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Abstract

For several decades, the practice of farming innteon areas has played a key role to
the proper management of the landscape, the caisenof the biodiversity as well as the
soil protection. Moreover, it has significantly ¢obuted to the protection of those areas from
avalanches and fires, while at the same time ip&eeinforcing the local economy, thereby
acting as a counterweight to abandonment. The mouanimal husbandry is by definition
multifunctional and multidisciplinary. In fact, motainous farming consists of a complex and
dynamic system. The harmony and the balance betiwaigran activities and nature requires
some of the most precious human skills, like pagenself-abnegation, endurance to
handiwork and frugality, to name some, but abovgelave for mother nature. These are
characteristics that ensure continuity and vitatifythe mountain for both humans and the
surrounding nature. In Italy, almost half of th&atdand is classified as mountainous (47.5%).
Nevertheless, farmers in mountainous regions (sgmtéeng 30.9% of the national total) face
several limitations. These limitations, linked ke texistence of natural handicaps, cannot be
easily overcome with investments. For example, ountains the average temperatures are
lower, resulting in shorter vegetative period. Muwer, the excessive fractionation, the major
gradients and roughness of the lands and at the same the lower fertility of soils, create
the need for special machinery (often more expentian those used in mainland farms) as
well as increased labor and extra inputs for tmm$a These factors can lead to a lower land
(and consequently farm) productivity, which canttamslated into a limited competitiveness
of the mountain farms, compared to mainland. Initead the difficulty of access and the
distance of individual dairy farms from the lowlaad well as the fewer processing facilities

and their small size, create higher transportatmsis and lower economies of scale.



Thus, the overall objective of this thesis was teriy some parameters of
sustainability that are of great importance fomaadi husbandry in the mountain areas. The
province of Trento was selected as a model arethi®type of research. More precisely, we
have analyzed the relationship between dairy faants management of the Alpine pastures,
in the light of the environmental value of semiurat grasslands. The first and second
contributions are related to this goal. In the lgait a survey was carried out to assess the
environmental footprint of dairy farms of Trentoopince, focusing on innovative aspects of
nutrition and management of the animals bred.

More specifically, the goal of the first contribai was to analyze the role of the
mountain livestock sector. At a first step, dataeveollected from the Veterinary Services of
the province concerning the structures and the genant of 395 Alpine summer pastures
either with cattle (83 with only heifers and 262luding dairy cows) or sheep and goats (50
summer pastures). All the heifers and more than thivel of dairy cows that kept on
permanent farms of the province were brought taehgorary farms on the Alpine pastures
during the summer season, with a frequency gréateows of local and dual purpose breeds
than specialized breedad. Holstein Friesian). Of the 610 permanent dairynassociated
with the Provincial Federation of Farmers, we hawmalyzed the differences between the
dairy farms that move/do not move the lactating €dw Alpine summer pasturese. the
traditional dairy farms (small and medium size)thwiied stall, local breeds and with low
productivity, frequently using the summer pastuerevcompared to modern dairy farms of
the same province. Results showed that the prasfitnshumance to summer pasture has
an important role for the dairy sector of Trentopnce, although the farmers changed the
reasons why they choose to move the animals. It) fae role of grazing as production
support in the summer is relevant just for theitraglal small and medium dairy farms, while

in all cases it is important to access public dlibsi that are undifferentiated between



lactating cows, dry cows and replacement. The stisiylayed the fact that there is still the
need to maintain the link between dairy farms aifn® pastures, giving particular attention
to the quality of the pasture management and thié-fuactionality of services that can be
provided by mountain farms.

The second part aimed in evaluating the effect astyring of dairy cows on milk
yield and quality. To this purpose, a many of fraitas considered. Body Condition Score
(BCS), milk production and quality, milk coagulatiproperties, different set of parameters
and information relating to dairy processing weeearded and analyzed. In total, date
regarding 799 lactating cows were collected andyaed during 2012 from 15 temporary
farms on Alpine summer pastures located in theoregf Trentino. The cows were reared in
109 permanent dairy farms. Effects of the breeditypand days in milk were taken into
account. The effects of Alpine summer pasture,iarghrticular of the amount of compound
feed given to cows, were also considered. Inforomatvas gathered not only during the
period that the cows spent at the Alpine summetupasbut also before and after the alpine
season, with the objective to evaluate the chadgeso the environmental changes. Results
showed that the summer transhumance had an effaret on less relevant in determining a
decrease in production, but also depending uporbtbed. Specialized breeds, with higher
production levels in permanent dairy farms, suffegreater drop in production than the local
and dual purpose breeds. This was somehow expesitegk local breeds have a greater
adaptability and lower nutrients requirements.

Even the body condition score has been stronglyented from the summer Alpine
pasture. A decline in the first phase of the pastand a subsequent recovery at the end of the
pasture period was observed. Differences betweerdbr existed, with those specialized

breeds showing a greater decrease in body condition



After the return from the Alpine pastures a declim¢he percentage of fat content in
milk (more evident in specialized breeds) was olegrwhile the protein content remained
constant. Regarding the technological propertiemitif, significant differences were found
with the change of environment (after the reactuhtemporary summer farms and after the
return to permanent farms). The major differenceddctodynamographic properties as well
as the individual cheese yields were observed lstwene and September. In summary, this
work highlighted the better adaptation of local athgial purpose breeds in the Alpine
environment and their good performance under enmental changes as well as the special
conditions of the farming system in summer pasture.

The last part of this thesis aimed to evaluateetindgronmental footprint of mountain
dairy cattle farms. The study was conducted inexi§ip area of the Province of Trento. Data
were collected from 38 dairy cattle farms of miXxa@eds using different farming systems.
Data on the general farm management, diet, theuptmoh performance, the agronomic
management of the surfaces, the management of wasiethe energy consumption were
collected. A specific questionnaire was developed #ested to this purpose. This specific
guestionnaire could also be used for further ingatibn in mountain region.

The above mentioned data were used to calculatedah®n footprint of the herds
using the Life Cycle Assessment (LCA) approach. Stoely included the entire product life,
i.e. from production of raw materials and their proaesdill the final product (the functional
unit was the kilogram of milk). All the inputs amditputs associated to the functional unit
were taken into account. Three categories of enmental impact of the farms were
considered: i) carbon footprint (contribution toetiproduction of greenhouse gases), ii)
acidification and iii) eutrophication.

The values obtained for the three impact categdvags large variability, with mean

and standard deviation equal to 1.46 + 0.58 k@05 equivalent (eq), 27.18 + 8.34 g for 5O



eq. and 7.91 + 2.31 g for ROeq. per kg of milk (fat and protein corrected).eTvalues
obtained are comparable with previous studies edraut in mountain areas. The overall
impact was divided between on-farm and off-farm ponents, and was shared according to
mass allocation between milk and meat. Analysivafance showed that the considered
effects of housing (freers fixed) and feed administration (traditiones TMR), even if
appeared statistically significant for some trasigghtly affected the high variability of the
impact categories that can be observed among eliffetairy farms of the same group. This
means that there are margins to mitigate the imgadtincrease the efficiency of farms with
different structures and management.

Overall, the results of the present thesis provigegd some interesting insights on the
sustainability assessment of dairy farming systenmsountainous areas, adopting innovative
methodological approaches. Looking ahead, the teesaobtained from experimental
approaches could be expanded on a large pool of t&ims to identify the indicators of

reference for the evaluation of the sustainabditg multi-functionality of mountain farms.






Riassunto

La pratica dell’allevamento nel territorio montama avuto un ruolo fondamentale per
la corretta gestione del paesaggio, la conservazdaeila biodiversita e la protezione del
suolo. Inoltre svolge notevoli positivita anchetémmini di protezione dalle valanghe e dagli
incendi, nel contrasto all'abbandono e soprattpéo lo sviluppo dell'economia locale. La
zootecnia montana e per definizione multifunzionalenultidisciplinare. Infatti, spesso é
artefice di uno sviluppo piu complesso e dinamigp,grado di integrare altri comparti
economici quali ad esempio il turismo o il sociadssicurando continuita e vitalita alla
montagna. In Italia quasi la meta del territoriol@ssificato come montano (47.5%) dove gli
agricoltori presenti (30.9% sul totale nazionaleyaho affrontare diverse limitazioni, legate
all'esistenza di svantaggi naturali, che non s@udmente affrontabili con investimenti. Le
temperature medie inferiori, con conseguente perigdgetativo piu breve, l'eccessivo
frazionamento, le maggiori pendenze e asperitautdi e allo stesso tempo la minore fertilita
dei suoli stessi, la necessita di macchinari sppgscostosi come pure i tempi di lavoro piu
lunghi, hanno come conseguenze una minore prodattiella terra, tradotto in una limitata
competitivita e produttivita del lavoro. In aggianta difficolta di accesso e la lontananza
delle singole aziende dal fondovalle, un minor ntord strutture di trasformazione e le loro
ridotte dimensioni, sono la causa di maggiori cdstrasporto e minori economie di scala.

L’obiettivo generale di questa tesi e di verificaleuni parametri di sostenibilita di
notevole rilievo per la zootecnia montana nellavifrda Autonoma di Trento. Nello
specifico, sono state analizzate le relazioni treirbcoltura da latte e gestione degli alpeggi,
alla luce della valenza ambientale delle prategraisnaturali; il primo e il secondo contributo

sono relativi a questo obiettivo. Nell'ultimo cahtrto € stata svolta un'indagine per calcolare
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l'impronta ambientale della bovinicoltura da lattentina, con un innovativo focus sugli
aspetti di nutrizione e gestione degli animali\adie

Nello specifico I'obiettivo del primo contributo @ analizzare il ruolo delle malghe
nel comparto zootecnico montano. Sono stai racdaltservizio veterinario della Provincia i
dati riguardanti le strutture e il management b &balghe dove erano presenti bovini da latte
(83 solo manze e in 262 anche bovini adulti) e apimi (50 strutture). Praticamente tutte le
manze e piu di un terzo delle vacche da latte aléewegli allevamenti di fondovalle della
provincia sono portate al pascolo durante la steg®stiva, con una frequenza maggiore per
le vacche di razze locali e a duplice attitudingpetto a quelle specializzate. Delle 610
aziende di fondovalle associate alla Federazideeaibri, sono state analizzate le differenze
tra le aziende che praticano/non praticano la roapibne delle vacche in lattazione: le
aziende tradizionali di dimensioni medio-piccolencstabulazione fissa, razze locali e con
bassa produttivita, usano piu frequentemente léicaralell’alpeggio rispetto alle aziende
moderne. | risultati evidenziano come la pratichapeggio mantenga un ruolo importante
per la zootecnia trentina, nonostante siano camb&tmotivazioni per cui gli allevatori
scelgono di monticare gli animali. Il ruolo del palmento come supporto alla produzione
nel periodo estivo rimane rilevante per le aziemddizionali medio-piccole, mentre in tutti i
casi riveste una particolare importanza, la polssibili accedere a contributi indifferenziati
tra bovini in lattazione, asciutta e rimonta. Svaleo creare le condizioni perché il legame tra
aziende e malghe possa essere mantenuto, conofmdicattenzione alla qualita della
gestione dei pascoli e alla multifunzionalita dived che possono essere forniti dalle aziende
zootecniche montane.

Il secondo contributo mira a valutare I'effettolaehonticazione delle vacche da latte
su caratteri produttivi e sulla condizione corporaallo specifico: body condition score

(BCS), produzione, qualita e proprieta di coaguaeidel latte, e i parametri relativi alla
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trasformazione casearia. In totale sono stati taceoanalizzati i dati di 799 vacche in
lattazione, monticate nel 2012 su 15 malghe trentine allevavano capi di diverse razze
provenienti da 109 aziende permanenti. | paranogjgetto di studio sono stati messi in
relazione alla razza, all’ordine di parto e ai giodi lattazione, tenendo conto dell'effetto
malga, e in particolar modo della quantita di mamgsomministrato alle vacche. Il lavoro ha
analizzato non solo il periodo di permanenza dedleche in alpeggio ma anche prima e dopo
la stagione di malga con I'obiettivo di valutargaimbiamenti dovuti al cambio di ambiente.

| risultati evidenziano come la monticazione ahlmaeffetto piu o0 meno rilevante nel
determinare un calo di produzione a seconda dafleer Le razze specializzate, con livelli
produttivi piu elevati nelle aziende permanentiffremo un maggior calo di produzione
rispetto a quelle locali o a duplice attitudinegecsi adattano meglio alle condizioni di
alpeggio.

Anche la condizione corporea degli animali & foeeate influenzata dall’alpeggio,
con un calo nella prima fase della monticazioneneacupero successivo. Emergono delle
differenze tra razze, con quelle specializzate miesentano un maggior calo di condizione
corporea.

Dopo la monticazione si é assistito ad un calocdatenuto percentuale di grasso nel
latte (particolarmente evidente nelle razze speeiaie), mentre il contenuto di proteine é
rimasto costante. Per quanto riguarda le carditdres tecnologiche del latte, si sono
riscontrate significative differenze sia dopo lanticazione, sia dopo il periodo estivo con il
ritorno in azienda. Le maggiori differenze si sq@y0 riscontrate tra giugno e settembre sia
in termini di lattodinamografia sia in termini dige.

In conclusione, il lavoro evidenzia la migliore #dailita delle razze locali e a duplice

attitudine al cambiamento di ambiente e alle cdodizli allevamento in malga.

13



Il terzo contributo ha l'obiettivo di valutare I'pronta ambientale di allevamenti
montani di bovini da latte. E stato condotto un rafgndito studio sul territorio della
provincia di Trento, considerando un campione daB&vamenti di vacche da latte di razze
miste con differenti sistemi di allevamento. Traemisite aziendali sono stati raccolti dati
relativi alla gestione e alimentazione dei boviglie prestazioni produttive, alla gestione
agronomica delle superfici, alla gestione dei iefiutai consumi energetici. A questo fine é
stato sviluppato e testato un questionario specifice potra essere proposto per ulteriori
indagini in ambito montano.

La mole di dati raccolti e stata utilizzata perco#ére I'impronta ecologica degli
allevamenti con approccio Life Cycle AssessmentA).G o studio comprende l'intera vita
del prodotto, dalla produzione delle materie prirala loro lavorazione e utilizzo finale
considerando tutti gli input e gli output assocaliunita funzionale (il kg di latte). In questo
studio sono state considerate tre categorie di timp&arbon footprint (contributo alla
produzione di gas serra), acidificazione ed ewraizione, relative all’anno 2013.

| valori ottenuti per le tre categorie di impatteegentano un’ampia variabilita, con
medie e DS pari a: 1.46 + 0.58 kg £60, 27.18 + 8.34 g S@q. e 7.91 + 2.34 PQ* eq. per
kg FPCM. | valori ottenuti sono in linea con quamigortato da altre ricerche condotte in
ambito montano. L'impatto complessivo e stato divim componenti on-farm e off-farm, e
sono stati ripartiti gli impatti con allocazione dhassa tra latte e carne. L’analisi della
varianza ha messo in evidenza come gli effetti idemati (stabulazione, liberas fissa, e
modalita di somministrazione degli alimenti, tradimle vs unifeed), pur significativi in
alcuni casi, influiscano in maniera poco rilevastgla variabilita delle categorie di impatto
mentre esiste una rilevante variabilita dei rigulia aziende diverse dello stesso gruppo. Ci
sono quindi margini per mitigare I'impatto e aunastl'efficienza degli allevamenti, anche

con strutture e gestioni diverse.
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Nel complesso, i risultati della tesi offrono deiglieressanti spunti sulla valutazione
della sostenibilita della bovinicoltura da lattdl@earee montane, con approcci metodologici
innovativi. In prospettiva, i risultati ottenuti gla approcci sperimentali condotti potranno
essere ampliati su un pool ampio di aziende al fihaedentificare degli indicatori di
riferimento per la valutazione della sostenibiliga multifunzionalita degli allevamenti

montani.
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General introduction

For many decades, the landscape of the Europeantamos had been characterized
by the coexistence of human activities and livdstadile the economy in mountainous area
was driven by this harmonic cohabitation (Viazz839; Baldocket al., 1996; MacDonalekt
al., 2000). For example, in the Alpine area, the prjm@bjective of dairy farming was the
protection of the landscape. This care for thellec&ironment was back paid in economic
benefits for the dairy farmers. As a result, a kaging equilibrium between human activities
and nature was developed. Nevertheless, durindafiiedecades dairy farming in eastern
Italian Alps has undergone a progressive abandonafdnigh altitude pastures (from 600 to
2,500 m asl), and modernization and intensificatdbragricultural practices typical of the
lowland (MacDonaldkt al., 2000; Strijker, 2005).

In Italy, the incidence of mountain areas on taeiaiface is very high (47.5% of the
total area), as the percentage of mountainous far(86.9% for Italys 17.8% of the average
of EU-27) (Santinkgt al., 2013).

Agriculture in the mountain areas suffers sevenalithtions that discourage new
investments. Local climatee.g. low temperature and limited length of the cropvgrm
period, combined with the harsh physical landsceye,steep slopes and less fertile soils,
there is the need for complex machinery and extsorl This results in a lower total
productivity with a higher labor time than lowlafetrms. Those two parameters, in turn, are
heavily discouraging for new and especially youagrers. Moreover, such limitations pose
restrictions on the productive sectors that farnmeans invest in. In addition, mountainous
farms are smaller, on average, compared to modaemsf of the plain areas. Also, poor
accessibility of the mountains by modern meansasfdport increases the difficulties of both

mountain farms as well as the food industrieg. (due to increased collection and transport
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costs for the dairy industries). On the other hahd, existence of mountain communities,
with their local traditions and the “knowhow” rdla to agricultural, on this harsh
environment is a guarantee for the sustainabilitytliese areas. Traditional products
produced, integrating the long historic culture tbbse communities together with new
opportunities for touristic facilities can provide extra reinforce of the local economy
(Santiniet al., 2013).

Several reasons, like socioeconomic, technical anlural changes have been
identified as main causes for the abandonment afntainous regions, in which livestock
farming has been of great importance and the difiosse of rural economies (Baldoekal.,
1996). At the same time intensification of farmisgncreasing in the most favorable valleys
(MacDonaldet al., 2000; Strijker, 2005). A typical example from tAdpine region is the
decrease of both the number of farms (by 40%) &edLivestock Units (LU) (by 17%)
between 1980 and 2000, while in most remote regtbis decrease reached up to 70%
(Streifenedeet al., 2005; Tassest al., 2007).

Followed from the above, the province of Trento leeen proposed as a good
example to study the recent evolution of the Alpitlaéry systems (Sturam al., 2013a). For
instance, the number of dairy farms decreased g9 to 1,071 between 1980 — 2010,
whereas at the same time the average size of this hecreased from 5 to 23 dairy cows
(ISTAT, 2010).Despite the severe change of the ifagnmsystem the last years, dairy
production is still an important economic activitythe Alps. It is strongly connected to the
production of typical, or Protected DesignationQnfgin (PDO) cheeses whose added-value
helps to maintain a satisfactory income for farmé&iw instance, the most important dairy
product (4,000 t/yr) in Trento province (easteralidin Alps) is Trentingrana PDO cheese
(Bittante et al., 2011). In this Alpine area the livestock systdmse been classified in two

main categories: "Modern" and "Traditional" (Staraat al., 2013a). The first type is
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characterized by modern facilities and managemmainly focusing on maximization of
production. These farms rear cows specialized fdk mproduction, and this leads to a
detriment of local breeds, which are more adaptetthié mountainous areas (Stefanon, 2000;
Bovolentaet al., 2008). The number of animals per farm in “modetalry systems has been
increased much more than in traditional farmingesyss Moreover, available resources are no
longer in the focus of the farm, like it used to ibethe traditional farming. Instead, the
number of dairy cows, the capital resource andrlalvailability is of major importance and
first priority in modern farms (Stefanon, 2000).eT$econd type of farming system consists of
a strongly interconnected system between the lecaironment and livestock activities.
Actually, the extensive dairy systems are todaygezed as sources of many positive
functions (Gibon, 2005), including i) aestheticstbé landscape (Ziliottet al., 2004), ii)
accessibility of tourist and entertainment enviremts (Thiene and Scarpa, 2008; Amanor-
Boaduet al., 2009), iii) control of forest re-growth (Mottet al., 2006; Coccat al., 2012),

iv) maintenance of the land and cultural traditiblunziker, 1995; Baudry and Thenail, 2004;
Kianicka et al., 2010), and v) preservation of biodiversity (Mareh al., 2009 and 2011).
Moreover, the size of the farm and the stocking rate proportional to the local forage
resources, and the production (milk, calves) corsgis the cost of hay. A typical feature of
the traditional system is that animals are kepoand in the lowland for the most part of the
year, while during the summer period part of thenats (or all of them) are transferred to the
highland pastures (Penatial., 2011).

The abandonment of mountainous and marginal asasdused almost the ending of
small, typical farm activities. This has also remted by the fact that large dairy companies
have been focused only on the increase of the ptmohy putting aside the quality
improvement of the dairy products. Apart from abamdent, the shift towards intensive

systems has profoundly affected the livestock se@ond has generated a lot of alarms
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concerning the environmental as well as the daryning sustainability of the mountainous
regions (Bergeet al., 2006). For example, the reduced highland grahasybeen associated
with soil degradation, reforestation, loss of biualsity and landscape esthetic quality
(Streifenedeet al., 2007; Ramanziet al., 2009; Sturarat al., 2009). For these reasons, the
Alpine mountain farming activity is highly suppadtén order to protect the flora and fauna
and to preserve cultural landscapes. Due to theoses of the tourism sector, fog., care of
“man-made landscapes” has become an important rglogad the farmers have been
recognized as necessary landscapers (Orland, 20@4¢over, public subsidies subvene the
economic viability of extensive farming systemshgket al., 2010), especially for small
farms, through the “multi-functionality” aspecttbie farms (Wilson, 2008).

