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ABSTRACT. By Estonian Soil Sciences Society for the year 2015 soil
of Estonia the limestone rendzina was elected. After WRB these soils
embrace different kind of Rendzic Lithic Leptosols. The area of
limestone rendzina forms only 1.2% from whole Estonian soil cover. In
overview on Estonian year 2015 soils' morphology, genesis,
classification, humus status and different properties (chemical, physical,
hydro-physical) are treated in detail. The functioning and properties of
limestone rendzinas are treated by Estonian Soil Classification on soil
species (identified by soil genesis) and soil varieties (divided on the
basis of soil texture) levels. Besides that the limestone rendzinas'
productivity, environment protection ability in dependence upon soil
functioning and properties, usage in agriculture and forestry, and

Estonian year 2015 soil, Rendzic Lithic
Leptosol, soil properties.

Link: http://agrt.emu.ee/pdf/
2015_2_kolli.pdf

distribution in Estonia are analysed as well.

© 2015 Akadeemiline Pdllumajanduse Selts. Kdik digused kaitstud. 2015 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Eesti mullateaduse selts valis aasta 2015 mullaks
paepealse mulla. Nende muldade erilise tahelepanu alla
vOotmine ei ole seotud nende olulisusega pindala
(moodustavad 1,2% Eesti muldkatte kogupindalast)
ega produktiivsuse (mis on alla keskmist) poolest.
Ennekdike on need Ordoviitsiumi ja Siluri kivistunud
karbonaatsetel lademetel kujunenud mullad pélvinud
esiletdstmise omapérase Ulesehituse, teistest erinevate
omaduste ja 6koloogia poolest. Paepealsed mullad on
loopealsete Okoststeemide alusmullaks ja esindavad
kujukalt p6hjamaiselt karme mullaolusid.

Eesti paepealseid muldi késitlevate publikatsioonide
hulk on suhteliselt rikkalik ja mitmekiilgne. Uheks
pdhjalikumaks Ulevaateks nendest muldadest on Eesti
Pdllumajandusprojekti (EPP) peamullateadlase
I. Rooma poolt Eesti Loodusuurijate Seltsi aasta-
raamatu 64. koites avaldatud artikkel (Rooma, 1976).
Huvi paepealsete muldade vastu leiab juba eelmise
sajandi kolmekimnendatest aastatest (Nommik, 1927).
Varasematest toodest on eriti t&helepanuvédérsed
A. Lillema arutelud paepealsete muldade klassifitseeri-
misest, nimetuste kujunemisest ja ©koloogiast
(Lillema, 1958). Mullateadlased on pidanud téhtsaks

botaanikute G. Vilbaste, T. Lippmaa, L. Laasimeri jt
ning metsateadlaste E. Kaare, A. Karu, E. Ldhmuse,
R. Sepa jt teaduslikke uurimusi paepealsete muldade ja
taimkatte vastastikuste suhete kohta (Sepp, 1959, 1960,
1962; Laasimer, 1965; Rooma, 1976; Reintam, Rooma,
2001; Ldhmus, 2006). Paljude kirjanduslike allikate
jargi on selgunud paepealsete muldade arengu regio-
naalsed eriparasused ja sellest johtuvad klassifitseeri-
mise pdhimotted (Lillema, 1958; Sepp, 1960; Rooma,
1976; Kask, 1996; Reintam, Rooma, 2001). Harivad on
eri aspektidest lahtuvad Ulevaateartiklid (N6mmik,
1927; Lillema, 1962; Rooma, Sepp, 1972; Rooma,
1976; Reintam, Rooma, 2001). Paepealsetele mulda-
dele on rajatud mitme otstarbega pusi-uurimisalasid,
mis on v@imaldanud selgitada mulla omadustest
tulenevaid mdjusid okosilisteemi kui terviku arengule
(Sepp, 1959, 1960; Zobel, 1984; Kokk, 1987). Heal
tasemel on uuritud nii nende huumuse fraktsioonilist
koostist (Rooma 1976; Reintam 1975, 1982) kui ka
nende aluseks oleva paekivi mineraalset koostist (Oja,
1982). Muldkatte olulisust maastike arengule on oma
monograafias maastiku tulipide (paigastike) ja rajoo-
nide kaudu kasitlenud 1. Arold (2005). Suurt huvi on
pakkunud muidugi ka paepealsete alade kasutamine
(Kaar, 1959; Laasimer, 1975; Krall jt, 1980).
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Tingituna vaikesest muldkatte tlisedusest vajavad
paepealsed mullad kestlikkuse huvidest lahtuvalt éko-
loogiliselt pdhjendatud (otstarbekohast) kasutusviisi.
Selle toimimise eeldus on aga igakiilgne mulla oma-
duste ja talitlemise seadusparasuste tundmine. Kahjuks
on aga EPP seeriavaljaande koited Eesti NSV mullastik
arvudes (EMA), kui uhed kdige olulisemad andme-
allikad Eesti muldade kohta, véhese levikuga ja seega
asjaosalistele raskesti kéttesaadavad. Seoses paepealse
mulla valimisega aasta 2015 mullaks on k&esoleva t60
eesmark teha asjakohane (levaade paepealsete mulda-
de Ulesehitusest, omadustest ja levikust Eestis kogutud
ja ftalletatud vastavasisulise uurimismaterjali pohjal.
See on Uhtlasi jarg aasta 2014 mulla kasitlusele (Kalli,
2014).

Materjal ja metoodika

Pohiline t66s kasutatav andmestik péarineb aastatel
1955-1990 tulemuslikult tegutsenud EPP mullastiku
uurimise osakonna (MUO) poolt l&biviidud valitéddest
ja p@llumajandusministeeriumi toel publitseeritud
véliuurimise- ja laboratoorsete analliside statistiliselt
labitootatud andmestiku véljaannetest (Kokk, Rooma,
1974, 1978; Kokk, 1983, 1987; Maa-ameti geoportaal,
2014). Lisaks sellele on kéttesaadavad ka muudes
teaduslikes valjaannetes publitseeritud materjalid
(Sepp, 1959, 1960, 1962; Rooma, Sepp, 1972;
Reintam, 1975, 1982; Rooma, 1976 jt) ja autorite poolt
tehtud dldistused, mis naitavad paepealsete muldade
omadusi vOrreldes teiste Eesti muldadega (Kalli,
19914, 1991b; EMDK, 2008).

Paepealseid muldi kasitletakse antud tods liigi ja
erimi tasemel. Mullaliikide tle arutlemiseks on vajalik
tunda muldade morfoloogia aluseks olevaid mulla-
horisonte, nende tunnuseid ja téhistusi ning olla kursis
mullaliikide ja koodide nimestikuga (Maa-amet, 2001;
Astover jt, 2013). Mullaprofiilide valemite koostamisel
kasutatud horisontide t&histused on: O — k&du-, A —
huumus-, AT — toorhuumuslik, T — turba-, B — sisse-
uhte-, C — lahtekivimi, G — glei- ja R — aluskivimi hori-
sondid. Lisaks nendele on kasutatud veel ka jargmisi
taiendeid: BC ja CG - liit- ehk tGleminekuhorisondid,
g — gleistunud ja 3 (alaindeksina) — hésti lagunenud
turvasmuld.

Mullaerimite Gle arutlemisel oleks vaja tunda mulla-
peenese ja -korese nimetusi, lihendeid ja m&&tmeid
ning teada koresesisalduse astmeid. Antud t6ds kasu-
tatud korese liigid on: r — rahk, v — veeris, kr — kruus,
kb — klibu ja p — paas. Mullapeenese I6imiste puhul
eelistatakse mullastiku kaartidel ja tabelites kasutada
sBnade asemel vastavaid lihendeid, millisteks antud
t60s on: | — liiv, sl — saviliiv, Is; — kerge liivsavi, Is, —
keskmine liivsavi, Is — liivsavi (st Isi-Isy) ja s — savi.
Mullapeenese 18imise alusel eristatakse iga mullaliigi
piires ks vdi mitu mullaerimit. Naiteks Kh" Is/p, kus
Kh" néitab, et tegemist on 8hukese paepealse mulla-
(liigi)ga, mille 18imis(erim) on liivsavi pael vdi Kh'g
rslso/p, kus on tegemist gleistunud véga Ohukese
paepealse mullaga, mille I16imiseks on tugevasti réhkne
keskmine liivsavi pael (Astover jt, 2013).
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Valdav osa tabelites toodud paepealseid muldi ise-
loomustavaid karakteristikuid on antud dldistatud
vahemikena (M+SD) ehk aritmeetiline keskmine (M)
pluss/miinus Gihekordne standardhélve (SD).

Rahvusvahelise suhtlemise otstarbel on kohalikud
mullanimed konverteeritud World Reference Base for
Soil Resources (WRB) nimedeks, kusjuures kohalik
véliuurimistodde juhend on korreleeritud FAO vali-
uurimise juhendiga (FAO, 2006; IUSS, 2014). Kui
Eesti mullaliikide konverteerimisel WRB silisteemi on
piisavalt vdimalusi hea vastavuse saavutamiseks, siis
mullaerimite puhul on see komplitseeritum suurte p&hi-
mdtteliste erinevuste tdttu mullapeenese, eriti aga
mullakorese klassifitseerimisel osakeste 1abimdddu
alusel.

Eesti paepealseid muldi iseloomustav andmestik

Jaotus liikideks. Paepealsed mullad, kui 6hukesed
(<30 cm) massiivsel paekivil lasuvad huumus- ja
lubjarikkad (s.0 karbonaatsed) mullad, on moodustu-
nud mandrijaa- vOi selle geoloogiliselt labitdotatud
setetest, lokaalsest paemurendist vi nende koosmajul
(Fotod 1, 2). Paepealsed mullad "keevad" ehk "kihi-
sevad" 10% HCI vesilahuse toimel (st sisaldavad
CaCOs jalvbi MgCOs; tiikikesi) 30 cm suigavusest
kdrgemal. Eesti muldade nimestikus eristatakse seitse
paepealsete muldade liiki (liiginimi ja kood):

Véga 6huke paepealne muld Kh'
Ohuke paepealne muld Kh"
Gleistunud véga 6huke paepealne muld Kh'g
Gleistunud dhuke paepealne muld Kh"g
Véga 6huke paepealne gleimuld Gh'
Ohuke paepealne gleimuld Gh"
Turvastunud paepealne muld Ghl

Igal mullakoodi tahel ja méargil on oma kindel teatud
olulist omadust v6i tunnust kajastav tahendus: K —
karbonaatne, h — huumusrikas, ' — vaga dhuke (A vdi
AT <10 cm), " — Bhuke (A vdi AT 10-30 cm), g —
gleistunud st ajutiselt liigniiske ehk niiske, G — glei- st
alaliselt liigniiske ehk marg, 1 — profiilis esineb 10-30
cm paksune valdaval osal vegetatsiooniperioodist
tugevasti liigniiske T-horisont.

Mullaliigi koode kasutatakse peamiselt mullastiku
kaartidel, kuid ka tabelites ja erialastes tekstides ruumi
kokkuhoiu méttes. Juhul kui mullaliigi sligavuste (vaga
Ohuke ja Ghuke) eristamine pole vajalik, kasutatakse
koode Kh, Khg ja Gh, kus vastavalt Kh' ja Kh", Kh'g ja
Kh"g ning Gh' ja Gh" on kokku vdetud.

Veeolud. Paepealsete muldade leviku seost vee-
oludega (alates aeromorfsetest kuni alaliselt liigniiskete
(hudromorfsete) turvastunud muldadeni) néitab hiidro-
kateena (joonis 1a). Kompleks-kateenal on peale
loodude reljeefist tingitud veeolude muutumise kajas-
tatud veel ka lahtekivimist tingitud mullaliikide leviku
seadusparasused (joonis 1b).
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Joonis 1. Kateenad paepealsete muldadega (a — kateena 1
(hidrokateena), iseloomustab paepealsete muldade leviku
seost loodude reljeefist tingitud veeolude muutustega; b —
kateena 2 on naide paepealsete muldade levikust koos
omadustelt lahedaste mullaliikidega; mullad: Kr — koreserikas
réahkmuld, Kog — gleistunud leostunud muld, Go — leostunud
gleimuld, M';s — vaga Ohuke hasti lagunenud madalsoo-
turvasmuld)

Figure 1. Catena with limestone rendzina (a — Catena 1
characterizes the dependence of limestone rendzinas
distribution on changing moisture conditions of alvars; b —
Catena 2 is an example on distribution of limestone rendzinas
in relationship with other genetically close soil species; soils:
Kr — pebble rich rendzina, Kog — gleyed leached soil, Go —
leached gley soil, M'; — well decomposed very shallow fen soil)

Véahese vettsiduva mullapeenese (liivad, tolmud ja
savid) varu tottu kannatab Shurikaste (aeromorfsete)
paepealsete muldade taimestik sageli pdua all ehk
tegemist on pduakartlike muldadega. Mida 6hem ja
réharikkam on huumushorisont, seda puakartlikum on
muld. Samas on osa paepealsetest muldadest ajutiselt
(kevaditi ja stigiseti Uhel nadalal) voi pikemaajaliselt
liigniisked. Pikemaajalisele liigniiskusele viitab gleis-
tumise tunnuste (roostetépid, mullapeenese rohekashall
toon, kollaka varvusega pealt murenenud paekivi tiikid)
esinemine ja orgaanilise aine akumuleerumine toor-
huumuse voi turba kujul. Gleistumise tunnused on
selgemalt vélja kujunenud alaliselt liigniisketes
(mérgades) glei- (Gh) ja turvastunud paepealsetes
(Ghz) muldades. Liigniiskus v8ib olla tingitud kdrge-
matelt aladelt sulglohkudesse pealevalguvast pinna-
veest, korgest pBhjaveeseisust vbi survelisest pdhja-
veest. Vastavalt veeoludele eristatakse paepealsete
muldade hulgas aeromorfsed (pduakartlikud ja paras-
niisked) ning hiidromorfsed (niisked, mérjad ja turvas-
tunud) mullad. Turvastunud paepealsed mullad on
valdaval osal vegetatsiooniperioodist kiillastatud veega
kuni maapinnani.

Profiilid. Mullaprofiili Glesehitus kajastab nii mulla
mineraalses kui ka orgaanilises osas toimunud mulla-
tekkeprotsesse ja on seega veeolude kdrval oluliseks
teabeks mullaliigi maaramisel. Paepealsete muldade
vdikesele tusedusele vaatamata, v8ib nende hulgas olla
vdgagi erineva horisontide kombinatsiooniga mulla-
profiile. Paasi kaetust 6hukese moreenikihiga nditab
huumus-(A-)horisondi all olev C- (lahtekivim) v6i AC-
horisont. Rohkesti raudkivimaterjali sisaldava moreeni
korral on A-horisont 8hem ja selle all v8ib leida sisse-
uhte (B- v8i BC-horisondi) tunnuseid. Pinnalt tugevasti
murenenud pae (R-horisont) korral saab eristada AR-
horisondi (foto 1). Looduslikele paepealsetele mulda-
dele on iseloomulikud metsa v8i rohumaade k&duga

(O-horisont) algavad profiili valemid, millistes (le-
minekuhorisontidena v@ivad esineda vastavalt AB- ja
AC-horisondid.

R
oy

Foto 1. Paepealne muld pinalt hastimurenenud pael (to lllar
Lemetti)
Photo 1. Limestone rendzina on well disintegrated limestone

(Photo by lllar Lemetti)

-ﬁ‘&

Foto 2. Paepealne muld véhemurenenud pinnaga pael.
Oidermaa (foto Endla Asi, BioSoil projekt)

Photo 2. Limestone rendzina on non-weathered from the
surface limestone (Photo by Endla Asi, BioSoil project)

R o

Valdavateks looduslike paepealsete muldade profiili-
deks (valjendatult profiili valemiga) on:

Kh' Kh" O-A-R; O-A-BC-R; O-A-C-R
Kh'g Kh"g 0O-A-R; O-A-BCg-R; O-A-Cg-R
Gh' Gh" O(T)-AT—(CG)-R

Ghl O-T3-(CG)-Rg

Paepealsete muldade profiili Glesehituses kajastuvad
ka maakasutuse isedrasused. Harimise korral on pind-
mised orgaanilise aine rikkad (O, A vdi AT) horisondid

Agraarteadus : Journal of Agricultural Science 2 XXVI 2015 51-61
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harimise stigavuse ulatuses labi segatud. Selle taga-
jarjel kaob looduslikele muldadele iseloomulik orgaa-
nilise aine kihiline lasuvus. Lisaks sellele kantakse
harimise kdigus alumiste kihtide rahka haritavasse (AK)
horisonti.

Orgaanilise aine akumuleerumine mulda. Pae-
pealsete muldade tuhaelementide ja ldmmastiku
poolest rikas varis soodustab orgaanilise aine lagu-
produktide killastumist ja kiiret muundumist maa-
pinnal. Bakteriaalne lagunemine toimub eriti intensiiv-
selt niiskel ja soojal kevad- ja stigisperioodil, kuid vdib
peatuda kuival suvel. Mullaelustiku tegevuse tagajarjel
seguneb taimne vare lubjarikka mullaga ja laguneb
valdavas osas 1/2 vdi Uhe suve jooksul. Tekkinud
dhuke detriitne (purujas) metsakddu (Od-horisont) on
segunenud mineraalsete agregaatidega, kusjuures
kohati metsa-(rohumaa-)kddu kesksuvel praktiliselt
puudub.

Looduslike paepealsete muldade rohurinde vérske
juurevarise pidev juurdetulek mulla pindmisse kihti
soodustab kamardumist ehk huumus- (A) vdi toor-
huumusliku (AT) —horisondi moodustumist. Kaltsiumi-
rikkus, mullapdud ja taimejuurte suur hulk tagavad
keemiliselt pusiva neutraalse huumuse tekkimise. Aju-
tine mullakuivus (ka niisketel muldadel) parsib
karbonaatses keskkonnas orgaanilise aine minerali-
seerumist ja see akumuleerub pooleldi lagunenud kujul.
Paepealsete muldade huumuse koosseisus on tlekaalus
kaltsiumiga seotud huumushapped, samas on vabade
fulvohapete osatéhtsus tithine. Osa huumusest on mulla
mineraalosaga hoopiski seostumata ehk inertne.

Paepealsete gleimuldade pikaajalisem liigniiskus ja
valitsev anaeroobsus pidurdavad oksldeerumis- ja
humifikatsiooniprotsesse. Looduslike paepealsete glei-
muldade Shukesele kihistumata metsa- vdi rohumaa-
kddule jargnev tise vahehumifitseerunud ja tihkestu-
mata huumusega kaltsiumirikas AT-horisont sisaldab
rohkesti poollagunenud ja ndrgalt mulla mineraalsete

Tabel 1. Eesti paepealsete muldade huumusseisundi naitajad

osadega seotud orgaanilist ainet vdi on olemas isegi
dhuke (<10 cm) turbakiht. Alalise liigniiskuse tottu on
bioloogiliselt tegus mullakiht 6huke, mistbttu puistute
juurestik hélmab vaid mulla pindmise osa ning pae-
I6hedes olevad ressursid jadvad kasutamata.

Turvastunud paepealsete muldades varis enamasti ei
mineraliseeru, vaid ladestub eutroofse héstilagunenud
turbana mulla pinnale. Taoline turvas on valdavalt
ldmmastikurikas. Turvastunud paepealsed mullad saa-
vad moodustuda vaid looduslikel aladel.

Huumusseisund ja huumuskatte tidp. Mulla huu-
musseisundit ehk mulla orgaanilise aine majandust
kajastab orgaanilist ainet sisaldavate horisontide (O, A,
AT, T) morfoloogia (koosseisu ja tiiseduste) kdrval ka
nende huumuse- ja Gldlammastiku sisaldus ja varud
(tabel 1). Huumusesisaldust véljendatakse kas orgaani-
lise susiniku (Corg) v8i huumusesisalduse kaudu.
Looduslike aeromorfsete paepealsete (Kh) muldade A-
horisondi keskmised Corg ja huumuse kontsent-
ratsioonid (137-151 g kg ehk 13,7-15,1%) on oluliselt
kdrgemad vOrreldes haritavate muldade  kinni-
(Ak-)horisondi (48-62 g kg') omaga. Seoses liigniis-
kuse maéra ja kestuse suurenemisega muutuvad pae-
pealsed mullad jérjest toorhuumuslikemaks ehk nendes
suureneb pooleldi humifitseerunud orgaanilise aine
osakaal. Olenevalt pae sligavusest, st mullakihi tiisedu-
sest, varieeruvad paepealsete muldade Corg varud (70—
200 Mg ha! ehk tonni hektari kohta) suurtes piirides.

Paepealsete muldade metsakddu Corg varud on
tavaliselt <10 (6,0-9,4) Mg ha?, kuna valdav osa
orgaanilisest ainest (>90%) on akumuleerunud A- v0i
AT-horisonti. Paepealsete muldade huumusvarule
lisandub veel ka pael6hedes ja juurekdikudes olev
huumus, milles on ca 6-12 tonni Corg hektari kohta.
Paepealsed mullad on rikkad ka l&mmastiku poolest,
kusjuures C:N suhe on suurem metsamuldades, eriti
selle turvastumisel.

Table 1. Humus status characteristics of Estonian limestone rendzina

Muld  Horisont  Olek?  Sisaldus?/Content, g kg Corg varu/stock3), Niild/Ntot Niild/Ntot, C:N
Soil Horizon Status ~ Corg  Huumus/Humus Mg ha'* gkg? Mg ha'*

Kh* A Id. 78-90 137-151 71-87 43-53 3,7-4,5 18—-19
Kh* Ak hr. 26-38 48-62 70—-80 2,634 6,0—7,2 10—-12
Kh"g A Id. 81-93 143-157 74-85 4,4-5,4 3,8—4,4 19-20
Gh" AT Id. 84-96 148—162 80—85 4,5-53 4,1-4,5 18-20
Ghl T Id. 450-510 >900 140—-200 2024 8-10 18—22

1)  Olek/Status: Id. — looduslik/natural, hr. — haritav/arable; ? Mullapeeneses /In fine earth: ® Mg — megagrammi ehk tonni hektari

kohta / in megagrams or tons per hectare

Looduslike ja tlesharitud paepealsete muldade huumuskatte tuubid mullaliikide 16ikes on jargmised (EMDK, 2008):

Kh' Kh" (ehk Kh)
Kh'g Kh"g (ehk Khg)
Gh' Gh" (ehk Gh)
Ghl

Kuiv ja varske kaltsimull
Niiske kaltsimull

Marg kaltsimull
Turvastunud mull
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Pehmehuumuslik rahkne (karbonaatne)
Pehmehuumuslik rahkne (karbonaatne)
Toorhuumuslik eutroofne
Toorhuumuslik eutroofne
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Nagu eeltoodust selgub on paepealsete muldade
huumuskatted erinevad mulla loodusliku ja kultuurista-
tud oleku korral. Looduslike huumuskatete tuubi
madramisel on olulisemad just veeolud, mitte aga
niivord horisontide tlsedused. Valdavalt koosnevad
paepealsete muldade huumuskatted dhukesest (1-2 cm)
kddu- ja maksimaalselt kuni 25-30 cm tusedusest A-
vBi AT-horisondist. Mull-tiiipi huumuskatetele on ise-
loomulik suur neutraalse (klllastunud) huumuse
sisaldus, aktiivne mullaelustiku tegevus ja bakteriaalse
lagunemise Ulekaal seenelise lagunemise suhtes.
Kaltsimull viitab huumuskatte lubjarikkusele, kuna
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huumuse koostises on Ulekaalus kaltsiumiga seotud
huumushapped. Huumuskatete veeolude reas kuivadest
margadeni suureneb mulla orgaanilise osa hulgas
pooleldi lagunenud varise osakaal, kuid samas vaheneb
hastihumifitseerunud aine osakaal. Turvastunud mulli
puhul on sisuliselt tegemist toitainete-rikka (eutroofse)
héstilagunenud turbaga. Vdib jéreldada, et huumus-
katte tulbid kajastavad hésti loopealsete maastike
olemust nende lubjarikkuse, veeolude ja orgaanilise
aine iseloomu poolest. Joonisel 2a ja 2d kujutatud
huumuskatted périnevad looduslikelt muldadelt, 2b ja
2¢ aga kultuuristatud muldadelt (joonis 2).
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Joonis 2. Erineval moel dokumenteeritud paepealsete muldade huumuskatted (a — kuiv kaltsimull (rslsy/p); b — pehmehuumuslik
karbonaatne (rsl/p); c — pehmehuumuslik réhkne (rzls,/p); d — mérg kaltsimull (to-3/r1ls1/p))

Figure 2. Humus covers of limestone rendzina documented by different way (a — dry calci-mull (rsls,/p); b — mild humous calcaric
(rsl/p); ¢ — mild humous skeletic (or ryhki) (r2ls./p); d — wet calci-mull (t.3/r1ls1/p))

Paepealsete muldade Ulesharimisel orgaanilise aine
mineraliseerumine tavaliselt kiireneb. Samas parane-
vad tingimused humifitseerunud orgaanilise aine
killastumiseks ja selle liitumiseks kattekihina mulla
mineraalsetel osistele. Margade paepealsete (Gh ja
Gh1) muldade huumuskatte muundumist tlesharimisel
tuleks vdtta rohkem kui teoreetilist vdimalust, sest need
mullad on digem jétta looduslikku seisu.

LGimised ja erimid. Mullaliigid jaotatakse nende
I6imise jargi mullaerimiteks. Mulla [6imise ehk
granulomeetrilise koostise iseloomustamisel voetakse
arvesse nii mulla kores (osakesed @ ule 1 mm) kui ka
mulla peenes (osakesed @ alla 1 mm). Paepealsete
muldade valdavad (umbes 88%) I6imised on liivsavid
(Is) ehk tapsemini kerge (Is1) ja keskmine liivsavi (lsz).
Ulejasnud paepealsete muldade valdav 13imis on
saviliiv (sl), sest raske 18imisega muldi (Iss ja s) on
paepealsete muldade hulgas alla ihe protsendi.

Paepealsete muldade koresesisaldus s6ltub paasi
katva moreeni rahksusest, pae murenemisastmest ja
maakasutusest. Looduslike paepealsete muldade huu-
mushorisondis ei leidu réhka (r) tldse vi leidub véga
vahe. Haritavatel paepealsetel muldadel on rahk péllu-
to0de kéigus sattunud ka mulla haritavasse kihti. Nende
muldade valdavaks erimiks on keskmiselt rdhkne (r2)
lilvsavi (ls), millele jérgneb tugevasti kuni véga
tugevasti rahkne liivsavi (rs-ls), mis lasub pael (p) ehk
selle erimi valemiks on — rals/rs.4ls/p. Rohkesti on ka
haritavaid muldi, milledes ndrgalt rahkne (r1) liivsavi

lasub vahetult pael (rils/p). Looduslike mineraalsete
paepealsete (Kh, Khg ja Gh) muldade pealmine I6imis
on enamasti réhavaba liivsavi (Is), millele jargnevad
keskmiselt kuni tugevasti rahksed liivsavid (rz-sls),
lausaldane réhk (r) ja paas (p) ehk I8imisevalem on —
Is/rosls/r/p. Samas on looduslikel aladel ka palju
paepealseid muldasid, mille pealmiseks I6imiseks on
ndrgalt kuni keskmiselt réhkne liivsavi ning vahetult
pael asuvad Kkihid on tugevasti kuni vdga tugevasti
rahksed ( rlsi-2/ra-sls/p).

Uksnes paekivimi murendist koosnevaid raskema
I6imisega paepealseid muldasid esineb piiratult. PGhi-
osas on paepealsetel aladel tegemist rédhksest liivsavi-
moreenist moodustunud mullaerimitega. Selle tunnu-
seks on tard- ja moondekivimilise kruusa, veerise ja
kivide esinemine. Turvastunud paepealsete mullaeri-
mite (Gh1) pindmiseks kihiks on héstilagunenud turvas
(t3) ning erim valemiteks vastavalt ts/p vOi ta/r/p.

Fuusikalised, keemilised ja veeomadused. Pae-
pealsete muldade lasuvustihedus on véike (tabel 2), sest
nad sisaldavad palju huumust ja on hésti struktuursed.
Vastupidav teralis-tompjas struktuur on eriti hasti vélja
kujunenud liivsavi I6imise korral. Aeromorfsed pae-
pealsed mullad on seega poorsed, hésti dhustatud ja hea
loodusliku drenaaziga, mille tGttu sademete ja lume-
sulamise vesi padseb hésti dra voolama ja mullas on
valdavalt head tingimused oksudatsiooniprotsessideks.
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Tabel 2. Paepealsete muldade O-, A-, AT- ja T-horisondi
flusikalised omadused

Table 2. Physical properties of O-, A-, AT- and T-horizons of
limestone rendzina

Horisont  Lasuvus- Uldine Eripind
Muld? Horizon tihedus poorsus Specific surface
Soil Bulk density Total porosity area
gem?® % m? gt
Kh" mts (¢} 0,09-0,11 90-94 300-350
Kh" mts A 0,9-1,2 48-52 100-150
Kh" pld Ak 1,2-1,4 44-48 80-100
Kh"g mts A 0,8-1,1 50-60 90-150
Gh" mts AT 0,5-1,0 60—-80 100-200
Gh1 mts T 0,15-0,21 80-90 300—400

3 mts — metsamuld / forest soil, pld — pdllumuld / arable soil

Kh muldade huumushorisondi keskmised pHkci on
looduslikes ja haritavates muldades vastavalt piirides
5,4-6,3 ja 6,6-7,3 (tabel 3). Looduslike paepealsete

muldade huumushorisondi reaktsioon on Ulemises
10 cm mullakihis natuke happelisem ja vertikaalselt
diferentseerunud vdrreldes haritavate muldadega.
Hudroludtiline happesus on paepealsetes muldades
véaga vaike voi praktiliselt puudub. Nendel muldadel
puudub asendushappesus ning ei esine taimedele
toksilist liikuvat alumiiniumi. Killastusaste on kérgem
haritavatel paepealsetel muldadel (vastavalt 90-95% ja
94-98%). Erandjuhtudel, kui mullapind on 8hukeselt
kaetud karbonaadivaese materjaliga (liiv), v8ib kullas-
tusaste langeda ka alla 80%. Valdava osa kogu neela-
mismahutavusest moodustavad neeldunud alused,
samas on mulla neelamismahutavused enam-vdhem
vordsed (27-33 cmol kg™) looduslikes ja kultuuristatud
muldades. Kui killastusaste suureneb siigavuse suunas,
siis neelamismahutavus vastupidiselt sellele vaheneb.

