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KATTEVILJA AGROFOONI JAPOLDTIMUTI
KULVISENORMI MOJU SORDI 'TIKA' SEEMNESAAGILE

EFFECT OF THE SEEDING AND FERTILIZATION RATES OF
COVER CROP AND THE SEEDING RATE OF TIMOTHY ON
THE SEED YIELD OF THE CULTIVAR 'TIKA'

Ants Bender

Eesti Taimekasvatuse Instituut, Aamisepa 1, 48309, Jdgeva
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were tested. The trial results indicated that both the seeding rate of the
cover crop (variants 333 and 500 germinating seeds per m2) and the
nitrogen fertilizer rate (variants 60 and 90 kg N ha) had an effect on the
later seed yield of the timothy grass. Thereat the effect of the cover crop’s
seeding rate was smaller; the effect of nitrogen fertilizer bigger. The effect
of the cover crop on the seed yield of timothy was bigger in the first year
after establishment, in the following years the effect decreased. The
highest timothy seed yield was obtained in the trial variant that was seeded
with 3 kg of 100% pure live seeds (PLS) per hectare under the cover crop
the seeding rate and nitrogen fertilizer rate of which had been reduced by
one third. Economic calculations also indicated that in total of the year of
establishment and three years of seed harvest, this variant turned out to be
the most profitable one for the seed producer. The studied trial variants

Ants Bender
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had no effect on the quality of timothy seed.

© 2016 Akadeemiline Pdllumajanduse Selts. Koik digused kaitstud. 2016 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Eestis, nagu teisteski pdhjamaades, on kdrreliste
heintaimeliikide seas téhtsaim pdldtimut (Phleum
pratense L.). Viimase viie aasta jooksul on Eestis
tunnustatud kdrreliste heintaimede seemnekasvatuse
pindasid kokku 4780 ha, millest 1964 ha e 41,1%
moodustas pdldtimut. Viie viimase sertifitseerimis-
perioodi véltel on sertifitseeritud korreliste seemneid
kokku 1374476 kg. Poldtimuti osa selles oli
530 753 kg e 38,6%.

Liigi seemet on Eestis kasvatatud vdhemalt 200 aastat
pérast seda, kui siinmail hakati taanlaste eeskujul
lisama pdldtimutit punasele ristikule pdldheina p6llu
kilvamisel. Liigi seemnekasvatuse agrotehnika on selle
aja jooksul hasti omandatud. Seemnesaak on Uldiselt
stabiilne ja koguseliselt tootjat rahuldav. Sellest tulene-
valt ei ole teadusasutustes poldtimuti seemnekasvatust
viimasel viieklimnel aastal uuritud.

Eestis on pdldtimuti seemnepdlde soovitatud rajada
nii katteviljata kui ka kattevilja aluste kiilvidena.
Kattevilja aluste kulvide eelised: 1) kindlustab seemne-
kasvatajale saagi (ja tulu) ka muidu saagitul aastal;
2) takistab umbrohtude levikut ja 3) kaitseb noori taimi
ebasoodsate ilmastikuolude eest (Marshall jt, 1998).
Kattevilja aluste kilvide seemnesaak esimesel saagi-
aastal jadb madalamaks vorreldes kilvidega, mis raja-
tud ilma katteviljata (Timothy..., 2004). Seemnekasva-
taja peab leidma endale soodsa kompromissi: saada
katteviljalt arvestatav saak, samal ajal allakilvi v6ima-
likult vahe kahjustades. Selleks vahendatakse kattevilja
kilvisenormi ja véetatakse lammastikuga tagasihoidli-
kumalt. Kanadas kulvatakse kattevili pdldtimuti seem-
nepdllu rajamisel poole normiga (Timothy..., 2004).
Ameerika Uhendriikides soovitatakse vahendada katte-
vilja kulvisenormi heinaseemne p&ldude rajamisel 25—
50% (Undersander jt, 1990). Eestikeelsetes vanemates
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kirjandusallikates leidub soovitusi vahendada kattevilja
kilvisenormi vahemikus 15-50% (Korjus, 1964, 1969;
Rand, 1992). Uldjuhul soovitatakse nii kodu- Kui
valismaises kirjanduses allakilvi korral véhendada ka
kattevilja lammastikvéetise normi 25-33%. Viimased
uuringud Norras on tbestanud, et seoses lihema kdrre-
ga seisukindlate suviteravilja sortide kasutusele tule-
kuga ei ole enam mdttekas seemnepdldu rajades katte-
vilja kulvisenormi ja lammastikvéetise normi véhen-
dada (Havstad, Aamlid, 2011). Meie katse (iheks ees-
margiks oli kontrollida neid Norra soovitusi Eesti
kliimatingimustes ja siinsete sortidega.

Eestis on pdldtimuti seemnepdllu  rajamisel
soovitatud kasutada kilvisenormi 4-7 kg ha! (Korjus,
1969; Rand, 1992; Annuk, Aavola, 2006), Latis 5—
7kgha'! (Guide..., 2008), Poolas 4,2kgha?
(Szczepanek, Katanska-Kaczmarek, 2012), Serbias 4—
6 kg ha'! (Vuckovié¢ jt, 2003), Norras 3-5Kkg ha?
(Havstad, Aamlid, 2011), USA-s soovitatakse aga
kulvisenormi 1-2 kg ha* (Ogle jt, 2011) ning Kanadas
1,1-2,2 kg ha'! (Timothy..., 2004). Mitme autori poolt
on leitud, et pdldtimuti kilvisenormil vahemikus 2,5-
10 kg ha* on suhteliselt vaike mdju hilisemale seemne-
saagile (Fulkerson, Tossell, 1961; Wallenhammar,
Anderson, 2007) ning kilvisenormi suurendamine (le
teatava piiri vBib koguni viia seemnesaagi langusele
(Hampton, Fairey, 1998; Vuckovi¢ jt, 2003;
Wallenhammar, Anderson, 2007). Kilvisenormi tép-
sustamiseks meie tingimustes voeti katsesse kolm
erinevat kilvisenormi (3, 6, 9 kg ha?).

Uurimistod eesmérk oli kontrollida kattevilja klvise-
normi, ldmmastikvaetise normi ja pdldtimuti kilvise-
normi mdju pdldtimuti seemnesaagile, thtlasi nende
agrotehniliste vtete mdju seemnekasvatuse majandus-
likele néitajatele.

Katsematerjal ja metoodika

Eespool loetletud eesmérkide saavutamiseks rajati
2012. aastal Jogevale kattevilja aluse kiilvina pd&ld-
katse, kus katteviljaks oli keskvalmiv odrasort 'Inari’,
mille alla kilvati poldtimuti ‘Tika' katselapid eri kiilvi-
senormidega. Katteviljale sobiva agrofooni selgita-
miseks olid katses jargmised variandid:

1) Kkattevilja kilvisenorm véhendatud (kulvati 66%
tavatootmises kasutatavast normist), lammastikvaetise
norm véhendatud (66% tavatootmises kasutatavast
normist) — kontrollvariant (St);

2) kattevilja kulvisenorm véhendamata (100%), 1am-
mastikvaetise norm vahendatud (66% tavanormist);

3) kattevilja kilvisenorm véhendamata (100%), lam-
mastikvéetise norm vahendamata (100%);

4) kattevilja kulvisenorm véhendatud (66% tavanor-
mist), lammastikvaetise norm vahendamata (100%).
Variantide arvutamisel olid aluseks odra kilvisenorm

500 idanevat tera m? (100%) ja lammastikvaetise norm

N 90 kg ha! (100%). Kattevilja variantide vahel olid

eraldusribad laiusega 3 m. Kdigil kattevilja neljal agro-

foonil uuriti p&ldtimuti kilvisenorme 3, 6 ja 9 kg
100%-lise kiilvivadrtusega seemet hektarile. Nende
normidega kiilvates sattus m?-le vastavalt 551, 1102 ja
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1653 idanevat pdldtimuti seemet. Kilvisenormi varian-
did rajati neljas korduses, katselappide asetus oli
randomiseeritud. Katse kogupindala — 1240 m?.

Katse rajati leostunud mullale (K,), mille agro-
keemilised naitajad olid jargmised: pHkci 5,8, P 152,
K 198, Ca 1959, Mg 126 mg kgja C org 2,3%. Maara-
mise meetodid: pH — 1SO 10390; P, K, Ca, Mg —
Mehlich 111I; Corg — NIRS. Katseala mullareaktsioon oli
mdlemale katsekultuurile sobiv, fosforitarve vaike,
kaaliumitarve keskmine.

Katse rajamise eel kiilvati katsealale fosfor-kaalium-
vdetised késitsi, véetisena kasutati granuleeritud liit-
vaetist Scalsa (sisaldas mikroelementidest boori
0,02%) normiga 400 kg ha® (P 19, K 67 kg ha™).
Lammastikvaetis anti rajamisaastal ammooniumsal-
peetrina vastavalt katseplaanile kilvikuga Saxonia
enne viimast kulvieelset mullaharimist. P&ldtimuti
seemnesaagi aastail anti lammastikvéetist kahes jaos:
nadal parast vegetatsiooni algust normiga N 70 kg ha'
ja teine kord pdldtimuti kérsumise algul (mai Il pool)
normiga N 35 kg hat. Normide ja andmisaegade vali-
kul 1ahtusime Norra, Rootsi ja Soome katsetulemustest
ja soovitustest (Niemeldinen, Jarvi, 1995; Aamlid,
1997a; Aamlid, 1997b; Wallenhammar, 1998; Havstad,
2003; Havstad, Aamlid, 2006) mis langevad kokku
Eestis H. Korjuse poolt soovitatutega (Korjus, 1969).
Véetisena kasutati ka seemnesaagi aastail ammoonium-
salpeetrit, kulvati kiillvikuga Hege 33.

Kattevili kilvati kulvikuga Fergusson kitsarealiselt
(reavahe 15 cm) 30. aprillil 2012. a. Poldtimuti alla-
kiilv, risti kattevilja ridadega, reavahe 15 cm, tehti kaks
péeva hiljem kilvikuga Hege 80. Lihiealiste kahe-
iduleheliste umbrohtude tdrjeks pritsiti katseala ajal,
mil teravili oli vBrsumisfaasis herbitsiidiga MCPA 750,
norm 1,0 | ha™.

Kattevilja tiheduse maaramiseks loendati odra gene-
ratiivvOrsete arv pinnalt 0,5x0,5 m neljas korduses,
taimede korgust moddeti odra ditsemise ajal mulla-
pinnast ohete tipuni 16 korduses. Odra terasaak méérati
14. augustil katsekombainiga Wintersteiger arvestus-
lappidelt pindalaga 7 m? kuues korduses, Ulejaanud
katseala koristati kombainiga Sampo 500. P6hk riisuti
katselt Kkoristusjargsel péeval ja veeti minema. Odra
kdrs niideti motoroboti MF 70-ga (le, kontsu kdrgus
Ghtlustati 15 cm peale. Teravilja proovid kuivatati
dineesenkuivatis, sorteeriti, kaaluti ja arvutati saak.
Saagi kvaliteedi nditajatest méérati mahumass, 1000
seemne mass ja toorproteiinisisaldus. Analiilsid tehti
Eesti Taimekasvatuse Instituudi biokeemia laboratoo-
riumis.

Poldtimuti kilvisenormi ja kattevilja agrofooni jarel-
moju selgitamiseks loendati esimesel kasutusaastal
generatiivvdrsete arv pinnalt 0,5x0,5 m neljas korduses,
mdddeti generatiivvdrsete kdrgust mullapinnalt pooris-
pea tipuni 16 korduses ja pdérispeade pikkust 100 kor-
duses.

Poldtimuti seeme koristati katsekombainiga Hege
140 kahefaasiliselt. Esimene l&bipeks tehti taiskipsuse
varases staadiumis (poorispeade tippudel esimesed
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pudenemise margid). Teist korda peksti kontsule thtla-
selt laotatud seemnehein 5-7 péeva parast.

Seemnemassi ventileeriti kolm 66péeva vélisdhuga ja
kuivatati seejarel dineesenkuivatis. Katselappide seem-
nekogused sarjati kasisarjaga ja 18pp-puhastati Kamas-
Westrupi laboratoorse sorteeriga LALS. Saavutati
seemnete 99,8-100%-line puhtus. Artiklis esitatakse
14%-lise niiskusesisaldusega seemnesaagid | ja 1l
koristusfaasi summana, milles 1l faasi osatéhtsus
sOltuvalt katseaastast ja variandist oli 6,2—-19,9%. Kolm
kuud pérast kombainimist ja puhastamist maé&rati
laboratooriumis seemnetel 1000 seemne mass ja idane-
VUS.

Majandusarvestuste aluseks olid tootmissisendite
hinnad 2012. a kevadel, odra v8imalik realiseerimis-
hind 2012. a detsembris ning pdldtimuti seemne hind
detsembris 2015.

Katse rajamisaasta (2012) taimekasvuperiood oli
ilmastikutingimustelt jahedapoolne, sademeterohke.
Kdige rohkem sadas juunis (110 mm e 163% normist)
ja augustis (130 mm e 147% normist). Odra vorsu-
miseks ja hea saagi moodustumiseks olid tingimused
soodsad, kuid normist luhem pdiksepaiste kestus ja
koristusaegsed rohked sademed ei véimaldanud saadud
saagi kbrget kvaliteeti. Tingimused allakilvatud pd&ld-
timuti tarkamiseks, kasvuks ja arenguks olid kattevilja
all head. Odra koristamise jarel jai pdldtimuti taimede
talve-eelset kasvu- ja kosumisaega vegetatsiooni-
perioodi I6puni (1dppes Jogeva AMJ andmetel 25.
oktoobril) 72 paeva. Sugis oli 66kulmavaba. Esimene
00kilm registreeriti Jogeval 23. oktoobril, mis on
paljude aastate keskmisest 31 pdeva hiljem.

