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Postovani znanstvenici, dragi prijatelji i cijenjene kolege,

izuzetno smo zadovoljni $to ve¢ osmi put organiziramo ovaj Medunarodni znanstveno-strucni
skup koji za stalnu temu ima poljoprivredu u zastiti prirode i okolisa. UN je ovu godinu progla-
sio Medunarodnom godinom tla ¢ime je Zelio skrenuti pozornost na ovo prirodno bogatstvo
Cija se vrijednost ¢esto zanemaruje. Degradacija poljoprivrednih tala je neprimjetan, ali trajan
proces koji za posljedicu ima, izmedu ostalog, gubljenje prirodnih osobina i svojstava tla koja su
ga prvenstveno i u¢inila pogodnim supstratom za uzgoj kultura i hrane. Zele¢i dati svoj dopri-
nos obiljeZzavanju medunarodne godine tala, u sklopu skupa, organiziramo i okrugli stol koji bi
trebao ukazati na modele upravljanja tlom koji ¢e zastititi i sacuvati njegova prirodna svojstva.
Ponosni smo $to su se pozivu za sudjelovanje u radu okruglog stola, ali i Medunarodnog znan-
stveno-stru¢nog skupa, odazvali akademici, znanstvenici, stru¢njaci te dionici lokalnih vlasti iz
Hrvatske i zemalja regije. Visegodisnje aktivno sudjelovanje hrvatskih znanstvenih institucija i
njihovih djelatnika u radu skupa, nama kao inicijatorima i organizatorima, pruza veliku moralnu
satisfakciju. Naime, kad smo prije gotovo deset godina, kao medijska kuca, kroz Agroglas, po-
ljoprivredni dvotjednik, krenuli s inicijativom organiziranja znanstveno-stru¢nog skupa koji bi
povezao sve grane poljoprivredne proizvodnje, a kao glavnu nit vodilju imao ekologiju, bili smo
poput pionira koji imaju viziju, ali tek mali broj istomisljenika. Ponosni smo i zadovoljni $to nas
danas mnogi slijede sa sli¢nim inicijativama i manifestacijama jer to znaci da smo uspjeli u svom
naumu — pokazati da poljoprivredna proizvodnja nije zagadivac, vec da pravilna primjena ade-
kvatne agrotehnike moZe postizati zadovoljavajuce prinose, a pri tome ocuvati okolis i prirodna
bogatstva, te biti i izvorom sirovina za dobivanje energije.

| zato vam Zelim jo$ jednom zahvaliti Sto ste prepoznali ovaj skup i vaznost tema koje obraduje,
jer bez vaseg doprinosa ne bi bilo moguée odrzati ovaj kontinuitet.

Uz uspjeSnu prezentaciju rezultata znanstvenih istrazivanja Zelim vam da nadete slobodnog
vremena i uZivate u Vukovaru, gradu heroju, koji je smjesten u kolijevci panonske civilizacije.
Civilizacije koja se ovdje razvila upravo zbog izuzetno kvalitetnog tla, pogodnog za proizvodnju
hrane.

Zavrsetak skupa, kao i uvijek, tradicionalno je rezerviran za edukativan posjet ekoloskim gos-
podarstvima, a ove godine vodimo vas u Zlatnu dolinu, Vallis aureu, u organizaciji Pozesko-sla-
vonske Zupanije i Poljoprivredno-prehrambene $kole iz PoZzege, gdje ¢emo svjedociti uspjeSnim
primjerima ekoloske proizvodnje.

Ivan Simié¢, ing.
Predsjednik Uprave Glasa Slavonije d.d.

Predsjednik Organizacijskog odbora
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Uvodno predavanje u povodu medunarodne godine tla

Tlo kao jamstvo odrzivog razvitka Hrvatske

akademik Ferdo Basic¢, prof. emeritus

Agronomski fakultet, Sveuciliste u Zagrebu, Svetosimunska cesta 25, Zagreb,
Hrvatska, e-mail: fbasic@hazu.hr

Kad Veliki poglavica iz Washingtona Salje glas da Zeli kupiti nase tlo, traZi previse od nas. Kako
se moZze prodati ili kupiti nebo i toplina tla? Nama je to posve strano. Svaki je djeli¢ ovoga tla
svet mojemu narodu. | ako vam ga prodamo, nase tlo morate ¢uvati kao svetinju... Morat ¢ete
uciti svoju djecu, kao Sto smo mi ucili nasu, da je tlo pod njihovim stopama pepeo njihovih
djedova, da nam je tlo majka... Sto god snade tlo, snaéi ée i djecu toga tla. Pljuje li ¢ovjek na
tlo pljuje na sebe. Tlo ne pripada ¢ovjeku - Covjek pripada tlu... Sve su stvari povezane kao
krv koja objedinjuje obitelj...

(Odabrani citati iz poznatog pisma poglavice Sealtha,— Washington, 1854. god.)

Uvod

Rijeci ispod naslova iz pera poznatog indijanskog poglavice krik su nemoci i grcevita poruka vo-
de naroda koji sluti odlazak svoga naroda sa scene, ali ne razumije logiku mo¢nih...?

U zakljucku dugogodisnjih istrazivanja tala Svete zemlje i tala na izvoristima poznatih civilizacija
na Zemlji W. C. Lowdermilk iz americ¢ke Sluzbe za zastitu tla (Soil Conservation Service - USA),
zapisao je davne 1939. godine ,Da je Mojsije znao Sto e se dogoditi s tlom Obecane zemlje,
u koju je doveo narod Izraela, danas bi imali jednu zapovijed vise, a ta, jedanaesta bi glasila;
Cuvajte tlo!... i Covjeka obvezivala na cuvanje tla za svoju djecu, i djecu svoje djece.”

ostavio nas veliki prirodoznanstvenik akademik Gracanin:

Hrvatski narod u pravom smislu rijeci ,, Zivi od zemlje“, na svom dijelu pedosfere zasnovao je on
svoj Zivot u proslosti, a izgradivat ¢e ga i u buducnosti. Tla Hrvatske najvece su blago hrvatskog
naroda; nepresusivi su izvor njegovih snaga i temelj hrvatske domovine...

Poruka je svevremena, nema joj se Sto dodavati, osim, sukladno s vremenom u kojemu Zivimo
i s, porukom” naslova ovoga rada: Tlo je nacionalno blago koje jamci gospodarski, socijalno i
okolisno odrziv i skladan razvitak Hrvatske. Nema razvijene zemlje bez razvijene poljoprivre-
de! Poljoprivreda je put koji vodi izlasku iz krize i jamc¢i odrZivu sutrasnjicu.

Uistinu, alternative tlu kao prirodnom izvoru nema; tlo je po mnogo ¢emu jedinstveno blago,
ono je simbolicno mjesto Pocetka i Kraja; Rodenja — Smrti... i Uskrsnuca. Jer, u tlu evo upravo
sada dok ispisujemo ove retke, u prolje¢e Medunarodne godine tla na sjevernoj polovici nase
Gee budenjem klica bezbroj milijardi sjemenki poginje Zivot, kao i u svako novo proljece. To isto
tlo u jesen ¢e u svoja njedra primiti sve ostatke toga Zivota, da bi, njima zahvaljujuci i naredno

10
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proljece ponovo mogao zapoceti isti, tako slozen i tajanstven, a naoko jednostavan ciklus. Tlo je
dakle samo po sebi i «kolijevka» i «grobnica, ili, kako rece poglavica «pepeo nasih djedova», a
mi dodajemo; plus i minus, i stvaranje i negacija Zivota.

Jeste li, drage Citateljice i ¢itatelji ,,Agroglasa” iz nadahnutih poruka Uvodnika Vase/nase Ro-
berte, sijuci svoju oranicu pSenicom, utiskujuci u tlo svojega vrta sjemencicu mrkve ili graska,
lukovicu luka, gomolj krumpira, presadnicu rajcice ili paprike, sadeéi sadnicu ja-buke, masline,
bora ili cijep grasevine, blatine,... razmisljali o ¢udnoj «obi¢nosti» tla da Vam Vas trud uzvrati
prekrasnim darovima — kruhom, povréem, vo¢em, sokom, vinom... Koliko «obi¢nosti», a koliko
carobne «neobicnosti»!!! Bas kao Sto P. Neruda pise kruhu; O kruse, kako si obican, a kako
profinjen? Jeste li pomislili, da, koliko ste god puta obavili sjetvu — sadnju, koliko je god sve tom
prilikom «bilo slicno», nikada to nije bilo «isto» — ni tlo, ni vremenske prilike u vrijeme kada ste
s nadom u Dobro obavljali sjetvu ili sadnju, a pogotovo poslije toga...

Citirane rijeci poglavice da su «sve stvari povezane» suvremena znanost Cita kao vec Siroko
prihvacen, suvremen, cjelovit ili tzv. holisti¢ki pristup u proucavanju slozenih ekoloskih odnosa
i sustava u kojima je tlo sredisnja tocka.

Znanstvenici Svijeta koji se bave prouc¢avanjem tla, okupljeni u Medunarodnu uniju tloznanstve-
nih drustava — IUSS (International Union of Soil Sciences) na 16. kongresu odrzanom u Mont-
pellieru 1998. god. predlozili su, a brojne nacionalne udruge i NGO-i prihvatili prijedlog da se
utvrdi Svjetski dan tla. Hrvatsko tloznanstveno drustvo (utemeljeno 1932. god.) dalo je punu i
svesrdnu potporu tom prijedlogu. Rezultat je odluka 68. zasjedanja Glavne skupstine OUN da
se 5. prosinca proglasi za Svjetski dan tla, a 2015. godina Medunarodnom godinom tla, koju
FAO provodi pod krilaticom; Zdravo tlo za zdrav Zivot! Namjera je ovih odluka podizanje opcée
svijesti 0 vaznosti tla od postanka (udah Duse u lik oblikovan od tla! Tlo...to smo mi!), preko
opskrbe hranom i njene zdravstvene ispravnosti (tlo nas hrani!), skladistenja pitke vode (tlo nas
pojil), izgradnje krajobraza (tlo prinosi estetskom ugodaju!) i ekolosko regulacijskih uloga. U
tom svijetlu, bjelodano je jasno; odrZivo gospodarenje tlom temelj je svih sustava gospodarenja
u poljoprivredi i izvor opskrbe hranom, vodom, biogorivima i predivom, stabilnosti terestrickih
ekosustava i usporavanje klimatskih promjena. Procesi degradacije tla poceli su nezaustavljivo
s pocecima poljoprivrede, a intenzivirali se udaljavanjem sustava uzgoja bilja i stoke od prirode.

U svijetlu aktualnih, kaoti¢nih klimatskih promjena, pitanje zastite tla za Homo sapiensa postaje
pitanje opstanka.

Hrvatski tloznanstvenici - briznici o tlu, Medunarodnu godinu tla - 2015. ¢e iskoristiti za podiza-
nje svijesti svakog Hrvata o ulogama tla kao nacionalnog bogatstva, a ras¢lambom poduzetih ak-
tivnosti potaknuti odrZivo gospodarenje i organiziranu zastitu - monitoring tla, na konceptu koji
je, zahvaljujuci EU sredstvima osmisljen i prezentiran donositeljima od-luka (Ministarstvo poljo-
privrede RH), koji po obicaju, poslovi¢no Sute. Tekst prirucnika cijelosti je dostupan javnosti na
web stranici: http://www.azo.hr/ZadataklD7Program i http://www.azo.hr/TheSoilMonitoring.
Valja nam postaviti i traZiti odgovor na pitanje; Kako se, prvenstveno Donositelji odluka, a i svi
mi od poljoprivrednika do akademika odnosimo prema najve¢em blagu hrvatskog naroda?

Na istoj crti; stvori li se za to prikladno ozracje, namjera je zaloziti se da se u obrazovni sustav
za predskolsko, skolsko (osnovno i srednje) i visoko (sveuciliSno i stru¢no) obrazovanje ukljuci
Minimum znanja o tlu (MZT).
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O tlu

Sto je tlo — koje su mu uloge i znadaj, treba li mu, i zbog ¢ega, odrediti poseban dan?

Najprije, tlo ili pedosfera predstavlja tanki omotac Zemlje, smjeSten izmedu Zemljine kore ili
litosfere i atmosfere. U usporedbi sa Zivim organizmom, koja naravno nije bez temelja, imajuci
napose na umu misljenje da je «sve povezano», a pod pojmom «sve» ne podrazumijeva samo
«sve zemaljsko» vec i «univerzum», tlo predstavlja svojevrsnu koZu — epidermu Zemlje. Kao i
koZa, tlo je i nastalo, a i izloZeno djelovanjima «iz vana» — atmosfere, «sa strane» - iz biosfere
i hidrosfere, odnosno «iznutra» - iz stijene iz koje je i nastalo - iz litosfere. Nije mu lako, pa i
reagira bas kao koza — ponegdje je i katkada osjetljivije, a drugdje i u drugim prilikama nam se
¢ini manje osjetljivim.

,Sve je povezano” viSestrukim vezama Cernozem —,,Crni biser hrvatske Panonije”
kod KneZeva u Baraniji.

Naravno, tloznanstvenici, bas kao svojevrsni «dermatolozi Zemlje» uglavnhom dobro poznaju
razloge vece ili manje osjetljivosti na te utjecaje. A nije lako uci u trag tim razlozima — oni su jako
brojni, i sve teze predvidljivi!

Tlo nastaje dugim procesima — nikada kra¢im od nekoliko desetaka tisu¢a godina, kao Sto su
primjerice ¢ernozemi - nasa najplodnija tla u Baranji, oko Dalja i na Vukovarskoj lesnoj ravni
zapadnog Srijema, od Klise do lloka. Tu je, na dubokim naslagama lesa kao najpovoljnijeg sup-
strata za tvorbu plodnog tla stvoreno najplodnije tlo na Zemlji - cernozem. To je pravi,,Crni biser
hrvatske Panonije”.

Prvak medu danas aktivnim hrvatskim pedolozima prof. Husnjak procjenjuje mu povrsinu na
50 450 ha. O njegovoj plodnosti govori uzrecica: i dugmad bi na njemu rasla! Ali se tim rije¢ima
i pridodaje; Bolje BoZi¢ bez mesa nego bez snijegal...sugerirajuci ovisnost o vodi, jer; svaku
pahuljicu snijega treba zadrzati i ,,napuniti rezerve” za beskisno razdoblje. Danas pak — samo
navodnjavanje jamci visoke i stabilne prinose!

Na tom tlu su prof. Zugec, prof. Jug i suradnici u pokusu postigli izvrsne rezultate potpunim
izostavljanjem obrade!

Pravilno ocjenjujuéi da se nad ovo tlo nadvija prijetnja ,zedi” dr. Josipovi¢ je dokazao visoke
ucinke navodnjavanja i ukazao na pravi put u gospodarenju na tom tlu, napose danas, kad se
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vremenske prilike ,,otimaju” svim prosjecima. Fizikalne, kemijske i bioloske znacajke ¢ernozema
posluZile su za kreaciju zahvata gospodarenja i na drugim tipovima tala, gdje se pokusava opo-
nasati ono ¢im nas je Priroda/Svevisnji u ¢ernozemu podarila.

Kako je izvan ,slavonske ravni“? U odgovoru na to pitanje valja nam reéi kako je neusporedivo
»drugacije srece” podrucje nasih Dinarida, uzmorja i otoka, gradeno preteZito od vapnenaca i
dolomita. Tu je za stvaranje tla potrebno otopiti vapnenac koji sadrzi samo 1-2 %, nerijetko i ma-
nje tzv. netopivog ostatka Cijim nakupljanjem nastaje mineralni dio tla. Zamislite: da bi nastalo
kilo tla — crvenice (Tera rossa) na tom supstratu mora se otopiti 100 kg kamena, ili za tlo dubine
1 m 100 m stijene. Nas kolega s Rudarsko geolosko naftnog fakulteta prof. G. Durn dokazao je
kako je za to potrebno milijun do dva milijuna godina, kao primjerice ove crvenice oko Limskog
kanala. A za izgubiti crvenicu — ,,Cernozem Jadranske poljoprivredne regije” dovoljno je samo
jedan dan neopreza! Hrast ¢uva to tlo u neravnopravnoj borbi protiv erozije vodom, ali oCito
nece jos dugo. Kao da je u znak ,predaje” korijenje vec izloZio zraku.

sve Citatelje ,, Agroglasa® A to nije lako, naprosto zbog toga $to su i te uloge vrlo sloZene, ispre-
pletene i medusobno ovisne.

No, najprije nam valja reci kako se tlo «otima» inace uobicajenoj podjeli prirodnih izvora — re-
sursa, na obnovljive, dakle one koji se prirodno obnavljaju, i stoga, barem naoko, ¢ine neiscrpni-
ma, kao Sto je svjetlost, toplina, zrak i voda, i neobnovljive, kao sto je ugljen, nafta ili rude, dakle
materijali stvoreni u davnoj proslosti, kojih ima u ograni¢enim koli¢inama i koji se danas ili ne
stvaraju ili se stvaraju u beznacajnim koli¢inama. Ukupna masa tla na Zemlji procjenjuje se na
3,3 x 1012 tona, gubi se znatno brze nego nastaje. Nas prijatelj iz Madarske akademik Varallyay
svrstava tlo u uvjetno obnovljiv prirodni izvor; ono se istina stvara, ali, kako rekosmo, toliko
sporo da je koli¢ina tla stvorenog u jednom narastaju beznacajno mala pa ,,obnova“ izgubljenog
tla traje nekoliko narastaja.

Osim toga, tlo je nezamjenjiv prirodni izvor — nema prirodne tvari koja moze zamijeniti tlo.
Nadalje, tlo je nepremjestivo i neumnozivo dobro — ima ga bas koliko ga ima, niti se moze po-
vecati ni premjestiti pa ga primjerice bogati ne mogu kupiti, pa ga po toj osnovi imati vise od
siromasnih. Jos$ je jedna izuzetno znacajna odlika tla — ono, je, dakako ako se s njim pravilno
gospodari — odrzivo dobro.

Najznacajnija, nezamjenjiva, prirodna i primarna uloga tla je opskrba biljke vodom, zrakom i
hranjivima, $to omogucuje fotosintezu. U toj ulozi tlo je nezamjenjiv ¢imbenik odrzanja Zivota i
uzgoja bilja u poljoprivredi i Sumarstvu. Dakle; TLO NAS HRANI!