Tabel 3. Paepealsete muldade O-, A- ja AT-horisondi agrokeemilised” omadused

Table 3. Agrochemical properties® of O-, A- and AT-horizons of

limestone rendzina

Muld Horisont pHKCI Hs‘e, Al Hs‘z S T V, %
Soil Horizon cmol kg'! mg kg* cmol kg™

Kh" mts (0} 4,8-5,1 1,0-1,2 6,4—6,8 35-43 3644 70-90 45-55
Kh" mts A 5,4-6,3 0,0 0,5-1,5 2,5-3,5 2634 29-34 90-95
Kh" pld Ak 6,3-7,3 <0,1 <0,2 0,6—1,6 24-32 26-32 94-98
Kh"g mts A 5,2-6,2 0,0-0,3 1,5-2,5 2,6-3,6 25-33 28-34 87-93
Gh" mts AT 5,1-6,0 <0,5 1,8-2.8 6,0—6,8 25-34 31-39 80—90
U Agrokeemilised omadused / Agrochemical properties: Hss— asendushappesus / exchangeable acidity, Al — liikuv alumiinium / mobile

aluminium, Hg > — hiidroliiitiline happesus / hydrolytical acidity, S —neeldunud alused / basic cations, T —neelamismahutavus / cation exchange

capacity, V — kiillastusaste / stage of base saturation

Piki klindi piirkonda Narva-Jdesuust kuni Keilani
kulgeva fosforirikka voondi (laius 5-15 km) alas ulatub
uldfosfori sisaldus sageli tle 15 g kg™, mis on tingitud
seal avanevatest oobolusliivakivi lademetest. Ka mulla
huumushorisondi liikuva fosfori sisaldus on selles
voondis enamasti vdga suur (>175 mg kgt). Vaiksem
on fosforisisaldus sisemaa poole jaavates muldades,
ulatudes harva lle keskmise (35-60 mg kg?). Pae-
pealsed mullad on rikkad mikroelementide (vask,
koobalt, boor, mangaan) poolest.

Enamik paepealsetest muldadest on suure vélivee-
mahutavusega (kuni 60% maksimaalsest veemahuta-
vusest). S6ltuvalt huumusesisaldusest ja 16imisest on
nende huumushorisondi maksimaalne hugroskoopsus
suure varieeruvusega (>20%). Et aga mullakiht on
Ohuke, on taimedele kattesaadav veevaru véga vaike,
alla 50 mm. Suurele eripinnale vaatamata on nad siiski
(sBltuvalt vaikesest tlsedusest) pduakartlikud. Mida
rohkem sisaldab huumushorisont korest, seda vaiksem
on tema vett hoidva mullapeenese o0sa. Rohkete
I6hedega ja pealmises osas murenenud paas soodustab
sademevee kiiret dravalgumist.

Taimkatte pduakahjustusi esineb enamikul aastatel
kdigil aeromorfsetel paepealsetel (Kh) muldadel,
vahem aga gleistunud paepealsetel (Khg) muldadel.
Gleistunud paepealsete muldade produktiivsust limi-
teeriv tegur on ajutise liigniiskuse kdrval ka nende
vdike mullaprofiili aktiivweemahutavus (koreserikastes
muldades <100 mm).

Talitluslikud isedrasused. Aeromorfsed hea
loodusliku drenaazi ja struktuuriga paepealsed mullad
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soojenevad kevadel kiiresti. Suvel kuivab muld 1abi,
mille tbttu pidurdub orgaanilise aine mineralisatsioon.
Talvel langeb mulla temperatuur aga pae laheduse tottu
madalamale vorreldes siigavamate muldadega.

Paepealsete gleimuldade (Gh, Ghl) veega killastatus
muudab nad killmaks ja aeglaselt soojenevaks, mistottu
kevadine vegetatsioon algab neil ligemale kaks nadalat
hiljem vérreldes parasniiskete Kh muldadega. Kevade
ja sligisene veega killastatus pdhjustab taandus-
protsesside (lekaalu mullas, mis loob neis soodsad
tingimused toorhuumuse tekkeks ja turvastumiseks.
Suvel, mulla veevarude véhenedes, tuleb mulda roh-
kem nii atmosfaaridhku kui ka juurte hingamisel vaba-
nenud susihappegaasi ning intensiivistub orgaanilise
aine lagunemine ja humifitseerumine. Tunduvalt aegla-
semalt toimub see muidugi turvastunud muldades.
Liikuva voi kiiresti vahelduva kaltsiumirikka mullavee
tottu kujuneb paepealsetes gleimuldades siiski suhteli-
selt hea keskkond nii juurte arenguks kui ka mulla-
elustiku tegevuseks, sest liilkuv mullavesi sisaldab seis-
vast veest rohkem hapnikku.

Paepealsete muldade taimkate, produktiivsus,
kasutamine ja kaitse. Looduslikel paepealsetel metsa-
ja rohumaamuldadel kasvab lubjalembene taimestik.
Vdga 6hukestel paepealsetel muldadel (Kh', Kh'g, Gh")
domineerivad madalaboniteedilised (V—Va) leesikaloo
mannikud, véhem esineb kuusikuid ja kaasikuid.
Viljakamatel paepealsetel muldadel kasvavate kastiku-
loo kuuse-manni segapuistute boniteet on kdrgem
(valdavalt 1V). Raskesti metsastuvate paepealsete glei-
ja turvastunud (Gh, Ghl) muldade boniteet on madal



Muld paekivil — eesti aasta 2015 muld

57

(IV—Va) ebastabiilse niiskusreziimi tdttu. Niisketele
(Khg) ja margadele (Gh) paepealsetele muldadele on
omased lubikaloo leht- ja okaspuu segametsad.

Loometsade puistud on dldiselt hdredad, kuid
alusmets on liigirikas (sarapuu, magesdstar, kuslapuu,
kadakas, lodjapuu, kibuvits jt). Aeromorfsete pae-
pealsete muldade lubja- ja kuivuselembene alus-
taimestik koosneb kuivadele ja parasniisketele oludele
sobivatest liikidest, sisaldades rohkesti ka liblikdielisi.
Taimkattele on iseloomulik tugevasti arenenud juures-
tik, kuid kd&bustunud maapealne osa. Kuivadel aegadel
jaavad labikuivanud mullale kasvama vaid vastupida-
vad taimeliigid (harilik keelikurohi, varretu ohakas jt).
Niisketele ja méargadele paepealsetele muldadele on
iseloomulikud lubikas, vesihaljas tarn, hirsstarn, anger-
pist, tedremaran jt. Kuid samblaid (metsakéharik,
niiduehmik, roossammal, tahtsammal) esineb vahesel
arvul vaid matastel.

Aladel, kus mets pole suuteline arenema, levivad
liigirikka rohurindega kadaka-karjamaad. Gh mulda-
dele kujunevad niitmise m&jul lubika poolest rikkad
kooslused vesihalja tarna, &dristarna, hirsstarna,
pb6Bsasmarana, péasusilma ja teiste liikidega. Ghl
muldadel lisanduvad neile pruuni sepsika kooslused.

Paepealsete pdllumuldade osatéhtsus teiste hulgas on
vdike (alla 1%). Paepealsete haritavate maade (tavali-
selt Kh™ Is/p) boniteet on 25-33 hindepunkti piires ehk
tegemist on alla keskmise viljakusega mullaga. Saagi-
kust limiteerib vaike aktiivwvee mahutavus. Pd&lluna
kasutamiseks peaks paepealse mulla huumushorisondi
tlisedus olema (le 20 cm. Suhteliselt paremini suuda-
vad paepealsed mullad rahuldada pduakindlate, vett
okonoomselt kasutavate ja lubjalembeste kultuuride
vajadusi. Teraviljadest on selline oder, heintaimedest
lutsern.

Paepealsed mullad on oma pouakartlikkuse tdttu
madala efektiivse, kuid kdrge potentsiaalse mulla-
viljakusega. Véga Ohukesed paepealsed mullad jée-
takse looduslikku seisu vOi kasutatakse looduslike
karjamaadena. Looduslike rohumaade saagikus neil
muldadel ja&b tavaliselt piiridesse 0,4-0,5 tonni kuiva
heina hektari kohta. Nendel kasvavaid metsi tuleb
hoolega sdilitada, sest mets ei ole vdga Ohukestel
looaladel praktiliselt v8imeline looduslikult taastuma
(Reintam, Rooma, 2001).

Vastupidava mullastruktuuri tottu on paepealsed
mullad harimiskindlad. Mulla tehnoloogilistest oma-
dustest on paepealsete muldade puuduseks pae l&hedus
ja réha voi paeplaatide esinemine haritavas mullakihis.
Koreserikkad paepealsed mullad on raskelt haritavad,
mille t6ttu on nad p&llumajanduse seisukohalt piiratud
kasutussobivusega. Ruhvelkultuuride vaheltharimisel
tekib taimedel olulisi kahjustusi ja kartuli mehhani-
seeritud koristamine pole v@imalik. Haritavate maade-
na tulevad nad kdne alla Loode- ja Laane-Eestis, kus
nad moodustavad suuremaid Uhtlase mullastikuga
p6llumassiive.

Gleistunud paepealsed ja paepealsed gleimullad on
kasutusel looduslike rohumaade ja metsamaadena oma
piiratud kasutussobivuse v8i p6llumajanduslikuks

kasutamiseks mittesobivuse tGttu. Paepealsete gleistu-
nud ja gleimuldade (sh turvastunud) Glesharimisest
tuleks hoiduda, sest siis nende suhteliselt suured
orgaanilise aine varud mineraliseeruvad Kiiresti. Eelis-
tatult parimaks méargade paepealsete muldade kasutus-
viisiks tuleks pidada looduslikke rohumaid, sest palju-
de metsapuuliikide kasvuks ei ole need mullad sobivad
(Foto 3).

Foto 3. Tuuleheide paepealsel gleimullal. M66duks on kahe-
meetrine mdodtelatt 1 dm jaotistega (foto: lllar Lemetti)

Photo 3. Windfall on limestone gley-rendzina. For measure the
two metre rod with 1 dm divisions is used (Photo by lllar Lemetti)

Levik ja seotus teiste muldadega. Paepealsed
mullad (kuivadest kuni margadeni) levivad loopeal-
setel, s.0 kitsa ribana Pdhja-Eesti paekalda sisemaa-
poolsel kiljel (Foto 4).

Foto 4. Klindiala paetasandikel on levinud paepealsed mullad,
klindi jalamil aga rusukalde mullad. Péite pank (foto: Indrek Tamm
Photo 4. On the plains of limestone glint (steep bank) the
limestone rendzina, but on the foot of the glint the scree debris
soils are distributed (Photo by: Indrek Tamm)
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Kdige rohkem on neid Ida-Virumaal, Harjumaal ja
Ladne-Virumaal. Suuremad paepealsete muldade
massiivid asuvad veel ka Saaremaal, Hiiumaal ja
Laanemaal (joonis 3).

Agromullastikulistest mikrorajoonidest on paepeal-
seid muldi enam Maardus, Keilas ja Heltermaal (Kokk,
Rooma, 1974). Suurima osa pdllumaast (12—-30%)
moodustavad paepealsed mullad Maardus, Aseris,
lluméel ja Keilas. Niiskeid ja margi paepealseid muldi
p6llumaadena praktiliselt ei kasutata.

Paepealsete muldadega kaasnevad mullaliigid reljeefi
kdrgematel osadel on erineva sligavusega rahkmullad,
madalamatel niiskematel osadel aga gleistunud rahksed
ja leostunud mullad (joonised 1b, 4a, 4b). Veelgi
madalamatel maastikuosadel esinevad kas rahksed,
leostunud ja killastunud gleimullad vdi killastunud
turvastunud ja madalsoo-mullad.
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Joonis 3. Paepealsete muldade levik Eesti maakondades
(koostanud: Priit Penu, Tambet Kikas)

Figure 3. Distribution of limestone rendzina in Estonian counties
(Compiled by Priit Penu, Tambet Kikas)

b

Joonis 4. Valjavotted paepealsete muldadega suuremddtkavalisest (1:10 000) mullastiku kaardist (a — Keelva; b — Uuri)

(Allikas: Eesti mullastiku kaart Maa-ameti geoportaalis)

Figure 4. Excerpts with limestone rendzina from the large scale (1:10,000) soil map (a — Keelva; b — Uuri) (Source: Estonian Soil

Map at Estonian Land Board Geoportal)

Mulla nimetus World Reference Base for Soil
Resources jargi. Ulemaailmse mullaressursside
madratlemise vOi viite baasi (World Reference Base
for Soil Resources, WRB) jargi kuuluvad paepealsed
mullad Leptosol'ide hulka, mis on uks WRB refer-
entsmuld kolmekimne kahest (Kdlli, 2000; 1USS,
2014). Kuulumist sellesse referentsmuldade riihma
néitab 6huke (leptic) peeneselise mulla kiht, mille
tisedust limiteerib Kivistunud (lithic) lubipaas.
Oluline tunnus on karbonaatide poolest rikka pehme-
huumusliku (rendzic) huumuskatte olemasolu. Tun-
nussdna (kvalifikaator) rendzic katkeb endas tihtaegu
nii pehmehuumuslikkust (mollic) kui ka karbo-
naatsust (calcaric) ja toiteelementide rikkust (eutric).
WRB sisaldab Gldiselt piisavalt sobivaid tunnussénu
paepealsete mullaliikide Uksteisest eristamiseks. Ghl
on néiteks Saprihistic Calcaric Lithic Leptosol, kus
saprihistic tdhendab hastilagunenud turvast. Pdhi-
nimetuse jargsetes sulgudes saab &ra néidata gleistu-

Agraarteadus : Journal of Agricultural Science 2 XXVI 2015 51-61

mise (gleyic), huumuserikkuse (hyperhumic), kasuta-
mise haritava maana (aric) ja kuivendussiisteemide
olemasolu (drainic). Mulda saab WRB-s néidata ka
erimi tasemel, sealjuures liivakas, savikas, liivsavikas
ja tolmjas véljendatakse vastavalt taienditega arenic/
clayic/loamic/siltic. Néiteks, kui on tegemist gleistu-
nud haritava mullaga, siis tuleks sulgudes lisada teiste
vajalike tunnuste korval ka aric ja gleyic. Eestis
valdava paepealse mullaerimi — dhukese paepealse
liivsavi (Kh" Is/p) — nimetus WRB jérgi on seega

‘Rendzic Lithic Leptosol (Loamic, Hyperhumic)',

mille kood on: LP-li.rz-lo.jh.

Leptosolide kui WRB referentsmuldade hulka
kuuluvad ka ©hukesed koreserikkad rdahkmullad
(Skeletic Leptosols), millistel on 8hukese huumuskatte
all massiivse pae asemel rahk, klibu, veeris vdi muu
karbonaatne kores.
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Arutelu ja jareldused

Eesti paepealsete muldade uurimine ja seisund

Eesti muldkattes on paepealseid muldi veidi alla
50 000 hektari. Suurema osa nendest muldadest
moodustavad parasniisked ja/vli pduakartlikud liigid
(ca 42%). Niiskete, margade ja turvastunud paepealsete
muldade osakaal on aga véiksem (vastavalt 28%, 20%
ja 10%). Muldade tiiseduse jérgi vottes letab Ghukeste
paepealsete muldade pindala (81%) véga Ghukeste
(19%) pindala (Rooma, 1976). Kélvikutest moodusta-
vad nad suurema osa looduslikel rohumaadel ca 7%,
kuid metsa- ja haritavate muldade hulgas on neid muldi
alla 1%. Haritava maana on paepealsetest muldadest
kasutusel ca 19%. Ka&igi kdlvikute valdavateks eri-
miteks on aga liivsavid (Kokk, Rooma, 1974).

Eesti mullastiku detailset analuitisi on otstarbekas teha
Eesti muldade Kklassifikatsiooni liigi ja/vdi erimi
tasemel. See kehtib nii suuremddtkavaliste (1:10 000)
mullastikukaartide tegemisel ja kasutamisel, kui ka
kohtpaiksusel p8hineva tdppismaaviljeluse puhul.
Muldkatte kasitlemist mullaliigi ja/v6i mullaerimi
tasemel vdimaldab vastavate muldade v8i nende
domineerivate variantide keskmiste mudelite olemas-
olu (Kokk, Rooma, 1978; Kokk, 1983; EMDK, 2008).

Teatavasti seisneb EPP MUO poolt juurutatud ja ka
mullateaduse alases dppetdos kasutatav printsiip selles,
et mistahes konkreetsele mullaerimile hinnangu and-
miseks vorreldakse selle olemasolevaid karakte-
ristikuid mudelmulla karakteristikutega. Mudelmulla
erimi keskmised naitajad ja selle kdikumise piirid on
saadud mitmekimne kuni mitmesaja Uksikprofiili
nditajate alusel. Kasutades lisaks teadmisi néitajate
seadusparastest muutumistest seoses veeolude ja 18imi-
sega muutustega on v@imalik anda hinnanguid ka
vdhemlevinud erimite kohta, mille kohta keskmisi
néitajaid (mudeleid) pole seni veel tehtud.

Paepealsete muldade osas on mudel olemas haritava
maa Ohukese paepealse liivsavimulla (Is1) ja metsamaa
Ohukese paepealse savimulla (Iss) kohta (EMDK, 2008).
Graafiliste mudelite algallikaks on olnud seeriavéljaande
Eesti NSV mullastik arvudes publitseeritud andmed, kus
peale mullaerimit iseloomustavate karakteristikute
statistika on antud ka Uhe vGi teise keskmise nditaja
aluseks olnud mullaprofiilide (kaevete) arv. Nii on
pdllumullaerimi Kh" Is/p mudeli aluseks olnud 110
kaevet, ning metsamullaerimi Kh" s/p aluseks olnud 29
kaevet (Kokk, Rooma, 1978; Kokk, 1983).

EPP MUO poolt on paepealseid muldi uuritud ka
vaatlusaladel (Muuksi, Rapla), mille alusel on selgi-
tatud nende isedrasusi maakasutuse (looduslik rohu-
maa, mets, pdld) ja erimite (saviliiv, liivsavi (Is1 ja Isy),
savi (Is3)) alusel (Kokk, 1987). Artikli autori poolt
formeeritud 6kosUsteemi tasemel uuritud andmebaasis
Pedon on paepealse mullaga 6koslisteeme kokku 18
(metsamuldadel 6, p6&llumuldadel 8 ja rohumaamulda-
del 4) ning andmebaasis Epipedon kokku 5 looduslike
paepealsete muldadega uurimisala (K&lli, 1988).

Loodetavasti saavad EPP MUO poolt kogutud ja
stistematiseeritud ning seeria "Eesti NSV mullastik
arvudes™ I-VI1II koites publitseeritud andmed lahemal

ajal digitaalsel kujul sisestatud Eesti looduslike varude
andmebaasidesse, mis tagab nende parema katte-
saadavuse saastva ja kestliku maakasutuse huvides.
Jalgides asjade kaiku riigi reformide tuultes ei jaa
markamatuks kahju, mille on saanud Eesti mullastiku
uurimine. Nii nditeks selgus EPP MUQO mullauurija
Rein Lehtveere (tlustest, et teadmata kadunuks on
jaénud trikivalmis Eesti NSV mullastik arvudes 1X ja
X koite kasikirjad ning ka alustatud X1 kdite materjalid.

Eesti loodusteaduslike arhiivide (digiandmebaaside)
NATARC v0i Eesti riigi Keskkonnaregistri loomisel on
kavandatud oluline osa ka Eesti mullastiku andmetele.
Kahjuks néitab seni tehtu ja avaldatu, et Eestile
suunatud praktilised arendused on jaanud liialt
tagasihoidlikeks ja ebapiisavateks vdrreldes teiste
aladega. Illmselt ei ole asjaosalistel olnud piisavalt
materiaalseid v8imalusi vdi kompetentsust mullastiku
rolli integreerimisel Eesti looduse kui terviku andme-
baasi. On ju uldtuntud tdde see, et muldkate determi-
neerib suurel ja tuntaval moel looduslike 6kosustee-
mide elurikkuse ja talitlemise isedrasused ning taim-
katte ja kogu okosiisteemi kohta kogutud andmestik
jaab mulda kdrvale jattes piltlikult eldes justkui "6hku
rippuma”.

Kéesolev uuring tbestab veel kord, et pikka aega
kasutusel olev Eesti muldade Klassifikatsioon t66tab
hésti ning vaarib seega rohket respekti. Eesti muldade
klassifikatsiooni mullaliigi  taseme taksonid on
adekvaatselt konverteeritavad WRB siisteemi, mis loob
aluse andmete korrelatsiooniks rahvusvahelisel tase-
mel. Kll aga tekib probleeme mullaerimite tasemel
konverteerimisel, sest sootuks erinevad on olnud nii
mullakorese kui ka mullapeenese Klassifikatsioonid.
Samas ei vajata praktiliste kisimuste lahendamiseks
uusi analliiise, sest asja saab lahendada nii IGimiste
paralleelsete nimetuste kasutamisega, kui ka I6imise
analliisi algandmete jargi uue nimetuse andmisega.

Tahtis on séilitada mistahes mullastikku puutuvate
andmete puhul otsene side algmaédrangutega st Eesti
mullastiku klassifikatsioonithikutega. Silmas tuleb
pidada siinjuures asjaolu, et WRB Kiire areng (suured
muutused llhikese aja jooksul) v8ib kaotada Uihenduse
algmédrangutega ning seotus Eesti muldade klassi-
fikatsiooni taksonitega muutub jérjest kaudsemaks ja
madramatumaks. Samas tuleks aga slsteemikindlalt
muuta Eesti muldade klassifikatsiooni (sh paepealsete
muldade osas) jarjest paremini kokkulangevaks rahvus-
vaheliselt unifitseeritud slisteemidega.

Autorid kinnitavad artikliga seotud huvide konflikti puudumist.
The authors declares that there is no conflict of interest
regarding the publication of this paper.

Ténuavaldused

Suurimad tdnud kuuluvad EPP MUO-le loodud andme-
baaside suistematiseerimise ja avaldamise eest. Autorid
avaldavad tdnu ka PMK Mullaseirebiiroo juhatajale
P. Penule paepealsete muldade levikukaardi koosta-
mise eest.
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Soil on limestone — Year 2015 soil of Estonia

Raimo Kalli, Indrek Tamm
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Summary

By Estonian Soil Sciences Society for the year 2015
soil of Estonia the limestone rendzina was elected.
After WRB these soils embrace different kind of
Rendzic Lithic Leptosols. The area of limestone
rendzinas forms 1.2% from the whole Estonian soil
cover. In the overview on Estonian year 2015 soil the

classification, morphology, genesis, humus status and
different properties (chemical, physical, hydrophysi-
cal) are treated. The functioning and properties of lime-
stone rendzinas are treated on soil species (identified by
soil genesis) and soil varieties (divided on the basis of
soil texture) levels. Besides abovementioned characte-
ristics the limestone rendzinas' productivity, environ-
ment protection ability in dependence upon soil
functioning and properties, and usage in agriculture and
forestry are analysed. The distribution of limestone
rendzinas is analysed in relation of whole Estonia, its
Counties and agro-districts. In discussion the quality of
legal data bases and actual state of Estonian limestone
rendzinas are evaluated.
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ABSTRACT. The productivity and yield stability of winter rye has been
investigated in long term fertilization trial on Calcaric Cambisol. The
diploid rye variety 'Vambo' was one of the cultures used in the trial in
years 1975 till 2014. The trial was established as six-year crop rotation
(potato-late maturing spring barley-undersown early maturing spring
barley-first year grass clover mixture-second year grass clover mixture-
rye). In the trial the traditional agrotechnical measures were applied:
ploughing, using of herbicides and plant protection measures. The trial
consisted of 21 combined variants of NPK mineral fertilisers and
farmyard manure variants of 30 and 60 t hal. NPK-fertilizers (kg ha™* as
element) levels are as follow: 000 = NoPoKo; 111 = NsP13Kso; 222 =
NgoP2sKso; 333 = N13sP3sKoo; 433 = N1goP39sKoo. Weather conditions of
trial are given in figures 1-2.

Averagely of 19 years the rye yield from unfertilized plot (Figure 3)
was 1.9 t hal, by using of mineral fertilizers in level 3 (N135P39Kgo) the
yield was 4.1 t hal. The effect of farmyard manure combined with
mineral fertilizers was modest (Table 1) because the organic fertilizer
was applied to the first culture in crop rotation (potato) and the last
culture rye didn’t get any benefit from that.

The weather conditions had bigger impact on yield than fertilization.
Different fertilizing levels (Figure 4) have had positive effect on rye
productivity, but the variability was remarkable. The increasing of
productivity is most probably connected to the good weather conditions
in September. But in the same time the variability in productivity was
increased due to unfavourable conditions in September like the
increasing of temperatures and decreasing of precipitation (dry periods
in the beginning of rye growth). The best stability of yields was recorded
in fertilization level 333 (N13sP39Kgo) where the average yield levels of
3-5tha! was 84%. In the same time the fertilization levels 222 and 221
gave the same productivity 74 and 53% accordingly. Compared to the
smaller rates of fertilization the plots with higher fertilization rates (NPK
222 and higher) resulted in smaller variability in yields (Figure 6).

© 2015 Akadeemiline P8llumajanduse Selts. Koik digused kaitstud. 2015 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Rukis (Secale sereale L.) on toiduviljana levinud
Pdhja- ja lda-Euroopas ja Skandinaavias. Rukis kui
Eesti rahva peamine leivavili on vahendudlik kultuur ja
kasvab hésti jahedamas kliimas. Talirukki juured on
tugevama toitainete omastamise vdimega ja kasutavad

paremini raskesti kattesaadavaid toitaineid (Reeman,
Tuppits, 1978). Rukis on olnud Eestis labi aegade k&ige
stabiilsemaks ja ilmastiku suhtes kdige vastu-
pidavamaks viljakultuuriks (Sirendi, 2014). Sordi-
aretustdo tulemusena aretati sort 'Vambo'. "Vambo' on
diploidne talirukis, mis erineb tunduvalt 'Sangaste'-
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tlupi sortidest kdrre ja pea pikkuse ning produktiivsuse
poolest. Sordidigused omistati talirukkile "Vambo'
1973. aastal (Tupits jt, 1999). Vahetult uue ja kdrge
saagipotentsiaaliga, 5500—6000 kg ha?, (Tupits jt,
1999) sordina voeti rukis 'Vambo' A. Piho poolt rajatud
pikaajalise kilvikorra NPK véetuskatse kultuuriks,
mille kestus katses kujunes seni ilmselt Giheks pikimaks
(40 aastat). Mullastiku suhtes on rukis suhteliselt leplik,
rahuldavat saaki annab ka véheviljakatel, puakartlikel
ja happelistel muldadel (Tupits, 2007). Ka liivsavi
I6imisega rdahkmuld on rukki kasvatamiseks hea
sobivusega muld (K&lli, 1994).

Rukis sisaldab palju toitaineid, mida muudes toidu-
ainetes pahatihti napib, sealhulgas vaartuslikke kiud-
aineid, mineraalaineid, susivesikuid, vitamiine jt,
(Hansen jt, 2004; Kann, 2002; Mykkanen, 1995).
Seet6ttu, silmas pidades rukki thtsust tervist edendava
toiduviljana, tutvustatakse Eesti Rukkiaasta missiooni
valguses alljargnevalt ka pikaajalise NPK-véetuskatse
tulemusi (aastaist 1975.-2012) talirukkiga 'Vambo'
rahkmullal.

Materjal ja metoodika

Uurimistdd koostati pikaajalise kllvikorra NPK-
véetuskatse 1975-2012. aasta katseandmete baasil, mis
rajati A. Piho (1973) poolt 1965.-1966. a Kuusikul
Pdhja-Eestis kergele liivsavisele rshkmullale (Calcaric
Cambisol). Katsemulla agrokeemilised néitajad katse
algul: pHkc 6,5-6,6; algmulla huumusesisaldus
(Tjurin) 2,6%; liikuvate toiteelementide sisaldus
Egner-Riehmi topeltlaktaat-véaljatdbmbes (DL) P -
14 mg kg* (madal); K — 96 mg kg™ (keskmine). Katse
oli neljas korduses kuni 1993. a, hiljem kahes korduses;
katselapi m6dtmed 7,5 x 7,5 m. Rukis (Secale cereale
L.) oli katses 6-valjalises kulvikorras (kartul-hiline
oder-varane oder allakilviga-1. a p6ldhein-2.a p6ld-
hein-rukis) 84 katselappi. Katses rakendati traditsioo-
nilist agrotehnikat: klnnipdhist, 0,22 m slgavuselt
mullaharimist, puhitud seeme — kilvinorm 500 id.
tera m?2, korrekoorimine, keemilist umbrohutdrjet ja
taimekaitset. Katses on 21 NPK-véetistega ja tahke
veise sdnnikuga kombineeritud véetusvarianti.

Véetusvariandid:
NPK, kg ha ja sdnnik t ha't; variandi lihend

1 NoPoKo 000 12 NizsP2sKgo 323
2 NsPoKo 100 13 Ni3sP3oKeo 332
3 NasP13Ko 110 14 NissP3Kgo 333
4 NssPoKzo 101 15 NigoP3Kgo 433
5 NasP13Kzo 111 16 NooP2sKeo+30= 222430
6 NooP13Kzo 211 17 NissP2sKeorso 322430
7 NooP13Keo 212 18  NigoP39Kgo+30  433+30
8 NooP2sKzo 221 19 NogoP2sKeoseo 222460
9 NooP2eKeo 222 20 NizsP2eKeorso 322460
10 NooP3oKeo 232 21 NigoP3oKoo+eo  433+60

11 Ni13sP2sKeo 322

* kulvikorras kasutatud sonnik anti stigisel kinni alla jargnevale,
kulvikorra esimesele kultuurile kartulile

Kasutatud véetised kogu katseperioodil: ammoonium-
salpeeter, lihtsuperfosfaat, kaaliumkloriid. PK-vaetis
viidi mulda teise kultiveerimisega, lammastik anti pealt-
véetisena aprillikuus, sh ka Nago (vastavalt metoodikale).
Peenestatud teraviljapdhk segati koristuse jargselt korre-
koorimisega mullaga ja viidi kinniga mulda. Saak
koristati optimaalsel ajal, maarati saak ja selle kuivaine.
Tera- ja pbhusaagi keemiline koostis (N, P, K) maarati
kuivtuhastusmeetodil 1981-1989. a saakidest saagiga
mullast eemaldatavate toitainete madramise eesmérgil.
Katseaastate sademete ja temperatuuri andmed vege-
tatsiooniperioodil on toodud joonistel 14.

Katseandmete td6tlemisel kasutati dispersioon ja
regressioonanaliiiisi.
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Joonis 1. Sademed ja nende trend vegetatsiooniperioodil
aastatel 1976—2012 Kuusikul
Figure 1. Precipitation and their trends in vegetation periods in
years 1976-2012 in Kuusiku
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Joonis 2. Ohutemperatuurid ja nende trend vegetatsiooni-
perioodil aastatel 1976—2012 Kuusikul

Figure 2. The temperatures and their trends in vegetation
periods in years 1976-2012 in Kuusiku
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Joonis 3. Septembrikuu sademed rukki kasvu algul katse-
perioodil Kuusikul

Figure 3. The precipitation in September on different years
during the trial periood in Kuusiku
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Joonis 4. Septembrikuu temperatuurid rukki kasvu algul
katseperioodil Kuusikul

Figure 4. The temperatures in September on different years
during the trial periood in Kuusiku

Tulemused ja arutelu

Pikaajalise katse talirukki terasaagi tulemuste analti-
sist selgus et, vaetamata mullalt (joonis 5) saadi 19
saagiaasta keskmisena teri 1,9 t ha* (PD05 0,35). Vée-
tiste kasutamisel saadi N135P39Kgo-variandi mullalt aga
suurim 19 aasta keskmine terasaak, 4,1 t ha* (PD05
0,44).

4,5
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15
1.0
05

0.0
000 100 110 101 111 211 212 221 222 232 322 323 332 333 433

NPK astmed / NPK levels

y =-0,019x? +0,423x + 1,625
R?=0,88

Saak / Yield, t ha!