Pdldtimuti esimese seemnesaagiaasta (2013) kevad
oli hilisepoolne. Mai, juuni ja juuli olid aga kdik tava-
pérasest kdrgema Ghutemperatuuriga, juuni-juuli-au-
gust samas sademetevaesed. llmastikuolud olid pd&ld-
timuti Gitsemise ja saagi valmimise ajal soodsad.

Teisel seemnesaagiaastal (2014) olid ilmaolud vastu-
olulised. Maikuu oli paljude aastate keskmisest soojem.
Maksimaalne 6hutemperatuur tdusis tle 25 °C kahek-
sal paeval, mis on rekord vaatlusreas 1922-2014. Efek-
tilvseid Bhutemperatuure kogunes kuu jooksul 222
kraadi, mis on paljude aastate keskmisest 42 kraadi
rohkem. Looduses vastas see 11-péevasele edumaale.
Soojale maikuule jargnes tavatult jahe juuni. Eriti jahe
oli kuu viimane dekaad — keskmine 6hutemperatuur
ainult 11,3 °C. Kogu vaatlusrea jooksul on nii jahe
juuni 111 dekaad Jdgeval olnud vaid Ghel aastal (1923).
Neljal korral (24., 26., 27. ja 28. juunil) registreeriti
taimkatte pinnal koguni 6dkilma. 17. juunil sadas
Jogeval lumekruupe ja lumel6rtsi, 23. juunil rahet.

Juulis, pdldtimuti seemnete tditumise ja valmimise
ajaks ilmaolud paranesid. Kuu keskmine dhutempera-
tuur oli 2,5°C voOrra paljude aastate keskmisest
kdrgem. Maksimaalne 8hutemperatuur tdusis ule 25 °C
kuu jooksul 17 péeval ja oli vordne v6i lle 30 °C neljal
péeval. Kuu oli sademetevaene (48 mm). Péikese-
paistet oli juulis 21% paljude aastate keskmisest enam.

Ka august oli paljude aastate keskmisest soojem, kuid
kahjuks sademeterohke — sademeid 131 mm, mis on
42 mm dle paljude aastate keskmise. Pd&ldtimuti
seemnete kiipsemise ajal olid ilmaolud muutlikud. See
sundis valima koristusaega mitte seemnete Kkiipsus-
astme vaid ilmaprognoosi jérgi.

Kolmandal seemnesaagi aastal (2015) algas taime-
kasv 21. aprillil. Ohutemperatuur Gletas paljude aastate
keskmist ainult aprilli 111 ja mai | dekaadis. Jargnes
jahe, paljude aastate keskmisest madalama Ghutempe-
ratuuriga kevade Il pool ja suvi. Uhelgi paeval ei
tdusnud Jogeval Ghutemperatuur 30 °C-ni, ainult kahel
péeval juulis tdusis 6hutemperatuur (le 25 °C. Aktiivne
taimekasvuperiood oli sademetevaene, kuid mitte
pbuane. Kdige vahem sademeid langes augustis (38%
paljude aastate keskmisest), mis soodustas seemnesaagi
valmimist ja kahefaasilist koristamist. Kokkuvottes
vBib 2015. aasta ilmaolude kohta vdita, et need olid
poldtimuti seemnekasvatuseks igati soodsad, mis
véljendus ka saagiandmetes.

Katseandmete statistiliseks analiiusiks on kasutatud
arvutiprogrammi AGROBASE-20 ™,

Katsetulemused ja arutelu

Kattevilja taimik, saak ja saagi kvaliteet

Allakiilvatud p6éldtimuti kasvu ja arengut kilviaastal
mdjutavad valgustingimuste kaudu nii kattevilja kdrgus
kui tihedus. Odra generatiivvdrsete kdrgus s6ltus katses
rakendatud agrofoonidest véhe (tabel 1). Odra killvise-
norm generatiivvdrsete kdrgust ei mdjutanud. L&m-
mastikvéetise tdisnormi variantides olid vdrreldes
vahendatud ldmmastikvéetise variantidega odra gene-
ratilvvorsed 1-2 cm kdrgemad, kuid see erinevus ei
olnud statistiliselt usutav.

Kattevilja tihedust mdjutas nii odra kulvisenorm kui
lammastikvéetise annus (tabel 1). Andmete vordlemisel
oli standardiks heinaseemne kasvatuse tootmisprakti-
kas seni kasutusel olev kattevilja agrofoon, kus nii
kilvisenorm kui lammastikvaetise foon olid odra
tavatootmises kasutuselolevate normidega vorreldes
kolmandiku v6rra vahendatud. Kuna odra vérsumiseks
olid tingimused ideaalildhedased, siis jai kilvisenormi
suurendamise mdju taimiku tihedusele tugevamal 1am-
mastikufoonil tagasihoidlikuks (erinevus vaid 1,8%).
Kilvisenormi suurendamise mdju odra tihedusele oli
suurem vahendatud l&mmastikvéetise taseme juures
(7,2%), kuid ka see erinevus ei olnud statistiliselt usu-
tav.

Lammastikvaetise normil oli odra taimiku tihedusele
kilvisenormist suurem mdju. Vorreldes standard-
variandiga suurenes generatiivvorsete arv pinnadhikul
9,5% ja kilvisenormi ja lammastikvéetise fooni sama-
aegsel suurendamisel 11,4%. Agrofooni variandis, mis
kilvati taiskilvi normiga ja millele anti lammastikku
normiga N 90 kg ha’l, esines véahesel maaral ka odra
lamandumist.

Agraarteadus : Journal of Agricultural Science 1 XXVII 2016 3-11
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Tabel 1. Oder 'Inari' katteviljana
Table 1. Barley ‘Inari’ sown as cover crop

Kattevilja killvise- ja ldmmastikvéetise norm / Seeding and fertilizer rates of cover crop

Oder 333 id. tera m? Oder 500 id. tera m

Oder 500 id. tera m

Oder 333 id. tera m?

N 60 kg ha (ST) N 60 kg ha* N 90 kg hat N 90 kg ha* LPS%OdOOSS
Barley 333 viable s. m? Barley 500 viable s. m? Barley 500 viable s. m? Barley 333 viable s. m? '
nitrogen 60 kg ha* (St) nitrogen 60 kg ha* nitrogen 90 kg ha™* nitrogen 90 kg ha*

Kattevilja tihedus, generatiivvdrseid tk m?/ Cover crop density, generative tillers, pcs m2
568 609 633 622 52
Generatiivvorsete kdrgus mullapinnalt ohete tipuni, cm / Height of generative tillers from soil surface to the tip of awn, cm
84 84 85 86 4
Terasaak, kg ha'/ Yield, kg ha*
4023 4077 4870 4403 226
Mahumass, g / Volume mass, g
675 678 669 661 8
1000 seemne mass, g / 1000 s. m., g
49,5 48,1 47,6 47,2 0,5
Terade toorproteiinisisaldus, % / Crude protein, %
9,46 9,3 9,89 9,57 0,2

Kattevilja terasaak oli meie katses vahemikus 4023—
4870 kg ha?, olles kdige madalam standardvariandis.
Odra kilvisenormi viimine 333 idanevalt teralt 500
idaneva terani tOstis terasaaki lammastikufoonil N
60 kg ha* vaid 1,3%. Lammastiku taisnormi kasuta-
mine suurendas usutavalt odra terasaaki: vahendatud
kilvisenormi variandis 9,4%, téiskilvinormi variandis
aga 21,1%.

Odra saagi kvaliteedi nditajad soltusid nii kilvise-
normist kui lammastikufoonist. Suurem oli seejuures
lammastikvéetise moju. Odra kilvisenorm meie katse-
variantides terade mahumassi ja toorproteiinisisaldust
usutavalt ei mdjutanud. Taiskilvinormi kasutamisel
vahenes standardvariandiga vd&rreldes 1000 seemne
mass. Lammastikvaetise taisnormi kasutamisega kaas-
nes usutav mahumassi ja 1000 seemne massi véhene-
mine, kuid terade toorproteiinisisaldus tdusis.

Pdldtimuti seemnetaimikut iseloomustavad néitajad

esimesel kasutusaastal

Rajamisaastal rakendatud kattevilja erineva agro-
fooni ja pdldtimuti kulvisenormi m&ju pidi ilmnema
tdendoliselt kdige enam seemnetaimikute esimesel
kasutusaastal. Hiljem vGrsumise teel seemnetaimikud
htlustuvad ja agrotehniliste vdtete m&ju véheneb vdi
kaob.

Madtmistulemused néitasid, et seemnetaimikute kor-
gus esimesel kasutusaastal ei s6ltunud nimetamisvaarselt
rajamisaastal rakendatud kattevilja agrofoonist (tabel 2).
Mdnevdrra mdjutas taimikute kdrgust pdldtimuti kilvi-
senorm. Uldjuhul olid suuremate killvisenormidega
kilvatud taimikud ménevdrra madalamad. Erinevus
kdrguses oli statistiliselt usutav variantides, kus kattevili
sai rajamisaastal lammastikku normiga 90 kg ha™.

Tabel 2. P8ldtimuti taimikut iseloomustavad néitajad esimesel saagiaastal
Table 2. The indicators of timothy stand formation on the first harvest year

Kattevilja killvise- ja lammastikvéetise norm rajamisaastal

Timuti kilvise-norm

Seeding and fertilizer rates of cover crop on the year of establishment

Seeding rate of Oder 333 id. tera m? Oder 500 id. tera m Oder 500 id. tera m™ Oder 333 id. tera m? PD 0,05
timothy N 60 kg ha N 60 kg ha N 90 kg ha N 90 kg ha* LSD 0.05
kg ha™* Barley 333 viable s. m? Barley 500 viable s. m? Barley 500 viable s. m? Barley 333 viable s. m?
nitrogen 60 kg ha™'(St) nitrogen 60 kg ha* nitrogen 90 kg ha™ nitrogen 90 kg ha*
Timuti generatiivvorsete kdrgus mullapinnalt pédrispea tipuni, cm
Height of generative tillers of timothy from soil surface to the tip of panicles, cm

3 120 115 114 108 6

6 114 112 110 110 7

9 113 113 107 105 7
PD 0,05/ LSD 0.05 7 6 7 3

Timuti generatiivvorsete arv pinnaiihikul, tk m? / Generative tillers of timothy, pcs m

3 1056 998 1078 1061 85

6 1098 988 1115 1161 89

9 1046 1007 1161 1195 86
PD 0,05/ LSD 0.05 79 92 97 84

Timuti podrispea pikkus, mm / Spike length of timothy, mm

3 74 73 72 70 4

6 71 68 68 65 5

9 69 68 67 64 4
PD 0,05/ LSD 0.05 4 5 4 4
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Generatiivvorsete arvu poolest pinnaiihikul esimesel
saagiaastal variandid samuti usutavalt Uksteisest ei
erinenudki. Taimikute tihedus oli seejuures 1000-1200
generatiivvorset ruutmeetril. Usutavalt tihedamad see-
mnetaimikud olid katsevariantides, mis said raja-
misaastal katteviljale ldmmastiku téisnormi ja p6ld-
timut oli kilvatud kilvisenormiga 9 kg ha™.

Kilviaasta kattevilja agrofooni mdju pdldtimuti
poorispea pikkusele oli tagasihoidlik. Kérgema lam-
mastikvdetise normiga variantides oli pdldtimuti
poorispea kill ménevarra lihem, kuid see erinevus ei
olnud Gldjuhul statistiliselt usutav.

Usutavalt m&jutas pdldtimuti poérispea pikkust esi-
mesel kasutusaastal seemnepdllu rajamisel kasutatud
pdldtimuti kilvisenorm. Pikem oli pdorispea varianti-
des kilvisenormiga 3 kg ha* (70,4-74,4mm). Kilvise-
normi korral 6 kg ha* oli pddrispea pikkuseks 64,8—
70,9 mm ja kilvisenormi korral 9kghal 64,0-
68,7 mm. Fulkerson ja Tossell (1961) on leidnud, et

generatiivvorsete suurem hulk pinnaiihikul mdjutab
timuti seemnesaaki vahem, kui pdorispeade pikkus.
Sama seos ilmnes ka Jogeval labiviidud katses.

Kattevilja agrofooni mdju példtimuti seemnesaagile

Pdldtimuti seemnesaak meie Kkatses s6ltus rajamis-
aastal rakendatud Kkattevilja agrofoonist, Kkiilvise-
normist, seemnetaimiku vanusest ja kasutusaasta kas-
vuaegsetest ilmaoludest, kdikudes vahemikus 595—
1118 kg hat. Seemnesaak oli seejuures tagasihoid-
likum esimesel saagiaastal, suurim aga viimasel e
kolmandal saagiaastal (2015).

Seemnepdllu rajamisaastal oli odra kiilvisenormil alla
kilvatud pdldtimuti hilisemale seemnesaagile tagasi-
hoidlik mdju (tabel 3). Taiskilvinormiga kulvatud
variantides saadi alla kilvatud p6ldtimutilt Gldjuhul
kill védiksem seemnesaak, kuid erinevus standard-
variandiga vorreldes pusis vaid mdne protsendi piires
ega olnud statistiliselt usutav.

