zimmer et al. (1990) which measuredza@aatover, there are positive and significant
correlations between LAB and NIRS analyses.

Conclusion

There were significant differences (P<0.05) betwienanalysis of maize silage AgriNIRS apparatud an
laboratory methods, but the variance of valuesyaeal by apparatus AgriNIRS within the silage was
very low. Differences between control and experitaesilages which have been preserved with the
addition of additives was not significant (P>0.05).

The study showed the NIRS analyses should be us$efuaize breeding programs and for

evaluating of maize silage for feeding ruminantsyartheless a large number of samples needs to be
evaluated, but it neers more research and calilorafi equations.

Table 1: Nutrition values measured by the appar&gsNIR and analysed chemically

n DM Starch Protein NDF Ash Fat

% % DM % DM % DM % DM % DM
K 62 32.48a 28,8a 8,07b 41,61b 4,45b 2,94b
P 62 32.01a 29,8a 8,45¢c 41,61b 4,59b 2,91b
Kz 62 35.40b 31,5b 7,80ab 46,73c 4,10a 2,44a
Pz 62 35.41b 31,4b 8,43c 41,31b 4,18a 2,66a
Ka 12 35.19b 32.23b 7.39a 38.40a 4.43b 3.14c
Pa 12 36.01b 29.91a 7.34a 38.19a 4.20a 3.14c
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OMD determination by ELOS (enzymatic soluble organt matter)
method in grasses

NEMCOVA, P.; KOHOUTEK, A.; ODSTRLOVA, V.; NERUSIL, P.
Crop Research Institute, Prague, Research Statialeviko K. H. Borovského 461,
Jevicko 56943, Czech Republic

Abstract

The paper is aimed at possibility to specify prédic of NEL and NEV concentrations using OMD
determined by the laboratory method ELOS (enzynsatiable organic matter) in forage with the use of
very cheap domestic preparation from Trichodermasee with defined main enzyme activities,
convenient for routine practice. This should imprawurrent situation when determination coefficieares
mainly taken from feeding tables. The accuracy bfdDprediction in vitro by ELOS method provides in
the range of values common for grasses at techmiedlirity (grazing, conservation), that is 60 — 80,
results practically identical (+2.43 units of OME) the method of Tilley and Terry (1963). The
difference is caused by ‘inaccuracies’ of both rdth

Keywords: grasses; OMD; forage quality; Dactylis glomer&tastuca arundinacea; Festulolium; Festuca
pratensis; Lolium perenne; Bromus inermis.

Introduction

The recent increase of individual milk productiohdairy cattle in the Czech Republic (over 7000 kg
FCM) lays higher demands on voluminous fodder gualihe quality of forage changes a lot during the
first harvest regrowth. Individual species withiordge mixture of grasses and legumes demonstrated
significant differences in earliness (1 — 3 weeka)d even higher differences in forage quality
(representing about 3 — 4 weeks) - Pozdigekl. (2002). In order to determine an optimum date for
harvest for each individual species, sequentialpliags were analysed during the first harvest regno

Materials and methods

A stationary trial was established in 2010 at tbeicko and Hladké Zivotice site by a method of quick
renovation with seven grass specibadtylis glomeratd.. "Vega“ (DG),Festuca arundinaceh. "Kora’
(FA), Festulolium "Hykor” (FI-Hy) and "Hostyn” (He), Festuca pratensik. "Kolumbus” (FP)Lolium
perennel. ‘Kentaur” (4n) (LP) an@romus inermid.eysser cv. "Tabrom” (Bl). Species were sown in a
randomised block design in pure-stand and fourigafibns. The trial was fertilized in 2011 and 2012
with N 120 kg hd as ammonium nitrate, with lime applied in two doger 60 kg ha (in spring, after
the first cut), 35 kg Ha P (superphosphate) and 100 kg hé (potassium salt). Seven sampling dates
were performed during the®frowth, with the first cut on 28April 2011 and the next sampling in
weekly intervals until mid-June. OMD of 196 sampl@as determined by (a) ELOS method, using
domestic cellulase preparation fromrichoderma reese{Mika et al 2009) on instrument Ankom
Daisyll, with original packets F57 and (b) referenmethod of Tilley and Terry (1963), modified by
Stybnarova — PozdiSek (2009). Characteristics vetagistically evaluated using method of linear
regression; correlation coefficients were calculagd critical values, (n=196) of correlation coefficient
for ag o5 andag o, evaluated.