Atmosphere 400 km

Soil few centimeters

Da! Tlo nas hrani i odrzava Zivot na Zemlji! | sada zamislite; u beskraju svemira nalazi se nasa
galaksija — infinitezimalno mala u odnosu na Svemir, u njoj je pak Suncev sustav jednako tako
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si¢usan u odnosu na galaksiju, a u njemu nasa Gea — Plavi planet Zemlja opet majusni dio koji
prima manje od dva milijardita dijela energije $to je emitira Sunce, i to nejednako raspodijeljeno
— najvise na ekvatoru, a najmanje na polovima. Toj energiji zahvaljujuéi nastaje tlo koje odrzava
Zivot, a koje je i samo Zivot.

Moj prijatelj, poznati ,,briznik za tlo” iz Norveske Arnold Arnoldusen kaZe; Soil is Life — Life is
Soil! (Tlo je Zivot — Zivot je tlo!). Ali, pedosfera, odnosno tlo - taj tanki ,plast“ koji prekriva nasu
Geu — Zemlju, zbog nejednolikog pritjecanja energije i jako velike raznovrsnosti stijena iz kojih
nastaje mineralni dio tla, nije homogen. Zbog toga je tlo i u priblizno jednakim klimatskim uvje-
tima jako raznoliko. Promatramo li ukupnu pedosferu prikazujemo postotnu zastupljenost tala
s vaznijim ogranicenjima za uzgoj bilja.

Ogranigenja za uzgoj bilja - posto od svjetske
pedosfere

5 Presuhotlo Samo 11% svijetskih tala moZe se obradivati bez
- 5 ograniéenja i melioracijskih zahvata -

I Kiselaislanatla navodnjavanja, odvodnije ili neke druge vrste

Bl rreplitko tlo popravka.

I Previlaino tlo

P Trajno zaledena tla

Kako se iz prikaza vidi, samo je 12 % kopna s tlima povoljnim za uzgoj bilja u poljoprivredi. Taj
dio je nas predak i naselio, pa ¢ini naseljeni dio kopna - antroposferu. Podsje¢am, Svjetski sasta-
nak na vrhu u Rimu (1996.) je ocijenio da antroposfera pruza moguénost proizvodnje dovoljno
hrane za nastanjenu populaciju, a na drzavama su mjere kojima se postize samodostatnost u
proizvodnji hrane.

Sva ostala tla imaju ogranicenja od kojih je neka lako, a druga, kao $to su primjerice niske tem-
perature, jako tesko ukloniti, dakako uz odgovarajuca ulaganja. Problem (globalne gladi) je u
tome Sto zemlje u kojima se ogranicenja javljaju nemaju sredstava za rjesavanje tih pitanja, a ni
resursa privlacnih za suvremene investitore.

Primjerice, samo bi selekcija bilja otpornog na kiselu reakciju i visok sadrzaj soli rijesila pitanje
aktualne gladi ili nedostatne ishrane oko milijardu ljudi u svijetu.

S obzirom na poloZaj izmedu litosfere i atmosfere, neposredni kontakt s hidrosferom i antro-
posferom, odnosno biosferom, tlo ima ulogu prijemnika (akceptora) tvari, sakupljaca (akumu-
latora), izmjenjivaca (transformatora) razli¢itih onecis¢enja. To su tvari koje padaju na povrsinu
iz svemirskog prostora, ili su emitirana iz industrije, prometa, urbanih sredina kao tzv. suha
depozicija ili otopljene u vodi kao tzv. «kisele kiSe» ili su pak hotimice unijete u tlo kao tzv. agro-
kemikalija - kemijska sredstva koja se koriste u poljoprivredi — gnojiva, sredstva za zastitu bilja,
stimulatori, lijekovi, itd. Naravno, neke tvari tlo moZe, a druge ne moze zadrZati, neke moze na
dulji rok, a druge nakratko, neke u ve¢im, druge u manjim koli¢inama, a sve te sposobnosti za
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sva tla nisu ni priblizno jednake. U tim ulogama kao procistac (filter) vode tlo stiti pitku vodu od
onecis¢enja. Dakle; TLO NAS POJI!

Nadalje, kao izvor CO, i drugih plinova staklenika tlo ima vaznu klimatsko regulacijsku ulogu.
Kako? Tlo je pocetna i zavrSna karika u lancu biotransformacije organskog ugljika koja zavrsava
mineralizacijom mrtve organske tvari i oslobadanjem CO,. Premda je ukupni sadrZaj organske
tvari —humusa u tlu (humosferi) neznatan (1-3 %) humus je nacionalno blago najveceg znacaja.
Humus upravlja kemijskim i bioloSkim procesima, hrana je i energetski izvor mikroorganizmima
tla, ili kako bi rekao nas veliki znanstvenik Mihali¢ ,,gorivo” za ,,biolosku vatru“ u tlu kao rekato-
ru, svojim pozitivnim utjecajem na strukturu tla odlu¢no utjece na vodozracne i hidrotermicke
prilike, odnosno plodnost tla. Sloj humusa na Zemlji ili humosfera je treéi po veli¢ini ,C-budzet”,
koji sadrzi 23x10* kg (2300 giga tona - Gt - milijardi tona) ugljicnog dioksida, poslije oceana
s 38x10" kg (38000 Gt) i litosfere s 5x10* kg (5000 Gt). Globalno gledajudi, ukupna koli¢ina
organskog ugljika u humosferi je trostruko veéa nego u nadzemnoj bioloskoj masi: u ekvatori-
jalnom podrudju podjednaka, a u aridnom — stepskom podrucju deset puta je veca u tlu nego
u nadzemnoj masi. Na drugoj strani, ,,C-budzet” humosfere-pedosfere u izravnoj je vezi s ,C-
budZetom” biosfere (6x10'* kg = 600 Gt) i atmosfere (77x10'*kg — 770 Gt). Promjena sadrzaja C
u humosferi za 1x10* kg (1 Gt) odgovara promjeni koncentracije CO, u atmosferi za 0.47 ppm.
Dakle, porast C u humosferi, (Sto se mozZe poluciti u gospodarenju tlom) za 1x10* kg (1 Gt)
smanjuje porast sadrzaja CO,u atmosferi za 0.47 ppm. Procjenjuje se kako ¢e koncentracija CO,
u atmosferi do sredine ovoga stoljeca porasti za 50 %. Formiranje humosfere odvija se kao vrlo
spor pedogenetski proces akumulacije humusa, a traje tisuéama godina. U predindustrijskom
razdoblju koncentracija CO, u atmosferi je iznosila 280 ppm (0.028 % ili 6x10* kg - 600 Gt), da
bi 1998. god. narasla na 365 ppm (0.037 % ili 77x10* kg - 770 Gt), a godisnji porast iznosi 0.43 %
ili 3,2x10* kg (3.2 Gt/god). Povecanju C-atmosfere u razdoblju 1850-1998. najvise su pridonijeli
izgaranje fosilnih goriva i proizvodnja cementa, i to za 27x10® kg (270 Gt) ugljika. Nema dvojbe
da je kr¢enje Suma i preoravanje prerija i stepa te ekspanzija poljoprivrede u 19. i 20. st., mogla
prouzroCiti povec¢anu emisije CO, u atmosferu, u koli¢ini koja je utjecala na klimatske promje-
ne na Zemlji. Kazemo mogla, jer ne mozemo ,zdravo za gotovo” prihvatiti tezu koja klimatske
promjene pripisuje ¢ovjekovim djelatnostima, a ignoriraju ¢injenicu da je u pleistocenu bilo
nekoliko zaledenja i odledbi. Zasto dakle iskljuciti tezu moga kolege akademika Para da se radi
o geoloSkom procesu izvan Covjekova utjecaja ili s neznatnim utjecajem.

Za ilustraciju; oranicne povrsine USA su uklanjanjem prirodne vegetacije, obradom tih tala i
stvaranjem agroekosustava izgubile 3-5x10"? kg (3-5 Gt) ugljika. Racuna se da oko 9 % ukupno
emitiranog CO, u EU potjece iz poljoprivrede. Nasi izracuni koje je vodio moj suradnik Mesi¢
kazuju da je iz tala Hrvatske 1995.god. emitirano 723x10° kg CO,, a ukupna emisija iz poljopri-
vrede i industrije koja proizvodi za poljoprivredu (strojevi, gnojiva, zastitna sredstva) iznosila je
3,6 x10° kg CO2.

Dodaju li se koli¢ini CO, koju emitira poljoprivreda i drugi izvori, kao primjerice Sumarstvo, kao
inace malen i «bezazlen» izvor, «doprinos» Hrvatske kao malene drZave globalnom ,ucinku
staklenika“ dosta je skroman. Emisija plinova staklenika iz tala Hrvatske postupno pada, su-
kladno padu broja stoke, proizvodnje i potrosnje organskih i mineralnih gnojiva, a emisija iz
poljoprivrednih tala procjenjuje se na 723x10° kg CO,/god. S druge strane, nasa je procjena da
se u Hrvatskoj u pasivni oblik ugljika — trajni humus u tlu, godisSnje veZe oko 225x10° kg ugljika!

Recimo jos da je temeljem rec¢enog ocito kako zamisli laika o prehrani ¢ovje€anstva koriStenjem
iskljucivo organskih gnojiva, takoder vode u bespuce. Jer, ako bi se prema nekom scenariju ta
mogucénost ostvarila, «doprinos» poljoprivrede ucinku staklenika bi se znacajno povecao, pa
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bi se bez posebnih mjera predostroznosti ubrzale globalne promjene klime, s nepredvidljivim
posljedicama po biosferu na Zemlji.

Sisavcilll
Krtica, mis...

100.000 i " TInsekti - Pauénjaci
200500lvsta Gmizavei - Mekusci

Protozoa - Nematodé
Korjenje biljaka

500 m =5 Bakterije - Gljive
10-50 vrsta

100 000 000 000 BO Ln ilamanata

Nadalje, tlo je izvor genetskog bogatstva i zastite bioloskog raznovrsja na Zemlji. Citateljima
»Agroglasa“ sigurno nije poznato da je broj organizama ispod povrsine tla visestruko veci od ono-
ga kojega vidimo na povrsini Zemlje. Primjerice; na jednom hektaru dobrog poljoprivrednog ze-
mljista u povrsinskom sloju od 20 cm nalazi se preko 20 tona razli¢itih organizama, a jednoj pregr-
$ti tla, kako se vidi na priloZenoj slici preko deset puta je vise mikroorganizama — bakterija i gljiva
nego ljudi na cijeloj Zemlji. U zdravom, bioloski aktivnom tlu dakle buja raznovrstan Zivot.

U svojoj prostornoj ulozi tlo je “nositelj” infrastrukture, zatim univerzalni medij za odlagaliste ot-
pada, ali naravno; ne svako tlo, ne uvijek i ne u neogranicenim koli¢inama. Nadalje, tlo odlu¢no
sudjeluje u oblikovanju krajobraza, koji je opet temelj zavicaju i izvor najplemenitijih osjeéaja
Covjeka da, kako rece poglavica «pripada tom tlu».

Tlo je nadalje izvor sirovina, primjerice materijala za gradevnu industriju (cigla, sljunak pijesak)
za metalnu industriju (boksit), supstrata za uzgoj bilja u staklenicima i plastenicima (treset), itd.

I na kraju, ali zbog toga ne manje vazno; tlo je povijesni medij, u njega se kao u svojevrsnu biljez-
nicu «biljeZe» tragovi prirodne povijesti i arheoloski nalazi, kao svjedoc¢anstvo nazo¢nosti covjeka.
U ovom kraju, uz obalu Dunava ostali su tako snazni tragovi Vucedolske civilizacije, a nizvodno niz
svjedocCanstava o privlacnosti toga kraja i uvjetima koji su pretke privlacili. Ovdje, u Vukovaru valja
podsjecati na bogatu ostavstinu Vucedolska civilizacija koja poznaje stajski uzgoj stoke, a po razvi-
jenosti - poznavanju matematike i kalendara u ravni je s prvim civilizacijama Mezopotamije.
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Na drugoj strani, valja podsjecati na jednako snaznu poruku jedinstvenog krajobraza koji je krei-
rao nas ¢ovjek u borbi za opstanak na Skrtom krsu. Za te krajobraze veé se umjesto ,landscape”
koristi izraz ,,anthroscape” Uistinu, krajobraz na fotografiji djelo je ¢ovjeka, inspirirano golom
borbom za opstanak na Skrtom, plitkom i skeletnom tlu.

Gornjem krajobrazu primostenskih gromaca stvorenom golim rukama Homo technicus hrvatskog
uzobalja i otoka ,pridruzuje” i dokaze svoje (sve)moci. Meljuci i mijesajuéi goli kamen s ponesto
tla i vegetacije prireduje se supstrat za nove vinograde, a stari napustaju. Nimalo neskromno, a
opet isklju¢ivo na predjelima s najljepsim pogledima na plavetnilo Jadrana. Tek ¢e vrijeme dati
odgovor na pitanje jesu li ti, atraktivni poloZaji izabrani (samo) zbog zahtjeva loze. Ne bi se reklo!

Usprkos nespornom, opisanom znacaju, u Medunarodnoj godini tla, ili bas zbog nje, nasa je, i
ne samo nasa stvarnost da je tlo je malo poznato obi¢nom covjeku. Nasa se djeca od najmanjih
nogu, od vrti¢a, uée raspoznati razlicite biljke, Zivotinje, kukce, i dr., a jako, jako malo o tlu. Koji su
razlozi? Jedan od razloga je Sto je za poznavanje tla potrebito iskopati jamu (pedoloski profil) do
dva metra duboku, a tek u njoj moZemo vidjeti slojeve (genetske horizonte) tla, nastale u procesu
postanka (geneze) tla. A opet — nije dosta samo vidjeti — nuzno je uzeti uzorak i utvrditi njegove
znacajke!!! Ako se onedisti voda brzo ée se to opaziti —ili ée voda biti mutna, ili ¢e dobiti miris,
a ako se to dogodi tlu nema jasnih znakova pa se dogada da se o oneciS¢enju tla i ne govori. A
poznato je da iznad necistog tla ne moze biti Cistog zraka, ispod njega Ciste vode, a na njemu ce
izrasti nezdrava — necista biljka.

Zapazeniji dogadaj u razradi strategije zastite tla u Europi bila je Konferencija o tlima srednje i
isto¢ne Europe i srednje Azije odrzana u Pragu (2000.) god., (kojoj smo i mi nazocili), a okupila
je, i sucelila; znanstvenike, korisnike tla i politicare — donositelje odluka o koristenju tla. Na njoj
se naglasava kako obrazovanje, informiranje i komunikacija o tlu ima primarni znacaj u podizanju
svijesti 0 njegovu znacaju. Utvrdeno je da u obrazovnim planovima u osnovnom, srednjem i viso-

17



8" international scientific/professional conference

kom obrazovanju tlo ni priblizno nije zastupljeno razmjerno napretku u prikupljanju znanstvenih
spoznaja o njegovu znacenju. Jednostavno; u svijesti javnosti tlo nije prihvaceno kao prirodni
medij, ni socijalna, gospodarska, kulturna i povijesna realnost.

K tomu, govoredi o okolisu, ni sredstva priopéavanja ne govore o tlu kao nedjeljivom dijelu pri-
rodnog okolisa ili ¢lanu ,,ekoloSkog trojstva; tlo-zrak-voda“. Kao dojam ostaje da javnost naprosto
ignorira tlo. Kada je rije¢ o nasim prilikama, i prilikama u drzavama nastalim iz bivse-zajednicke
nam drzave, bez sumnje je tomu pridonijela ¢injenica da su tiskani materijali o tlu — obi¢ne pedo-
loske karte svojedobno dobivale oznaku «Vojna tajna — strogo povijerljivo», pa su tako i znanja o
tlu nastala i ostajala u uskom krugu specijalista, izolirana od drugih struka i stru¢ne javnosti. Zbog
svega toga je nuzna nekovrsna rehabilitacija tla u javnosti.

Tlo treba uciniti atraktivnim opisujuci; njegovo bogatstvo u raznolikosti, raspored u krajobrazu i
znacaj za formiranje krajobraza — vegetacijskog pokrova, za opstanak ¢ovjeka i svih oblika Zivota,
ovisnost i neraskidivu medusobnu povezanost tla sa stijenom, zrakom i vodom. Nema ¢iste vode
bez Cistog tla, Cistog zraka bez Cistog tla!!!

Ostecenja tla

Ostecenje tla je proces ili utjecaj, ili skup procesa i utjecaja, kojim se prirodne ili antropogenim
utjecajem modificirane znacajke tla mijenjaju, i tako dovode u pitanje najvaznije uloge tla, utjecu

agrosferi. Podaci koje navod FAO su uistinu zabrinjavajudi:

¢ Podaci o stanju talnih resursa iz 1950.god. su pokazivali oko 11,5 x 10°ha kao povrsine pod pri-
rodnom vegetacijom i neosteéena tla, da bi 40 godina kasnije skoro 9 x10° ha (povrsina Kine) bilo
razvrstano u osrednje oStecena tla sa smanjenom proizvodnjom, a 3 x10° ha kao jako ostecena
tla, koja su skoro izgubila svoje bioloske uloge.

e U razdoblju 1975 — 1990. god., vise od 2,2 x10® ha tropskih Suma je unisteno kréenjem, uglav-
nom u potrazi za novim oranicama

* Oko 20 % pasnjaka, na povrsini od 6,8 x10” ha napose u Africi i Aziji izloZeno je pretjeranoj
ispasi.

¢ Sjeca drva za ogrjev i kucanstvo svake godine ogolijeva 137 x10° ha Sumskih tala, koja zatim
bivaju izloZena eroziji tla vodom.

e Erozija vijetrom zahvatila je viSe od trecine tala Bliskog istoka i oko Cetvrtinu povrsine Afrike sje-
verno od ekvatora, a erozija vodom na nagnutim terenima procjenjuje se na 25 x10*? kg godisnje,
Sto ¢ini 3690 kg po glavi stanovnika Zemlje. Uzme li se u obzir da ukupna masa tla na Zemlji prema
procjeni iznosi 3,3 x 10%° kg, svake godine se samo erozijom gubi oko 0,7 % ukupne mase tla. Nije
dakle tesko izraunati scenarij ako se ne poduzmu djelotvorne mjere zastite; sva masa tla izgubila
bi se za manje od stoljeca i pol. Ako se zna da nema tla koje moZe nastati za 150 godina, izvor
egzistencije Covjeka ocito se pred nasim oc¢ima gubi te je vrijeme za uzbunu.

e Zaslanjivanje - salinizacija tla prouzroceno koristenjem vode bogate solima za natapanje i kli-
matskim promjenama zahvatilo je povrsinu od 4 x107 ha.