Tabel 3. Kattevilja agrofooni md&ju p6ldtimuti seemnesaagile aastatel 2013-2015
Table 3. Effect of cover crop background on seed yield of timothy in 2013-2015

Kattevilja kullvise- ja lammastikvéaetise norm rajamisaastal

'I:|m_ut| Seeding and fertilizer rates of cover crop on the year of establishment
klrjll(;/rlr?]e_ Oder 333 id. teram? Oder 500 id. tera m Oder 500 id. tera m Oder 333 id. teram PD 0.05
Seeding rate N 60 kg ha‘l_(St) N 60 kg hz_jr1 N 90 kg hg‘l N 90 kg h_a'1 LSD 6_05
of timothy Barlzey 333 vnable1 Barlzey 500 vnable1 Barlzey 500 wable1 Barlzey 333 vnable1
kg hal s. m? N 60 kg ha s. m?, N 60 kg ha’ s. m?, N 90 kg ha’ s.m?, N 90 kg ha"
kg ha' % kg ha' % kg ha' % kg ha* %
2013
3 832 100,0 866 104,1 696" 83,7 738" 88,7 71
6 787 100,0 786 99,9 669" 85,0 677 86,0 76
9 755 100,0 722 95,6 595 78,8 628" 83,2 57
2014
3 993 100,0 976 98,3 943" 95,0 900" 90,6 35
6 918 100,0 912 99,3 835" 91,0 851" 92,7 60
9 918 100,0 858 93,5 801" 87,3 805" 87,7 52
2015
3 1118 100,0 1049 93,8 905" 80,9 917" 82,0 86
6 1063 100,0 1070 100,7 899" 84,6 927" 87,2 84
9 1009 100,0 984 97,5 923" 91,5 922" 914 77
2013-2015 kokku / total
3 2943 100,0 2891 98,2 2544" 86,4 2555" 86,8 144
6 2768 100,0 2768 100,0 2403" 86,8 2455" 88,7 144
9 2682 100,0 2564 95,6 2319" 86,5 2355" 87,8 137

* seemnesaak standardvariandist usutavalt madalam / reliably lower seed yield than in the standard variant

Rajamisaastal kasutatud lammastikvaetise normil oli
hilisemate aastate pdldtimuti seemnesaagile markimis-
véaédrne moju. Kasutades kilviaastal lammastikku tais-
normiga saadi standardvariandiga vorreldes usutavalt
madalamaid seemnesaake ja seda kdigil jargnenud kol-
mel seemnesaagi aastal. Ldmmastikvéetise taisnormi
korral varieerimine odra kilvisenormiga hilisematele
pdldtimuti seemnesaakidele nimetamisvaarset maju ei
avaldanud.

Poldtimuti kdlvisenormi mdju seemnesaagile

Kdige kdrgemaid seemnesaake saadi poldtimuti kil-
visenormiga 3 kg 100%-lise kiilvisevaartusega seemet
hektari kohta ja seda kdigis rajamisaasta Kkattevilja
agrofooni variantides (tabel 4). Meie katseandmed ei
kinnitanud vaidet nagu vdiks kattevilja kdrgema agro-

fooni negatiivse mdju leevendamiseks kasutada alla-
kalvil suuremat kiilvisenormi. Kahel esimesel seemne-
p6llu kasutusaastal oli pdldtimuti kilvisenormi méju
seemnesaagile suurem ja saagi erinevused enamasti ka
statistiliselt usutavad. Kolmandaks kasutusaastaks
taimikute seemnesaagi vGime ihtlustus. Erinevused
saagiandmetes siis kill esinesid, kuid need ei olnud
enam statistiliselt usutavad.

Kolme kasutusaasta saagi summas saadi kdigis
rajamisaasta kattevilja agrofooni variantides usutavalt
madalam seemnesaak katselappidelt, kus pdldtimut
kilvati odra alla normiga 9 kg 100%-lise kilvivaar-
tusega seemet hektarile. Kuilvisenorme 3 ja 6 kg 100%-
lise kilvivadrtusega seemet hektarile vdib meie
katseandmete pOhjal pidada seemnesaagi vOimelt
samavaéarseiks.
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Tabel 4. Poldtimuti kilvisenormi mdju seemnesaagile aastatel 2013-2015
Table 4. Effect of seeding rate on the timothy seed yield in 2013-2015

Kattevilja kilvise- ja lammastikvaetise norm rajamisaastal

Seeding and fertilizer rates of cover crop on the year of establishment

Timuti kilvise-

- Oder 333 id. tera m?
norm Seeding

Oder 500 id. tera m

Oder 500 id. tera m Oder 333 id. tera m?

rate of timothy N 60 kg r_la'1 (St) N 60 kg ha N 90 kg ha N 90 kg ha
kg ha't Barley 333 viable s. m? Barley 500 viable s. m? Barley 500 viable s. m? Barley 333 viable s. m?
N 60 kg ha N 60 kg ha* N 90 kg ha* N 90 kg ha*
kg ha % kg ha % kg ha % kg ha %
2013
3 832 100 866 100 696 100 738 100
6 787 94,6 786" 90,8 669 96,1 677" 88,4
9 755" 90,7 722" 83,4 595" 85,5 628" 82,0
PD 0,05/ LSD 0.05 51 36 29 48
2014
3 993 100 976 100 943 100 900 100
6 918 92,4 912" 93,4 835" 92,8 851 90,2
9 918 92,4 858" 87,9 801" 89,0 805" 85,4
PD 0,05/ LSD 0.05 86 61 81 64
2015
3 1118 100 1049 100 905 100 917 100
6 1063 95,1 1070 102,0 899 99,3 927 101,1
9 1009 90,3 984" 93,8 923 102,0 922 100,5
PD 0,05/ LSD 0.05 127 133 131 66
2013-2015 kokku / total
3 2943 100 2891 100 2544 100 2555 100
6 2768" 94,1 2768 95,7 2403 96,1 2455 93,5
9 2682" 91,1 2564" 88,7 2319" 92,7 2355 89,7
PD 0,05/ LSD 0.05 116 125 148 125

" seemnesaak usutavalt madalam, kui variandis, mis kiilvatud normiga 3 kg ha™ / reliably lower seed yield than in the variant that was seeded

with the rate of 3 kg ha

Poldtimuti seemnete kvaliteedinditajad

Seemnete kvaliteedinditajatest madrati igal saagiaas-
tal puhtus, 1000 seemne mass ja idanevus. Seemnete
I16pp-puhastusel saavutati kdigil katseaastail Ghetaoline
puhtuse tase (vdhemalt 99,8%) ning nii esimesest kui
teisest faasist saadud seemnete idanevus oli kdigil aas-
tail vahemikus 98-100%. Katsevariandid nimetatud
néitajaid ei mdjutanud. Seetdttu artiklis neil andmeil
pikemalt ei peatuta. Ka p&ldtimuti 1000 seemne mass

Tabel 5. Példtimuti 2000 seemne mass, mg
Table 5. 1000 seed mass of timothy, mg

sOltus katsevariantidest suhteliselt véhe (tabel 5).
Varreldes standardvariandiga esines usutavaid erine-
vusi selle nditaja pdhjal vaid variantides, mille Kkatte-
vilja véetamisel kasutati rajamisaastal ldmmastiku
taisnormi ja pdldtimut kilvati normidega 6 ja 9 kg ha™.
Erinevused 1000 seemne massi vahenemise suunas
esinesid vaid seemnepdllu esimesel kasutusaastal.

Kattevilja killvise- ja lammastikvéetise norm rajamisaastal
Seeding and fertilizer rates of cover crop on the year of establishment

Timuti kiilvise-norm  Oder 333 id. teram?  Oder 500 id. teram2  Oder 500 id. tera m?  Oder 333 id. tera m PD 0,05
Seeding rate of N 60 kg ha™ (St) N 60 kg ha* N 90 kg ha* N 90 kg ha* LSD 0.05
timothy Barley 300 viable s.  Barley 500 viables.  Barley 500 viable s.  Barley 333 viable s.
kg ha' m?, N 60 kg ha* m?, N 60 kg ha* m2, N 90 kg ha* m2, N 90 kg ha*
| faas 1l faas | faas Il faas | faas Il faas | faas Il faas | faas Il faas
phase phase phase phase phase phase phase phase phase phase
2013
3 554 518 552 529 557 504 549 497 20 13
6 571 536 567 527 551 512 549 516 20 21
9 563 526 567 528 548 518 550 518 15 11
PD 0,05/ LSD 0.05 13 24 31 17 11 7 20 6
2014
3 548 490 543 492 538 494 539 483 19 16
6 536 487 543 498 531 494 542 489 18 19
9 544 492 539 485 540 493 536 497 20 16
PD 0,05/ LSD 0.05 15 18 21 22 15 11 15 8
2015
3 556 511 543 504 558 500 554 502 19 19
6 548 504 566 514 555 506 557 497 14 20
9 551 500 549 502 550 510 558 504 18 23
PD 0,05/ LSD 0.05 18 21 23 31 13 18 15 7
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Katseandmete p8hjal v8ib vaita, et teistkordsel seem-
neheina l&bipeksmisel saadakse seeme, mille 1000
seemne mass jaab esimese peksukorraga vorreldes
madalamaks. Meie andmeil oli see erinevus sBltuvalt
katsevariandist esimesel kasutusaastal vahemikus 23—
53 mg e 4,3-10,5%, teisel kasutusaastal 37-58 mg e
7,5-11,8% ning kolmandal kasutusaastal 39-60 mg e
7,7-12,1%. Katsevariantide mdju ei tuvastatud.

Kattevilja agrofooni ja pdldtimuti kilvisenormi

md&ju seemnekasvatuse majanduslikele néitajatele

Pdldtimuti seemnetootmise kattetulu arvestust ei ole
vBimalik kahjuks meie katseandmetele tuginedes teha.
Puuduvad heinaseemne kasvatuse masinatddde mak-
sumused. Katse labiviimisel on fikseeritud tootmis-
sisendite hinnad ning kasutusel olnud toodangu rea-
liseerimishinnad. Nendele tuginedes oleme arvutanud
seemnepOllu rajamisaasta muutuvkulud ning katsest
laekunud toodangu maksumuse. Tabelisse 6 oleme

koondanud need nditajad kattevilja agrofooni varianti-
de kohta arvestusega, et pldtimuti seemnepdld kilvati
kulvisenormiga 3 kg ha. Tabelisse 7 on koondatud
informatsioon naitajatest, mis kujunesid kattevilja eri
agrofoonide ja pdldtimuti uuritud kilvisenormide
kohta nelja katseaasta kokkuvottes.

Kilviaasta tootmissisenditest olid suuremad kulu-
allikad fosfor-kaalium kompleksvaetis (hind 350 € t2),
ammooniumsalpeeter (300 € t1), oder 'Inari' seeme
(C1 kategooria 0,52 € kg™) ja pdldtimuti seeme (E kate-
gooria 5 € kg?). Seemnepdllu kasutusaastatel lisandus
vaid kulu lammastikvaetisele, mida anti kdigile katse-
variantidele vordselt normiga N 100 kg ha?, ehk
300 kg ammooniumsalpeetrit hektarile aastas maksu-
musega kolmel aastal kokku 270 €.

Odra terasaaki oli v@imalik realiseerida soddaks
hinnaga 147 € t*. Poldtimuti seemne hind pusis labi
aastate tasemel 3 € kg™

Tabel 6. Timuti seemnekasvatuse muutuvkulud ja toodangu vaartus kilvisenormi korral 3 kg ha
Table 6. Variable costs and production value of timothy seed production at seeding rate 3 kg ha*