In addition, the lower productivity of extensiveopuction practices could be
compensated by an increase of the farm income ghralirect processing and marketing of
products, agro-tourism activities, and public cimition for the landscape maintenance and
use of environmentally friendly practices (MacDahel al., 2000; Bonsembiante and Cozzi,
2005). However, policies developed to promote thdtifunctionality of livestock farming
require deep knowledge of the existing productigsteams and the ability to differentiate
income sources from protected or developed landspeactices.

Moreover, the practice of the summer pasture, itha special characteristic of the
extensive models, seems to be beneficial for thidecaelfare as well (Ketelaar-de Lauwere
et al., 1999). Summer pastures have been related to prowement of cows’ health, due to
the change in the physical environment and dietfatt, incidence of lameness decrease
during the grazing season (Leaver, 1988) comparexws kept indoors that have a greater
prevalence of claw disorders and lameness (Sandls, 1992; Gitalet al., 1996).

In addition, a status of nutritional imbalance nh&yrelated to a negative effect on the

milk production, milk composition, fertility, andehlth (Rocheet al., 2009). However,
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individual recording such as food intake and fiytilis difficult, time consuming, and
expensive. Thus, as a useful tool for the geneedagement of dairy herds, related to health
and production, body condition score (BCS) has lpgeposed (Edmonsaat al., 1989). BCS

is one of the biological traits related to farm tsoand easy to measure in field conditions
(Gallo et al., 2001). BCS is a subjective method to assess begbrves of dairy cows. The
method is based on visual and tactile appraisaihefamount of fat stored by the cow,
particularly over the bony prominence of the bac#l pelvic regions (Fergusa al., 1994).
Generally, BCS value decreases at increasing gemetiit of cows, and mobilization of body
reserves during lactation is higher and more piggonat increasing dairy merit of cows
(Galloet al., 1996).

Another negative effect derived from the abandomhgraditional extensive farming
in favor of highly mechanized and intensive produttpractices, is the huge production of
polluting nutrients (Caraveli, 2000; Hoclatlal., 2005; Strijker, 2005). The large amounts of
concentrates used to sustain high milk productiod @he excessive use of fertilizers and
pesticides in maize production result in a surgfigitrogen and phosphorus (Pengitial.,
2011), thereby increasing the risk of soil and watstamination. For that reason, at the end
of the last century some measures for the proteaifonvaters against contamination caused
by nitrates from agricultural sources were adoptad the EU (European Directive
91/676/EEC, ltaly aligned with legislative decreeld May 1999.152 and the Ministerial
Decree of 7 May 2006).

In literature, several research studies have fatwsethe environmental impact of
agricultural activity and its products related he tdairy sectorg(g. Kristensenet al., 2011,
Pirlo and Care 2013; Gueret al., 2013; Battaglinet al., 2014). It is worthwhile to mention
that during the half past century global milk protlon has been raised by 86%, while both

the number of dairy cows as well as the individcalv milk have increased (by 42% and
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31%, respectively). In 2013, the Food and Agria@t®rganization (FAO) (Gerbest al.)
published the “Tackling climate change through steek”. In that report they estimated the
livestock sector’s contribution to Greenhouse @gad@) emissions at a global scale. Taking
into account the entire livestock food chain, thedg estimated this contribution to be about
14.5% of total anthropogenic emissions. More pedgjslivestock account for 5% of total
carbon dioxide (Cg emissions, 44% of methane (@Hnd 53% of nitrous oxide () of
global anthropogenic emissions.

For studying the environmental impact of agricudtuactivity, Life Cycle Assessment
(LCA) is a common approach. It provides with extreowledge on the identification of the
different life cycle stages that, in turn, helpsdaveloping a more sustainable production
system. Several recent LCA studies investigated eheironmental impact of different
farming systems, for instance orgam& conventional (Cederberg and Mattson, 2000; de
Boer, 2003; Thomasseat al., 2008; Kristensemt al., 2011) or confinemenis. grass-based
(Belflower et al., 2012; O’Brienet al., 2012). Nevertheless, there is still a lack of wiealge
in identifying the “best system”, especially whée impact is estimated on the product base.
Recently, FAO estimates on the sector’s contriloutaglobal anthropogenic GHG emissions
highlighted the differences among different anippadduction species with beef production
contributing about 5.5% of total global anthropageemissions, while milk and pork
contribute 2.8% and 1.9%, respectively (Ogial., 2011).

It is widely recognized that improving animal praotivity has a positive
environmental impact, because the animals can ris@chame level of production with lower
feed intake, and consequently secreting less pajjututrients (Hermansen and Kristensen,
2010; de Boekt al., 2011; Opioet al., 2011). Equivalently, a high milk production caa b
achieved with less cows, since milk yield per cevinigher (Cappeat al., 2008). However, in

industrialized countries with highly intensive fang systems combined with an already high
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animal productivity, breeding for growth rate omaal milk production per cow can have a
negative effect on animal fertility. This can ceea negative public opinion on animal
production systems (de Boeiral., 2011). Several authors investigated the effeataasing
milk productivity on Global Warming Potential (GWB}) different farming systems. Roé&t

al. (2010) highlighted the benefits of improved animenetics and feeding management on
milk production and farm environmental performancesk production was increased for the
given feeding scheme, feed intake was also incdetmséace the nutrient requirements of the
higher producing animals, and this intensified ,Githd CQ emissions. In addition, more
manure was produced, which increased manure stammgsions. Overall, the net GHG
emission was increased by 6%, but the greater pnokluction reduced the carbon footprint
by 8%. Also, de Boeet al. (2011) observed that manure management reducegyniO
and CH emissions by changes in livestock structures, meagstorage services and treatment,
and grazing management. Also, O'Brienal. (2012) estimated that storing manure in solid
rather than liquid systems reduced the environnhantpacts for a confinement farming
system compared to the grass-based system, bemfaihgelonger housing period.

Regarding the land management, Sreithl. (2008) estimated the potential of several
different practices to mitigate GHG emissions, aghai which were the renovation of
organic soils as well as the management of cropéamt grassland. Measures that increase
carbon input into the soil include i) the use ofnm@ on crop instead of grassland, ii)
improved rotations with higher carbon input to gottch crop) iii) increased crop yield and
hence the related crop residues,dor, by better plant breeding, crop husbandry, irrayabr
fertilization and conversion from arable land taggland or grazing management (de Baber
al., 2011). Crossomet al. (2011) reported an important effect of permaneasgjand soils in

sequestering carbon, particularly where improvedziglg strategies have been adopted.
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Moreover, Soussaneat al. (2010) suggested that grasslands range from gmksources
depending on climate, management and site chaigtatgrsuch as the characteristics of soil.

Regarding the C®and NO emissions from production of feed ingredientgytban
be reduced through a highly productive crops seledor lower N demand per unit output)
(de Boeret al., 2011). Plant breeding can potentially improveegidility as well as reduce
CHa. In fact, improving forage quality can simultanslyuimprove animal performance and
reduce CH production. Alternatively, it can improve efficiey of farm carbon footprint by
reducing CH emissions per unit of animal product (Ecketrdl., 2010).

In the study of Vellingat al. (2011) it was shown that when more feed is prodwate
the farm, the total emissions, at a regional s@atereduced. Belflowest al. (2012) analyzed
the effect of removing free stall barns and letattle on pasture throughout the year. The use
of grazing had a relatively small impact on thebcar footprint when land currently used for
annual ryegrass and corn silage production waseartewy to perennial pastures. This was a
consequence of a reduction in milk production.

Despite the importance of all the above mentiorsggkets in Alpine areas, it has not
been fully explained how the processes of intereiion and abandoning have influenced the
traditional link between permanent farms and sumiaens (Sturarcet al., 2013b). Also no
studies have considered these processes insidditbaiycle pathway, as a key strategy to
maintain the Alpine marginal areas.

Therefore, the research conducted during my PhBiegfiand presented in this thesis
aimed at analyzing three aspects regarding daimniflg system and environmental in
mountainous areas. In particular the Eastern ttal#ps was adopted to investigate these
aspects. This thesis is composed by 3 chapters:

In the first chapter, the analysis of the role wisner transhumance to Alpine pasture

and temporary farms in the dairy farming systempresented. For this study, data on 395
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active summer farms of Trento Province were cadiédtom the veterinarian services of the
Province: From those, 345 summer farms keep daitjeq83 only replacement, and 262 also
lactating cows). Almost all the replacement cattted more than one third (8,775 out of
24,934 heads) of the dairy cows reared in the peemtafarms of the province are still moved
to highland pastures during summer.

The second chapter focuses on the effect of tramahoe to highland summer
pastures on i) body condition score of the cowssaveral milk traits€.g. fat, protein, urea,
milk somatic cells,...), iii) milk technological trai strongly related to cheese production,
such as coagulation properties and vi) direct ahessasures, e.g., percentage of cheese yield
and milk nutrients recovery in the curd. All milknch cheese traits were measured at an
individual cow level through Fourier spectroscoplareover, differences among breeds were
assessed.

The last part of this thesis aimed to evaluateetindronmental footprint of mountain
dairy cattle farms. The study was conducted inexifip area of the Province of Trento. Data

were collected from 38 dairy cattle farms of midededs using different farming systems.
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Summary

In the Alps, summer farms are temporary units wihbeelivestock herds are moved
during summer to graze on highland pastures. Thdysaimed to analyze the role of summer
farms in the dairy farming systems of the Trentovpice, in the eastern Italian Alps. Data on
the structures and management of the 395 activensunfarms were collected from the
veterinarian services of the province: 345 summemm$ keep dairy cattle (83 only
replacement, and 262 also cows on milk). Almostrelreplacement cattle and more than one
third (8,775vs 24,934 heads) of the dairy cows reared in the peemt farms of the province
are still moved to highland pastures during sumim@ervs on milk of local and dual purpose
breeds are moved to highland pastures more frelyuttrgin those of specialized breeds. On
610 permanent farms, we analyzed the differencesdea the units moving/not moving the
cows on milk to summer farms. The traditional farmgh tie stalls, local breeds, small-
medium herd size and low productivity used moregdently summer pastures than the
“intensive” farms. Transhumance still plays a fuméatal role for the dairy sector in this
alpine areas, because it allows access to pubhtribation and is complementary to the
management of traditional farms. To better asdessustainability, these functions should be
further investigated in relation with the role ofinemer farms in the conservation of

biodiversity, cultural landscape, and touristicaattiveness.

Key words. dairy systems, summer farms, mountainous aregislamd pastures
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Aim

In the Alps, the seasonal transhumance of livestarkls to highland summer farms,
following the seasonal and altitudinal variabildl/vegetation growth, has been for centuries
an essential practice for complementing the fotagpiget of the permanent traditional farms
(Orland, 2004). However, in the last decades meaanjittonal farms have been converted to
intensive farms, or abandoned (Cocca et al., 2812ifeneder et al., 2007). Knowledge on
how these processes of intensification and abandohave influenced the traditional link
between permanent farms and summer farms is negekwadevising locally effective
agricultural policies, but is surprisingly scar&raro et al., 2013). The aim of this work was
to investigate the role of summer farms in theyd&arming systems of the Trento province,
taken as an example for the Alpine areas wherestlvol farming is still an important

economic activity.

Material and methods

The Autonomous Province of Trento, in the northtexas Italian Alps, covers a
surface of 6,212 km2, with an elevation of rangimgm 66 to 3769 m asl. The utilized
agricultural area (UAA) has an extension of 1372kmainly composed by grassland and
pastures (81%), followed by orchards and viney&td%o), while the arable crops represent
only 2% (ISTAT, 2010). Dairy cattle farming is tin@ost important livestock system of the
Province; the majority of dairy farms are assodatecooperative dairies that produce typical
and Protected Designation of Origin (PDO) cheesesirn(ly “Trentingrana” PDO cheese,
Bittante et al., 2011a and b; Endrizzi et al., 20T8ta on number of livestock heads (year
2011) in permanent and summer farms were providethé veterinarian services of the

Province. Livestock was classified according tocggse and, for cattle, category (for dairy
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cattle: cows on milk and replacement) and breeaduifition, data for summer farms included
elevation, amount of milk produced and of milk iusprocessed for cheese making. We
compared the numbers of replacement heifers ang daws and the proportions of breeds
(dairy cows only) farmed in the permanent dairyrfarwith the numbers and proportions of
breeds moved to the summer farms. Our expectatamthat highly specialized breeds were
moved to summer farms less frequently than dugbqme or local breeds. We also tested the
correlation between breed composition of the herd alevation of summer farms. Our
hypothesis was that, with a “traditional” pasturamagement, the most productive breeds
were more frequent in lower (and more productivastpres.

One aim of the study was also to characterize #rengnent farms using summer
farms for cows on milk in comparison with thosetthave abandoned this practice. For this
purpose, we used data from a survey on 610 dainysf&57% of total dairy farms), for a total
of 19,531 dairy cows (78% of the total number ofvsan the Trento Province), concerning
the following structural and management featurgse of stalling (tiedss free), use of Total
Mixed Rations (TMR), use of silages, use of sumiaems for replacement and/or dairy
cows. Data of composition and milk production ahd tnain destination of produced milk
(dairy factories producing/not producing PDO chgegere obtained from the Consortium of
Cooperative Dairies of the Trento Province (CONCASIhe farms were divided into farms
using and farms not using summer pastures for daws (see results and discussion for this
classification). To test the differences betweea tho groups we used a GLM analysis
(PROC GLM, SAS 2008) for normally distributed vées (elevation, milk yield and
guality) and log-transformed variables (number ofvs on milk, herd size, agricultural
surface and stocking rate). A one-way non parameinalysis (PROC NPAR1WAY, SAS

2008) was used to analyse the mean percentagemedf breeds within herd; a chi-square
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test (PROC FREQ, SAS 2008) was used for the frerjeerfuse of total mixed ration, use of

silages, tie stalls and number of farm conferrm@DO cheese dairy factories).

Results

Descriptive statistics for summer farms are giverirable 1. Of the 395 units still
active, 345 (87%) keep dairy cattle, and 50 keegeghand goats. These latter summer farms
are located at higher elevations than those wittlecand use pastures unsuitable for large
ruminants. All the summer farms with cattle keep dows and replacement cattle, and 262
(75%) keep also cows on milk. The average herd isiztween 40 and 70 livestock units
(LU), which is higher than the average herd siz@@&imanent farms (approximately 30-40
LU). This is because summer farms are publicly avmostly by municipalities), and each
unit keeps livestock from different permanent farms average, each summer farm receives
cattle from 4.3£3.9 different permanent farms). &total of 24,894 cattle heads moved to the
summer farms of the Trento province, 20,564 canoenfpermanent farms of the same
Province (11,789 replacement cattle and 8,775 deaws), while the rest came from
permanent farms of the bordering provinces. Comsigeonly the Trento province, the total
number of heifers moved to summer pastures acdoumhore than 90% of those farmed in
permanent farms (11,788 13,280), while dairy cows account for 35% of tbtalk (8,775vs
24,934). The milk produced in summer farms is pseed in situ in 92 units (35% of those
producing milk), for a minor proportion (36%) ofethtotal production (Table 1). Dairy
factories collect the rest. Only 32 summer farnispfawhich produce their cheese for direct
marketing, offer agro-tourism services(bar/restaurant/accommodation for tourists).

The composition of dairy cows herds in summer fadifiered from that of herds in

permanent farms (Figure 1). Specialized breeds,espeécially Holstein Friesian, were less

39



frequent in summer than in permanent farms, whiéedpposite was true (Chi square =3,809;
df=5; P<0.001) for dual purpose (Simmental) andalo@lpine Grey, Rendena) breeds
(Bittante, 2012). This was clearly because only pathe permanent farms with specialized
breeds moved dairy cows to summer farms, while strath the farms with dual purpose and
local breeds moved the entire herd (see below).

In contrast with our expectation, the elevationsafnmer farms did not show any
relationship with the proportion of specialized dodal-dual purpose breeds in their herds
(specialized breeds r=-0.06, P=0.35; local-duappse breeds: r=-0.07, P=0.29). Probably,
the use of supplementary feeding in summer farmsnipe the transhumance of high
productive cows also to higher elevation (Bovolesttal., 2009).

The permanent farms moving dairy cows to summemgashowed significant
structural and management differences from the datimat do not move their dairy cows
(Table 2). The first group showed smaller herd sizgth a lower proportion of specialized
breeds and a higher proportion of dual purposd/lboeeds, and a lower milk yield. The
differences between groups in terms of milk qualéighough statistically significant, were
small and practically irrelevant. In accord witle thmaller herd size, farms moving the dairy
cows to highland pastures managed smaller lan@esfas respect to the other group (13.9
vs 21.9). However, stocking rates were also loweR{2is 2.70 LU/ha), partly because
moving the herd, or part of it, to summer farmsucl the average LU presence in the
lowland managed area. These farms, finally, weegattierized by tie stalls (273 of the 334
farms) and by a traditional feeding strategy, vatimegligible use of total mixed ration and
silages (Table 2). The percentage of farms comigmnilk to cooperative dairies producing

PDO cheese was significantly higher for those mgtie cows on milk to highland pastures.
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Discussion and conclusion

The summer farms in the Trento Province are stifpartant for the permanent dairy
farms, although for different reasons than in thstpThe practice of transhumance is here
supported by public contributes, with no differatibn between cows on milk or
replacement/dry cows. To take advantage of thi®dppity, almost all the dairy farms move
their replacement cattle to highland pastures gusammer. Dairy cows, in contrast with
replacement, can be highly demanding in terms edlifeg and milking practices and general
environmental conditions (Bovolenta et al., 20@ir results indicate that a large percentage
of the traditional, extensive farms move their coovs milk to summer pastures, while a
relevant number of intensive, modern farms havenddwaed this practice. Traditional farms
rear more dual purpose, local breeds that are satable than the Holstein Friesian breed
kept especially by intensive farms to moving aneldfeg on highland pastures. The Brown
Swiss, that is the most frequently reared bredtierregion, is present both in traditional and
modern farms, because of the good productivity gredvery good milk composition and
technological properties (Cecchinato et al., 20\3cciotta et al., 2012), accompanied by a
quite good fertility (Tiezzi et al., 2012). Evertlife fat and protein content of the milk yielded
by dual purpose and local breeds is intermediatevdsn the two specialized breeds, their
cheese-making ability is similar or better to Bro®wiss cows (Bittante et al., 2012; De
Marchi et al., 2007). In addition, traditional fesraften keep their cows in tie stall, which has
two consequences: the animals are used to thengibguipment of summer farms (milking
parlours typical of intensive permanent farms alelan found in summer farms), and the
period of free movement during the stay in sumnams is beneficial for their health
(Mattiello et al., 2005).

The transhumance of cows on milk to summer farmiserwassociated to cheese

making and direct selling through agro-touristidiates, may significantly increase the
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added value of the milk (Penati et al., 2011). Tdpportunity is, however, scarcely exploited
in the Trento province. Similarly to what foundthre bordering Veneto region (Sturaro et al.,
2013), only a minority of the summer farms haverbeenovated and equipped with the
necessary facilities. However, we also supposentaaty farmers who sell their milk to PDO

cheese dairies are not encouraged to venture eta@dmplications of cheese making and
selling, because they already obtain a high prica ftheir milk (in 2012, the average price of
1 kg of milk reached 0.60 Euros).

In synthesis, our results suggest that the useirah®er farms by the dairy permanent
farms is now sustained by the access to publicitanions and by the traditional dairy farms
that still resist to intensification or abandonmeftie future CAP reform after 2013 will link
the public subsidies to the environmental servafefarming (Kaley and Baldock, 2011). To
this purpose, transhumance may be beneficial becduseduces the burden of animal
biomass on the lowlands, and may contribute tactmservation of grassland habitats that are
important for the cultural landscape and biodiwgréGiupponi et al., 2006). In this study we
did not address the issue of pasture managemesunmnmer farms, but the fact that their
elevation, which can be retained as a proxy of pectdity, was unrelated to the category and
breed of livestock summered suggests that thetiwadl link between livestock needs and
pasture maintenance might have relaxed (Sturam.ef013). In addition, summer farms
have value also because they are part of the allharitage (Kianicka et al., 2010) and
contribute to the touristic attractiveness (Gioalet2006). For these purposes, it is important
that the traditional practices of milk productiamdocal processing are not dismissed, which
seems however an on-going tendency.