Results and discussion
The acquired results are presented in Fig. 1. myears’ time and from two sites 196 samples ofgra
forage were collected and analysed with an ovesalfje of OMDin vitro by Tilley and Terry 53.22 —
85.80, respectively by ELOS method 51.40 — 88.1®r& is regularly a close relation between theeglu
from both methods while samples by ELOS method leitber OMD in three out of four collections were
undervalued whereas the samples with higher OMDewmrervalued in all four collections. If we
consider the whole range of values (samples fraretrliest growth stages with the highest OMD value
up to late stages with the lowest OMD), the totadrage within the assessed collection (n=196) i4&'1
by Tilley and Terry method and 71.38 by ELOS method

The intersection of the calculated slope of linetfee given collection (n=196) with a diagonal (at
an angle 45°) is at the value of 70.73 OMD (Fig.id)this area both methods provide without addaio
correction identical numerical results with tolezarnt2.43 unots of OMD within the range from 60.73 —
80.73. It must be added that within this OMD ranage most samples collected at the stage of optimum
technological maturity. The equation of line y 2427 x — 17.384 displays high value of determarati
coefficient (0.7915), which explains 79.15 % cad@strelation coefficient r = 0.89** is statisticall
highly significant (P0.01).
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The accuracy of OMD determinatian vitro by ELOS method provides in the range of values
common for grasses at technical maturity (grazoapservation), that is 60 — 80, results practically
identical (£2.43 units of OMD) to the method of [&}} and Terry (1963). In this respect the ELOS
method is acceptable and according to the coroelatbefficient r provides useful information about
factual OMD. Our last paper (Mika et al., 2009)alty showed remarkable coincidence of individual
parallel replications (n = 3). With error toleranoé 1.5 % (relatively) the minimum number of
replications was 1.7 for the ELOS method, whereass 2.5 replications for nowadays ‘classic’ metho
in vitro with rumen fluid by Tilley and Terry (1963).

Conclusion

The ELOS method uses a very cheap domestic cedlydosparation with balanced cellulotic and other
activities for hydrolysis of lygnocellulosic matals. The accuracy of OMD predictiém vitro by ELOS
method provides in the range of values common fasgps at technical maturity (grazing, conservation
that is 60 — 80, results practically identical @2.units of OMD) to the method of Tilley and Terry
(1963). The difference is caused by ‘inaccuraciésioth methods.

The ELOS method can be favourably used for accutatermination of the optimum date of
harvest of grasslands with respect to anticipatexstock yield and also for more accurate calcotatf
NEL and NEV concentrations using actually determir@MD values in comparison to digestibility
values taken from feeding tables.
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Figure 1: OMD determined by ELOS method vs. Tilley — Terry (1963), n = 196
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The effect of feeding mycotoxin-contaminated silagen milk
performance and parameters of rumen milieu of dairycows.
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Abstract

The aim of the study was to reveal the effect efifeg the maize silage contaminated with mycotoxins
deoxynivalenol (DON), nivalenol (NIV) and zearaleeo (ZEA) on milk performance and rumen
characteristics of dairy cows. The trial was carioat on 3 ruminally cannulated lactating dairy saand
was divided into 2 periods of 7 d (4 d preliminggriod and a 3 d experimental period). In the fiestiod, two cows
received the control diet (®)ased on control maize silage, lucerne hay angplesmental mixtureand one
cow received the experimental diet (M), in whichtpEf control silage was replaced with mycotoximtaminated
silage.In the subsequent period, the cows were switchédet@ther treatment. Dry matter intake was not
affected (P>0.05). Intake of DON and NIV was higheM (9941 and 2714 mg/d) than in C (2965 and
2253 mg/d, respectively,<®.01). Milk yield and protein content differed sifigantly between groups
(P<0.05). Mean concentration of metabolite DOM-1 ia thmen fluid in M was higher (15.1 ng/ml) than
in C (1.6 ng/ml, R0.01).

Introduction
Silage of whole plant maize represents a high-gntxgd component of dairy cow rations. Under céntra
European cultivation conditions maize is often aéel by different moulds of the gen@&sisarium
whereby F. graminearumand F. verticillioides are the most important (Miedaner et al., 2010)
contaminating silage especially by deoxynivalen@D(), but also zearalenone (ZON) and fumonisins
(FUM, Logrieco et al., 2002). Mould contaminatiam silage is associated with reduced palatability,
reduced nutritional value and feed intake, aninealltih problems, decreased productivity and fertdind
increased disease susceptibility (Fink-Gremmel882@cudamore and Livesey, 1998).