Kattevili Muutuvkulud kg ha Hind Maksumus Toodang Saak/Yield Hind Maksumus
Cover crop Variable costs Price  Cost, €ha®  Production kg ha' Price Costs, € ha™
Muutuvkulud / Variable costs 2012
Variant1 PK complex fertilizer 400 350 € tt 140 S66daoder 4023  147€t? 501
Oder 333  Ammooniumsalpeeter 175 300 €t 53 Feed barley
idteram?  Oder / Barley C kat 157 0,52 € kg 82 'Tika' C kat. 2943 3€ekg? 8829
N 60 kg ha* P8ldtimut / Timothy E Kat. 3 5€kg? 15 2012-2015 toodang kokku
Barley 333 MCPA 750 1 7€t 7 2012-2015 production total 9420
viables.  Kokku/Total 297
m2 Muutuvkulud / Variable costs 2013-2015
N 60 kg ha* Ammooniumsalpeeter 3x300 300 €t? 270
(St) Muutuvkulud / Variable costs 2012-2015 total: 567
Muutuvkulud / Variable costs 2012
Variant2 PK complex fertilizer 400 350 €t 140 Séodaoder 4077 147 €t 599
Oder 500  Ammooniumsalpeeter 175 300 €t 53 Feed barley
idteram? Oder/ Barley C kat 235 0,52 € kg! 122 'Tika' C kat. 2891 3€kgt 8673
N 60 kg ha P&ldtimut / Timothy E Kat. 3 5€kg? 15 2012-2015 toodang kokku
Barley 500 MCPA 750 1 7€t 7 2012-2015 production total 9272
viables.  Kokku/Total 337
m Muutuvkulud / Variable costs 2013-2015
N 60 kg ha* Ammooniumsalpeeter 3x300 300 €t 270
Muutuvkulud / Variable costs 2012-2015 total: 607
Muutuvkulud / Variable costs 2012
Variant3 PK complex fertilizer 400 350 €t 140 Soodaoder 4870  147€tt 716
Oder 500  Ammooniumsalpeeter 260 300 €t 78 Feed barley
idteram? Oder/ Barley C kat 235 0,52 € kg* 122 ‘Tika' C kat. 2544 3€kg? 7632
N 90 kg ha* P&ldtimut / Timothy E Kat. 3 5€kg? 15 2012-2015 toodang kokku
Barley 500 MCPA 750 1 7€t 7 2012-2015 production total 8348
viables.  Kokku/Total 362
m Muutuvkulud / Variable costs 2013-2015
N 90 kg ha’ Ammooniumsalpeeter 3x300 300 €tt 270
Muutuvkulud / Variable costs 20122015 total: 632
Muutuvkulud / Variable costs 2012
Variant4 PK complex fertilizer 400 350 € tt 140 Soéodaoder 4403 147 €t 647
Oder 333  Ammooniumsalpeeter 260 300 €tt 78 Feed barley
idteram?  Oder / Barley C kat 157 0,52 € kg! 82 ‘Tika' C kat. 2555 3€kg? 7665
N 90 kg ha* P&ldtimut / Timothy E kat. 3 5€kg? 15 2012-2015 toodang kokku
Barley 333 MCPA 750 1 7€t 7 2012-2015 production total 8312
viables.  Kokku/Total 322
m2 Muutuvkulud / Variable costs 2013-2015
N 90 kg ha® Ammooniumsalpeeter 3x300 300 €t? 270
Muutuvkulud / Variable costs 20122015 total: 592
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Kattevilja kilvisenormi suurendamine taiskulvi-
normini tdstis standardvariandiga vdrreldes rajamis-
aasta muutuvkulusid 40 € ha! (13,5%). Sellega kaas-
nes odra saagitdus 54 kg ha' (1,3%) 8 € viirtuses.
Seega ei kompenseerinud terasaagi suurenemine Kkl-
visenormi tdstmisega kaasnenud kulutusi. L&mmastik-
véetise normi viimine tavatootmise tasemele suurendas
rajamisaasta muutuvkulusid 25 € vorra hal (8,4%).
Sellega kaasnes odra saagikuse tdus 381 kg ha* (9,4%)
56 € vidrtuses. Nii kattevilja tdiskiilvinormi kui
taislammastikunormi samaaegne kasutamine suurendas
rajamisaasta muutuvkulusid 65 € ha* (21,9%), millega
kaasnes odra saagikuse tdus 847 kg ha* (21,1%) 125 €
vaartuses. Mélemal juhul, kui lammastikvéetist kasuta-
ti tdisnormiga, saadi saagilisa, mille rahaline véartus
Uletas tehtud kulusid.

Muutuvkulud nelja katseaasta kohta kokku s6ltusid
kattevilja agrofoonist rajamisaastal vahemikus 4,2—
11,5% ning poldtimuti kilvisenormist vahemikus 2,4—
5,3% (tabel 7). Varreldes standardvariandiga andsid
katses olnud Ulejaénud kattevilja agrofooni variandid
realiseeritavat toodangut (odra saak + p&ldtimuti kolme
kasutusaasta saak arvutatuna rahaks) 142-2408 €
vahem. Arvutused nditasid, et rajamisaastal saab katte-
vilja saaki ldmmastikvéetisega tdsta ning see tasub
tehtavad suuremad kulutused. Alla kiilvatud pdldtimut
aga kannatab selle tottu kattevilja surve all ning tema
hilisem seemnesaak jadb madalamaks. Odra saagi
kasvu arvelt saadud tulu oli mitu korda véiksem tulust,
mis jai vaiksema saagi tottu saamata p&ldtimuti seem-
nete mudigist.

Tabel 7. Kattevilja agrofooni ja pdldtimuti kilvisenormi m&ju seemnekasvatuse majanduslikele néitajatele rajamisaasta ja kolme

kasutusaasta summas

Table 7. The effect of cover crop seeding and fertilization rates on the economic results at different timothy seeding rates on the

year of establishment and three-year use of the seed field

PaIdtimuti Kattevilja kulvise- ja l&mmastikvéetise norm / Seeding and fertilizer rates of cover crop
kiilvisenorm, Oder 333 id tera m? Oder 500 id tera m Oder 500 id tera m™ Oder 333 id tera m?
kg ha N 60 kg ha™ (St) N 60 kg ha* N 90 kg ha* N 90 kg ha*
Timothy Barley 333 viable s. Barley 500 viable s. Barley 500 viable s. Barley 333 viable s.
seeding rate, m?, N 60 kg ha* m?, N 60 kg ha™ m?, N 90 kg ha* m?, N 90 kg ha*
kg ha'* € hat % € hat % € hat % € ha' %
Muutuvkulud / Variable costs
3 567 100,0 607 107,1 632 1115 592 104,4
% 100 100 100 100
6 582 100,0 622 106,9 647 111,2 607 104,3
% 102,6 102,5 102,4 102,5
9 597 100,0 637 106,7 662 110,9 622 104,2
% 105,3 104,9 104,7 105,1
Toodangu rahaline védrtus / Economic value of production
3 9420 100,0 9272 98,4 8348 88,6 8312 88,2
% 100 100 100 100
6 8895 100,0 8903 100,1 7925 89,1 7012 78,8
% 94,4 96 94,9 84,4
9 8637 100,0 8291 96 7673 88,8 7712 89,3
% 91,7 89,4 91,9 92,8

Kokkuvdte ja jareldused

Katseandmed ja majanduslikud arvutused naitasid, et
pdldtimut ‘Tika' seemnepdllu rajamisel oder 'Inari' alla
kllvates on otstarbekas vahendada nii odra kilvise-
normi kui lammastikvéetise normi kolmandiku vorra.
Nii toimides on v@imalik seemnepdllu rajamiskulusid
vahendada ja saada hiljem suuremaid pdldtimuti
seemnesaake. Rajamisaastal katteviljale [&mmastik-
véetise taisnormi andmisega saavutatakse kill suurem
terasaak, kuid kaotus hiljem pdldtimuti seemnesaagis
tletab rajamisaasta tdiendava tulu mitmekordselt.

Pé&ldtimuti seemnepdld on otstarbekas kiilvata kitsa-
realiselt normiga 3 kg 100%-lise kilvivaartusega
seemet hektarile. Suurem példtimuti killvinorm ei taga
suuremat seemnesaaki vaid vastupidi — v8ib seda
vahendada.

Kattevilja agrofoon ja alla kilvatud pdldtimuti
kilvisenorm mdjutasid pdldtimuti 1000 seemne massi
vahe. Uuritud katsevariandid seemnesaagi idanevust ei
mdjutanud.
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Effect of the seeding and fertilization rates of
cover crop and the seeding rate of timothy on
the seed yield of the cultivar 'Tika'

Ants Bender
Estonian Crop Research Institute
Aamisepa 1, 48 309, J6geva, Estonia

Summary

The trial results and economic calculations showed
that when establishing the seed field of the timothy
grass 'Tika' by seeding under the barley 'Inari’, it is
expedient to reduce both the seeding rate of barley and
the nitrogen fertilizer rate by one third. By doing this it
is possible to reduce the establishment costs of the seed
field and later to obtain bigger yields of timothy seed.
By applying a full rate of nitrogen fertilizer to cover
crop in the year of establishment, a higher grain yield
will be achieved, but the loss in timothy seed yield later
exceeds by several times the additional return in the
year of establishment. It is expedient to seed the
timothy grass field at a narrow row space with the rate
of 3 kg 100% PLS per hectare. The bigger seeding rate
of timothy does not guarantee a higher seed yield, on
the contrary, it can reduce it. The seeding and fertilizer
rates of the cover crop as well as the seeding rate of the
under-sown timothy grass affect the 1000 seed weight
only slightly. The studied trial variants did not affect
the germinability of the seed yield.
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ABSTRACT. Changes observed in the European dairy sector in the last
decades constitute an important example of transformation processes tak-
ing place in the global food economy. The aim of the study was to present
an analytical approach to assessment of advance concerning certain tech-
nical and biological resources in the farm dairy production system. Data
from the Polish dairy production system were used to show and assess
some of the trends regarding the dairy system development, including
some comparisons with other EU countries. As a result of undertaken stud-
ies, there are scientific premises to identify technical and biological solu-
tions for optimizing the farm dairy production system, allowing sustaina-
ble improvement. Further effective transformation of the Polish dairy sec-
tor requires overcoming certain barriers hindering development of the sec-
tor, connected first of all with high dispersion in raw milk production and
its low technology level, high dispersion of dairy processing, and others.
Implementation of modern technical equipment for milking at dairy farms
needs simultaneous improvement of dairy cow herds and other factors, e.g.
economic profitability.

© 2016 Akadeemiline Pdllumajanduse Selts. Koik digused kaitstud. 2016 Estonian Academic Agricultural Society. All rights reserved.

Introduction

Not only are milk and dairy products a vital source of
nutrition for people, but they also present livelihood op-
portunities for farmers, processors, shopkeepers and
other stakeholders in the dairy value chain (Muehlhoff
et al., 2013). As a result, dairy production ranks among
the most important agricultural activities in many coun-
tries of the world, including developing as well as de-
veloped countries.

Significance of dairy production translates into dyna-
mic improvement of all elements which create the dairy
production system, i.e. set of objects and relationships
between the objects, according to the system definition
(Pabis, 1985). Improvement is expressed by achieve-
ment of advance in many areas of the dairy production
system. Technical advance is represented by more and
more sophisticated milking systems, ranging from
bucket milking systems to AMS (automatic milking
system) and AMR (automatic milking rotary). The
milking systems improvement is assessed in the context
of efficiency aspects (Castro et al., 2012; Steeneveld et
al., 2012), farmer satisfaction (Wagner et al., 2001),

economic aspects (Rotz et al., 2003), energy consump-
tion (Calcante et al., 2016), animal welfare (Jacobs,
Siegford, 2012) and others. The general public seems
to be increasingly interested in the welfare of farm ani-
mals and this apprehension, along with uncertainty
about food safety, may necessitate increased emphasis
on functional traits to maintain or improve the con-
sumption of milk and dairy products (Boettcher, 2001).

The assessment of dairy production also concerns the
use and adoption of precision dairy farming technology
by producers (Borchers, Bewley, 2015). Gathered in-
formation concerning parameters is limited to precision
technologies used in or around dairy parlours (Jago et
al., 2013).

Many examples of dairy production development
generate the research problem concerning the approach
to assessing and comparing different kinds of improve-
ment in the field of the dairy production system. One of
the results of various kinds of improvements imple-
mented can be sustainable development of dairy pro-
duction as one of the most important trends in the dairy
industry (von Keyserlingk et al., 2013). Many farms
have a common goal of becoming more sustainable.
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According to the US legal definition (US Code Title 7,
Section 3103), sustainability includes "an integrated
system of plant and animal production practices having
a site-specific application that will over the long-term:
.. make the most efficient use of non-renewable re-
sources and on-farm resources and integrate, where ap-
propriate, natural biological cycles and controls, sustain
the economic viability of farm operations, and enhance
the quality of life for farmers and society as a whole".

Once the definition of sustainability is considered, it
is possible to ask about the most efficient use of non-
renewable resources and on-farm resources within the
farm dairy production.

The aim of the study was to present an analytical ap-
proach to assessment of advance concerning certain
technical and biological resources in the farm dairy pro-
duction system. The dairy production system comprises
different kinds of biological and technical objects as
well as technological solutions, so it is the area allow-
ing identification of some aspects of dairy production
development and advance. Advance in dairy produc-
tion may be analyzed in the regional and national scale.
The national scale was included as the scope of analy-
sis. Poland is one of the countries where dairy produc-
tion plays an important role in the agri-food market and
economy (Agriculture and Rural Economy in Poland,
2014). Especially since EU accession, Polish dairy pro-
duction has experienced dynamic changes in all spheres
of its performance (Malak-Rawlikowska, Zekato,
2014). Therefore, data from the Polish dairy production
system were used to show and assess some of the trends
regarding the dairy system development, including
some comparisons with other EU countries.

The analyzed dairy production system in fact includes
a wide range of material and non-material elements and
their mutual relationships. For the sake of the under-
taken analysis, the scope of the dairy production system
was limited to some technical equipment used on dairy
farms, cows, their production indices and relationships
connecting elements of the dairy production system.

Materials and methods

The transformation process in the field of dairy pro-
duction is characterized by many specific features and
determined by initial conditions, assumed change ob-
jectives and other factors. Each material object in the
dairy production system represents some kind of poten-
tial (Gaworski, Leola, 2014), so it is possible to distin-
guish biological and technical potential. Moreover, hu-
man potential complements the dairy production sys-
tem, that including the role of human capital as man-
agement staff.

Taking into account farm dairy production as an ex-
ample, biological potential expresses data describing
dairy cows, i.e. annual milk yield per cow. Basing on
the mentioned biological potential and cow herd size, it
is possible to find the amount of produced milk. Tech-
nical potential in the field of dairy production is a set of
more or less sophisticated technical equipment needed
to operate the cow herd and the milk stream at the farm.

Moreover, economic potential may be considered in
the dairy production system. Economic potential is a set
of data, which decide about economic effectiveness of
farm dairy production, e.g. ex-farm milk price, dairy
production costs.

Changes within each kind of potential can be identi-
fied by adequate progress, i.e. biological, technical and
economic progress.