In conclusion, the link between permanent and sunfarens must be maintained,
with particular attention to the quality of the pae management and to the multifunction

services that dairy cows can provide in mountairaress.
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Tables and figures

Table 1: Descriptive statistics of summer farms

. Elevation LU/unit

Variable Number
(mean £ SD) (mean = SD)

Total summer farms (n) 395 1664 + 250 55+52
Summer farms with dairy cattle 345

- only replacement heifers 83 1653 + 287 42 + 35

- also cows on milk 262 1651 + 245 67 £43

- with cheese making 92 1661 + 235 72 +£43

- with agro-tourism (bar, restaurant,

accommodation...) 39
Milk processed/milk produced in summer2,362/6’527
farms (tons)
Summer farms for sheep and goat (n) 50 1799+202 688
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Table 2: Analysis of differences (LSmeans and feegies) between permanent farms

using/not using summer highland pastures for daorys

Farms Farms

pastures pastures
Number of permanent dairy farms 334 276
Cows on milk (number) 23.3 42.4 <0.001 8.3
Herd size (Livestock Unit, LU) 30.9 55.4 <0.001 7.9
Brown Swiss (% of LU) 48.8 42.6 0.036 -
Holstein Friesian (% of LU) 9.4 36.1 <0.001 -
Simmental (% of LU) 12.2 7.9 0.007 -
Rendena (% of LU) 11.2 2.6 <0.001 -
Alpine Grey (% of LU) 9.8 2.9 <0.001 -
Crossbreed (% of LU) 8.5 8.0 0.530 -
Elevation of permanent farms (m asl) 879 731 <0.0015.4

Agricultural surface (ha, highland pastures 13.1

excluded)

Stocking rate (LU/ha)** 2.27
Use of total mixed ration (frequencies) 23/334
Use of silages (frequencies) 13/334
Tie stalls (frequencies) 273/334
Milk yield (kg/day/head) 19.1

Fat content (%) 3.91
Casein (%) 2.70
SCS 3.23
Farms producing milk for PDO cheese 203/334

21.9 <0.001 9.1

2.70 0.067 0.6
g6/2 <0.001 734
82/276 <0.00T6.6

171/276  <0.00129.8

21.9 <0.001 7.9
3.97 <0.001 1.8

2.73 <0.001 1.3

3.19 0.528 0.1
118/27<0.001 19.7

*: the value of Rwas reported for variables with normal distribuipyf value was reported

for frequencies

**. calculated with exclusion of LU moved to summiarms, for the relative summering
period, as: total LU — LU moved to summer farmstsuering periods (months)/12.
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Figure 1. Percentage composition of cows on milk Ipeed in permanent farms (grey

columns) and in summer farms (black columns)

thhn

Brown Swiss Holstein  AlpineGrey Simmental Rendena  Crossbred
Frisian

m Herd composition in summer farms OHerd composition in permanent farms
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Abstract

Summer transhumance of livestock to highland pastun temporary farms is a
traditional practice across Alps, with potentialltifiunction positive externalities. This paper
aimed in evaluating the effect of pasturing of @aiows on milk yield and quality. Data on
799 lactating cows were collected and analyzedndu#012 from 15 temporary farms on
Alpine summer pastures located in the AutonomouwsviRce of Trento. The cows were
reared in 109 permanent dairy farms. The followtragts were considered: Body Condition
Score (BCS), milk production and quality, milk co&gion properties, and different set of
parameters and information relating to dairy preseswere recorded and analyzed. Effects
of the breed, parity and days in milk were takeio @ccount. The effects of Alpine summer
pasture, and in particular of the amount of compodeed given to cows, were also
considered. Information was gathered not only dutime period that the cows spent at the
Alpine summer pasture, but also before and afteralpine season, with the objective to
evaluate the changes due to the environmental esarigesults showed that the summer
transhumance had an effect more or less relevatgtarmining a decrease in production, but
also depending upon the breed. Specialized breeith, higher production levels in
permanent dairy farms, suffer a greater drop irdpction than the local and dual purpose
breeds. This was somehow expected, since locatibiegve a greater adaptability and lower
nutrients requirements.

Even the body condition score has been stronglyented from the summer Alpine
pasture. A decline in the first phase of the pastand a subsequent recovery at the end of the
pasture period was observed. Differences betweerdbr existed, with those specialized
breeds showing a greater decrease in body condition

After the return from the Alpine pastures a deciim¢he percentage of fat content in
milk (more evident in specialized breeds) was ole#&rwhile the protein content remained
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constant. Regarding the technological propertiemitf, significant differences were found
with the change of environment (after the reactuhtemporary summer farms and after the
return to permanent farms). The major differenceddctodynamographic properties as well
as the individual cheese yields were observed letwane and September. In conclusion, the
reserach highlighted the better adaptation of l@al dual purpose breeds in the Alpine
environment and their good performance under enmental changes as well as the special

conditions of the farming system in summer pasture.
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Introduction

Summer transhumance to highland pastures on temyptaems (hereafter called
“summer farms”) has been practiced since pre-hestiimes and is still widespread in the
mountain livestock farming systems of the Europ@3ms and other mountainous regions
(Vandvik and Birks, 2004; Noel and Finch, 2010; Mat al., 2013; Sturaro et al., 2013b.).
This practice is important for farmers becausepptements the annual forage budget, allows
access to public subsidies (Mack et al., 2013; Aestchl., 2013; Battaglini et al., 2014), and
can increase revenue through processing of the mitk high-value traditional cheeses
(Sturaro et al., 2013a). In addition, the cultueidscape of the summer farms provides
positive externalities by increasing local touradtractiveness (Thiene and Scarpa, 2008;
Dausgstad and Kirkengast, 2013), maintaining caltineritage and traditions (Hunziker,
1995; Baudry and Thenail, 2004; Kianicka et al.1@0Eriksson, 2011), and by conserving
the biodiversity of farmed livestock (Sturaro et 2013a) and natural habitats and species of
high conservation value (Vandvik and Birks, 2004rMi et al., 2009, 2011).

The practice of transhumance to summer farms habndd over recent decades
(Mack et al.,, 2013; Sturaro et al., 2013b) follogvithe general process of agricultural
intensification in productive areas (Sturaro et 2D13b) and abandonment of farming in
marginal areas (Bernués et al., 2011; Caravelip2@arcia-Martinez et al., 2009; Strijker,
2005). Sustaining traditional, extensive livestegktems and high nature value grasslands is
now given priority in agricultural and biodiversipplicies, and for this reason maintaining
their links with the summer farms is essentialotnfation on the sustainability of summer
farms is, however, limited, and is related to tffeats of abandonment or intensity of grazing
on natural biodiversity, the environmental impaictaoming (Penati et al., 2011; Guerci et al.,
2014), the effects of grazing conditions on anifmedlth and welfare (Leaver, 1988; Smits et

al., 1992; Gitau et al., 1996; Ketelaar-de Lauwatral., 1999; Bertoni and Calamari, 2001;
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Mattiello et al., 2005; Corazzin et al., 2010; Coret al., 2011), and the influence of pasture
on the sensorial and nutraceutical properties t (Martin et al., 2005).

The effects of transhumance to summer farms onualr&ional status of animals, their
milk production and quality, and cheese yields iarportant issues, given that the milk is
often processed into high-value products in mountieas, yet so far they have been
addressed in few experiments (Bovolenta et al.8188iber et al., 2006; Bovolenta et al.,
2009; Romanzin et al., 2013; Farruggia et al., 200¥hen moved to summer pastures, cows
experience a change in diet, increased energy dkpen due to the movement associated
with grazing, interactions with unknown individuatsthe case of mixed herds, and a general
need to adapt to a new environment. These condittonld result in nutritional imbalance,
which in turn will affect milk production and comgition, and ultimately cheese vyield.
Normally, supplement concentrates are providedbgreet al., 2006; Bovolenta et al., 2009),
but compensating for the nutritional deficienciégasture is a difficult task where animals
graze in heterogeneous swards and are free to wvmrewide areas. This is of particular
concern when comparing highly-specialized breed# vdual-purpose or local breeds,
characterized by lower productive potentials arglirements, but by better adaptation to the
difficult conditions of mountain pastures. Dairyssgms are highly diversified in mountain
regions, where a variety of different breeds asre®, often in multi-breed farms (Sturaro et
al., 2009 and 2013b; Mattiello et al., 2011).

This study aimed to estimate the effects of thasinamance of lactating cows to
summer farms on their nutritional condition andegahwelfare as indexed by body condition
scores (Gallo et al., 1996 and 2001; Roche e2@09), on milk yield, quality and coagulation
proprieties, and on cheese yields. For these peagpalfferent breeds, individual conditions
(parity and days in milk), and amounts of suppletagncompound feeds were compared in a

large sample of summer farms and the permanensftrat use them.
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Material and methods

This study is part of a large project aimed atldisthing new phenotypes in dairy cow

breeding, with particular emphasis on mountainawsrenments (Cowplus project).

Alpine highland pastures and cows sampled
Sudy area

The study area was the highland summer pasturdsersito Province in the north
eastern Italian Alps. It has a surface area of 5Kh2, and elevation ranging from 66 to 3769
m asl. The utilized agricultural area (UAA) covaas area of 1372 km2, and is mainly
composed of grassland and pastures (81%), folldweatchards and vineyards (17%), while
arable crops accounts for only 2% (ISTAT, 2010)ir{p&attle represents the Province’s
largest livestock sector: of the 1403 cattle faomsnted in the 2010 census, 1071 raised dairy
herds. The majority of dairy farms are membersooiperatives producing local and Protected
Designation of Origin (PDO) cheeses, mainly “Tregtana”, and are subject to strict
regulations (Bittante et al., 2011a and 2011b). £pnoducing milk for the production of
Trentingrana cannot be fed on silages and genlgtivaldified feeds.

Pastures for dairy cows cover a larger surface traa meadows (50,008 30,000
ha), and are very important for the entire livekteector in mountain areas. Summer farms
(malga in Italian) are temporary units where tiwveditock herds are moved to during summer
to graze on highland pastures. In Trento Provitloe,summer farms are mainly owned by
public institutions (district councils), and eachitukeeps livestock from several permanent
farms. Almost all dairy farms use summer farms Herfers and around 50% also move

lactating cows (Sturaro et al., 2013a).
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Summer farm sampling

The data used in this study were collected fromstifhmer farms and the 109
permanent farms that transport part or all of theatating cows to summer farms. The
summer farms were chosen on the basis of threemgéess: geological substrate (acid
magmatic rock or calcareous rock), altitude (12602000 m asl), and the amount of
supplementary compound feed given to the cows (fod:kg/d; high > 4 kg/d). Information
on pasture area and stocking rate was retrievad the Veterinarian Services of Trento

Province.

Collection of data from the cows
Body condition score (BCS)

Two trained operators collected BCSs from 1018akawg cows in July, after
adaptation following arrival on the summer farmsg an September. Scoring was according
to 5 classes (from 1, emaciated, to 5, obese)essithed by Edmonson et al. (1989) for dairy

breeds and adapted to dual-purpose breeds.

Milk recording

All the cows were registered in the Italian HerdoB® of their breed, and in the milk
recording system (AT4) of Trento Province. Montmmhjlk recordings (excluding August)
were collected from the Breeders Federation of fbrand comprised the last sampling in the
permanent farms (in May) before transhumance tostmamer farms, samplings on the
summer farms (June, July and September), and ristesampling after the cows returned to
the permanent farms (October). Data on daily mikddy milk composition (fat, protein,

casein, lactose, urea), and somatic cell count S@€re retrieved. Fat/protein and
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casein/protein ratios were calculated, and sonwiicscores (SCS) were obtained through

logarithmic transformation of SCC.

Other information

All the information on individual cows (breed, daigbirth and calving, number of
lactations, days in milk) was retrieved from theior@al cattle population register. The study
investigated two specialized dairy breeds: Holskgiasian (90 cows), and Brown Swiss (314
cows); three dual-purpose breeds: Simmental (24¢s);oRendena (26 cows), and Grey
Alpine (97 cows); and crossbreds (31 cows). Givenlbw number of cows belonging to the
last three genotypes, and their similar body saresproductivity, they were grouped together
as “Local Breeds” (154 cows) for statistical anak/isCows of other breeds and cows not
registered in the Herd Books were excluded fromettedyses. A total of 799 dairy cows were
included in the final dataset.

The three major transboundary breeds (HolsteinwBr8wiss and Simmental) reared
in Trento Province are almost all bred using ai@fi insemination with semen from sires
obtained from either the national selection prograrithe three Italian breeders associations
(ANAFI, Cremona, for Holsteins; ANARB, Bussoleng®iéna, for Brown Swiss; and
ANAPRI, Udine, for Simmental), which use the belsinternationally available sires, or from
semen imported from abroad. A detailed descriptibthe genetic background of the three
breeds in the Trento Province is found in Cecchiretal. (2015a). No specific selection for
low-input dairy systems is practiced in the proeinén the case of the two local breeds,
semen is provided by the two national breederscestsans (ANARE, Trento, for Rendena,
and ANAGA, Bolzano/Bozen, for Grey Alpine) as pafta program of young bull selection

based on pedigree information for milk yield analgy, and type traits, and on performance
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testing for beef production. Natural mating isoafsacticed with the Rendena breed, using

the same young bulls as for semen production (Mamicet al., 1997).

FTIR spectral data

Spectral data for this study were provided by theeBers Federation of Trento
Province. In ltaly, FTIR spectroscopy is used tedwt the composition of individual milk
samples collected during routine milk recordingAR; 2012). Since 2010, FTIR spectra of
all samples collected from dairy herds in Trentovitrce for milk recording purposes and
analyzed using a MilkoScan FT6000 (Foss Electriietdd, Denmark) have been stored by
the local Breeders Federation (FPA, Trento). Thibredion and the sets of population
spectra were obtained by analyzing all individudkreamples over the spectral range 5000
to 900 wave number x cm-1; the spectra are storedal@sorbance (A) using the
transformation A = log(1/T), where T is transmittan Two spectral acquisitions were carried
out for each sample and the results averaged foridaita analysis.

A preliminary analysis (Cecchinato et,&015a) was carried out in order to identify
outlier spectra by calculating Mahalanobis distanggobal H (GH)], H-outliers being those
spectra with large distances (GH > 10). Given thatprediction equations had been obtained
from Brown Swiss cows, averages of the spectrabrlasice of Mahalanobis distance were
tested for differences among the different bredde Mahalanobis distances of the FTIR
spectra were very similar in the different breeds.

Of the entire spectra set, only those spectra ®f7®9 cows that were at summer

pasture during 2012 were considered. A total oP1§¥ectra were used for the predictions.
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Milk coagulation, curd firming, and syneresis predctions
Trait definition

All milk coagulation, curd firming, and syneresisits are based on laboratory
simulated cheese-making using a computerized lgntodograph continuously recording the
resistance of a pendulum immersed in the milk aoathin an oscillating vessel after heating
and rennet addition (McMahon and Brown, 1982). ifistrument was tested on a reference
population of 1264 Brown Swiss cows from 85 herdptkunder the different dairy systems
(from very traditional to modern) in Trento Provn(Cipolat-Gotet et 312012).

Traditional, single point observations of milk codgion properties (MCP) have
been defined (Annibaldi et all977) as:

- RCT, the time (min) from rennet addition to milk gédbet;

- kg, the time (min) from milk gelation to curd firmreesquivalent to 20 mm;

- agp (a4s), curd firmness (mm) recorded after 30 (45) manfrrennet addition.

The phenotypic and genetic parameters of MCP inr¢ifierence population have
been previously reported (Cipolat-Gotet et 2012; Cecchinato et al., 2013).

The parameters for modeling all curd firming andesgsis point observations with
time (CF; model) of each individual milk sample have beefinéel (Bittante, 2011; Bittante
et al, 2013b) as:

- RCTg¢q, like traditional RCT (min) but from modeling @bservations and not as

a single point trait;

- CFp, potential asymptotic curd firmness (mm) at irtBnitime attainable in

absence of syneresis;

- Kcr, instant curd firming rate constant (%/min) measuafter RCY, leading

curd firmness toward Ght infinitetime;
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- Ksg, instant syneresis rate constant (%/min) measafted RCT, leading curd
firmness toward null value at infinite time;

Two more traits derived from Gindividual equations have been defined (Bittante
et al., 2013b) as:

- CFmax the maximum curd firmness (mm) attained by i@&ividual equations;

- Tmax the time (min) at which Gl is attained.

All MCP and Ckmodel parameters and derived traits are depiat&agure 1.

The Ck model parameters and derived traits for the refargopulation have been
studied from both the phenotypic and genetic petsges in previous works (Bittante et,al.

2015; Cecchinato et al., 2015b).

FTIR prediction equations

Calibration models were developed using the spewmttiected from the Brown
Swiss reference population as the calibration Agtdescribed by Ferragina et al. (2013) for
predicting %CY and REC traits, the WinISI Il softwa(Infrasoft International LLC, State
College, PA) was also used for MCP and g&rameters and derived traits. The chemometric
algorithm for calibrating the traditional MCP anlkdet modeled parameters was calculated
using modified partial least square regression (BPLSpectra were used without pre-
treatment and with various pre-treatments, inclgditandard normal variate (SNV), standard
normal variate and detrend (SNVD), multiplicativeatder correction (MSC), and first and
second derivatives. FTIR spectra were analyzedsadiee whole interval (from 5000 to 900
wavenumberxci) and without the two portions known to have velighhphenotypic
variability: the transition region between the sheave to mid-wave infrared (SWIR-MWIR
or NIR-MIR, 3,669 to 3,052 cif) and region MWIR-2, from 1698 to 1586 wavenumbenxc

1 (Bittante and Cecchinato, 2013). A combinatiothese pre-treatments was also used.
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Samples with a much larger difference between é¢ference and predicted values
than the standard error of cross-validation (SE®ere considered T-outliers (the T value
was set at 2.5). Cross-validation using four groopsamples from the calibration set was
used to assess calibration robustness. In addittmn,standard error of cross-validation
(SEG.), and the coefficient of correlation of cross-dalion (Ra.) were calculated to
compare the effectiveness of the calibration models

The best prediction equations (lower Sg@nd higher Ra.) obtained from the
tested chemometric models for traditional MCP amudeted CF parameters and derived
traits were used to predict the traits on the gkpulation spectra. Predictions of traits with

a R/aL <0.60 (Ck and kg) were not used in the present study.

Cheese yield and nutrient recovery predictions
Trait definition
All cheese vyields and nutrient recovery traits besed on a laboratory model
cheese-making procedure using 1500 mL milk samiptes individual cows and involving
milk heating, culturing, and renneting, and curdtiog, straining, pressing, and salting
(Cipolat-Gotet et al., 2013).
The traits examined were:
- %CY curp, representing the percentage ratio between thghiveif the fresh
curd after salting and the weight of the milk pressed;
- %CY soLps, representing the percentage ratio between thghiveif the curd
dry matter and the weight of the milk processed;
- %CY water, representing the percentage ratio between thghivei the water
retained in the curd after salting and the weidhhe milk processed;
- RECkear, representing the percentage ratio between thghiveif the fat in the

curd after salting and the weight of the fat in thiék processed;
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- RECeproTteIN, FEpresenting the percentage ratio between thghivef the protein
in the curd after salting and the weight of thet@iroin the milk processed,;

- RECsoLps, representing the percentage ratio between thghwveif the dry
matter in the curd after salting and the weighttred dry matter in the milk
processed;

- RECkeneray, representing the percentage ratio between thggicentent of the
curd after salting and the energy content of th& priocessed.

The %CY and REC traits in the reference populatioase been studied from the
phenotypic and genetic perspectives in previougsafCipolat-Gotet et al., 2013; Bittante et
al, 2013a). The phenotypic, additive genetic, herd] eesidual correlations between the
measured %CY and REC traits and the MCP and CFehpatameters and derived traits in

the same population have also been previouslyedudecchinato and Bittante, 2015).

FTIR prediction equations

Prediction of %CY and REC traits was carried outlascribed by Ferragina et al.
(2013) using the same methodology described for MQIPCFE parameters and derived traits.
The predicted traits were compared with those mredsin the reference population from
phenotypic and genetic perspectives (Bittante et2@l14a). The prediction equations were
then applied to all the test day milk spectra stoire Trento Province, and the resulting
genetic parameters of the Holstein, Brown Swisd, Simmental populations were estimated

(Cecchinato et al., 2015a).

Statistical analysis
All the data referring to the cows’ BCS, and mylield, composition and cheese-

making aptitude were analyzed using the MIXED pdoce (SAS Institute Inc., Cary, NC).
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The following fixed effects were tested: compouedd is the fixed effect of the class of feed
supplement (class 1: <4 kg/cow/d; class 2: >4 kg/d)y breed is the fixed effect of the class
of breed (class 1: Holstein Friesian, class 2: Br@&wiss, class 3: Simmental, class 4: Local
Breeds); parity is the fixed effect of the clasgafity of the cow (class 1: primiparous, class
2: pluriparous); initial DIM is the fixed effect dhe class of DIM at the time the cow is
transported to the summer farm (class 1: <120a$sc®: 121-180 d, class 3: 181-240 d; class
4: >241 d); month is the fixed effect of the clagsmonth (for BCS: class 1: July; class 2:
September; for all the other traits: class 1: Malgss 2: June; class 3: July; class 4:
September; class 5: October). Summer farm (15,umésted within class of feed supplement)
and cow (799 dairy cows, nested within class ofl flegpplement, summer farm, breed, parity,
and initial DIM) were considered random effectsteifa preliminary analysis of the effects of
the different interactions, the following interamis were also included in the statistical
model: compound feed x breed, breed x month, iritl¥ x month. Summer farm was the
error line for testing compound feed, cow was therdine for testing breed, parity, initial
DIM, and compound feed x breed, and the residualtiva error line for testing month, breed
x month, and initial DIM x month.

Orthogonal contrasts were used to compare theedaddixed effects as follow:

Month: 1) Mayvs. June, 2) Junes. September, 3) Juls. June + September, 4) September
vs. October.

For DIM, the linear, quadratic and cubic trendsh&f LSM classes were tested.

Breed: 1) Holstein Friesian + Brown Swiss Simmental + Local Breeds, 2) Brown Swiss

Holstein Friesian, 3) Local Breetds Simmental
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Results

The main characteristics of temporary summer farms

Descriptive statistics of the management charatiesi of the summer farms are
shown in Table 1. Fifteen summer farms were sammad a total of 799 cows from 109
permanent dairy farms were used for the studydthti@n to grazing the Alpine pastures, the
cows received a compound feed supplement, diséiibat milking: an average of 3.4 + 0.6
kg/d on summer farms classified as “low level” (0%1and 5.6 £ 1.2 kg/d on “high level”
summer farms (n=5). The two groups of farms wenadgeneous for other characteristics:
elevation, surface area, herd size, and stockiieg ra

Estimates of the actual amount of daily compouredi fadministered per breed are
reported in Figure 2. Only cows of Local Breeds r{@na, Alpine Gray, and crossbred)
received a lower average amount of compound feedause they were mostly reared in
traditional “low level” summer farms. The averageants given to the other breeds were

similar, but with greater variability with the Sinemtal cows.