The aim of the study was to reveal the effect &dfeg the maize silage contaminated with
mycotoxins deoxynivalenol (DON), nivalenol (NIV) érzearalenone (ZEA) on milk performance and
rumen characteristics of dairy cows.

Material and Methods

The experiment was carried out on 3 ruminally céated lactating Holstein cows with a similar milk
production of 18.9 4.1 kg/d. The experiment was carried out in thenfof a cross-over design and was
divided into 2 periods of 7 days (a 4-d preliminagriod and a 3-d experimental period). Cows were
divided into 2 groupsn the first period, two cows received the conttigt (C)based on control maize silage,
lucerne hay and a supplemental mixtuieg one cow received the experimental diet (M)wiich part of
control silage was replaced with mycotoxin contaatéd silageln the subsequent period, the cows were
switched to the other treatment. Cows were fedviddally twice daily (6.30 and 16.30 By libitumthe
above mentioned diets (Table 1).

Table 1: Composition of diets g/kg (on DM basis)

C M
Maize silage — control 485 263
Maize silage — contaminated - 233
Lucerne hay 96 95
Supplemental mixture 419 418
Total 1000 1000

Feed intake and respective refusals were monitdadlgl and samples of them were taken in each
period and analysed for the basic nutrients (adgegrtb AOAC, 1984) and for the mycotoxins. Cows
were milked twice a day (7.00 and 17.00 h). Millelgi was recorded at each milking. During the
experimental period, samples of milk were takereath milking; they were conserved by Bronopol
(D&F Control Systems, Inc. USA), cooled to the 6 &@d analysed by infrared analyser (Bentley
Instruments 2000, Bentley Instruments Inc., USApasic milk constituents.

In each experimental period five samples of rumihatl were taken daily at 6:30, 8:30, 10:30,
13:30 and 16:30 h to determine pH, and the comkEnblatile fatty acids, ammonia and mycotoxins and
their metabolites.
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Mycotoxins and their metabolites were determinddgisiltra performance liquid chromatograph
ACQUITY (Waters) coupled with tandem mass specttem@®@TRAP MS/MS (AB Sciex).

Results and discussion

Intake of DM and mycotoxins is given in Table 2thugh DM intake did not differ significantly
between groups (P>0.05), refusals were noted il is in accordance with Coppock et al. (1990) or
Trenholm et al. (1985) but in contrast to othedsts, e.g. Danicke et al. (2005) or Korostelevalet
(2007) where no feed refusals were observed. IntkBON and NIV was higher in M than in C
(P<0.01), while intake of ZON was not affected by tfeatment (P>0.05).

Table 2: Intake of dry matter (DM) and mycotoxins Table 3: Yield and composition of milk

: Unit C_[M_ [SEM[P
Intake of | Unit| C M | SEM| P | IVikyield |kg/d 17.8 | 19.9 | 0.43] 0.006
dry matter] kg 16.1 | 150| 0.61] 0.249 |5 g/kg 438 | 45.7] 1.39 0.342
DON | ug/d | 2964.79940.8 341.90| <0.001| [ 5iein g/kg 34.2 | 31.9] 0.30<0.001
NIV | pg/d | 2253.02714.4 114.30] 0.014| [cascin okg 565 249 047 0033
ZON | pg/d| 9485 8711 4110 0.208 [5i0se | glkg 46.4 | 46.9) 1.0] 0.743
Urea mg/100 mi15.1 |14.4 | 1.72| 0.751

Yield and composition of milk is presented in TaBle Milk yield in M was higher than in C
(P<0.01). While concentration of protein and caseiMinvas lower than in C @&0.05), content of other
milk compounds was not affected by the treatmemtO(B5). Results concerning the DON and ZON
effect on milk yield and composition are inconsisté\lthough some negative effects were observeld wi
regard to milk yield and composition (Charmley ket #993; Coppock et al., 1990; Whitlow et al., 698
Trenholm et al., 1985) no effect of mycotoxins vediserved in the other studies (Winkler et al., 2014
Korosteleva et al., 2007; Seeling et al., 2006;iEkmet al., 2005).

The average ruminal pH in C and M was 6.42 and,&&spectively. Total VFA concentrations
were on average 2.55 ml/l in C and 3.72 ml/l iM@an concentration of metabolite DOM-1 in the rumen
fluid in M was higher (15.1 ng/ml) than in C (1.6/ml, P<0.01). Changes in postprandial concentration

of DOM-1 in the rumen fluid are presented in thgufé 1. The highest concentration of DOM-1 was
observed 4 h after feeding.