¢ Procjenjuje se da je degradacijom tla zbog pogresnog gospodarenja u poljoprivredi zahvacena
povrsina od 5,5 x107 ha zemljista.

* Naselja, ceste, odlagalista otpada i druga infrastruktura trajno su unistile 19,5 x10° ha, i to naj-
plodnijih i najvrjednijih tala, pri cemu su emisijom polutanata s tih povrsina oste¢ene znatno vece
povrsine oko infrastrukturnih objekata.
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Ostecenja svjetskog fonda tala dostiglo je takve razmjere da se drzZi opravdanim dramati¢no into-
niran poziv na zastitu tla - , dvostruki SOS“:

S(ave) O(ur) S(oils) to S(ustain) O(ur) S(ocieties) !!!

Europska Unija je zastitu tla po znacaju izjednacila sa zastitom vode i zraka, te je u na tim osnova-
ma u okviru Akcijskog programa za okolis EU (Decision No 1600/2002/EC) izradeno sedam
tematskih strategija; za zrak, izbjegavanje produkcije otpada i recikliranje, morski okolis, tlo, pe-
sticide, prirodne resurse i urbani okoliS. Za sva pitanja degradacije i zastite tla u EU nadlezan je
Europski ured za tlo (European Soil Bureau — ESB), koji djeluje u okviru Zajednickog istraZivackog
centra (Joint Research Centre —JRC) u Ispri nedaleko Milana.

Kako ostecenja tla ne poznaju granice, da bi svojim djelovanjem pokrio cijelu Europu, ukljuci-
vo i drzave izvan EU taj ured je uspostavio MreZu Europskog ureda za tlo (European Soil Bure-
au Network - ESBN), koja angazira tloznanstvenike svih europskih drzava te (danas je ¢lan prof.
Husnjak) kao savjetodavno tijelo opsluzuje Europsko povjerenstvo (European Commission — EC)
podacima potrebnim za vodenje djelotvorne politike gospodarenja tlom i zastite tla. Izdvojeno je
0sam procesa izvora ostecenja tla:

Erozija > Pad sadrzaja humusa > Onecis¢enje > Zaslanjivanje > Zbijanje > Pad bioloske raznoli-
kosti > Prenamjena > Poplave i klizista

Tablica 1. Povrsine tala Europe zahvadenih najvaznijim ostecenjima

OSTECENJE TLA ZAHVACENA POVRSINA POSTOTAK OD UKUPNE POVRSINE
(milijuni ha) EUROPE
Ostaci pesticida u tlu 180 19
Nitrati i fosfati 170 18
Erozija tla vodom 115 12
Zakiseljavanje 85 9
(acidifikacija) tla
Erozija vjetrom 42 4
Zbijanje tla 33 4
Zaslanjivanje (salinizacija) 3,8 0,4
Gubitak organske tvari 3,2 0,3

Naravno, redoslijed po znacaju u razli¢itim regijama i drzavama je drugaciji. Kako se cijelo pod-
ru¢je Sredozemlja toliko se razlikuje od ostatka Europe zalagali smo se da se tretira odvojeno i
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intenzivnije istrazi, nezavisno od Cinjenice da je svrstano u podrucje jako zahvaéeno procesima
dezertifikacije, pa je i zbog toga pod posebnom paskom.

Stanje u Hrvatskoj

U pedosferi Hrvatske prof. Husnjak navodi ¢ak 36 tipova tala, najvecu povrsinu (12,09 %) u njoj
ima lesivirano tlo (luvisol), slijedi pseudoglej na 10,4 % povrsina, a zatim mocvarno glejno tlo s
9,62 % povrsina, smede tlo s 8,36 %, a najmanje su zastupljena zaslanjena tla (solon¢ak) 0,01 %
i eolski ,,Zivi pijesci“ koji se takoder nalaze na svega 0,01 % povrsina. Svaki od ovih 36 tipova tala
detaljno je obraden tako da su poznate njihove morfoloske, fizikalne, kemijske i bioloske znacajke,
kao i upotrebna vrijednost, cimbenici ograni¢enja i uputne mjere popravke za profitabilan uzgoj
bilja.

Temeljem vrednovanja — ,inventarizacije“ agroekoloskih (pedoloskih, bioklimatskih, geomorfo-
loskih), znacajki u regionalizaciji hrvatske poljoprivrede agrosferu Hrvatske smo podijelili na tri
poljoprivredne regije, s odgovarajuc¢im podregijama:

¢ Panonska regija (IstoCna, Sredisnja, Zapadna i Sjeverozapadna podregija),
» Gorska (Pretplaninska i Planinska podregija) i
e Jadranska regija (Sjeverna, Sredisnja i Juzna jadranska podregija).

Svaka od njih ima posebnosti znacajne za optimalni, agroekoloskim prilikama prilagoden sustav
uzgoja bilja i stoke. S njim u skladu regionalizacija usmjerava razvoj i investicije, kao dio kratkoroc-
nih i dugoro¢nih mjera gospodarske politike u poljoprivredi, prilagodene prilikama i potrebama
pojedinih regija.

Utvrdili smo zastupljenost pojedinih razreda pogodnosti zemljista za obradu i korisStenje u uzgoju
bilja. Rezultate pokazuje tablica 2.

Tablica 2. Pogodnost poljoprivrednih tala Hrvatske za obradu i uzgoj bilja

(Izvor: Basic i sur., Regionalizacija hrvatske poljoprivrede, 2001.)

RAZRED POGODNOSTI Povrsina — ha %
I 269 451 8
Tla bez ogranicenja
POGODNA TLA 1. . A 520617 16
Tla s malim ograni¢enjima
1. 931765 29
Tla ogranicene pogodnosti
UKUPNO POGODNA TLA 1721833 53
I.+ 1l + 1ll. razred
\A
Tla privremeno nepogodna, ali se 515531 16
NEPOGODNA TLA melioracijama mogu popraviti
V. 975 355 31
Neupotrebljiva tla s trajnim ogranienjima
UKUPNO NEPOGODNA TLA 1490786 47
IV. + V. razred
POTENCIJALNO OBRADIVA TLA 2237370 69
I+ L+ [+ V. razred
U REPUBLICI HRVATSKOJ - SVEUKUPNO: 3212619 100

L+IL+ 1L +IV.+ V..

20



agriculture in nature and environment protection

Prema tim podacima, Hrvatska ima 3,2 milijuna ha poljoprivrednog zemljista. Od te povrsine
975 tisuca ha je trajno neupotrebljivo za obradu i uzgoj bilja, a 515 tisuéa ha je privremeno
nepogodno, ali se melioracijama moZze privesti kulturi. Pogodno za obradu je 1,721 milijun ha.
Doda li se toj povrsini 515 tisu¢a ha tala privremeno nepovoljnih za obradu, Hrvatska potenci-
jalno moZe imati 2,237 tisuc¢a ha obradive povrsine.

Na tlima bez ogranicenja i s malo ograni¢enja mogu se uzgajati poljoprivredne kulture uz pra-
vilno gospodarenje. Najveci dio ovih povrsina sada se koriste za uzgoj bilja. U ovu skupinu tala
spadaju: ¢ernozemi, aluvijalna neoglejena, koluvijalno duboko tlo bez skeleta, veci dio eutri¢nih
tala, dublje rendzine, lesivirana na rastresitim sedimentima i ilovacama, semiglejna tla, rigolana
i vedi dio hidromelioriranih tala. Poljoprivredna proizvodnja moZe se ostvariti i na tlima ograni-
¢ene pogodnosti. Uzgoj bilja u poljoprivredi moguc je i na tlima ograni¢ene pogodnosti. Ovoj
skupini pripadaju: koluvijalna tla s manje ili viSe skeleta, sirozemi koji su erodibilni, nerazvijena
tla — eolski ,Zivi pjesci”, rendzine na laporu, ranker i distri¢cno smede tlo na pijesku, smolnica,
pseudoglejna tla, kao i hidromeliorirano mocvarno vertic¢no tlo. Bududéi se ova ogranicenja (fizi-
kalne, kemijske i bioloske znacajke tla) mogu otkloniti agromelioracijskim i hidromelioracijskim
zahvatima, ove povrsine mogu se osposobiti za uspjeSan uzgoj poljoprivrednih kultura.

Postoji moguénost melioriranja hidromorfnih tala iz skupine privremeno nepovoljnih tala. To
su mocvarno glejna tla, koja su uglavnom rasprostranjena u dolinama rijeka. Prekomjerno su
vlaZena povrsinskim i podzemnim vodama i imaju nepovoljan vodo-zracni rezim. Ova tla su po-
tencijalno plodna i mogu meloracijama postati pogodna (hipoglejna tla, ritska crnica, pseudo-
glej-glejno tlo Uz ove poljoprivredne povrsine Hrvatska ima 806.328 ha trajno nepogodnih tala
(povrsina) za poljoprivrednu proizvodnju. To su: litosoli, visoko stjenovita i vrlo suha tla, skeletni
rankeri, smede tlo na vapnencu i dolomitu, skeletoidna, eutri¢no i districno smeda, podzol i
smede podzolasto tlo te subakvalna tla.

Podaci iz tablice ne ostavljaju prostora dvojbi o urgentnosti ulaganja u uredenje poljoprivred-
nog zemljista. Na stranu Cinjenica kako aktualne klimatske promjene nalazu uredenje zemljista
za oba ekstremna slucaja; prijem i odstranjivanje viska vode od snaznih pljuskova koji postaju
redovita pojava i navodnjavanje za namirenje njezina nedostatka.

I na koncu zakljuc¢imo;

Za opstanak, gospodarski, socijalno i okolisno odrZiv razvoj hrvatska poljoprivreda neodgo-
divo treba ulaganja u uredenje zemljista! Samo 8 % (od ukupne povrsine poljoprivrednog
zemljista) povrsine ili oko 270 tisuca ha su tla pogodna za uzgoj bilja bez ogranicenja, premda
u susnim godinama i ta tla trebaju navodnjavanje, na 520 tisu¢a hektara (16 % povrsine)
uredenje zemljista je potrebno, a na 931 tisucu ha uredenje je nuzno!

Na 515 tisuca ha privremeno nepovoljnog zemljista takoder su potrebna ulaganja.

Treba jos reci kako su sve razvijene europske drZave svoja tla uredile, sto im je posluZilo kao
osnova za razvoj.

Povijesno gledajuci — suo¢avanje s tim pitanjem desetljecima se u nas odgadalo “za bolja
vremena”, a ta vremena nikako da stignu! Danas nam valja pogledati istini u oci, i iskoristiti
povijesnu priliku za koristenje sredstava EU upravo za te svrhe!

To je put kojim ¢e hrvatska poljoprivreda biti promaknuta u modernu, poZeljnu, profitabilnu i
privlacnu, gospodarski, socijalno i okoliSno odrZivu granu gospodarstva - zamasnjak razvoja i
napretka.
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Abstract

The generally favorable natural resources of the Carpathian Basin show high and irregular (con-
sequently hardly predictable) spatial and temporal variability, often extremes and sensitively
react to various natural or human-induced stresses. Due to the irregularity of atmospheric
precipitation; the increasing frequency of intense heavy rains (,rain bomb”); heterogeneous
macro-, meso- and microrelief; unfavorable soil properties; improper land use and cropping
pattern the risk, frequency, duration and intensity of extreme meteorological and hydrological
situations (floods, waterlogging, over-moistening [J drought) will increase, often in the same ye-
ar on the same territory. Under such conditions it is an inevitably important fact that soil is the
largest potential natural water reservoir. This huge potential water storage capacity, however,
cannot be used efficiently because:

- infiltration of water into the soil is limited (saturation of soil pores; frozen topsoil;
compacted soil layer with low permeability on or near to the soil surface);

- the infiltrated water is not stored within the soil profile because of low water retention.

Due to these facts the water losses by surface runoff, evaporation and deep infiltration increa-
se. Soils with good agronomic structure may efficiently moderate the risk (frequency, duration,
intensity) of extreme hydrological situations and may reduce their unfavorable economical/
environmental/social consequences. On the contrary, the infiltration/storage limitations may
even magnify these threats.

Consequently, all efforts must be taken to help infiltration into and useful storage of water wit-
hin soil, elaborating, adapting and implementing site-specific water-management technologies.

Key words: extreme moisture regime, waterlogging, drought, infiltration, water storage capa-
city of soils

Introduction

The Carpathian Basin is a greatly “water-dependent” region, where the soil-water relationships
considerably influence, sometimes determine the type and rate of weathering, soil formation
and soil degradation processes; the moisture and substance regimes; the abiotic and biotic
transport and transformation; mass and energy regimes in the ,geological formation—soil-wa-
ter—biota—plants—near surface atmosphere” continuum; soil fertility/ productivity; the yields
and yield fluctuation of crops; and environmental conditions (Varallyay, 2011a,c,e).
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The natural conditions of the Carpathian Basin are generally favorable for rainfed biomass pro-
duction. These conditions, however, show extremely high, irregular, consequently hardly pre-
dictable spatial and temporal variability, often extremes, and sensitively react to various natural
or human-induced stresses (Lang et al., 1983., National Atlas of Hungary, 1989., Palfai, 2000.).

Limited and irregular water resources

This well-defined geographic region, the Carpathian Basin is generally rich in water resources,
especially in the low-lying parts of the Pannonian Plains, as the bottom of this large water
catchment area. On the contrary, during certain “critical periods” in some “critical areas” the
water resources are limited and “extreme” hydrological situations and soil moisture regimes:

surplus amount of water: flood, water-logging, “over-moistening” hazard;
shortage of water: drought sensitivity

are characteristic, occurring sometimes in the same year, at the same place (which is quite
natural because of the artificially drained water and the evaporation and filtration losses are
missing from the soils during the dry summer months) (Somlyddy, 2000; Varallyay, 2006).

According to the meteorological/hydrological/ecological forecasts the risk, probability, frequ-
ency, duration and intensity of extreme meteorological (thunderstorms, high intensity rains, ha-
il) and hydrological (floods, water-logging, over-moistening vs. droughts) events will be increa-
sing in the future and their unfavorable economical, ecological and social consequences will be
more and more serious, sometimes catastrophic. Consequently, water will be the determining
(hopefully not limiting) factor of land security and environmental safety and the improvement
of water use efficiency will be the key issue of sustainable biomass production, rural deve-
lopment and environment protection (Palfai, 2000., Somlyddy, 2000., Varallyay, 2009.).

Changing climate, atmospheric precipitation

The average 450-600 mm annual precipitation in the Pannonian Plains may cover the water
requirement of the main crops even at high yield levels, and it gives reality for efficient “rain-
fed” biomass production. But the average shows extremely high territorial (Picture 1A.) and
temporal (Picture 1B., 1C. and 1D.) variability — even at micro-scale (National Atlas of Hungary,
1989., Vaérallyay, 2011d).

A certain part of the atmospheric precipitation falls as snow (or similar “unidentified flying
object”) or as highly intensive rain or hail. Their frequency, duration and intensity have consi-
derably increased during the last years, resulting in serious, sometimes catastrophic consequ-
ences: intense surface runoff and erosion (soil losses and sedimentation hazards) or even lan-
dslides, infrastructure damages, etc. Under such conditions a part of the precipitation is lost by
surface runoff, deep filtration and evaporation and only a limited (reduced) part of atmospheric
precipitation is stored in the soil and is available for the biota, natural vegetation and cultivated
crops, resulting water deficiency for plants or even serious droughts during the hot and dry
summer months. According to climate forecasts the annual precipitation will not be more in
the future and its unfavorable spatial and time distribution will even be less favorable. The risk,
probability, frequency, duration and intensity of extreme weather situations are expected to
increase (Lang et al., 1983., Palfai, 2000., Varallyay, 2007., Varallyay and Farkas, 2008.).
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Picture 1. Territorial and time distribution of atmospheric precipitation in Hungary. A. Geographical
distribution of the 100-year average annual precipitation. B. Average annual precipitation in Hungary
in the 20" century. C. Monthly distribution of the long-term average and 2008. annual precipitation.

D. Daily distribution of monthly precipitation (May 2008.) at two nearby meteorological stations.

Surface waters

The average quantity of incoming rivers is about 110-115 km?¥year in Hungary and it will not
increase, particularly in the critical low-water periods because of two reasons (Palfai, 2000.,
Somlyédy, 2000.):

e decreasing quantity and higher spatial and time variability of atmospheric precipitation,
increasing risk of high-intensity rainfalls, changes in the rain: snow ratio and snow-melt beha-
viour, land use changes and surface runoff characteristics of the Upper Danube Basin areas;

¢ a certain quantity and quality of transboundary surface waters must be guaranteed for the
Lower Danube Basin countries (at present this outflow is about 115-120 km3).

Subsurface waters

The average depth of the groundwater table in Hungary is shown in Picture 2. It can be conclu-
ded from the Figure that the possibility of capillary transport from the groundwater to the
overlying soil horizons, especially to the active root zone can be significant only in the lowlands.
But, a considerable part of subsurface waters (especially in the poorly drained East Hungarian
Plain) is of poor quality (high salinity, alkalinity, sodicity), threatening with harmful salinization/
sodification processes. In the Danube—Tisza Interfluve sand plateau the consecutive dry years
and the overexploitation of subsurface waters result in a sink of the groundwater table and in
its sensitive moisture regime consequences: increasing aridity and even “desertification symp-
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toms”. Only in small areas can the good quality groundwater contribute efficiently to the water
supply of plants. This quantity, however, is more than double of the irrigation capacity of Hun-
gary! (Varallyay, 20114, f, Varallyay and Rajkai, 1989.).
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Picture 2. Average depth of the groundwater level in Hungary

During the last years a 5-step model was elaborated for the calculation of the quantity of the
capillary transport of water and solutes from the fluctuating groundwater to the overlying soil
horizons (Varallyay, 2011f, Varallyay and Rajkai, 1989.). The final result of this model is presented in
Picture 3.
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Picture 3. Rate of capillary transport (V = cm/day) from a fluctuating groundwater to the overlying
soil horizons in a stratified soil profile (S-1) from the Danube Valley. 146, 198, 191, 301: register
number of the soil layer; b: rising water table.