Sources of variation of traits studied

The results of the mixed linear models for thet$ratudied are reported in Table 2.
The sources of variation related to individual colmaracteristics (breed, parity, and initial
DIM) included in the mixed linear model significnaffected almost all the traits analyzed,
as did monthly variation within cow. The interactsoof breed and initial DIM with month
were also almost always significant.

The amount of compound feed administered on thensmfarms significantly
affected only some milk quality traits (caseins dadtose %) and some technological

parameters, but in general the statistical sigaifte of these effects was low, especially for
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the traits with a high degree of variability amasygnmer farms within compound feed level
(used as the error term for testing the effectomfipound feed level).
The interaction compound feed x breed was sigmifi¢ar few traits, mainly those

regarding traditional single point MCP.

The effect of month (moving to, permanence in, andeturn from temporary summer
farms)

The effect of month is presented in Table 3. Tluimbines the effect of summer
transhumance with the effect of advancing lactagtage within each cow, and also with
changes in seasonal conditions.

To facilitate interpretation of the results regaglithe variations observed in the
period studied, a first comparison was made betwilega collected in May and data collected
in June, and represents, together with one montaregment in lactation, the main effect of
moving cows from permanent lowland farms to sumfaems. The change was large and
negative for both production traits, very small forquality traits, favorable for
lactodynamographic properties, negative for %0r6, due to a decrease in water retention in
curd (increased syneresis), and varying for nutriegcovery, being negative for protein,
positive for fat, and negligible for total solidsdaenergy.

The second comparison was between data obtainddne and data obtained in
Septemberj.e., the initial and final phases of summer transhwearit mainly reflects,
together with a 3 month advancement in lactatiagpgation of the cows to the new
environment, and the difference in environmentalditions with particular emphasis on the
change in pasture quality and availability. TheereMarge differences between the initial and
final stages of the summering season for all tetegories, with the exception of

lactodynamographic properties. The trends in Jvanatwere as expected with the
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advancement of lactation, but sometimes to a latggree than anticipated. This is especially
true for the decreases in daily milk (-42%) andfabtein (-36%) yields, the increase in milk
fat (+8%), protein (+7%), and SCS (+34%) conteats] the decreases in the casein index (-
3.5%) and in lactose content (-5.5%).

The third comparison was between the data collectetly and the averages of
those obtained in June and September during surpasturing, and reflects possible non-
linear trends in observed traits from the beginrim¢he end of the summer transhumance. A
non-linear trend was indeed observed, especiallynfitk quality traits, traditional single
point MCP, and REC traits, while a linear changerdime was more common for production
traits, CFt parameters and derived traits, and %@its. The traits deviating the most from
linearity were protein and casein contents, whilphdy decreased from June to July and
increased to September. Traditional MCP, as welCBg.,, and REC traits improved from
June to July and worsened thereafter.

The last comparison (Septembes. October) reflects, together with a further
advancement of lactation, the effect of the covisrneng to the lowland permanent farms, an
indoor environment, and a more controlled feediegime based on preserved feedstuffs.
Milk production generally improved on return to thermanent farms, in both quantity and
quality; milk gelation tended to be slower but ctirthing was faster; all %CY and REC

traits improved.

Variability among summer farms and the effect of cmpound feed

The effects of compound feed and of variance amsmgmer farms on total
variance are presented in Table 4.

The differences in the LSMs of BCS between the graif summer farms

supplementing lactating cows with high amountsafipound feed and those supplementing
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with low amounts was modest; also the variabilityBCS among different summer farms
within supplement level was very low, representimdy about one fifteenth of total variance
(the sum of farm, animal and residual variances).

The difference in daily production of the cows beéw the two groups of summer
farms was high but not significant (+17% at thegtiiilevel of supplementation for both milk
yield and milk fat + protein yield). A reason fdrig could be that it was tested on a very large
variance (almost one third of total variance) amamgjvidual summer farms within each
group for both traits.

Variability among summer farms within groups wasyMew for milk quality traits,
being less than one tenth for all traits with tikeeption of milk urea content (one sixth) and
SCS (one eighth). Cows on the “high level” sumnagmfis produced milk with more casein,
expressed both as milk weight (casein percentage)as total protein (casein index). The
lactose content of milk was also greater on “hglel” summer farms (Table 4).

Variability among summer farms within supplemematgroup was very low for all
lactodynamographic traits, generally less than tmentieth of total variance, with the
exception of g among the traditional single point MCPs (about &ifteenth), and Clax
among the Cfderived traits (one eleventh). Supplement leveb ddad a modest influence,
with a favorable effect onk (decreased)a(increased) and Ghx (increased).

As with lactodynamographic characteristics, cheaaging (%CY and REC) traits
were also characterized by a modest effect of iddal summer farm (from about one
fortieth to one fifteenth of total variance), andfavorable effect of “high level” of

supplementary compound feed on %{gXp and REGar (Table 4).
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Variability among animals and the effect of parity

The effect of animal variance on total variance] #re LSMs of the effect of parity
are shown in Table 4, together with the figures $ammer farms and compound feed
supplementation.

Primiparous cows had higher BCS, despite the faat animal variance (with
respect to parity) represented about two thirdsotdl variance. As expected, the opposite
effect (lower values with primiparous than with mipérous cows) was found with the two
daily production traits. Animal variance on thesaits represented slightly more than a
guarter of total variance.

The individual animal was an important source ofiaklity in all milk quality
traits, ranging from about one seventh for thepfatein ratio and urea content, almost a
qguarter for milk fat and one third for the caseidex, to almost one half for the other traits
(protein, casein, lactose, and SCS). Lower milkdpotion in primiparous cows was
paralleled by a favorable effect on some qualigjtsr(protein, casein, casein index, lactose,
and SCS).

Variability among individual cows was substanfiai lactodynamographic traits,
ranging from almost a fifth of total variance fafko almost a half for RCT and Rg,I The
effect of parity was not very substantial on thatt and was significant only in the case of
kcr (greater for multiparous) and G4 (greater for primiparous).

Lastly, animal variability ranged from about a dearto a third for all %CY and
REC traits (Table 4), while parity affected somehase traits, the milk of primiparous cows

having a greater %CX)rp, mainly due to greater %Gter and REGroten
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Effect of stage of lactation at the beginning of sumer pasture

The effect of initial days in milk is presented Table 5. This factor does not
represent the effect of advancing lactation witkeisch cow, but shows the differences
between cows at different stages of lactation wiinmy were moved to summer farms for
transhumance to Alpine pastures.

Only few traits were not affected by initial DIM dfe cows (RCT, RC, tmax and
REGeroteN. A strong linear trend was observed for all a#ectraits, with some smaller
quadratic and cubic effects for some of the traxisibiteing a greater difference between the
first (<120 DIM) and the second (121-180 DIM) cladsDIM at the beginning of summer
pasturing than between the third (181-240 DIM) dhd fourth (>240 DIM) classes. As
expected, the effect of initial DIM was positiver fBCS, negative for production traits,
positive for milk quality traits, except lactoseea and the two ratios examined, favorable for

lactodynamographic properties and for %CY and Rast

The effect of cow breed

The effect of breed is presented in Table 6. Theparisons clearly show that there
were greater differences between the two specthldary breeds (Holstein Friesian and
Brown Swiss) and between the two dual-purpose bgeedps (Simmental and local breeds),
although to a lesser extent, than there were betwhe group of specialized breeds and the
group of dual-purpose breeds.

The effect of breed, within summer farm and coedctor the effects of parity,
initial DIM and month of scoring, on BCS was a adesable. The LSM for BCS was very

low for HF, intermediate for BS and higher for dpakpose breeds, especially local breeds.
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Production traits were not highly influenced bydatdbecause the slight superiority
of specialized over dual-purpose breeds was dtieetd 0% lower yield of milk and solids in
local breeds.

There was no difference in milk quality between twe specialized breed groups.
Within the specialized dairy breeds, however, thk finom Brown Swiss cows was more
concentrated (more fat, protein, casein and lapttdsn that from Holstein Friesians, and
milk urea was higher. Within dual-purpose breeds\n$ental cows produced milk with more
fat (as % and as ratio with protein) and with adoBCS than the local breeds.

Moving to lactodynamographic properties, the snadidfflerences between the two
specialized breeds and the dual-purpose breedsways attributable to the milk produced
by Holstein Friesian cows having worse coagulasiod curd firming rates than the milk from
Brown Swiss cows. The only differences within thealdpurpose breeds were the slight
superiority of Simmental cows over local breedhwéspect to k and ao.

In the case of %CY and REC traits, the inferioafyspecialized breeds with respect
to dual-purpose breeds was entirely due to Holdtesians having lower cheese yields and
nutrient recovery than Brown Swiss cows. No suligthdifferences were noted among dual-

purpose breeds.

Interactions between sources of variation

Many interactions between the sources of variatstadied were statistically
significant, as can be seen from Table 2. Due tadability and space issues, the
corresponding LSMs could not be included in thdetmbHowever, the import of several

interactions is described in the discussion sessioth the highest ones are depicted in figures.
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Discussion

Milk production and body condition

Summer transhumance of cows from lowland permaf@nts to summer farms
involves a change from mostly indoor rearing witbhoastant ration of hay and concentrates
or a total mixed ration (Sturaro et al., 2013a)puddoor rearing and feeding on pasture. Many
of the old barns on traditional summer farms hagenbtransformed into milking parlors, so
the cows live outdoors day and night and only retiar the barn for milking (Zendri et al.,
2013).

From an animal feeding point of view, Alpine pastirare characterized by low
productivity, a short vegetative season, and a athariation in grass availability, botanical
proportion, and chemical composition (Bovolentalet1998). The cows are required to walk
long distances, often on steep, stony inclines @v&vith shrubs, so they eat less grass and
are also susceptible to the negative effects okianeiber et al.2006). Moreover, the cows
are normally given a compound feed supplement durnmlking, but the amount and
composition are quite variable, as also observedun study. The compound feed is
sometimes modified during summer grazing to inaeae crude protein content (Leiber et
al., 2006). Sometimes a source of roughage (matyeor straw) is given at the beginning of
the grazing season to compensate for the low &hdrhigh protein contents of grass.

From the environmental and nutritional points oéwj summer transhumance
causes physiological, metabolic and even psychodbdbecause of mixing of cows from
different permanent farms) stress during the faestiod of grazing (Zemp et al., 1989). The
stressful conditions are confirmed by a progresde@ease in milk production, leading to the
daily yield being almost halved in four months (TeaB), and by the recovery of production
functions after the cows return to the permanenhga In addition, moving from lowland

pastures (~ 400 m asl) to Alpine pastures (~ 2008shhmay give rise to a decrease in feed
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intake, milk production, and body weight of cows sihown by Leiber et al. (2006). Farruggia
et al. (2014), found a decrease in milk producfimm May to September of about 35% for
cows grazing a rotational productive pasture, ad% @or cows on a continuous permanent
pasture characterized by low productivity.

An important outcome of the present study was ewderegarding the different
effects of summer transhumance on the milk yielcmks of different breeds (interaction
between breed and month). Figure 3 clearly showsthe breeds were ranked according to
their expected daily milk yield in May (Holsteini€sian > Brown Swiss > Simmental >
Local Breeds) and that this was almost unchangedume, at the beginning of summer
grazing, whereas one month later production ofctha@s of the two specialized dairy breeds
dropped rapidly to the level of the local breedastHe following two months, production of
the Simmental cows also decreased a little, soith&eptember all breeds were very similar
in terms of the quantity of milk produced. It is@alworth noting that the positive effect of
returning to permanent farms was very similar ectm®eds and did not privilege the more
specialized ones, there being no compensatiorh@targe production loss they experienced
at the beginning of the grazing season. As a camesexs, over the whole period daily
production of fat and protein was very similar astreeds, with the exception of cows of the
local breeds, whose production was slightly lowelt0%6) (Table 6).

In a trial investigating the effect of concentraigpplementation on a low-input
mountain experimental farm practicing pasturinghaitt summer transhumance, Horn et al.
(2014a) compared a specialized dairy breed (AustBeown Swiss) with a Friesian strain
selected for life-time milk yield and fitness tmih a low-input environment. These authors
observed that over the whole experimental periedsiiecialized dairy breed was not able to

express its productive potential in this dairy eyst so that the average milk yield was similar
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for the two breeds even though it was higher insiecialized dairy breed at the beginning of
lactation.

A similar, but somewhat weaker, interaction wasedoin a study also looking at
initial DIM and month. Cows in early lactation exjgmced a more evident decrease in milk
yield than cows in mid- and late-lactation (data slwown). Horn et al. (2014b) observed an
effect of interaction between breed and initial Dbl milk yield and body weight change.

The decrease in milk production on the whole adeat@lramatic depletion of body
fat depots. It is well known hat body fat depots @mnportant in maintaining milk yield at the
beginning of lactation, but less so during mid- #atd-lactation (Roche et al., 2009; Remppis
et al., 2011). In fact, the LSM of BCS was very lowJuly (Table 3) and increased a little
during the following two months, but without reaafpithe values typical of the last stage of
lactation (Gallo et al., 1996 and 2001). The ddfeses among breeds with respect to this trait
were even larger than with respect to daily milklgj and the ranking of breeds was, as
expected, reversed (Table 6). The breed x monénaation was also significant in this case,
but much less so than for milk yield. Figure 4 shothat at the end of the summer
transhumance Holstein Friesian cows, despite & grep in production and despite being the
cows with the greatest increase in BCS from Jul@éptember, were still characterized by a
very low level of body reserves, which probably vyareted recovery to the desired level
before the following parturition.

To limit the negative effects of summer transhuneaona milk yield and body
condition, the amount of supplementary compoundl fese usually increased during the
summer, especially with specialized dairy breedsv{enta et al.,, 1998 and 2002). In the
present study, an increase in the concentrate eongpit had no significant effect on
production traits and on BCS, which is due to te& that the observation unit is the summer

farm so the number of independent observations @@egtees of freedom) was limited.
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However, the increase in milk yield (+17%) was naich different numerically from that
obtained in trials comparing cows of the same sumiaen fed on different amounts of
concentrates (Bovolenta et,all998 and 2008). In their investigation into thdeef of
concentrate supplementation on a low-input mounéxiperimental farm practicing pasture
without summer transhumance, Horn et al. (2014ajpdoan increase in total lactation milk
yield of about 10% for cows receiving a higher camtcate supplementation. As in the present

study, these authors found only a small effectomicentrate level on BCS.

Milk quality

The effects of changes in environment, nutritiond a&ow management due to
summer transhumance are reflected in modificattongquality traits of the milk produced
before, during and after transhumance (Table 3)erAhoving to summer farms on Alpine
grassland, milk fat content decreased while proteimtent remained constant. This could be
due to an impairment of rumen fermentation browditut by a decrease in dry matter intake,
along with a decrease in fiber content resultimgnfrthe presence of grass at a very early
vegetative stage, but it could also be due to ameased intake of vaccenic acid and
conjugated linoleic acid (CLA) isomers. In partayl the increased availability of
C18:210c12 isomer seems to be the main factor respongblmilk fat depression (Bauman
et al., 2008; Shingfield et aR010). This drop in the milk fat content of milkoguced at the
beginning of summer pasturing was particularly emtdin cows of the specialized dairy
breeds (Holstein Friesian and Brown Swiss) butinatual-purpose cows (Figure 3); it was
not, however, evident in Brown Swiss cows movind\lpine pastures from lowland pastures
(Leiber et al., 2006) rather than from closed barns

During the following months, the milk fat contemicreased, as expected with the

advancement of lactation, while milk protein andseia contents decreased in July and
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increased thereafter (in fact, the fat/proteinorgieaked in July). This pattern could be due to
a prolonged shortage of energy that only led teerehse in milk yield and an increase in
milk protein and casein contents in the mid-ternab(€ 3). This pattern of milk protein
content was also observed by Leiber et al. (20@t&y aows were moved from lowland to
Alpine pastures. This interpretation is consisteith the effect of a high level of concentrate
supplementation, which contributed to increasing ttasein content, as well as the
casein/protein ratio, and the lactose content di (fiable 4). Bovolenta et al. (1998) found
similar results for milk protein content. Furth@méirmation comes from the observation that
the decrease in the milk protein percentage in datyrs in cows in early- and mid-lactation,
but not in those in late-lactation (Figure 5), amd@¢ows belonging to specialized dairy breeds
(Holstein Friesian and Brown Swiss) but not dualpmse breeds (Figure 3).

Variations in milk lactose and SCS during summanshumance are greater than
expected as a result of lactation advancement,cantd be an indicator of the increased
incidence of subclinic mastitis in highland pastufeeiber et al., 2006). Different patterns in
SCS before, during and after summer transhumanoe mated for cows of specialized dairy

and dual-purpose breeds (Figure 6).

Milk coagulation and curd firming

To understand the effect of summer transhumancenitin coagulation and curd
firming processes it is important to mention thegse traits are characterized by a curvilinear
evolution during lactation, worsening at the begignof lactation and improving toward the
end, in both intensive (Malchiodi et al., 2014) anduntain (Bittante et al., 2015) rearing
conditions. As cows in very early lactation are notmally moved to summer farms, the
expected pattern of coagulation and curd firmimgtgrof the cows in this study is stable with

a tendency for improvement in the last months. Thiswdeed the case with respect to the
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milk characteristics of cows with different DIMs tite beginning of lactation (Table 5), but
this source of variation does not take into accabet effect of advancement of lactation
during the observation period when the effectshafnges in environment, management, and
feeding of cows are added to those of changingtiact stage.

It should also be mentioned that pasture incre@gestion of vaccenic acid and the
availability of rumenic acid and other conjugatetbleic acid isomers (Kelly et al., 1998).
The latter substances have been found to haveaivegffect on milk coagulation and curd
firming processes in both ewes (Bittante et all4%) and cows (unpublished results). On the
other hand, there was no short-term effect of npuwnsummer pastures on coagulation time
but there was a favorable effect on the curd fignumocess, with maximum curd firmness
greater and attained more quickly than before thmvem(Table 3). The improvement
continued during the first phase of summer pasgjuand worsened in the second phase,
returning to the initial values. The return to parmant farms was accompanied by a delay in
coagulation and an improvement in curd firmnesghBsacheboef et a(1993) and Leiber et
al. (2006) observed that moving cows from barn ifegthased on silage and concentrates to
lowland pasture had a favorable effect on trad&idCP in experimental stations, but Leiber
et al. (2006) found the effect to be unfavorablenioving from lowland grassland to Alpine
pastures.

The cows that were moved to summer pastures arglveet more concentrates
during milking on average produced milk with simileoagulation times but better curd
firming aptitude than those receiving fewer concaes (Table 4), confirming a pattern
observed with traditional MCP by Bovolenta et 4B98 and 2009).

It is interesting that this effect was not commaroas breeds. The differences in the
LSM of the effect of breed observed in the prestmdy is similar to the results reviewed by

Bittante et al. (2012), highlighting the inferigribf milk from Holstein Friesian cows with
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respect to cows of breeds of Alpine origin. Maréh al. (2009) compared Holstein and
Montbeliarde cows at pasture and obtained simdaults with respect to MCP in favor of the
Alpine breed.

What has not previously been observed is the ictiera between the level of
compound feed administered and breed. In facteasing concentrates was accompanied by
a clear worsening of the coagulation time of mitkquced by Brown Swiss cows, a smaller
negative effect for Holstein Friesian and Simmentals, and a small positive effect on local
breeds (Figure 7). Concentrates had a favorabéetedh curd firming and curd firmness traits

with all breeds excluding Brown Swiss (Table 7).

Cheese yield and milk nutrient recovery in curd / dss in whey

The literature contains some studies on the quéBiyvolenta et al., 2008) and
sensory traits (Bovolenta et al., 2009) of chegsesluced on temporary summer farms or
from milk obtained from summer pastures on Alpimasgland and processed in artisanal or
industrial factories, whereas information on vaoias in cheese yield and curd nutrient
recovery is very scarce.

As mentioned by several authors, after the peatilik production fresh cheese yield
(%CYcurp) tends to increase with DIM because of a simuttaseincrease in milk fat and
casein contents, and this concerns an increase ibotiolids (%C¥%oLps) and in water
retained in cheese (%0GXer), as described by Cipolat-Gotet et al. (2013). &Reigg milk
nutrient recovery in cheese, the same authors fanndcrease in the recovery of total solids
(REGsoLps) and of milk energy (REf&xercy), mainly because of the lower proportion of
lactose to total solids with advancement of laotatiVariations in fat and protein recoveries

were smaller and curvilinear. In the present st¥dZY and REC traits increased almost
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linearly with initial DIM of cows at the beginningf summer pasturing due to the absence of
cows in the very early phase of lactation (Table 5)

Comparing the %CY traits predicted on the milk seemollected in the permanent
farms in May with those after moving to temporagymgner farms in June, instead of an
increase due to the advancement of lactation, eedse in %C¥urp Was observed (Table 3).
This negative change seems not to be attributabée dhange in milk composition (only fat
and lactose were marginally affected) but mainlg tower retention of water in cheese. The
predicted REGops and REGnercy Were not affected by moving to summer pasturedewh
REGeroteIn decreased and RIS increased (Table 3). As a result, %Yps remained
almost constant. During the summer, the expectadgdrelated to advancement of lactation
was found (increases in all %CY traits and in B&s and REGnercy), and this increase
was particularly evident in the first phase of suenrpasturing, probably due to the cows
adapting after the initial stressful changes. Tdtarn to permanent farms also occasioned an
improvement in all %CY and REC traits, more prormththan expected from advancement
of lactation (Cipolat-Gotet et al., 2013), indicafihere, too, the effect of an improvement in
the cows’ conditions, especially their feeding.