30

‘oncentration of DOM-1
(ng/mly
-
w

6:30 8:30 10:30 13:30 16:30
Sampling time (h)

Figure 1. Concentration of DOM-1 in rumen fluid ebws fed either control (C) or mycotoxin
contaminated silage (M) in dependence on time wipdiag

Conclusion

After feeding maize silage contaminated with mygote DON, NIV a ZON to lactating dairy cows feed
intake and composition of milk was negatively aféek No mycotoxins except of metabolite DOM-1 was

found in the rumen fluid. The highest concentrattdrDOM-1 in the rumen was determined 4 h after
feeding.
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Determination of protein digestible in intestine ingrass silage by the
NIRS method

JENDRISAKOVA, S.
Narodné pdnohospodarske a potravinarske centrum — Vyskuntay freavnych
porastov a horského plaohospodéarstva Banské Bystrica

The aim of this work was to evaluate the measupstttsa of samples of grass silage by the dispersive
NIR spectrometer 6500 with NIRS reflectance detectiThe samples were evaluated in the wavelength
range 400 - 2500 nm. The file comprised 89 sampiegass silage. Samples were analysed by reference
methods in accordance with the Decree of the Minisf Agriculture No. 2145/2004-100 and protein
digestible in intestine (PDI) was calculated. Clatien between results of reference methods and
measured spectra was used to develop an equatBR.EA”. Chemometric methods of the NIRS
software were used to validate the calibration #gnaAccording to reference methods, PDI minimum
value, PDI maximum value, MEAN, SEC, SECV and RS€yent7.78 g.kg-1, 81.55 g.kg-1, 68.17 g.kg -
1, 4.78 g.kg-1, 7.48 g.kg-1 and 0.85, respectivilghalanobis distance was used to determine ositlier
After outlier selection, 61 samples were used fraeopment of new equation SGR.EQA. According to
new equation SGR.EQA, PDI minimum value, PDI maximvalue, MEAN, SEC, SECV and RSQ was
57.51 g.kg-1, 81.55 g.kg-1, 67.55 g.kg -1, 0.93y¢lk2.12 g.kg-1 and 0.92, respectively. Parameters
new equation SGR.EQA were optimal and correlatioafficient RSQ showed a strong dependence.
Therefore calibration could be identified as vezljable.

Introduction

Animal nutrition is one of the most important fastaand influences animal health and performance.
Feed-stuffs fulfil animal requirements for nutrierand also enter the food chain. For this readm, t
feed-stuffs have to be classified. It is necessanyetermine the best feeding ration with consitgthe
animal health and performance by using such diagnosethods which allow to provide information
concerning forage quality in a short term. Nearardd spectroscopy (NIRS) eliminates time consuming
sample preparation, reduces costs of chemicalsrggndaboratory equipment and protects the
environment, as well.

Material and methods

Grass silage samples were taken from mountairsabohontane regions of Slovakia. The silage samples
were assembled from agricultural firms directly amete expedited to laboratories for analysis. Sampl
were prepared and analysed in agreement with edidlation of the Slovak Republic according to the
Decree of the Ministry of Agriculture No. 2145/200800 on legal sample assembling and on laboratory
feed-stuffs analysis and evaluation. The contenDof Mater (Directive N0.1971/393/EC), total N
(Kjeldahl, Directive No. 1993/28/EC), fat (Soxhib. 1998/64/ES)and products of the fermentation
process in silage samples, carboxylic acid andhalcgdaccording to the Decree of the Ministry of
Agriculture No. 2145/2004-100 part L). Followingetanalysis the samples that did not comply with the
analytical tolerance for laboratory results of rernt contents were selected (as defined by “Anzdyti
tolerance” - Decree N0.39/1/2002-100 issued byMirastry of Agriculture of the Slovak Republic). €h
content PDI (protein digestible in intestine) wadcalated by Petrikoviet al. (2000). We carried out
diagnostics, sc. control of the applience's paregaetl. Measure NIR repeatability (NIR repeatapikit

a measure of the deviations in optical (Log/R) @dtaach wavelength), 2. Measure wavelength acgurac
(It is measured with polystyrene and didymium iesilde instrument), 3. Measure instrument respadhse (
is a measure of the absolute reflectance from ¢nanaic) .We scanned the check cell and then thgesil
samples on the NIRS 6500 device. Prior to the sngnthe silage samples had been adjusted by drying
at 60 °C and disintegrated to the 1 mm fractiollolong the scanning — measuring of the silage damp
adjusted in this manner on the NIRS 6500 we acdubsorption spectra composed of 89 samples.