Because changes within the considered system (e.g.
dairy system) include moreover different kinds of po-
tential, there exist premises to compare them in order to
assess the effectiveness of progress implementation.
When different kinds of progress are achieved at the
same time, it is possible to investigate the effects of
simultaneity (Gaworski, 2005) translating into certain
analytical indices. One of such indices is the coefficient
of AMS (automatic milking system) potential use
(Gaworski, 2006), which involves a comparison of the
biological potential of dairy production, i.e. annual
milk yield per cow and technical potential expressed by
necessary capacity of the automatic milking system
(AMS) installed at the dairy farm. Data concerning the
current annual milk yield per cow in the national scale
(27 EU countries) and data concerning the minimum
annual milk yield per cow operated by AMS were taken
in order to calculate the coefficient of AMS potential
use (cpu) according to the following formula:

Ay
Cou = A [-] [1]
AMS min
where

Amyc — current annual milk yield per cow

[kg-cowt-year?];

Aamsmin — minimum annual milk yield per cow oper-

ated by AMS [kg-cow-year?].

The minimum annual milk yield per cow operated by
AMS is the yield, which — for the operated cow herd
size — allows obtaining such an amount of milk per year
as to ensure the minimum efficiency of AMS use. The
minimum efficiency of AMS use is expressed by the
minimum amount of milk milked by AMS per year,
which determines the performance balance of AMS
use. Data concerning the minimum amount of milk
milked by AMS per year are presented in the specialist
literature on dairy production.

The second stage of analysis on progress at dairy
farms involved a comparison of specialist technical
equipment. Detailed data concerning two groups of
technical equipment used at dairy farms, i.e. milking
machines and milk coolers were taken into account.

Within the group of milking machines, some changes
concerning the number of bucket milking installations
and pipeline milking installations at Polish dairy farms
were analyzed. Within the group of milk coolers, some
changes in the number of coolers of milk in buckets and
tank milk coolers were calculated. The changes were
considered for an 8-year period.

To analyze changes in the technical potential for
milking and milk cooling at dairy farms, an index of
equipment modernity (iem) (Gaworski, Priekulis, 2014)
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can be proposed. The general method to calculate the
iem index requires, first, identification of the generations
of technical equipment used in the area of activity un-
der analysis. When the area of activity in farm dairy
production is milking, it is possible to identify the fol-
lowing generations (G) of technical equipment:

o bucket milking machines (Gln),

o pipeline milking machines (Glln),

o milking parlors (Gllly),

e automatic milking system — AMS (GIVp).

Next, in the field of milk cooling at dairy farms, the
following generations of technical equipment can be
taken into account:

o coolers of milk in buckets (Gl),

o tank milk coolers (Gll¢)

The proposed index of equipment modernity (iem) can
be calculated basing on the following formula:
Ny, -100
iy = ——— % 2]
NGn

where
Neh — number of technical objects representing high-
est generation of modernity [-];
Nen — total number of technical objects used for the
considered activity, representing all generations of
technical equipment [-].

The proposed approach, expressed by equation (2),
allows to compare modernity of technical equipment
and changes in modernity between some dairy farms,
dairy regions and countries. There can be some prob-
lems to find the value of equipment modernity (iem) in-
dex for preceding periods, when the current state of the
art solutions were unknown. So, for the undertaken
analysis, the index of equipment modernity was calcu-
lated for two generations of milking technical equip-
ment (Gl and Gll,) as well as two generations of cool-
ing equipment (Gl and Gll).

Results

The set of data concerning cattle production and other
group of animals producing milk in Poland is available
in Table 1. Taking into account such criteria as year and
group of animals, it is possible to compare changes in
the number of animal population directly before Po-
land’s EU accession as well as 10 years later. Poland,
like 9 more European countries, joined the EU on
May 1, 2004.

The data in Table 1 show certain trends concerning
the number of heads in particular groups of animals.
Comparing the periods before (2003) and after (2013)
EU accession, there is a decrease in the number of
cows, sheep and goats kept at Polish farms. Only the
total number of cattle shows an increasing trend in the
considered period. Positive changes in cattle population
result from the dynamic increase in the number of beef
cattle, as opposed to the number of cows which show-
ing a falling trend.
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Table 1. Data concerning cattle production and other group of
animals producing milk in Poland in 2003 and 2013

Group of animals, Year Change, %

heads 2003 2013

Cattle 5,488,943 5,859,541 +6.75
incl. cows 2,816,000 2,530,500 -10.14

Sheep 337,792 249,481 —-26.14

Goats 192,470 81,727 —57.54

Source: faostat.fao.org; stat.gov.pl, own calculations

Elaborating on the problem of cow population
changes, it is possible to state that the decrease in the
total cow herd size in the 2003-2013 period was ac-
companied by an increase in annual milk yield per cow,
translating into balance of milk production in the na-
tional scale. The difference in annual milk yield per
cow at Polish dairy farms within the period of 2003-
2013 was shown in Table 2 together with data from
other EU countries for comparison purposes.

Table 2. Changes in annual milk yield per cow during the pe-
riod of 2003-2013, in kg-cow.year*

Year Change, %
EU country 2003 2013
Austria 5,483.9 6,459.8 +17.8
Belgium 6,077.7 7,547.1 +24.2
Bulgaria 3,653.3 3,977.6 +8.9
Cyprus 5,621.3 6,395.1 +13.8
Czech Republic 5,701.9 7,644.4 +34.1
Denmark 7,626.4 8,765.9 +14.9
Estonia 5,285.3 7,898.0 +49.4
Finland 7,205.0 8,222.1 +14.1
France 5,954.1 6,414.1 +7.7
Germany 6,536.8 7,292.6 +11.6
Greece 5,248.7 3,800.8 -27.6
Hungary 5,626.0 6,869.0 +22.1
Ireland 4,585.5 4,800.3 +4.7
Italy 5,916.8 5,175.4 -12.5
Latvia 3,827.7 5,527.2 +44.4
Lithuania 4,035.0 5,446.7 +35.0
Luxembourg 6,579.3 6,984.1 +6.2
Malta 5,142.0 6,374.2 +24.0
Netherlands 7,138.7 7,643.9 +7.1
Poland 4,135.1 5,387.8 +30.3
Portugal 5,763.3 7,508.1 +30.3
Romania 2,863.3 3,771.0 +31.7
Slovakia 4,962.6 6,405.1 +29.1
Slovenia 4,731,4 5,391,6 +14.0
Spain 5,764.9 7,655.4 +32.8
Sweden 8,081.6 8,458.8 +4.7
United Kingdom 6,846.7 7,757.9 +13.3

Source: faostat.fao.org, own calculations

Positive changes in annual milk yield per cow put Po-
land in the group of 8 countries with the highest (above
30%) increase in the amount of milk produced by one
cow during the 2003-2013 period. On the other hand,
it is difficult to draw explicit conclusions from a com-
parison of data and result of the calculations because of
different initial (2003) annual milk yield per cow and
some limitations of maximum milk production by
COWS.

The annual milk yield per cow expresses the current
state of biological potential in dairy production, while
changes of annual milk yield per cow represent biolog-
ical progress in dairy production. In order to discuss the
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significance of biological progress, one should com-
pare this one with specific needs resulting from an-
other, i.e. technical progress implemented at dairy
farms. One of the most important examples of technical
progress in dairy farms is the use of automatic milking
systems (AMS) as an alternative solution to other milk-
ing installations (Kiiman et al., 2013).

Effective use of one-stall milking robot, according to
data given in some reports (Meskens et al., 2001) is
achieved at the level of 500,000 litres (i.e. 515,000 kg)
of milk per year. Considering the herd size of 69 cows
(60 milking cows + 15% dry off cows) operated at a
dairy farm equipped with a one-stall milking robot, it is
possible to calculate that one cow in the barn with an
automatic milking system should produce about 7,465
kg of milk per year.

The above minimum annual milk yield per cow con-
stitutes information about expected production poten-
tial of cows at farms equipped with the automatic milk-
ing system (AMS). On the other hand, it is possible to
quote data concerning current annual milk yield per
cow. Basing on such parameters, the coefficient of
AMS potential use was calculated. The coefficient was
calculated as a relationship between the current milk
yield per cow and the above mentioned capacity of
7465 kg of milk per year.

The coefficient of AMS potential use was calculated
for 2003 and 2013 taking into account the data (annual
milk yield per cow) from 27 EU countries (Table 2).
Differentiation of the calculated coefficient for 27 EU
countries was presented in Figure 1 for 2003 and 2013.
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Figure 1. Coefficient of AMS potential use for 27 EU countries
in 2003 and 2013
Source: author calculations on the basis of faostat.fao.org

Comparison of the coefficient values shows consider-
able polarization in some regional conditions connected
with implementation of technical progress at dairy
farms. The highest values of the coefficient can be
found in north-western European countries. This means
that this group of countries achieved the highest level
of biological progress, as one of significant circum-
stances allowing effective implementation of technical
progress at dairy farms.

The distribution of data presented in Figure 1 sug-
gests the possibility to analyse changes in the coeffi-
cient values and, indirectly, increase in the biological
potential of dairy production, i.e. annual milk yield per
cow within the group of countries. For a deeper analy-
sis, one could propose the following classification
ranges for the coefficient: 0.00-0.40, 0.41-0.60, 0.61—
0.80, 0.81-1.00 and 1.01-1.20. Some details concern-
ing the number of countries in each range and mean
value of the coefficient for particular ranges and com-
pared years (2003 and 2013) were given in Table 3.

Table 3. Distribution of the coefficient of AMS potential use (Cpu)
including ranges of values and analysed years (2003 and 2013)

Number of countries in

Cpu Mean = SD

tF:]incge of the range for the year for the range and year
n 2003 2013 2003 2013
0.00-0.40 1 0 0.38 0.00
0.41-0.60 4 3 052+0.03 0.52+0.01
0.61-0.80 14 6 0.73+£0.06 0.71+0.04
0.81-1.00 6 8 0.90+0.06 0.89+0.05
1.01-1.20 2 10 1.05+0.04 1.06 +0.06

Source: author calculations

Comparing the results of calculations given in Table
3, it is possible to refer to an increase in the number of
countries within the highest ranges of the ¢y, (coeffi-
cient of AMS potential use) values for the considered
period, i.e. 2003-2013. The results show that 37% of
EU countries were characterized by biological potential
of cow herds which met the requirements on annual
milk yield of cows operated by the automatic milking
system (AMS) in 2013.

Within the second stage of analysis, the indices of
equipment modernity for milking systems and milk
cooling systems at Polish dairy system were calculated
for two selected years (2002 and 2010), i.e. before and
after EU accession (Figure 2).

Analysing values of the equipment modernity index
within the considered period, one can indicate an in-
creasing trend within the changes. The index of equip-
ment modernity for milking systems (iemm) increased
from 3.9% to 13.8% during the 2002-2010 period. The
same trend is noticeable in the case of equipment mo-
dernity index for milk cooling systems (iemc). Yet, the
level of changes is completely different. The value of
iemc index increased from 31.8% to 76.4%.

Considering the changes in the equipment modernity
index, it is possible to conclude that modernity of
Polish farms in respect of milk cooling equipment is
higher than in the area of milking equipment. It seems
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important that equipping dairy farms with milking sys-
tems generates considerably higher costs than equip-
ping them with milk cooling techniques.
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Figure 2. Index of equipment modernity: ieme — index for milk
cooling systems, iemm — index for milking systems

Source: own calculations on the basis of data from the Polish Statis-
tical Office

Discussion

Discussion of the proper approach to some aspects
concerning the annual milk yield per cow seems im-
portant. The said yield, according to the data used for
analysis, can be presented based on the overall (na-
tional) population of dairy cows as well as a group of
cows under the system of dairy recording. The dairy re-
cording system is developed in many countries, includ-
ing Poland. Each year, more and more Polish farms are
included in the dairy recording system managed by the
Polish Federation of Cattle Breeders and Dairy Farm-
ers. In 2014, the percentage (in relation to the total pop-
ulation) of cows under the dairy recording system was
32.9% and it had increased by 2.4% in comparison with
2013. Taking into account dairy farms with cow herds
under the dairy recording system alone, this constituted
an 8% increase in the number of recorded cows be-
tween 2013 and 2014. According to the data edited by
the Federation's statistical office, the annual milk yield
per cow under the recording system in Poland
amounted to 7,441 kg-year? in 2013. This is about 38%
more than the average annual milk yield per cow (5,388
kg-year?) presented in Table 2. In 2014, the annual
milk yield per cow under the recording system in Po-
land amounted to 7,582 kg-year™. Including such data
in the calculation of some indices, e.g. coefficient of
AMS potential use, it is possible to show that differ-
ences between some countries in the field of biological
potential of dairy production are lower, so, for some
farms, it is justified to equip them effectively with a
modern milking technique such as the automatic milk-
ing system (AMS).

Including data from the dairy recording system man-
aged by the Polish Federation of Cattle Breeders and
Dairy Farmers, one can analyse an additional aspect im-
portant for assessment of dairy production and its ef-
fectiveness. Figure 3 presents the relationship between
annual milk yield per cow and dairy cow herd size for

Agraarteadus : Journal of Agricultural Science 1 XXVII 2016 12-18

Polish dairy farms under the recording system, includ-
ing data for 16 regions (voivodeships) in 2014.

One can state (Figure 3) that the annual milk yield per
cow increases with a higher size of dairy cow herd. The
relationship can be depicted by a curve with the coeffi-
cient of determination (R?) of over 0.8. For bigger cow
herd sizes (more than 40 cows per herd), the increasing
trend bases on the points (data) not highly dispersed
around the curve.
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Figure 3. Relationship between the annual milk yield per cow
and the dairy cow herd size for Polish dairy farms under the
recording system in 2014

Source: author calculations on the basis of data from the Polish Fed-
eration of Cattle Breeders and Dairy Farmers

The growing size of dairy cow herds is accompanied
by a higher annual milk yield per cow and, at the same
time, needs to use higher capacity milking systems.
Higher capacity milking systems are operated on cows
with a higher annual milk yield, i.e. higher biological
potential. Thus, it is possible to confirm significance of
simultaneous implementation of different kinds of pro-
gress in agriculture and agricultural activities (Gawor-
ski, 2006).