Those cows moved to temporary summer farms andviegemore concentrates
produced milk characterized by improved %$gXp and REGat (Table 4).

Regarding the effect of breed (Table 6), the dat#ioned the ranking observed in
the long term on all the farms in the province aferfio independently of summer
transhumance (Cecchinato et al., 2015a): lower %@i¥s predicted from Holstein Friesian
cows as a consequence of a lower content of sahdsalso of all REC traits in the milk.
What is especially interesting, is that the twocsalezed breeds showed a similar pattern
during the observation period, with a constant sopgy of Brown Swiss cows over

Holsteins, as shown in Figure 8. The dual-purpaseds also displayed similar patterns of
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cheese yield traits, but these were different fitbm specialized dairy breeds, with all traits
tending to improve from the middle of the summerigek In a studying on processing milk
for Cantal cheese production, Margnhal. (2009) found Montbeliarde cows to have a higher

cheese yield than Holsteins reared at pasture.

Conclusions

The present study was carried out not only durimg period spent by cows on
temporary summer farms on Alpine grassland, bui dlsring the previous and subsequent
periods spent in permanent lowland farms, allovénglysis to be made of the changes due to
moving to and returning from summer farms. Moreoptee study was carried out on several
summer farms under different management schemesrapdrticular, administering different
quantities of compound feed to the cows, while gaatporary farm reared cows of different
breeds in the same environment. Finally, it comthim®nitoring of the nutritional status of
cows with changes within a set of parameters dasgithe entire milk production and
transformation processes.

This approach provided confirmation that movingstommer farms and adapting to
the new environment and to pasture is a stresgibg for cows, affecting milk yield and
composition as well as body fat reserves. Thesativegchanges are greater with cows
moved during the first stage of lactation and c@ispecialized dairy breeds, particularly
Holstein Friesians, than cows of dual-purpose lweddl the final part of the period on
summer farms, milk production was similar acrosseds, and recovery of milk yield after
returning to the permanent farms was also sinmtaistein cows had similar yields, but lower
milk quality and lower body condition compared welown Swiss and Simmental cows, and

also local dual-purpose breeds (Alpine Grey, Readand crossbred).
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New information was gathered on the effects of sempasture on milk coagulation
and curd firming properties, cheese yield, and mukrient recovery in the curd or loss in the
whey with cows of different breeds. Again, an iatgion was found between breed and
month of recording, confirming the superiority dfet breeds of Alpine origin over the
Holstein Friesian breed, and the greater adaptybif dual-purpose breeds to Alpine

grassland conditions.
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Tables and figures

Table 1: Number and characteristics of temporangrear farms.

Daily compound feed during summer
pasture:

Variable

Low level € 4 kg/d)  High level (>4 kg/d)
Permanent Dairy farms of origin of cows (n) 77 32
Temporary summer farms - highland pasture (n) 10 5
Elevation of temporary dairy farms (m asl) 1,72894 1,645 + 247
Pasture surface (ha/temporary summer farms) 760% 86.9+72.7
Dairy cows per temporary summer farms (n) 62.3 431 76.8 £49.6
Stocking rate (LU/ha) 1.05+0.59 1.14 £ 0.54
Average compound feed (kg/head/day) 3.4+0.6 S+

LU : Livestock Units follow EU livestock schemes &k cattle > 2 years =1 livestock unit,
cattle 6 months to 2 years = 0.6 LU and cattlergodiths= 0.4 LU
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Table 2: Analysis of variance of BCS and milk sa#tith Fvalue and significance of fixed
effects and square root of variance of random &ffegach random effect is placed soon after
the fixed effects for which is was used as ermoe)i

Temporary Feed Initial Cow Breed Initial Residual
Feed farm Breed X Parity DM (random) Month X DIM x (random)
(random) Breed Month  Month
BCS (score) 2.9 +0.080 43.0%* 1.3 7.0  30.0*  +(438 21.4%x% 37 1.8 10.164

Daily production:
Milk, kg/d 2.4 +3.074 2.7* 0.8 13.8¥* 20.8***  +3.81 461.9%* 8.2%* 8.6%* +4.124

Fat+protein, kg/d 2.5 +0.228 5.9%+* 1.0 6.4* 51* £0.220  353.9%* 6.2%*  4.3%* +0.292

Milk quality:
Fat, % 0.4 +0.226 4.6** 15 0.5 17.8***  +0.334 209 3.4 2.0* +0.616
Protein, % 4.1 +0.077 20.5%** 1.2 4.8* 72.5%*  +28  142.1%* 7.6%*  9.9%* +0.238
Fat/protein, ratio 2.7 +0.064 2.1 15 0.1 5.3%* @02 8.7xxx 5 QO+ 1.0 +0.174
Casein, % 5.4* +0.064 20.8*** 0.8 11.6** 65.9***  +078 96.7** 7. 4xxx g grxx +0.181
Casein/protein, % 3.2 +0.297 0.2 2.4 67.7** 11#4* +0.586  308.9*** 3.4%** 5 frx* +0.990
Urea, mg/100mL 0.1 +3.406 15.0%*  4.3** 0.7 5.1* 31064 25.2%% 4 Grr* 1.7 +6.679
Lactose, % 9.6** +0.042 3.1* 1.7 80.1%* 4. 1* +037  198.7** 6.6%*  4.1%* +0.149
SCS 0.0 +0.611 2.2 11 30.1%*  4.2*% +1.233 60.2%* 2.4% 2 .6%** +1.231
Single point MCP:
RCT, min 25 +0.348 1.9 6.7*+* 0.3 1.9 +3.066 15.6%** 3.8%** 4 7**x +3.293
koo, min 4.6 +0.263 11.4%x G, 1%+ 0.1 9.6%** +0.743 §.8%* 7 4rrx 3wk +1.033
8gp, MM 1.1 +1.797 T.Axx AT 0.0 6.0%** +6.231 TL¥%* 7.3 2.6% +7.358
a5, MM 8.0* +1.114 23.2%** 0.2 1.6 34.5%*  +2.377 2B 5 1 1.7 +3.457
CR parameters:
RCTeq min 3.3 +0.437 1.8 6.3*** 0.2 1.6 +2.731 18.4%xx 3. 5% 5 Qrr* +2.976
kcr %/min 0.7 +0.855 4.3** 0.5 13.2%*  4.8** +1.638 .GF* 2.3% 2.8k +3.285
CF, derived traits:
CFax mm 4.7* +1.434 17.3%** 2.3 5.1* 21.5%*  +2.439  TDO*** 3.3+ 2.3* +3.558
tmax MIN 2.0 +1.258 1.9 3.1* 3.6 1.1 +4.927 93.1%*  18* 4 3 +6.246
Cheese yield (%CY):
%CYcurp 8.0* +0.341 14.3%** 11 8.0*  44.8%*  +1.072  119FF* D5.5¥x 4% +1.342
%CYsoLips 1.8 +0.245 8.3+ 11 1.2 38.6***  +0.501 77.0%*  B¥*  3.8%* +0.730
%CYwater 3.0 +0.244 19.3%** 0.8 24.6%* 34.8***  +0.501  308** 6.7%*  3.2%* +0.761
Curd recovery
(REC):
REGoroTEN %0 0.1 +0.693 14.8*** 0.8 79.2%* 2.0 +1.541 10018 4.3*** 0.8 +1.826
REG:aT, % 9.1** +0.368 10.7%* 1.7 3.0 6.5%+* +1.196 43+ 5 Q** 5% +1.939
REGCsovLips, % 1.1 +0.863 9.3+ 1.6 1.1 41.9%*  +1.635  1468* 3.3%*  4.2%* +2.615
REG:neray: %0 0.8 +0.881 10.0%** 1.8 1.1 19.8**  +1.672 478>  4.3%* 1.7 +2.427

*=P<0.05; **=P<0.01; ***=P<0.001

! Effect of class of temporary summer farms acewgdhe average daily amount of compound feed
given to lactating cows<é.0vs >4.0 kg).

92



Table 3: Effect of the month of recording on BCH amlk and cheese traits.

Month LSM Contrast Pvalue
May June July September October Julyvs September
Permanent Summer Summer Summer Permanent May vs Junevs (June + S
farm farm farm Farm farm June  September September) October

BCS (score) - - 2.77 2.82 - - 21.4% - -
Daily production:

Milk, kg/d 22.6 20.4 15.9 11.4 14.4 65.8**  903'6* 0.0 75.8%+*

Fat+protein, kg/d 1.59 1.43 1.15 0.87 111 66.5**688.2*** 0.0 94 1 *x+
Milk quality:

Fat, % 3.70 3.61 3.79 3.96 3.95 4.6* 56.6%+* 0.0 .00

Protein, % 3.45 3.45 3.39 3.66 3.79 0.1 142.0%** 16D*** 36.3*+*

Fat/protein, ratio 1.08 1.06 1.12 1.07 1.06 2.8 5 1. 28.8*+* 0.7

Casein, % 2.72 2.72 2.66 2.80 2.93 0.0 36.4%+* 86.8  69.9*

Casein/protein, % 78.8 79.0 78.4 76.7 77.6 3.7 A5 74.0%+* 120.6***

Urea, mg/100mL 211 22.0 21.3 24.3 25.3 4.9* 19.9* 18.9%* 35

Lactose, % 4.88 4.81 4.68 4.60 4.71 45 4%+ 35BG* 5.3* 69.8*+*

SCS 2.73 2.89 3.58 3.90 3.55 3.4 122.4%** 5.8* T4
Single point MCP:

RCT, min 20.8 20.5 19.1 18.7 20.3 1.6 20.8*+* 2.9 Wil

Koo, Min 5.02 4.54 3.69 4.07 4.31 35.9%%* 14 5% B 3.3

ao, MM 28.6 30.4 36.2 354 36.8 9.9** 32.0%+* 30.8* 2.4

ays, MM 30.7 311 29.5 30.3 32.6 15 3.2 18.0%+* 26:9
CF, model parameters:

RCTeq, min 21.9 21.9 21.3 20.7 23.2 0.0 11.73%** 0.0 45.1%

kcr %/min 6.84 6.37 6.07 8.07 7.22 3.1 17.4%* 17%4 3.8
CF, derived traits:

CFnax Mm 35.9 38.2 40.2 40.5 41.6 68.0***  30.45*+* 84 5.3*

tmax MIN 41.8 40.5 39.7 38.4 48.9 7.7 7.5%* 0.2 17
Cheese yield (%CY):

%CYcurp 14.48 14.19 14.81 15.43 16.48 7.6** 61.6%+* 0.0 8.3k

%CYsoLips 6.10 6.12 6.55 6.96 6.95 0.1 95.6%*+* 0.1 0.0

%CYwaTER 8.30 7.82 7.90 8.26 9.88 66.3***  23.9%* 5.0* 28+
Curd recovery (REC):

REGorotEIN %0 77.9 76.6 76.4 77.1 79.2 75. 2% 4.5* 10.8**  80.8***

REGeat, % 83.4 84.4 84.9 84.5 85.5 45 5 0.1 9.0** 477

REGsoLips, % 47.3 47.3 49.5 51.0 51.6 0.0 148.3*** 2.2 2.7

RECeneray, %0 62.4 62.4 63.8 64.8 64.3 0.2 70. 1%k 1.2 25

*=P<0.05; *=P<0.01; **=P<0.001

' Julyvs September
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Table 4: Effect of class of temporary summer faamsording amount of compound feed given to
cows (Feed) and of parity of cows and percentagelémce of variance of temporary farm, within
class of feed, and of cow on total variance on B6& milk traits.

Feed LSM Temporary Parity LSM Cow
Low level High level farm,% Primiparous  Pluriparous %

BCS (score) 2.75 2.84 6.7 2982 2.76" 65.0
Daily production:

Milk, kg/d 15.6 18.3 26.5 1673 17.6° 25.8

Fat+protein, kg/d 1.13 1.33 28.1 1720 1.26° 26.0
Milk quality:

Fat, % 3.84 3.76 9.4 3.82 3.79 20.6

Protein, % 3.50 3.60 5.2 357 3.52 45.3

Fat/protein, ratio 1.11 1.05 10.2 1.08 1.08 13.2

Casein, % 2.72 2.87 5.6 2.86 2.74 46.5

Casein/protein, % 779 78.% 6.2 78.3 77.8 24.3

Urea, mg/100mL 22.6 23.0 17.7 22.9 22.6 14.3

Lactose, % 4.89 4.78 4.2 4.88 467 43.9

SCS 3.30 3.36 10.9 289 3.66° 44.6
Single point MCP:

RCT, min 19.5 20.2 0.6 20.0 19.8 46.2

Kao, Min 4.52 4.13 4.1 4.32 4.34 32.7

g, MM 32.8 34.2 3.4 335 335 40.4

as, mm 29.9 3.8 6.6 31.0 30.7 30.0
CFR model parameters:

RCT,, min 21.4 22.2 1.2 21.9 21.8 45.2

Ker, %/min 7.15 6.68 5.1 6.49 7.48 18.9
CF derived traits:

CFax MM 38.3 40.2 9.9 39.8 39.0 28.8

tmax MIN 41.2 425 2.4 42.4 41.3 37.4
Cheese yield (%CY):

%CYcurp 14.74 15.4F 3.8 15.28 14.91 37.4

%CYsoLps 6.43 6.64 7.1 6.57 6.50 29.7

%CYwaTer 8.30 8.57 6.3 8.59 8.27 32.9
Curd recovery (REC):

REGororen % 77.4 77.5 7.8 782 76.7 38.4

REG:ar, % 84.0 84.9 2.5 84.7 84.4 26.9

REGsoLps, % 49.0 49.6 7.3 49.2 49.4 26.1

REGeneray, % 63.3 63.8 8.2 63.7 63.4 29.5

a,b= P<0.05; A,B= P<0.01;

! percentage of variability explained by the randdfaat of cow
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Table 5: Effect of DIM at the transport of cowsémporary summer farms on BCS and milk traits.

Initial days in milk LSM Contrast Pvalue
<120 11%0_ 13410_ >241 Linear  Quadratic Cubic

BCS (score) 2.64 2.77 2.82 2.94  83.6*** 0.0 3.1
Daily production:

Milk, kg/d 19.2 16.9 15.9 15.8 56.1%** 10.7** 0.1

Fat+protein, kg/d 1.31 1.22 1.19 1.20 12.0%** 4.6* 0.2
Milk quality:

Fat, % 3.59 3.73 3.95 3.94  47.2%* 3.7 35

Protein, % 3.28 3.52 3.64 3.75  215.4%* 7.5%* 1.2

Fat/protein, ratio 1.10 1.07 1.09 1.05 7.3** 0.8 6.6**

Casein, % 2.57 2.74 2.84 2.92 196.0*** 8.3** 0.4

Casein/protein, % 78.3 78.1 78.1 77.8  29.2%** 0.6 2.8

Urea, mg/100mL 23.3 23.8 21.8 22.2 8.1** 0.0 7.4%*

Lactose, % 4.77 4.74 4.74 470  10.6*** 0.1 1.0

SCS 2.95 3.37 3.45 3.54 11.2%** 2.0 0.5
Single point MCP:

RCT, min 195 20.6 19.8 19.7 0.2 2.9 3.5

Koo, Min 4.58 4.54 4.19 4.00 25.8%** 0.8 15

8g0, MM 324 31.7 34.4 35.4 13.3%** 1.6 2.7

a5, Mm 28.6 30.4 31.7 32.7  103.3*** 1.3 0.0
CR model parameters:

RCTeq min 21.6 22.4 21.6 21.7 0.1 1.7 3.4

Kcr, %/min 6.45 6.50 7.13 7.58 12.6%** 0.7 0.6
CF derived traits:

CFnax mm 37.7 38.6 39.9 40.9 63.7*** 0.0 0.3

tmax MIN 41.8 42.7 41.5 41.4 0.9 0.9 1.6
Cheese yield (%CY):

%CYcurp 14.03 14.79 15.51 15.98 133.9*%** 15 0.2

%CYsoLps 6.05 6.38 6.78 6.93 113.5%** 2.4 1.3

%CYwaTeR 7.94 8.29 8.63 8.87 104.3*** 0.7 0.1
Curd recovery (REC):

REGoroteINn %0 77.2 77.4 7.7 77.4 1.2 3.4 11

REGCeat, % 84.3 84.1 84.8 84.9 12.1%x* 1.7 5.6*

REGsoLips, % 47.6 48.8 50.1 50.8 124 .4*** 2.2 0.7

RECGeneray, %0 62.4 63.1 64.2 64.4 56.2*** 14 2.4

*=P<0.05; *=P<0.01; **=P<0.001
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Table 6: Effect of breed of cows on BCS and midts.

Breed LSM: Contrast-Ralue;
Holstein Brown , Local (HF+BS) BS LB
o . Simmental
Friesian Swiss (S) breeds 'S 'S 'S
(HF) (BS) (LB) (SI+LB) HF Sl
BCS (score) 2.54 2.72 2.90 3.01 128.2**20.8***  6.6**
Daily production:
Milk, kg/d 17.6 17.3 17.2 16.0 4.8* 0.2 5.1*
Fat+protein, kg/d 1.23 1.30 1.26 1.13 5.6* 29 *B.6
Milk quality:
Fat, % 3.73 3.91 3.85 3.69 0.6 6.4* 5.9*
Protein, % 3.41 3.69 3.55 3.55 0.0 55.1*** 0.0
Fat/protein, ratio 1.09 1.08 1.09 1.05 1.4 1.1 *5.3
Casein, % 2.65 2.88 2.77 2.77 0.1 56.8*** 0.0
Casein/protein, % 78.1 78.0 78.1 78.1 0.1 0.4 0.1
Urea, mg/100mL 21.0 25.2 23.0 21.9 1.5 34.8%** 2.2
Lactose, % 4.69 4.74 4.73 4.77 4.6* 5.5* 2.7
SCSs 3.57 3.25 3.05 3.44 1.1 2.3 3.1*
Single point MCP:
RCT, min 20.3 20.1 19.2 19.9 2.3 0.2 1.6
Koo, Min 4.88 4.12 3.99 4.31 9.0  26.1*** 3.8
3go, MM 30.5 35.0 35.6 32.8 2.7 15.5%** 4 8*
ays, MM 28.5 32.6 31.1 31.3 3.2 69.0*** 0.1
CF model parameters:
RCTeq, min 22.3 21.9 21.2 21.8 25 0.9 1.4
Kcr, %/min 6.01 7.49 7.19 6.97 1.0 12.8*** 0.2
CF derived traits:
CFax Mm 37.0 40.6 39.9 39.6 6.2* 51.4** 0.3
tmaxe MIN 43.2 41.6 40.8 41.9 1.9 3.0 1.1
Cheese yield (%CY):
%CYcurp 14.29 15.61 15.32 15.09 2.4 41.8*** 1.0
%CVYsoLps 6.29 6.78 6.60 6.47 0.0 22.2%* 1.4
%CYwaTeR 7.95 8.78 8.58 8.43 2.4 56.3*** 1.4
Curd recovery (REC):
REGoroTeENn Y0 76.7 78.4 77.4 77.3 1.1 34.7*** 0.0
REG:at, % 83.5 84.9 84.8 84.8 8.9  30.4** 0.0
REGsoups % 48.3 50.1 49.7 49.2 0.6 26.0%** 1.7
REGenergy, Y0 62.5 64.4 63.8 63.5 0.5 29.1%** 0.3

*=P<0.05; **=P<0.01; ***=P<0.001
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Figure 1. Representation of traditional single pawagulation properties represented by open
circles (RCT, ko, &0 and as), and CFt model parameters (R&Toincides with
RCT, Chk, kcr and kg) and derived traits (Gkx and tay, modified from Bittante

et al. (2012).
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Figure 2: Estimated compound feed availability dgrsummer transhumance for cows of
different breeds according to their distributiorthie different temporary summer

farms.

Compound feed (kg/head/day)

6 -

5 i

4 i

3 i

2 i

1 i

O T T T 1
Holstein Brown Simmental Local
Friesian Swiss Breeds

97



Figure 3: Milk yield, milk fat and protein conteot cows of different breeds before during
and after summer transhumance.
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Figure 4: BCS of cows of different breed after #daptation and at before the end of summer
transhumance (interaction breed x month, P<0.05).
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Figure 5: Protein content of milk of cows with @ifént days in milk at the beginning of
summer transhumance.
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Figure 6: Somatic cell score of milk from cows dfetent breeds before, during and after
summer transhumance.
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Figure 7: Rennet coagulation time predicted by @Btel of cows of different breeds going
to temporary summer farms distributing a low (< kddd) or high (> 4.0 kg/d) compound
Feed.
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Figure 8. Curd firming rate constantcfk fresh cheese yield (%GYrp) and milk protein
recovery in curd (REgroten) Of milk of cows of different breeds before, dgriand after

summer transhumance.
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Environmental footprint of mixed breed dairy herds
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Abstract

The objective of this study was to evaluate therenmental footprint of dairy cattle
mountain farms. Life Cycle Assessment (LCA) apploawas used to assess the
environmental impact of 38 dairy cattle farms lechin the Autonomous Province of Trento.

Data were collected from mixed breed dairy catders that use different type of
farming systems. Information regarding the gendaim management, the diet, the
production performance, the agronomic managemerthefsurfaces, the management of
waste, and the energy consumption was collectededer, a specific questionnaire was
developed and tested. The questionnaire mightkaagseful for further research in mountain
region farming.