Results and Discussion

The objective of this study was to develop calibraguation SGR.EQA. The software of NIRS 6500
performs different mathematical procedures: PCRS,RUPLS. The linear regression method was based
on modified partial least squares (MPLS). The fiilstcontained 89 samples (Tab.1.). From thel tota

89 samples after selection of outliers, outliersemgetermined by Mahalanobis distance a set ofo61 f
PDI. The most commonly used distance measureshar&uclidean distance (ED) and the Mahalanobis
distance. Both distances can be calculated in tiginal variable space and in the principal comptne
(PC) space (De Maesschalck et al., 2000). Obtaspedtra were matched to calculated values for and
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used to develop a calibration file SGR.EQA. To depethe best calibration equation (Tab. 2.),
mathematical matrix of linear dependence was cbetraising statistical methods. Partial least sgsiar
(PLS) regression is similar to principal componeegression (PCR), but uses both reference data
(chemical, physical, etc.) and spectral informatimform the factors useful for fitting purposesditens,

H., Naes, T. 2001). MPLS is often more stable aocuete than the standard been calculated, are
standardised (dividing by the standard deviationthe residuals at each wavelength) before caligat
the next factor. When developing MPLS equationgs&ivalidation is recommended in order to selext th
optimal number of factors and avoid overfitting é8k, J.S., Westerhaus, M.O. 1995).

In order to verify the research we have used alatiiig set VSGR.CAL of 20 randomly selected
silage samples which had been used for the labgratmalysis. The set of the samples was scanned on
the NIRS 6500 and was evaluated by the use of SGR.&quation. We compared the calculated results
PDI marked as LAB and results ANL acquired follogiithe scanning and evaluating of samples on
NIRS 6500. We evaluated the parametres (Tab 3)datd error of prediction (SEP), standard error of
cross validation (SECV), and proportion of refeeeneethod variation explained by cross validatiothwi
predicted values (1-VR), coefficient of determioatiof cross validation (RSQ). Davies and Williams
1996 it has been reported that the SECV is the siagte estimate of the prediction capability of th
equation, and that this statistic is similar to #hesrage standard error of prediction (SEP) from 10
randomly chosen prediction sets. Since near iefrapectroscopy (NIRS) was first developed, thadsan
of papers have demonstrated the ability of thikrietogy to predict traditional chemical values atider
parameters of nutritional interest for differeneéds and forages (Bertrand, D. et. al, 2000). Fooagdity
is affected by many factors, including the chanasties of the environments (soil, temperature,
precipitation, light conditions), grassland managam(fertilization, cutting, grazing) and preseiwat
techniques (Jut&k et al., 2001; Gallo et al., 2006; Biro et abp2, Galik, 2007). The use of NIRS in
evaluation of quality of agricultural productiorpegted Dardennet al. (2006) and Kalinin et al. (2008).

Conclusion

It has been demonstrated throughout the studyniet-infrared spectroscopy provides fast and ateura
information about feed nutritive value. Based ois th is possible to correct and balance the fegdin
ration and to avoid overfeeding as well as insidfit nutrition. In our study the grass silage sawspl
were used to develop a calibration file SGR.EQAhisThew model provides a possibility to evaluate
grass silage samples brought to the laboratory dieat. Near infrared spectroscopy allows reductd
costs by avoiding traditional analysis and protetis environment. From this point of view, near
infrared spectroscopy is a fast, effective andgeatve method.
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Table 1: Calibration file SGR.CAL
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Variable N Min. value| Max. value Mean SEC SECV, RSQ|
PDI (g.kg") 89 47.78 81.55 68.17 4.78 7.48 0.85
Table 2: SGR.EQA
Variable N Min. value| Max. value Mean SEC SECV, RSQ|
PDI (g.kg") 61 57.51 81.55 67.65 0.93 2.12 0.92
Table 3: Validation file VSGR. CAL
Variable N Mean (ANL NIRS) SEP SECV 1-VR RSQ
PDI (g.kg") 20 65.67 1.93 2.62 0.88 0.84
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Effects of a homofermentative inoculant on dry matr losses,
fermentation pattern, aerobic stability, protein quality and biogenic
amines in grass silage
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Introduction