The model was applied to determine the optimum depth (optimum regime) of good quality
groundwater (contributing to the satisfaction of the water requirement of plants); and the criti-

cal depth (critical regime) of poor quality groundwater (preventing the secondary salinization/
sodification of soil).
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Soil resources

As a result of the combined influence of the highly variable soil forming factors and soil proce-
sses a highly — even on micro-scale! — heterogeneous, mosaic-like soil cover developed in the
Carpathian Basin (National Atlas of Hungary, 1989., Vérallyay et al. 2010.).

According to the detailed soil database and monitoring system it has been precisely and scien-
tifically proven (Varallyay, 2005., 2010a, 2011b, 2014.) that

Soil has the largest potential natural water storage capacity

In ideal cases (potentially) in the pore volume of the 0—100 cm soil layer 30—-35 km? water can
be stored, which is more than half of the 500-600 mm average annual atmospheric precipi-
tation. About 50% of this quantity is “available moisture content”, that may satisfy the water
requirement of the natural vegetation and cultivated crops — even at high biomass production
and yield levels (Varallyay, 2011b). This favorable fact is quite contrary with the high and increa-
sing risk, hazard, frequency and duration of extreme hydrological events (floods, waterlogging,
over-moistening vs. drought) sometimes in the same place in the same year.

These extreme hydrological situations (water excess: floods, water-logging, over-moistening;
water deficiency: droughts, over-drying) are characteristic features of the Pannonian Plains
(Palfai, 2000., Varallyay, 2006., 2007., 2009., 2011c, e). Their main reasons are the high territori-
al and temporal variability of atmospheric precipitation; rain:snow ratio and snowmelt charac-
teristics; relief (including microrelief); soil conditions; vegetation; land use practices. And their
main consequences are water losses (evaporation, surface runoff, seepage, deep filtration); soil
(organic matter and nutrients), biota, vegetation and yield losses; energy losses.

What is the main reason of this “huge water storage capacity” — “extreme moisture situation”
contradiction?

Only (?) 31% of Hungarian soils represent an “ideal case” for the efficient use of the potential
water storage capacity, having “favorable” hydrophysical properties, but 43% of the soils have
unfavorable and 26% moderately favorable water management characteristics, because of va-
rious limiting factors, as it can be seen in Picture 4 (Varallyay, 2010a, 2011d).

The “favorable” term is rather subjective, not quantitative and depends on the land-use objec-
tives, as their “quality criteria” differ. Therefore, a comprehensive soil survey—analysis—cate-
gorization—mapping—monitoring system has been developed for the exact characterization of
hydrophysical properties, modelling and forecast of the water and solute regimes of soils.
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B Coarse texture (10,5 %)
[ Heavy texture (11%)
B Salinity (10%)

I Waterlogging (3%)
Unfavourable Shallow depth (8,5 %)

B Light texture (11%)
B Clayey in depth (12%)

B Salinity/sodicity (3%)

B Good (31%)
Picture 4. Water management characteristics of soils in Hungary and their reasons

In the system 9 main categories were distinguished according to textural class; total porosity
as maximum water storage capacity (WC,), field capacity (FC), water retention (WR), wilting
percentage (WP), and available moisture range (AMR); infiltration rate (IR), permeability (P)
and saturated hydraulic conductivity (K). The subcategories were classified according to their
horizon sequence and the main reason of their limited FC, WR or IR. The schematic map of the
distinguished categories is given in Picture 5.

Picture 5. Hydrophysical characteristics of soils in Hungary. 1. Soils with very high IR, P and HC; low
FC; very poor WR. 2. Soils with high IR, P and HC; medium PC; and poor WR. 3. Soils with good IR, P
and HC; good FC; and good WR. 4. Soils with moderate IR, P and HC; high FC; and good WR. 5. Soils
with moderate IR, poor P and HC; high PC and high WR. 6. Soils with unfavorable water management:
very low IR and K. 7. Soils with extremely unfavorable water management due to high salinity/
sodicity: extremely low AMR, IR and K. 8. Soils with good IR, P and HC; and very high FC (organic
soils). 9. Soils with extreme moisture regime due to shallow depth. The main profile variants: (1)
texture becomes lighter with depth (soils formed on relatively light-textured parent material): 2/1,
3/1. (2) uniform texture within the profile: 1/1, 2/2, 3/2, 4/2, 5/2. (3) relative clay accumulation in
the horizon B: 4/1, 5/1. Profile variants of category 6: 6/1: highly compacted, heavy-textured soils
with poor structure; 6/2: pseudogleys; 6/3. deep meadow solonetzes and solonetzic meadow soils;
6/4: soils with salinity/sodicity in the deeper horizons; 6/5: peaty meadow soils
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On the basis of the comprehensive digital soil physical/hydrophysical database the main cha-
racteristics can be quantitatively interpreted for soil layers, soil profiles; physico-geographical,
administrative, farming or mapping units (e.g. ecological region, water catchment area, county,
settlement, farm, agricultural field, etc.) (Varallyay, 1985, 2010b; Varallyay et al., 1980, 2010).
The database serves as a basis for the evaluation of the water storage capacity of soil; the
waterlogging or over-moistening hazard and drought sensitivity of a certain area; as well as
for rational regional or local water management activities: for the efficient use of soil as water
reservoir and so reducing the risk and frequency of extreme hydrological events and moisture
situations; preventing or at least moderating their unfavorable economical—ecological-envi-
ronmental-social consequences.

The potential water storage capacity is not (or only partly) utilized because of the following
reasons (Varallyay, 2007., 2009., 2014.) (Picture 6):

1. Limited infiltration
A. Impermeable layer (crust ) on the soil surface
a) cemented by salts

bR —Na salts
K =0 — gypsum
b) compacted by improper soil management

— over-tillage, heavy machinery
— improper irrigation methods
B. Shallow wetting zones (low water storage capacity)
impermeable layer near to the soil surface
a) solid rock
b) hardpans (fragipans, duripans, orstein, ironpan etc.)
IR=0 ¢) layer cemented by exch. Na”, clay, CaCO; and other factors (clay-
pan, concretionary horizons, petrocalcic horizons, etc.)
d) layer compacted by improper soil management (plough pans, etc.)

{

extreme water regime
—  oversaturation (aeration problems)
waterlogging problems
surface runoff — water erosion
—  drought sensitivity
2. Limited water retention

IR, HC > FC — drought sensitivity

Picture 6. Limitations of using the potential water storage capacity of soil.

C  "leaking bottle" effect
< "normal bottle” effect
@ ‘“closed bottle" effect

Picture 7. Limited infiltration rate and water storage capacity of soils in Hungary
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The pore space is not “empty”: it is filled up by a previous source of water (rain, melted snow,
capillary transport from groundwater, irrigation etc.): “filled bottle effect”;

The infiltration of water (rain, melted snow) into the soil is prevented by the frozen topsoil:
“frozen bottle effect”;

The infiltration is prevented or reduced by a nearly impermeable soil layer on, or near to the soil
surface: “closed bottle effect” (Picture 6 (1));

The water retention of soil is poor and the infiltrated water is not stored in the soil, it only per-
colates through the soil profile: “leaking bottle effect” (Picture 6 (2)).

The schematic map of these limitations is shown in Picture 7.

Soil and soil water management may prevent, eliminate, reduce or moderate these harmful
situations and their unfavourable consequences. Without this permanent care, however, these
undesirable facts may be magnified (Varallyay, 2011d). Consequently, efficient soil moisture
control is a key issue of the “quality maintenance” of soil, this important conditionally renewa-
ble natural resource, using its three unique characteristics: resilience; fertility/productivity;
multifunctionality (Birkas, 2008., Farkas et al., 2009., Németh et al., 2005., Varallyay, 2007.,
2010b).

Control of soil moisture regime as key task of sustainable soil management

The control of soil processes, including soil moisture regime is a great challenge and the main
task of soil science and soil management (Lang et al., 1983., Németh et al., 2005.).

In the Carpathian Basin (changing) climate and irregular, sometimes extreme weather (tem-
perature, precipitation, etc.), soil (texture, reaction, carbonate and nutrient status, biological
activity, etc.) and water supply are the most important elements of sustainable (agricultural)
development. Water determines or strongly influences the biogeochemical cycles of the soils
(including the regime of organic matter, plant nutrients and potential pollutants) and their resi-
lience, fertility, productivity and environmental sensitivity. Consequently, rational land use and
sustainable soil management are greatly water dependent (Lang et al., 2007., Somlyédy, 2000.,
Varallyay, 2007.).

As the direct moisture control actions, irrigation and drainage are faced with serious limitations
(limited quantity of good quality irrigation water, relief; poor horizontal and vertical drainage
conditions) all efforts have to be taken for the improvement of “rainwater efficiency” by a “two-
way” (“double face”) moisture control, which basic concept is “storage” instead of “drainage”
(transport away)! The most important elements of such rational and sustainable soil moisture
control are (Farkas et al., 2009., Varallyay, 2010b, 2014.):

help the infiltration of water into the soil;

help the useful storage of infiltrated water within the soil without any unfavorable environmen-
tal consequences;

reduce the immobile (strongly bound “dead”) fraction of the stored water;

reduce evaporation, surface runoff and deep filtration losses of atmospheric precipitation and
irrigation water;

drain only the harmful surplus amount of water from the soil profile and from the area, impro-
ving vertical and horizontal drainage conditions (prevention of over-saturation and/or water-

logging).
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There are many possibilities for the practical realization of these basic objectives. Some of them
are summarized in Table 1, indicating their potential environmental impacts (Birkas, 2008., Far-
kas et al., 2009., Németh et al., 2005.). The scientific and technical development offer more and
more new tools, techniques and technologies for such activities. Our task is to select and im-
plement proper and efficient site-specific alternatives. Most of these ,,moisture management
actions” are — at the same time — efficient environment control measures and reduce the risk
and unfavorable consequences of other stresses (soil degradation processes, nutrient stress,
pollution hazard, etc.).

Table 1. Elements and methods of soil moisture control with their environmental impacts

Environ-
Elements Methods mental
impacts*
surface runoff Increase in the duration of infiltration (moderation of 1,1a
slopes; terracing contour ploughing; establishment 5a, 8
of permanent and dense vegetation cover; tillage;
improvement of infiltration; soil conservation farming
system)
evaporation Helping infiltration (tillage, deep loosening) 2,4

Prevention of runoff and seepage, water accumulation

feeding of ground-water  Increase in the water storage capacity of soil; moderation Sb, 7

by filtration losses of cracking (soil reclamation); surface and subsurface water
.téo regulation
é rise of the water table Minimalization of filtration losses (); 2,3
& groundwater regulation (horizontal drainage) 5b,5¢
0 infiltration Minimalization of surface runoff (tillage practices, deep 1,4,5a,7
£ loosening) ()
g water storage in soil in Increase in the water retention of soil; adequate cropping  4,5b,7
< available form pattern (crop selection)
Irrigation Irrigation; groundwater table regulation 4,5¢,7,9,10
Surface surface 1,2,3,5¢,
} drainage }  moisture control (drainage) 6,7,11
Subsurface subsurface

* Referring numbers: See below

Favourable environmental effects Unfavourable environmental effects

Prevention, elimination, limitation or moderation of:

water erosion (1) overmoistening, waterlogging, peat and swamp
sedimentation (1a) formation, secondary salinization/ alkalization (9)
secondary salinization, alkalization (2) leaching of plant nutrients (10)

peat formation, waterlogging, overmoistening (3) drought sensitivity (11)

drought sensitivity, cracking (4)

plant nutrient losses by:

surface runoff (— surface waters eutrophication) (5a)
leaching (— subsurface waters) (5b)

immobilization (5c)

formation of phytotoxic compounds (6)

“biological degradation” (7)

flood hazard (8)
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Conclusions

1. Soil moisture represents a considerable part of the limited sweet water resources of our
Earth!

Soil moisture — with its quantity and quality — plays a significant (sometimes decisive role in the
- water supply of living organisms (biota, plants, etc.);
- quantity, quality, dynamics and ecological state of surface waters (EU Water Directive);

- the energy and substance regime, transport and transformation processes of soil
(formation, degradation) and in soil fertility;

- multipurpose (food, fodder, industrial raw material, alternative energy) biomass production.

Consequently, the lack or deficiency of soil water may lead to serious problems in life and dete-
riorations in the environment.

2. Soil is the largest (potential) natural water reservoir!

A considerable part of atmospheric precipitation can be stored in the soils’ pore space, simulta-
neously reducing the probability, risk, hazard, frequency, duration and seriousness of extreme
climatic and hydrological situations (floods, water-logging, over-moistening vs. droughts, over-
drying) and their unfavorable/harmful/catastrophic economic, environmental and social con-
sequences.

3. The key problem of sustainable (agricultural) water management is rational land use and soil
management in the whole catchment area because it is an indispensable tool for

the improvement of water use efficiency: reducing evaporation, surface runoff and deep filtra-
tion losses of limited water resources and increasing their availability for different purposes;

the prevention or reduction of the development of extreme hydrological situations and their
harmful consequences;

maintaining or improving the desirable ecological state of surface and subsurface water resour-
ces.

Soil water management and soil moisture control are of priority significance in rational land use
and sustainable soil management in the Carpathian Basin. The hazard, present and expected
future risk, increasing frequency, duration and intensity of extreme (and irregular, consequ-
ently hardly predictable) climatic and hydrologic events and moisture situations may result in
serious (or even catastrophic) damages, unfavourable economical/ecological/ environmental/
social consequences. Soil — in the case of adequate, permanent and efficient soil and water
management — may prevent, eliminate or moderate these unfavourable situations and may
reduce their harmful consequences.
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Tlo kao potencijalni moderator ekstremnih hidroloskih dogadaja:
susa - poplava/zadrzavanje vode na tlu/prevlaZivanje

Sazetak

Opcenito povoljni prirodni resursi Karpatskog bazena pokazuju veliku i neregularnu (posljedic-
no tesko predvidljivu) mjesnu i vremensku varijabilnost, ¢este ekstreme i senzitivnu reakciju na
razne prirodne i antropogene stresove. Uslijed neregularnosti atmosferskih oborina, poveéane
frekvencije intenzivnih snaznih kisa (“kiSne bombe”), heterogenosti makro-, mezo- i mikro-re-
liefa, nepovoljnih svojstava tla, neodgovarajuce uporabe tla i odabira usjeva, rizik, ucestalost,
trajanje i intenzitet ekstremnih meteoroloskih i hidroloskih dogadaja (poplave, stagnacija vode,
prevlaZzenost tla <=> susa) bit ¢e u porastu, ¢esto na istom teritoriju. U takvim okolnostima, izu-
zetno je vazna Cinjenica da je tlo najveci potencijalni prirodni rezervoar za vodu. Ovaj ogromni
potencijalni rezervoar za vodu, bilo kako bilo, ne moZze biti u¢inkovito upotrijebljen zbog:

ogranicene infiltracije vode u tlo (saturacija pora u tlu; smrznuta povrsina tla; zbijeni slojevi tla
s niskom propusnoscéu na ili blizu povrsine tla);

infiltrirana voda nije spremljena unutar profila tla uslijed niske vododrznosti tla.

Zbog ovih Cinjenica rastu gubitci vode uslijed povrsinskog otjecanja, evaporacije i preduboke in-
filtracije. Tla dobre agronomske strukture mogu ucinkovito ublaziti rizike (frekvenciju, trajanje,
intenzitet) ekstremnih hidroloskih situacija, te mogu smanijiti njihove nepovoljne ekonomske/
okolisne/socijalne posljedice. Nasuprot ovom, infiltracija/limitirana vododrZznost mogu ¢ak uve-
cati ove prijetnje.

Posljedi¢no, svi naporu moraju biti usmjereni poboljSavanju infiltracije vode u tlo kao i korisne
pohrane vode u tlu, kako elaboraciji, tako i adaptaciji i implementaciji tehnologija upravljanja
vodom na usko odredenom podrucju.

Kljucne rijeci: ekstremni vodni rezim, stagnacija vode, susa, infiltracija, vododrzni kapacitet tla
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Abstract

Unforeseen, and aggravating water induced damages emerged in the Central and South-Ea-
stern European regions in the last year of which the greatest quantity provoke for find solutions
now and later. Referring to this, an increased number of extreme incidences were predicted
to the region by the optimistic and pessimistic climate scenarios as well. The region faces re-
current floods, owing to the geological formation. In addition to floods, inland waters also rise
significantly. Water inundation is found to be a real hazard in lowlands and along the rivers. In
this study the causes of the inland water inundation is shortly summarised as well as presen-
ting results that may complete knowledge of the water inundation impacts on soil condition.
Difference between natural and human induced water stagnation seems obvious when water
level flow down. Degrees of the water stress and water inundation endangering soil quality are
also demonstrated. The hazards of the water inundation can approach from various aspects
however the potential threat requires practical solutions. Our proposals are based on findings
that derived from long-term experiments and from monitoring on soils that are suffered from
inland excess water.

Key words: water stress, soil condition, soil remediation, practical solutions

Introduction

Central and South-East Europe (CASEE), considering their geological formation and geographic
location are continuously exposed to water-related phenomena that are water surplus and de-
ficit. Four main climate induced risk factors can be formulated from the optimistic and the
pessimistic scenarios for the second part of the 21 century that are milder winters with mo-
re precipitation, warmer and dry summers, extreme fluctuations in the annual distribution of
the total precipitation and increased numbers of extreme incidences (Bartholy et al., 2004.,
Szalai and Lakatos, 2013.). Increasing the intensity of the precipitation may induce floods and
water inundations. It is worth mentioning, that, the events afore-mentioned have already be-
en prevailed the regional weather conditions. Localized flooding is considered to be a serious
problem, associated with extreme rainfall and unpredictable rainy periods. The frequency of
floods seems to have increased over the last decade in all CASEE countries, maybe in response
to the climate extremes (Gunal at al., 2015.). Never forgettable that between 14 and 18 May
2014., a low-pressure cyclone triggering torrential rains, affected a large area concerned, cau-
sing river floods and landslides (Jug et al., 2015., Kisic¢ et. al., 2015.). The rainfall, with shorter or
longer breaks, continued throughout summer and autumn causing serious troubles in agricul-
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tural production by water inundation, especially in some areas, such as Hungarian Great Plain,
Hungarian and Croatian Baranja, SW Romania and Northern Vojvodina. It is well known that
the inland excess water has seriously threatened these areas that locate the deepest part of
the Carpathian basin, and in particular, before the rivers regulation (Picture 1.). Damages and
hazards of the water surplus appear in the soils or on the surface are expressed with various
phrases, indicating the differences e.g. abundance of water, excess water inundation, inland
excess water, flooding, water-logging, water ponding, water saturation, and over-moistening
(Palfai, 2001., Kuti et al., 2006., Varallyay, 2011., Szatmari and Leeuwen, 2013.).