All data were used to calculate the carbon footpsirthe herds using the Life Cycle
Assessment (LCA) approach. The entire product lie,from production of raw materials
and their processing till farm gate (the functionait was the kilogram of milk) was used. All
the inputs and outputs relate to the functionat ware taken into account. Three categories
of environmental impact of the farms were considerecarbon footprint (contribution to the
production of greenhouse gases), ii) acidificatiod iii) eutrophication.

The values obtained for the three impact categdvaeslarge variability, with average
(and standard deviation) equal to 1.46 (0.58) kgd®, equivalent (eq), 27.18 (8.34) g for
SO, eq. and 7.91 (2.31) g for ROeq. per kg of milk (fat and protein corrected)e$a values
are comparable with previous studies that have bé&sncarried out in mountain areas. The
overall impact was allocated between on-and offifaomponents and was shared according
to mass allocation between milk and meat. Analgs§igariance showed that the considered
effects of housing (frees fixed) and feed administration (traditioned TMR), even if it
appeared to be statistically significant for somaéts, slightly affected the high variability of
the impact categories that can be observed amdfegetit dairy farms of the same group.
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Thus, there are margins to mitigate the impact imodease the efficiency of farms with
different structures and management.

Overall, the study has provided with some intengsinsights on the sustainability
assessment of dairy farming systems in mountainamsas, adopting innovative
methodological approaches. Results obtained froen ékperimental approach could be
expanded on a large pool of dairy farms to identhg indicators of reference for the

evaluation of the sustainability and multifunctibtyaof mountain farms.
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Introduction

According to the Food and Agriculture Organizat{®&/AO) report “Tackling climate
change through livestock” (Gerbetral., 2013), livestock sector contributes considerably
Greenhouse gas (GHG) emissions (14.5% of the aotakopogenic emissions). However, the
calculation of environmental impact of farms is@nplicated issue. Thus, several methods
have been proposed for the evaluation of farm enwental impacts (Von Wirén-Lehr,
2001; Van der Werf and Petit, 2002; Halbet@l., 2005). These methods constitute a helpful
tool for farmers (Goodlasat al., 2003), researchers (De Koeijral., 2002), and political
decision makers (Schroder al., 2004), towards a more sustainable agriculturatipction
systems (Hansen, 1996). Among these methods, LytdeCAssessment (LCA) has taken a
considerable place. LCA considers all the inputd antputs associated with a specific
product, process, or activity within a defined systboundary, and allows for improvement
of the environmental performances, while considgnmnultiple parameters of the process
(Gerberet al., 2010). In recent years, some European countegs France, Germany,
Ireland, the Netherlands, Sweden, and UK) have uded LCA approach to assess
environmental impacts of milk production (Ya al., 2011). Milk is one of the most
important dairy products in Europe, and it is welbwn that dairy farms are responsible for
releasing in the environment a considerable amotiftoth minerals (mainly nitrogen and
phosphorus) and gases. Nitrogen (N) pollution frdairy farms affects water, by nitrate
leaching, which, in turn, contributes to the pheeraon of eutrophication in the rivers.
Moreover, N air pollution happens through the pratlemissions of gaseous N compounds
such as NBland NO and NQ (Tamminga, 1992).

Regarding the agriculture and livestock systemsthe mountainous areas, the
intensification of the livestock sector and landlizdtion, together with the progressive
abandonment of traditional summer transhumance, ltave negative effects on the
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environment. For instance, reduced highland grazivag been associated with soil
degradation, reforestation and loss of biodiveragywell as with reduction in the quality and
attractiveness of the mountainous landscape (8itredferet al., 2007; Sturaraet al., 2009).
Moreover, the environmental sustainability of ttemhial alpine farming systems can be
negatively affected by opening new nutrient cyclas.an example, the large amounts of
concentrate feed needed to sustain high milk prii@mu@nd the extensive use of fertilizers
and pesticides for growing maize in the valley fo@re leading to a surplus of N and
phosphorus (P) (Penatt al., 2011), thus, increasing the risk of soil and watellution.
Especially in the Alps, the environmental effecs, @ product of changes in agricultural
systems, need to be closely monitored to avoid rasky of drastically altering the fragile
ecosystem. Nevertheless, so far only few studiessiigated the environmental impact of
milk production in mountain areas. Some of thoseliss were focused on farm nutrient
balances (Giustingt al., 2007; Penatit al., 2011) while very few estimated the carbon
footprint (CF) of milk production (Penatt al., 2011; Pirlo, 2012). In general, the milk
production system produces multiple products (mifieat, manure, etc.). Thus, the task of
estimating the emissions solely created by milkdpotion activities (milk and co-products)
becomes complex and difficult to be assessed. ¥ample, for the dairy farm system, where
the main focus is on production of milk, the meaerated from surplus calves and cull dairy
cows is an important co-product. It is, therefarecessary to also consider the inclusion of
beef and meat in the LCA approach, and to allotdaeemissions between milk and meat
(IDF, 2010).

The estimating and allocating emissions is furg@nplicated by the fact that in the
mountains many local and dual purpose bovine breedsreared. In fact the majority of
studies published deals with single breeds andcesdewith Holstein Friesian breed. The

different muscularity and body condition of cowddnging to local and dual purpose breeds
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affects not only allocation of emissions betweetkrand meat, but also estimates of nutrient
requirements and feed intake.

Thus, the objective of this study was to developcpdures taking into account
multibreed operations and to assess the envirorahiatprint of 38 mixed breed dairy farms
belonging to different farming systems located merfo province (North-East Alps of Italy).
The mass allocation at the farm gate was usedhierpurpose. This approach allows for a
more fair comparison between farms with differeminagement or feed administration. From
the methodological point of view, the environmeritatprint of the sampled farms has been
calculated using the LCA approach with a specificus on animal management and

nutrition.
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Material and methods

Study area and sampled farms

This study is part of a large project (Cowplus) iagnin the identification and
incorporation of new phenotypes in dairy cattlerfarand industry, giving special emphasis to
the mountainous environment. The study area cavrefpto the territory of Autonomous
Province of Trento, located in the northeast Italdps. The utilized agricultural area (UAA)
of Trento has an extension of 1,372%amd is mainly composed by grassland and pastures
(81%), followed by orchards and vineyards (17%)ijlevthe arable crops represent only 2%
of the total agricultural area (ISTAT, 2010). Daicgttle is the most important livestock
system of the Province, with 1,071 out of 1,40&ltaattle herds registered as dairy farms.
The majority of the dairy farms are associated ooperative dairies that focus in the
production of typical of the region cheese or cbekbelled as Protected Designation of
Origin (PDO), mainly “Trentingrana”.

In total, 38 mixed breeds farms were included i $tudy. The variability in terms of
herd size, management (feed administration, strestuequipment, ...) and reared cattle
breeds is representative of the local dairy set¢tofact, most of the active farms (around 70
%, Sturaroet al., 2013) have mixed breed herds with different propons of Holstein
Friesian, Brown Swiss, Simmental, Rendena and GAdpina cows. The size of the sampled
farms ranged between 17 to 169 lactating cows. éfaliem use total mixed ration for feed
administration and the other half administrate dyairay and compound feeds, while only a
small proportion uses silages (silages are notwallb for Trentingrana PDO cheese

production); one third of the barns are free statl the remaining are keeping the cows tied.

110



Life Cycle Assessment

The environmental footprint of the sample farms \@asessed by using a cradle to
gate Life Cycle Assessment (LCA) approach. The oughdescription follow the scheme of
the LCA: goal and scope definition, Life Cycle Imtery (LCI), Life Cycle Impact

Assessment (LCIA), data interpretation.

Goal and scope definition

The general objective of this study was to asdes®hvironmental footprint of dairy
farms of the Trento Province.

Thus, for each dairy farm a cradle-to-farm-gate L.@&scribing the life cycle of milk
production from the beginning of the productiongstdill the farm gate, was applied. The

transportation of the milk as well as milk procegsivere excluded from the study.

Functional unit

A functional unit (FU) is the unit associated wiéh emission produced. Feg., this
could be an animal, a farm, a crop, a surface,dte. FU used in this work were milk and
meat at the farm gate.

The milk was corrected for its fat and protein emt(FPCM) to a standard of 4.0%
for fat and 3.3% for the protein. This is a genetandard used for comparing milk with
different fat and protein contents. It is a comnyonked approach for evaluating and
comparing milk production of different dairy breeddl milk was converted to FPCM using
the equation: FPCM (kg) = milk yield (kg) x (0.3370.116 x Fat content (%) + 0.060 x

Protein content (%)) from Gerbetral. (2010).
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Allocation

For dairy farms, whose main focus is milk productidghe meat generated from
surplus calves and culled dairy cows, is an immorta-product. Therefore, it is necessary to
evaluate the total emissions and to correctly atleadhem between milk and meat (IDF,
2010). In this study, the co-product has been cemed and the mass allocation method was
adopted. The Allocation Factor (AF) for milk and ah&vas calculated using the equation of
ISO, 2006: AF =1 —5.7717 x R, where AF is theadtion factor for milk, R = Meat/ Mmiik,
Mmeat is the sum of live weight of all animals sold wmting bull calves and culled mature
animals and Mk is the sum of milk sold corrected for fat and pro&s described above.

The mean live body weight is defined as the sunthef body weight of newborn
calves sold (at an average age of 1 month) anddldg weight of cows at the end of their
production period. The mean body weight in our gtwas found 65 kg/head for calves and

627 kg/head for cows, respectively.

System boundary and delimitations

This work studied the dairy farms from cradle-tosfegate for a one-year period
(2013),i.e. the studied system includes the physical farm @efthes the dairy production
system. It includes forages and cereal producethion; herd management and associated
upstream processes, emissions from the animalsstoreéd manure. The management,
storages and application of manure for meadows @dals is included. In this study
boundary was extended in order to include also dhessions related to the imported
resources such as feed and fertilizer. These |egturces are referred to as off-farm. The
transport of milk to dairy industry and that of theimals to slaughterhouse are not included.

Veterinary medicines, detergents, disinfectants plladtic are not included. For the dairy

112



farms moving animals to temporary summer farmsy dhé environmental impact due to

permanent farms was considered.

Life Cycle Inventory - LCI

We visited at least two times the sampled farmsfafin level, a questionnaire was
filled with the farmers to collect data on feedistgategies, management and building, land
and crop management and the energy consumptiole @abAt individual level, body weight
and Body Condition Score were evaluated by a unppreelist and the chest girth of cows
was measured. Data on herd size composition, raptiwe and productive performance were
recorded by Breeder Federation of Trento Provinoend official milk recording and

implemented in our database (table 2).

Animal nutrition: net energy and diets

The half of the sampled dairy farms used the totixled ratio (TMR) and the other
50% is still using the traditional feeding admirasion. For the first group the estimated dry
matter intake (DMI) is the ratio between the netrgy requirements of the cow and the net
energy of the diet. For estimating net energy (K&guirements the procedure described in
NRC (2001) was followed. Briefly, the total NE isaritioned in NE for maintenance,
lactation, activity, pregnancy and for growth (B and 4). The net energy of the diet is the
sum of the net energy available in each feed midtghe quantity administered.

For the second group.e. with the traditional feeding, it was not possilbde know
intake of forages. So the net energy of forages eeéculated as the difference between the
total NE required by the average animal and thedlEhe compound feed (table 5). This

procedure was used for lactating cows, replacemsuahdry cows.
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Nitrogen and phosphorus balance

The efficiency in nitrogen (N) and phosphorus (B¢ affect the environmental impact
in terms of eutrophication and acidification potehtThe N and P balances were calculated,
with the procedure suggested by ERM (2001) andchbyréquirement of NRC (2001) (tables
6). N excretion was calculated as difference betwidantake with the diet and N retention
for growth, pregnancy and milk. This procedure wssd for lactating cows, replacement and

dry cows.

Emission factor

For the total on-farm emissions estimation theofwlhg parameters were considered:
i) cattle enteric fermentation, ii) manure managetr(storage and handling as well as field
application), iii) emissions caused by the usehanaical fertilizers and iv) fuel combustion.
The methods and the emission factors used are stipathan Tables 7 and 8.

According to the Kyoto Protocol, the livestock reapon is not considered a net
source, due to equivalence of the absorbed andeshmpuantities (Steinfeldt al., 2006).
Emissions from livestock respiration are part o&pidly cycling biological system, where the
biomass consumed is itself created through the ersion of atmospheric GOnto organic
compounds.

Tables 7 and 8 shows the emission factors (EF) @sedalculating the primary
emissions of Chland NO for each pollutant. In previous studies entergthmne emission
has been estimated using equations from Kirchgessa. (1995), IPCC (2006) Moraes
al. (2013) and Tagliapieta (unpublished). For thiglgtRamin and Huhtanen (2013) equation
was used to estimate enteric methane emission. @dpstion takes into account four
parameters, namely feed intake, diet digestibilitye concentration of the fat and the

carbohydrate composition. GHmissions from stored manure were calculated baseitie
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IPCC guidelines, following the Tier 2 method (IPQZD06). The amount of manure handled
within a system is based on the daily number @diwock unit housed in each system, on their
average feed intake and on digestibility of the.die

The direct and indirect XD emissions caused by ammonia @\land NQ were
calculated from the nitrogen excreted. The emistotors used are those proposed by IPCC
(2006) for solid manure and liquid slurry storagstems. Indirect emissions of,® from
manure storages, which are mainly due to volatibraof NH; were estimated using the EF
value according to IPCC (2006).

Apart from NH and NOz;, emissions of BD also occur in the field after the
application of fertilizer, either organic or inorge. Thus, direct BO field emissions were
estimated from the amounts of N included in minaral organic fertilizers, crop residues and
N mineralization (IPCC, 2006).

Following IPCC (2006), N emissions from manure af@ were calculated by
multiplying the amount of N excreted by the emissfactors. To estimate the volatilization
of N in the forms of NH and NQ, that occurs during the application of organic amderal
fertilizers, the default emission factors propodey IPCC (2006) were used. Mineral
fertilizers and manure are considered the two niisources in agricultural land. It was
assumed here that 30% of the N from fertilizer emahure ex storage is lost in the form of
nitrate (NQ) through leaching (IPCC, 2006). The method of Neskeand Kagi (2007) was
used to estimate the phosphorus loss (in the fdrphosphate P§). Briefly, this method
estimates the amount of phosphorus excreted bartimeals and applied to the field as well as
the input from chemical fertilizers.

The amount of on-farm use of petrol, gas and etgtgtrwere taken into account to

estimate the carbon dioxide (g@@missions related to energy consumption.
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Concerning the off-farm emissions, they include @dtreverything purchased by the
farm, such as feece.§. hay, alfalfa and supplementation feed). The esiomeof off-farm
emissions also included the production of roughaged bedding material (straw and
sawdust) purchased including transportation, thedyction of diesel, petrol, gas and
electricity, the production of chemical fertilizerand herbicides but not the related
transportation. Emission factors for off-farm feeaghages and bedding material, chemical
fertilizers, herbicides, and lubricant were derii®mdEcoinvent 3.1 (Ecoinvent Centre, 2014)
and Agri-footprint 1.0 database (Blonk Agri-footui;i2014) provided with Simapro software.
Fuel emission were taken into account using EF igemv by European Environmental
Agency (EEA) report (EEA, 2013), while for electtycproduction, Italian electricity web

handling society and Italian Environmental AgeniSRRA) data were used (ISPRA, 2011)

Life Cycle Impact Assessment (LCIA)

The environmental impact categories considereth#®istudy were (see Table 11):

* Global warming potential (kg COeq. 100-year horizon): estimated for a 100-year
time period by converting all GHG to G@quivalents (C®eq.), which on a weight
basis gives 1 kg C}425 and 1 kg BD-N=298 CQ-eq (IPCC, 2006).

* Acidification (g SQ eq.): Sulphur dioxide (S ammonia (NH), nitrogen oxides
(NOy) acidifying pollutants were considered (Table 9).

« Eutrophication (g P§ eq.): nitrate (NG, ammonia (NH) and P were considered

(Table 10).

116



Data interpretation and statistical analysis

The impact categories were compared with the esfltother studies considering
dairy farming systems, in particular with data at¢a on mountainous study areas.

With the aim to investigate the variability of thempact categories due to farm
management, the effects of diet administration (Td$Rraditional) and housing (tiegs free
stalls) were tested with a general linear modelRRGLM, SAS 2012) including the two
fixed effects and their interaction. Typ& BndP values were considered for the evaluation of

the considered effects.

Results

The descriptive statistics of the 38 dairy farmsgked in Trento Province are
shown in Table 12. Structure and management of srapled farms showed a large
variability and were representative of the situatid Trento province. The questionnaire used
to collect data was corrected, updated and tailtoethese dairy cattle systems, and the final
version is reported in Appendix as first resultha research. The average number of lactating
cows per farm was 42.0 + 28.8, with a considerabhgation (from 13.9 to 143). The age at
first calving was 32.4 month on average and thesdaymilk 189.2 with a range between
114.6 and 238.6.

Concerning milk production, the mean milk yield w0 kg per day and also in
this case there was large variability (1¥s239.5). Fat and protein percentages were 3.48 *

0.16 and 3.84 £ 0.21, respectively.
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The descriptive statistics of body weight and ctadiof cattle evidenced a large
variability due to the differences among the prdipos of different breeds reared and among
management systems.

In table 13 the chemical composition and energyerarof the feed used in cow and
replacement diets are depicted. For forages, cewrad other raw materials the reference
chemical composition values were taken from liter@aiand previous studies conducted in the
study area, whereas for compound feeds the vataas dommercial feed label are reported.
Since forages are the main ingredients of diets¢réalitional farms, a low level of protein and
a high level of fiber characterize the ration oégd herds. For the farms using TMR on
average a higher protein and energy level was aetijeas expected.

The descriptive statistics of diet characteristiegpgen and phosphorus balance and
methane emissions of dairy cows are shown in TableThe estimated dry matter intake of
cows was 16.3 + 2.2 kg/d with 14.5 + 1.7 % of crpdetein content. Other characteristics of
the diet are: NDF 26.6 + 4.1 %; EE 3.27 + 0.58 farch 15.35 + 5.80.

The nitrogen and phosphorus balance were calculatedgverage the intake was
138.4 £ 28.7 and 24.0 £ 6.6 kg/cowl/year, respelstiveost of the retained nitrogen and
phosphorus is secreted in milk (45.8 £ 13.9 an@ £2.15). The amounts of annual nitrogen
and phosphorus excreted in feces and urine wete#907.3 and 16.08 £ 5.25 respectively.
The table shows also the enteric methane emissiedigbed with different approaches.
Different equations gave results correlated (coeffit r ranged from 0.36, Ramin and
Huhtanen (2013) with Kirchgessneral. (1995), to 0.96, Ramin and Huhtanen (2013) with
IPCC, 2006), but the mean value showed large éifflees. We choose the equation of Ramin
and Huhtanen (2013) because was the most complét@a#ored for dairy cattle.

The descriptive statistics of diet characteristicgrogen and phosphorus balance

and methane emissions for replacement are showmbte 15. The replacements were fed
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with diets with a high fiber content and low energyd nutrient contents: average crude
protein content was 12.6 + 1.5% of DM; NDF 53.3.& %, ADF 34.1 + 5.1% and starch 7.32
+ 8.09%.

For replacement cattle, we found an intake of ggroexpressed as kg/head/y equal
to 40.6 £ 5.2. A small part of this nitrogen wataneed for pregnancy (0.43 = 0.07 kg/headl/y)
and for growth (3.94 + 0.61 kg/head/y), while thejon part of nitrogen (36.3 + 5.0
kg/headly), as expected, was excreted (Table 15).

We also calculated the phosphorus balance of replant. It is worth to note that
the animals ingested 6.79 + 1.30 kg/head/y of phosys. In this study we reported that 1.37
+ 0.22 kg/head/y was retained, while 5.42 + 1.2th&gd/y were excreted with the waste
(Table 15).

The table 16 displays of the results of LCA of eammental footprint per kilogram
of milk corrected for fat and protein. The €€quivalent on average was 1.46 £+ 0.58 with a
large range of variability (0.83 to 3.42) and tvinrds of the total (0.99 + 0.37) was due to
on-farm emissions. Regarding the acidification eerage 27.18 + 8.34 g S@quivalent
were products from dairy farms and almost the 86&tewon-farm (23.43 + 7.46 g). The
eutrophication in term of g P®equivalent per kg FPCM was estimated and on averdje
+ 2.31 g were produced. Almost 70% of total eutiogtion it is given by the on farm
emissions.

The results of the statistical analysis of the mampact category between farms
grouped according to stall system and feeding techre summarized in Table 17. The
differences between LSmeans were generally lowirafielv cases statistically significant. As
expected, milk yield was affected both from stBll< 0.05) and feeding strategies (P < 0.01),
with higher milk production observed for herds witke animals (24.6 kg/d) and a diet based

on the use of TMR (24.8 kg/d).
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Stall system and feeding administration influentadjely also N excreted (P <
0.01) and Chlemissions (P < 0.001). Free stalls exhibited higixeretion of N and methane
emissions in comparison to the tied stalls (98482.7 kg/cow/year and 126\& 115.2
kg/cowlyear, respectively); the same pattern waeded for farms based on the use of TMR
in comparison to a traditional feeding system.

Conversely, P excreted, G@q., SQ eq. and PG eq. per kg FPCM were not
affected by the two effects considered in the moQelly the feeding strategy showed a
negligible effect (P < 0.05) on the total BGeq. per kg FPCM.

Finally, the interaction stal feeding was not significant for all the analyzeits.