Joonis 5. Talirukki saagikus s6ltuvalt NPK-vaetustasemest
Figure 5. The productivity of winter rye depending on NPK
fertilization level

Sonniku mdju koos mineraalvéetistega kilvikorras
rukki terasaagile oli tagasihoidlik (tabel 1), kuna sénnik
anti kilvikorra esimesele kultuurile kartulile ja rukkile
kui kilvikorras viimasele kultuurile sénniku jarelmgju
enam ei ulatunud.

Tabel 1. Mineraalvaetiste ja sonniku koosmgju talirukki tera-
saagile (t ha®) kulvikorras

Table 1.The effect of mineral fertilizers and farmyard manure
on grain yield of winter rye (t ha*)

NPK aste NPK level NPK NPK+30* NPK+60 PD LSD 95%

222 (NooP2sKso) 39 3,8 3,9 0,14

322 (N13sP26Kse0) 3,8 4,0 4,0 0,29

433 (N1goP39Kgo) 3,7 3,9 3,8 0,15
PD LSD 95% 0,24 0,30 0,15

* — mineraalvéetis koos sdnnikuga 30 ja 60 t hat

Sonniku jarelmdju efektiivsust kahandas ilmselt ka
kilvikorras kasvanud p6ldheina (timut + ristik) m&jul
madrgatavalt suurenenud mulla huumusesisaldus, mis
moodustas 3,0—3,3%. Tahkesdnniku positiivne jarel-
mdju avaldus rukki terasaagile pdhimdtteliselt sama
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kulvikorraga katses, ainult p8ldheina kooslusest puu-

dus ristik, kuid oluliselt huumusvaesemal (1,5-1,6%)
leetunud saviliivmullal (Karblane jt, 1999). SGnniku
kasutamisel kilvikorras on mitmeid kasulikke oma-
dusi, mis teatud tingimustes v8ivad oluliselt parandada
saagikust ja saagi kvaliteeti. Leedu uurijad (Lisova jt,
1996) on leidnud, et sdnniku kasutamine kiilvikorras
suurendas 2—3,5 korda rukki vastupanuvGimet haiges-
tuda seenhaigustesse.

Vaetistest enam mdjutas saagikust aga ilmastik.
Rukis on teraviljadest ka parima saagistabiilsusega
teravili: Saksamaal Berlin-Dahlemi katsepunktis oli 35
aasta andmetel talirukki saagi varieeruvuskoefitsient
17% (Chmielewski, Kéhn, 1999). Joonisel 6 on toodud
rukki saagikuse rukki kerge tbusuga ja suure
varieeruvusega trend eri vaetustasemetel.

N;PKz-y = 0,035x + 3,723 ’,‘\

Terasaak / Grain yield, t ha™

2012

Aastad / Years
o N3P3K3

#— NOPOKO —a— N2P2K1 = = Linear (N3P3K3)

Joonis 6. Talirukki terasaagi trendid katseperioodil
Figure 6. The trends of winter rye grain yield during the trial
periood

Saagikuse tdusu voib seletada ilmselt rukkile jt tali-
teraviljadele jérjest soodsamaks muutuva ilmastiku
mdjuga Kkatse hilisemal perioodil. Rukki terasaak
varieerus vaetamata foonil vahemikus 0,7—3,3 t ha™,
mis Kinnitab rukki suur v8imet omastada toitaineid
soodsate ilmastikutingimuste korral ka toitainetevae-
sest mullast. Soodsates ilmastikutingimustes on samuti
ka mulla mineraliseerumine ja sealt toitainete vabane-
mine intensiivsem. NPK vdetustasemete 221 ja 333
variantide saagid varieerusid vastavalt vahemikes 1,9—
5,6 ja 2,8-6,4 t hat mullast.

Lisaks ilmastikutingimustele mdjutab saagikuse
varieeruvust ka vaetamine. Véaetusvariantide NgoP2sKaso;
NogoP26Kso ja N13sP30Kag, (jOOﬂiSG| 7 vastavalt 221, 222,
333), terasaagid olid katseperioodil valdavalt vahemikus
3-5 t hal. Sagedamini esines saagikust 3—4 t ha* (osa-
tahtsus 58%) véetusvariandi N135P39Kgo (333) puhul.
Rukis 'Vambo' saagipotentsiaalile, 5500—6000 kg ha™,
(Tupits jt, 1999) vastav terasaak, 6,1—6,4 t ha, saadi
katseperioodil ainult kahel aastal. Rekordsaagiks on
teadaolevalt sort 'Vambo' andnud 8 t teri hektarilt
(Tupits, 2012).

llmastiku m6ju saagikusele mdjutab ka kasutatud
véetiste efektiivsust. Véetamine mdjutab aga omakorda
saagistabiilsust. Maksimaalse saagi andnud variandis
Ni13sP39Kgeo (NPK aste 333) kasutati NPK véetisi aga
264 kg ha ja 1 kg NPK-véetisega saadi 16 kg teri.
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Véetiste kasutuse efektiivsuselt osutus tulemusliku-
maks véetusvariant NgoP2sK3o (ja juhul kui soovitakse
pohk pollult eemaldada, siis suurema koguse K
eemaldumise tdttu arvestuslikult NgoP2sKeo), mille
puhul kasutati vaetisi tegevaines kokku 146 kg ha* ja
1kg véetisega saadi 27 kg teri. Vaetusvariandi
NogoP2sK3o (aste 221) terasaak jai suurimast, N13sP3gKgo-
variandi hektarisaagist ainult 200 kg vorra vaiksemaks.
Nelja tonni terasaagiga eemaldati toiteelemente
NagP14K2o (kOOS p6huga N88P19K72)-
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Joonis 7. Talirukki eri saagikuste osakaal katseperioodil
sbltuvalt vaetustasemest

Figure 7. The share of rye yield (in %) depending of fertilization
level

Vaadeldes aastamdju eri véetusvariantide saagikuse
stabiilsusele (joonis 8), ndeme et kogu katseperioodi
rukki kbige vaiksem saagikuse varieerumine, keskmine
variatsioonikoefitsient 18, oli véetamata variandil. 1lm-
selt on see tingitud vadetamata variandi madal saagikus,
kus saakide omavaheline erinevus on aastati vaiksem.
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Joonis 8. Talirukki saagikuse varieeruvus soltuvalt vaetus-
tasemest, variandi keskmine saak katse eri etappidel (PD 95%:
VC-1976-1991 — 7,1; VC-1992-2012 — 5,6; saak — 0,6)

Figure 8. The variability of yield depending on fertilization
levels, average variant yield in different stanges of trial (LDS
95%: VC-1976-1991 — 7.1; VC-1992-2012 — 5.6; yield — 0.6)

Jargnes vaetusvariant N13sP39Kgo (333), kus saadi ka
suurim keskmine terasaak. Optimaalselt véetatud
variandi terasaakide katseperioodi keskmine varieeru-
vus oli 21%. Saagikuse varieeruvust esines kdige enam
madalamate véetustasemete (111, 222, 322) korral,
vastavalt 35, 28 ja 37%. Teadaolevalt on taime-
toitainete rikkamal mullal kasvanud taimed suurema
vastupanuvdimega ilmastiku mdjutustele. Mitme eri
muldadel l&biviidud katsete andmetel on olnud
pbuatingimustes véetatud katselappide saagikadu
vadiksem kui véetamata katselappidel (Hannolainen jt,

2003). Ka antud katses ilmnes vdetamata ja vahese
véetiste kasutamise korral saagikuse suurem varieeru-
vus katse hilisemal perioodil (1992—2012), mil esines
rohkem pduda, mis raskendas toitainete omastamist
taimede poolt. Seega vastukaaluks suurematele kulu-
tustele vaetistele ja paremale saagistabiilsusele
vaheneb madala saagikusega aastate osatdhtsus ning
koos sellega kaasnev tootmiskulu (Loko, Koik, 2006).

Teada on, et peamiseks saaki limiteerivaks faktoriks on
vesi. E. Haller (1969) on oma uurimistéds markinud, et
pdllukultuuride saagikus sdltub juba idanemisaegsest
vee-, 6hu- ja toitereziimist. Seega talirukki terasaagile on
maaravaks septembrikuu ilmastikutingimused, mis
mdjutavad taimede algarengut. Rukki hea saagi eeldu-
seks on soe ja paikesepaisteline kasvualgus algus ja jahe
talvitumisjargne vegetatsiooniperiood (Chemielewski,
Kéhn, 1999). Pikaajalise vaatlustulemuste pdhjal on
teada et, rukis vajab saagi moodustamiseks vegetatsioo-
niperioodi algusest kuni saagi Koristuseni Ule +5°C
soojust 994 kraadi ja sademeid 255 mm (Tupits, Soovéli,
2007). Taimejuurte levikust sdltub veekattesaadavus.
Teraviljad omastavad mullast vett ja toitaineid idujuur-
tega ja alates vOrsumisest ka lisajuurtega. Taimed joulise
ja ulatusliku juurestikuga omastavad saagi moodusta-
miseks vett ja toitaineid suuremalt pinnalt ja on Ghtlasi
vastupidavamad ilmastikuoludele (Haller, 1969; Merrill
jt, 2002; Dempewolf jt, 2014).

Kuigi sademete ja temperatuuri trend oli kogu vege-
tatsiooniperioodi keskmisena (joonised 1 ja 2) tdusev
ehk ilmad on jdrjest sajusemaks ja soojemaks muutu-
nud, siis septembrikuu (joonised 3 ja 4) sademete hulk
oli langeva ning temperatuur tdusva trendiga ja véga
varieeruvad. Sademeid oli septembrikuus katse esimese
poolel (1975—1991) keskmiselt 107 mm ja katseperioo-
di teisel, hilisemal poolel 70 mm ning temperatuur
vastavalt 10,0 ja 10,8°C. Teraviljadele soodsate ja eba-
soodsate  ilmastikutingimuste  analudsitulemustest
ilmnes, et talivilju ohustab septembrikuus liigniiskus.
Keskmine 40 aasta hudrotermiline koefitsient (HTK)
oli 2,9. Kuusiku katseala viimased 20 aastat olid kuive-
mad, keskmine HTK oli vahenenud 2,0ni e paras-
niiskeni (Loide, 2015) e siis ilmastikutingimused on
paranenud viimasel ajal rukki kasvu algfaasis Kuusiku
katsealal.

Ké&esolevaks ajaks on sort 'Vambo' juba taandumas
uute sortide ees, mis on veelgi suurema saagikusega ja
parema kvaliteediga, nagu nditeks suurem langemisarv
ja mahukaal (Riiklike..., 2014). Saagikuselt ei j&a rukis
teistest teraviljadest maha — Eestis on rukki rekord-
saagiks seni saadud 9,7 t ha't 2012. aastal Viljandimaal
(Ameerikas, 2014). Talirukki mitmetele headele oma-
dustele vaatamata moodustab rukis ainult 5% vabariigi
teravilja kilvipinnast, oder ja nisu vastavalt 40 ja 46%
(Eesti..., 2014). Katseandmetest on selgunud, et hea
eelviljana suurendas rukki kasvatamine vaheldumisi
suviodraga teravilja keskmist saagikust odra monokul-
tuuris kasvanud odraga vorreldes 10—13% (Hausler,

Hannolainen, 2006). Peale tervisliku toiduvilja on
rukkil killalt palju arenguruumi ka teistes kasutusvald-
kondades, mis suurendaks ndudlust rukki jarele ja rukki
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kilvipind vdiks oluliselt laieneda. Kuigi rukist ei ole
peetud sageli sobivaks teraviljaks kasutamiseks looma-
kasvatuses, kasutatakse rukist loomakasvatuses palju-
des riikides haljassdddana, segus teiste teraviljadega
nuumveiste ja -sigade sdddaratsioonis (Boros, 2007).

Jareldused

Kéesoleva uurimistodtulemusi  kokkuvottes voib
Oelda, et talirukis kui vahendudlik teraviljakultuur, on
ka hea saagi ja saagistabiilsusega kullaldase vaetamise
korral. Parima keskmise saagikuse tagas véetusvariant,
kus kasutati mineraalvéetisi tasemel N135P30Kgo ja 19
aasta talirukki 'Vambo' keskmine terasaak oli 4,1 t hat
ning vaetamata variandi mullalt 1,9 t hal. Vaetus-
variandi N13sP39Kgg kdige suurema, 58% osatahtsusega,
saagikus oli 3—4 t hal, ule 6 t ha™* terasaakisid esines
katseperioodil ainult kahel aastal, osatdhtsus 11%.
Katseperioodi teise poole ilmastikutingimused olid
taimede kasvuks ja arenguks soodsamad, mis samuti
mdjutasid positiivselt rukki saagikust ja saagistabiil-
sust. Tulemustele lisab vé&rtust veel see, et need on
saadud (he ja sama sordiga ning puudub eri sortidest
tulenev segav faktor. Mineraalvaetiste ja sénniku koos-
md&ju rukki terasaagile jai tagasihoidlikuks, kuna
sonnik anti kulvikorra esimesele kultuurile (kartulile) ja
rukkile kui kilvikorras viimasele kultuurile sénniku
mdju enam ei ulatunud.

Autor kinnitab artikliga seotud huvide konflikti puudumist.
The author declares that there is no conflict of interest
regarding the publication of this paper.
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The productivity and yield stability of winter
rye variety 'Vambo' in long term NPK
fertilization trial on calcaric cambisol

Valli Loide

Estonian Crop Research Institute
J. Aamisepa 1, Jogeva, Jdgeva vald 48309, Estonia

Summary

Traditionally rye is the culture which productivity has
been the most stable and resistant to the weather
conditions. Using the variety selection the diploid rye
variety 'Vambo' was developed, which differs a lot
from 'Sangaste' type of rye by straw and ear size as well
as productivity. Current research was based on long
term crop rotation NPK-fertilization trial from years
1975—-2012, which was conducted by PhD A. Piho in

years 1965—1966 in North Estonia Kuusiku on loamy
Calcaric Gambisol.

Trial is established as six year crop rotation (potato-
late maturing spring barley-undersown early maturing
spring barley-first year grass clover mixture-second
year grass clover mixture-rye). The traditional agro-
technical measures were applied like ploughing,
chemical weed control and plant protection measures.
The trial contains 21 combined NPK mineral and
organic (farmyard manure) variants. NPK-fertilizers
(measured as elements kg ha't) different levels: level
OOOZNoPoKo; 111= N45P13K3o; 222:N90P25K60; 333=
N135P39Kgo; 433=N1g0P39Kgo; combined variants of
mineral and organic fertilisers at two levels were used:
NPK+30 and +60 t ha'™.

On the average of 19 years the yield of rye from
unfertilised plots was 1.9 t ha?, by using of mineral
fertilizers in level 3 (N13sP39Koo) the yield was 4.1 t ha™.,
The effect of farmyard manure combined with mineral
fertilizers was modest (Table 1) as the organic fertilizer
was applied to the first culture in crop rotation (potato)
and the last culture rye didn’t get any benefit from that.

The weather conditions had greater impact on yield
as fertilization. Different fertilizing levels (Figure 6)
have had positive effect on rye productivity, but the
variability was remarkable. The best stability of yields
was recorded in fertilization level 333 (Ni3sP39Koo)
where the average yield levels of 3—5 t ha! was 84%.
In the same time the fertilization levels 222 (NgoP2sKseo)
and 221 (NgoP26K30) gave the same productivity 74 and
53% accordingly. Compared to the smaller rates of
fertilization the plots with higher fertilization rates
(NPK 222 and higher) resulted in smaller variability in
yields (Figure 8) which decreased even more in the
second half of the trial period (1992—2012). The plots
getting lower amount of fertilizers the variability in
yields was increasing.

To conclude the results of the investigation we can
say that winter rye as the undemanding culture has also
good vyield potential and stability if the fertilization
level is satisfying. The best yield was obtained from the
plot where mineral fertilizers Ni35P39Kgo Were used.
The weather conditions in the second half of whole trial
period were more favourable for plants growth and
development, so it influenced positively the rye yield
and its stability. The effect of farmyard manure
combined with mineral fertilizers was most as the
organic fertilizer was applied to the first culture in crop
rotation (potato) and the last culture rye didn’t get any
benefit from that.
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ABSTRACT. Thermophilic Campylobacter spp. are one of the most
common cause of acute gastroenteritis in European Union and the illness
is frequently associated with the consumption of chicken meat. The aim
of the present study is to give an overview about the prevalence, counts
and antimicrobial susceptibility of Campylobacter spp. in fresh chicken
meat at the Estonian retail level. Campylobacter spp. was isolated in
77 (35%) of 220 meat samples. Altogether, 24 (20.3%) of Estonian origin,
41 (50%) of Lithuanian origin and 12 (60%) of Latvian origin chicken
fresh meat samples were positive for Campylobacter at Estonian retail
level. The highest counts of Campylobacter spp., on average 2600 CFU g,
were detected in the chicken meat of Lithuanian origin followed by on
average 1600 CFU g' and 660 CFU g* in samples of Latvian and
Estonian origin, respectively. The seasonal peak of Campylobacter
contamination was between June and September. A total of 36 isolates
(36.7%) of 98 were susceptible to all the tested antimicrobials. The
highest proportion of isolates (41 isolates, 41.8%) was resistant to
fluoroquinolones. Multiresistance was detected in 5 (5.1%) isolates. In
conclusion, compared to fresh chicken meat products of Lithuanian and
Latvian origin, the prevalence, counts and antimicrobial resistance of
Campylobacter spp. in fresh chicken meat of Estonian origin were lower.
Therefore we suppose that the risk of occurrence of Campylobacter
human infection by consuming domestic chicken meat is lower than by
consuming imported chicken meat.

© 2015 Akadeemiline P8llumajanduse Selts. Koik digused kaitstud. 2015 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Termofiilsed kampiilobakterid on inimestel sagedased
akuutsete gastroenteriitide p&hjustajad paljudes riikides
(EFSA, 2014). Uldjuhul on tegemist kergekujulise
haigusega, mille pohitunnuseks on kdhulahtisus ja
palavik, kuid tsisematel juhtudel v&ib sellest tulene-
valt esineda ka artriiti, bakterieemiat, meningiiti, endo-
kardiiti, jne. Rahvatervise seisukohalt on C. jejuni ja
C.coli kui v@imalikud haigestumise pdhjustajad
kampulobakterite liikidest kdige olulisemad. Kamplo-
bakterenteriiti seostatakse kbige enam kampilobakte-
ritega saastunud linnuliha, toorpiima ja joogivee
tarbimisega (Calciati jt, 2012; Taylor jt, 2013;

Jacopanec jt, 2008; Mazick jt, 2006). Kirjanduse
andmetel omab varske kanaliha kdige suuremat tahtsust
kampulobakterenteriidi tekkes ning sellest tingituna on
linnuliha adekvaatne kontroll kampulobakterenteriidi
ennetamises Uks kdige olulisemaid rahvatervishoiu
strateegiaid (Roasto jt, 2015; Rosenquist jt, 2009;
Wingstrand jt, 2006). Linnuliha saastumine termo-
fiilsete kampulobakteritega osutab reeglina faktile, et
haigustekitajatest on saastunud nii toidu algtootmise ja
tootlemise tasand kui ka sellele jargnevad kaitlemise
etapid ehk kogu kanaliha tootmise ahel (Ma jt, 2014;
Meremée jt, 2010). Farmi tasandil on perekonna
Campylobacter liigid nii sise- kui véliskeskkonnas
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laialdaselt levinud, mist6ttu v@ivad nii linnud Kkui
loomad olla kampulobakterite astimptomaatilisteks
kandjateks. Kampulobakterite kolonisatsioon kanadel
levib enamasti nn horisontaalse Ulekande kaudu,
naiteks sddda, joogivee, nériliste, putukate ja inimtege-
vuse teel (Saleha, 2004). Tapamaja tasandil on reeglina
kamptulobakterite allikaks tapalindude soolesisaldis,
mis vGib algtodtlemise kéigus sattuda riimbalt rimbale
vBi rimbalt tdovahenditele ja seadmetele (Ma jt, 2014;
Stern ja Robach, 2003). Nii v8ib linnuliha saastumine
kampulobakteritega aset leida nii tapamaja tasandil
rimpade kaitlemisel kui edasisel liha todtlemisel.
Kampulobakterite leviku ennetamiseks ning saastu-
mise olemasolul nende arvukuse v&hendamiseks on
vOimalik rakendada véga erinevaid meetmeid alates
elementaarsete  bioohutusmeetmete rakendamisest
farmi tasandil, hiigieeninBuete taitmisest kdikides toidu
tootmise ja kaitlemise etappides kuni tehnoloogiliste
lahendusteni tapamaja tasandil, nditeks riimpade
efektiivse 6hkjahutamise kasutamine jne. (Roasto jt,
2015; Rosenquist jt, 2009). Siiski voib kampilobakte-
rite Glekanne toimuda ka jaemuugi tasandil ristsaastu-
mise kaudu, mistdttu tdies ulatuses kampulobaktererid
kanaliha tootmise ahelas alati elimineerida ei dnnestu.
Varske kanaliha saastumise korral kampilobakteritega
on rahvatervise probleemiks ka antibiootikumidele
resistentsed kampllobakterite tived (Majt, 2014,
Roasto jt, 2007). Resistentsete bakterite esinemine ja
ringlemine toidu tootmise ahelas ning joudmine tarbi-
jani voib kujutada tdsist ohtu inimese tervisele. Sellisel
juhul vdib haigestunud inimese ravi eesmargiparase
antibiootikumiga tavapérasest pikeneda vdi isegi eba-
Onnestuda (Travers, Barza, 2002). Bakterite resistent-
suse (sh multiresistentsuse) esinemine kanaliha toot-
mise ahelas peegeldab otseselt antibiootikumide
laialdast kasutamist farmi tasandil kas profulaktilistel
vOi ravi eesmarkidel pikema perioodi véltel (Ma jt,
2014; Smith jt, 2007). Seepérast teadusuuringud, mis
aitavad vilja selgitada nii kampulobakterite levimust
kui antibiootikumresistentsust toidu tootmise ahelas,
adrmiselt vajalikud. Kéesoleva tod eesmargiks on anda
Ulevaade aastatel 2012-2014 teostatud termofiilsete
kampulobakterite teadusuuringutest Eestis, et hinnata
Campylobacter spp. levimust, arvukust ja tundlikkust
antibiootikumidele vérskes kanalihas ning anda varske
kanalihaga seonduvalt kvalitatiivne riskihinnang.

Materjal ja metoodika

Campylobacter spp. levimus ja arvukus

Uurimust6ds analiiusiti 220 nahka sisaldavat varske
kanaliha proovi, mis koguti Eesti jaemiiugi tasandil
aastal 2012. Kogutud proovidest moodustasid Eesti,
Lati ja Leedu tooted vastavalt 53,6%, 37,3% ja 9,1%.
Nii Eesti kui Leedu paritolu tooteid koguti aastaringselt
igal kuul, kuid L&ti péaritolu tooted olid uurimisperioo-
dil turul kattesaadavad vaid vahemikus september kuni
detsember 2012. Kogutud proovid olid tootjapoolsetes
originaalpakendites, mis vélistas proovide transpordist
ja jaekaubandusest tingitud ristsaastumise. Proovide
kogumisel oli eeltingimuseks kahjustamata pakend

ning proovide Kkiire analulsilaborisse toimetamine.
Proovid toimetati laborisse kiilmakastides.

Termofiilsete kampulobakterite tuvastamiseks vars-
kes kanalihas kasutati EVS-EN ISO 10272-1:2006
meetodit ning arvukuse loendamiseks ISO/TS 10272-
2:2006 meetodit, mida on pdhjalikumalt kirjeldatud
Méesaar jt (2015; 2014) poolt. Lihidalt, 10 grammi
kanaliha proovi asetati steriilsesse Stomacheri kilekotti,
millesse lisati 90 ml steriilset puhverdatud peptoonvett.
Seejérel toddeldi proove 1 minuti jooksul Stomacher
segistis. Edasiselt kanti 0,1 ml 10 ja 10 lahjendust
mCCDA agariga (modified CCDA, Charcoal Cefo-
perazone Deoxycholate Agar, Oxoid) Petri tassidele ja
inkubeeriti mikroaeroobsetes tingimustes (Campy-
GenTM, Oxoid) 44-48 tundi temperatuuridel
41,5+ 0,5°C. Paralleelselt eeltoodule kanti 10 g liha-
proovi ka steriilsesse Shoti s66tmepudelisse, kuhu lisati
90 ml Boltoni rikastuspuljongit (Oxoid, Basingstoke,
Hampshire, England). Neid proove inkubeeriti
mikroaeroobsetes tingimustes 4-6 tundi temperatuuril
37°C £ 1°C juures ja 44 +4 tundi temperatuuril
41,5%0,5°C juures. Seejarel kanti 10 ul rikastus-
puljongit mMCCDA agarile ja inkubeeriti mikroaeroob-
setes tingimustes (CampyGenTM, Oxoid) 44-48 tundi
temperatuuril 41,5 + 0,5°C.

Vastavalt 1SO standardile, kampulobakterite tlpi-
lised kolooniad mCCDA agaril kilvati edasi puhas-
kultuuri saamiseks ja tGestuskatsete (kampulobakterite
liilkuvuse méaédramine, Gram'i jargi varvimine, biokee-
milised testid) tegemiseks Columbia vereagarile
(Oxoid), mida inkubeeriti 24 tundi temperatuuril
41,5 + 0,5°C. Puhaskultuur séilitati glutserooli puljon-
gis (15% [v/v] glutserooli 1%-ses [w/v-mahukaal]
proteocospeptoonis) temperatuuril —82°C. Katsed viidi
labi Eesti Maallikooli toiduhtigieeni osakonnas.
Campylobacter spp. liigilise kuuluvuse maéramine

Campylobacter jejuni, C. coli, C. lari, C. upsalien-
sis'e, ja C. fetus subsp. fetus'e identifitseerimiseks ja
eristamiseks kasutati konventsionaalset PCR-meetodit,
mida on pdhjalikult Kirjeldatud Wang jt (2002) poolt.

Campylobacter tiivede antibiootikumidele tundlikkus

Campylobacter tiuvede antibiootikumi tundlikkuse
uuringusse kaasati 98 isolaati, millest 36 (36,7%) olid
Eesti, 46 (46,9%) Leedu ja 16 (16,3%) Lati péritolu.
Tegemist oli kanalihalt (n=517) isoleeritud tlivedega, mis
koguti 2012. aastal nii Eesti Maaulikooli toiduhigieeni
osakonnas labi viidud uuringu kui ka Veterinaar- ja
Toidulaboratooriumi  riikliku  monitooringu  kéigus.
Termofiilsete kampulobakterite tuvastamiseks kasutati
EVS-EN ISO 10272-1:2006 meetodit. Kogutud tlivede
(n=126) antibiootikumide tundlikkuse maaramisel
kasutati minimaalse inhibeeriva kontsentratsiooni mééra-
mise VetMIC™-testi (National Veterinary Institute;
Uppsala, Sweden), mida on pdhjalikumalt kirjeldatud
meie teadusuuringus Méesaar jt (2015) poolt. Uuringud
teostati 2013. ja 2014. aastal. Minimaalse inhibeeriva
kontsentratsiooni (MIC) méadramiseks testiti Campylo-
bacter isolaate eritromutsiini, tsiprofloksatsiini, tetra-
tstkliini, streptomdtsiini, gentamitsiini ja nalidiksiin-
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happe suhtes. Selleks voeti aasatéis (1 pl) Columbia vere-
agaril (Oxoid) vélja kasvanud Campylobacter puhas-
kultuuri ning kanti edasi 10 ml katioonidega rikastatud ja
5% verd sisaldavasse Mueller-Hinton (CAMHB) puljon-
gisse (Oxoid; Basingstoke, Hampshire, England) ning
inkubeeriti temperatuuril 37 + 1°C 20 tundi. Tulemuseks
saadi kasvu tihedus ligikaudu 108 PMU ml. Parast inku-
beerimist kanti lahjendatud baktersuspensioon Vet-
MIC™ mikroplaadi aukudesse. Mikroplaate inkubeeriti
temperatuuril 37 + 1°C 40-48 tundi ning seejarel loeti
tulemused. Isolaatide antibiootikumidele tundlikkuse
hindamisel vGeti aluseks The European Committee on
Antimicrobial Susceptibility Testing (EUCAST) soovi-
tusi (20132, C. jejuni oli antibiootikumidele resistentne,

kui MIC véartused olid jérgmised: erlitromiitsiin
>4 pg/ml,  tsiprofloksatsiin - >1 pg/ml,  tetratsikliin
>2 pg/ml,  streptomditsiin - >2 pg/ml, nalidiksiinhape

>16 pg/ml ja gentamditsiin >1 pg/ml. C. coli oli anti-
biootikumidele resistentne, kui MIC védrtused olid
jargmised: erttromatsiin >16 pg/ml, tsiprofloksatsiin
>1 pug/ml,  tetratsiikliin -~ >2 pg/ml,  streptomitsiin
>4 ug/ml, nalidiksiinhape >32 pg/ml ja gentamitsiin
>2 pg/ml.

Statistiline analtis

Andmete tootlemisel kasutati MS Excel 2010 tarkvara
(Microsoft Corporation; Redmond, WA, USA) ja andme-
te statistiline anallilis tehti tarkvarapaketiga R. Kampilo-
bakterite levimus- ja arvukusnditajate statistilisel
tootlemisel kasutati Kruskal-Wallis testi ja Hii-ruut testi.
Kampulobakterite antibiootikumidele tundlikkuse and-
mete tootlemisel kasutati statistikaprogrammi  The
Statistical Package for Social Sciences 13.0 (SPSS Inc.;
Chicago, IL, USA).