In Hungarian relation the area endangered by excess water covers about 4.4 million ha, that is
47% of the country’s territory (Pélfai, 2000., Kuti et al., 2006.). Experiences gained over the past
years have convincingly proved the area vulnerability to the climate extremes.
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Picture 1. Water threatened area before the start of the rivers regulation
Note: pale grey: covered by water temporarily; grey: covered by water continuously

Source: Szlavik, 2009, cit. BELVIZ -INFO Projekt (GOP-1.1.1-2008)

Table 1 Possible water hazard in Hungarian relation and data from three years

National relation In the Hungarian Great Plains
Phenomena Total area Ploughed land (ha)  Total area (ha) Ploughed land
(ha) (ha)
Area threatened by water 4 400 000 2 500 000 2 000 000 1200 000
Inundated area 1999/2000 470 000 N 430 000 268 580
Inundated area, 2010 445 945 286 580 270 000 140 000
Area, saturated by water, 2010 1 000 000 896 983 683 541 N
Inundated area, 2015 February 125 000 65 000 70 000 N
Area, saturated by water, 2015 1300 000 730 000 N N

February
Note: N: no official data; Source: MGSZH, FOMI, GOSZ, OVF, Viziigy, Kling et al., 2003., Horvath (2010.)
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The most serious flood and excess inland water damage afflicted large area in the years
1999/2000, 2010/2011 and 2014/2015 (Table 1.) causing catastrophic situation in the Great
Plain (Palfai, 2010., Vérallyay, 2010., 2011., 2014., www.vg.hu/gazdasag).

The year 2010 was considered to be the wettest year of the past ten decades in the Carpathian
basin. In Hungary the total precipitation was 969 mm, 71 % more than the average of the pe-
riod between 1971. and 2000. (Kovacs et al., 2011.), however significant differences were also
observed in the basin, that is between 650 and 1500 mm. Due to the wet conditions, more than
1 million hectares become unsuitable for agricultural production (Vizligy, 2011.). In February
2015. the total inundated area covered 125 000 hectares while area saturated totally by water
is estimated at 1,300 000 hectares. From this 730 000 hectares was planned for spring crops
sown.

Materials and methods

Causes of the inland water inundation are presented from the relevant, surveyed literature.
Moreover, additional results and experiences were derived from field trials and monitoring.
Investigation of the water stress effects based on long-term experiments (Farkas et al. 2009.,
Birkds 2010., Csorba et al. 2011.) conducted in chernozem soil in micro region at Matraalja
(Birkas et al., 2009., 2011., 2012, Bottlik et al., 2014.). Monitoring the impacts of water inun-
dation on soil condition has started in 2010 in South and SE part of the Great Plain (Kalmar et
al., 2011., Birkas et al., 2012.). Specific soil features were found at the time of the monitoring.
Considering this, aim of this study is to present results that may complete knowledge of the
water inundation impacts on soil condition. Factors are discussed are as follows: Causes of the
inundation; Differences in soil condition following a natural and a compact pan induced water-
logging; Soil deterioration by siltation after short-term and long-term water damage; Consequ-
ence of the dust sedimentation to the nearest compact layer.

Results and discussion

The water-induced damages are found to be more serious considering the basic (direct) adver-
se effect and the further indirect severe consequences.

Causes of the inundation. Factors influencing inland excess water are widely discussed by aut-
hors. Natural factors, among others hydrometeorogical (e.g. abundant rains), topographic (e.g.
heterogeneous micro-relief) and hydrogeological (e.g. impermeability of soil horizons) have
closely investigated (e.g. Palfai, 1994., 2000., 2010., Horvath, 2010., Varallyay, 2011., Szatmari
and Leeuwen, 2013.). Regulation of the river Tisza (1846-1908.) has truly been found the po-
ssible best solution during decades considering the water threatened area. Objective of the
regulation was to exempt the Great Plain from the floods and to create the security for the river
runoff and the navigation (Téth et. al., 2001.). However, experiences gained in the last decades
that require additional fact-finding in this relation. As Kovacs (2004.) warns, owing to its geo-
graphical location, the Tisza region faces recurrent floods. In addition to floods, inland waters
also pose a serious challenge, and the water hazard has risen significantly.

Human factors, including flood control and state of canals in the threatened area are further
important factors. Effectiveness of the remediation on water afflicted arable fields is reasonably
depended on the land owners’ competence (Rakonczai et al., 2012.).

Soil attributes, mainly infiltration and storage capacity and soil physical state are also significant
factors for the formation of inland excess water (Varallyay, 2011.). The pore space of the 0—-100
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cm upper layer of soils may store about two-thirds of the annual precipitation (365-400 mm
from 550-600 mm). This potential, as authors (Rakonczai et al., 2012., Varallyay, 2014.) outline,
is often unexploited considering the reasons e.g. poor infiltration capacity, pore spaces satura-
tion, soil frozen, surface siltation, clay mineral swelling, impermeable pan layer locating close to
the surface, and unfavourable chemical characters (e.g. sodium).

Differences in soil condition following a natural and a compact pan induced water-logging

Natural induced water-logging shows three genetic types (Rakonczai, 2012.), that is accumu-
lative (precipitation accumulates in the deepest area of the terrain), the upwelling type when
the groundwater arises at the surface, and the inundation generated by the transportation
channels. The upwelling type of the inland water deserves greater interest in SE part of the Pla-
in, where paleo-channels of the river Maros and other streams buried millions of years ago. As
Szatmari and Leeuwen (2013.) noted, in this micro region the coarse sediment is not preventing
but rather providing the opportunity for the development of inland water. The shape of the
upwelling water often reminders river bed formation (Picture 2.).

Picture 2. Excess inland water in a field of the Mez6hegyes estate (22 July, 2010); Wheat that
impossible to harvest (left), and water tolerable weeds (right)

It was found that the upwelling water raises the soil at first, then expands on the surface, soa-
king and silting the soil through, and as the water level drops gradually, soil slumps alike. Degree
of the soil settlement depends on the period of the water stagnation and the level of soil de-
gradation. We found wet, but crumbly structure below silted and crusty layer of soils were free
from tillage induced pan. However, upwelling water is often transported salts from the deeper
soil layers to the toplayer both in chernozem and meadow soils that have natric or salic horizon.
A 0.2-0.5 mm layer of salt remained on the surface when the soil became dry. Experience has
shown that inverting the salts (creating a salty layer at a depth of 250-300 mm) is risky, a better
solution mixing the salt and the soil.

Rainwater accumulation in larger quantities above the compact pan layer results in further
damages. While compact pan limited water infiltration in soil, and owing to this water that
accumulated above pan layer has considerably saturated the soil and disintegrated the crumbs.
Moreover, the smallest particles (mainly dust) and mineral colloids that leached to the pan from
the upper loosened layer by water and those have strongly adhered to the existing compacted
pan. This phenomenon fairly deteriorates the workability, and the thickened compact layer can
only be loosened gradually.
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Soil deterioration by siltation after short-term and long-term water damage

The silting is the outcome of the dust formation in recurrent rainy periods and after-effect of
this phenomenon is the crusting in warm and dry period. The degree of the silting, out of the
precipitation depends on the soil quality (that is degraded or preserved), and on the covering
state of the surface (Bottlik et al., 2014.). Disintegration of soil particles leads to the displa-
cement of small soil particles forming a more continuous structure (mud film) that creates a
surface seal and later on that cemented to a hard surface crust. Authors published the degree
of the rain stress damage, however it was necessary to complete the rank with further degrees,
considering the water inundation consequences (Table 2.). Crust formation was found to be
very serious in soils afflicted by water stagnation in long-term (Picture 3., 4.). As it known the
crust is typically appeared in acidic, alkaline, and clay soils. However hard crust has occurred in
soils desiccated rapidly after a long-term rainy period when soil silting was unavoidable. Both
siltation and crust formation caused by inland water inundation or flood can only be remedy
long-term.

Table 2. Degrees of the water stress and water inundation endangering soil quality

Siltation / Crust ~ Crust thickness  Soil settling* Alluvium deposit  Weed seed
Degree formation (mm) (mm) (mm) transport
(area, %)
Slight <10 <5 <10
Conspicuous 11-30 6-15 16-25
Risky 31-50 16-25 2645
Serious 51-70 26-35 46-75
Very serious 71-100 >35 75 -100
Water inundation
Short term 100 50-70 75 -100 0-10 moderated
Long term 100 > 100 >100 20-50 serious

*compared to the state before inundation

Picture 3. Hard crust formed in soil after one year Picture 4. Piece of a crust on a view from below
water inundation. Barnyard-grass (Echinocloa crus- with former earthworm burrows
galli L.) seed survived the water cover
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Assessing the crusts formed by rain stress and water inundation, several earthworm burrows
were found in them, referring to the favorable condition, prior to water damage. Both vertical
and horizontal burrows were created in number referring to the increased air demand of the
worms. In normal soil circumstances anecic earthworms create permanent vertical burrows,
while endogeic types make horizontal channels. Earthworms have survived rain stress that re-
peated from time to time, but hardly at high and long-term water flooding. Revival of the ear-
thworm activity following water damage was different in soils that afflicted by natural and a
compact pan induced water-logging. Worms preferred to the soil condition that was free from
compacted pan.

Consequence of the dust sedimentation to the nearest compact layer

Dust, formed in soil top layer has become a noteworthy phenomenon considering the long-
term effect of the clod-braking tillage processes and the extreme climate. Some parts of the
dust remain in the surface as a silt film and other parts leach into the soil and agglomerate to
the nearest compact layer and increase thickness of this layer (Bottlik et al. 2014.).

The sediment dust adhered to the soil mineral particles constitutes a most firm condition and
shows highest penetration resistance of the soil profile (Birkas et al., 2011., Bozan et al., 2011.).
Bottlik et al. (2014.) found close coherence between dust ratio formed in the surface soil layer
and the extension of the soil compaction. Birkas et al. (2012.) proved that compacted layer is
considered to be serious when contributed to the water stagnation above the consoled layer
and the compacted segment extends of 40-50 mm. This phenomenon was found to be a real
impediment of the soil remediation following the soil drying.

Summarising the main types of the water induced damages, seven of them that occurred in a
wet season showed more serious after-effects in the following year (Table 3.)

Soil settling

Soil settling has become a typical phenomenon in the soils afflicted by water stress in rainy
seasons, but it strongly depended on the soil quality. A quite intensive settling effect was found
on degraded soils and on soils having low organic matter content (Table 2.). According to La-
mandé and Schjgnning (2011.) the transmission of stresses in the soil profile is leading to either
persistent deformation or elastic deformation. Persistent deformation was also found in soils
suffered from short-term inundated water (Picture 5.). This phenomenon can sufficiently be
remedied in the next tillage season.

=]
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Picture 5. Serious soil settling causes limited maize rooting following repeated rain stress
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Table 3. Impact of water induced damages on soil structure and condition

Direct impacts

Indirect impacts

Water induced  Type of the Occurrence of  Type of the Occurrence Aggravating
damages damage the damage damage of the factor
damage
Rain stress Particles Soil surface Siltation Soil surface Dusty structure,
deterioration Clean surface
Siltation Particles Topmost layer ~ Water stagnation,  Soil surface High (> 30)
disintegration Crust formation ratio of dust,
after drying Long-term
water cover
Crust Sealing Topmost layer  Limited aeration Top layer Strong siltation
formation and soil Long-term
remediation water cover
Soil soaking Saturation Tilled layer Airless state, Soil profile Pan, occurred
Sedimentation of in the tilled
small particles, layer,
Weed seed Rich seed bank
transport
Sedimentation  Non hoped Depth of the Adhering to the Upper part of ~ Wide and
of small particle loosened layer  existing pan, the pan layer  serious
particles transport and extension of compaction
compaction
Inundation Sweeping soil Mostly the Depositing Different More threaten
particles away loosened layer  removed particles  parts of factors
to the deeper the area
part of site concerned
Upwelling Flooding, From the Soil leaching Area Intersection
inland water soaking, water body to round the of the paleo-
extending the surface underground  channels
well
Soil settling Loosened layer  Tilled layer Decreased Formerly Pan compaction
reduction aeration of soil tilled layer close to the
surface

Remedying soils damaged by water

Process of the soil remediation depends on the several factors (soil original quality, site condi-
tions, degree of the damage, groundwater level etc.), however the solution requires complex

measures.

o First step is to establish the degree and extent of the damage.

e Rain stress losses can remedy by agro-technical interventions e.g. increasing aera-
tion of the soil that suffers from crusting and settling, by loosening, growing crops to refresh
soil biological activity, and reduce traffics on soil turned to more sensitive to loading (e.g. soils
including high clay and silt content). Techniques limiting the soil’s recovery, such as ploughing
and disking, should be avoided. Adopt the tillage method and the depth to the real state of
soils in the next season. Preventing the probable rain stress by surface cover may important
expectation in the future.
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e Assessing the main damages that probable are physical (e.g. soil remove or deposit
drifted matter, settling etc.), chemical (e.g. contamination, nitrogen leaching or removing), and
biological (weed seed accumulation, anaerobiosis). Remediation of soil that afflicted by long
lasted water inundation can providently be divided three phases. First steps may the aeration
and crumbling the top layer to remedy the biological activity. Deepening the biologically acti-
ve layer — by tillage and cropping methods — is the second task. Maintaining the adequately
loosened and crumbled state may the third requirement. The alleviation of damage caused by
permanent inundation should be developed into an annual programme.

e Managing the deposited matter seems to be difficult task. A thin matter may invert
or mix to the original fertile layer. Inverting the thick sediment is no recommended. A better
but time-consuming solution spreading high amount of organic matters (straw, stalks, farmyard
manure) in the surface, and mixing in the soil, and hoping that will promote soil natural reme-
diation. Grow plant (to be less sensitive to the features of the deposited matter) in the first year;
invert the green mass or stubble residues to the soil.

e Weed pollution is predicted to be serious in the inundated (or flooded) areas (con-
sidering the seed transport, and lack of devastation), so chemical control is recommended to
reduce the degree of infestation. Mixing the weed residues killed by chemically in soil is also
suggested.

Providences for the future

e Surplus water to be found even today in water-logged fields should be drained and
stored in a safe and reliable way.

e The areas that are endangered by inundated water need to be documented — spe-
cifying those severely, moderately and less seriously damaged areas — for the required remedia-
tion plans to be worked out. We may note that there are well documented and mapped areas,
however those have regrettably ignored from the immediate actions.

e The remediation programme’s tasks pertaining to soils should be specified and ba-
sed on organic matter conservation, the application of tools causing less damage to wet soils
and the provision of financial assistance for the purchasing of such tools.

Soils have already been exposed to the various climate stresses. Vulnerability of soils is and will
become an acute problem for agricultural sustainability. Soil protection has been a key subject
of research and practice for decades now, and the results achieved so far are taken into account
in the mitigation of the water-related phenomena.

Conclusions

Even though the regional climate change expected to take place in the Central and South- East
Europe over the upcoming decades is foreseen to cause extremes in precipitation amount and
distribution and through these water deficit or water surplus of soils. Soils to be in wet condi-
tions are highly vulnerable. Moreover, most of the water-related phenomena afflicted the soils
may have cumulative after-effects. There are different types of the water induced damages
from the slight and the serious water stress to the severe flooding. Remediation methods and
phases are to apply to the degree of the damage and to the site circumstances. Preventing
and reducing the water inundation risk requires complex agronomic, technical and engineering
solutions.
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Fenomen suviska vode - dugotrajna remedijacija

Sazetak

Nevidene, vodom uzrokovane Stete pojavile su se u Centralnoj i Jugoistocnoj Europi zadnje
godine u takvoj mjeri da zahtijevaju iznalaZzenje nacina za obranu i sada i ubuduce. S tim na
umu, povecana brojnost ekstremnih situacija mogu se predvidjeti u danom prostoru, uzimajuci
u obzir bilo optimisti¢ne bilo pesimisti¢ne scenarije promjene klime. Podrucje se suocava s Ce-
stim poplavama, najvise uslijed geoloskih formacija. Uz poplave, i zadrzavanje vode je takoder
rastuéi problem. Stagnacija vode je utvrdena kao stvarna prijetnja u niskim reljefnim formacija-
ma, te u prostoru oko rijeka. U ovoj studiji sumirani su razlozi zadrZavanja vode, te prezentirani
rezultati koji mogu upotpuniti znanje o utjecaju poplava na stanje tla. Razlike izmedu prirodnog
zadrzavanja vode i stagnacije vode uzrokovane ljudskim aktivnostima ¢ine se o€iglednima na-
kon povlacenja vode. Prikazani su takoder stupnjevi narusavanja kvalitete tla uslijed stresa ne-
dostatka vode, kao i stresa uslijed djelovanja stagnantne vode. Prijetnjama od stagnacije vode
moZe se pristupiti s razli¢itih aspekata, no potencijalne prijetnje zahtijevaju prakti¢na rjesenja.
Nasi prijedlozi se zasnivaju na otkri¢ima izvedenima iz viSegodisnjih pokusa i monitoringa tala
koja su pretrpjela djelovanje stagnantnih voda.