In the last 50 years, the dairy sector in most developed
countries has shifted towards larger herds and greater
annual milk production per cow. The driving force in
this development has been the need to adopt technolo-
gies that require large capital investments and, hence,
depend on larger herds to be profitable. On the other
hand, most milk in developing countries is still pro-
duced in traditional small-scale systems with little or no
mechanization or technological innovations (Gerosa,
Skoet, 2013). In developing countries, it is evolving in
response to rapidly increasing demand for livestock
products. However, in developed countries, demand for
livestock products is stagnating, while many produc-
tion systems are increasing their efficiency and envi-
ronmental sustainability (Thornton, 2010).

Equipping of dairy farms with more and more modern
equipment for milking is first of all undertaken to save
labour input and increase the milking capacity, espe-
cially at farms with a higher number of cows. However,
implementation of more and more modern equipment
for milk cooling at farms results from the need to save
energy and fulfil the standards concerning milk quality,
including the TBC (total bacteria count). Nowadays, in
Poland, like in most European countries, there is only
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one obligatory class of milk quality, i.e. extra class.
There are no other classes, so high efficiency of milk
cooling and, as a result, highly effective milk coolers
constitute the most important condition to purchase
milk from a farm to a dairy plant. More effective cool-
ing is achievable by means of modern technical equip-
ment, i.e. tank milk coolers, so fast increase in the num-
ber of such coolers as compared with bucket milk cool-
ers can determine high values of the equipment moder-
nity index for milk cooling systems.

Carried out investigations emphasize the role of an-
nual milk yield per cow and its improvement in the con-
text of increase of farm dairy production effectiveness.
Annual milk production per cow constitutes the out-
come of many factors. Advances in genetics, nutrition,
and herd management have resulted in a 4-fold increase
in milk yield between 1944 and 2007 (Capper et al.,
2009). When the problem of milk production per cow
as well as farm scale is analysed, consideration of the
effectiveness of dairy production against the back-
ground of sustainability seems essential. Sustainability
is more than economic profitability; it also relates to
environmental and societal concerns, including the
quality of life of workers and the animals in dairy farms
(von Keyserlingk et al., 2013) and imagining the ideal
dairy farm (Cardoso et al., 2016). Such quality of life
of animals at dairy farms can be identified by the keep-
ing system and other facilities determining animal wel-
fare. In 2010, a considerable share (61%) of cattle at
Polish dairy farms was kept in barns with the tiestall
system, while only 15.3% of cattle were kept with the
use of the free-stall system. Generally, an increase in
cow herd size is accompanied by preference for barns
with the free-stall system. The increase in dairy produc-
tion scale is the key determinant of Polish dairy farm
development (Zigtara, 2012).

Conclusions

Results of carried out analyses show that many pos-
sible comparisons of dairy potential can be made in the
European dairy production sector to outline differences
between countries and their dairy production.

Further effective transformation of the Polish dairy
sector requires overcoming certain barriers hindering
development of the sector, connected first of all with
high dispersion in raw milk production and its low
technology level, high dispersion of dairy processing,
and others.

As a result of undertaken studies, there are scientific
premises to identify technical and biological solutions
for optimizing the farm dairy production system,
allowing sustainable improvement.

Implementation of modern technical equipment for
milking at dairy farms needs simultaneous improve-
ment of dairy cow herds and other factors, e.g.
economic profitability.
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ABSTRACT. Cereal quality is estimated by chemical composition and
fermentation parameters, but there is need to check for the presence of
mycotoxins. Feed cereals are stored dried, with a dry matter of 86% or
ensiled in a silo with a dry matter of 55-75%. A high moisture content in
cereals is a good substrate for the growth of mould fungi of a range of
genera (Fusarium, Aspergillus, Penicillium), the availability of their me-
tabolites and of other undesirable microorganisms, such as bacteria and
yeast. The aim of this study was to determine the nutritive quality, the
concentrations of zearalenone (ZEA) and deoxynivalenol (DON) and the
fermentation process of ensiled high moisture cereals prepared for feeding
to cows in Estonia. A total of 190 samples of dried cereals (DC): 56 wheat,
113 barley, 11 oats, 4 triticale and 4 rye, and 147 samples of high moisture
cereals (HMC) collected and analysed. The mean DM content of the DC
was 86.9% and of the HMC 68.1%. In this study the DC were found to
contain mycotoxins, 70.5% of the samples were positive for DON and
68.4% were positive for ZEA, while in the HMC these were 85.7 and
96.6% respectively. The mean DON content in the DC was 100.4 ppb, and
the mean content of ZEA in the DC was 27.6 ppb; the contents in the for
these mycotoxins in the HMC were 189.6 ppb and 163.6 ppb respectively.

The concentration of mycotoxins between the different species of cereal
did not differ significantly.

The of DON and ZEA contents were related the dry matter of HMC. The
DON concentration in low DM (63.3%) cereal was 220.0 ppb and of ZEA
204.5 ppb while in the higher DM (75.5%) cereal the concentrations were
141.4 ppb and 94.7 ppb respectively. The fermentation quality of the HMC
was good.

The threshold mycotoxin level in feed, below which there are no negative
effects on health and performance in dairy cows are, for DON under 500
ppb and ZEA under 100 ppb. These are considered low levels of toxins;
moderate levels are, for DON 500-2,000 ppb and for ZEA 100-250 ppb,
and high levels are over 2,000 ppb and over 250 ppb respectively. Of the
samples, 94.7% of DC were at the low level of DON while 89.1% were at
the low level for ZEA. Of the HMC samples, 89.7% and 50.7% were at
the low level for the mycotoxins, while 9.5% had levels of DON at mod-
erate level and 33.1% had levels of ZEA at moderate levels.

© 2016 Akadeemiline Pdllumajanduse Selts. K&ik digused kaitstud. 2016 Estonian Academic Agricultural Society. All rights reserved.

Sissejuhatus

Soodateravilja sailitamiseks kasutatakse kas kuivata-
mist niiskusesisalduseni 14% v&i konserveerimist si-
leerimise teel. Konservvilja all mdistetakse korge

niiskuse- vdi madala kuivainesisaldusega (55-75%) te-
ravilja, mille sileerimisel on kasutatud kas bioloogilist
vOi keemilist kindlustuslisandit ning mida sdilitatakse
hermeetilises hoidlas. Konservvilja kvaliteet sdltub
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suures ulatuses fermenteeritavast materjalist, valmista-
mise tehnoloogiast, (muljumine, tihendamine), puhtu-
sest ja séilitamise tingimustest

Kdrge niiskusesisaldusega teravili on heaks substraa-
diks hallitusseente (Fusarium, Aspergillus, Penicil-
lium) parmseente ja teiste ebasoovitavate mikroorga-
nismide (Coli, Clostridium) kasvuks ja arenguks (Pot-
kanski, jt 2010). Mukotoksiinid on hallitusseente poolt
produtseeritud sekundaarsed metaboliidid. Kdige tun-
tumateks loetakse aflatoksiini (AFLA), ohratoksiini
(OTA), trihhotetseenidest toksiin T-2 (T-2), diatsetok-
suskirpenooli (DAS), deoksuinivalenooli (DON), zeara-
lenooni (ZEA) ja fumonosiine (FUM) (Yiannikouris,
Jouany, 2002; Selwet, 2009).

Hallituseente areng ja sodda sh teravilja mukotoksiini-
dega saastatus sBltub mitmesugustest keskkonnatingi-
mustest, nagu temperatuurist, niiskusesisaldusest, kon-
densveest, keskkonna hapnikusisaldusest ja pH-st (Nel-
son, 1993; Queiroz jt, 2011; Laitila jt, 2014; Persson,
Botker, 2014). Siia lisanduvad veel taimede stress ja kah-
justused, mida on pdhjustanud ekstremaalne ilmastik
(rahe, pdud) vdi taimehaigused, mis ndrgendavad taime
immuunsust ja vastupanu (Jouany, 2007; Queiroz jt,
2010). Kui teravilja kasvuperiood on vihmane, siis halli-
tusseente arenguks ning mikotoksiinide produtseerimi-
seks on loodud soodsad tingimused juba pdllul, enne
saagi koristust. Teravilja sdilitamisel peaksid sellisel ju-
hul olema head hoiutingimused (sobiv temperatuur ja
niiskus), véltimaks edasist hallitusseente arengut ning
mukotoksiinidega saastatuse kasvu (Naehrer jt, 2014).
Kui aflatoksiinid arenevad vaid soojades ja niisketes
keskkonnatingimustes (Whitlow, Hagler, 2005), siis pa-
raskliimavo6tmes on tuntumad trihhotetseenid, zearale-
noon ning fumonosiinid.

Soodsad sileerimise tingimused, korralik fermentat-
sioon ja hoidla hermeetilisus vahendavad hallitusseente
kasvu ja mukotoksiinidega saastatust, sest nende aren-
guks puudub vajalik kogus hapnikku (Johansson jt,
2005; Mansfield, Kuldau, 2007).

Uurimistdd eesmargiks oli selgitada nii kuivatatud
kui ka konserveeritud teravilja mikotoksiinide sisal-
dust, mis olid tekkinud sb6dda kasutamise ajaks. On
teada, et miikotoksiinid mdjuvad negatiivselt pdlluma-
jandusloomadele ja -lindudele nérgestades nende im-
muunsiisteemi ning hormonaalseid funktsioone (Gre-
nier, 2014; Pestka, 2014), tekitades kbhulahtisust, va-
hendades sé6must ja produktsiooni ning ohustades nii
toodangut (liha, piima, mune) kui ka tervist pdhjustades
olenevalt kogustest mitmesuguseid toksikoose ning
haigusi (Jouany, Diaz, 2005; Smith jt, 2007; Mezes,
Balogh, 2009).

Metoodika

Aastail 2013-2014 koguti 190 kuivatatud ja 147 kon-
serveeritud teravilja proovi. Kuivatatult sailitatud tera-
viljadest uuriti 58 nisu, 113 odra, 11 kaera, 4 tritikale ja
4 rukki proovi. Konserveeritud teravili séilitati kas ki-
letunnelis vdi transees. Konserveeritud teravilja sileeri-
takse sageli lihte suurde transeesse, pannes erinevad te-
raviljad kihiti horisontaalselt vastavalt valmimise- ja
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koristamise ajale. Sodtmiseks vdetakse konservvilja
aga hoidlast vertikaalselt. Sellepérast ei uuritud antud
t60s konserwvilja liikide alusel. Konserveeritud teravil-
jade sileerimisel kasutati bioloogilist v8i keemilist
kindlustuslisandit.

Nii kuivatatud kui konserveeritud teraviljade proovid
vOeti puuriga vastavalt keskmise proovi vétmise kor-
rale. K&ikidest proovidest méérati kuivaine- ja muko-
toksiinide sisaldus ning konservviljadest ka fermentat-
siooninditajad. Lenduvate rasvhapete, etanooli, pH ja
ammoniaaklammastiku sisalduse maaramiseks valmis-
tati konserveeritud teravilja proovidest vesilahus. Sel-
leks kaaluti 50 g proovi, millele lisati 100 ml destillee-
ritud vett. Segu filtreeriti Ghe tunni pérast.

Konserveeritud vilja pH maarati pH meetriga (MP
120 Mettler Toledo). Ammoniaakldmmastiku méaéara-
miseks kasutati Kjeldec 8400 Tecator™ Line (FOSS)
analusaatorit. Etanooli-, piimhappe- ja lenduvate rasv-
hapete sisaldus méaarati gaaskromatograafiga (Agilent
Technologies 7890 A) kasutades kolonni taidisega
80/120 Carbopack B-DA/4% carbowax 20 M (Fait-
hfull, 2002).

Uuritud proovid eelkuivatati 60 °C juures ja jahvatati
1 mm osakesteks, millest méarati kuivainesisaldus péa-
rast termostaadis 130 °C juures konstantse kaaluni kui-
vatamist (AOAC, 2005). Mikotoksiinid ZEA ja DON
madrati ELISA meetodil kasutades Ridasgreen® FAST
kitte. Analtisid viidi 1&bi Eesti Maalikooli Veteri-
naarmeditsiini ja loomakasvatuse instituudi sodtmise
osakonna laboratooriumis.

Katseandmed t6odeldi statistiliselt kasutades SAS
statistikapaketis olevat GLM protseduuri (versioon 9.2,
SAS Institute Inc., Cary, NCm USA).

Tulemused ja arutelu

2013. ja 2014. aastal Eestis uuritud kuivatatud teravil-
jade proovidest olid ZEAga saastunud 68,4% ja DONiga
70,5% ning konservviljadest vastavalt 96,6 ja 85,7% (ta-
bel 1). Konservviljadest sisaldasid (ihte toksiini 22 (15%)
ja kahte toksiini 120 (83%) proovi ning kuivatatud tera-
viljadest vastavalt 64 (34%) ja 101 (53%) proovi. Ule-
maailmne 4218 soddaproovi uurimine 2013. aastal néi-
tas, et AFLAL sisaldasid 30%, ZEAd 37%, DONi 59%
FUMI 55% ja OTAt 23% uuritud materjalist, kusjuures
proovide keskmine saastatuse tase oli vastavalt AFLA 10
ppb, ZEA 49 ppb, DON 458 ppb, FUM 778 ppb ja OTA
2 ppb (Kovalsky jt, 2014). Samal aastal uuriti Euroopas
1413 s6ddaproovi ZEAga saastumist, mille keskmine si-
saldus oli 88 ppb ja maksimaalne 3950 ppb ning DONIi
sisaldust 1854 proovis, mille keskmine sisaldus oli 799
ppb, maksimaalne aga 18 971 ppb. 76% proovidest sisal-
dasid vahemalt uhte toksiini (Schaumberger, Naehrer,
2014).