Tulemused ja arutelu

Campylobacter spp. levimus ja arvukus

Eesti Teadusagentuuri grandiprojekti (nr 9315) ja
Péllumajandusministeeriumi rakendusuuringute projekti
(leping nr T13057VLTH) raames uuriti Uhtekokku 220
varske kanaliha proovi. Uurimustulemused naitasid, et

Campylobacter spp. isoleeriti Uhtekokku 77 (35%) Eesti
jaemudgi tasandil kogutud vérske kanaliha proovist (tabel
1). Nende hulgas oli Eesti péaritolu Campylobacter-
positiivseid kanaliha proove 24 (20,3%), Leedu paritolu
41 (50%) ja Lati péritolu proove 12 (60%). Sellest
jareldub, et paritolu arvestades oli termofiilsete kamptilo-
bakterite kontaminatsioon 2012. aastal Eesti jaemuugi
tasandil kogutud kanaliha toodetes erinev. Vordluseks,
aastatel 2000-2010 Eestis I&bi viidud Campylobacter
spp. levimusuuringus (Roasto jt, 2011) oli 1965 liha
proovidest Campylobacter-positiivseid kokku 221
(11,3%), mis on oluliselt madalam naitaja, kui
2012. aastal. Siiski ka aastatel 2000-2010 esines
kampilobakterite  kontaminatsioonimaarades  suuri
varieeruvusi aastate 18ikes. Meie varasemates uuringutes
(Roasto jt, 2011; Meremde jt, 2010) oli aastatel 2000 ja
2003-2004 kampulobakterite esinemine kanalihaproovi-
des vastavalt 35,6%, 28,8% ja 29,8%, kuid ajavahemikus
20052010 varieerus Campylobacter-positiivsete proovi-
de osakaal vahemikus 2,2-8,3%. Juhtudel, kus uurimus-
materjaliks on olnud nahaga linnulihatooted, on alust
eeldada ka Campylobacter-positiivsete proovide suure-
mat osakaalu. Seda kinnitab ka Soomes labi viidud
uuring, kus kampilobakterite levimus nahaga linnuliha
toodetes oli oluliselt kdrgem (30,4%) kui nahata tukilihas
(9,4%) voi rinnafilees (4,7%) (Katzav jt, 2008). Kirjan-
duse andmete pdhjal vGib siiski t6deda, et vorreldes
Eestiga on teistes riikides (nditeks Léatis, Leedus, Soomes,
Rootsis) Campylobacter spp. levimus toores linnulihas
oluliselt koérgem varieerudes 42,2% kuni 56,3%
(Kovalenko jt, 2013; Bunevi¢iené jt, 2010; Suzuki,
Yamamoto, 2009). Ka kaesolevas uuringus selgus, et
Eesti turul muugil olevad Leedu ja Léti paritolu kanaliha
importtooted olid Eesti toodetest enam saastunud ehk
Campylobacter-positiivsete toodete proportsioon oli
vastavalt 50% ja 60%. Andmete statistilise todtlemise
tulemusel saame vadita, et importtooted olid oluliselt
(p <0,001) rohkem saastunud termofiilsete kampulo-
bakteritega kui Eesti péritolu tooted (20,3%). Sarnasele
jareldusele on joutud ka meie varasemates teadustdddes
(Roasto jt, 2015; 2011).

Tabel 1. Kampiilobakterite levimus ja arvukus varske kanaliha proovides (Roasto jt, 2015; Maesaar jt, 2014)
Table 1. The prevalence and total counts of Campylobacter spp. in fresh chicken meat samples (Roasto et al., 2015; Maesaar et al., 2014)

Péritolumaa Positiivsete proovide arv /
Origin of proovide Uldarv (% positiivseid)
country Number of positive/total number

of samples (% positive)

Positiivsete proovide
usaldusvahemik (95% CI)
95% confidence intervals The average number of bacteria 95% confidence intervals

of positive samples

Usaldusvahemik
arvukuses (95% CI)

Keskmine bakterite arvukus
proovides (logioPMU g?)

in samples (log,,CFU g?) in total counts

Eesti/Estonia 24/118 (20,3) 14%29% 660 (2.8) 190-1120
Leedu/Lithuania 41/82 (50) 39%61% 1600 (3,2) 372-2814
Liti/Latvia 12/20 (60) 39%-78% 2600 (3,4) 919-4261
Kokku/Total 771220 (35) 29%42% 1600 (3,2) 782-2390

Kampulobakterite levimusest on veelgi olulisem
kampulobakterite arvukus tootes, millest otseselt
sOltub, kui suurt riski kujutab potentsiaalselt saastunud
toote tarbimine inimese tervisele. Meie uuringus sel-
gus, et kampulobakterite arvukus varske kanaliha
proovides oli keskmiselt 1600 PMU/g? (tabel 1),
varieerudes vahemikus 782-2390 bakterit/grammis.
Korgeim kampiilobakterite arvukus (2600 PMU g™?) oli
loendatud Lé&ti péritolu proovides, millele j&rgnesid
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Leedu péritolu tooted, keskmiselt 1600 PMU g*. Eesti
paritolu kanaliha toodetes oli keskmine kampulo-
bakterite arvukus 660 PMU g?, mis oli oluliselt
(p <0,001) madalam kui importtoodetes. Inimese
haigestumise esilekutsumiseks arvatakse piisav olema
ligikaudu 500 kampulobakteri esinemine tootes
(Keener jt, 2004), s6ltudes bakteritlive virulentsusest,
inimese vastupanuvdimest jne. Siiski EFSA (2013;
2011) andmetel on risk inimese tervisele suurim
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kampiilobakterite arvukuse esinemisel >1000 PMU g
toote kohta.

Joonis 1 annab Ulevaate varske kanaliha Campylo-
bacter spp. loendamise tulemustest. Tulemustes selgus,
et Uihtekokku 143 proovis (65% proovidest) kampiilo-
baktereid ei tuvastatud, kuna proovid andsid nii
kamptlobakterite tuvastamisel kui loendamisel nega-
tilvse tulemuse. Kokku 22 (10%) vérske kanaliha
proovi sisaldas kampulobaktereid vdhem  Kkui
100 PMU g (kajastades negatiivse loendamise, kuid
kampulobakterite suhtes positiivse tuvastamise tule-
must). Siiski, 20 (9,1%) proovi sisaldas kampilo-
baktereid vahemikus 100-499 PMU g? ja 14 (6,4%)
proovi vahemikus 500-1000 PMU g*. Rohkem Kkui
1000 PMU g sisaldas 21 (35%) proovi, neist 2 (1,7%)
Eesti, 12 (14,6%) Leedu ja 7 (35,0%) Léati péritolu
proovi. Kuigi varasemalt on Leedus teostatud uuring
(Buneviéiené jt, 2010) leidnud kampilobakterite
keskmiseks arvukuseks 110 PMU g, siis meie uuring
kinnitas oluliselt kdrgemaid kontaminatsioonimaarasid
Leedu péritolu toore linnuliha proovide hulgas.
Kéesolevas uuringus leiti ka statistiliselt oluline erine-
vus kampilobakterite levimusnditajates ja arvukuses
nii Eesti ja Leedu (p <0,001) kui ka Eesti ja Lati
(p <0,001) péritolu toodete vahel. Mida kdrgem
kamptulobakterite arvukus vérske kanaliha pinnal esi-
neb, seda suurem on tdendosus kampuilobakterite
Ulekandmiseks toidu todtlemise ja tarbimise ahelasse
kujutades seelébi ohtu tarbijate tervisele. EFSA (2011)
andmetel on vGimalik kampulobakteritest tulenevaid
rahvatervise riske véhendada 50% ulatuses, kui
kampulobakterite arvukus kana tapapartiide kaela- ja
rinnakunahal on <1000 PMU g, ning koguni 90%
ulatuses, kui see arvukus on <500 PMU g*. Hansson jt
(2007) leidsid, et isegi kbige paremini planeeritud ja
detailne tdrjeprogramm ei garanteeri Campylo-
bacter spp. téielikku elimineerimist kanaliha tootmise
ahelas, kuna kampulobaktereid leidub laialdaselt
koikjal keskkonnas. Kui rakendatakse rangeid bio-
ohutuse meetmeid, on siiski farmi tasandil vdimalik
saavutada oluliselt madalamaid Campylobacter spp.
kontaminatsiooni tasemeid (Rosenquist jt, 2009). T6ds-
tuse tasandil on vBimalik ohtusid minimeerida
kampulobakterite arvukuse vahendamisega riimpade
pinnal, neid kas kilm- vdi kuumtdodeldes (Rosenquist
jt, 2003). Selleks, et vahendada Campylobacter spp.
esinemissagedust kogu kanaliha tootmise ahelas, on
oluline ettevotte tasandil efektiivsete kvaliteediprog-
rammide (HACCAP printsiipide), heade hiigieeni- ja
tootmistavade ning bioohutuse meetmete jéarjekindel
rakendamine (Meremde jt, 2010) ning vajadusel ohje
meetmete korrigeerimine (Ma jt, 2014).

Uurimustulemustest selgus, et vérske kanaliha
Campylobacter spp. levimusnéitajates esines 2012.
aastal selge hooajaline varieeruvus (joonis 2).
Kampulobakterite levimuses esines kdrghooaeg juunist
kuni septembrini, kui Campylobacter spp. kontaminat-
sioonimé&arad varieerusid vahemikus 16,7—-75%. Eestis
teostatud varasemad uuringud aastatel 2000-2010

(Roasto jt, 2011; Meremde jt, 2010) kui teised sama-
laadsed mujal maailmas teostatud teadusuuringud
(Horrocks jt, 2009; Rautelin, Hanninen, 2000) kinni-
tavad Campylobacter spp. levimust eeskatt suve-
kuudel. Seda seletatakse kampiilobakterite sooja- ja
niiskuselembusega.
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Joonis 1. Campylobacter spp. arvukus varskes kanalihas
(Méaesaar jt, 2014)

Figure 1. Campylobacter spp. counts in fresh chicken meat
(Maesaar et al., 2014)
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Joonis 2. Campylobacter spp. kontaminatsiooni hooajaline
varieeruvus Eesti (EST) ja Leedu (LT) kanalihas (Roasto jt,
2015)

Figure 2. Seasonality of Campylobacter spp. contamination in
Estonian (EST) and Lithuanian (LT) origin chicken meat
(Roasto et al., 2015)

Campylobacter spp. liigiline kuuluvus

Campylobacter spp. liigilise kuuluvuse uuringusse
kaasati uhtekokku 98 tuve, milledest 36 olid Eesti, 46
Leedu ja 16 Lati paritolu, mis olid isoleeritud vérske
kanaliha proovidest aastal 2012. Uuringutulemused
nditasid, et 89% nendest kampiilobakterite isolaatidest
olid méaratletud kui C.jejuni ja 11% juhtudel oli
tegemist C. coli'ga. Nii Eesti kui L&ti paritolu Campylo-
bacter tived osutusid kbik C. jejuni'ks. Leedu péritolu
tivedest kokku 35 (76,1%) osutusid C. jejuni'ks ning
11 (23,9%) C. coli'ks. Ka meie varasemad teadusuurin-
gud on kinnitanud, et C.jejuni on Eesti kanaliha
tootmise ahelas kdige enam isoleeritud liik (Roasto jt,
2011; Meremée jt, 2010), mis on kooskdlas ka teiste
riikide samalaadsete uuringutega (Ma jt, 2014;
Buneviciené jt, 2010).

Campylobacter spp. tiivede ravimtundlikkus

Campylobacter spp. tuvede antibiootikumidele tund-
likkuse uuringusse, mis viidi labi Eesti Teadus-
agentuuri grandiprojekti (nr 9315) ja P8llumajandus-
ministeeriumi rakendusuuringute projekti (leping nr
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T13057VLTH) raames, kaasati liigilise kuuluvuse
madramisel valimisse kuulunud 98 kanaliha péritolu
tlive. Kdesolevas uuringus ei esinenud olulisi erinevusi
(p > 0,05) C. jejuni ja C. coli resistentsusfenotiilipide
vahel. Tulemustes selgus, et kokku 36 isolaati (36,7%)
osutus tundlikuks kdikide testitud antibiootikumide
suhtes. K8ige enam esines kampiilobakteri isolaatide
seas resistentsust tsiprofloksatsiini ja nalidiksiinhappe
suhtes ehk tihtekokku 41 isolaati (41,8%) olid fluoro-
kinoloonide suhtes resistentsed (joonis 3). Vorreldes
Eestis teostatud varasemate uuringutega aastatel 2005—
2007 (Roasto jt, 2007) ja aastatel 2002—-2004 (Praakle-
Amin jt, 2007), kui Campylobacter spp. resistentsus
fluorokinoloonidele oli vastavalt 74,5% ja 66%, on
2012.-2014. aasta uurimusperioodil see nditaja siiski
mdnevdrra madalam. Uuringus leiti, et kokku kaheksa
isolaati (8,2%) olid resistentsed tsiprofloksatsiini/tetra-
tstikliini/nalidiksiinhappe suhtes. Kolm isolaati (3,1%)
olid resistentsed samaaegselt tsiprofloksatsiini/tetra-
tsukliini/nalidiksiinhappe/streptomdtsiini suhtes. Kaks
isolaati (2,1%) olid resistentsed nii kombinatsiooni
tsiprofloksatsiini/streptomutsiini/nalidiksiinhappe suh-
tes kui ka ainult tsiprofloksatsiini suhtes.
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Joonis 3. Kanaliha Campylobacter spp. isolaatide resis-
tentsusprofiilid (Maesaar jt, 2015). Antibiootikumid: EM —
erttromdtsiin, Cl — tsiprofloksatsiin; TC — tetratsikliin, SM —
streptomitsiin, GM — gentamditsiin, NA — nalidiksiinhape
Figure 3. Antimicrobial resistance patterns of Campylobacter
spp. isolates in chicken meat samples (Maesaar et al., 2015).
Antimicrobial agents: EM — erythromycin, Cl — ciprofloxacin,
TC — tetracycline, SM — streptomycin, GM — gentamicin, NA —
nalidixic acid

Uuringutulemused naitasid, et Eesti, Lati ja Leedu
paritolu Campylobacter spp. tlivedel oli antibiootiku-
midele tundlikkus erinev (joonis 4). Eesti ja Lati
péritolu Campylobacter spp. tlived osutusid tundlikuks
vastavalt erltromatsiini ning erttromatsiini/strepto-
matsiini/gentamutsiini suhtes. Samas resistentsust the
vBi mitme antibiootikumi suhtes esines 7 (19,4%)
Eesti, 41 (89,1%) Leedu ja 14 (87,5%) Lati péritolu
tivel. Andmete statistilise to6tlemise tulemustest jarel-
dati, et Campylobacter spp. resistentsust tihe v6i enama
antibiootikumi suhtes esines Eesti péritolu kanalihalt
isoleeritud tivedel oluliselt (p < 0,05) vahem kui Leedu
vOi Lati tivede hulgas. V8rdluseks, Ma jt (2014) uuring
nditas, et kdik 259 (100%) uuritud Campylobacter spp.
isolaati osutusid resistentseks vahemalt (ihe antibiooti-
kumi suhtes, ja nendest tuvedest, mis olid isoleeritud
umbsoolest, rimpadelt ja kanalihalt, olid 95,7-100%

Agraarteadus : Journal of Agricultural Science 2 XXVI 2015 68-75

resistentsed tsiprofloksatsiini suhtes. EFSA (2013)
andmetel on murettekitavaks olukorraks Campylo-
bacter spp. tlivede kd&rge resistentsus tsiprofloksat-
siinile. Joonisel 4 selgub, et kdesolevas uuringus oli 6
(16,7%) Eesti tive, 14 (87,5%) Lati ja 39 (84,8%)
Leedu tlive resistentsed tsiprofloksatsiini suhtes. Ka
nalidiksiinhappe suhtes esines kdrge resistentsus ees-
katt Lati (14 tuve, 87,5%) ja Leedu tivede (37 tive,
80,4%) seas, millele jargnesid Eesti tlved (7 tive,
19,4%). Multiresistentsust kolme v6i enama samasse
gruppi mittekuuluva antibiootikumi suhtes esines
kokku 5 (5,1%) Campylobacter spp. tiivel, neist ks
(2,8%) Eesti ja neli (8,7%) Leedu paritolu. Eestis teos-
tatud varasemas uuringus aastatel 2002-2003 multi-
resistentseid isolaate ei tuvastatud (Praakle-Amin jt,
2007), kuid aastatel 2005-2006 osutusid koguni 36
isolaati (27,5%) multiresistentseks (Roasto jt, 2007).
Kirjanduse p6hjal voib vdita, et antibiootikumi resis-
tentsuse korge esinemissagedus kanalihalt isoleeritud
kampulobakterite seas viitab antibiootikumide pika-
ajalisele kasutamisele farmi tasandil (EFSA, 2014,
Kovalenko jt, 2014; Roasto jt, 2007). See voib kujutada
tdsist ohtu inimeste tervisele, sest farmi tasandilt voi-
vad resistentsed bakterid jéuda ka lihatoodete tarbimise
tasandini. SeetBttu on véga oluline rakendada nii
kontrolli kui ohje mehhanisme antibiootikumide kasu-
tamise Gle farmi tasandil lindude kasvatamisperioodi
ajal.
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Joonis 4. Ravimresistentsete Campylobacter'i tiivede arv
parinedes erinevate riikide kanaliha proovidest (Maesaar jt,
2015). Antibiootikumid: EM — erutromiitsiin, Cl — tsiprofloksat-
siin, TC — tetratsukliin, SM — streptomuitsiin, GM — genta-
muitsiin, NA — nalidiksiinhape

Figure 4. Number of antimicrobial resistant Campylobacter
isolates originating from different countries (Maesaar et al.,
2015). Antimicrobial agents: EM — Erythromycin, Cl— cipro-
floxacin, TC —tetracycline, SM — streptomycin, GM — gentamicin,
NA — nalidixic acid

Kokkuvdte ja jareldused

Uurimustulemused néitasid, et Eesti, Lati ja Leedu
paritolu linnulihatooted on Eesti jaemiugi tasandil
sageli kampulobakteritega saastunud. V8ime viita, et
vOrreldes importtoodetega on Eesti péritolu varskes
kanalihas kampulobakterite levimus ja arvukus méda-
lam. Kuigi kampulobakterite kontaminatsiooni korg-
hooaeg Eestis on peamiselt soojadel suvekuudel, v6ib
pidada inimeste kampulobakterenteriiti haigestumise
riski kanaliha tarbimisel ebaolulisest kuni keskmiseni,
sOltudes sellest, kas tarbida kodumaist v&i imporditud
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toodangut. Selleks, et hoida Campylobacter spp. levi-
mus, arvukus ja antibiootikumidele resistentsus v8ima-
likult madal, on oluline ohje meetmete efektiivne
rakendamine kogu kanaliha tootmise ahelas alates
farmist kuni tarbimiseni.
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Summary

The main aim of the present study is to give an over-
view about the prevalence, counts and antimicrobial
susceptibility of Campylobacter spp. in fresh chicken
meat at the Estonian retail level in 2012-2014. The
detection and enumeration of Campylobacter spp. were
carried out in accordance with the methods of EVS-EN
ISO 10272-1:2006 and ISO/TS 10272-2:2006(E).
Conventional multiplex PCR assay was used for
identification and differentiation of Campylobacter
species according to the method described in Wang et
al. (2002). The VetMIC Camp method (National
Veterinary Institute, Uppsala, Sweden) was used in
order to test 96 Campylobacter isolates against
erythromycin, ciprofloxacin, tetracycline, strepto-
mycin, gentamicin and nalidixic acid for MICs.
Findings showed that Campylobacter spp. are widely
present in fresh chicken meat at Estonian retail level.
Table 1 shows the prevalence and total counts of
Campylobacter spp. in chicken meat samples in 2012.
Campylobacter spp. was isolated in 77 (35%) of 220
chicken meat samples. Altogether, 24 (20.3%) of
Estonian origin, 41 (50%) of Lithuanian origin and 12
(60%) of Latvian origin investigated chicken meat
samples were positive for Campylobacter at retail level.
The highest total counts of Campylobacter spp., on
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average 2600 CFU g*, were detected in the chicken
meat samples of Lithuanian origin followed by on
average 1600 CFU g* and 660 CFU g* in samples of
Latvian and Estonian origin, respectively. Figure 1
shows the results of Campylobacter spp. enumeration
in fresh chicken meat, which indicated that more than
1000 CFU g contained a total of 2 (1.7%) of Estonian,
12 (14.6%) of Lithuanian and 7 (35%) of Latvian origin
products. Figure 2 gives an overview about the
seasonality of Campylobacter spp. contamination on
fresh chicken meat of Estonian (EST) and Lithuanian
(LT) origin in 2012. High occurrence of
Campylobacter spp. contamination was observed from
June to September. C. jejuni was the most frequently
(89%) isolated species followed by C. coli (11%). A
total of 36 isolates (36.7%) of 98 were susceptible to all
the tested antimicrobials. The highest proportion of
isolates (41 isolates, 41.8%) was resistant to
fluoroquinolones. Multiresistance, resistance to three
or more unrelated antimicrobials, was detected in 5
(5.1%) isolates. Antimicrobial resistance phenotype of
Campylobacter spp. isolates in chicken meat samples
are shown in Figure 3.

A total of eight (8.2%) isolates were resistant to
ciprofloxacin/tetracycline/nalidixic acid. A total of

three (3.1%) isolates were resistant ciprofloxacin/
tetracycline/streptomycin/nalidixic acid. The combi-
nation of ciprofloxacin/streptomycin/nalidixic acid
appeared in two (2.1%) isolates. The number of
antimicrobial resistant Campylobacter isolates origi-
nating from different countries has shown in Figure 4,
which showed that the antimicrobial resistance was less
prevalent among Campylobacter isolates of Estonian
origin compared to Lithuanian or Latvian origin.
Resistance to one or more antimicrobials was detected
in 7 (19.4%) of Estonian, 41 (89.1%) of Lithuanian and
14 (87.5%) of Latvian origin Campylobacter spp.
isolates of chicken meat. In conclusion, compared to
fresh chicken meat of Lithuanian and Latvian origin,
the prevalence, counts and antimicrobial resistance of
Campylobacter spp. in chicken meat of Estonian origin
were lower. Therefore, we suppose that the risk of
occurrence of Campylobacter human infection by
consuming domestic fresh chicken meat is lower than
for imported chicken meat. It is important to improve
and strictly follow biosecurity, hygiene and other
control measures in the whole chicken production chain
for reducing the prevalence and counts of Campylo-
bacter spp. in chicken meat.
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ABSTRACT. Forest owners are an important group of people as they own
and use a significant amount of our land resources. Their choices,
decisions and behaviour are closely related to the benefits that forests
provide to everyone. It is for this that information is needed about forest
owners and their behaviour. Private forest ownership in Central and
Eastern European countries is relatively new and there is not much
knowledge about the new forest owners. Therefore, several owners’
classification studies have been made in different countries. The aim of
this paper is to give an overview about some forest owners' classification
cases in this region. Observed typologies and the methodological aspects
are compared between the country cases and their policy importance is
discussed. In almost all such studies, quite universal forest owner groups
are found — the economically and ecologically oriented, the multiple users
or producers and indifferent or passive owners. Depending on the data and
specific clustering methods some variations of course exist. The similarity
and the broad description of groups rises a question if such larger-scale
classifications are in fact depleted. Also, there are several methodological
downsides in the used clustering processes. Nevertheless, such classi-
fications are useful for designing large-scale and long-term objectives for
management of forest resources. This is due to the high level of
generalization of these owner types. However, using such classifications
for designing more specific tools for particular groups, might not be
appropriate. Instead, qualitative research in describing particular owner
groups might give new and more in-depth information about the
characteristics of private forest owners. Also, these results might help
more in developing forest and environmental policy tools.

© 2015 Akadeemiline P6llumajanduse Selts. Kdik digused kaitstud. 2015 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Metsandussektor on paljudes lda-Euroopa riikides
viimase kahe aastakiimne jooksul palju muutunud.
Uheks universaalseks asjaoluks nende muutuste juures
on see, et markimisvaarne hulk metsaressursist on
lilkunud eraomandisse. See tdhendab néaiteks seda, et
kolmes Balti riigis on kokku ligikaudu pool miljonit
eraomanikku (Forinfo, 2011; Mizaraite jt, 2010;
Vilkriste, 2006), mis moodustab umbes 7-8% nende
riikide elanikkonnast, ning nende inimeste metsaomand
moodustab umbes 45% riikide kogu metsavarust.
Kindlasti tuleb siinjuures arvestada asjaolu, et tegemist
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on dunaamilise olukorraga — paljudes riikides on
pooleli veel maade tagastamine vOi erastamine
(SarvaSova jt, 2015), toimuvad maatehingud avatud
turul, muutub tldine sotsiaalmajanduslik olukord.
Lisaks metsaomandile on suuri muutusi l&bi teinud ka
metsapoliitilised protsessid ning seda mitte ainult
omandi muutustest tingitult. Pigem on kisimus laiemas
uhiskondlikus arengus ning metsandussektori eriparas
pakkuda védga suures ulatuses erinevaid tooteid ja
teenuseid. Nende eri funktsioonide tagamiseks raken-
datakse keskkonna- ja metsapoliitilisi vahendeid. Suur
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osa neist vahenditest on suunatud just erametsa-
omanikele. Edukas poliitikate rakendamine eeldab
teadmisi sihtrihmast ehk eraomanikest — nende oman-
dist, soovidest ja vajadustest. Paraku on Eesti puhul
neid teadmisi veel endiselt vahe, nagu tddetakse ka
Eesti metsanduse arengukavas aastani 2020 (Kesk-
konnaministeerium, 2010, Ik 26). Pregernig (2001) aga
naiteks rohutab, et metsapoliitiliste instrumentide
loomine ja rakendamine peakski toimuma just siht-
rihmade p&hiselt.

Uks tavapirane ja tisna levinud viis metsaomanike
kui sihtrihma uurimiseks on nende rihmitamine.
Metsaomanike tlipide loomine on tdendoliselt (ks
levinumaid metsapoliitilisi uurimisvaldkondi Gldse,
sest see vGimaldab kirjeldada ja lihtsustada metsaoma-
nike mitmekesisust (Weber, 2012). Klassifitseerimi-
seks kasutatakse Uldjoontes kahte erinevat ldhenemist
(Smith, 2002). Nii tipoloogiate kui ka taksonoomiate
kujundamise eesmark on lihtsustada mingit keerukat
ststeemi. Mdlemal juhul on aga tegemist klassifitseeri-
mise erijuhtudega, kuigi nende valjund on Uldjoontes
sama — mingite subjektide liigitamine v3i grupeerimine
sarnasuste alusel (Bailey, 1994). Nende omavaheline
erinevus seisneb selles, et taksonoomiad lahtuvad
ennekdike moddetavatest empiirilistest néitajatest, ent
tipoloogiad on mitmemd&dtmelised ja kontseptuaalsed
(Bailey, 1994). Tosi, tihtipeale kasutatakse neid sdnu
sinonlumidena. Siiski on vahe méargatav ka asjaolus,
et taksonoomiatest radgitakse peamiselt loodustea-
dustes ning tdpoloogiatest poliitika- ja sotsiaal-
teadustes. Just viimastest on metsapoliitika vGtnud dle
teoreetilisi l1ahenemisi ja praktikaid, jaéddes samal ajal
siiski tugevalt oma uurimisobjekti keskseks (De Jong
jt, 2012).

Metsaomanike tlidpide v6i ruhmade uuringuid on
tehtud palju just pikema eraomandi ajalooga riikides:
Ameerika Uhendriigid (nt Finley, Kittredge, 2006;
Finley jt, 2006; Majumdar jt, 2008), Austria (nt Hogl jt,
2005), Soome (nt Karppinen, 1998), Rootsi (nt Inge-
marson jt, 2006) jmt. Selline uurimissuund on aga
uudne just riikides, kus maaomandiga seotud muutused
on veel vordlemisi uued. Seetdttu on selle tlevaate ees-
margiks vorrelda eri Ida-Euroopa riikide metsaomanike
rihmitamise uuringute tulemusi ning nende metodo-
loogilisi aspekte. Samuti arutletakse nii leitud rihmade
kui ka metodoloogiliste nliansside olulisuse (ile metsa-
poliitilises kontekstis.

Materjal ja metoodika ning arutelu

Lahtudes pustitatud eesmaérgist, toetub see analiils
ennekdike olemasolevale teaduskirjandusele. Vaatluse
all olevad uurimused on rahvusvahelises teaduskirjan-
duses praegu ainukesed autorile teada olevad ndited
Ida-Euroopa riikide metsaomanike tiipoloogiate kohta
(Eesti ndide baseerub Teet Sepa magistritool). Nende
leidmiseks kasutati andmebaaside, nagu Scopus,

1Ungari juhtum on osa suuremast Euroopa projektist "Multifunctio-
nal forestry as a means to rural development” (Multifor.RD), mis-
tottu esineb selle juhtumi kirjeldamisel teatavaid isedrasusi. Naiteks

Thompson Web of Science ja ScienceDirect otsinguid.
Otsingute kaigus leiti jargmiste riikide metsaomanike
rihmitamise nditeid (lisaks Eesti naitele Sepp, 2008):
Leedu (Stanislovaitis jt, 2015; Mizaraite, Mizaras,
2005), Ungari® (Elands jt, 2004; Wiersum jt, 2005),
Serbia (Malovrh jt, 2015) ja Sloveenia (Malovrh jt,
2015). Uurimuste vordlemisel kasutati kvalitatiivset
juhtumipdhist sisuanaltdsi, mille abil v&rreldi kdikide
uuritavate juhtumite kaigus leitud metsaomanike
rihmade kirjeldusi. Selgitati, kuidas on analiiiside
l&biviijad loodud rihmi interpreteerinud ning millised
on juhtumitevahelised sarnasused ja erisused. Lahtudes
sellest, teostati ka tdiendav, lihtsustatud juhtumitetilene
grupeerimine. Samuti vorreldi uurimuse metoodilisi
lahenemisi ning hinnati nende metsapoliitilist olulisust.

Ruhmitamise l&hteandmed ja meetodid

Vaadeldud uurimuste seas on réhk valdavalt olnud
empiiriliste tulemuste analtitsimisel (tabel 1). Viiel juhul
kuuest on andmete kogumiseks kasutatud ankeet-
kusimustikke, mille peamine fookus on olnud vélja
selgitada, kuidas hindavad metsaomanikud oma ees-
marke. Vaid ks vaatluse all olnud uurimustest kasutas
kvalitatiivset lahenemist (intervjuud ja sisuanaliiisi),
samal ajal kui selle eesmark oli vaadeldud kvantitatiiv-
sete uurimuste omaga sarnane. Uldjoontes on ankeet-
kisimustike kaudu andmete kogumiseks levinum viis
kasutada eri seisukohtade véljaselgitamiseks 5-punktilist
Likerti skaalat (nt Finley, Kittredge, 2006; Jennings, van
Putten, 2006; Karppinen, 1998; Urquhart, Courtney,
2011 jpt).