Kljuéne rijeci: vodni stres, stanje tla, remedijacija tla, prakticna rjesenja
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Sazetak

Mlijeko kobila i magarica namirnica je koja zadnjih godina pobuduje znacajnu pozornost. Prem-
da neki narodi Azije redovito konzumiraju mlijeko kopitara tisu¢lje¢ima, na podrucju Europe
uglavnom je koristena u skromnoj koli¢ini kao funkcionalna namirnica, u prehrani djece i lijece-
nju nekih bolesti. Mlijeko kobila i magarica zadnjih je desetljeca bilo predmet vise istrazivanja,
no jos se uvijek zapaza odredena sumnjicavost naspram njihove nutritivne i funkcionalne vrijed-
nosti. ZapaZa se odredeno nepoznavanje tehnologije proizvodnje mlijeka kopitara, od pripreme
Zivotinja za muznju do zbrinjavanja pomuzenog mlijeka. Higijenska i zdravstvena ispravnost mli-
jeka iziskuje posebnu pazinju. Premda je u aktualnoj gospodarskoj situaciji dio uzgajivaca zain-
teresiran za ovaj vid proizvodnje, nedovoljna trziSna prepoznatljivost otezava plasman mlijeka i
razvoj proizvodnje. Prerada mlijeka u proizvode dodane vrijednosti iziskuje znanje, vjestine i in-
vesticije, Sto najvecem dijelu uzgajivaca Cini nepremostivu prepreku. Cilj rada je davanje prikaza
nutritivne vrijednosti mlijeka kobila i magarica, tehnologije proizvodnje i mogucnosti plasmana
mlijeka kopitara i proizvoda u kojima je mlijeko kopitara sastavna komponenta.

Kljucne rijeci: mlijeko, kopitari, karakterizacija, tehnologija, marketing

Uvod

Mlijeko kopitara u aktualno vrijeme jo$ je uvijek na podrucju Europe rijetka i egzoticna namir-
nica. Tisu¢ama se godina koristilo za lijeCenje, prehranu ili njegovanje ljepote. U Kini je kobilje
mlijeko koristeno vise od tri tisucljec¢a kao “medicinski pripravak” u lije¢enju, posebice jacanju
imunoloskog sustava. Carevi dinastije Ming prozvali su mlijeko kobila “boZanskim nektarom”.
Herodot prije dva i pol tisu¢lje¢a navodi da kobilje mlijeko “hrani, jaca i obnavlja energiju”, dok
Homer u “llijadi” spominje kobilje mlijeko. DZingis Kan je svakodnevno pio kobilje mlijeko vje-
rujuci da daje snagu njegovim ratnicima, zdravlje njegovoj djeci i ljepotu njegovim Zenama. Za
svakodnevnu Kleopatrinu “mlijecnu kupku”” uzgajano i muzeno je oko 700 magarica. Hipokrat
je koristio magarece mlijeko za lijeCenje raznih bolesti, otrovanja te za zaljeCenje rana. Grci su
kobilje mlijeko smatrali lijekom a Rimljani luksuznim napitkom. Do sredine devetnaestog stolje-
¢a u Europi je mlijeko magarice bilo glavna zamjena za maj¢ino mlijeko. U Francuskoj su pokraj
prihvatilista za napustenu djecu gradili farme magarica kojima su osiguravali potrebno mlijeko.
U trgovinama su mlijeko magarica uglavnom kupovale imuénije osobe. U Rusiji se u devetna-
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estom stolje¢u mlijeko kobila koristi za lijeCenje tuberkuloze. Nomadi Mongolije, Kazahstana
i Kirgistana piju i danas gotovo svakodnevno kobilje mlijeko, svjeZe ili fermentirano (kumis).
Doreau i Martin-Rosset (2002.) navode da 30 milijuna ljudi Sirom Azije svakodnevno konzumira
kobilje mlijeko. U dvadesetom stoljecu interes potrosaca Europe za mlijekom kopitara pocinje
rasti. GodiSnje se u Europi proizvede oko 1.000 tona kobiljeg mlijeka. Njemacka, Italija i Fran-
cuska su medu prvima zapocele s proizvodnjom kobiljeg mlijeka, koja se potom prosirila na
Nizozemsku, Norvesku i Belgiju, gdje se otvaraju specijalizirane farme za proizvodnju kobiljeg
mlijeka. Najvece trZiSte za kobilje mlijeko je u Rusiji i Francuskoj. Proizvodnja mlijeka kopitara
u Hrvatskoj je zanemariva, vrlo rijetka u kontinentalnom te nesto ucestalija u mediteranskom
dijelu. U veéoj mjeri je zastupljena proizvodnja mlijeka magarica. Znacajan problem razvoju
proizvodnje je trziste koje ne pokazuje znacajniji interes za ovom vrstom mlijeka, te posljedi¢no
tomu ne postoji ni sustavan otkup, prerada, marketing ili prodaja.

Odlike mlijeka kopitara

Mlijeko kopitara je albuminsko mlijeko rijetke konzistencije i slatkastog okusa. Sadrzi znatan
udio laktoze, te manji udio proteina i mlijecne masti nego mlijeko prezivaca, abogato je vitami-
nima i mineralima. U tablici 1. dat je prikaz prosje¢nih odnosno granicnih vrijednosti sadrzaja
nutritivnih komponenti mlijeka nekih vrsta sisavaca.

Tablica 1. Kemijski sastav mlijeka razli¢itih vrsta sisavaca (g/L; Claeys i sur., 2014.)

Vrsta Suha tvar Mast Ukupr.1i. E?cz)te;?r{i Laktoza Miijecni Energija
proteini sirutke pepeo (kJ/L)
Kobila 93-116 3-42 14-32 1,1 56-72 3-5 1936 - 2050
Magarica 88-117 3-18 14-20 1,28 58-74 3-5 1607 - 1803
Krava 118-130 33-54 30-39 4,7 44 - 56 7-8 2709 - 2843
Koza 119-163 30-72 30-52 3,5 32-50 7-9 2802 - 2894
Ovca 181 -200 50-90 45-70 3,1 41-50 8-10 4308 - 4439
Humano 107 - 129 21-40 9-19 0,4-0,5 63-70 2-3 2843
Bivolica 157-172 53-90 27 -47 4,6 32-49 8-9 4244 - 4779
Deva 119-150 20-60 24-42 2,7-3,2 35-51 6,9-9 2410 - 3286

Laktoza, uz vrlo mali udio glukoze i galaktoze, glavni je ugljikohidrat mlijeka kopitara koji mlijeku
daje specifican slatkast okus (Doreau i Boulot, 1989., Doreau i sur., 1986., Santos i Silvestre,
2008.). Stadij laktacije kao i sezona znacajno utjecCe na sadrzaj laktoze u mlijeku. Udio laktoze
nizi je pocetkom nego sredinom i krajem laktacije (Ullrey i sur., 1966., Doreau i sur., 1992,

Mlijeko kopitara siromasno je mlije¢nom mascu, posebice mlijeko magarica (0,38-0,54 %; Sa-
limei i sur., 2004a., Giosue i sur., 2008., Martemucci i D’Alessandro, 2012.). Mlije¢na mast je
emulgirana u obliku masnih globula, promjera od 2-3 um. Malacarne i sur. (2002.) te Pikul i
Wojtowski (2008.) navode da mlijeCna mast kopitara sadrzi visoki udio povoljnih nezasi¢enih
masnih kiselina. Sadrzi relativno visoki udio palmitoleinske, linolne i linolenske kiseline (Doreau
i Boulot, 1989., Doreau i sur., 1992., Malacarne i sur., 2002.). Navode da je odsutnost hidroge-
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nacije masnih kiselina u probavnom sustavu glavni razlog visokog sadrzaja linolne i linolenske
kiseline. Udio mlije¢ne masti u mlijeku magarica odmakom laktacije se smanjuje od 0,45 % do
0,22 % (lvankovic i sur., 2009.). Osim o stadiju laktacije, udio mlijecne masti ovisi i 0 pasmini
(Santos i Silvestre, 2008., Caroprese i sur., 2007., Wells i sur., 2012., Di Cagno i sur., 2004.) i
nacinu muznje. Caroprese i sur. (2007.) navode da je strojna muznja bolja u odnosu na rucnu,
jer potiCe potpunije praznjenje vimena Sto podrzava veci udio mlije¢ne masti. Mlijeko magarice
ima nizu energetsku vrijednost (1,76 MJ kg?) od kobiljeg (2,10 MJ kg?) ili humanog mlijeka (2,60
MJ kg!; Salimei i Frantuz, 2012.).

Udio proteina u mlijeku je skroman. Odmakom laktacije udio proteina u mlijeku kopitara se
smanjuje, posebice tijekom kolostralnog perioda (Salimei i sur., 2002.). Udio kazeina je oko 50
% od ukupnih proteina (Doreau Boulot, 1989., Csap6 - Kiss i sur., 1995., Malacarne i sur., 2002.).
Sadrzaj B-laktoglobulina u mlijeku magarice (3,75 mg/mL) visi je nego u kravljem (3,3 mg/mL)
ili kobiljem mlijeku (3,0 mg/mL), dok je sadrzaj alaktalbumina (1,8 mg/mL) blizi humanom (1,6
mg/mL) nego kobiljem mlijeku (3,3 mg/mL; Polidori i sur., 2010.). Udio lizozima u mlijeku ko-
pitara (1,0 mg/mL) znacajno je veci od udjela u kravljem i kozjem (u tragovima) ili humanom
mlijeku (0,12 mg/mL; Polidori i sur. 2010.). Mlijeko kopitara bogatije je cistinom i glicinom od
vecine mlijeka drugih vrsta (Doreau i Boulot, 1989.).

Udio mineralne komponente u mlijeku kopitara je od 0,3 do 0,5 % te je usko vezan s sadrzajem
proteina koji ukljucuju kalcij i fosfor (Davies i sur., 1983.). Tako koncentracija kalcija iznosi 0,5 do
1,5 g/kg, fosfora 0,2 do 1,2 g/kg, magnezija 0,04 do 0,11 g/kg, natrija 0,07 do 0,2 g/kg i kalija 0,3
do 0,8g/kg (Schryver i sur., 1986., Smolders i sur., 1990.), a klora od 0,3 g/kg do 0,6 g/kg (Deskur
i sur., 1978.). Pozitivna korelacija izmedu sadrZaja Ca, P i Mg pojasnjenja je stvaranjem kazein-
skih micela koje se sastoje od spomenutih minerala, odnosno njihov opadajuéi trend krajem
laktacije radi smanjenja udjela kazeina (Fantuz i sur., 2011.). Pasmina, stadij laktacije i vrijeme
muzZnje nemaju znacajan utjecaj na udio minarala.

Udio vitamina u mlijeku varira tijekom godine, prvenstveno zbog konzumacije razli¢ith sezon-
skih krmiva. Udio vitamina A najvisi u svibnju i lipnju, odnosno u vrijeme ispase. U odnosu na
kravlje, kobilje mlijeko sadrzZi od 5 do 7 puta vise C vitamina (Dordevi¢, 1982). Njegova koli¢ina
u mlijeku magarice iznosi 35 pg/mL (Mariani, 2010.).

Ucinci mlijeka kopitara na zdravlje potrosaca

Povoljan ucinak mlijeka kopitara na metabolizam, kondiciju, rast i razvoj djece proizlazi iz sadr-
Zaja komponenti kao Sto su: lizozim, laktoferin, bioaktivni peptidi, inzulin faktor rasta 1, trijod
tironin, gerlin i drugi pronadeni i u humanom mlijeku. Bitna odlika mlijeka kopitara je inhibira-
nje razvoja mikroorganizama koja povecava imunolosku sposobnost organizma konzumenata.
Poznato je da su lizozim i laktoferin odgovorni za antimikrobno djelovanje u mlijeku kopitara.
Lizozim je postojan na djelovanje kiselina i proteaza u probavnom sustavu, pa u crijeva dolazi
nepromijenjen i ima znacajnu imunolosku funkciju, posebice na Gram pozitivne bakterije (Kato,
2003.). Koli¢ina lizozima u mlijeku magarice i kobile je gotovo identi¢na (1,33 11,43 g/L) i slicna
koli¢ini u humanom mlijeku (0,1-0,89 g/L). Koli¢ina laktoferina kobiljeg i humanog mlijeka je
vrlo sli¢na (do 2,0 g/L). Njihov povecan sadrzaj u direktnoj je vezi sa smanjenim sadrzajem mi-
kroorganizama i somatskih stanica mlijeka kopitara.

Alergija na proteine kravljeg mlijeka (engl. Cow’s milk protein allergy; CMA) predstavlja jedan
od znacajnih problema koju pokazuje 5-15% djece u svijetu. Kazein (oy,-kazein) se smatra glav-
nim alergenom, koji je u mlijeku kobila (2,4 g/L) i magarica (u tragovima) zastupljen u maloj
koli¢ini u odnosu na kravlje (25-28 g/L). Stoga se kaZze da mlijeko kopitara ima hipoalergijske
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karakteristike $to ga Cini pogodnom namirnicom u prehrani osoba sa CMA reakcijom. Frakcija
B-laktoglobulina prisutna je u mlijeku kopitara i preZivaca u vrlo sli¢cnim omjerima (od 2,5 do 3,3
g/L) dok je u humanom mlijeku nema, Sto takoder moze biti uzrokom alergijske reakcije djece
kod konzumacije kravljeg ili mlijeka kopitara. lako su alergijske reakcije kod konzumiranja mlije-
ka kopitara vrlo rijetke, one su moguce. Tako je Buscino i sur. (2000.) primijetio alergijsku reak-
ciju kod jednog od 25 djece s CMA, s laksim simptomima. No, mlijeko kobile i magarice se moze
smatrati funkcionalnom namirnicom u prehrani osoba alergi¢nih na proteine kravljeg mlijeka
jer je manja mogucnost interakcija proteinskih komponenti mlijeka kopitara s komponentama
kravljeg mlijeka, nego interakcija proteina kravljeg mlijeka s proteinima ovcjeg ili kozjeg mlijeka.
To je potvrdeno u istrazivanju Monti i sur. (2012.) kad je 90,2 % djece sa CMA nakon 3 mjeseca
konzumacije mlijeka magarice pokazalo pravilan rast i razvoj i dobivanje na teZini. Netolerancija
na laktozu podrazumijeva nemoguénost probavljanja laktoze zbog nedostataka enzima laktaze
u organizmu ¢ovjeka. Mlijeko svih vrsta Zivotinja sadrzi laktozu u odredenoj koli¢ini. Ovaj pore-
mecaj moze se premostiti uporabom tehnologija za proizvodnju mlijeka bez laktoze (tzv. lacto-
se-free proizvodi) ili sa smanjenim sadrzajem laktoze, kod kojih se laktoza razdvaja na glukozu
i galaktozu prije konzumacije. U mlijeku se moZe fermentacijom smanjiti (promijeniti) sadrzaj
laktoze. Na taj nacin dobijemo proizvode sa smanjenim sadrzajem laktoze kao npr. jogurt, kefir,
kumis, kiselo mlijeko i druge.

Tehnologija proizvodnje mlijeka kopitara

Tehnologija proizvodnje mlijeka kopitara uvazava dva osnovna laktacijska i reproduktivna inter-
vala koji se medusobno prepli¢u. Gravidnost se okoncava Zdrjebljenjem koje ujedno predstavlja
pocetak laktacije, sinteze i otpustanja mlijeka. Laktacija zapocinje neposredno prije ili nakon
Zdrjebljenja, lu¢enjem i sekrecijom prvog kolostruma, a zavrsava zasusenjem odnosno zadnjom
muznjom ili sisanjem. Tijekom laktacije u alveolama vimena dogada se sinteza mlijeka, odnosno
oblikovanje i izlucivanje komponenti koje ¢ine mlijeko, mlijeCne masti, proteina, laktoze, mine-
rala i vitamina. Premda laktacija prosjecno traje pet do osam mjeseci, Cesto se biljeze laktacije i
duZe od godine dana. Uobicajeno u tre¢em mjesecu laktacije postizu najvecu proizvodnju, a na-
kon tog “laktacijskog luka” proizvodnja mlijeka je u silaznom trendu. Laktacija zavrSava zasuse-
njem. Do zasusSenja dolazi od nekoliko mjeseci do nekoliko tjedana prije narednog Zdrjebljenja.

Tehnologija proizvodnje mlijeka primarno treba biti usredotocena na redovitu (pravodobnu)
i pravilnu muznju, odrzavanje higijenske kvalitete mlijeka. Buduéi da je za sintezu i sekreciju
mlijeka nuzna neposredna nazo¢nost mladunceta, tehnologija proizvodnje treba izuzetnu pa-
Znju posvetiti uzgoju zdravog i vitalnog pomlatka. MuZnja zapocinje od sredine drugog do kraja
tre¢eg mjeseca laktacije, kada mladunce nije ovisno isklju¢ivo o maj¢inom mlijeku te kad je
priviknuto na konzumiranje drugih vrsta krmiva.

Prvenstveno zbog malog volumena vimena (od 0,5 do 2,0 L) kobile i magarice se muzu svaka
dva do tri sata, uglavnom danju. Ovakvim pristupom, moguce je dnevno obaviti osam muznji.
Medutim, u pravilu se no¢na muznja ne prakticira vec¢ se no¢u mladuncad pustaju da sisaju.

Muznja je klju¢na faza u proizvodnji mlijeka. Moze se provoditi strojno ili ru¢no. Ru¢na mu-
Znja je opravdana na manjim gospodarstvima, do¢im je strojna muzZnja povoljnija na mlijec¢nim
farmama s vec¢im brojem jedinki u muznji (20 i vise). Strojna muZnja se uglavnom provodi na
specijaliziranim farmama za proizvodnju mlijeka. Kobile i magarice brzo se naviknu na strojnu
muznju. Koli¢ina tako proizvedenog mlijeka je veéa za oko 30% u odnosu na ruénu muznju, a hi-
gijenska kvaliteta mlijeka je takoder bolja. Razlozi manje zastupljenosti strojne muznje u praksi
su: potreba investicije u nabavu uredaja za muznju, potreba izgradnje stacionarnog izmuzista,
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veci utrosak vremena na pripremu opreme za muznju, utroSak vremena i sredstava na pranje
i ¢iS¢enje opreme nakon muznje, nepogodnost strojne muznje za muznju na pasnjaku i drugo.
Ruéna ili strojna muznja treba slijedom predvidjeti slijedece radne operacije kao i vremenske
intervale u kojima se navedene operacije izvode, i to: odvajanje Zdrjebadi od kobila prije prve
muznje, priprema kobila za prvu muznju, muznja, zbrinjavanje mlijeka, zbrinjavanje opreme za
muznju te pridruZivanje Zdrjebadi kobilama nakon zadnje dnevne muznje.