Grass silage plays an important role in the feedihglairy cows and can significantly contribute to
meeting the dietary demand for protein, therebybkng the partial replacement of expensive protein
concentrates. However, fermentation and proteadityuoften do not meet the required standards, and
biogenic amines as end-products of amino acid dagian by undesired microorganisms may impair
feed intake and health of animals (Krizsan und Rgn@007 and cited references there). The benaffits
homofermentative lactic acid bacteria products dutants) were summarized by Kumg al (2003).
However, comprehensive information on their effeots protein quality and formation on biogenic
amines in particular is still lacking. Thereforeisttrial aimed at gaining more knowledge about it.

Materials and Methods

Smooth meadow grasBda pratensgwas harvested May 14, 2012 with a plot harvestayhtly wilted

and chopped to a theoretical particle size of 20. ftre crop contained 220 g/kg dry matter (DM).
Concentrations (g/kg DM) of crude protein, crudé,asater-soluble carbohydrates (WSC) and nitrate
were 154, 93, 99 and 0, respectively. Bufferingacétly (BC) was 4.9 g lactic acid/100 g DM, giving
a SC/BC ratio of 2.0 and a fermentability coeffitie(FC) of 39. Thus, the material, having an epijgh
lactic acid bacteria (LAB) count of log 6.5 cfulgas considered moderately-difficult-to-ensile. Piio
filling the material into glass jars (1.5 L), therhofermentative inoculant KOFASTLLAC (ADDCON
EUROPE GmbH, Bitterfeld-Wolfen, containirlg plantarumDSM 3676, 1k20731 and. plantarum
DSM 3677, 1k20732, at 50/50 ratio, inoculation rd@0,000 LAB/g fresh forage) was applied at 1@ I/k
forage, whereas the control treatment receivedwager at 10 ml/kg. The three replicate silos per
treatment were stored at 25 °C for 121 days. Tkeel® of DM, which was corrected for the loss of
volatiles during drying, and the fermentation pattevere analyzed by routine analytical procedures.
Aerobic stability (ASTA) was determined for 10 ddysemploying the temperature method, and aerobic
DM losses were calculated based on the accumutategerature (Honig, 1990). Protein quality was
evaluated by the Cornell Feed Protein Evaluatidme8w, and biogenic amines be detected by GC-MS-S
(Richardtet al, 2011). Data were subjected to statistical aimalyg PROC GLM of SAS, version 9.3.

Results and Discussion

Data given in table 1 demonstrate the positivecefé inoculation with KOFASIL LAC on many of the
tested parameters resulting in superior quality&b of untreated silages. Despite good fermerntgalihd

high epiphytic LAB count of the forage was untrea®lage subjected to undesired fermentations, as
reflected by high butyric acid. This is likely taVe been caused by the lack of nitrate in the foesp

and too less efficient epiphytic LAB resulting in sbow acidification rate. This, in turn, enabled
saccharolytic clostridia to form butyric acid inetlearly stages of fermentation only (Weissbach und
Honig, 1996) since the pH after 121 days of anderstorage was still on an acceptable level.

By stimulating homolactic fermentation, treatmerithilKOFASIL LAC decreased anaerobic DM
losses by 32 %, but simultaneously reduced aesiblulity and increased associated aerobic DM fsse
This is in line with earlier observations by Horagd Thaysen (2002) who evaluated the effects of
homofermentative inoculants based on a total of 8@parisons with untreated silages made from
moderately-difficult- and easy-to-ensile forageke¥ found a mean decrease in DM losses by 31 and
9%, respectively, and aerobic stability was redumed day.

Additive treatment positively affected protein dtal characteristics by increasing the
concentrations of true protein, fractions B1 andaB2well as by lowering the NPN content (fraction A
which supports findings by Krameet al. (2012). Nadeawet al (2012) who used a different
homofermentative inoculant and a chemical additivéheir study also observed an increase in rumen
undegradable protein, which was shown in this sfodiKOFASIL LAC.