Vaatluse all olevates uuringutes kisis nditeks Sepp
(2008) omanikelt, millest nad metsaraiete tegemisel
lahtuvad. Uheks vastusevariandiks oli “isiklikust
majanduslikust olukorrast (suurem summa raha)", mida
metsaomanikud on pidanud hindama vastavalt Kkui
"kdige olulisem™, "véga oluline”, ,,oluline"”, "véhem
oluline™ vdi "ei oma tahtsust”. Sarnaselt on Malovrh jt
(2015) kisinud eri eesmérkide, nagu nditeks puidu
tootmise, mittepuiduliste saaduste tootmise, puhkuse,
jahinduse, tulevikku investeerimise, elurikkuse Kkaitse,
metsa kaitse kohta, aga skaala keskmine véartus on
"neutraalne”, mitte "oluline", nagu kasutas Sepp
(2008). Teatud juhtudel on kasutatud lahteandmetena
ka mitmeid eri kiisimuste vastuseid koos. Néiteks
Malovrh jt (2015), Elands jt (2004) ning Wiersum jt
(2005) kasutavad nii diskreetseid kui ka pidevaid
muutujaid koos (naiteks metsaomandi suurus). Muutu-
jate tulbist olenevalt on kasutatud klasteranalliisi eri
meetodeid, et olemasolevast andmestikust rihmad
luua. Suuremate andmestike puhul on mdningail juhtu-
del enne kasutatud lihtsustamismeetodeid (faktorana-
l0Us vai eelklastrite loomine). Samuti on néiteks Sepp
(2008) kasutanud CCC-kriteeriumi (cubic cluster
criterium), mille tulemusena saadakse teada konkreet-
sete vaatluste jaoks optimaalne klastrite arv.

on autorid riihmitanud omanikke erinevate pdhimotete alusel erine-
vatesse rihmadesse, mistottu esineb ka tulemuste kajastamisel
erisusi.
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Tabel 1. Vaadeldud uurimuste méningate metodoloogiliste aspektide vordlus
Table 1. Comparison of some methodological aspects of the reviewed studies

Riik Allikas Valimi | Kvanti- | Kvalita- Eesmark Valimi valiku Metoodika
Country Source suurus | tatiivne | tiivne Aim of the study pdhimbotted Methods
Sample | Quanti- | Qualita- Sampling
size tative tive principles
Eesti Sepp, 2008 459 X Erametsaomanike Toetusmeetmete Klasteranaliilis (SAS).
Estonia rihmitamine nende andmebaas ja Vastusevariantidega
kaitumise ja hoiakute alusel|  metsaregistri kisimustiku analids.
Owners classification véljavote Cluster Analysis (SAS) of
based on their behaviour [Sample taken from| multiple choice questionnaire
and attitudes forestry support
database and
Forest Register
Leedu Stanislovaitis 18 X Leedu erametsaomanike Zemaitija ja Intervjuu sisuanalus.
Lithuania jt, 2015 Uksikasjalik kontekstuaalne Suvalkija Eesmarkidel ja kaitumisel
kujutamine piirkonnad baseeruvate riihmade loomine
Provide detailed Regional areas of ning ekspertarvamuste
contextualized portrayals | Zemaitija and | rakendamine tiilipide esinemise
of private forest owners in Suvalkija selgitamiseks kahel valitud alal
Lithuania Content analysis of interviews.
Grouping owners based on
their objectives and behaviour.
Generalizing the identified
groups to two specific areas
using expert opinions
Mizaraite, 415 X Selgitada metsaomanike |Uleriigilise registri|Klasteranaliiiis (STATISTICA).
Mizaras, eesmérke ning metsade geograafiliselt Vastusevariantidega
2005 majandamisega seotud esinduslik kisimustiku analuis. Aluseks
probleeme ning grupeerida véljavott 5-punktiline Likert skaala
omanikke lahtuvalt nende | Random selection | metsaomanike eesmérkidest
eesmarkidest from the database | Cluster Analysis (STATISTICA)
Explain forest owners of the public of multiple choice
goals, their management |company 'Registry |questionnaire. Clustering based
related problems and Centras' on 5-point Likert scale answers
group them based on their to their objectives
objectives
Ungari Wiersum jt, 794 X Selgitada mis muutujad Kahe piirkonna Faktoranaluisi (varimaks
Hungary 2005; iseloomustavad (Szentgal ja pooéramisega) kasutati
Elands jt, vaikemetsaomanikke, mis | Kerekegyhdza) | andmestiku lihtsustamiseks ja
2004 on metsaomanike baasil vetud véiksemaks muutmiseks.
eesmargid ning kuidas nad valim Rihmitamiseks kasutati esmalt
tajuvad maalisust Sample based on | hierarhilist klasterdamist mille
Explain the characteristics | two distinct areas tulemustele rakendati k-
of small-scale forest (Szentgédl ja keskmist klasteranaliiisi
owners, their objectives Kerekegyhdaza) Factor analysis (with
and how they perceive VARIMAX rotation) was used
forests within rural to simplify the dataset. For
development grouping both hierarchical and
K-means clustering was used
Serbia Malovrh jt, 248 X Selgitada metsaomanike Léahtutakse Kaheastmeline klasteranaliiis
Serbia 2015 tlipe lahtuvalt erinevatest | omandi suuruse ja| (SPSS 20), et optimeerida
kriteeriumitest (eesmérgid, | geograafilisest klastrite moodustamist
koostddvalmidus jm.) ning | esinduslikkusest. | (eelklastrite moodustamine).
sellest I&htuvalt anda Eri riikide puhul Hilisematele eelklastritele
soovitusi poliitika- kasutatud aga eri | rakendati hierarhilist klaster-
instrumentide kasutamise | allikaid riikide | anallilisi. Muutujate seas on nii
kohta isedrasusest pidevaid kui ka diskreetseid
Sloveenia| Malovrh jt 322 X To idenfity and describe tulenevalt muutujaid
Slovenia 2015 private forest owner types | Ownership size Two-step cluster analysis
based on various criteria | and geographical | (SPSS 20) was used to optimize
((2) forest management | representativeness | the formation of clusters. Later
objectives, (2) participation| as base for selec- | hierarchical clustering was
in private forest owner tion however, applied (both continuous and
organizations etc.) and | different sources categorical variables were
give suggestions which are used in both used)
policy instruments should countries
be used

Agraarteadus : Journal of Agricultural Science 2 XXVI 2015 62-67




Ulevaade metsaomanike klassifitseerimisest ida-euroopa riikides: metodoloogilisi ning metsapoliitilisi aspekte

79

Ruhmade sarnasused ja erinevused

Vaadeldud uurimuste vordlemisel on k&ige esime-
seks ja selgemaks (hisosaks see, et kdikides esineb
selline grupp metsaomanikke, kelle peamiseks ees-
margiks on aktiivne majandustegevus (tabel 2).
Mizaraite ja Mizaras (2005) nimetavad neid Leedu
puhul "&rimeesteks" ning nende osakaal on koguni
29%. Stanislovaitis jt (2015) leidsid neid olevat 18%.
Jattes Kkorvale asjaolu, et uhel juhul on tegemist
kvantitatiivse ning teisel juhul kvalitatiivse analuisiga,
on liheks suureks osakaalu erinevuse pohjuseks kind-
lasti asjaolu, et Mizaraite ja Mizaras (2005) kasutasid
Ule-Leedulist esinduslikku valimit, samal ajal kui
Stanislovaitis jt (2015) keskendusid kahele konkreet-
sele Leedu piirkonnale. Serbia ja Sloveenia puhul on
rihm nimetatud "aktiivseteks metsaomanikeks" ning
nende osakaalud on vastavalt 33% ja 26% (Malovrh jt,
2015). Varreldes teiste rihmadega, on sellised metsa-
omanikud aktiivsemad majandajad, nad peavad
oluliseks puidukasutust kui sissetulekuallikat. Uldjoon-
tes on neil ka rohkem metsamaad kui metsaomanikel,
kes kuuluvad teistesse gruppidesse. Tehingud (enne-
kdike ost) metsamaaga on sellistel metsaomanikel
pigem tbenéolisemad, kuivérd metsa vaadeldakse kui
investeeringuobjekti.

Oma omandi karakteristikutelt ei erine eelmisest
riuhmast palju ka metsaomanike grupp, kel on metsaga
mitu eesmarki. Sepp (2008) on nad nimetanud "mitme-
kilgseteks tootjateks™ ning sarnased rihmad eristuvad
ka Leedus (Mizaraite, Mizaras, 2005) ning Serbias ja
Sloveenias (Malovhr jt, 2015). Serbia puhul on suur

osakaal (67%) tingitud ennekdike asjaolust, et klastreid
oli vaid kaks. Tegelikult langeb selle rihma alla kirjel-
duste poolest vahemalt osaliselt ka Leedu (Stanislo-
vaitis jt, 2015) rihm "kodune metsamees" (56%),
Ungari-1 (Wiersum jt, 2005; Elands jt, 2004) "talu-
metsaomanikud" (83%) ja Ungari-2 (Wiersum jt, 2005;
Elands jt, 2004) "hobimetsaomanikud" (54%). Majan-
damine toimub harvem, on véiksema intensiivsusega.
Osa puitu kasutakse dara koduses majapidamises.
Maapiirkondades elavad siia rihma kuuluvad metsa-
omanikud on tihtipeale tegevad ka p6llumajanduslikus
tootmises. Mdneti sarnaneb selle rihmaga ka Mizaraite
ja Mizarase (2005) rihm "tarbijad" (23%).

Ennekdike Leedu naidete puhul eristub veel looduse-
armastajate rihm (Stanislovaitis jt, 2015; Mizaraite,
Mizaras, 2005). Neile metsaomanikele kuulub pigem
vahem metsa, nad on majandamisel véheaktiivsed voi
puudub aktiivsus tldse. Majandamine piirdub Gldjoon-
tes tegevustega, mis parandavad metsa Gldist seisu-
korda. Sepp (2008) leidis sarnase riihma, mille nimetas
"korvalseisjateks". Kuigi ta leidis, et keskkonnakaitse-
lisi ja sotsiaalseid aspekte need metsaomanikud kdrge
véartusega ei hinnanud, on Klastrisse kuuluvate metsa-
omanike tegevuse kirjeldusest ndha selgeid paralleele
Leedu niidetega. Uhtlasi esineb selles riihmas huvi
metsa rekreatiivsete vaartuste vastu. Kuigi Malovrh jt
(2015) on Sloveenia néitel Klastri "passiivseteks oma-
nikeks" nimetanud, on ka siin paralleele eelmainitud
néidetega: metsade majanduslikud aspektid on pigem
vaheolulised ja samal ajal on puhkemajanduslikud
véértused metsaomanikele olulisemad.

Tabel 2. Vaadeldud uurimustest Uldistatud metsaomanike grupid
Table 2. Generalized forest owner groups in the observed studies

Uldistatud nimetus Aktiivsed metsade Mitme eesmérgiga Loodushoiu ja puhkuse Passiivsed/mittehuvitatud
Generalized name majandajad metsaomanikud eesmarkidega omanikud omanikud
Active forest Multi-objective forest Conservation and Passive/not interested owners
managers owners recreation motivated
owners
Riik Uurimus Rihma nimetus Rihma nimetus Rithma nimetus Riihma nimetus
Country Source Group name (%) Group name (%) Group name (%) Group name (%)
Eesti Sepp, 2008 Puidukasutusele Mitmekdilgsed tootjad Kdrvalseisjad Ukskoiksed metsaomanikud
Estonia orienteeritud tootjad | Versatile producers (10) Bystander (27) Indifferent forest owners (32);
Timber-oriented Véheaktiivsed metsaomanikud
producers (23) Less active forest owners (8)
Leedu |Stanislovaitis jt, Arimees Kodune metsamees Passiivne metsaarmastaja Ad-Hoc omanik
Lithuania 2015 Forest businessman | Household forester (56) | Passive forest lover (7) Ad hoc owners
(18) (19)
Mizaraite, Arimehed Mitme-eesmargilised Looduss6brad
Mizaras, Businessmen (29) omanikud Ecologists (18)
2005 Multi-objective owners (30);
Tarbijad/Consumers (23)
Ungari-1 Wiersum jt, Metsnikud Talumetsaomanikud
Hungary-1 2005; Foresters (17) Farm-foresters (83)
Elands jt, 2004
Ungari-2 Wiersum jt, Téistooajaga Hobimetsaomanikud Pensionil metsaomanikud
Hungary-2 2005; omanikud Hobby-owners (54) Retired owners (37);
Elands jt, 2004 | Full time owners (8) Osalise todajaga omanikud
Part-time owners (1)
Serbia | Malovrh jt 2015 | Aktiivsed omanikud Mitme-eesmérgilised
Serbia Active owners (33) omanikud
Multiobjective owners (67)
Sloveenia | Malovrh jt 2015 | Aktiivsed omanikud Mitme-eesmérgilised Passiivsed omanikud Mittehuvitatud omanikud
Slovenia Active owners (26) omanikud Passive owners (33) Uninterested owners (22)
Multiobjective owners (19)
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Viimati mainitud passiivsete omanike rihmi leidub
aga veel mujalgi. Nii Sepp (2008) kui ka Stanislovaitis
jt (2015) on selliseid metsaomanike rihmi leidnud,
nimetades neid vastavalt "ikskdiksed metsaomanikud"
(32%) ja "ad hoc-omanikud" (19%). Selles riihmas ole-
vad metsaomanikud ei tegele oma metsa majandami-
sega voi teevad seda oma metsa seisukorra parandami-
seks. Sloveenia nditel nimetati rihm "mittehuvitatud
metsaomanikeks" (22%), kes omavad véga véikeseid
metsaosi, elades ise samal ajal eemal linnades (Malovrh
jt, 2015). Sepp (2008) leidis Eesti nditel aga pigem
vastupidist.

Klassifitseerimise metodoloogilised aspektid

Nagu eespool kirjutatud, on igasuguse rihmitamise
eesmargiks lihtsustada keerukat susteemi, rihmitades
suurt populatsiooni sarnaste tunnuste alusel. Metsa-
omanike puhul on tldjoontes nendeks tunnusteks kas
1) nende véartused ja eesmérgid, 2) nende kditumine
vOi 3) metsaomandi omadused. Peamiselt on Klassifit-
seerimise sisendiks nii pidevaid kui ka diskreetseid
muutujaid ning neid vo6ib olla védga palju. Klasterana-
l00si, mida valdavalt kasutatakse, (ks tugevus seisneb-
ki suuremast kogutud andmestikust tUsna hea ja Kiire
Ulevaate saamises. Selline klassifitseerimine on ka
kasulik, kui tekkivaid riihmi on optimaalne arv. See
tdhendab, et olemasolevad rihmad kirjeldaksid &ra
vBimalikult suure osa kogu algse valimi tunnuste
variatsioonist ja oleksid samal ajal ka Uksteisest eri-
nevad. V&ga suure arvu riihmade juures aga tekib liialt
palju "halli ala" ehk rihmitamise otstarbekus tuleks ule
vaadata. Samas vaga vdikese arvu Klastrite juures on
Uldistuse tase liiga suur ning seetdttu saadud tulemus
vaheinformatiivne. Selle U(levaate juures osutusid
néiteks Serbia (Malovrh jt, 2015) ja Ungari-1 (Wiersum
jt, 2005; Elands jt, 2004) naited vdga véheinforma-
tiivseks.

Eelmainitud suure klastrite arvu juures tekkiv n-¢ hall
ala on seotud Uhe klasteranallilisi peamise ndrkusega
ehk valdav osa riihmitamist toimub mudelitega, mis
arvutavad muutujate alusel riihmade keskmised ning
paigutavad Uksikud vaatlused Klastritesse just nende
kauguse jargi moodustatud klastrite keskmistest. Seega
voivad arvutatud keskmistest kaugemal asuvad vaatlu-
sed eri rihmade piirilahedasse tsooni jdada ning alg-
andmetest vBi konkreetsest meetodist tulenevalt voib
saada nii arvult kui ka sisult vaga erinevaid Kklastreid.
Veelgi enam, tuleb arvestada, et Uihe klastri sees olevad
kaks vaatlust vBivad asuda vaartuste poolest (iksteisest
kaugemal kui eri klastrites asuvad kaks eri vaatlust.
Cabaravdi¢ jt (2011) niitasid Bosnia-Hertsogoviina
metsaomanikke ruhmitades, kui erinevalt vdivad
grupid tekkida. Kasutades uksnes omandi suuruse
nditajat, jaotati metsaomanikud kolme riihma; kahe-
astmelise klasterdamisega, kus kasutati nii pidevaid kui
ka diskreetseid muutujaid, saadi rihmade arvuks
samuti kolm, ent rihmade iseloomustused olid eri
lahendusi kasutades erinevad. Veelgi enam muutusi tuli
tulemustesse, kui aluseks v@eti ka omandi asumise
piirkond ning rakendati hierarhilist klasterdamist — siis
saadi tulemuseks viis eri riihma omanikke. Cabaravdi¢
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jt (2011) réhutavad, et uurimuse eesmarki formuleeri-
des tuleb meetodite kasutamine juba aegsasti labi
motelda, sest lisaks klasterdamisele on olemas ka muid
rihmitamise vdimalusi. Naiteks Wiersum jt (2005)
ning Elands jt (2004) kasutasid andmete esialgseks
lintsustamiseks faktoranaltisi, Po&llumae jt (2014)
kasutas Eesti metsaomanike motiivide uurimisel pea-
komponentanaliiisi. Viimane eristub klasteranaltusist
selle poolest, et algsete tunnuste alusel moodustatakse
lineaarkombinatsioonid ehk uued muutujad (kompo-
nendid), mis arvutatakse igale vaatlusele eraldi. Tekki-
vad komponendid kirjeldavad omakorda (sealjuures
esimene kdige rohkem) algsete tunnuste varieeruvust.

Lisaks sellele on valdav osa sellelaadseid metsaoma-
nike uuringuid kvantitatiivsed ning rihmitamise alu-
seks on tihtipeale ankeetkisimustikud, kus metsaoma-
nikud peavad vastama etteantud seletustele. VVaadeldud
naidete puhul olid aluseks metsaomanike eesmargid —
Boon jt (2004) t6bdevad oma Ulevaates samuti, et
peamiselt I&htuvad sellised tiipoloogiad metsaomanike
eesmarkidest. Selliselt saadud andmestike puhul on aga
oluline silmas pidada, et nditeks metsaomandi eesmar-
kide nimistusse kirjutatud variante, nagu sissetulek,
elurikkus, turism, investeering vms, on juba kisimus-
tiku looja mdistnud tht vdga konkreetset moodi. Suure
hulga metsaomanike seas aga ei ole universaalset tead-
mist, mis on elurikkus v8i milline on oluline sissetulek
ja milline mitte. Bengston jt (2011) on metsaomanike
kinniseid ja avatud vastuseid vorreldes leidnud, et just
viimaste kvalitatiivsel analutsimisel on ilmekamalt
vdlja tulnud metsaomanike motiivide v6i eesmarkide
mitmekesisus, vorreldes fikseeritud vastuste empiirilise
analulisimisega. Seda metodoloogilist tugevust réhuta-
vad ka Stansilovaitis jt (2015).

Kas uus info vdi taasavastatud vana?

Vorreldes eri Laane-Euroopa riikide metsaomanike
rihmitamisi, on Boon jt (2004) kokkuvdttes tddenud, et
valdavalt on omanikud jagunemas viide peamisesse
rihma: 1) majandaja ("economist™), 2) mitme eesmar-
giga omanik ("multiobjective"), 3) véikeettevotja (“self-
employed"), 4) puhkaja ("recreationist") ning 5)
passiivne metsaomanik (“passive/resigning owner").
Selle artikli raames vaadeldud Ida-Euroopa riikide
metsaomanike riihmad (tabel 2) ei erine mérkimisvéaar-
selt Booni jt (2004) leitust. Voib-olla on (heks
suurimaks erisuseks nende leitud véikeettevGtjate
rihm, mille esinemist Gheski Ida-Euroopa néites nii
selgelt vélja ei joonistunud. Tdsi, ka Booni jt (2004)
Ulevaates selgus, et seda rihma esines vdrdlemisi
véhestes uurimustes.

Uurides 31 eri metsaomanike tiipoloogiate uuringut
Euroopast ja Ameerika Uhendriikidest, on Blanco jt
(2015) leidnud, et on olemas véike hulk metsaomanike
tlilpe, mida eri riikide uurimustest jarjekindlalt leida
vOib: kasumile orienteeritud omanikud, mitme eesmar-
giga omanikud, vaba aja / puhkamise eesmargiga oma-
nikud, looduskaitsjad ja passiivsed omanikud. Vaadel-
dud Ida-Euroopa uurimuste tulemused on eelmistega
Usna sarnased (tabel 2). Selliste tipoloogiate kasutami-
ne on ehk vBimalik laiemate (riigid, riikidellesed
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regioonid) piirkondade maakasutuspoliitikate kujunda-
misel. Lokaalsete keskkonna- v6i majanduspoliitiliste
tingimuste tdttu voib samade eesmarkide ja suhtumi-
sega metsaomanike tegelik kditumine olla vaga erinev
(Blanco jt, 2015). SeetSttu on oluline, kas ja kuidas
metsaomanike tiipoloogiaid metsapoliitika kujundami-
sel, aga ennekdike lokaalsel juurutamisel, arvestatakse.

Metsapoliitilised seosed ja olulisus

Uhiskonnale on oluline, et metsa eri funktsioonid
oleksid tdidetud. Selle kindlustamiseks kasutab riik
mitmesuguseid poliitikaid, et sihtgruppide kaitumist
suunata v8i mdjutada. Metsaomanikud on kindlasti
tihed kd&ige olulisemad subjektid, mida eri poliitika-
instrumentidega mdjutada dritatakse. Instrumente on
samuti vaga erinevaid. Naiteks Bocher (2012) jaotab
nad neljaks olenevalt riigi mdju ulatusest: regulatoor-
sed, majanduslikud, koostddlised ja informatiivsed.
Serbruyns ja Luyssaert (2006) kasutavad instrumentide
kolmeks jaotamist: majanduslikud (nn porgandid ehk
"carrots"), regulatoorsed (nn pulgad ehk "sticks") ning
informatiivsed (nn jutlused ehk “sermons™). Miks just
omanike klassifitseerimine selles kontekstis oluline on?
Kuivord tegemist on védga heterogeense sihtriihmaga,
vOimaldaks selline populatsiooni lihtsustamine pare-
mini anallitsida metsapoliitiliste instrumentide valiku-
pbhimdtteid ning nende tulemuslikkust. Janota ja
Broussard (2008) kombineerisidki oma analudsis
metsaomanike motivatsioone ja muid nditajaid, et
modelleerida maaomanike instrumentide eelistusi.
Oma jareldustes tddevad nad, et erametsanduse polii-
tikainstrumendid peaksid enam réhku panema metsa-
omanike motivatsioonidele, looduskaitselisse vastu-
tusse suhtumisele ja tegutsemise mdjudest teadlikkuse
hoiakutele.

Ka siinkohal vaadeldud uurimustes jouti paljuski
sarnastele jareldustele. Nii Wiersum jt (2005), Stanislo-
vaitis jt (2015), Mizaraite ja Mizaras (2005) kui ka
Malovrh jt (2015) tddevad, et erametsanduse poliiti-
katega suunamisel peaks arvestama selle mitme-
kesisust, sest eri instrumendid mdjuvad eri tllpi metsa-
omanikele erinevalt. Naiteks toovad Malovrh jt (2015)
vélja, et aktiivsemad metsaomanikud vajaksid rohkem
vOimalusi koostooks (Uhised investeeringud ja lepin-
gud), et oma metsi majandada, ning passiivseid metsa-
omanikke peaks samal ajal suunama rohkem regula-
toorselt ja informatiivselt. Stanislovaitis jt (2015)
jareldavad ennekdike, et riigi poliitikate rakendamine
on ajalooliselt jaik ega vasta enam reaalsusele ning
metsapoliitika juurutamine peaks olema paindlikum.

Kokkuvéte ja jareldused

Vaatluse all olnud riikide metsaomanike klassifit-
seerimise uurimustes valja toodud rihmad olid paljuski
sarnased. Suurema klasside arvu puhul (4-5) eristusid
selgelt sarnased rihmad: majanduslikele eesmérkidele
keskenduvad metsaomanikud, mitme eesmargiga met-
saomanikud, looduskaitselistele v8i puhke-eesmarki-
dele keskenduvad omanikud ning passiivsed omanikud.
Metsaomanike empiirilisel klassifitseerimisel on olu-
line, et loodavate klasside arv oleks optimaalne, sest

véikese klasside arvu puhul tekivad véheinformatiivsed
klastrid ning suure Klastrite arvu korral tekivad véhe
eristuvad metsaomanike rihmad. Vaadeldud Ida-
Euroopa ndidete raames valminud klassid ei erinenud
suures plaanis paljudest teistest klassifikatsioonidest,
mis on tehtud riikides, kus erametsaomand on olnud
juba pikemat aega. Suurem osa spetsiifilistest erine-
vustest on tingitud pigem metodoloogilistest nianssi-
dest kui tegelikust metsaomanike erinevusest. Seda
juba seetottu, et sellise klassifitseerimise tulemusena
saame metsaomanike mitmekesisusest véga Uldistatud
pildi, ning kuigi see vBimaldab eraomanikest teatud
pildi loomist, on selle Gldistuse tase ka tsna limitee-
rivaks faktoriks. Eri presenteeritud tulemused viitavad
pigem sellele, et selline klassikaline metsaomanike
tlpoloogiate loomine on vahemalt parasvoétme piir-
konnas ennast ammendanud. Eri omadustega metsa-
omanike kvalitatiivne kirjeldamine v8ib anda rohkem
infot ning vGib ka poliitikate kujundamisel, aga enne-
kdike juurutamisel, kasulikumaks osutuda.

Autor kinnitab artikliga seotud huvide konflikti puudumist.
The author declares that there is no conflict of interest
regarding the publication of this paper.
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A review on forest owner classifications in
Eastern-Europe — methodological and policy-
related aspects

Priit P6lluméae
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and Rural Engineering, Department of Forest Management,
Fr. R. Kreutzwaldi 5, 51014 Tartu, Estonia

Summary

Forest owners are an important group of people as
they own and use a significant amount of our land
resources. Their choices, decisions and behaviour are
closely related to the benefits that forests provide to
everyone. It is for this that information is needed about
forest owners and their behaviour. Private forest
ownership in Central and Eastern European countries is
relatively new and there is not much knowledge about
the new forest owners. Therefore, several owners’
classification studies have been made in different
countries. The aim of this paper is to give an overview
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about some forest owners’ classification cases in this
region. Observed typologies and the methodological
aspects are compared between the country cases and
their policy importance is discussed. In almost all such
studies, quite universal forest owner groups are found
— the economically and ecologically oriented, the
multiple users or producers and indifferent or passive
owners. Depending on the data and specific clustering
methods some variations of course exist. The similarity
and the broad description of groups rises a question if
such larger-scale classifications are in fact depleted.
Also, there are several methodological downsides in the

used clustering processes. Nevertheless, such classi-
fications are useful for designing large-scale and long-
term objectives for management of forest resources.
This is due to the high level of generalization of these
owner types. However, using such classifications for
designing more specific tools for particular groups,
might not be appropriate. Instead, qualitative research
in describing particular owner groups might give new
and more in-depth information about the characteristics
of private forest owners. Also, these results might help
more in developing forest and environmental policy
tools.
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ABSTRACT. Historically, the dairy sector has been one of the most
important and competitive branches of the Estonian agriculture and food
industry. Since the beginning of the transitional period 25 years ago,
Estonian society and its economy have gone through significant
institutional, political and societal changes, which have also affected the
dairy sector. This paper provides a review of the competitiveness of the
Estonian dairy sector. The competitiveness of dairy farms, the dairy
processing industry and dairy exports are discussed from several
perspectives applied in the studies of competitiveness. Also, the context of
the transition to a market economy and institutional, policy and market
changes are considered. In the past 20 years, the Estonian dairy sector has
maintained its competitiveness in export markets. However, there are
several aspects that need to be addressed in order to maintain
competitiveness in the long term. Estonian dairy farms need to increase
their total factor productivity. The negative trends in the declining lifespan
of dairy cows and declining content of milk components should be
stopped. The Estonian dairy processing industry needs to increase labour
productivity and value per kg of processed milk. To avoid the negative
effects of specialisation on certain products and markets, the portfolio of
export markets and products should be expanded. The EU dairy market is
going through deregulation, and farm payments in Estonia fell in 2014.
This is not the first time in 20 years that agricultural policy has not been
overly protective of the dairy sector. Therefore, the future competitiveness
of the Estonian dairy sector depends mainly on its adaptive capacity in the

light of changing markets, policies and institutions.

© 2015 Akadeemiline Pdllumajanduse Selts. Koik digused kaitstud. 2015 Estonian Academic Agricultural Society. All rights reserved.

Introduction

Dairy has been one of the most important export
orientated sectors in the Estonian agriculture and food
industry. In 1925, food and drinks comprised 28.7% of
the value of total exports, and butter alone comprised
22.1% of the value of total exports. In 1924/1925,
animal products comprised 53.3% of the value of
Estonian agricultural output (Pihlamégi, 2004). In
2014, the share of animal products in total agricultural
output was 46.5%, and milk comprised 27.8% of the
value of Estonian agricultural output. In 2013, the
manufacturing of dairy products comprised 2.3% of
value added in manufacturing, and 0.5% of total value
added. In 2014, milk and dairy products comprised

! According to the authors' calculations based on the standard
results of the Estonian FADN survey in 2014 (Rural Economy
Research Centre, 2015b), specialised dairy farms comprised
36.9% of total labour use, 46.1% of total output, 43.4% of

1.6% of the value of total exports (Statistics Estonia,
2015). If one considers the value of other products of
dairy farms (e.g. cattle, fodder, cereals, and oilseeds)?,
and the value created in other segments (both up- and
downstream) of the milk value chain (e.g. input pro-
viders, logistics, dairies, retailers, education, research
and development, etc.), the significance of dairy and
associated activities in the Estonian economy is larger
than the abovementioned figures suggest. As dairy is an
export-orientated branch, with 135.9 million euros'
worth of net dairy exports in 2014, it is crucial that the
dairy sector maintains and strengthens its competitive-
ness on external markets in order to sustain the leading
role in Estonian agri-food value chains.

intermediate consumption, 35.3% of total assets and 44.7% of
total liabilities of all farms represented by Estonian FADN
sample (FADN Public Database, 2015).
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In the past 25 years, Estonian agriculture and society
have been subject to significant reforms and institutio-
nal changes. These have also affected Estonian dairy
farms and dairy processors. Therefore, medium or long
term reviews of Estonian agriculture should consider
the transition context. This paper aims to review the
development of the Estonian dairy sector between 1994
and 2014, and analyse the competitive position of
Estonian dairy farms and its dairy processing industry
from various perspectives?. First, the theoretical
frameworks applied in the studies of competitiveness
are reviewed. Second, the institutional, policy and
market context is reviewed, with the aim of providing
the background for the development of the dairy sector.
Third, the development and competitiveness of milk
production and dairy processing is analysed. Fourth,
the trends in the domestic demand of dairy products are
reviewed. Fifth, the foreign trade performance of the
main classes of dairy products is studied. In the
discussion and conclusions section, the interrelations
between the competitiveness of Estonian dairy farms
and the dairy processing industry, institutional, policy
and market contexts, domestic demand and foreign
trade performance are considered.

Theoretical framework of competitiveness

Measuring the competitiveness of the dairy sector has
been an important research topic for many authors and it
has been analysed from various standpoints (Thorne,
2004; Fertd, Hubbard, 2003; Dillon et al., 2008,
Donnellan et al., 2009; Tacken et al., 2009; Omel, Varnik,
2009; Van Berkum, 2009; Latruffe, 2010; Latruffe, 2014,
Jansik et al., 2014; Jedik et al., 2014; Irz, Jansik, 2015).
Competitiveness is a relative, complex, multidimensional
and undetermined concept. Since the general theory of
competitiveness is non-existent and there is no single
definition (Ahearn et al., 1990; Sharples, 1990), different
interest groups define competitiveness differently, thereby
sometimes misusing the concept. The authors mostly
agree that a competitive firm must be able to offer
products that meet the market demand (in terms of price,
quality and quantity), ensuring, at the same time, adequate
profit or an increase in the market share in its home
country or abroad (Martin et al., 1991; Smit, 2010;
Vukovic¢ et al., 2012; Jansik et al., 2014).

The structure-conduct-performance paradigm (Figure 1),
being descriptive and providing an overview of industrial
organisation, is one of the frameworks applied in the
competitiveness studies (VVan Berkum, 2009).
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Figure 1. The framework of the structure-conduct-performance paradigm. Source: Lipczynski et al. (2005)

2 The first five years of transition are not included due to the
incompatibility of data. Estonian independence was restored
in 1991; therefore, the data from 1990 reflects Soviet Estonia,
which had a command economy and the currency of the

Soviet Union. In addition, in the beginning of the 1990s,
Estonia had a very high inflation rate. Therefore, the
monetary data from the beginning of the transitional period is
not easily comparable with later periods.
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According to this approach, an industry's perfor-
mance (success) depends on the conduct (behaviour) of
its firms, which in turn depends on the structure of the
industry. The industry's structure depends on the basic
conditions, such as the factors that affect supply
(technology) and demand. Government policies also
have an important role in this framework, as they affect
both sellers and buyers in the market (Carlton, Perloff,
2015).