Odvajanje Zdrjebadi prije muznje treba biti pazljivo, bez grubih postupaka. Najbolje je mla-
duncad premijestiti u zaseban grupni boks koji je neposredno uz boks majke, tako da ju vidi i
mirisno osjeti. Treba im osigurati vodu, sijeno i manju koli¢inu smjese. MuZnja kobile pocinje
pripremom vimena, a zavr$ava izmuzivanjem mlijeka iz vimena. Tijekom cijele muznje potreb-
no je obazrivo se odnositi i postupati s kobilom jer svaki stres dovodi do luéenja adrenalina
koji prekida djelovanje oksitocina, hormona odgovornog za sintezu i otpustanje mlijeka. Nakon
pristupanja kobili na stajalistu, odnosno dolaska kobile na muznu poziciju u izmuzistu, potreb-
no je obazrivo i lagano obrisati vime ¢istim vlaznim ubrusom (papirnim ili tekstilnim). Tijekom
brisanja vimena laganim polukruznim pokretima treba potaknuti hipofizu na lucenje oksitocina.
Nakon brisanja vimena, ono treba biti Cisto i suho, spremno za ru¢nu muznju ili postavljanje
sisnih ¢aski na vime.

Ruéna muznja kre¢e odmah, neposredno nakon brisanja vimena. MuZnja traje od jedne do dvije
minute. Tijekom muzZnje uocava se faza muznje u kojoj se izmuzuje mlijeko iz cisterni, slijedi kra-
¢a faza “slijepe muznje” te drugi “val” alveolarnog mlijeka koje udjelom moze biti zastupljeno i
do 30 %. Alveolarno mlijeko je bogatije mlijecnom masti (0,5 do 1,1 %) nego mlijeko iz cisterni
vimena (0,15 %) ali siromasnije u odnosu na rezidualno mlijeko (3,5 do 7,2 % mlije¢cne ma-
sti) radi ¢ega je vazno izmusti ga odnosno obaviti kompletnu muznju (Caroprese i sur., 2007.).
Strojna muzZnja takoder kre¢e odmah nakon pripreme vimena na nacin da se dvije sisne ¢aske
muznog aparata stavljaju na sise kobile. Nakon namjestanja muznog uredaja pocinje muznja.
Preporucena razina vakuuma u muznim uredajima za kobile je oko 42-45 kPa (u literaturi ima
preporuka u rasponu 32 do 50 kPa) (Caroprese, 2007., Doreau, 1991., Salimei, 2004a., Salimei,
2004b.). Preporuceni broj taktova u minuti strojeva za muznju kobila je 120 u minuti (Salimei i
sur., 1996.). Omijer trajanja takta kompresije i takta sisanja najcesce je 1:1, odnosno 50:50. Uko-
liko je okon¢ana muzZnja svih kobila, slijedi postupak zbrinjavanja mlijeka, potom zbrinjavanja
i ¢iS¢enja nakon Cega se farmer moze posvetiti drugim aktivnostima. Nakon zavrSetka muznje
pristupa se zbrinjavanju mlijeka sto ukljucuje iznosenje posude s mlijekom iz izmuzista, dopre-
manje mlijeka u prostoriju za obradu i pakiranje, procjedivanje i hladenje mlijeka, te u konacnici
njegovo pakiranje u odgovaraju¢u ambalazu.

Plasman mlijeka kopitara

Svjeze mlijeko je sekret mlijecne Zlijezde dobiven muznjom zdravih muznih Zivotinja od osmog
dana nakon poroda do zasusenja, pravilno hranjenih i drzanih, kojem nista nije dodano niti
oduzeto i nije zagrijavano na temperaturu visu od 402C. Sirovo mlijeko najkasnije dva sata na-
kon muznje treba biti ohladeno od 42C i pri toj temperaturi Cuvati do daljnje prerade. Ne smije
sadrZavati mehanicke necistoc¢e, dodanu vodu, farmakoloske rezidue, antibiotike, pesticide,
deterdZente i druge Stetne tvari. Mlijeko kobila ili magarica pripada skupini ostalih mlijeka i
kao takva nisu standardizirana u pogledu minimalnih koli¢ina sadrzaja mlijeCne masti, proteina,
odnosno suhe tvari bez masti.

Ivankovic i sur. (2014.) navode da se procjedivanje mlijeka treba vrsiti kroz viseslojnu mljekarsku
maramu koja izdvaja eventualne mehanicke necistoce iz mlijeka (slika 1.). Mlijeko se potom hla-
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di. Ohladeno mlijeko na 42C je postojanije u ¢uvanju u odnosu na mlijeko koje se nakon muznje
nije ili se sporo hladilo. Temperatura mlijeka od 42C, uz lizozime i druge aktivne tvari znacajno
usporava razmnoZavanje mikroorganizama kao i druge nepoZeljne promjene u mlijeku. Mlijeko
predvideno za plasman kao “svjeze” ili “zamrznuto” u pravilu se ne podvrgava pasterizaciji,
kako se ne bi denaturirali termolabilni proteini, koji ga ¢ine osobitim. MoZe se provesti inaktiva-
cija mikroorganizama niskom termalizacijom, zagrijavanjem do temperature od 63-65°C/15 s.
Medutim, ukoliko se mlijeko preraduje u kumis ili neki drugi fermentirani proizvod, opravdana
je niska (63-65°C/30 min) ili srednja pasterizacija (72-75°C/15-30 s).

Svjeze pomuzZeno
mlijeko
(rok uporabe /do 3 iedna)
SvjeZe cijedeno
mlijeko Prerada mlijeka
(+4°C; rok uporabe / do 3 dana) JOGURT
(rok uporabe /do 2 tiedna)

Prerada mlijeka

g ) MLIJEKO U PRAHU
-18°C; rok uporal mjeseci 3
(rok uporabe ovisan o postupku susenja)
Prerada mlijeka Prerada mlijeka
KOZMETICKI PROIZVODI PREHRAMBENI  PROIZVODI
(rok uporabe / ovisan o proizvodu)
sapuni, losioni, Samponi, kreme, ...

Slika 1. Postupak s mlijekom kopitara nakon muznje (lvankovic i sur., 2014.)

Mlijeko se uobicajeno pakira u posude (plasticne ili staklene) zapremnine prikladne nacinu po-
trosnje (od 0,1 do 1 L). BoCice za pakiranje svjezeg mlijeka mogu biti plasti¢ne i/ili staklene. Prije
pocetka punjenja mlijeka, bocice trebaju biti sterilne kako bi odrzivost mlijeka bila duza, odno-
sno, kako ne bi doslo do kvarenja i promjena svojstava mlijeka. Sam proces punjenja mlijeka u
bocice za prodaju treba se odvijati unutar “hladnog lanca”. Takvo mlijeko se uobicajeno pakira
u bocice od 0,25 do 1 L, jer je 0,25 L preporucena doza za konzumiranje u terapeutske svrhe.
Odrzivost svjezeg mlijeka pravilno pohranjenog je do 3 dana. U razdoblju intenzivne muznje
(proljece i ljeto) dio mlijeka koji se ne mozZe plasirati za potrosnju u svjezem obliku se zamrzava
i Cuva do potrosnje ili prerade. Takvo mlijeko se prije zamrzavanja pakira u plasticnu ambalazu,
propisno oznacava i hladi.

Mlijeko kopitara radi sloZzenosti prodaje u svjezem obliku naj¢esce se zamrzava i kao takvo pla-
sira na trziste. SvjeZze mlijeko moZe se zamrznuti i tako pohranjeno ¢uvati do dvanaest mjeseci
ili preraditi u proizvode (kumis, mlijeko u prahu, itd.). U proizvodnji zamrznutog mlijeka takoder
treba voditi racuna o higijenskim uvjetima prostorije, opreme i ambalaze s kojom mlijeko dolazi
u doticaj. Prije zamrzavanja mlijeko se pakira u vredice ili plasti¢ne bocice, bududi staklene boci-
ce zamrzavanjem mogu popucati. Mlijeko se moZe pakirati u vrecice koje se nakon hermetickog
zatvaranja pohranjuju u zamrziva¢. Zamrzavanje mlijeka na ovakav nacin ima nekoliko pred-
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nosti, brze se i ravnomjernije hladi u tankom sloju. Dva su moguca nacina zamrzavanja svjezeg
mlijeka: klasi¢na metoda postupnim zamrzavanjem u zamrzivacu ili Sok-hladenje pri kojem se
temperatura za tri sata spusta na 182C. Vazno je da se temperatura mlijeka sniZava linearno, od-
nosno jednakomjerno u cijelom uzorku mlijeka. Druga metoda pokazala se boljom jer u manjoj
mjeri dolazi do oste¢enja membrane masnih globula. Odmrzavanje mlijeka treba biti postupno,
u hladnjaku ili uranjanjem zamrznutog mlijeka u posudu s toplom vodom. Preporuca se konzu-
macija hladnog mlijeka neposredno nakon odmrzavanja. Jednom odmrznuto mlijeko ne smije
se ponovno zamrzavati, ve¢ ga treba odmah u cijelosti konzumirati.

Ivankovic i sur. (2014.) navode da se mlijeko moZe preraditi u mlijeko u prahu, odnosno ugraditi
u kozmeticke proizvode (sapune, losione, kreme, Sampone i druge proizvode) ili prehrambene
delicije (likere, Cokolade, sireve i druge proizvode). Liofilizacija mlijeka je opravdana tek kada
se raspolaze kontinuiranom koli¢inom mlijeka za preradu. Ugradivanje mlijeka u kozmeticke ili
druge proizvode iziskuje veliko znanje i iskustvo, cjelovitu opremu za preradu, udovoljavanje
sloZenoj legislativi registracije pogona za preradu, uvodenje sustava kontrole kvalitete svih sa-
stavnica gotovog proizvoda, oblikovanje deklaracije za proizvod te oznacavanje (deklariranje)
proizvoda sukladno zakonskim odrednicama. Pogoni za preradu mlijeka u kozmeticke proizvode
su opravdani kada ih podrzavaju odredena jaca interesna proizvodna udruZenja (udruge uzga-
jivaca i/ili preradivaca).

U Republici Hrvatskoj tri su autohtone pasmine konja i tri autohtone pasmine magraca koje
su izgubile svoju izvornu radnu funkciju. Kao jedna od mogucnosti afirmcije dijela populacije
izvornih pasmina kopitara je ukljucivanje gospodarstava u programe proizvodnje mliejka. Jagar
(2014.) analizirajuéi ukupne troskove proizvodnje (nabava Zdrjebnih kobila i magarica, nabava
hrane, veterinarski troskovi, komunalije, stelja i troSkovi dva stalno zaposlena radnika) te priho-
de gospodarstva (proizvedeno mlijeko, poticaji) zaklju€uje da su ukupni godisnji prihodi sustava
proizvodnje mlijeka kobila i magarica veci od ulaznih troskova te da je ovaj vid proizvodnje
profitabilan. Iskustva s terena ukazuju da u Dalmaciji i Istri postoji interes za proizvodnjom mli-
jeka magarica, do¢im interes uzgajivaca hrvatskog posavca ili hrvatskog hladnokrvnjaka za ovim
vidom proizvodnje je zanemariv.

Zakljucak

Mlijeko kobila i magarica zadnjih desetljeca budi interes potrosaca i istrazivaca. Odlike mlijeka
kobila i magarica dijelom su istrazene, uz odredene dvojbe o povezanosti odredenih mikro kom-
ponenti sa funkcionalnim ucincima mlijeka na zdravlje konzumenta. Funkcionalni ucinci zapravo
su potrosacima interesantniji od same nutritivne vrijednosti mlijeka kao namirnice. Tehnologija
proizvodnje mlijeka kopitara jos$ uvijek nije dovoljno poznata Siroj javnosti, te su zamjetna odre-
dena nesnalaZenja proizvodaca koji ulaze u ovakve sustave proizvodnje. Pretpostavka razvoju
same proizvodnje mlijeka kopitara je razvoj trzista mlijeku i mlijeCnim proizvodima. Neposredni
proizvodaci dio mlijeka plasiraju neposredno na vlastitom gospodarstvu. Prerada mlijeka u fer-
mentirane proizvode (kumis, jogurt) ili kozmeticke pripravke iziskuje specificna znanja, vjestine
i opremu. Odrzivu proizvodnju mlijeka kopitara treba razvijati u punini, od proizvodaca do po-
troSaca, uz nastojanje diversifikacije same palete proizvoda. Potro3aci kao generator trziSne
potraZnje trebaju biti na primjeren nacin informirani o svojstvima mlijeka kopitara, kako bi od
njegovom konzumacijom ostvarili realne ucinke.
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Equine milk, production technology and placement on market

Abstract

Mares and asses milk is a food that in recent years attracts considerable attention. Although so-
me nations of Asia regularly equine consume milk through millennia, in Europe is used mainly
in modest quantities as functional foods in children’s nutrition and for treatment of certain di-
seases. Mares and asses milk in last decades has been the subject of more research, but certain
suspicion against their nutritional and functional value still exists. Certain lack of knowledge is
observed related to not knowing specific production technology (i.e. preparation of animals for
milking, procedures of milk disposal and storage). Hygienic and health safety of milk requires
special attention. Although in the current economic situation part of breeders are interested in
this type of production, lack of market visibility makes difficult its placement and production.
Milk processing to the added value products requires knowledge, skills and investments, what
for most of the breeder’s represents insurmountable obstacle. The aim of the paper is provi-
ding the insight considering nutritional value of mares and assess milk, production technology
and placement opportunities of equine milk and products in which the equine milk is the main
component.

Key words: milk, Equidae, characterization, technology, marketing
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Livestock and climate change
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Abstract

In order to define the impact of livestock sector on climate change in world that characterize
population increase, growing incomes and urbanization, the main sources of greenhouse gasses
(GHG) emissions and the quantity of their contribution to total anthropogenic emission were
examined. Also, possible mitigation technique was analyzed. It was observed that the livestock
sector, with 14.5 % of all anthropogenic emissions, plays an important role in climate change
mainly through feed production and processing as well as enteric fermentation from ruminants.
The commodities, beef and cattle milk, contribute the most to the sector’s GHG emissions. The
ruminant’s production systems characterized by low productivity generate more GHG emissions
than high production systems. The relationship between emission intensity and productivity is
not clearly clarified for monogastric species. Application of different mitigation techniques could
results in large environmental benefits with mitigation potential varies in interval from 14 to 41 %
depending of the selected specie, production system and world’s region.

Key words: Livestock sector, greenhouse gasses, climate change

Introduction

Forecasts indicate that the world population will increase from current 7.2 billion to 9.6 billion
till year 2050. The combination of population growth, growing incomes and urbanization placed
up to now an unprecedented challenges to food and agriculture systems. On the other hand, the
natural resources necessary to support global food and non-food production and agricultural
services provision will not grow. Considering demands from an emerging global middle class,
diets will become richer and increasingly diversified. Particularly, the increase in animal-source
foods will be expressed. Regarding the levels in 2010, the demand for meat and milk in 2050 is
projected to increase by 73 and 58 %, respectively (FAO, 2011.). Currently, agriculture plays an
important role in global environmental issues, such as climate change, land degradation, wa-
ter pollution and biodiversity loss. Future growth in production must be accommodated within
the growing insufficiency of natural resources, including land, water and nutrients. Also waste
and greenhouse gasses (GHG) emissions must be reduced. Climate change is transforming the
planet’s ecosystems and threatening the well-being of current and future generations. With pur-
pose to hold the increase in global temperature below 2°C and to avoid dangerous climate chan-
ge, global emissions need to be significantly decreased (FAO, 2013c).

The livestock sector, within the agriculture, has come into focus because of its significant impact
on the environment. Traditionally, the role of livestock was to supply-driven, converting the waste
material and other resources of limited alternative use into edible products and other goods and
services. In a period with relatively limited size of livestock environmental impacts was limited.
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The increase of animal-source foods demands caused intensification of the livestock sector. The
sector becomes increasingly demand-driven, fast growing ultimately resulting the current situa-
tion when sector competes for natural resources with other sectors. This increase also induces
greater environmental impacts and the livestock sector is often pointed out as being particularly
resource-hungry. The global livestock sector significantly contributes to anthropogenic GHG emi-
ssions, but at the other hand, it can also deliver a significant share of the necessary mitigation
effort. The need to reduce the sector’s emissions and its environmental impact has become ever
more pressing in view of its continuing expansion to ensure food security and feed a growing,
richer and more urbanized world population.

The main sources of GHG emissions from livestock supply chains

If the goal is to reduce sector emissions, the sources of emission must be known. All the main
sources of GHG emissions along livestock supply chains could be divided into three main groups
that is upstream (before animal production), animal production unit and downstream (after ani-
mal production). Activities in each group and corresponding GHG emission are shown in Table 1.

Table 1 Sources of the GHG emissions livestock supply chains (FAO, 2013c)

Supply chain Activity GHG Included Excluded
Direct and indirect N,O from: - N,O losses related to changes in
- Application of synthetic N C stocks
N.O - Application of manure - Biomass burning
2 - Direct deposition of manure by - Biological fixation
grazing and scavenging animals - Emissions from non-N fertilizers
- Crop residue management and lime
- Energy use in field operations
- Energy use in feed transport
Feed and processing
production - Fertilizer manufacture
UPSTREAM CO, - Feed bIgndmg - Changes in carbon stocks
- Production of non-crop
N,O " . from land use under constant
feedstuff (fishmeal, lime and X
CH, . . : management practices
synthetic amino acids)
- CH, from flooded rice
cultivation
- Land-use change related to
soybean cultivation
Non-feed - Embedded energy related - Production of cleaning agents,
. Co, to manufacture of on-farm S .
production o~ ] antibiotics and pharmaceuticals
buildings and equipment
- Enteric fermentation
CH,
- Manure management
ANIMAL Livestock N.O - Direct and indirect N,0O from
PRODUCTION R’ 2 manure management
UNIT production -
- Direct on-farm energy use
Co, for livestock (e.g. cooling,
ventilation and heating)
- Transport of live animals - On-site waste water treatment
and products to slaughter and o :
) - Emissions from animal waste or
processing plant ] L .
avoided emissions from on-site
- Transport of processed :
o d il boi energy generation from waste
Post farm 2 pro qcts to‘ retai pomt - Emissions related to slaughter
DOWNSTREAM CH, - Refrigeration during transport ’
gate : by-products (e.g. rendering
HFCs and processing

- Primary processing of meat
into carcasses or meat cuts and
eggs

- Manufacture of packaging

material, offal, hides and skin)

- Retail and post-retail energy use
- Waste disposal at retail and
post-retail stages
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Aiming exploration of the environmental implications of production practices for the main
commodities, farming systems and regions, Global Livestock Environmental Assessment Model
(GLEAM) was created (FAO, 2013. a, b). GLEAM represents the main activities of global livestock
supply chains. GLEAM is built on five modules that reproduce the main elements of livestock
supply chains: the herd module, the feed module, the manure module, the system module and
the allocation module (Figure 1.).