The use of the inoculant decreased the total biogemine concentration as well as that of most
individually detected amines. The observed aminel¢eare in line with those found by Richasdtal.
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(2011) and Krizsan and Randby (2007), who repamedn values of 2.86 g/kg DM (n=99) and 4.82 g/kg
DM (n=24) ranging from 0-20.7 g/kg DM and 0.97-13&g DM, respectively. As found in this trial,
putrescine and tyramine were shown to occur ahifjeest concentrations. High correlations werenfbu
between the contents of biogenic amines and bufgid and ammonia by Richardt al. (2011) and
Krizsan and Randby (2007). These findings are cowfil for butyric acid whose formation was
completely prevented by the additive, but the éffat ammonia-N level was less pronounced. It was
shown previously that the activity of saccharolytiostridia in the early stages of fermentation is
associated with only limited protein breakdoKaiser et al, 1997) compared with the activity of
proteolytic butyric acid bacteria. The strong relaship between fermentation quality and biogenic
amine concentration, as reported by Richatdal (2011), was substantiated by the results predente
this study.

Table 1: Effects of KOFASIL LAC on DM losses, fenaion pattern, aerobic stability, protein qualiéyd biogenic amines

Parameter Controf KOFASIL LAC* SEM P value
Fermentation pattern
pH 4.3 3.9 0.003 <0.001
Ammonia-N (% total N) 155 12.2 0.127 <0.001
Lactic acid (g/kg DM) 57.0 82.7 3.085 <0.01
Acetic acid (g/kg DM) 1.7 8.5 0.690 <0.01
Butyric acid (g/kg DM) 26.1 0 0.520 <0.001
Ethanol (g/kg DM) 134 3.9 0.471 <0.001
DM losses during fermentation (%) 7.1 4.8 0.0240.001
Aerobic stability (days) 10.0 7.3 0.177<0.001
Aerobic DM losses (%) 0 7.9 0.822 <0.01
Protein quality
True protein (g/kg DM) 35.4 42.9 0.781<0.001
Fraction A (% CP) 76.0 70.5 0.504 <0.01
Fraction B1 (% CP) 1.1 4.0 0.656 <0.05
Fraction B2 (% CP) 16.6 19.7 0.187<0.001
Fraction B3 (% CP) 3.9 3.1 0.232 ns
Fraction C (% CP) 2.4 2.6 0.167 ns
UDPZ (% CP) 13.2 14.3 0.247 <0.05
Biogenic amines (g/kg DM)
Putrescine 1.7 0 0.158 0.01
Cadaverine 0.8 0 0.297 ns
Histamine 0 0 - -
Phenylethylamine 0.3 0.3 0.029 ns
Tryptamine 0.8 0 0.031 <0.001
Tyramine 2.0 0.6 0.134 <0.01
Total 5.6 0.9 0.571 <0.01
y-amino butyric acid (GABA, g/kg DM) 104 7.7 086 <0.01

!values given as LSMEANBndegradable protein at passage rate of 5%ris not significant

Conclusions

Homofermentative inoculants exerted a positiveatften the course of fermentation and associated DM
losses even in forages which were not expectecetpdorly fermented. As inoculation resulted in less
stable silages upon exposure to air, higher feedrates are required to avoid excessive losses. By
enhanced protein quality, treated silages mayalrtieplace supplemented protein concentrateseliye
contributing to a more profitable milk productiohhe reduction of biogenic amine concentrations is
likely to have beneficial effects on feed intake amimal health.
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Abstract

There is little data on the effect of oxygen bar(i@B) film on losses from the peripheral areabwfker
silos filled with grass crops. Primary growth rya@gs was ensiled in two farm-scale bunkers divided
longitudinally and covered either with OB film (4#n thickness) or with two layers of PE film (2hén
total thickness). Net bags were sampled, burigtiénupper 30 cm of each silo, recovered after 285 d
(Silo 1) or 223 days (Silo 2) and sampled agairafoalysis. Mean estimated loss of organic mattéf)(O
from the upper 30 cm was 188 g'Kgr silage stored under OB film and 268 ¢ Kor silage stored under
PE film (P=0.02). Silage pH, ammonia N and asli¢ento be lower and lactic acid tended to be higher
for silage under OB than under PE film. It is cloded that loss of OM from the upper layers ofileds
ryegrass in farm-scale bunker silos is reducedchbyuse of OB film, and that silage quality may a&igo
improved.

Introduction

Losses of crop dry matter (DM) from the periphdealers of silos can be considerable if the covering
film is either absent or is permeable to oxygenlI¢Bo et al., 1993). Oxygen barrier (OB) film
(‘Silostop’, B Rimini Ltd, London, UK) has subst#alty reduced permeability to oxygen compared to
standard polyethylene film (Degano, 1999; Borresamd Tabacco, 2012). In a meta-analysis Wilkinson
and Fenlon (2013) found that mean losses of DMrgamic matter (OM) from the top surface layers of
bunker and clamp silos were reduced from 195 g fay standard film to 114 g Kgfor OB film
(P<0.001). However, 32 of the 41 comparisons weith whole-crop maizeZea maygs and only 3
comparisons were with grass or grass/clover. kghper previously unpublished data was analysed fr
farm-scale comparisons of OB with standard filmtast the hypothesis that the findings of the meta-
analysis were valid for grass crops ensiled unalen fconditions.