Competitiveness can be evaluated from various
perspectives. Bojnec and Ferté (2014) conclude that
competitiveness can be analysed at three levels:
national (macroeconomic), industrial (branch) and firm
(microeconomic) level. There are different approaches
to analysing competitiveness such as traditional trade
theory, industrial organisation theory and strategic
management theory (McCalla, 1994; Garcia Pires,
2010; Donnellan et al., 2011; Gapsys, 2013). Reimer
and Stiegert (2006) studied several aspects in
international competition based on the strategic trade
approach. It has been suggested that the trade theory
based approach is essentially a supply-side approach to
competitiveness, where relative price differences have
remained the main indicators of competitiveness. From
the industrial organisation theory point of view, it is
possible to define the variables affecting the company's
economic situation (Figure 1) and estimate their respec-
tive effects (Van Duren et al., 1991; Shatrevich, 2014).
Efficiency and value added through cost management
and product differentiation are characteristics that
define competitiveness from the strategic management
theory point of view (Kennedy et al., 1997).

Some authors emphasise that each company can gain
a competitive advantage over its competitors in some
attributes for a short period, but it is highly improbable
that it can hold its superiority for a longer period
(Kennedy et al., 1997). Therefore, in order to maintain
competitiveness, it must be periodically analysed and
respective corrective actions must be taken. In addition
to such traditional competitive advantages as the
availability of inputs and price efficiency, demand for
the product, the company's strategy, the overall
development of the sector and government actions are
also important. There is no consensus as to the
importance of defining the sources of competitiveness;
some authors think that defining the sources of
competitiveness is crucial because they are directly
related to measuring competitiveness and its indicators
(Buckley et al., 1988; Thorne, 2004). It is believed that
an ideal combination of competitiveness indicators will
provide a good overview of the competitiveness of a
company, branch of industry or country. However, it is
necessary to distinguish between the different stages in
the measurement of competitiveness. Competitiveness
indicators measure the competitiveness of the
company, whereas competitive potential measures its
sources. The process of competition, on the other hand,
finds expression in how the competitive potential is
transferred into competitiveness.
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Competitiveness has been found to be closely linked
to productivity, a parameter characterising the
efficiency of the process, and measuring the conversion
of inputs into outputs. Several authors have used partial
productivity indicators to measure competitiveness
(Latruffe, 2010; Jansik et al., 2014; Irz, Jansik, 2015).
However, without taking into account production costs
or profitability indicators, a low partial productivity
indicator does not necessarily mean low competitive-
ness potential, as low production costs can compensate
for low partial productivity. For example, high labour
productivity may reflect high efficiency resulting from
a better use of technology. However, it may also be
caused by substituting inefficient capital for labour.
Therefore, partial productivity indicators do not
adequately characterise the company's competitive-
ness. To reduce this shortcoming, the total factor
productivity (TFP) indicator, which combines all inputs
and outputs used in production, is used (Jansik et al.,
2014; Kimura, Sauer, 2015; Irz, Jansik, 2015).

In addition to the competitiveness of an individual
company, the competitiveness of the entire value chain,
which may be based on trade, and terms of trade, may
prove the determining factor. Comparative advantage
in domestic production in the areas where the
opportunity costs are lower or equal to international
prices is an important factor that affects competitive-
ness. Therefore, countries specialise in such lines of
production where they are able to keep the opportunity
costs low. It has been suggested that in order to
determine the specialisation of a country it is important
to take account of the comparative advantage as, due to
lower costs, it makes it possible for the country to
increase the production for export (Houck, 1992).
Therefore, trade based on comparative advantage
ensures a more efficient resource allocation in the
economy. Competitive advantage is sometimes used as
a synonym of comparative advantage. It is suggested,
however, that competitive advantage is mainly a
political concept, giving the sector a trade advantage
through grants/subsidies, tax incentives, trade res-
trictions or other interventions in the country (Jeffrey,
Grant, 2001). Consequently, in order to determine what
a country is expected to produce for export, both the
comparative and the competitive advantage are taken
into account. Omel and Vérnik (2009) suggest that
price and quality are the two main factors that
determine the competitiveness of products both in
domestic and export markets. Lower production costs
provide a competitive advantage in (lower) price, while
better quality, an attractive brand or additional benefits
attract consumers to pay a higher price for the product.

According to Balassa (1965), the revealed compara-
tive advantage expresses the successfulness of the trade
performance of the country. It is assumed that the struc-
ture of international trade describes both the relative
costs of production and non-price factors. One of the
most important factors that determines the structure of
international trade is comparative advantage. Accor-
ding to the theory of comparative advantage, a country
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will specialise on the production of products with
comparative advantage and will export these products
and import products with comparative disadvantage.
Therefore, by comparing exports and imports of the
products belonging to the same commaodity group the
advantage in production of specific products can be
described.

In the following, an eclectic approach (Van Berkum,
2009) is used, i.e. the competitiveness of the Estonian
dairy sector in the period 1994-2014 is analysed from
different perspectives. First, the policy context and
accompanying effects on institutional and market con-
text is reviewed. The competitiveness of milk produc-
tion and milk processing is discussed in light of partial
productivity measures, literature on total factor produc-
tivity change in Estonian dairy sector and growth rates
of milk production and processing. In addition, the
structure of dairy farms is considered. Demand is ana-
lysed from two perspectives: domestic and export
markets. Competitiveness in export markets is dis-
cussed based on the revealed comparative advantage
indices.

Institutional, policy and market context

The development of the Estonian dairy sector in the
last 25 years has been affected by the institutional
changes at the beginning of the 1990s, changes in
agricultural policy and world markets. In Figure 2, the
developments of the Estonian producer price of milk in
the period 1992-2013 are compared to the prices in
Germany and New Zealand. The German producer
prices of milk are considered an indicator of the
European Union's (EU) average prices, which are
affected by the EU agricultural policy and world market
prices. New Zealand, a country where the effects of
market distorting policies are relatively low (in the EU,
the average Producer Support Estimate (PSE) in 1992—
1995 was 35%, while in New Zealand the average PSE
in 1992-1995 was 1% (OECD, 2014), is considered a
representative of the world market price level.

In 1992-1995, major reforms related to regaining the
independence of the Republic of Estonia were initiated,
resulting in the establishment of new production
structures (private farms and agricultural enterprises),
free trade, the disappearance of former markets and
subsidies (Viira et al., 2009; Viira, 2014). During this
period, the Estonian government decided to follow a
liberal economic policy, which had a detrimental effect
on the agricultural sector (Unwin, 1997). The liberal
trade policy opened the Estonian market for subsidised
agricultural and food imports from other countries,
resulting in PSE estimates of —-89% in 1992, —10% in
1994 and 0% in 1995 (OECD, 2002; Estonian Ministry
of Agriculture, 2003). From Figure 2 it stems that
during this period the producer prices of milk in Estonia
were an average of 30% below the price level in New
Zealand, and markedly (70%) lower compared to
German prices.

In 1996-2001, the scope and budget of Estonian
agricultural policy increased. After the adoption of the
action plan for becoming an EU member in 1996, the

agricultural policy was developed so that it would
harmonise with the EU's Common Agricultural Policy
(CAP) at the time of accession. Direct payments were
implemented and legislative provisions for applying
import licences and tariffs were adopted. However,
foreign trade remained liberal (Viira et al., 2009; Viira,
2014). From Figure 2, it appears that Estonian producer
prices of milk in this period were similar to prices in
New Zealand, while German prices were declining but
remained at nearly 100% higher level compared to New
Zealand and Estonia.
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Figure 2. Producer price of milk in Estonia, Germany and New
Zealand in the period 1992-2013. Source: Faostat (2015)

On 1 May 2004, Estonia became an EU member and
applied the CAP with direct payments, milk quotas,
export subsidies, EU import licences and tariffs,
intervention stores, private storage aid, investment
subsidies and other measures. From Figure 2, one can
notice that the EU accession raised milk producer
prices in Estonia by about 25% compared to prices in
New Zealand. This implies the effect of the policy
change (EU accession) on the milk prices in Estonia.
However, in 2004-2008, Estonian producer prices of
milk remained an average of 13% lower compared to
prices in Germany.

However, the policy context in the EU is not constant.
Since 2008, the world market prices have been at higher
levels compared to the previous decades, and the EU's
CAP has become more market orientated, deregulating
the dairy market and lowering price supports in dairy
product supply chains (Bojnec, Fert6, 2014; European
Commission, 2015a). The EU average PSE declined
from 31% in 2005 to 20% in 2013 (OECD, 2014).
Therefore, the differences between the German (EU),
Estonian and New Zealand price levels have decreased.
In 2008-2013, Estonian producer prices of milk
comprised 98% of the prices in New Zealand and 90%
of the German prices, on average. On 1 April 2015, the
EU's 31-year-old milk quota system was abolished and
the EU milk producers entered into a policy environ-
ment with even less market regulation and more
(world) market orientation (European Commission,
2015a).

Following higher world market prices compared to
previous decade, the gradual increase of milk quotas
from 2008 and the elimination of milk quotas in 2015
(European Commission, 2015), farmers in many EU
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member states increased milk production. In 2008—
2014, milk production in the EU28 member states
increased by 10.5 million tonnes (7.1%). However, the
distribution of the growth is uneven across the member
states. Figure 3 depicts the relative growth in number
of dairy cows and average milk yields in the period
2008-2014. Balloons that represent EU member states
indicate volume of milk production in 2008. The dotted
line represents iso-production curve, indicating how
much the milk yield should increase or decrease in
order to maintain the constant milk production volume
if the number of dairy cows decreases or increases. In
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2008-2014, the total number of dairy cows in EU28
member states decreased by 846,000 (3.5%). The
number of dairy cows increased in seven EU member
states: Italy (by 13.0%), Ireland (10.1%), Cyprus
(7.3%), Luxembourg (1.9%), Germany (1.8%), Nether-
lands (1.4%), and Austria (1.4%). The most noteworthy
of these member states are Germany, Italy, Netherlands
and Ireland, since these countries contribute a
significant part (39.4%, in 2014) of total EU milk
production. These countries could be regarded as
competitive milk producers with a high impact on the
EU dairy market.

-5% 0% 5% 10% 15% 20%

Change in number of cows from 2008-2014, %

Figure 3. Changes in number of dairy cows and average milk yield per cow in the EU countries in the period 2008-2014. The
size of the balloons indicate volume of milk production in 2008, while the dotted line indicates the iso-production curve. Source:

Eurostat (2015)

In 2008-2014, milk production declined in nine EU
member states: Croatia (by 36.1%), Romania (15.5%),
Slovakia (12.0%), Slovenia (5.7%), Lithuania (4.7%),
Bulgaria (3.5%), Greece (2.3%), Sweden (1.8%) and
Portugal (1.1%). From the point of view of the Estonian
dairy sector, the decrease in milk production in
Lithuania and Sweden are more relevant, since these
markets are closer, and Lithuania is one of the most
important trading partners for the Estonian dairy sector.
In 2008-2014, the number of dairy cows decreased by
4.8% in Estonia, average milk yield increased by 21.9%
and total milk production increased by 16.0%. There-
fore, as illustrated by the distance between the centre of
the Estonian balloon and the iso-production curve in
Figure 3, the relative growth in milk production in
Estonia was one of the quickest in the EU, being third
after Belgium (28.3%) and Latvia (16.4%).
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Milk production

Milk production could be considered as an identity of
the number of dairy farms, average number of dairy cows
per farm and average milk yield per cow. After regaining
independence, milk production in Estonia declined
significantly. In 1992-1996, milk production decreased
by 26.6% from 919.3 to 674.8 thousand tonnes
(Figure 4). In the beginning of the period, the producer
prices of milk in Estonia were below the prices in New
Zealand, which could be considered a proxy of world
market prices (Figure 2). This was due to the liberal trade
policy without tariffs and non-tariff trade barriers (Viira
et al., 2009; Viira, 2014). In 1992-1994, Estonian
producer prices of milk ranged from 48—74% of the price
level in New Zealand. At this price level, many of the
dairy farms were unable to continue production, the
number of dairy cows decreased by 32.3% and the
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average milk yield per cow stagnated at average
3,474 kg/cow between 1992 and 1995 (Figure 4).
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Figure 4. Number of dairy cows, average milk yield, milk
production and producer price of milk in Estonia in the period
1992-2015. Source: Statistics Estonia (1996, 1998, 2000,
2001, 2015)

*Figures for 2015 are forecasted based on data from 9 months

Estonian producer prices of milk reached the New
Zealand price level in 1995. Since then, the producer
price of milk in Estonia has followed the trends in the
world market; it has affected the number of dairy farms,
number of dairy cows and milk yields, therefore
determining the total milk production. In 1996-1998,
production recovered: in 1998, production exceeded
the 1996 production levels by 8.1%, while the number
of dairy cows decreased by 7.6% and average yield
improved by 17.0%. At that time, Estonian producer
prices of milk ranged from 94-112% of New Zealand
prices.

The next drop in milk production occurred in 1999
when the producer price of milk decreased by 23.8%
compared to 1998. The crisis was initiated by multiple
events in the second half of 1998: the decline in dairy
prices on world market, problems on the Russian export
market, excessive precipitation that caused some of the
harvest to fail and problems in the Estonian financial
sector (Ministry of Agriculture, 1999). Because of the
significant reduction in the milk price, in comparison to
1998, the number of dairy cows decreased by 12.7%,
average milk yield per cow decreased by 6.4% and milk
production decreased by 14.2%.

In 2000 and 2001, milk prices recovered, and while
by 2001, compared to 1999, the number of dairy cows
had declined by 7.1%, milk yields exceeded the 1999
level by 23.5%. Therefore, milk production in 2001
exceeded the 1999 level by 9.2%. The third drop in
milk production occurred in 2002 because of the
decrease in world market prices and unfavourable
weather (drought) (Ministry of Agriculture, 2003). In
2002, the producer price of milk decreased by 12.4%
compared to 2001, the number of dairy cows decreased
by 10.1%, average milk yield by 0.3% and milk
production by 10.6%.

In 2003-2008, milk producers experienced a favour-
able period with increasing milk prices and increasing
subsidies (Figure 5). In 2004, Estonia became an EU
member. The EU accession changed Estonian agri-
cultural policy. Estonia entered the more protected and

subsidised EU common market. Therefore, producer
prices increased, farm payments increased and farmers
had better access to investment subsidies. In addition,
the access to credit improved, which in turn facilitated
investments into modern technologies. It has been
estimated that new cowsheds were built or old ones
renovated in 182 dairy farms between 2001 and 2011.
Therefore, at least 60% of Estonian dairy cows are in
modern cowsheds equipped with modern technologies
(Viira et al., 2011). In specialised dairy farms between
2004 and 2008, total subsidies (excluding subsidies on
investments) per dairy cow increased from 397 to 729
euros (83.4%) and fixed assets (excluding land,
permanent crops and quotas) per dairy cow increased
from 3,222 to 5,240 euros (62.7%). In 2003-2008, the
number of dairy cows decreased by 14.0%; however,
milk yields improved by 31.0% and milk production
increased by 13.5%. In 2003-2008, Estonian milk
producer prices amounted to 117-133% of the New
Zealand price level. In Estonia, not a single year before
and after this period has seen such favourable producer
prices of milk compared to New Zealand, and such high
average subsidy levels per dairy cow and kg of
produced milk.
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Figure 5. Total subsidies and fixed assets in specialised dairy
farms (FADN farm type 45) in Estonia in the period 2004-2014.
Source: FADN Public Database (2015) (years 2004-2012);
Rural Economy Research Centre (2015a) (years 2013-2014)

The fourth price shock that induced the reduction in
milk production occurred in 2009 when the producer
price of milk dropped by 29.1% (by 86.3 euros/tonne)
compared to 2008. The number of dairy cows decreased
by 3.7% and milk production decreased by 3.3%.
Average milk yield did not decrease, but the growth
rate slowed down to 0.8% compared to the previous
year. The price shock coincided with the economic
crisis, due to which, the government reduced additional
top-up payments and the average subsidy level per
dairy cow decreased by 150 euros and per tonne of milk
by 21.0 euros. The cut in subsidies amplified the effects
of the milk price and economic crisis for Estonian dairy
producers.

From 2010 to the first half of 2014, milk producers
faced another period with comparatively favourable
milk prices. In 2010, the average subsidy level per dairy
cow recovered to 95.2% of the 2008 figure. Since the
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EU further liberalised the dairy market, the price diffe-
rence between Estonian and New Zealand producer
prices diminished. In 2010-2012, the Estonian pro-
ducer prices amounted to 87-98% of the prices in New
Zealand. Since 2008, the abolition of milk quotas was
anticipated as a result of the CAP "Health Check"
(European Commission, 2015a) and farmers even in-
creased production in 2012, when there was a short-
term (8 months) decline in the producer price of milk.
In 2011-2013, the number of dairy cows increased by
1.8%, the first such increase since 2003. In 2010-2013,
milk yields improved by 13.8% and milk production
increased by 14.2%.

The fifth shock in milk prices occurred in the second
half of 2014, after Russia announced an import ban on
6 August (European Commission, 2015b). After that,
the producer prices of milk fell to 250 euros/tonne and
below. While, due to the favourable prices in the
beginning of the year, the average milk producer price
was 328 euros/tonne in 2014, the average price in the
first nine months of 2015 was 237 euros/tonne, which
is 27.7% lower. Because of the low prices, the humber
of dairy cows declined by 4.8% in the first nine months
of 2015, average milk yield declined by 0.1% and milk
production declined by 5.0% compared to the same
period in 2014. Another reason behind the reduction of
milk production in the beginning of 2015 is related to
the milk quota. In the last quota year of 2014/2015,
Estonia for the first time exceeded the national milk
quota by 1.2% (ARIB 2015). Due to the low milk
prices, milk producers were in a critical economic
situation as it was; therefore, many of them reduced
production in order to avoid exceeding the quota and
paying the super levy. As was the case in the 2009
crisis, the sharp decline in milk price in 2014 was
accompanied by a reduction in average subsidy level.
Compared to 2013, the average subsidy level per tonne
of produced milk cow declined by 21.2 euros in 2014.
However, though the economic crisis was the reason
behind the reduction of subsidies in 2009, in 2014 the
reasons were political and related to the changing
priorities of the new coalition and government.

Therefore, the decreases in Estonian milk production
have mainly been caused by various market shocks, but
agricultural policy has also played a role. In 1992-1996,
the shock was related to institutional changes and the free
market, accessible to subsidised exports from other
countries that reduced Estonian milk producer prices
below world market (New Zealand) averages (Figure 2).
From 1997 onwards, the price shocks have been related
to changes in world market prices. From Figure 4, it
appears that the milk price decrease in 2009 and 2012 did
not cause a significant decrease in milk production. This
could be explained by higher subsidies compared to the
period before EU accession, which helped sustain
producers during the period when prices were low. It can
also be explained by the changes in farm structures over
time, as less competitive farms have left the sector during
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previous crises and the majority of those that have
remained are competitive in the current world market
context. However, the 2014-2015 crisis may be more
severe. In addition to poorer market conditions, there has
been a major policy change with the removal of milk
quotas and reduction of average subsidy level in Estonia.
Therefore, there are uncertainties about future price
levels following the crisis.

Structure of dairy herds

According to the structure-conduct-performance para-
digm, the structure of firms is one determinant of supply
and therefore a determinant of performance (competiti-
veness) of the industry. In Northern Europe, the general
tendency is towards larger average dairy farms. Accor-
ding to Jansik et al. (2014), in Denmark and Estonia, the
share of dairy cows in farms with 100 cows and over in
2010 was highest among the EU countries surrounding
the Baltic Sea. At the same time, in Poland, Lithuania
and Latvia, the percentage of dairy cows kept in small
farms was the highest. Jansik et al. (2014) conclude that
in more concentrated dairy sectors, the transaction costs
are lower and the lower transaction costs contribute to
the better competitiveness of such sectors. Larger dairy
farms were also found to be better performing in Estonia
by Kimura and Sauer (2015).

Table 1 gives an overview of the changes in a number
of dairy herds in different size classes between 1993
and 2015. It has to be noted that Table 1 is based on the
data of dairy herds in milk recording, but milk
recording is not mandatory; therefore, not all the dairy
herds participate. However, the advantage of milk
recording data is in a longer time frame and more
detailed information about different size classes. In
2014, 95.9% of Estonian dairy cows were under milk
recording. From Table 1, one can note that the number
of dairy herds declined by 82.1% between 1993 and
2015. The decrease has been largest (both in absolute
and relative terms) in herds of 1-10 cows (-93.9%) and
101-300 cows (—72.2%). In the first case, small family
farms have exited during the transition and after the EU
accession (Viira, 2014). In the beginning of the 1990s,
farms with 101-300 dairy cows were probably
successors of privatised former collective and state
farms (or parts of these). The large decline of herd
numbers in this size class could be explained by the
inability of farmers to cope with the free market reality
of the 1990s (Viira et al., 2009; Viira, 2014) and the
phenomena of the "disappearing middle™ (Munton,
Marsden, 1991). Data from November 2015 suggests
that the decline in small farms groups continues due to
the recent crisis in dairy markets. During the crisis,
from 2014 to November 2015, the size classes where
the number of herds has not changed or has increased
are 51-100 cows (small family farms), 301-600 cows
(both family farms and enterprises), 901-1,200 cows
(large-scale enterprises) and >1,200 cows (large-scale
enterprises).
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Table 1. Number of dairy herds in different size classes under milk recording in the period 1993-2015

Farm size class, number of dairy cows

Year 110 1150 51100 101300 301600 601000 9011200 >izoo  °@
1993 2815 201 161 342 120 27 6 5 3767
1995 2128 201 127 278 74 14 5 3 2920
1997 1,685 484 116 240 67 13 4 3 2612
1999 1,832 682 116 188 60 12 4 3 2897
2001 1,958 716 103 173 52 15 2 4 3023
2003 1,727 637 103 164 60 13 4 4 2712
2005 1,122 585 91 155 62 13 3 5 2036
2007 489 465 100 135 63 17 4 3 1276
2009 346 375 95 122 61 17 4 4 102
2011 273 314 93 110 63 17 3 6 879
2013 210 277 75 107 58 25 6 6 764
2014 176 256 78 108 53 24 8 6 709
2015 November 172 229 90 95 58 15 8 7 674
Change in 1993-2015 T939%  213% 441%  722%  517%  444% 383%  400% 82.1%

Source: Yearbooks of Estonian Livestock Performance Recording Ltd.

Figure 6 depicts the proportion of total milk produc-
tion in different size classes between 1994 and 2014.
One can note that the six largest dairy farms (according
to Estonian Livestock Performance Recording, 2015)
produced 12% of total milk production in 2014, while
the 14 largest dairy farms produced 21% of total milk

100% 1

and the 38 largest companies produced 41% of
Estonian milk. Farms with 1-10 dairy cows produced
1% of total milk, farms with 11-50 cows 6% and farms
with 51-100 cows 5% of total milk in 2014. Therefore,
farms with 100 or fewer cows contributed just 11% of
total milk production.
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Figure 6. Share of milk produced in herd size classes in the period 1994-2014. Source: Yearbooks of Estonian Livestock

Performance Recording Ltd

There has been also a significant change in the
structure of breeds. In 1990, 49.1% of dairy cows were
Estonian Red and 50.7% were Estonian Holsteins, but
by 2014 the shares of both breeds were 20.0% and
79.1% respectively (Estonian Livestock Performance
Recording, 2015). As a result of the increase in the
significance of large dairy farms, where cows are kept
indoors all year round, and change in the structure of
dairy breeds, the seasonality of Estonian milk
production has significantly decreased. In 2003, milk
collection in the highest volume month (June) exceeded
the lowest volume month (November) by 1.40 times. In
2014, the peak-to-low ratio was 1.18 (Statistics Estonia,
2015). In Lithuania, in 2014, the peak-to-low ratio of
milk collection was 1.67, and in Latvia 1.47 (Eurostat,
2015). The lower seasonality of milk collection is a
factor that makes the processing of Estonian milk more

efficient because the processing industry can utilise
their capacity more evenly throughout the year.

Milk yield

Average milk yield per dairy cow is the most common
productivity measure of dairy farms. In 2001-2014,
average annual milk yield per dairy cow among the EU
member states increased most rapidly in Estonia (by
58.3%), Lithuania (by 46.7%) and Latvia (by 44.4%)
(Eurostat, 2015). From Figure 7, it appears that among
the selected countries, Estonian average milk yield per
cow was third highest in 2014, and the yield growth
outpaced the other countries. While average milk yield
could be regarded as the most common productivity
indicator, it should be remembered that it is a partial
productivity measure and does not necessarily reflect
the total factor productivity of dairy farms.
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Figure 7. Average milk yield in selected countries in the period
2001-2014. Source: Eurostat (2015)

Rapidly increasing and high average milk yield has
been the pride of the Estonian dairy sector, indicating
the high productivity of dairy cows. However, some
negative trends accompany the positive trend of
increasing milk yield. In 2001-2014, the average milk
yield per cow in the herds that were under milk
recording increased by 59.0% to 8,728 kg/cow/year
(Figure 8). At the same time, the average life span of
dairy cows decreased by 1.6 years. While the average
age at the first calving decreased by 0.3 years, the
average productive time (from first calving to culling)
decreased by 1.3 years (29.9%). Nonetheless, Riisen-
berg (2012) found that the low average productive time
of dairy cows does not have a significant negative effect
of farm profits considering the (low) price of in-calf
heifers and high milk yield.
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Figure 8. Average milk yield, age at culling and productive time
in herds under milk recording in the period 2001-2014. Source:
Estonian Livestock Performance Recording Ltd. (2015)

Still, at least two aspects of this trend require further
consideration. Decreasing the productive time of dairy
cows results in fewer calves per cow's lifetime. Since
52% of the calves are male and 48% female (Estonian

3 Farm net income includes value of total output, balance of
current subsidies and taxes, and balance of subsides and taxes on
investments, from which total intermediate consumption,
depreciation, wages, rent and interests paid are subtracted. This
could be regarded as a farm profit before remuneration of own
(unpaid) labour (FADN Public Database, 2015).

4 Milk solids (milk fat and protein) have declined more rapidly in
those years when an increase in average milk yield has been high.
In 2009, when average milk yield increased by a modest 0.8%,
average milk fat content increased by 0.01 percentage points, and
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Livestock Performance Recording Ltd., 2015), the
number of alternatives for selecting replacement heifers
is declining. In the longer term, this could undermine
the quality of the stock of Estonian dairy cows. The
other aspect relates to the more short-term effects on
farm revenues. The shorter life span of dairy cows
means that there are fewer opportunities for selling (in-
calf) heifers. Therefore, the revenue from selling
heifers declines. Kimura and Sauer (2015) found that
livestock output declined by 7.2% per annum in
Estonian dairy farms between 2003 and 2012, thereby
reducing the aggregated output growth measure. Luik
et al. (2014) found that in the group of farms with
highest technical efficiency the average age of dairy
cows at culling was higher than in the group of farms
with medium technical efficiency. In periods of high
milk prices, this does not pose problems for dairy
farmers. In periods of low milk prices, however, the
revenue from selling heifers is a very important
additional stream of income for farmers. In 2005-2013,
beef contributed an average of 6.9% of the total output
of Estonian specialised dairy farms; however, the value
of beef constituted an average of 46.5% from farm net
income®. In 2009, when milk prices were low, the value
of beef amounted to 109.6% of farm net income
(FADN Public Database, 2015). This implies that while
beef contributes a relatively small proportion of total
farm output, the changes in its value have a much more
significant impact on net farm income. Therefore,
ceteris paribus, increasing the average life span of dairy
cows could improve farm profits in the short term,
while improving the selection of heifers for herd
replacement in the long term.

While historically, milkfat (for making butter) was the
component of milk of most commercial value, nowadays
milk protein (for making cheese and whey products)
attracts the greater value (Augustin et al., 2013).
Similarly, the analysis by Pdldaru et al. (2010) indicate
that the variation in cheese prices have larger effect on
producer price of milk, compared to butter prices. The
trends of Estonian average milk fat and protein content
follow this pattern. In 2003 to 2013, along with the rapid
increase in milk yields and the increase of the percentage
of Estonian Holstein cows*, the average fat content of
milk decreased by 0.14 percentage points (by 3.4%) to
3.99% (Figure 9). At the same time, the average protein
content of milk increased by 0.12 percentage points (by
3.7%) to 3.37% (Eurostat, 2015). Though the increase in
milk protein content evens out the decline in milk fat
content, and the combined milk fat and protein (milk

average milk protein content increased by 0.02 protein points.
The negative effect of increasing milk yield on milk fat and
protein content is reported also by Kiiman et al. (2013). Estonian
Holstein cows have a lower average milk fat and protein content
compared to Estonian Red cows. In 2014, the average milk fat
content of Estonian Red cows was 4.12%, and that of Estonian
Holstein cows was 3.97%. For average milk protein content, the
respective figures were 3.43% and 3.35% (Estonian Livestock
Performance Recording Ltd. (2015).
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solids) content is virtually unchanged, one should con-
sider the Estonian figures in the context of neighbouring
and major dairy export countries. From Figure 9, it stems
that the average milk fat content in Estonia in 2013 was
0.41 percentage points (9.3%) lower than in the Nether-
lands and merely 0.05 percentage points (1.3%) higher
than in Ireland. However, between 2003 and 2013 the
decline in average milk fat content in Estonia was
steepest among the EU member states. At the same time,
Ireland witnessed one of the largest increases (by 0.21
percentage points and 5.6%) in milk fat content in the
EU. However, Latvia witnessed a steep decline (by 0.21
percentage points and 4.9%) in average milk fat content
between 2009 and 2013.
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Figure 9. Average cow milk fat content in selected countries in
the period 2003—-2013. Source: Eurostat (2015)

From Figure 10, it appears that the average milk
protein content in most of the observed countries
increased between 2003 and 2013. However, the
changes have been more modest when compared to the
changes in average milk fat content. From the observed
countries, the increase in milk protein content in
Finland was largest (0.15 percentage points and 4.5%).
In Germany and Lithuania, the average milk fat content
declined in the observed period by 0.02 percentage
points (by 0.6%). In 2013, the protein content of milk
was highest in the Netherlands and Denmark (3.53%
and 3.52% respectively). Milk protein content was
lowest in Lithuania and Latvia (3.25% and 3.26%
respectively). Estonian milk protein content exceeded
the Lithuanian average by 0.14 percentage points
(4.3%). The combined average milk fat and protein
content in Estonia in 2013 was 7.36%, while in the
Netherlands it was 7.93%, which exceeds the Estonian
figure by 0.57 percentage points (7.7%). The Danish
aggregated figure exceeded the Estonian measure by
0.42 percentage points (5.7%).

According to Bojnec and Fert6 (2014), the Nether-
lands and Denmark were the EU countries with the
highest dairy export competitiveness. High milk yields
and milk fat and protein content could be regarded as
contributors to the competitiveness of Dutch and
Danish dairy chains. While average milk, milk fat and
protein yields per dairy cow increased markedly in
Estonia, aggregated milk fat and protein content
remains lower compared to the Netherlands, Denmark
and Finland.