The herd module begins from the total number of domestic animals of some specie and sys-
tem. It classifies animals to the corresponding farming systems, determines the herd structure
(i.e. the number of animals in each group/object and the rate at which animals move between
groups/objects) and the characteristics of the average animal in each group/object (e.g. weight
and growth rate). In the system module, the herd structure and animal characteristics are used
for calculation of the energy requirements of each animal species and categories, and the total
amount of meat, milk and eggs produced each year. In the manure module, information from
herd module is used form estimation of the manure production. At the same time, in the feed
module, key feed parameters (i.e. the composition, nutritional content and emissions per kg
of feed ration) are calculated. Finally, the information on herd structure, manure, animal and
feed characteristics is then used in the system module to calculate the total annual production,
as well as emissions arising from manure management, enteric fermentation and feed produc-
tion.

GIS ENVIRONMENT

! HERD MODULE MANURE MODULE FEED MODULE

1 | Defines the livestock population Galculates total Defines the percentage of each

) ina cell, e.g. herd structure, manure N applied to feed material in the diet, and

1 average weights, etc. > land | quanties the key parameters of

! the ration, e. g. digestible ener

| (DE), N content, emissions ax
tand used per kg feed

\ SYSTEM MODULE /

Galculates:(a) each animal's energy requirement and
feed intake, and (b) the total flock/herd production,
and emissions (manure N, and
CH, enteric CH,, feed emissions)

. l ;
i 1
I—I i |
I
DIRECT AND INDIRECT i ALLOCATION MODULE |
ENERGY 1 Calculates the emissions/kg of product i POSTFARM EMISSIONS
i

| RESULTS :
: |

Figure 1. Overview of the GLEAM modules and computation flows (FAO, 2013c)

The total emissions at the farm gate are equal to the sum of the energy use emissions from
direct on-farm energy use, the farm buildings construction and the equipment manufacture. In
the allocation module, the emission intensities at farm gate are calculated based on the total
emissions at the farm gate allocated to co-products and services. In order to obtain overall
emissions intensities, the post farm emissions are computed separately and finally added to
the farm gate emissions.

Livestock contribution to total anthropogenic emissions

When the main sources of GHG emissions from livestock supply chains are known, next questi-
on is how much they contribute. Total GHG emissions from livestock supply chains are estima-
ted at 7.1 giga tones of CO,-eq/year (year 2005.) which represents 14.5 % of all anthropogenic
emissions (49 giga tones CO,-eq for the year 2004., IPCC, 2007.).
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About 44 % of the sector’s emissions are in the form of CH,. The remaining part is almost equally
shared between N,O (29 %) and CO, (27 %). The livestock supply chains produce (IPCC, 2007.):

— 2 giga tones CO,-eq of CO,/year, or 5 % of anthropogenic CO, emissions

— 3.1 giga tones CO,-eq of CH,/year, or 44 % of anthropogenic CH, emissions
— 2 giga tones CO,-eq of N,0/year, or 53 % of anthropogenic N,O emissions
— Emissions of hydrofluorocarbons (HFCs) are marginal on a global scale.

Regarding the species, cattle are the main contributor to the sector’s emissions with about 4.6
giga tones CO,-eq, representing 65 % of sector emissions. As it is shown on Figure 2 beef cattle
and dairy cattle produce similar amounts of GHG emissions, while pigs, poultry, buffaloes and
small ruminants have much lower emission levels in interval from 7 — 10 % of sector emissions.

3000 -

2500 A

2000 A1

1500 4

Million tonnes CO-eq

1000 4

500 4

72

Other
poultry

Small
ruminants

Beef cattle® Dairy cattle? Pigs Buffalo Chickens
Figure 2. Global estimates of emissions by species of domestic animals (includes the emissions
attributed to edible products and to other goods and services, such as draught power and wool,
Producing meat and non-edible outputs; Producing milk and meat as well as non-edible outputs,

FAO, 2013c)

Regarding the commodity, beef contribute 2.9 giga tones of CO,-eq, or 41 %, and cattle milk
1.4 giga tones of CO,-eq, or 20 %, of total sector emissions (Figure 3.). They are followed by pig
meat, with 0.7 giga tones of CO,-eq, or 9 % of emissions, buffalo milk and meat (8 %), chicken
meat and eggs (8 %), and small ruminant milk and meat (6 %). The rest are emissions from other
poultry species and non-edible products.

Emissions related to the production, processing and transport of feed account for about 45 %
of livestock sector emissions (Figure 3.).
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Figure 3. Global emission intensities by livestock supply chain and commodity (FAO, 2103c)
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Figure 4. Global emission intensities by commodity (emissions on a per protein basis, 2013c)

When emissions are expressed on a per protein basis, beef with an average of over 300 kg CO,-
eq/kg of protein is the commodity with the highest emission intensity that is highest amount
of GHGs emitted per unit of output produced. Beef are followed by meat and milk from small
ruminants, with averages of 165 and 112 kg CO,-eq/kg of protein, respectively. Lower global
average emission intensities below 100 kg CO,-eq/kg of edible protein was determined in cow

milk, 10 chicken products and pork (Figure 4.).

Due to different agro-ecological conditions, farming practices and supply chain management
emission intensities vary greatly among producers (especially for ruminant products, but also
for pork and chicken meat and eggs). This heterogeneity was observed both within and across

production systems. Precisely this variability that
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emission intensity and those with lowest emission intensity allows finding the adequate miti-
gation option.

The main part of GHG emissions are generated from the four main categories of processes
(Figure 5., FAO, 2013c):

— enteric fermentation,

— manure management,

— feed production,

— and energy consumption.

The emissions categories are indicated as follows (Figure 5, FAO, 2013c):

— Feed, N,O including:

- Fertilizer & crop residues, N,O — emissions from fertilizer applied to feed crops and from the
decomposition of crop residues;

- Applied & deposited manure, N,O — emissions from manure applied to feed crops and pasture
or directly deposited on pastures by animals.

— Feed, CO, — emissions from the production, processing and transport of feed;

— LUC: soybean, CO, — emissions from the expansion of cropland for feed production;
— LUC: pasture expansion, CO, — emissions from the expansion of pasture;

— Feed: rice, CH, — emissions from rice cultivation for feed purposes;

— Enteric, CH, — emissions from enteric fermentation;

— Manure management, CH, — emissions from manure storage and processing (application and
deposition excluded);

— Manure management, N,O — emissions from manure storage and processing (application and
deposition excluded);

— Direct energy, CO, — emissions from energy use on animal production unit (heating, ventila-
tion, etc.);

— Indirect energy, CO, — emissions related to the construction of the animal production buildin-
gs and equipment;

— Post farm, CO, — emissions related to the processing and transportation of livestock product
between the production and retail point.

1om  2.9%

Applied & deposited [l Enteric, CH,
manure, N.O .Manure

[ Fertilizer & crop management, CH,
residues, N,O DManure

[ Feed: rice, CH, management, N.O

[ Feed, CO, [ indirect energy, CO,

[l WC: soybean, CO, [oirect energy, €O,

[ WC: pasture expansion, CO, [l Postfarm, CO,

6.0%

Figure 5. Global emissions from livestock supply chains by category of emissions (FAO, 2013c)
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The fertilization of feed crops and deposition of manure on pastures generate substantial
amounts of N,0 emissions (Figure 5.), which represent about half of feed emissions (i.e. one-
quarter of the sector’s overall emissions). About one-quarter of feed emissions (less than 10 %
of sector emissions) are related to land-use change. As it is shown at Figure 5., grass and other
fresh roughages account for about half of the emissions, mostly from manure deposition on
pasture and land-use change. The crops produced for feed account for an additional quarter of
emissions, while all other feed materials (crop by-products, crop residues, fish meal and supple-
ments) account for the remaining quarter.

Enteric fermentation is the second largest source of emissions, with contribution in amount
of almost 40 % of the total emissions (Figure 5.). Cattle emit most of the enteric CH, (77 %),
followed by buffalos (13 %) and small ruminants (10 %). Methane and N,O emissions from
manure storage and processing (application and deposition excluded) represent about 10% of
the sector’s emissions. Emissions associated with energy consumption, which are directly or
indirectly related to fossil fuel, are mostly related to feed production, and fertilizer manufactur-
ing, in particular. When added up along the chains, energy use contributes about 20 % of total
sector emissions.

Ruminants that are cattle, buffalo, sheep and goat produce CH, as part of their digestive pro-
cess. The microbial fermentation that occurs in their rumen, breaks down carbohydrates into
simple molecules that can be digested by the animals. The by-product of this process is meth-
ane. Higher CH, emissions per unit of ingested energy are caused by the poorly digestible (i.e.
fibrous) rations. Non-ruminant species (pigs, poultry) produce much lower amount of CH, com-
parable to ruminants.

Manure management result in methane and N,O emissions. During storage and processing of
the manure, organic matter could be converted into CH,, while nitrogen leads to nitrous oxide
emissions. Methane is released during the anaerobic decomposition of organic material, most-
ly when manure is managed in liquid form (i.e. deep lagoons or holding tanks). During storage
and processing, nitrogen is mostly released in the atmosphere as ammonia (NH;) that can be
later transformed into N,O (indirect emissions).

Feed production, processing and transport results in carbon dioxide and N,O emissions. The
expansion of feed crops and pasture into natural habitats, causes the oxidation of carbon in soil
and vegetation which results in carbon dioxide emissions. CO, emissions also originate from
the use of fossil fuel to manufacture fertilizer, as well as from feed process and transport. The
use of fertilizers, organic or synthetic, for feed production results in emissions of N,O. The N,O
emissions also come from the direct deposition of manure on pasture or during the manage-
ment and application of manure on crop fields. Direct or indirect N,O emissions can vary greatly
according to temperature and humidity at the time of application.

The energy consumption results in carbon dioxide emissions. Energy consumption occurs along
the entire livestock supply chains. At feed production level, energy consumption is mainly cor-
related to the production of fertilizers and to the use of machinery for crop management, har-
vesting, processing and transportation. At the animal production level, energy is consumed
directly through mechanized operations, or indirectly for the construction of buildings and of
equipment. Finally, processing and transportation of animal commaodities involve further en-
ergy use.
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Greenhouse gasses emission reduction

How to reduce the livestock sector emissions? Reduction could be achieved by:
— Reduction of production and consumption

— Lowering the emission intensity of production

— Combination of mentioned above.

Some authors determined positive effect of reduced animal protein consummation on human
health and Amount of GHG emissions (McMichael et al., 2007., Stehfest et al., 2009.). The re-
duction of the livestock sector emissions by lowering the emission intensity of production could
be achieved through application of many technologies and practices.

Technical options for the mitigation of GHG emissions along livestock supply chains could divide
into the following categories:

— options related to feed supplements and feed/feeding management (for CH, only)

— options for manure management which include dietary management, but with a focus on
“end-of-pipe” options for the storage, handling and application phases of manure management

—animal husbandry options which include animal and reproductive management practices and
technologies.

The adoption and application of these technics by majority of the world’s producers can result
in significant reductions in emissions.

Emission intensities that are emissions per unit of animal product show huge variability betwe-
en production units, even within similar production systems. This variability could be explained
by different farming practices and supply chain management. The mitigation potential lies wit-
hin the gap between the production units with the lowest emission intensities and those with
the highest emission intensities. For example, if producers in a given system, region and climate
adopted the technologies and practice currently used by the 10 % of producers with the lowest
emission intensity, it is possible to achieve the 30 % reduction of GHG emissions (about 1.8 giga
tones CO,-eq).

The efficiency with which producers use natural resources is highly correlated to the GHG emi-
ssion intensities. That’s way, possible interventions to reduce emissions are largely based on
technologies and practices that improve production efficiency at animal and herd levels. They
include the use of better quality feed and feed balancing to lower enteric and manure emissi-
ons. Improved breeding and animal health help to shrink the herd overhead (i.e. unproductive
part of the herd) and related emissions.

Further contribution to mitigation could be achieved through the manure management practi-
ces that ensure the recovery and recycling of nutrients and energy contained in manure. Sour-
cing low emission intensity inputs (feed and energy) is a further option.

One of the effective ways mitigation contributions is grassland carbon sequestration that could
significantly decrease the emissions. The global estimates of decrease s about 0.6 giga tonnes
CO,-eq/year.

Some new technologies such as feeding additives, vaccines and genetic selection methods have
a strong potential for emissions reduction, but further development and/or longer time frames
to be viable mitigation options are required.
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Most of the mitigation interventions could result in both environmental and economic benefits.
Practices and technologies that reduce emissions can often simultaneously increase productiv-
ity, thus contributing to the food security and economic development.

In recent years some interesting and promising initiatives from the public and private sectors
dealt with the sustainability issues. If the goal is to design and implement cost-effective and
equitable mitigation strategies, as well as to set up the necessary supporting policy and insti-
tutional frameworks, complementary multi stakeholder action is required. The solutions that
address the sector’s diversity and complexity could be developed only by involving all sector
stakeholders (private and public sector, civil society, research and academia, and international
organizations) in problem solving. Climate change is a global issue and livestock supply chains
are increasingly internationally connected. Mitigation actions must be effective and fair, which
could be achieved only by global approach.

Conclusion

The livestock sector, considering the high level of natural resources usage, could be considered
as a large contributor to climate change. Currently, the sector is in challenging period when
the need to harmonize two contradictory issues that is sectors GHG emissions reduction and
response to a significant demand growth for livestock products (projected to be +70 % between
2005. and 2050.), becomes more and more pronounced.

The livestock sector, with GHG emissions about 7.1 giga tones CO,-eq/year that is 14.5 % of
anthropogenic emissions, plays an important role in climate change. Two main sources of emis-
sions are feed production and processing (45 % of sector emissions) and enteric fermentation
from ruminants (39 % of sector emissions). Manure storage and processing represent 10 %.
The remainder is attributable to the processing and transportation of animal products. The
consumption of fossil fuels along sector supply chains (upstream, livestock production, down-
stream) account for about 20 % of emissions.

Regarding the commodities, beef and cattle milk, with 41 and 20 % of the sector’s emissions
respectively, contribute the most to the sector’s GHG emissions. Pig meat and poultry products
(meat and eggs) contribute 9 % and 8% of the sector’s emissions.

Regarding the production specialization, beef and milk production have higher emission in-
tensities in systems characterized by low productivity. This is due to low feed digestibility, less
efficient herd management practices and low reproduction performance. The relationship be-
tween emission intensity and productivity is not clearly observed for monogastric species, as
highly productive systems rely on high emission intensity feed.

Application of different mitigation techniques could results in large environmental benefits. The
mitigation potential varies in interval from 14 to 41 % depending of the selected specie, produc-
tion system and world’s region.
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Stocarstvo i klimatske promjene

Sazetak

S ciljem utvrdivanja utjecaja stocarske proizvodnje na klimatske promjene u svijetu kojeg ka-
rakterizira porast populacije, rastuéi dohodak te urbanizacije, istrazivani su glavni izvori stakle-
nickih plinova te njihov udio u ukupnoj emisiji antropogenog porijekla. Takoder su analizirane i
raspolozive tehnike smanjivanja emisije staklenickih plinova.

Utvrdeno je da sektor stocarstva sa svojih 14,5 % ukupnih plinova antropogenog porijekla ima
znacajnu ulogu u klimatskim promjenama. Glavne izvore staklenickih plinova duz lanca stocar-
ske proizvodnje predstavljaju proizvodnja i prerada krmiva te entericka fermentacije prezivaca.
Analiziraju¢i doprinos ukupnoj emisiji na bazi proizvoda, govede mlijeko i meso najvise dopri-
nose ukupnoj emisiji stoCarskog sektora. Takoder je utvrdeno da proizvodni sustavi preZivaca
nize produktivnosti generiraju vise staklenic¢kih plinova komparabilno sa visoko proizvodnim
sustavima. Odnos izmedu intenziteta emisije i razine produktivnosti u monogastri¢nih Zivotinja
nije u potpunosti razjasnjen.

Aplikacija razli¢itih tehnologija smanjenja staklenickih plinova moze rezultirati znacajnim ucin-
cima po dobrobit okolisa. Potencijal smanjivanja pojedinih tehnologija varira u intervalu od 14
— 41 % u ovisnosti od vrste domacih Zivotinja, sustavu proizvodnje te regiji svijeta u kojoj se
aplicira.

Kljucne rijeci: stocarska proizvodnja, staklenicki plinovi, klimatske promjene
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Sazetak

Pokrovni usjevi vazna su komponenta plodoreda u ekoloskoj poljoprivredi. Predstavljaju ucin-
kovitu metodu u odrzavanju i povecavanju sadrZaja organske tvari, hraniva i vlage u tlu, sto
dovodi do povecanja prinosa naredne kulture. Tijekom dvogodiSnjeg istrazivanja (2009.-2010.)
provedenog na lesiviranom tlu Isto¢ne Hrvatske, istraZivan je utjecaj pokrovnih usjeva na prinos
i komponente prinosa kukuruza kokicara u plodoredu iza soje. Pokus je proveden na nacelima
ekoloskog uzgoja, a postavljen je kao potpuno slucajni blok raspored u Cetiri ponavljanja s 12
tretmana pokrovnih usjeva: N-kontrola bez pokrovnog usjeva, R-ozima raZ, P-ozima pSenica,
F-facelija, Sg-stocni grasak, Vic-ozima grahorica, kao samostalni usjevi i smjese pokrovnih usje-
va RSg, RVic, PSg, PVic, FSg i FVic. Svi tretmani pokrovnih usjeva rezultirali su ve¢im prinosom
koki¢ara u odnosu na kontrolu s iznimkom tretmana RVic i P na kojima su ostvareni najnizi pri-
nosi. Hektolitarska masa u prosjeku je bila niza