Hiljutine Glemaailmne uuring t8i vélja, et sbddad on
tavaliselt saastunud rohkem kui (ihe mikotoksiiniga
(Streit jt, 2013). Samuti tddeti, et sodda mitme erineva
toksiiniga saastumise md&ju on veel vahe uuritud, ka ei
osata tapselt hinnata toksiinide vastastikuse toime sii-
nergismi. See omakorda teeb keeruliseks detoksifikaa-
torite valiku (Grenier, Oswald, 2011).
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Tabel 1. Mikotoksiinide sisaldus kuivatatud ja konserveeritud
teraviljades
Table 1. Concentrations of mycotoxins in dried and high mois-
ture cereals

Mukotoksii- Naitajad

Kuivatatud Konserveeritud

nid Items teravili teravili
Mycotoxins DC HMC
Kuivaine / Dry matter, % 86,9 68,1
Proovide arv/No of samples 190 147
ZEA Positiivsete proovide %
% positive samples 68,4 96,6
Max sisaldus, pg kg*
Max content level, pg kg™ 209 1239
Keskmine sisaldus, pg kg™
Average content, g kg™ 27,6 163,6°
Standardviga
Standard error 7,3 14,9
DON Positiivsete proovide %
% positive samples 70,5 85,7
Max sisaldus, pg kg*
Max content level, ug kg™ 1142 2023
Keskmine sisaldus, pg kg™
Average content, ug kg™ 100,4 189,6°
Standardviga
Standard error 8,1 21,3
2P < 0,001

Kuivatatud teraviljade mukotoksiinidesisaldus on
toodud tabelis 2. Kuivatatud nisu ZEA sisaldus oli 19,5
ppb, odral 32,4 ppb, kaeral 23,3 ppb, rukkil 29,3 ja tri-
tikalel 23,0 ppb, DON sisaldus vastavalt 100,1 ppb,
103,1 ppb, 93,1 ppb, 79,3 ppb ja 71,5 ppb (joonis 1).

Kuigi vaikesed erinevused erinevat liiki teraviljade
keskmiste toksiinide sisalduste vahel olid, ei erinenud
need oluliselt (P > 0,5, tabel 2).

Norras tehtud uuringud nditasid, et méned nisu, odra
ja kaera sordid, on hallitusseente suhtes resistentsemad
ning sisaldasid DONi vahem kui teised (Lillemo jt,
2014). Ldiveke jt (2008) andmetel sisaldasid Eestis
2006. a saagist uuritud teraviljad mikotoksiine 41% ja
2007. a saagist vastavalt 66%, kusjuures sagedamini
esinesid T-2 ja HT-2 ning harvem DON, aflatoksiin ja
ohratoksiin. Aastatel 2011-2012 uuriti Rootsis sigadele

Tabel 2. Kuivatatud erinevate teraviljade mikotoksiinide sisaldus

Table 2. Concentrations of mycotoxins in dried different cereals

sOddetavast teraviljast voetud 188 proovi mikotoksii-
nidega saastumist. Analuis nditas, et 89% proovidest
sisaldasid DONI, 54% ZEAd, 29% T-2e ja 16% HT-2e.
DONi keskmine sisaldus kuivaines oli kaeras 461 ppb,
odras 162 ppb, nisus 195 ppb ja segaviljas 101 ppb.
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Joonis 1. Zearalenooli (ZEA) ja deoksiinivalenooli (DON) si-
saldus kuivatatud teraviljades (+ standardviga)

Figure 1. Contamination of zearalenon (ZEA) and deoxiniva-
lenol (DON) in dried cereals (+ standarderror)

Kaeras oli ZEA sisaldus keskmiselt 23 ppb, kuid oder
ja nisu seda ei sisaldanud. Neljas seafarmis kiimnest oli
teraviljasoddas DON ja ZEA tase kdrge (Nordkvist,
Héggblon, 2014). 20062014 aastal uuriti Latis Fusa-
rium tlvede esinemist teraviljades. Tddeti, et ilmasti-
kutingimustel (soojus, niiskus) oli teraviljades hallitus-
seente arengule ja mukotoksiinidega saastumisele vaga
suur m@ju. Kui 2006 olid DONiga saastunud 4,7% ko-
ristatud teraviljadest ning ZEAd ja T-2 toksiini ei leitud
tldse, siis 2007 sisaldasid DONi 27,2% uuritud proovi-
dest ning ZEAd 2,5% ja T-2e 3,7%, kusjuures suurim
DON sisaldus saadi 2011. aastal talinisul — 3266 ppb
(Treikale jt, 2014).

Miikotoksiinid Proovide arv Kuivainesisaldus Keskmine* Max
Mycotoxins No of samples The concentration of dry matter, % Mean® + se
Nisu / Wheat
ZEA, ppb 58 87,2 195+£25 127
DON, ppb 58 87,2 100,1+15,4 735
Oder / Barley
ZEA, ppb 113 86,7 32,4+32 209
DON, ppb 113 86,7 103,1+10,3 1142
Kaer / Oats
ZEA, ppb 11 86,6 23,3+6,9 100
DON, ppb 11 86,6 93,1+32,6 349
Tritikale / Triticale
ZEA, ppb 4 86,3 230+93 62
DON, ppb 4 86,3 71,5+29,1 188
Rukis / Rye
ZEA, ppb 4 86,3 29,3+10,8 52
DON, ppb 4 86,3 79,3+45,1 263

1 Kaikide proovide keskmine kontsentratsioon + standardviga / Mean concentration of all samples * standard error

K®oik konservviljad sileerusid normaalselt, olenevalt
kuivainesisaldusest tekkis kas rohkem v&i véhem hap-
peid. Propioonhapet sisaldasid need konservviljad, mil-

lele oli seda lisatud keemilise lisandiga. Nii iso- kui pal-
derjanhapet ning vdihapet Ukski konserveeritud vili ei
sisaldanud. Neis proovides, mille kuivainesisaldus oli
tle 80%, taheldati parsitud k&arimist. Konservviljades,
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mille kuivainesisaldus oli vaiksem kui 70% tekkis hap-
peid kokku keskmiselt 21,4 g kg ja kuivainesisaldu-
sega rohkem kui 70% vastavalt 11,3 g kg.

Kuivemad konservviljad sisaldasid keskmiselt vdhem
mukotoksiine kui mérjemad, ZEA 94,7 vs. 204,5 ppb
(P <0,001) ja DON 141,4 vs. 220,0 ppb (P < 0,05) (ta-
bel 3). Konserveeritud teravilja kuivainesisalduse méju

miikotoksiinide sisaldusele nditab joonis 2, mis ilmus
2013. aasta andmete baasil (Kaldmae, 2014) ja ei muu-
tunud kui lisati 2014. aastal kogutud andmed. Mérjem
teravili sileerub paremini, kuid tingimused hallitus-
seente arenguks on soodsamad ning tekib ka rohkem
miikotoksiine.

Tabel 3. Konservvilja fermentatsiooninaitajad ja ZEA ning DON sisaldus sdltuvalt kuivainesisaldusest.
Table 3. The fermentation items and and content of ZEA and DON depend on dry matter of high moisture cereals

Naitajad Uuritud proovide keskmised Madalama kuivainega teravili Koérgema kuivainega teravili
Items Mean of tested samples Low dry matter cereals High dry matter cereals
X +se (<70%) (>70%)

Kuivainesisaldus / Dry matter, % 68,1+0,9 63,3+0,6 755+0,3
Proovide arv / No of samples 147 90 57
Kuivaines / In dry matter, g kg™:

Etanool/Ethanol 3,4+0,59 3,5%0,62 3,2+0,61

Aadikhape / Acetic acid 3,7+0,63 4,7+0,31 2,3+0,22

Propioonhape / Propion acid 0,3+0,02 0,6 £0,02 0,3+0,01

1so- ja palderjanhape / 1so- and valerian acid 0 0 0

Vdihape / Butyric acid 0 0 0

Piimhape / Lactic acid 12,7 £1,04 16,1 +0,97 8,7+0,81
Proovis / In samples

pH 46+0,64 4,4+0,58 4,8+0,56

NHgzN bld N-st / Ammonia-N, % TN 2,4 +0,06 31+0,11 1,5+0,09

ZEA, ppb 163,6 +3,1 204,5*+ 18,2 94,7°+ 1,7

DON, ppb 189,6 + 10,2 220,00 +21,4 141,45+23

®p>0,001; “5P < 0,05

g

-0—-ZEA -0-DON

g ¢ 8B % 8

Mtikotokslin / Mycotoxins, ppb

2

<60 6065 6570 7075 7580 8085
Kuivainesisaldus / content of dry matter, %

Joonis 2. Konserveeritud teravilja kuivainesisalduse mdju mu-
kotoksiinide sisaldusele (Kaldmée, 2014)
Figure 2. The content of ZEA and DON depend on dry matter
of high moisture cereals (Kaldméae, 2014)

Nagu joonis 2 nditab, ei ole soovitav alla 65% kuivai-
nesisaldusega vilja konserveerida. Kesk-Euroopas si-
leeritakse maisi. 61,3%-lise kuivainesisaldusega mulju-
tud maisiterad sileerusid hasti. Kuue kuu méddumisel
tehtud analliisid néitasid, et so6t sisaldas 133 ppb
DONI, 38,97 ppb ZEAd, 70,2 ppb FUMi, AFLA 2,47
ppb AFLAL, 232,71 ppb T-2e ja 2,33 ppb OTAL. Silee-
rimisel kasutatud kombineeritud kindlustuslisand, mis
sisaldas nii piimhappebaktereid kui ka naatriumben-
soaati parsis mdningaid toksiine (Biro jt, 2009). Sédda-
vilja saab téiesti ohutuks pidada siis, kui see ei sisalda
mikotoksiine. Praktikas kasutatakse sageli ka vilja,
milles on teatud kogus miikotoksiine. Véikesed toksii-
nide kogused ei ohusta alati looma tervist ega mdjuta
toodangut, kuid see sdltub mitmetest teguritest. Mada-
late mukotoksiinisisalduste juures kasutatakse detoksi-
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fikatsiooniks spetsiifilisi sidujaid, mida lisatakse vasta-
valt toksiini kontsentratsioonile ja looma- v6i linnulii-
gile. Detoksifikaatorid toimivad seedetraktis, kuid vii-
vad véhesel mééral kaasa ka toitaineid. Kui lahtuda, et
ZEA sisaldus sdddas vahem kui 100 ppb on madal tase
ning ei kujuta tavapéraselt ohtu, siis 100-250 ppb tu-
leks lugeda keskmiseks ning rohkem kui 250 ppb juba
kdrgeks tasemeks. DON sisaldus vahem kui 500 ppb
loetakse madalaks, 500-2000 ppb keskmiseks ja tle
2000 ppb juba kdrgeks ja véaga ohtlikuks tasemeks
(Whitlow jt, 1998). Vottes aluseks eelpool nimetatud
tasemed iseloomustavad kuivatatud ja konserveeritud
teravilja mukotoksiinide sisaldust tabel 4 andmed. Ees-
tis uuritud konservviljade proovidest sisaldasid rohkem
kui 100 ppb ZEA 49,3% ja rohkem kui 500 ppb DON
10,3%, kuivatatud teraviljadest vastavalt 10,9% ja
5,3%. Tuleb mérkida, et enim probleeme tekitab kon-
servviljades suhtelisest suures koguses esinev ZEA,
mida produtseerivad Fusarium graminearium ja méned
teised Fusariumi perekonna seened. ZEA toksikoosi
korral tekivad sigimisprobleemid. Maletsejalistel teki-
vad vaginiidid, abordid, viljatus. Mittetiinetel mullika-
tel suureneb udar. Madala tiinestumisega karjades seos-
tati lehmade veres ja uriinis tuvastatud ZEA ning selle
metaboliitide kdrget sisaldust toksiinidega saastatud
s0dda s6otmisega (Jouany, Diaz, 2005, Bryden, 2012).
Ka sigadel pdhjustab ZEAga nakatunud s66t sigimis-
probleeme (Smith jt, 2011). Suurt DONiga saastatust
leidus uuritud s66tade proovides harva. DON p6&hjustab
sigadel isu véhenemist, kdhulahtisust, oksendamist, vil-
jastumishdireid ja surma, veistel aga s6émuse vahene-
mist ja toodangu langust (Jouany, Diaz, 2005).
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Tabel 4. Mikotoksiine sisaldavate proovide iseloomustus

Table 4. The character rating of mycotoxins contamination of cereals

Miikotoksiini sisaldus

Konserveeritud teravili

Kuivatatud teravili

The content of mycotoxins, ppb HMC DC
n % X +se max n % X +se max
ZEA
Madal tase / Low range, <100 72 50,7 49,3 2,3 99 115 89,1 293 1,3 93
Keskmine tase / Medium range, 100-250 47 33,1 158,7 1,9 235 14 10,9 1439 1,5 232
Kdrge tase / High range, >250 23 16,2 5557 16,8 1239 0 — — - —
DON
Madal tase / Low range, <500 113 89,7  150,8 10,7 490 126 94,7 110,7 9,7 456
Keskmine tase / Medium range, 500-2000 12 95 6958 11,3 1099 7 53 7244 16,3 1142
Kdrge tase / High range, >2000 1 0,8 - - 2023 0 - - - -

Jareldused

Teraviljadel on Eesti ilmastikutingimustes suur oht
saastuda miikotoksiinide ZEA ja DONiga.