The last step was the allocation of impact categobetween milk and meat; the
descriptive statistics are reported in table 18réspect to the values without allocation, the
relevance of the impact due to the milk productias 27.4% lower for Ceq., 26.5% for
SO, eq. and 26.4 PY eq. The analysis of source of variation (Table §8)ws some
differences with the one performed for no allocadath. Considering the allocation for milk,
the differences between tied free stall and traditionals TMR were generally less relevant
for the impact categories, except for eutrophicatmd acidification in tied and free stall:
with allocation, the impact was higher for freerthiéed stall, although not significant. The
main source of variation for impacts due to meaidpction was the feeding systems, with

lower value for TMR with respect to the traditiofeéding.
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Discussion and conclusion

In this study the environmental footprint of mountas dairy farms was calculated
adapting the traditional LCA approach to the anadyproductive system. Information on
animal production, nutrition and management wergiobd by using both on-farm survey
and data from previous studies conducted in theessiody area. This approach was finalized
to improve the accuracy of the evaluation of theiremmental impact due to “animal” and
“diet” components with respect to IPCC or other imoefs. The results obtained showed a
large variability between methods, especially foe evaluation of methane from enteric
fermentation and for the calculation of nutriemwb (phosphorus and nitrogen). These data
were used as basis for the successive steps ofdr@lysis: this is an important improvement
of the method, which is usually based on standastficients obtained by official databases
or literature.

The quantification of the environmental impact a@irgl farms in Trento Province
can be compared with other studies, in particuldin whose analyzing livestock systems in
mountainous areas, although with some differengetid methodological point of view. The
comparison of our results with literature reviews environmental footprint of FPCM
evidenced higher values of carbon footprint withpect the intensive systems (De Vries and
De Boer 2010, Kristensest al., 2011, Guercet al., 2013). The same trend was observed for
acidification (Thomasseet al., 2008; De Vries and De Boer 2010; Gueegtial., 2013)
whereas the eutrophication was similar to othedistu(De Vries and De Boer 2010; Guerci
et al., 2013). As expected, dairy farms in mountainoessiare less productive and efficient
than intensive dairy farms, and as logical conseceighe ratio between global impact and
milk yield penalize them. In the Alps, few studieslculated the environmental footprint
produced by dairy farms (Penatial., 2013; Guercket al., 2014; Salvadoet al., 2014), and
the values of impact categories are comparable adthresults. The dairy sector of Trento
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Province are characterized by a large variabilitfaoming systems (Sturaret al., 2013),
with production oriented farms and traditional lowput farms. The variability of our results
reflects this situation. For this reason, the dffeaf different management systems were
tested. Stall systems and diet administration veergsidered to classify the sampled dairy
farms. Only mild differences were found, showingttistrategy aimed at mitigating the
environmental impact of dairy farms in Trento Prang do not depend mainly from livestock
systems.

In perspective, some important issues can be agklieBirst of all, the evaluation of
environmental footprint should consider the panitbetween “organic” and “fossil” impact.
For example, in mountainous dairy farms the bakih® diet is represented by forages; the
main land use category is meadow and crops aréelimLivestock farms contribute to the
maintenance of agro-ecosystems, and in mountaas afers several positive externalities.
For these reasons, environmental footprints ofydéarms should not be examined one-
dimensionally based on the amount of milk and nileait is produced on the farm. Rather, a
broader perspective is necessary that takes imtmuat the multi-functionality of dairy farms
especially in countries where a wide range of estesy services is provided (Ripoll Boseh

al., 2013; Battaglinet al., 2014; Kieferet al., 2015).
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Tables and figures

Table 1: Data collected on farm.

Animal Farms Products Feeding

Milk sold, kg/year;

Cows in production, n.; Milk protein and fat, %;

Feeding system;

Cow body weight (BW);
Cow'’s chest girth and BCS;

Ingredient composition of

Culled cows sold/year,; 4 )
rations;

Purchased replacing animals,
n./year.

Purchased feeds, kg/year;

Calves, n. and type, SOId/year'Purchase d forages, kg/year.

Land and Crop

Management and buildings Management

Energy consumption

Manure management system; Kind of crops and forages Electricity used, kWhly;

Land used for crops/forages

Type of stalls; ha:

" Diesel used, kg/year;

Chemical fertilizers,

Buildings type and surface. kg/halyear;

Petrol used, kgl/year;

Methane and LPG used,

Pesticides kg/year. m°*lyear.
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Table 2: Main traits regarding cows and replacesent

Time Reference / source of

Parameter Unit Acronym Computation period data
Cows per farm, n.:
Lactating n. cow average of monthly records year ilk racording
Dry n. dc average of individual data year milkaeeting
Milk production:
Milk yield per cow kg/d MY average of monthly redsr year milk recording
Milk fat % Fat average of monthly records year nuidyment syst.
Milk protein % Prot average of monthly records year milk payment syst.
Fat Protein corrected milk  kg/h/d FPCM = MYx(0.330t116xFat) + (0.06xProt)) year Gerleeal., 2010
Body size of cows:
Chest girth cm CowCG average of individual data ceon skilled technician
Estimated body weight kg CowBW average of individieta once skilled technician
Body condition score scores BCS average of indalidata once skilled technician
Life phases of cows:
Age first calving month AFC average of individuatd year milk recording
Number of lactations N LacN average of individdata year milk recording
Calving Interval d Cl average of individual data aye milk recording
Dry Period d DP average of individual data year  kmelcording
Days in milk d DIM average of individual data year milk recording
Lactation to calving % Time =100 x(Cl-DP) / ClI year milk recording
Replacement:
Replacement rate % RR = 1/LacN x 365/ CI year mattording
Replacement heifers n. rep =cow X RR x AFC /12 arye milk recording
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Table 3a: Computation of net energy (NE) requirenf@nmaintenance, lactation, activity and pregryaoicdairy cows.

Parameter Unit Acronym Computation Reference/
source of data
Maintenance requirements:
Metabolic weight kg CowMW = CowBW* -
NE for maintenance MJ/d NEm = (0.073 x CowMW) xg#1 NRC, 2001
Lactation requirements:
NE content of milk MJ/kg MilkEn =(0.0929xfat + ®A7xprotein + 0.192)x4.184  NRC, 2001(eq 2-16)
NE for lactation MJ/d NE = MilkEn x MY -
Activity requirements:
Farms with tied cows MJ/d NEa =0 -
Farms with loose cows MJ/d NEa =NEm x 0.10 NRC, 2001
Pregnancy requirements:
Weight of calf at birth kg CalfwB = CowBW x 0.06275 NRC, 2001 pg 321
Gestation age d GAge = from conception -
Fetus daily energy growth Mcal/d dFetuskEn = 0.@081GAge-190) — 0.0352 Bedt al., 1995
Fetus energy retention Mcal FetusEn = (0.003183%(00) — 0.352) x 90 NRC, 2001
NE, for pregnancy MJ/calf FetusNE = FetusEn /0.218 x 4.184 NRC, 2601
NE, for pregnancy, adjusted MJ/calf AdjFetusNE = FetusNE x (CalfBW/45) NRC, 2001
Daily AdjFetusNE req. MJ/d NEp = AdjFetusNH CI -
#Modified
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Table 3b: Computation of body composition, NE reguient for growth and total NE requirement of d@oys.

Parameter Unit Acronym Computation Reference/
source of data

Body composition of cows:

Empty BW of cows CowEBW = CowBW x 0.85 NRC, 2001
Fat on empty BW ratio Fat/CowEBW  =0.037683 x BC&core NRC, 2001 (eq. 2-20)
Protein on empty BW ratio Prot/CowEBW = 0.200886 -0.0066762 X BGsxvre NRC, 2001 (eq. 2-21)
Scale BCS 5 to 9 scores score BGsx = ((BCSsscore -1) x 2) + 1 NRC, 2001 (eq.2-22)
Scale BCS 9 to 5 scores score BGsx = ((BCSscore -1)/12)+1 -

Fat on empty BW ratio Fat/CowEBW  =0.07537 x BC&core -0.0377 -

Protein on empty BW ratio Prot/CowEBW  =-0.01335 x BC&ore + 0.2076 -
Water/ash on empty BW ratio WA/CowBW  =-0.06191 x BC&core + 0.8301 -

Body fat proportion ratio Fat/CowBW =0.06397 x BC&core -0.0320 -

Body protein proportion ratio Prot/CowBW =-0.01134 x BC&core + 0.1764 -
water/ash on empty BW ratio WA/CowEBW  =-0.05262 x BC&core + 0.7056 -
Growth requirements:

Energy content of fat MJ/kg fat FatHeat 38.49 Andrewet al., 199F
Energy content of protein MJ/kg prot ProtHeat 23.22 Andrewet al., 1997
Body energy as fat MJ/kg BW EnCowBWfat = 2.516 xBeore — 1.258 -

Body energy as protein MJ/kg BW EnCowBWoprot = -G X BCSscore + 4.097 -

Total body energy content MJ/kg BW EnCowBW = 2.25BCS5score + 2.839 -

BW at first calving kg CowBWi = CowBW x 0.82 NRC, 2001 (eqg. 11-9)
Body energy at first calving MJ CowENh1 = EnCowBW x CowBW1st -

Body energy of mature cow MJ CowEnM = EnCowBW x @G/ -

Daily body energy retention MJ/d EnRet = (CowEnMIowEN1st) / (LacN x CI) -

NE_ for growth MJ/d NEg = EnRet x 0.64/0.75 NRC, 200
Total Ng requirements MJ/d NE tot = NEm + NE + NEa + NEp + NEg -

aModified
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Table 4: Computation of net energy (NE) requirenienthe replacement cattle.

Reference /

Net energy Unit Acronym Computation source of data
Maintenance and activity requirements:

BW of replacement kg Repl.BW = (CowBW# 1°‘CalfwB) / 2

Metabolic weight kg Repl.MW = Repl.BW?

NE for maintenance and activity MJ/d NEmM = Repl.MW x 0.96 x 0.086 x 4.184 NRC, 2001
Pregnancy requirements:

Weight of £ calf at birth kg fcalfWB = CowBWZ'x 0.06275

Gestation age d GAge = from conception

Fetus daily energy growth Mcal/d dFetusEn = 0.00818Age-190) — 0.0352; if the result is >0, athise = 0 Bellet al., 1995

Fetus energy retention Mcal FetusEn = (0.0031838{0) — 0.352) x 90; if the result is >0, othesmvic 0 NRC, 2001

NE, for pregnancy MJ/calf FetusNE = FetusEn /0.218 x 4.184 NRC, 2001

NE, for pregnancy, adjusted MJ/calAdjFetusNE = FetusNE x (1°CalfBW/45) NRC, 2001

Daily AdjFetusNE req. MJ/d ' NEp = AdjFetusNE/(AFC x 30) NRC, 2001
Growth requirements:

Equivalent empty body weight kg EQEBW = (Repl.BV0.96 x (478/(CowBW x 0.96)) x 0.891 NRC, 2001

Average daily BW gain kg/d ADGep. = (CowBWT"- 1°CalfBW)/(AFC x 30)

NE, for growth MJ/d  NEg, = 0.0635 x EQEBW"® x (ADGep. x 0.956§° x 4.184 NRC, 2001
Total NE_requirements: MJ/d NE totp = NEmep. + 1°Nep + NEGp. NRC, 2001
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Table 5: Estimation of feed intake according tof#exling system.

Parameter Acronym Unit Computation Reference / soure of data
Farm with Total Mixed Ration for cows and for replacement

: : B . . Sauvantt al., 2004; Pecile
NE of feed ingredients FeedNE MJ/kg = NE content of feed ingredierits (unpublished)

NE of diet NEdiet MJ/d =X (feed x NEfeed)

Dry Matter Intake DMI kg/d = NHot / NE diet

Farm without Total Mixed Ration for cows and for replacement

Daily intake of compound feeds CFI kg/d Xfdaily intake of compound feeds)

NE of compound feeds CFeedNE MJ/kg  equations based on chemical compositioSauvangt al., 2004
Forages NE value ForNE MJ/kg  equations based on chemical compositioSauvangt al., 2004
Daily NE from compound feed NEFeed MJ/d 2(CFIl x CFeedNE)

Daily NE from forages NE-or MJ/d = NEtot — Ng CFeed

Dry Matter Intake DMI kg/d = NE-or/ ForNE + CFlI

' Chemical composition of each compound feed wasdatired in the feed label.

2 Chemical composition of hays was achieved fromai dbase with analysis of more than 1800 of samgéscted in the Province of Trento
(Pecile, unpublished)
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Table 6: Nitrogen balance for a cow kept on farrejwding periods in highland pastures, and expresseannual basig.

Parameter Acronym  Unit  Computation Reference / soure of data
N balance of cows
Crude Protein of compound feeds CP_feed kg/kg =d@fent of compound feeds Farm data; Sauetzait, 2004
Crude Protein of diet CP_diet kg/lkg Xfeed x CP_feed)
N intake N_int kg/year = DMI x CP_diet /6.25 x 365
N secreted or retained N_ret kg/year N_milk + N_preg + N_growth
N secreted in milk N_milk  kglyear= MY x prot/ 6.38 x 365
N retained for pregnancy N_preg kglyear (BW_calf x PBWc /6.25)/Cl x 365
Body protein content of calf PBWCc kg = BW_calf 2D. -
Body protein content of reformed cow PBW kg = (4184 x BCGcorest 0.1764) x CowBW
Body protein content of cow at'talving PBW1* kg  =(-0.01134 x 3 + 0.1764) xCowBW1
Body protein change A protein kg = PBW — PBW1
Daily retention of body protein N_growth kg/year (A protein / 6.25)/(LacN x CI) x 365
N excreted N_exc  kglyear=N_int— N_ret
Nitrogen balance of replacement
Nitrogen intake N_int_r  kg/yearSee cows procedure
N retained N_ret r kgl/year=N_preg_r + N_grow_r
N retained for pregnancy N_preg_r kglyear (BW1°'x0.062)%(0.22/6.25)/(AFCx30) x365
N for grow N_grow _r kglyear = (PBWT'— PBWc)/6.25) /(AFCx30)x365
N excreted N_exc_r kglyear=N_int_r-N_ret r

! DMI = dry matter intake; MY= milk yield; Prot= nkilcrude protein; LacN= Lactations number; Cl= aadvinterval; CowBW= cow body weight at maturity;
cowBW1"= CowBW at first calving; AFC= age at first calvir§ee previous tables for their computations.

>The procedure followed for P balance was similahti described in this table: P intake was compfrem DMI and the P contents of each feed ingratdier
compounds feeds, P secretion in milk was computedraing a 0.9% as P content of milk, P for grow#s womputed assuming 5.9 g/kg body gain, P retained
for pregnancy was assumed to be 5.9 g/kg BW oh#éwveborn calf, P excretion was computed as P intgikes P secreted in milk or retained in body tissue
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Table 7: Computations to determine methane emidgsiom enteric and manure management.

Pollutant

Equation Reference

Enteric
fermentation
CH, (g/h/d)

Manure
management
CH, (kglyear)

=-64 + 26 x DMI - 0.61 x (DMI - 125¥ 0.25 x OMD x Ramin and
10 -66.4 x EE/ 100 x DMI - 45 x (NFC / (NDF + NJC Huhtanen,

2013
DMI = dry matter intake, kg/head/day; OMD = organi
matter digestibility of diet, %; EE = fat of diéty; NFC =
non fiber carbohydrate, %; NDF = neutral deterdietr.
= (VS) x (B@y x 0.67 (kg / M) x ¥ (MCFsx/100) X IPCC
MSs k) (2006)

VS = (GByer X (1 - DE / 100) + (UE x GE)) x ((1 - ASH)
! GEpwm) Tier 1-2

GEpet: Gross Energy, MJ/day; DE: diet digestibility, %;
UE: urinary energy fraction; ASH: ash content ofnunae;
ASH = 0.08; Giy: Gross Energy per kg of DM, MJ/kg
DM; Bog = 0.24 ni CH4 / kg of VS excreted; maximum
methane producing capacity for manure produced by
livestock category T; MC&: methane conversion factor
for manure management system; M= 0.02,
MCFsiurry = from 0.069 to 0.142 (factor in function of the
temperature and altitude); My fraction of livestock
category handled using manure management S.
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Table 8: Computation of XD emission from farm and crop production.

Pollutant Equation Reference
Manure

management

N.O direct (kg/year) = (Head x Nex x Mi&) x EFs) x 44/ 28 IPCC, 2006

Head: number of animal per each category; Nexxéveted, Tier2
kg/head/year; Mg sy fraction of total annual nitrogen
excretion for each livestock category T that is aged in
manure management system S; EFs : emission fawgtor f
manure management system; EF slurry = 0.005; Eé& sol
manure = 0.005.
Nvolatilization_MMSa = ((Head x Nex x M%’S)) X (Fra%asMS/ 100))(T,S) IPCC: 2006
kgl/year
Head: number of animal per each category; Nexxéveted, Tier2
kg/head/year; Fragsusslurry: 0.40; MSy sy fraction of total
annual nitrogen excretion for each livestock catgdothat is
managed in manure management system Sgkramanure:

0.30.
NZO(G) indirect due = Nvolatilization_MMSX EF x 44 /28 IPCC, 2006
to volatilization,
kglyear

EF = 0.01 kg N-MO / (kg N-NH; vol + kg N-NQ, vol) Tier2
Nums_avb (N = (head x Nex x Mg s)*(1- Fragessws/ 100) + (head x MS  IPCC, 2006

available for soils)  (t.s) Npeddingms)
Head: number of animal per each category; Nexxéveted, Tier2
kg/head/year; Mg sy fraction of total annual nitrogen
excretion for each livestock category T that is agad in
manure management system S; Fkags= 0.40; Neddingus= 7
kg N/headlyear.
Crop production
N,O direct (kg/lyear) = (&+ Fon+ Fcr) X EF x 44/ 28 IPCC, 2006
Fsn = annual amount of synthetic fertiliser N appliedoils, Tier2
kg N/year; by = annual amount of animal manure, kg N/year;
Fcr = annual amount of N in crop residues, kg N/y&#&r=
0.01 kg N-NO / kg N applied.
N2Oatp) indirect = (Fsn X Fragase + Fon X Fragasw) X EFy x 44/ 28 IPCC, 2006
(kg/year) from
atmospheric deposit.
Fragasr= 0.1; Fragasy = 0.2; ER = 0.01 kg N— NO / (kg Tier2
NHsz—N + NO~N volatilised); emission factor for,®
emissions from atmospheric deposition of N on saild water

surfaces.
NzO(L) indirect = ((FSN + Fon + FCR) x Frageach —(H) X EF5) x 44 | 28 IPCC, 2006
(kg/year) from
leaching and runoff
of N
Fsn = annual amount of synthetic fertiliser N appliedsoils, Tier2
kg N/year; by = annual amount of animal manure, kg N/year;
Fcr = annual amount of N in crop residues, kg N/year;
Frageach - = 0.30; EE=0.0075 kg MO —N / (kg N
leaching/runoff).
N,O total annual = N,O direct + NOamy + NoOgy
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Table 9: Computation of substances causing acadi@io.

Pollutant Equation Reference
NH3 farm (kg/year) = (Mblatilization Mms - N2O() x 28/44) x 17/14 IPCC,
2006
SO,-eq from NH farm = NHz farm x 1.88
(kglyear)
NHj; field (kg/year) =(Bnx 0.1 + oy x 0.2) x 17/14
SO,-eq from NH field = NHsfield x 1.88
(kglyear)
SO-eq straw (kg/year) = kg straw x 0.010289
SO-eq fuel (kg/year) = 0.000016 x g+ 0.000013 x kge % 1.88 +
0.03337 x kge x 0.7
Emission per kg of fuel:
- S0, 0.000016
- NH30.000013
- NOy 0.03337
Emission factor: Guineéset
- SG;=1SQ al., 2002
- NH3=1.88SQ
- NOx=0.7SQ
Acidification _ ,
(kg SO-eqlyear) = SO farm + SQ field + SQ straw + SQfuel
Table 10: Computation of substances causing eutrafn.
Pollutant Equation Reference
POy leaching from N@ = (Fsn + Fon) X 0.3 X ERo3
ERvosz = 0.42; eutrophication potential from NO gwggg‘g
. Nemecek
. P leach cropping = 0.07 kg/haly .
P (kg) leaching P leach grassland = 0.06 kg/haly 2887Kag|,
= P run-off lost x [1 + 0.2/80 x minera}®s (kg) +
b (kg) run-of 0.4/80 x manure s (kg) + 0.7/80] gﬁénﬁge:‘
9 Cropping P run-off lost = 0.175 kg P/(haxyear); 2007 gl
Grassland P run-off lost = 0.150 kg P/(haxyear)
P (kg/year) from NH _ .
volatized = (NH;z farm + NH; field) x ERu3
ERwu3 = 0.35; eutrophication potential from NH gmgggeét

Eutrophication (kg
POy-eq/year)

= PG, leaching NQ + PQ, leaching + PQrun-off +
PO, from NG;
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Table 11: impact categories with related units,tgbuating elements and characterization
factors.

Impact Contributing Characterization

Unit References
category elements factors
. kg CO-
Climate change : CO, 1 IPCC, 2006
equivalents
CH, 25
N.O 298
e kg SQ- Heijungset
Acidification equivalents SO, 1 al.,1992
NH; 1.88
NO 0.7
3-
Eutrophication kg PQ”- PO 1 Guinéet al., 2002
equivalents
P 3.06
P05 1.34
N 0.42
NH; 0.35
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Table 12: Descriptive statistics of the main traitshe 38 controlled farms.