The content of milk fat and protein in milk could
affect both the efficiency of farms and the processing
industry. Luik et al. (2014) found that when milk yield
is constant, the higher percentage of milk solids was
positively affecting the technical efficiency of Estonian
dairy farms. The processing industry pays a higher
price for milk with higher milk fat and protein content.
However, Riisenberg (2012) concluded that while price
adjustment for milk protein content is more significant
in comparison to price adjustment for milk fat, price
adjustments related to milk content are not sufficient to
motivate farmers to maximise milk fat and protein
content instead of milk output per cow. Compared to
Finnish practice, the price adjustment (measured in
Euros per tonne of milk) for 0.1% of fat was 7.5 times
lower in Estonia, and price adjustment for protein was
4.1 times lower (Riisenberg, 2012). The quality class of
milk, which is related to milk hygiene, has a more
significant effect on the producer price of milk. Lower
milk solids content implies relatively higher transport-
tation and processing costs per kg of processed dairy
products. Therefore, increasing the content of milk
solids in 1 kg of milk (which is not rapidly alterable)
would improve the efficiency of the dairy processing
industry. One of the more rapid solutions for cheese
manufacturers, as suggested by Augustin et al. (2013),
is to choose milk from specific farms for improved
cheese making properties. There could be also long-
term solutions to the problem: Vallas et al. (2012)
found that the genetic improvement of Estonian
Holstein cows would have positive effects on milk
coagulation properties, and thereby on cheese making.
Several factors affect milk fat and protein content, of
which feed content (more significant for Estonian Red
cows), breeding (more significant in case of Estonian
Holstein cows), and the good care of animals are the
most important. Milk fat content is more responsive to
changes in daily farming practices compared to milk
protein content. Breeding provides more scope for
increasing milk protein content (Riisenberg, 2012).
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Figure 10. Average cow milk protein content in selected
countries in the period 2003—-2013. Source: Eurostat (2015)

Productivity of dairy farms

One of the most recent studies on the productivity of
Estonian dairy farms (which compared dairy farms in
Estonia, the Netherlands and the United Kingdom using
farm level FADN data) concluded that the total factor
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productivity (TFP) declined between 2003 and 2012 on
an average Estonian dairy farm by 0.48% per annum,
i.e. annual growth rates of inputs usage exceeded the
annual output growth rates (Kimura, Sauer, 2015).
While the output growth in Estonian dairy farms was
highest among the three countries, input growth
exceeded output growth in Estonia. In the Netherlands
and in the United Kingdom, total input usage
decreased. In Estonia, the output growth rate (average
4.4% per annum) was reduced by negative growth (on
average —7.2% per annum) of livestock output. While
the labour usage declined by 7.5% per annum and land
usage by 0.6% per annum, growth in inputs such as
capital (8.4% per annum), material (6.0% per annum)
and service (8.6% per annum) significantly contributed
to the average annual growth of 4.6% in total inputs.
However, the market share weighted average TFP
growth in Estonian specialised dairy farms was 0.85%
per annum, indicating diverging productivity growth
rates in large, middle and small farms. TFP growth was
positively affected by the number of dairy cows, milk
yield and stocking density, implying that the main
driver of productivity growth in Estonian specialised
dairy farms was size expansion and increasing milk
yield in a relatively small number of large farms
(Kimura, Sauer, 2015).

Previous studies show mixed results regarding the
productivity and competitiveness of Estonian dairy
farms. Research by Vasiliev et al. (2011) found
negative productivity growth in Estonian dairy farms
for 2001-2003 and 2004-2006. They suggest that the
increase in capital input was not harnessed in the best
possible way, while average milk yield and production
intensity positively contributed to productivity growth.
The positive effects of milk yields on the technical
efficiency of dairy farms were reported by Luik et al.
(2011), Poldaru and Roots (2014) and Luik et al.
(2014). Jansik et al. (2014) found (based on aggregate
FADN data) that TFP in Estonian dairy farms increased
by average 2.5% per annum between 2004 and 2010.
Omel and Varnik (2009), based on the domestic
resource cost analysis, concluded that both small and
large scale producers had a competitive advantage in
milk production in the 2001-2006 period. However,
large-scale producers were more competitive and, over
time, the competitiveness of Estonian milk producers
was declining.

Processing industry

Milk production and processing are two segments of
the same value chain. Therefore, to a great extent, their
competitiveness is interdependent. However, the
phenomenon of raw milk trade (Jansik et al., 2014) has
emerged in recent years, and this could be regarded as
an indicator of the competitiveness of milk production
and/or the manufacturing of dairy products. From Table
2, it appears that the raw milk trade increased in most
of the observed countries. The relative significance of
raw milk trade is largest in the Baltic countries. In 2014,
in Estonia, the net export of raw milk amounted to
25.2% of collected milk. In Latvia, the figure was
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28.0%. At the same time, Lithuania is a net importer of
raw milk. In 2014, raw milk import amounted to 18.7%
of milk collection and 15.8% of milk processed. Raw
milk exports from Estonia and Latvia to Lithuania
achieved a significant volume in the past 10 years, and
it accelerated following the milk market crisis in 2009.
However, it appears that the net import of raw milk
decreased in Lithuania in 2014 and the volume of milk
processed increased in Latvia and in Estonia. It is too
early to conclude that the trend of increasing raw milk
exports from Estonia and Latvia to Lithuania has
changed and has been replaced by increase in the
processing the milk within the borders of the countries
where it is produced. From the rest of the observed
countries, the raw milk trade is more significant in
Ireland, which imports 6.2% of the milk that is
processed. In Finland, raw milk trade is negligible,
while Denmark and the Netherlands export 3.6% and
2.5% of collected raw milk, respectively. Germany is a
raw milk importer, though raw milk imports amount to
just 1.5% of processed milk volume.

Growth rates are another indicator by which to
compare the development of milk production and
processing (Jansik et al., 2014). In regard to Latvia and
Estonia, the divergence between the relative change in
milk collection and processed milk volume in the
2004-2014 period is largest among the observed
countries. In the case of Lithuania, the milk processing
volume increased by 49.7%, while milk collection
increased by 26.1% and milk production declined by
2.7%. In the Baltic countries, there is still some room
for increasing milk collection without increasing milk
production. While more than 96.9% of produced milk
is delivered to the processing industry in Germany,
Netherlands, Denmark, Finland and Ireland, the
percentage of milk collected amounts to 80.1% in
Lithuania, 83.0% in Latvia and 90.7% in Estonia.
Based on the figures of raw milk trade and growth rates
of milk collection and processing, one could conclude
that milk production in Estonia and Latvia developed
more quickly than milk processing in the 2004-2014
period, and therefore the competitiveness is better in
this segment of the supply chain; in Lithuania,
however, the situation is opposite.

Public data for calculating the productivity characte-
ristics of the dairy processing industry is not as rich as
in case of dairy farms. In Table 3, labour productivity
figures are given for manufacturers of dairy products
for 2008-2013 period. For that, the production value is
divided by the number of employees, resulting in the
production value per employee. Following the app-
roach suggested by Jansik et al. (2014) in relation to the
labour productivity of dairy farms, this figure is divided
into two components — volume (tonnes) of milk proces-
sed per employee and production value per kg of milk
processed — as described by the following equation:

v_e,r

*
L L Q

V denotes production value, L denotes number of
employees and Q stands for quantity of processed milk.



Competitiveness of the Estonian dairy sector, 1994—-2014

95

Table 2. Milk production, collection, processing and raw milk trade balance in the period 2004-2014

. Change,
Country Trait 2004 2006 2008 2010 2012 2014 20042014
Milk production, 1000 t 651.9 691.5 693.6 675.4 720.7 804.8 23.5%
Milk collection, 1000 t 536.1 605.9 605.9 621.1 649.1 730.0 36.2%
Estonia Percentage of collected milk, % 82.2% 87.6% 87.4% 92.0% 90.1% 90.7% 10.3%
Raw milk trade balance?, 1000 t 33 -57.6 -55.6 -62.5 -159.2 -184.0
Milk processed®, 1000 t 539.4 548.3 550.3 558.6 489.9 546.0 1.2%
Ratio of processed to collected milk 100.6% 90.5% 90.8% 89.9% 75.5% 74.8% -25.7%
Milk production, 1000 t 784.0 812.1 832.1 830.9 870.6 968.9 23.6%
Milk collection, 1000 t 463.6 592.3 634.8 625.2 718.4 804.5 73.5%
Latvia Percentage of collected milk, % 59.1% 72.9% 76.3% 75.2% 82.5% 83.0% 40.4%
Raw milk trade balance, 1000 t -9.3 -34.7 —-65.5 -111.7 -211.5 -225.4
Milk processed, 1000 t 454.3 557.7 569.3 513.6 506.9 579.1 27.5%
Ratio of processed to collected milk 98.0% 94.1% 89.7% 82.1% 70.6% 72.0% -26.5%
Milk production, 1000 t 1,842 1,885 1,879 1,733 1,775 1,791 -2.7%
Milk collection, 1000 t 1,138.6 1,296.8 1,382.1 1,278.3 1,359.9 1,435.6 26.1%
Lithuania Percentage of collected milk, % 61.8% 68.8% 73.6% 73.8% 76.6% 80.1% 29.6%
Raw milk trade balance, 1000 t 0.0 113.2 190.0 181.6 301.8 268.4
Milk processed, 1000 t 1,138.6 1,410.1 1,572.1 1,459.8 1,661.7 1,704.0 49.7%
Ratio of processed to collected milk 100.0% 108.7% 113.7% 114.2% 122.2% 118.7% 18.7%
Milk production, 1000 t 2,448.9 2,413.0 2,310.9 2,336.3 2,296.7 2,400.0 -2.0%
Milk collection, 1000 t 2,372.7 2,347.6 2,253.9 2,288.6 2,254.0 2,357.2 -0.7%
Finland Percentage of collected milk, % 96.9% 97.3% 97.5% 98.0% 98.1% 98.2% 1.4%
Raw milk trade balance, 1000 t 0.0 0.0 0.3 19.0 21.1 9.9
Milk processed, 1000 t 2,372.7 2,347.6 2,254.2 2,307.6 2,275.1 2,367.0 -0.2%
Ratio of processed to collected milk 100.0% 100.0% 100.0% 100.8% 100.9% 100.4% 0.4%
Milk production, 1000 t 4,568.4 4,627.2 4,656.0 4,910.0 4,915.7 5,162.0 13.0%
Milk collection, 1000 t 4,433.8 4,492.1 4,585.6 4,817.5 4,915.7 5,112.6 15.3%
Denmark Percentage of collected milk, % 97.1% 97.1% 98.5% 98.1% 100.0% 99.0% 2.0%
Raw milk trade balance, 1000 t -6.3 -325 -192.9 -187.0 -164.2 -183.7
Milk processed, 1000 t 4,427.5 4,459.6 4,392.7 4,630.5 4,751.5 4,928.9 11.3%
Ratio of processed to collected milk 99.9% 99.3% 95.8% 96.1% 96.7% 96.4% -3.5%
Milk production, 1000 t 28,2447 27,9950  28,656.3 29,5939 30,6722 32,381.1 14.6%
Milk collection, 1000 t 27,1128 26,8212 27,4656 28659.1 29,701.8  31,375.3 15.7%
Germany Percentage of collected milk, % 96.0% 95.8% 95.8% 96.8% 96.8% 96.9% 0.9%
Raw milk trade balance, 1000 t —293.2 160.4 537.1 488.6 721.6 4714
Milk processed, 1000 t 26,819.6 26,981.6 28,002.7 29,147.7 30,4234  31,846.7 18.7%
Ratio of processed to collected milk 98.9% 100.6% 102.0% 101.7% 102.4% 101.5% 2.6%
Milk production, 1000 t 10,904.7 10,994.7 11,620.5 11,940.5 11,881.0 12,660.4 16.1%
Milk collection, 1000 t 10,531.8 10,625.6 10,936.0 11,626.1 11,675.6 12,468.4 18.4%
Netherlands Percentage of collected milk, % 96.6% 96.6% 94.1% 97.4% 98.3% 98.5% 2.0%
Raw milk trade balance, 1000 t -319.3 -357.8 -439.3 -373.6 -298.2 -311.6
Milk processed, 1000 t 10,212.6 10,267.7 10,496.7 11,252.5 11,377.4  12,156.8 19.0%
Ratio of processed to collected milk 97.0% 96.6% 96.0% 96.8% 97.4% 97.5% 0.5%
Milk production, 1000 t 5,307.1 5,271.8 5,113.7 5,349.7 5,399.3 5,821.3 9.7%
Milk collection, 1000 t 5,267.8 5,224.5 5,089.9 5,327.0 5,379.7 5,818.7 10.5%
ireland Percentage of collected milk, % 99.3% 99.1% 99.5% 99.6% 99.6% 100.0% 0.7%
Raw milk trade balance, 1000 t 96.8 140.0 54.5 48.3 96.3 385.5
Milk processed, 1000 t 5,364.6 5,364.5 5,144.4 5,375.4 5,476.0 6,204.3 15.7%
Ratio of processed to collected milk 101.8% 102.7% 101.1% 100.9% 101.8% 106.6% 4.7%

@ Raw milk trade balance is calculated as a difference between the import and export of products under CN code 04012099 milk and cream of
a fat content by weight of > 3% but <= 6%, not concentrated nor containing added sugar or other sweetening matter (excl. In immediate
packaging of <=21).
P Milk processed is the sum of collected milk and raw milk trade balance.
Source: Eurostat (2015)

The first figure of the pair characterises the
mechanisation and automation of the dairy processing
industry, while the second figure indicates the average
value of dairy processing industry products. It appears
that labour productivity and the value of production per
kg of processed milk in Estonian dairy processing
industry exceed the figures of the Latvian and
Lithuanian dairy sectors. However, production value
and amount of milk processed has increased more in

Lithuania, and Lithuanian dairy processing companies
are catching up in the volume of milk processed per
employee. There are three possible ways as to how
Estonian and other Baltic dairy manufacturers could
increase their labour productivity: 1) invest in the
automation of processing plants (e.g., from table 3 it
appears that in Ireland, 1,041.1 tonnes of milk was
processed per average employee in 2012, while in
Estonia this figure was 4.5 times lower; at the same
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time, the value of production per kg of processed milk
was lower in Ireland than in Estonia); 2) invest in
product development and innovation to increase the
production value per kg of milk processed (e.g. in
Finland, the average turnover per kg of milk was 1.22
euros in 2013, while in Estonia the production value per
kg of processed milk was 0.72 euros, i.e. 41.0% lower;
at the same time, the volume of milk processed per

employee was 2.0 times lower in Finland than in
Ireland); 3) do both, 1) and 2). Germany and
Netherlands represent the middle ground between
options 1) and 2) with the volume of processed milk per
employee and average value of products per kg of
processed milk between the extremes of Ireland and
Finland.

Table 3. Production value, number of employees, milk processed and labour productivity in the manufacture of dairy products in

the period 2008-2013

Country Trait 2008 2009 2010 2011 2012 2013
Production value, million euros 320.7 268 309.9 345.8 328.2 362.1
Number of employees 2,349 2,180 2,165 2,271 2,117 2,088
Estonia Milk processed per employee, t 234.3 268.6 258.0 240.0 231.4 239.9
Production value per employee, 1000 euros 136.5 1229 143.1 152.3 155.0 1734
Production value per kg of processed milk, euros 0.58 0.46 0.55 0.63 0.67 0.72
Production value, million euros 3335 239.7 284.5 3235 332.7 367.6
Number of employees 3,718 3,165 3,024 3,011 3,163 3,120
Latvia Milk processed per employee, t 153.1 150.6 169.8 165.4 160.2 167.9
Production value per employee, 1000 euros 89.7 75.7 94.1 107.4 105.2 117.8
Production value per kg of processed milk, euros 0.59 0.50 0.55 0.65 0.66 0.70
Production value, million euros 844 656.3 801.2 967.1 938.6  1,068.8
Number of employees 8,625 8,095 7,627 7,597 7,721 7,607
Lithuania Milk processed per employee, t 182.3 177.0 191.4 202.9 215.2 216.8
Production value per employee, 1000 euros 97.9 81.1 105.0 127.3 121.6 140.5
Production value per kg of processed milk, euros 0.54 0.46 0.55 0.63 0.56 0.65
Turnover, million euros® 23279 2326,9 22777 2372,5 2489,5 2807,4
Number of total employed staff® 4779 4612 4590 4690 4845 5254
Finland Milk processed per employee, t 471,7 499,1 502,7 485,3 469,6 438,9
Turnover per employee, 1000 euros 487,1 504,5 496,2 505,9 513,8 534,3
Turnover per kg of processed milk, euros 1,03 1,01 0,99 1,04 1,09 1,22
Production value, million euros 24,7755 20,308.0 22,2529 25,020.5 24,4055 28,583.2
Number of employees 38,080 35,809 36,450 39,737 41,062 42,068
Germany Milk processed per employee, t 735.4 805.0 799.7 755.2 740.9 734.6
Production value per employee, 1000 euros 650.6 567.1 610.5 629.7 594.4 679.5
Production value per kg of processed milk, euros 0.88 0.70 0.76 0.83 0.80 0.92
Production value, million euros 9,154.2 7,365 81508 94051 87759 10,357.7
Number of employees 11,801 12,134 11,470 12,078 12,234 12,695
Netherlands Milk processed per employee, t 889.5 909.0 981.0 928.1 930.0 939.3
Production value per employee, 1000 euros 775.7 607.0 710.6 778.7 717.3 815.9
Production value per kg of processed milk, euros 0.87 0.67 0.72 0.84 0.77 0.87
Production value, million euros 3,290  2,750.3 3,441 38283 36712 3,638.9
Number of employees 5,012 4,901 4,886 5,127 5,260
Ireland Milk processed per employee, t 1,026.4 1,003.0 1,100.2 1,095.6 1,041.1
Production value per employee, 1000 euros 656.4 561.2 704.3 746.7 697.9
Production value per kg of processed milk, euros 0.64 0.56 0.64 0.68 0.67 0.65

*Data for Denmark is missing; some of the data for Ireland in 2013 is missing
Source: Eurostat (2015), in the case of Finland, the data with superscript® are from Statistics Finland (2015)

One could ask that if labour productivity and the
value of dairy products per kg of processed milk in
Lithuania is lower than in Estonia, what makes the
Lithuanian dairy processing industry more competitive
than the Estonian and Latvian counterparts. Jansik et al.
(2014) conclude that the total factor productivity has
improved in the Lithuanian dairy processing sector at a
quicker pace compared to Estonia and Latvia. In 2000
2011, the average annual total factor productivity
growth in the Lithuanian dairy processing industry was
2.4%, while in Latvia it was 1.5% and in Estonia 0.3%.
The other factors contributing to the greater competi-
tiveness of the Lithuanian dairy processing industry are
its more effective ability to find new export markets,
scale effects in the processing industry and its larger
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domestic market, which gave Lithuanian dairies a
better starting point for growth.

Milk demand

Food in general has many demand drivers, with the two
main components of milk demand being population and
consumption per capita. In 2003-2014, Estonia's popu-
lation decreased by 4.3% to 1.32 million (Figure 11).

At the same time, the total consumption of fresh milk
remained unchanged and per capita fresh milk
consumption increased by 4.3%. In the 2003-2014
period, per capita fresh milk consumption was lowest
(121.6 kg) in 2004, and highest in 2008 (140.8 kg).
Income is one of the major drivers of consumption.
Fresh milk is one of the products with low demand
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elasticity in relation to income because people tend to
consume a relatively fixed amount of it. However,
Figure 11 reveals that there is some correlation between
fresh milk consumption changes and average net wage.
Since 2004, economic growth accelerated and with it,
net wages increased. The beginning of the recession in
2009 led to a decrease in net wages. At the same time,
between 2009 and 2011, per capita fresh milk
consumption decreased.
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Figure 11. Fresh milk consumption per capita, fresh milk
consumption, population and average net wage in Estonia in
the period 2003—2014 Source: Statistics Estonia (2015)

When comparing Estonian per capita milk (milk pro-
ducts, excluding butter) consumption with the selected
countries (Figure 12), one can notice the difference
between Finland and the Netherlands and other selected
countries. In Finland and the Netherlands, the average
milk consumption per capita is larger and more stable
than in other countries. In Lithuania, milk consumption
per capita has been most volatile, but has an increasing
trend. In Ireland, milk consumption was higher until
2003 and has declined in recent years. Estonia appears
to be in the same group as Germany and Latvia in terms
of milk consumption. In 2011, milk consumption
varied from 214 kg/capita/year in Latvia to 395 kg/
capita/year in Finland. Estonian per capita consumption
was 239 Kkg.

In the period 2003-2104, there have been some
changes in the structure of consumption of milk
products in Estonia. The consumption of milk powder,
skimmed milk and buttermilk decreased respectively
from 3.9 to 0.6 kg/capita/year and 7.5 to 1.4 kg/capita/
year. Average per capita butter consumption decreased
from 4.9 to 2.1 kg. At the same time, the annual average
per capita consumption of cheese and cottage cheese
increased from 13.2 to 21.2 kg, and consumption of
processed cheese increased from 0.8 to 5.6 kg
(Statistics Estonia, 2015). These trends coincide with
findings of Putnam (1989) from the end of 1980s in
that, while there has been a reduction in demand for

high fat fluid milk products, the consumption of
relatively high-fat cheese products has been increasing.
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Figure 12. Milk consumption (excluding butter) per capita in
the period 1994-2011 in selected countries, kg. Source:
Faostat (2015)

From Figure 12 it can be seen that while per capita milk
consumption has been more volatile in some countries, it
is relatively stable in most countries. Therefore,
potentially, when income increases, Estonian domestic
consumers could demand larger quantities of milk and
dairy products. However, considering the decreasing
population and relatively stable per capita milk
consumption (consumer preferences), a large increase in
domestic demand is not likely and additionally produced
milk should be marketed for export.

In recent years, there have also been changes in the
purchasing channels of domestic consumers. In 2014,
fresh milk was mainly (89% of consumers) purchased
from stores (Figure 13), and less so from farmers. In the
early 2000s, about 30% of consumers bought fresh milk
from farmers. In recent years, that number has dropped
significantly. Buying from farmers' markets and own
production has also decreased over the years. The latter
is explained by a significant drop in the number of dairy
herds (Table 1). A new trend is that the number of
people who do not consume fresh milk is increasing. In
2014, it amounted to 5%. Therefore, the main
purchasing channel of milk in Estonia is retail stores. In
the case of milk products, the general trends are similar
to those of fresh milk. However, 70% of consumers
bought milk products from stores as early as 2001. In
2014, stores were preferred by 95% of consumers, 2%
of consumers bought milk products from farmers and
1% from markets. In recent years, 1-2% of consumers
have revealed that they do not consume milk products.
This trend is increasing, although the percentage of the
population that does not consume fresh milk and milk
products is still relatively low (TNS EMOR 2010,
2011, 2014).
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Figure 13. Milk purchasing channels in Estonia, %. Source: TNS EMOR (2010, 2011, 2014)

TNS EMOR (2010) has studied consumers' prefe-
rences with regard to the origin of milk products
(Figure 14). The study included two milk products:
yoghurt and cheese. Preferences regarding the origin of
fresh milk were not studied, because fresh drinking
milk is easily perished and is largely of Estonian origin.
In the 1990s, 62% of consumers preferred yoghurt
produced in Estonia. By 2010, the preference of
Estonian yoghurt had increased to 81%, largely due to
product development (Institute of Economic Research,
2013). Consumers' preference of cheese of Estonian
origin had declined by 10 percentage points by 2010,
compared to 1996. This could be associated with
consumers' desire for a larger variety of cheeses when
incomes and cheese consumption increases. However,
as of 2010, 80% of Estonian consumers preferred
yoghurt and cheese of Estonian origin.
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Figure 14. Preference of domestic milk products in the period
1996-2010, %. Source: TNS EMOR (2010)

Foreign trade and comparative advantage

Estonia was a net exporter of dairy products in the
1920s (Pihlam&gi, 2004) and has retained this status
since. However, there have been several changes in the
structure of export products and markets. Therefore, one
could claim that the ability to adapt to changing
conditions in export markets is one of the crucial
determinants of the competitiveness of the Estonian
dairy sector. Dagenais and Muet (1992), and Vollrath
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(1991) provide analysis on the measures of comparative
advantage. In the current paper, the most common
indexes of revealed comparative advantage (RCA) are
used. Fast economic growth in Estonia in the last two
decades has caused significant structural changes. The
competitiveness of agricultural commaodities in the
international market has changed and the structure of
foreign trade has also changed. The integration of the
Estonian economy into the world economy, accession to
the EU and, more recently, the financial crisis have been
the main drivers behind the dynamics of the Estonian
dairy sector’s competitiveness in export markets. In the
study on the dairy export competitiveness of the EU
countries, Bojnec and Ferté (2014) found that Estonia
was competitive both on intra- and extra-EU markets
between 2000 and 2011, along with Belgium, Cyprus,
Denmark, France, Ireland, Latvia, Lithuania, the Nether-
lands and Portugal. In addition, Bojnec and Fert6 (2014)
concluded that the duration of the revealed competitive
advantage (RCA>1) on the global dairy market was
highest for Poland, Latvia, Lithuania and Estonia,
implying long-term competitiveness on the global dairy
market.

The dynamics of the export turnover of Estonian
dairy products between 1994 and 2014 (Figure 15)
coincides with the dynamics of producer prices of milk
(Figures 2 and 4). The decline in the export turnover of
dairy products in 1998-1999, in 2009 and in 2014 have
coincided with the "Russian crisis”, "Food crisis" and
"Russian import ban". While the export turnover of
dairy products was 47.6 million euros in 1994, it had
increased by 304.8% to 192.8 million euros by 2014.
At the same time, the producer prices of milk increased
by 230.7% from 99.2 to 328.0 euros per tonne, milk
production increased by 4.3% from 771.8 to 805.2
thousand tonnes and milk purchases by processing
companies increased by 35.8% from 552.5 to 750.2
thousand tonnes. Therefore, the growth of export turn-
over exceeds the growth in production and processing
volumes, and also the growth in the producer prices of
milk.
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Calculations of revealed comparative advantage are
based on detailed trade data from the World Customs
Organization's Harmonized System at 6-digit level
(HS6) in 1996-2014. Furthermore, the detailed trade
data is aggregated into three broader groups for distin-
guishing between various stages of the dairy chain.
Bojnec and Ferté (2014) use a similar approach in
aggregation. Using the Broad Economic Classification
(BEC), the HS6 codes are divided to primary dairy
products for household consumption (BEC code 112),
processed dairy products mainly for industry (BEC
code 121) and processed dairy and dairy products in-
tended for final consumption in households (BEC code
122). Data is derived from the UN Comtrade database
(UNSD, 2015). Similarly to Bojnec and Fert6 (2014), a
distinction between intra- and extra-EU trade is made.
All trade with EU28 countries from 1996 to 2014 is
considered here as intra-EU trade.
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Figure 15. Export turnover (in nominal prices) of Estonian dairy
products (CN codes 0401-0406) in the period 1994-2014,
million euros. Source: Statistics Estonia (2015)
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According to UN Comtrade data, the exports of dairy
products in the mentioned categories accounted for
4.5% of Estonia's total exports in 1996 and it declined
to 1.5% in 2014 (Figure 16). There has been a remark
able shift from extra-EU trade to intra-EU trade. Intra-

100% -

EU exports accounted for 36% in 1996, and 86% in
2014. The share of import of dairy products has been
considerably low in total imports for Estonia,
amounting to 1.2% in 1996 and 0.4% in 2014.
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Figure 16. Share of intra-EU and extra-EU trade of dairy
products in total exports of Estonia. Source: Comtrade
database (UNSD 2015)

Prior to EU accession in 2004, most dairy product
exports consisted of processed products. Processed
products for households and industry accounted for
85% in 1996, and the share of primary products has
risen since EU accession, comprising almost half of
exports in 2014 (Figure 17).

However, it should be noted that the description of
BEC code 112 (primary products for households) is
somewhat misleading in the case of Baltic countries.
Most of the value under this code is accounted for by
raw milk that is exported to the dairy processing
industry of neighbouring countries. The average annual
growth in the share of the exports of primary dairy
products, which mostly comprises raw milk for
processing, was 6.5% between 1996 and 2014. The
share of processed products for industry has declined
and the share of processed products for households has
remained at the same level.
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Figure 17. Share of dairy products of the various stages of the dairy chain in exports. Source: Comtrade database (UNSD 2015)
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The development of the structure of the export of
dairy products could be divided into three sub-periods.
From 1994 until the period preceding EU accession
(beginning of 2000s), the main groups of export dairy
products were concentrated milk and cream, i.e. skim
milk powder and whole milk powder (Combined
Nomenclature (CN) code 0402) and butter (0405)
(Figure 18). From 2001 onwards, the share of cheese
(0406) in export turnover started to increase until 2009,
when it reached to almost 50%. After the crisis in 2009,
the share of milk and cream (0401) started to increase,
and the share of other product groups began to decline.

100%

This is related to the phenomenon known as "raw milk
trade”, which gained momentum after the 2004 EU
enlargement (Jansik et al., 2014). In Estonia's case, raw
milk was exported to Lithuanian and Latvian markets.
This also explains the growth in primary products for
households (BEC112) in Figure 17. While in customs
union, some amount of raw milk trade is rational (Table
2), the high value share of raw milk in the dairy exports
in Estonia and Latvia reflects the lack of processing
volume and competitiveness of the dairy processing
industry in these countries (Jansik et al., 2014).
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Figure 18. Structure of the export turnover of Estonian dairy products (CN codes 0401-0406) in the period 1994-2014. Source:
Statistics Estonia (2015) (0401 — milk and cream, not concentrated; 0402 — milk and cream, concentrated; 0403 — buttermilk,
curdled milk and cream, yogurt, kephir and other fermented or acidified milk and cream; 0404 — whey; 0405 — butter and other
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Results from the calculations of the Balassa index of
revealed comparative advantage (RCA) indicate that
Estonia has a comparative advantage in the export flows
of all three categories of dairy products (Figure 19).
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Figure 19. Dynamics of the revealed comparative advantage
(RCA) index of dairy products. Source: Authors' calculations
based on Comtrade database (UNSD 2015)

The RCA index of all dairy products was >1
throughout the entire period of 1996-2014. In Figure
19, a distinction between intra- and extra-EU trade is
made. One can see that the RCA index for extra-EU
trade was very large prior to 1999 and has declined
considerably since. In 1999-2010, the RCA index
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remained >1 and was fluctuating between the values of
2.7 and 3.7, indicating a stable revealed comparative
advantage. Though the value of the index has not
changed significantly, there are changes in the structure
of revealed comparative advantage. The RCA of intra-
EU trade has been considerably higher than extra-EU
trade since 2001. Following accession to the EU in
2004 and in the following year, the RCA index for
extra-EU trade even indicated a slight disadvantage in
trade. The RCA index for extra-EU trade declined
below one again in 2014 due to the disappearance of the
Russian export market following the import ban.