Material and methods

Two comparisons were undertaken on dairy farmbeénK. Primary growth grass crops (predominantly
Lolium perenngwere wilted for 2 to 3 days in May 2003 and eswsiln good weather after treatment
with an inoculant additive. Bunker silos were diil longitudinally into two halves. One half of ttep
layer of each silo was covered with either two fayaf black polyethylene (PE) film of 1@ thickness
(250um total thickness) or a single layer of oxygen iear(OB) film (‘Silostop’) of 45um thickness.
Corresponding side walls were lined with singleelayof the same type of film used on the top sedac
On the top surface of Silo 1, PE film was protectad used car tyres and OB film by woven
polypropylene netting with gravel bags around tlges. On Silo 2 both films were protected by
polypropylene netting with gravel bags around tges. Net bags, 6 per treatment containing approx.
7 kg of herbage fresh weight, were placed at randothe upper surfaces of each silo to 30 cm depth.
Losses of organic matter (OM) were estimated uding equation of Bolsen (1997) from the
concentration of ash in samples of herbage tal@n fthe net bags at the time of ensiling and in $esnp
of silage taken from the net bags when recovereéer &35 (Silol) and 223 days storage (Silo 2).
Statistical analysis was performed using Genstafl d@ves Agricultural Trust, Rothamsted, UK). Data
were examined using a linear mixed model with tgp&im as a fixed effect and silo as a random etffe

Results and discussion

Composition and estimated losses of OM from theeu30 cm of the silos are in Table 1. Values for pH
ammonia N and ash tended to be lower and concemsabf lactic acid tended to be higher in silage
stored under OB film than in silage stored underfiRi but the differences were not significant. Tée
were no significant interactions between silo ayuktof film. The percentage reductions in loss & O
due to use of OB film were similar for both silos32% for Silo 1 and 28% for Silo 2. The mean
reduction in loss of OM by use of OB film was 8@.8g' (P=0.02).
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Table 1: Composition of herbage at harvest andlafisiand estimated losses of OM from the top 30 dhreof
silos during storage.

Silo 1 Silo 2 s.e.d. Significance of effects

Type of film OB PE OB PE Silo | Film] Silo x Filmn
Herbage at harve
Dry matter (DM, g k! fresh weight, FW) | 289.3292.5| 210.3 | 207.7] 10.54<0.001| NS NS
Ash (g kc* DM) 76.7 | 73.8| 83.0| 822 288 0.000 NS NS
Silage
DM (g kgt FW) 279.0|280.0| 222.0 | 202.5| 14.35<0.001| NS NS
Ash (g ket DM) 89.7 | 94.3| 104.0 1150 6.66 <0.001 NS NS

H 4.07 | 4.32| 4.27| 4.53 0.282 NS NS NS
IAmmonie-N (g kg total N) 30.0| 322/ 66.7 87.3 14.530.001| NS NS
Lactic acid (g k™! DM) 130.0| 64.2| 78.7| 57.2| 35.2D NS NS NS
Estimated loss of OM (g 1) 157.0(231.8| 219.0 | 304.8 42.79 0.03 | 0.02 NS

Conclusions

The mean percentage reduction in top surface Ib&Mfrom ensiled grass crops for OB compared to
PE film of 30% was similar to the mean reductiotoiss of 42% reported for 41 comparisons of OB with
PE film by Wilkinson and Fenlon (2013). The resuleported here demonstrate under commercial
ensiling conditions the superiority of a singledapf OB film over a double layer of standard PEfin
terms of lower losses and potentially better feriagon quality of grass silage in the upper layethe
silo.
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NutriVet):

www.nutrivet.cz
nutrivet@nutrivet.cz

Rumen pH & temperature monitoring

KEY BENEFITS

Langest life bolus Smallest bolus available Heal time monitoring
available laday with loday to measure rumen of changes in diet

reliable data for 5 months pH and temperature and condition

28 days of data storage Accurate, stable pH sensor Early warning of illnesses
on the bolus providing data quality including SARA
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