Mean DS Min Max
Cows and replacements:
Total cows, n 49.4 33.0 17.0 165.2
Lactating cows, n 42.0 28.8 13.9 143.0
Dry cows, n 7.4 4.6 2.1 22.2
Culled cow per year, n 17.8 13.0 54 68.9
Replacement calves and heifers, n 28.4 19.4 6.2 9 88.
Replacement rate per year, % 0.34 0.06 0.22 0.49
Age and time intervals:
Age at first calving, mo 324 4.4 26.1 48.6
Age of all cows, mo 55.2 7.3 43.4 72.1
Calving interval, d 424.8 41.7 369.5 542.7
Days open, d 146.7 51.8 81.9 378.8
Average days in milk, d 183.4 22.9 144.6 238.6
Dry period, d 69.8 12.5 49.6 111.4
Milk production:
Lactation number, n 2.6 0.4 1.7 3.4
Milk yield per cow, kg/d 23.0 6.5 11.2 39.5
Milk yield per farm, t/year 375.0 315.3 49.6 1,284.
Protein, % 3.48 0.16 3.08 3.88
Fat, % 3.84 0.21 3.39 4.37
Body weight and condition of cattle:
Body weight of replacement, kg 274.7 15.4 244.8 299
Body weight at first calving, kg 514.4 30.7 4547 633
Body weight of all cows, kg 627.3 37.4 554.5 687.2
BCS of all cows, score 2.92 0.12 2.57 3.19
Average daily gain of replacement, kg/d 0.502 0.0780.311 0.636
Average daily gain of cows, kg/d 0.106 0.021 0.064 0.155
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Table 13: Chemical composition and energy contétitefeed most frequently used in cows
and replacement feeding.

DM CP Phosphorus NDF ADF EE Starch CPdig NE_

Feed % % % % % % %  %CP MJKg
Grass hay 88 11.0 0.27 61.0 400 2.6 00 650 454
Alfalfa hay 88 180 0.30 470 350 2.6 00 620 508
Straw 88 50 0.8 850 540 1.8 00 100 3.16
Grass silage 33 13.0 0.31 55.0 35.0 2.8 0.0 73.0 5.61
Corn silage 35 85 025 500 300 3.1 280 750 647
Sm%‘;r beet g8 100 0.1 40.0 20.0 0.6 00 710 7.34
Cormn meal 88 100 0.26 11.8 29 42 728 660 943
Barley 88 12.0 0.37 199 69 21 593 66.0 8.08
Cereal mix 88 12.0 0.40 140 38 19 687 660 876
Soybean meal 88 49.0 0.70 140 84 1.9 00 800 879
Fat 88 0.0 0.0 00 0.0 1000 0.0 0.0 26.11
Compound feeds:

_ Mean 87 218 0.70 187 88 52 373 nd. 860

- Min 86 6.1 0.10 71 1.9 1.0 38 nd 522

- Max 90 483 2.29 529 231 37.9 742 nd. 13.19
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Table 14: Average diet characteristics, nitrogem gmosphorus balance and methane
emissions of dairy cows.

Mean DS Min Max
Diet
Dry matter intake, kg/head/d 16.3 2.2 121 19.8
Crude protein, % DM 14.5 1.7 11.2 17.4
Phosphorus, % DM 0.40 0.08 0.29 0.64
NDF, % DM 42.0 5.8 31.5 55.5
ADF, % DM 26.6 4.1 19.6 36.0
EE, % DM 3.27 0.58 2.52 5.16
Starch, % DM 15.35 5.80 3.31 29.47
Non fiber carbohydrate, % DM 32.3 5.4 20.9 44.2
Organic matter digestibility, % DM 70.1 6.2 56.7 86
Gross Energy, MJ/kg 18.1 0.9 16.7 20.2
Net Energy, MJ/kg 6.14 0.67 4.67 7.74
Nitrogen balance,kg/head/y
Intake 138.4 28.7 80.8 191.1
Excreted in milk 45.8 13.9 20.9 75.8
Retained for pregnancy 1.2 0.1 0.9 1.4
Retained for growth 0.9 0.2 0.6 1.3
Excreted in feces and urine 90.5 17.3 54.8 127.6
Phosphorus balancekg/head/y
Intake 24.0 6.6 13.6 41.5
Excreted in milk 7.52 2.15 3.68 12.98
Retained for growth 0.23 0.05 0.14 0.33
Retained for pregnancy 0.20 0.02 0.15 0.24
Excreted in feces and urine 16.08 5.25 8.78 32.30
Enteric methane emissions according tkg/head/y
Ramin and Huhtanen, 2013 122.2 12.4 98.5 144.4
Kirchgessneket al., 1995 148.6 17.8 114.3 193.8
Moraeset al., 2013 112.8 14.5 83.7 136.6
IPCC, 2006 116.5 18.4 84.5 148.2
Tagliapietralunpublished) 134.9 20.1 90.0 165.3
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Table 15: Average diet characteristics, nitrogem gmosphorus balance and methane

emissions of replacement calves and heifers.

Mean DS Min Max
Diet
Dry matter intake, kg/head/d 5.6 0.67 4.44 6.85
Crude protein, % DM 12.6 15 10.4 15.9
Phosphorus, % DM 0.34 0.08 0.27 0.58
NDF, % DM 53.3 7.0 34.5 61.0
ADF, % DM 34.1 5.1 20.9 40.0
EE, % DM 2.96 0.41 2.56 4.02
Starch, % DM 7.32 8.09 0.00 31.01
Non fiber carbohydrate, % DM 23.3 6.25 17.4 43.4
Organic matter digestibility, % DM 63.5 5.6 56.3 a7
Gross Energy, MJ/h/d 18.60 0.17 17.81 18.83
Net Energy, MJ/h/d 5.36 0.65 4.54 6.86
Nitrogen balance kg/head/y
Intake 40.6 5.2 27.1 53.3
Retained for pregnancy 0.43 0.07 0.27 0.54
Retained for growth 3.94 0.61 2.46 5.00
Excreted 36.3 5.0 22.5 46.6
Phosphorus balancekg/head/y
Intake 6.79 1.30 4.83 10.99
Retained 1.37 0.22 0.85 1.74
Excreted 5.42 1.28 3.36 9.67
Enteric methane emissions according tdkg/head/y
Ramin and Huhtanen, 2013 48.4 3.6 41.7 55.8
Kirchgessneet al., 1995 78.3 13.9 50.3 101.8
Moraeset al., 2013 43.8 5.2 34.3 53.3
IPCC, 2006 40.7 5.0 32.7 50.4
Tagliapietralunpublished) 40.5 2.9 35.6 46.0
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Table 16: Annual emission of impact category peC P

Mean DS Min Max

Climate change (kg C{eq. per kg FPCM)

- Onfarm 0.99 0.37 0.57 2.18

- Off farm 0.47 0.33 0.09 1.50

- Total 1.46 0.58 0.83 3.42
Acidification (g SQ eq. per kg FPCM)

- Onfarm 23.43 7.46 14.19 41.72

- Off farm 3.75 2.20 0.64 10.31

- Total 27.18 8.34 17.23 49.74
Eutrophication (g Pgeq. per kg FPCM)

- Onfarm 5.56 1.81 3.34 10.31

- Off farm 2.36 1.16 0.51 6.03

- Total 7.91 2.31 5.30 14.62
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Table 17: Comparison of the main ecological indicesveen farms grouped according to stall systesrfesding technic.

: Interaction stall x feeding F-value
Variable R Stall Feeding Traditional TMR RMSE o Feeding Stall
Tied Free Traditional TMR Tied Free Tied Free 9 feeding
Farms, n 13 25 19 19 9 10 4 15
Milk, kg/d 0.391 19.8 24.6 194 24.8 17.3 217 22.3 274 526 12.2*** 9.6** 0.1
N excreted, kg/cow/year 0.42982.7 96.4 82.1 96.9 71.8 925 93.5 100.3 135 16.4** 7.2** 2.0
P excreted, kg/cow/year  0.15516.4 16.6 14.7 18.3 129 16.6 199 16.7 4.96 0.8 1.8 3.6
Egkl'ggvr\?/i;esgor”é 0.593 115.2 1265 1144  127.3 107.3 1215 1231 131.6 224 30.1%* 18.6%* 0.9
CO; eq. per kg FPCM
on farm, kg/kg 0.158 1.07 0.95 1.13 0.89 1.17 1.08 0.96 0.83 0.35 2.2 4.2* 0.1
off farm, kg/kg 0.198 0.54 0.39 0.54 0.40 0.73 0.35 0.36 0.43 0.31 4.1* 0.3 4.0
total, kg/kg 0.196 1.61 1.35 1.67 1.29 190 144 1.32 1.26 0.54 4.5* 2.8 1.0
SO, eq. per kg FPCM
on farm, g/kg 0.131 228 24.1 25.8 21.0 244  27.2 21.2 20.9 7.25 0.1 4.8* 0.4
off farm, g/kg 0.150 4.27 3.27 4.22 3.32 525 3.18 3.28 3.36 2.12 3.5 0.5 2.0
total, g/kg 0.124 27.1 27.3 30.0 24.4 29.7 304 245 24.2 8.14 0.2 4.6* 0.1
PO > eq. per kg FPCM
on farm, g/kg 0.121 551 5.64 6.15 5.00 595 6.35 5.08 4.93 1.77 0.1 4.4* 0.2
off farm, g/kg 0.115 2.38 2.20 2.55 2.03 299 211 1.76 2.30 1.13 1.0 0.5 2.9
total, g/kg 0.123 7.89 7.84 8.70 7.03 8.94 8.46 6.85 7.22 2.25 0.6 3.9 0.3

'(Ramin and Huhtanen, 2013)
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Table 18: Descriptive statistics of annual emissibimpact category with allocation.

Mean DS Min Max

CO; eq. per kg FPCM

on farm, kg/kg 0.72 0.16 0.50 1.12

off farm, kg/kg 0.34 0.19 0.06 0.89

total, kg/kg 1.06 0.23 0.69 1.85
SO eq. per kg FPCM

on farm, g/kg 17.23 4.01 11.96 28.99

off farm, g/kg 2.74 1.31 0.44 6.03

total, g/kg 19.97 4.10 13.79 30.62
PO eq. per kg FPCM

on farm, g/kg 4.08 0.96 2.84 6.30

off farm, g/kg 1.74 0.74 0.35 3.98

total, g/kg 5.82 1.07 4.04 8.50
CO; eq. per kg beef

on farm, kg/kg 5.71 2.12 3.27 12.60

off farm, kg/kg 2.73 1.90 0.51 8.66

total, kg/kg 8.45 3.32 4.80 19.71
SO, eq. per kg beef

on farm, g/kg 135.21 43.04 81.88 240.77

off farm, g/kg 21.65 12.69 3.71 59.53

total, g/kg 156.86 48.11 99.47 287.07
PO eq. per kg beef

on farm, g/kg 32.08 10.44 19.28 59.50

off farm, g/kg 13.59 6.67 2.94 34.81

total, g/kg 45.68 13.31 30.57 84.39
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Table 19: Comparison of the main ecological indibesveen farms grouped according to stall systethfeeding technic with allocation to
milk and beef production.

Interaction stall x feeding F-value
Traditional TMR RMSE . Stall x
- — ; , Stall Feeding .
Tied Free Traditonal TMR  Tied Free Tied Free feeding

Stall Feedin
Variable =4 g

CO; eq. per kg FPCM

on farm, kg/kg 0.155 0.72 0.73 0.77 068 0.72 0.81 0.71 0.65 0.2 0.1 4.7* 15

off farm, kg/kg 0.106 0.36 0.31 0.35 0.32 043 0.27 0.28 0.35 0.2 1.0 0.1 3.0

total, kg/kg 0.072 1.07 1.04 1.12 1.00 1.15 1.08 099 1.01 0.2 0.7 1.7 0.3
SO, eq. per kg FPCM

on farm, g/kg 0.263 15,52 18.56 17.90 16.18 15.28 20.51 15.75 16.61 3.6 5.0* 4.3* 2.8

off farm, g/kg 0.040 2.86 259 2.80 264 316 245 256 2.72 1.3 0.6 0.1 0.8

total, g/kg 0.206 18.37 21.15 20.70 18.82 18.44 2296 18.31 19.33 3.8 3.4 3.9 1.6

PO, eq. per kg FPCM
on farm, g/kg 0.195 3.76 4.35 4.25 385 3.73 477 3.78 3.92 0.9 2.8 3.5 1.9
off farm, g/kg 0.050 1.60 1.74 1.72 1.62 1.82 1.61 1.37 1.87 0.7 0.1 0.1 1.7
total, g/kg 0.133 5.36 6.08 5.97 547 556 6.39 5.16 5.78 1.0 2.8 2.4 0.1
CO; eq. per kg beef
on farm, kg/kg 0.158 6.16 5.51 6.51 516 6.76 6.26 556 4.76 2.0 2.2 4.2 0.0
off farm, kg/kg 0.198 3.14 227 3.11 229 419 204 2.08 2.50 1.8 4.1* 0.3 4.0
total, kg/kg 0.196 9.29 7.78 9.62 745 1094 8.29 765 7.26 3.1 4.5* 2.8 1.0
SO, eq. per kg beef
on farm, g/kg 0.132 131.6838.85  149.07 121.43 140.97 157.17 122.32 120.53 41.8 0.1 4.8* 0.4
off farm, g/kg 0.150 24.64 18.86 24.33 19.17 30.32 18.35 18.96 19.38 12.2 3.5 0.5 2.0
total, g/kg 0.124 156.2957.72 173.41 140.60 171.30175.52 141.28 139.91 47.0 0.2 4.6* 0.0
PO,*eq. per kg beef
on farm, g/kg 0.121 31.81 3254 35.49 28.86 34.33 36.65 29.30 28.43 10.2 0.1 4.2* 0.2
off farm, g/kg 0.115 13.74 1271 14.71 11.73 17.26 12.17 10.21 13.25 6.5 1.0 0.5 2.9
total, g/kg 0.123 4555 45.25 50.20 40.60 51.58 4882 3951 41.68 13.0 0.6 3.9 0.3
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Appendix

Appendix 1: Questionnaire.

Provincia di Trento

D AF N AE COWPLUS PROJECT UNIVERSITA
WP1: Ambiente :::Z(I"I»;Il :&l\ .
UNIVERSITY OF PADOVA Questionario GHG
Intervistatore: Data.__J/__2013 Intervistato: N__
Azienda: CUAA: Caseificio: OTNG 0DOP OALM
Malga Manze Malga Vacche:
Animali e alimenti: Vacche in latte Asciutte Vitelli lattanti Manzette Manze
Capi presenti N — S
i cui in malga N - Se—
Monticazione Dataod —J__2012 —J__2012 —J__2012 _J_2012 _J__2012
Smonticazione Data —J__2012 —J__2012 —J__2012  __J_2012 _J__2012
Mangime malga: kg/d - -
Pascolo aziendale capi N - -
Periodo mesi — -
Unifeed, SI-NO SI-NO SI-NO SI-NO SI-NO
Autoalimentatore SI-NO SI-NO
Fieno polifita, % azendale kg/d —_ -
Medica kg/d — —— —
Paglia in mangiatoia, kg/d _ ——
Mangime (cart.) kg/d —_ -
Mangime (cart.) kg/d - -
Mangime (cart.) kg/d - I
Siomais, kg/d —Yaz. - -
Siloerba, kg/d —%az — —
Nucleo (cart.) kg/d —_ -
kg/d - -
kg/d - -
Informazioni sugli animali:
Manze acquistate, Nlanno Primipare Presenti, N - Vacchefec. ColBB, % ______
Viteli nati, N'anno - Venduti scolostrat, Na Venduti svezzati Na  ______
Vitelloni ingrassati, Nlanno Manze ingrassate, Na N
Durata allattamento, d - Latte in polvere, hg/d - Latte di vacca, kg/d -
Informazioni sulla stalla:
Anno  Capi Animali Lunga Larga Tipo Ventilaton  Luce notte  Rasch Lettiera
Stallaprincipale ___  __  VaAsMaVi _m __m FiliCulile N_kW__ SI-NO __kW Pag-Seg__ kg/capo/d
Stallaa__ __  __ VaAsMaVi __m __m FiliCulile N_KkW__ SI-NO __ kW Pag-Seg__ kg/capo/d
Stalla3__ __ __ VaAsMaVi __m __m FiliCulile N_KkW__ SI-NO __ kW Pag-Seg__ kg/capo/d
Informazioni sullenergia elettrica (bolletta):
Consumo (acg.+prod), kWh/anno Casainclusa SI-NO Fotovoltaico SI-NO Superfice, m2 _
Scambio sul posto, kWp — Autoconsumo, kWhianno _____ Vendita diretta, kWp — Venduti kWhianno _____
Informazioni sul biogas: SI-NO  Digestore, volume, mc Potenza prodotta, kW ____ Biomasse
Informazioni sui combustibili (UMA):
Gasolio, L/anno, Benzina, Uamno _____ GPL,Uanno ____ QOlio, Lianno  ____
Pannell solari acqua calda: SI-NO Numero pannellic. Boderacqua, L ______ Recuperocal latte: SI-NO



Informazioni sulle colture:

DAFNAE + UNIVERSITA DEGLI STUDI DI PADOVA

Informazioni su stoccaggio foraggi:

Prato

Fienile  Siloerba Trincea

Superficie (ha)
Liquame (m*/ha/anno)
Letame (g/halanno)
Fertilizzante 1
Fertilizzante 2
Fertilizzante 3

kgha
kgha
kg/ha

Irigazione (tipo ), m¥ha

Diserbanti totali, kg/ha
Anticrittogamici totali, kg/ha
Produzione media, g/ha
Sostanza secca (%)

silomais
Sciolto - Balloni Sc-Ba Sc-Ba
—_— Lunghezza, —m —m —m
— Larghezza —m —m —m
Altezza —m —_m —m
Volume —_m —_m —m
Riempimento max —% —% %
_ Tagli, N S -
Essiccazione SINO
Ventilatore kW
Aria calda SINO

Elettricita, Gas, Gasolio  E-GPL-G

Informazioni sui macchinari (C.T.=operazioni fatte da contoterzisti)

Info su stoccaggio deiezioni:

Macchinari C.T. Marca - tipo - portato - trainato - Potenza  Utilizzo Anno Vasca Platea

massa (ereianne) liquami  letame
Trattore _ J— — N Presenza SI-NO SI-NO
Trattore _ - J— S Coperta SI-NO SI-NO
Trattore _ - - _ Lunghezza, —m —m
Trattore _ - - S Larghezza —m —m
Carro Unifeed _ J— — N Altezza —m —m
Barra falciante - - S S Volume —_m __m
Falciatrice _ . — S Riempim. max % %
Spandivolitafieno _ S —_— —
Giroranghinatore _ — — —
Rotoimballatrice _ - S —_—
Autocaricante _ S N N
Erpice _ _ S S Numero Potenza
Botte spandi liquame _ _ _ _ Raschiatori - S
Spargi letame _ S S I Vulcano N —
Rimorchio - - J— S Pompe liquami - -
Aratro _ - _ S Separatore - -
Fresa _ - - S Pala I -
Spandi concime _ - - S Aerazione S R
Botte diserbo _ S S - Nastro palette I -

- — — —_— Detergenti
- _ — — Plastiche

Note:
www.dafnae. unipd.it - Viale dell'Universita 16 - 35020 Legnaro (Padova) - tel+30 040 827 fax +30 040 827 - cF 20005480281 - PIVA DO742430283 2
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General Conclusions

In the last decades the livestock sector in monngaeas experienced a relevant
evolution. The number of traditional, small and Ipnoductive farms has been drastically
decreased, while a trend towards modern farmspteideto high production and less labor has
been remarked. These changes, however, have eana@ocial and environmental
consequences that need to be quantified. Envirotahésues are becoming increasingly
important to the public and play a central roléarmulating strategies to support agriculture.
Scientific knowledge should be assembled, sincpravides a major component of the
evidence required for societies to make sensiblieypdecisions.

This Doctoral thesis is part of this general fraragw More precisely, the relationship
between productive aspects and environmental sadtidity of dairy farming systems in
mountain areas has been studied.

The results of the thesis provide interesting insigon various aspects of the
sustainability of cattle farms of the mountain,Hiighting the strong relationship between the
dairy cows and temporary summer farms, consideangeneral view of the system of
management. A special focus on the response oérdiif breed on transhumance to
temporary summer farms in terms of production, bodgdition and milk quality has been
given.

The PhD thesis consists of three main parts. Iiiqudar, the first experimental
contribution clearly shows that smaller dairy farwfs traditional management are more
related to the transhumance to temporary summersfaand the lower productivity can be
offset by higher environmental services that cdaddpaid by the CAP measures. The quality

of services provided could be further assessedenfature, and it would be desirable to
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identify indicators to be used for the differenbat of environmental payments for
mountainous farms.

The second part discusses the effect of transhusmainlactating cows on temporary
summer farms on milk yield, quality and body coiwgtitscore it shows that there is a very
significant effect of pastures on reduced produnctan the variation of the milk quality and
the condition of the animals. It emerges the udeadl and dual-purpose breeds for mountain
farms, since it is those that show less difficuttyadapting to the pasture environmental
conditions, with some ability to maintain their gractivity during the summer pasture period.
The management has shown to be very diverse, aftemacterized by high levels of
compound feed to support production. The choidereéds adapted to mountain pastures can
limit the use of compound feed, encouraging beitser of forage resources of pasture without
causing high changes in terms of milk productiod gunality.

In the third contribution the Life Cycle Assessm¢hCA) approach was used to
evaluate the environmental footprint of dairy faraisTrento Province. The sampling farms,
representative of the mountainous area, have begefuluo test and validate an operational
tool that can be further used for evaluations liarger scale.

For future research, it might be interesting toestigate the role of fossil input,
external to the dairy farms, compared to the owanputs for determining the different
environmental impacts. In fact, the mountain systeare characterized by a low use of
external inputs and high multi-functionality andy fassessing the overall sustainability of

these systems, these aspects must be taken imordcc

152