From Figure 20, it appears that there have been
changes in the main export destinations in the period
1994-2014, which partly explain the changes in the
revealed competitive advantage in intra- and extra-EU
trade. In 1994-1998, the share of dairy products ex-
ported to Russia remained above 33% on average. The
second largest export destination was the Netherlands.
After the crisis in 1999, the share of Russian
Federation in dairy export destinations declined and
almost diminished by 2003 due to the double import
tariffs policy employed by Russia. At the same time,
the share of the Netherlands increased to almost 50%
in 2003. Since 1999, the share of other EU15 countries
also started to increase. After the EU accession in
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2004, the structure of the main export destinations
again changed. The Russian market opened again for
Estonian dairy products and the share of Russia in
export destinations began to increase. Since 2014, the
share of the closest neighbouring countries of Latvia,
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Lithuania and Finland also started to increase. By
2014, the number of export destinations had
significantly declined. The four major export markets
(Lithuania, Latvia, Finland and Russia) accounted for
76.6% of the total export turnover of dairy products.
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Figure 20. Structure of the export turnover of Estonian dairy products by destination in the period 1994—2014. Source: Statistics

Estonia (2015)

There have also been changes in the structure of re-
vealed comparative advantage in terms of the products in
various stages of the dairy chain (Figure 21). The RCA
index of processed products for households (BEC 122)
showed stable decline in RCA from 4.3 in 1996 to 1.7 in
2014, remaining >1 and indicating comparative
advantage. This advantage is based on the relatively
successful exports to both EU and non-EU countries.
There has been a considerable decline in the RCA index
for processed dairy products mainly for industry use
(BEC 121). The values of the Balassa index still indicate
comparative advantage being slightly more successful in
the direction of EU countries. Contrary to processed
products, there has been an increase in the RCA index of
primary products (BEC 112) for both for household and
industry use. The RCA index for primary products
declined before 1999 and began to rise again, reaching
8.4 in 2014 (significantly affected by raw milk export).
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Figure 21. Dynamics of the revealed comparative advantage
(RCA) index of dairy products of the various stages of the dairy
chain. Source: Authors' calculations based on Comtrade
database (UNSD 2015)

The analysis of revealed comparative advantage
shows that there are three stages to be considered in the
period between 1996 and 2014. First, the period before
2004 when there is a decline in the overall RCA of dairy
products prior to 1999 and the relative successfulness
of processed products for industry use. Second, the
period from 2004 to 2009, where all three product
categories show the same level of revealed comparative
advantage. The third period is that after 2009, when the
exports of primary products, including raw milk, be-
came more advantageous compared to other products.

Discussion and conclusions

In the last 20 years, the Estonian dairy sector has re-
mained export orientated and competitive in export
markets. The strength of Estonian dairy farms lies in the
high milk yields and relatively large scale farms, which
reduce the transport costs for dairies. At the same time,
there are aspects in dairy farms that need improvement.
According to Kimura and Sauer (2015), the total factor
productivity growth remains close to zero, indicating a
problem with a rapid increase in input use and a decline
in other animal output (live animals and beef), besides
milk. The latter is affected by the reducing life span of
dairy cows, which also hampers selection of heifers for
the replacement of dairy cows. In the long term, this
trend has negative effects on the competitiveness of
Estonian dairy farms. Therefore, the challenge of dairy
farms lies in how to more effectively exploit the
investments made and, while maintaining the achieved
high yield level, reduce input use and stop the negative
trend of the decreasing average life span of dairy cows.

Rapidly increasing milk yields and an increase in the
percentage of Estonian Holstein cows has reduced
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average milk fat content and slightly increased milk
protein content. In the Netherlands, Denmark and
Finland, both average milk fat and protein content
exceed the Estonian figures. Therefore, the dairy
processing industry in these countries uses less raw
milk for the same amount of manufactured dairy
products compared to Estonian dairies. In 2013, the
average milk protein content in Estonia exceeded the
Lithuanian figure by 4.3%. Lithuania is specialised in
producing and exporting of cheese. The higher milk
protein content in Estonian milk could be one reason
why Lithuanian dairies import raw milk from Estonian
farms. The other advantages of Estonian milk in the
Baltic raw milk market lie in concentrated dairy farms
(which lower transport costs) and the lower seasonality
of production (which enables more efficient utilisation
of processing capacity).

While milk production and collection in Estonia have
increased markedly, the amount of milk processed in
Estonian dairies to dairy products has increased to a
lesser extent. In 2014, 25.2% of collected milk was
exported as raw milk to Latvia and Lithuania. This
reflects the more effective competitiveness of the
Lithuanian dairy processing industry, which processes
more milk than is produced in Lithuania. One of the
contributory factors to the success of the Lithuanian
dairy processing industry is its good ability to find
markets for its products as well as its higher level of
marketing innovation compared to the processing
companies in other Baltic countries (Jansik et al., 2014;
Melece, Krievina, 2015). The labour productivity in the
Estonian and Baltic dairy processing industry is
significantly lower compared to Scandinavian and
Central European countries. Also, the value of dairy
products per kg of processed milk is lower compared to
Finland and Germany. In order to increase competi-
tiveness, the Estonian dairy processing industry needs
to increase the amount processed in Estonia, labour
productivity and value added per kg of processed milk,
and it needs to be effective in finding export markets
for its products.

Bojnec and Fert6 (2014) conclude that most EU
countries should specialise in their dairy exports, since
they are not competitive in all market segments. In
recent years, the Estonian dairy sector has specialised
in cheese and raw milk exports, mainly to neighbouring
countries: Lithuania, Latvia, Finland and Russia. While
this kind of specialisation seems rational for a small
country, concentrating on specific products and
markets may cause major drawbacks. The import ban
imposed by Russia in 2014, for example, has resulted
in a deep crisis in the Estonian dairy sector. In 2013,
dairy exports to Russia comprised 25.1% of total dairy
exports, and the share of the neighbouring countries of
Latvia, Lithuania and Finland were 22.7%, 30.0% and
13.1%, respectively. Therefore, 90.9% of all dairy
exports were targeted to neighbouring markets, which
were also exporting significant amounts of dairy
products to Russia. In addition, milk and cream (CN
code 0401, mainly raw milk) comprised 43.9%, and
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cheese and curd (0406) 31.3% of all dairy exports.
These two product groups comprised 75.2% of all dairy
exports. Therefore, one could argue that Estonian dairy
exports are already relatively specialised.

Low world market prices have had a role in the
majority of crises in the Estonian dairy sector.
However, in 2009, the crisis coincided with the
economic recession, due to which farm payments were
also reduced in Estonia. Farm payments also declined
in 2014, amplifying the negative effects of low prices.
However, abolition of the EU milk quotas in 2015 and
an increase in EU milk production changes the policy
and market context in the EU and world dairy markets.
The EU and Estonian milk producers are not isolated
from world markets and milk prices in the EU converge
with the world market prices, implying increasing
pressure on cost reduction and, potentially, increased
price volatility. Appropriate measures for smoothing
the effects of price volatility on farm incomes are yet to
be determined.

Crises represent a turning point for trends in Estonian
dairy sector’s development. After each crisis, there
have been some changes in the prevalent trends: in the
beginning of the 1990s, the dairy sector adapted to
changing institutions, agricultural policy and markets.
After 1999, dairy exports were reorientated from
Russia's markets to EU countries. EU accession once
again changed institutional and policy context and
brought along reorientation to export markets. The
2009 dairy crisis resulted in raw milk exports to other
Baltic countries. The crisis that started in the second
half of 2014 has resulted in a significant drop of number
of dairy cows and the disappearance of Russian market
once again. Therefore, the competitiveness and
resilience of the Estonian dairy sector lies in its ability
to adapt to changing situations. For dairy farms, it
implies a greater ability to alter average production
costs, and production volume, according to market
situation.

The dairy industry could be considered the weaker
link in the farming and industry links of the Estonian
dairy chain. Therefore, the future competitiveness of
the Estonian dairy sector is largely related to the
development of the dairy processing industry. The
potential exists (raw milk that is exported) to increase
the volume of milk processed in Estonia. However, this
would require the suppliers of exported raw milk (dairy
farmers) to be willing to deliver this milk to local
processors. One of the solutions here could lie in
establishing a dairy processing company that is owned
by dairy farmers. This could be established as a new
company, but could also be founded on the basis of
some existing dairy manufacturers. Still, considering
the crisis in the dairy sector in 2015, it is questionable
whether dairy farmers have the necessary capital for
this investment. Therefore, it is necessary to develop
the existing dairy manufacturers. In doing so, it should
be considered that additionally produced dairy products
should be exported. In order to reduce the risks of
concentrating on neighbouring markets, new markets
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should be found among the countries that are not
closely linked to the Russian market. It is likely that the
product portfolio should be developed in accordance
with the demands of these export markets. In order to
increase the productivity of the Estonian dairy
manufacturing industry, either the volume of milk
processed per employee or the product value per kg of
processed milk, or indeed both, should be increased. In
the short term, the first of these options seems more
plausible. However, Estonia is a small country with a
small milk production volume in global terms.
Therefore, it is questionable whether the long term
success of the Estonian dairy industry can lie in very
large scale cost efficient processing. This implies a
need for intensified research, development and
innovation activities in the dairy industry, which
require significant investments in human and physical
capital, as well as time. Consequently, research,
development and innovation should be facilitated in
associated public and private organisations. Ultimately,
it should not be forgotten that if a product is produced
efficiently, and even if it contains potentially high value
added, it has to be delivered to end consumers. That
requires good marketing capability in the dairy sector
together with efforts from government that can
facilitate the access of dairy manufacturers to new
extra-EU markets.

Autorid kinnitavad artikliga seotud huvide konflikti puudumist.
The authors declares that there is no conflict of interest
regarding the publication of this paper.
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AHVENAMAA AEDADES

Ménd kasvab valja sammeldund graniidist.
Kus veidi mulda, seal on tasahilju

maa pdlluks muutund karmist kiviriigist.
Nuid kannab dunapuid, tais sulneid vilju.

Akadeemilise P6llumajanduse Seltsi tdnavune reis
viis suve alguses (28.06-01.07) huvilisi tutvuma
Ahvenamaa 0Guna- ja marjakasvatusega. Koos
teadlastega oli ka praktikuid ja huviaednikke. Sdidu
korraldamise p@hiraskust kandsid Heldur Peterson ja
Alo Ténavots. Tanu neile vaeva eest!

Ringkdiku alustasime teadlaste juures. Jomalas
asuvas katseaias kohtasime Eestis aretatud duna-, pirni-
ja vaarikasorte. Vaarikad kasvasid kitteta kasvu-
hoones. Sealses pehmes kliimas v8ib meie sortidel edu
olla. Aimus teadlaste ja hiljem kilastatud &riaednike
hea koost60.

Suured kaasaegsed Gunaaiad avaldasid muljet.
Kilmas séilitatud frigo-istikutega tdnavu rajatud

aiaosad olid asja Gide puhkenud. Istikud ostetakse
Hollandist. Nii olevat odavam. Ullatas ennakvdrsetest
kujunenud killgokste Gitsemine Uiheaastase poogendiga

istikutel. Mitmed kaasaegsed Gunasordid annavad oma
esimesed saagid pikkade aastakasvude killgpungadest,
nagu see on omane vaarikatele. Siin ditsesid ka ennak-
vorsetest arenenud kiilgoksad. Selline diepungade teke
vBimaldaks juba istikult vilju saada. Paraku ei lasta sel
Oierikkusel istutusaastal viljadeks areneda. Esimesel
kasvuaastal on eesmargiks puu juurdumine ning véra
kujunemine.

Kiilastasime Tjudos asuvaid aedu. Saare suurima duna-
istandusega Grannas Appel (Granna Frukt), kus istan-
dikke on Ule 30 hektari, tutvustas meid Jan Mattsson.
Aedades kasutati puude ruumilist spaleertoestust.
Arenevad kllgvdrsed suunati ja Kinnitati reakohast
paarikimne sentimeetri kaugusele pingutatud traatidele.
Kujundatakse 2-3 rindega vdra. Saime maitsta vaikes-
tesse pudelitesse villitud omatoodetud 6unamahla. Jon
Lindemani istandikes olid puud kdrgemad, sest dunu
koristatakse traktoriplatvormil olles.

Gotbys asuvas Harry Soderbergi marjakasvatustalus
ndgime sostra- ja maasikaistandikke. Maasikaid toodeti
nii avamaal kui kasvuhoones.

Seltsi president Marko K
(foto: Alo Tanavots)
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Kulgoksad kinnitati puude reast veidi kaugemale pingutatud
traatidele (foto: Jaan Kivistik)

Istutatud harunenud 6itsev istik oli poogendist arenenud iihe
suvega (foto: Jaan Kivistik)

Teisel péeval tutvusime saareriigi loodusega ja
valitsemisega. Ahvenamaa parlamendihoones rakis
kohalik eestlanna Marina Eriksson meile sealse riik-
luse ajaloost ning tdnapdevast. Sel rootsikeelsel
Soome riigi demilitariseeritud osal on suur autonoo-
mia. Ahvenamaa kodanikel pole véeteenistuse
kohustust. Mittekodanikud ei saa osta maavaldusi.
Saarele Umberasujad v@ivad taotleda Ahvenamaa
kodakondsust viie aasta parast, kui neil on Soome

Alumise rinde okstel oli ua vilju, Glalpool kujuneb v
teine rinne (foto: Jaan Kivistik)

rsetest

kodakondsus ja rootsi keele oskus. Kodanik, kes on
elanud mujal kauem kui viis aastat, kaotab
kodakondsuse. 27 tuhande elanikuga saareriik on
Pdhjamaade NOukogu liige. Halduskeskuses
Mariehamnis elab ligi 11 tuhat inimest.

Tagasiteele asusime veidi enne sidaddd eha-
valguses. llus ja Gpetlik reis oli!

Jaan Kivistik
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Lugupeetud seltsikaaslane,

Lubage mul Teid 6nnitleda seltsi 95. aastapdeva pu-
hul. Just téna, 95 aastat tagasi, 3. detsembril 1920 re-
gistreeriti Akadeemiline P8llumajanduse Seltsi (toona
Akadeemiline Pdllumajanduslik Selts) juriidilise orga-
nisatsioonina Tartu Ulikooli valitsuse poolt. Aasta va-
rem avatud emakeelse tlikooli p&llumajandusteadus-
konna Ulidpilased 18id organisatsiooni, mis kasvas lisna
pea suureks nii oma liikmeskonnalt kui tegevustelt.
Seltsiga liitusid ka 6ppejdud, kes oma eeskuju ja tead-
mistega innustasid lidpilasi nii dppetdds kui seltsi et-
tevBtmistes. Toona seati seltsi eesmérgiks litkmete mit-
mekulgne arendamine ja kujundamine edukaks tuleva-
seks kutsetdoks ning kodumaa pdllumajanduse edenda-
miseks.

Kuigi tdna on kutsetdoks ettevalmistamine jadnud
maadilikooli ja mitmete ametikoolide Glule, tdidab meie
selts endiselt oma eesmérke: korraldame teaduslikke
konverentse ja ettekandekoosolekuid, ning anname
vdlja ainsat p6llumajandusteemalist teadusajakirja Ag-
raarteadus. Aitah teile kdigile, et olete panustanud eel-
pool mainitud tegevustesse!
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Mul on véga hea meel, et oleme hoidnud oma tradit-
sioone, sest see ongi meie tugevus. Aitah teile, austatud
seltsiliikmed, et korraldate jatkuvalt seltsi dppereise ja
ajaloopaevi. Need on minu iihed lemmikud! Uhtlasi
suured ténud seltsikaaslastele, kes veavad oskussdnade
toorihma.

Siirast rddmu tunnen ka uute traditsioonide (le nagu
seda on Eesti Vabariigi sunnipdeva tahistamine kont-
sert-aktusega K.E. von Baeri majas. Sest selts, mis on
ellu kutsutud Tartu rahuga samal aastal, teab ja oskab
hoida ka oma kodumaad!

Tanasel tahtpéeval tahan teiega jagada ka ihte oma
unistust. Nimelt aasta tagasi sai maha hdigatud idee
koostada seltsi 95. juubeliks raamat, mis vaataks tagasi
seltsi tegusatele aastatele nii sdnas kui pildis. Sestap
loodan teie kdigi, armsad seltsikaaslased, abile ja toele,
et saaksime juba eeloleval varakevadel ké&es hoida seltsi
juubelikogumikku.

Austatud seltsikaaslased, soovin teile veel korra palju
dnne seltsi 95. aastapéeva puhul ning edu ja tervist teile
koigile!

Lugupidamisega,

Marko Kass, seltsi president
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ENN LEEDU 70 - MONDA TEMA AKADEEMILISEST KARJAARIST

Eesti Maatulikooli Mulla-
teaduse ja agrokeemia osa-
konna dotsendi Enn Leedu
(stind. 15. aprillil 1945. a)

praktiku-teadlase-Gppejou
karjaar on ligikaudu vord-
setes osades kulgenud Eesti
Maadlikoolis ja Eesti Pollu-
majandusprojektis.  Nuud
juba 0le 45 aasta kesthud
tegevusse agronoomi-mul-
lateadlase-Gppejduna  on
Enn Leedu tulnud I&bi Olustvere Sovhoostehnikumi
(I6petas 1965), EPA Agronoomia teaduskonna (IGpetas
1970) ja EPA statsionaarse (mullateaduse eriala)
aspirantuuri (1970-1973).

Magistri teaduskraad mullateaduse alal omistati talle
1997. a uurimuse eest, mis kasitles pdlevkivikarjaaride
puistangute ja nende pdllumaaks rekultiveerimisel
kasutatava huumusmulla agrofulsikalisi ja agrokeemi-
lisi omadusi. P8llumajandusteaduste doktoriks taime-
kasvatuse erialal (1998. a) sai ta véitekirja P&levkivi
kaevandamisega Eesti pGllumajandusele tekitavate
kahjude leevendamise vBimalused kaitsmise tulemuse-
na. Selle EPMU doktorindukogu otsuse jérel jatkas Enn
Leedu oma t66d juba dotsendi ametikohal.

Eesti P6llumajandusprojektis tootamise ajal aastatel
1976-1994 oli tema pdhitegevuseks arendustegevus ja
rakenduslikud uurimused mullateaduse (sh agro-
keemia), maaviljeluse ja taimekasvatuse alal. PGhiosas
hélmas see Ida-Virumaa ammendatud pdlevkivi-
karjadride pinnaste pdllumajandusliku rekultiveerimise
viiside véljatodtamist ja nende praktikasse rakenda-
mist. P8llumajandusliku rekultiveerimisvdimaluste
uurimisega kaasnesid mahukad p6ldkatsed erinevate
kultuuridega. Samas piirkonnas selgitati veel ka all-
maakaevanduste langatumise téttu toimunud muldkatte
degradeerumise méaéra ja selle mdju p6llukultuuride
saagikusele. Kontrollimaks taolisi ja teisi maade
kasutamisega seotud vaarndhtusi olid talle aastateks
1989-94 antud maade kasutamise ja kaitse riikliku
inspektori volitused.

Alates 1992. a lisandus E. Leedu mullateaduse alasele
arendustegevusele ja uurimistdodele ténaseni kestev
dppetdd EMU Mullateaduse ja agrokeemia osakonnas.
E. Leedu dppejduks kutsumisel oli oluline ka see, et ta
tootas kateedri laborandina juba aastatel 1968—70 olles
siis 0lidpilane, assistendina aastatel 1973-75 s.0
vahetult peale aspirantuuri ja koges Uihe vegetatsiooni-
perioodi jooksul peaagronoomi t66d Viljandi rajooni
"Linda" kolhoosis. Valdavalt on dotsent Leedu
Opetanud mullateaduse teoreetilisi aluseid ning Eesti
muldade taksonoomiat, omadusi, kasutamist ja kaitset
viga mitmesugustele erialadele spetsialiseerunud EMU
ulidpilastele. Praktiliste laboratoorsete todde kédigus on
ta juhendanud mulla analtlside tegemist ning mulla
morfoloogial ja geneesil pdhineva Eesti muldade
klassifikatsiooni omandamist. Ulidpilaste auditoorne

Oppetdd on dldreeglina paadinud valipraktikaga, kus
Opitakse tundma muldkatte koosseisu ja omaduste ise-
drasusi seoses teatud konkreetsete Eestimaa mullas-
tikulis-6koloogiliste tingimustega. Kaasautorina on E.
Leedu teinud ka oma panuse nii koérgkooli &piku
Mullateadus (ilmus 2012), kui ka praktiliste t66de
juhendi Muldade valiuurimine (ilmus 2013) vilja-
andmisse.

Meie Ulikoolile tavakohaselt on ka E. Leedu réébiti
Oppetddga osalenud teaduslikus uurimistods. Esi-
meseks tema uurimisteemaks oli mineraalvéetiste
kasutamine. Selle kohta sai prof P. Kuldkepi juhenda-
misel koostatud diplomitd6 (1970. a), kus uurimise all
olid Lduna-Eesti erosiooniala mullad. Hiljem on
E. Leedu selle probleemi juurde tagasi tulnud uurides
vaetamise moju nii saagile ja saagi kvaliteedile ning
toiteelementide sisaldusele ja bilansile, kui ka mulla
taimekasvatuslikele omadustele pikaajalises kiilvikorra
katses. Kéesoleval ajal kestev prof P. Kuldkepi poolt
1989. a rajatud IUSS mullaviljakuse uurimisgrupi
Euroopa vorgustikku kuuluv pikaajaline pdldkatse
(IOSDV/ILTE) on olnud heaks poliigooniks Kka
E. Leedule nii orgaaniliste, mineraalsete kui ka
kompleksvéetiste uurimisel koostdds selle katsega
seotud kollektiiviga nii EMU mullateaduse ja agro-
keemia osakonnast, kui ka rahvusvahelises koosttos
(Uhisprojektid Berliini Humboldt'i Ulikooliga, Giesseni
Justus von Liebigi Ulikooliga). Eespoolnimetatud
pikaajalise kulvikorra katse korraldamise vastutavaks
téitjaks on tulnud olla aastatel 2000-2004 ka E. Leedul.
Selle katse baasil sai alguse ka pdlevkivi utmise jaagi
poolkoksi ja sellest valmistatud kompostide (rekulti-
veerimisaine) kasutamisvdimaluste selgitamine taime-
kasvatuses. E. Leedu kogemused pdllumajandusliku
rekultiveerimise, p6llumaadel toimunud kaevanduste
langatuste ja pdlevkivi poolkoksist valmistatud rekulti-
veerimisaine kohta on avaldatud eraldi peatiikkidena
kogumikus Maavarade kaevandamine ja puistangute
rekultiveerimine Eestis (2010). E. Leedu on tUiheks Eesti
parimaks asjatundjaks huumusmulla séilitamise ja
p6llumajandusliku rekultiveerimise alal.

E. Leedu aspirantuuriaegseks teemaks oli hoopiski
kahekihilisel 18imisel (katte saviliiv liivsavimoreenil)
kujunenud kahkjate muldade mineraloogia uurimine
(juhendaja A. Oja), mille kohta on ilmunud ka mitu
artiklit. Mdnes artiklis ja vastavasisulises juhendis on
E. Leedu (koosttos E. Asi ja R. Kdlli'ga) argumenteeri-
nud pdllumaade metsastamise teemadel.

E. Leedu mitmekilgses arendustegevuses saadud
teadmised on tulnud kasuks Taani-Eesti Uhisprojekti
Véetiste kasutamise normatiivide tépsustamine ja
sBnniku standardite valjatddtamine Eestipoolse koordi-
neerijana (2000—2002) ja selle raames koostds Janeda
Oppe-Nduandekeskusega  juhendi  Pdllukultuuride
véetamine véljaandmisel (2002).

E. Leedu teadlaseks-Oppejduks kujunemise loost
selgub, et tema peamisteks mentoriteks ja kaasauto-
riteks on olnud E. Kitse, P. Kuldkepp, L. Reintam ja
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A. Oja. llmunud publikatsioonide loetelu néitab, et
tema hinnatuimateks koostddpartneriteks-kaasauto-
riteks on olnud ka L. Murdam, E. Kaar, A. Toomsoo,
T. Teesalu, L. Lainoja, H. Raave, T. Torra ja veel
mdned teised.

Oma kompetentsusest lahtuvalt on ta olnud kursuse
juhendaja ning on kuulunud Uleliidulise Rekultiveeri-
mise NOukogu ja Eesti Paepargi N6ukogu koosseisu.
Rahva teadlikkuse tdstmisel muldadega seotu kohta on
olulised olnud avatud tlikooli kursuse Muld ja toite-
ained l&biviimine koos prof P. Kuldkepiga, Gpilaste
koolitused Toomal teemal Muld ja turvas koos dots M.
Shanskiy'ga, Jéarvselja dpperaja muldadesse puutuva
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osa koostamine ja EMU Mullamuuseumi Eerikalt
Tahtverre kolimine ja tookorda seadmine. Erialast
l&htuvalt kuulub dots Leedu Eesti Mullateadlaste Seltsi,
Akadeemilisse Pdllumajandusseltsi ja Euroopa Mulla-
kaitse Seltsi. Tema hobideks on tehnika, aiandus ja
fotograafia. Nooremas eas tegeles ta edukalt laske-
spordiga, praegu aga hoiab end vormis sulgpalli
méangimisega ning lastelastega matkates. Tema pere-
konnas on ules kasvanud tiitar ja poeg, ning lapselapsi
on tal kokku kolm.

Raimo Kaolli
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DOKTORIKRAADI KAITSJAD EESTI MAAULIKOOLIS 2015. AASTAL
THESIS DEFENDERS ESTONIAN UNIVERSITY OF LIFE SCIENCES IN 2015

REGINO KASK MMI
THE INFLUENCE OF GROWTH CONDITIONS ON
PHYSICO-MECHANICAL PROPERTIES OF
SCOTS PINE (Pinus sylvestris L.) WOOD IN
ESTONIA
KASVUTINGIMUSTE MOJU HARILIKU MANNI
(Pinus sylvestris L.) PUIDU FUUSIKALIS-
MEHAANILISTELE OMADUSTELE EESTIS

LIINA EDESI PKI
THE INFLUENCE OF CULTIVATION METHODS
ON SOIL MICROBIAL COMMUNITY COMPO-
SITION AND ACTIVITY
ERINEVATE VILJELUSVIISIDE MOJU MIK-
ROOBIDE KOOSSEISULE JA AKTIVSUSELE
MULLAS

JULIA JEREMEJEVA VLI
PROSTAGLANDIN F20. AND PARENTERAL ANTI-
BIOTICS AS A TREATMENT OF POSTPARTUM
METRITIS AND ENDOMETRITIS, AND POSSIBLE
RELATION OF ACUTE PHASE PROTEINS WITH
SUBSEQUENT FERTILITY IN DAIRY COWS
PROSTAGLANDIINI F2a JA ANTIBIOOTIKUMI-
DE LIHASTESISENE VOl NAHAALUNE KASU-
TAMINE POEGIMISJARGSE METRIIDI JA
ENDOMETRIIDI RAVIS LUPSILEHMADEL
NING TAASTIINESTUMISE VOIMALIK HINDA-
MINE AKUUTSE FAASI PROTEIINIDE MAARA-
MISE KAUDU

KADRI KASK PKI
DISTRIBUTION AND HABITAT PREFERENCES
OF CLOUDED APOLLO BUTTERFLY [Parnassius
mnemosyne (L.)] IN ESTONIA
MUSTLAIK-APOLLO [Parnassius mnemosyne
(L)] LEVIK JA ELUPAIGA EELISTUSED EESTIS

MARTI TUTT TI
FACTORS AFFECTING BIOCHEMICAL COMPO-
SITION OF LIGNOCELLULOSIC BIOMASS AND
ITS EFFECT ON SELECTION OF PRETREAT-
MENT METHOD AND ON BIOETHANOL PRO-
DUCTION POTENTIAL
LIGNOTSELLULOOSSE BIOMASSI BIOKEEMI-
LIST KOOSTIST MOJUTAVAD TEGURID NING
BIOKEEMILISE KOOSTISE MOJU EELTOOT-
LUSMEETODI VALIKULE JA BIOETANOOLI
TOOTLIKKUSELE

MARET SAAR PKI
ELECTRICAL CHARGE OF BASIDIOSPORES OF
HYMENOMYCETES (FUNGI) AND ITS BIOLOGI-
CAL SIGNIFICANCE
EOSLAVASEENTE KANDEOSTE ELEKTRI-
LAENG JA SELLE BIOLOOGILINE TAHENDUS

GARRI TRALMAN VLI
ROD-THROUGH-PLATE FIXATOR IN THE
TREATMENT OF LONG BONE FACTURES OF
SMALL ANIMALS

KOMBINEERITUD METALLOOSTEOSUNTEES
PIKKADE TORULUUDE MURDUDE RAVIKS
VAIKELOOMADEL

AARE AAN TI
ON USING MATHCAD SOFTWARE FOR MODEL-
LING, VISUALIZATION AND SIMULATION IN
MECHANICS MATHCAD
TARKVARAPOHINE
VISUALISEERIMINE  JA
MEHAANIKAS

BERIT TEIN PKI
THE EFFECT OF DIFFERENT FARMING SYS-
TEMS ON POTATO TUBER YIELD AND QUALITY
VILJELUSSUSTEEMIDE MOJU  KARTULI
MUGULASAAGILE JA KVALITEEDILE

BERT HOLM PKI
CULTIVATION OF WILLOWS (SALIX SP.) USING
RESIDUES OF THE WASTEWATER PURIFI-
CATION PROCESS AND BIOGAS PRODUCTION
AS FERTILISERS
PAJUDE (SALIX SP.) KASVATAMINE KASU-
TADES VAETISTENA REOVEEPUHASTUS-
PROTSESSI- JA BIOGAASI TOOTMISE JAAKE

PRIIT-KALEV PARTS PKI
SUSTAINABLE COMMUNITY MANAGEMENT IN
ESTONIA: REFLECTIONS ON HERITAGE PRO-
JECTS ON KIHNU ISLAND, IN VILJANDI
COUNTY, AND IN VARIOUS PROTECTED AREAS
KESTLIK KOGUKONNAKORRALDUS: KUL-
TUURIPARANDIGA SEOSTUVATE ARENDUS-
TEGEVUSTE PEEGELDUSI KIHNU SAARELT,
VILJANDI MAAKONNAST JA EESTI KAITSE-
ALADELT

TONU TONUTARE PKI
POSSIBILITIES TO AFFECT ANTIOXIDANT
PROPERTIES OF STRAWBERRIES AND SOME
METHODICAL ASPECTS IN THEIR DETERMI-
NATION
AEDMAASIKA VILJIADE ANTIOKSUDATIIV-
SETE OMADUSTE MOJUTAMISE VOIMALUS-
TEST JA METOODILISTEST ASPEKTIDEST
NENDE MAARAMISEL

PRIIT POLLUMAE MMI
ASSESSMENT OF PRIVATE FOREST OWNERS'’
COOPERATION IN ESTONIA
EESTI ERAMETSAOMANIKE KOOSTOO ANA-
LUUS

MODELLEERIMINE,
SIMULEERIMINE

MMI — metsandus- ja maaehitusinstituut
Institute of Forestry and Rural Engineering
PKI - p6llumajandus- ja keskkonnainstituut
Institute of Agricultural and Environmental Sciences
Tl —tehnikainstituut / Institute of Technology
VLI - veterinaarmeditsiini ja loomakasvatuse instituut
Institute of Veterinary Medicine and Animal Sciences
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