Kuivatatud teraviljade proovidest oli DONiga saastu-
nud 70,5% ja ZEAga 68,4%, keskmise sisaldusega vas-
tavalt 100,4 ja 27,6 ppb. Konservviljade proovidest si-
saldasid DONi 85,7% ja ZEAd 96,6% keskmise sisal-
dusega vastavalt 189,6 ja 163,6 ppb.

Antud uuringus osutus kuivatatud teravilja kvaliteet
konserveeritud teravilja kvaliteedist paremaks, sest sel-
les oli hallitusseente kasv enam pérsitud ning seet&ttu
ka mukotoksiinide sisaldus vaiksem (P < 0,001).
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Mycotoxin contamination in dried and high
moisture fermented cereals in Estonia

Helgi Kaldmé&e, Andres Olt, Meelis Ots
Estonian University of Life Sciences, Institute of Veterinary
Medicine and Animal Sciences,
Fr.R. Kreutzwaldi 46, 51006 Tartu

Summary

The cereals quality estimated by chemical composi-
tion and fermentation parameters, but it is need the
control about the composition of mycotoxins. Cereals
of feed stored up dried with dry matter 86% or ensiled
in silo with dry matter 55-75% (moisture 25-45%).
The high moisture cereals is a good substrate for
mould fungi from different genera (Fusarium, Asper-
gillus, Penicillium), their metabolites and by other un-
desirable microorganisms — bacteria and yeast. The
aim of this study was to determine the effect of differ-
ent cereals on the final nutritive quality, concentration
of zearalenone (ZEA) and deoxynivalenol (DON) and
fermentation process of ensiled high moisture cereals
prepared for feeding to cows in Estonia. A total 190
dried cereals (DC) 58 wheat, 113 barley, 11 oats, 4
triticale and 4 rye and 147 high moisture cereals
(HMC) samples were collected and analysed. All the
HMC were fermented with the use of a biological or
chemical additive. The quality of fermentation of the
preserved cereals was determined by GC. The myco-
toxin contents in the feeds were determined by the
ELISA method with the kits Ridascreen ® FAST.

The mean DM content of the DC was 86.9% and of
the HMC 68.1%. In this study the DC were found to
contain mycotoxins, 70.5% of the samples were posi-
tive for DON and 68.4% were positive for ZEA, while
in the HMC these were 85.7 and 96.6% respectively.
The mean DON content in the DC was 100.4 ppb, and
the mean content of ZEA in the DC was 27.6 ppb; the
contents in the for these mycotoxins in the HMC were
189.6 ppb and 163.6 ppb respectively.

The concentration of mycotoxins between the differ-
ent species of cereal did not differ significantly.

The DON and ZEA contents were related the dry
matter of HMC. The DON concentration in low DM
(63.3%) cereal was 220.0 ppb and of ZEA 204.5 ppb
while in the higher DM (75.5%) cereal the concentra-
tions were 141.4 ppb and 94.7 ppb respectively. The
fermentation quality of the HMC was good.

The threshold mycotoxin level in feed, below which
there are no negative effects on health and perfor-
mance in dairy cows are, for DON under 500 ppb and
ZEA under 100 ppb. These are considered low levels
of toxins; moderate levels are, for DON 500-2,000
ppb and for ZEA 100-250 ppb, and high levels are
over 2,000 ppb and over 250 ppb respectively. Of the
samples, 94.7% of DC were at the low level of DON
while 89.1% were at the low level for ZEA. Of the
HMC samples, 89.7% and 50.7% were at the low level
for the mycotoxins, while 9.5% had levels of DON at
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moderate level and 33.1% had levels of ZEA at mod- Drying is more effective than fermented conserva-
erate levels. tion at inhibiting mould growth, and therefore myco-
toxin contamination, in cereals (p < 0.001).
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ABSTRACT. By Estonian Soil Sciences Society for the year 2016 soil of
Estonia the bog soil was elected. After WRB these soils are known as Fib-
ric Histosols. The area of bog soils forms 5.1% from whole Estonian soil
cover and 21.7% from peat soils’ (or Histosols) area. In overview their
classification in Estonia, conversion of local soil names into WRB system,
ecological conditions of their forming and functioning, hydro-physical and
chemical properties, and distribution are treated. Besides that the bog
soils’ productivity, peculiarities of their bogging processes, importance for
society, and their influence on local economy and environmental status are
analysed as well. In second part of the overview the estimations on organic
carbon stocks and assessments on annual organic carbon fluxes in peaty
soil cover are discussed. In the final part and in conclusions the problems
connected with environmentally sustainable use and protection of bog
soils are treated.
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Sissejuhatus

Nid juba kolmandat korda valis Eesti Mullateaduse
Selts (EMTS) aasta mulla. Kui esimeseks, 2014 aasta-
mullaks, oli *Eesti pdllumehe hinnatuim muld’ — leos-
tunud muld ja 2015 aastamullaks ’Ghuke muld Eesti
rahvuskivil’ — paepealne muld, siis aastamullaks 2016
haaletati EMTS poolt Eesti margalade ks omapérase-
maid ja turvasmuldade hulgas enim tuntud rabamuld.
Juba traditsiooniks saanud VI Eesti mullapéeval (4. det-
sembril 2015) tutvustati aasta 2016 mulda konverent-
sist osavGtjatele (http://pk.emu.ee/ userfiles/PKI/muld-
IVIMP/VIMP_KOolliR_rabamuld_2015.pdf), kusjuures
EMTS on vdlja andnud ka rabamulda tutvustava tea-
viku  (http://pk.emu.ee/  userfiles/PKI/muld/Aasta_
muld_2016_voldik_A4 web.pdf). Tahelepanuvéériv
on juhuslik kokkulangevus, et URO poolt valjakuuluta-
tud mérgalade aastal 2016 on Eestis aastamullaks vali-
tud ’turbalasundite kasvukihiks ja hoidjaks’ olev — ra-
bamuld.

Omaparase reljeefiga eri tlilpi Eesti rabamaastikud
on moodustunud ja talitlevad kéesoleval ajal tdnu raba-
mulla ja temal kujunenud taimkatte tasakaalustunud
vastastikusele toimele. Rabade puhul on ainete bioloo-
giline ringe téielikult isoleeritud Umbritsevate alade mi-
neraalsest pinnakattest ja selles liikuvast toiteainete

rohkest p&hja- ja/vdi pinnaveest. Looduslike rabade or-
gaanilise aine produktsiooniprotsessi sisenditeks on
péikese energia kdrval atmosfaéri kaudsed sajuveed ja
mineraalsed ained. Rabaturbamulla tiseduse kasvades
selle alumine osa eraldatakse (isoleeritakse) jarkjargult
aktiivsest talitlemisest, mille tdttu seda osa turbalasun-
dist tuleks ké&sitleda mitte kui mulda, vaid kui maavara.

Rabadkosusteemi koos talitleva rabamullaga v6ib 6i-
gustatult vaadelda kui Ghte meie trglooduse siimboli-
test. Teatavasti algas turvasmuldade rabastumine Kérg-
Eesti aladel ca 7000 ja Madal-Eesti aladel ca 6000 aas-
tat tagasi (Allikvee, llomets, 1995). Tanu normaalselt
talitlevatele rabamuldadele oleme rikkamad k&rgsoo-
dele iseloomulike taimeliikide, nende koosluste ja tai-
mestikule kaasneva elustiku poolest. Samas on nimeta-
tud tuhandete aastate jooksul rabadkosusteemide talit-
lemise tulemusena akumuleerunud markimisvaarsed
kogused rabaturvast kui maavara (Raudsepp, 1946;
Veber jt, 1961). Seega on rabamuldade levikualade
suhtes Ules kerkinud erinevad huvid. Kui looduskaitse
huviobjektiks on talitlevad rabadkosiisteemid kogu
nende elustiku mitmekesisusega (liigirikkusega), siis
majandust huvitab ennekdike rabaturvas. Et nimetatud
kahe vastandliku huviga kaasneb veel ka terve rida
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muid keskkonna hea seisundi ja tGihiskondliku elu aren-
guga seotud probleeme on selles vallas mdistlikud tihis-
kondlikud kokkulepped aarmiselt vajalikud. Taolised
kokkulepped peaksid olema nii palju kui vdimalik tea-
duspdhised ja samas ka kdigi (asjaga seotud) huvigrup-
pide ettepanekuid arvestavad. Ulal-6eldust lahtudes
peame oma Ulesandeks selgitada antud t66s veidi poh-
jalikumalt rabamulla rolli rabalaamade (rabadkosiistee-
mide) talitlemises.

Eesti rabasid on aegade jooksul uuritud erinevatest
aspektidest l&htuvalt. Sooteaduslikes (telmatoloogilis-
tes) uurimustes on rabasid kasitletud kui teistest soo-
dest eristuvat rabakompleksi oma véljakujunenud
veeolude, taimestiku, loomsete organismide ja ladestu-
nud turba koostisega ehk siis rabasid on kasitletud kui
Okoslisteeme (Masing, 1984; Valk, 1988; Strack jt,
2008; Kalli jt, 2012) ehk biogeotsdnoose (Inisheva jt,
2011). Rohkesti leidub kirjandust rabade (geo)botaani-
lise kasitluse ning klassifitseerimise kohta (Laasimer,
1965; Krall jt, 1980; Allikvee, llomets, 1995; Laasimer,
Masing, 1995; Masing, 1997; Paal jt, 1999; Paal, 2005).
Ka on rabad olnud végagi olulised objektid maastiku-
teaduslikes (Valk, 1988; Arold, 2005), aga eriti turba-
varu kui maavara kasitlevates geoloogilistes uurimus-
tes (Raudsepp, 1946; Veber jt, 1961; Orru, 1992, 1995;
Orru, Orru, 2008). Kattesaadavad on luhililevaated tur-
basoode teadusliku uurimise ajaloost ja rabade osast
nende seas (Laasimer, 1965; Valk, 1988, 1995; Orru
1992 jt).

Mullateaduse seisukohalt on ehk kdige olulisem
(uurimisobjekti Ghilduvuse mdttes) jalgida neid uuri-
musi, mis on tehtud seoses metsakasvatuse arendami-
sega rabadel ning rabamuldi méjutava kuivendamise ja
rekultiveerimisega (Valk, 1995; Léhmus, 2006; Pikk,
2010). Suhteliselt vahe on siiski uurimusi, mis kasitle-
vad rabamuldasid kui lejadnud turbalasunditest eraldi-
seisvat moodustist (Jefimov, 1980; Valk, 1988; Kalli jt,
2009a; Inisheva jt, 2011).

Materjal ja metoodika

Ulevaate tegemisel Eesti rabamuldadest oleme alu-
seks vdtnud muldkeskse ja oOkoslisteemse kasitluse
printsiibid (K&lli jt, 2009a, 2009b). Liihidalt deldes ta-
hendab see seda, et muldkatet (antud juhul turvasmuld-
katet) késitletakse vastastikustes suhetes teiste teda
Umbritsevate 6kosiisteemi koostisosadega (taimestik,
loomastik jt), kusjuures peamiseks pohjuslikuks (deter-
mineerivaks) teguriks okoststeemi k&igi komponen-
tide arengus peetakse mulda v6i muldkatet. Loodusliku
turvasmullana (turvasmuldkattena) kasitleme vaid seda
turbalasundi pindmist kihti, mis on mérgatavais 6ko-
loogilistes seostes ennekdike loodusliku taimkattega,
kuid samas ka taimekooslustega seostunud elustiku ja
koigi teiste okostiisteemi komponentidega. Okoloogili-
selt talitlevast turvasmullast (s.0 turbasoo pindmisest
kihist) stigavamale j&dvat turbalasundit késitleme aga
kui maavara. Samas v@ib ka see, muldkattest allpool
asuv turvas, teatud tingimustes saada turvasmullaks ja
seda peamiselt kahel viisil. Esiteks siis, kui turvasmuld-
kate pinnalt degradeerub (mineraliseerub) voi tiheneb

ning turvasmuldkattena hakkavad talitlema turbala-
sundi suigavamal asuvad kihid. Teiseks siis, kui turvas
kaevandatakse ja teisaldamise kaudu moodustatakse te-
hislik turvasmuld v6i substraat taimede kasvuks.

Pikaajalise mulla-uurimise kogemuste jargi v8iks tur-
vasmuldkatte kokkuleppeliseks tiiseduseks Eesti mul-
lastikulis-6koloogilistes tingimustes vétta 50 cm (Kalli
jt, 2012). Analoogselt mineraalse muldkattega nimeta-
takse ka turvasmuldkatte pindmist (0—30 cm) osa pea-
lismullaks ja alumist (30—50 cm) osa alusmullaks. Pea-
lismuld (epipedon, acrotelm) eristub alumisest osast
taim-muld vastastikuste suhete intensiivsuse ja parema
Ohustatuse poolest ning just selles pealmises kihis toi-
muvast talitlemisest s6ltub valdaval méaaral kogu 6ko-
slisteemi edasine areng.

Teatavasti s6ltuvad eri liiki muldade muldkatete tiise-
dused suurel madral klimaatilisest voondist. Eestist 18u-
napoole minnes mineraalsete muldkatete tusedused
suurenevad, p6hja poole vahenevad. Nii on see ka tur-
vasmuldkatetega ehk nende tiiseduse kokkuleppelised
piirid on voondite (ja riikide) kaupa erinevad ja erine-
vad on ka turvasmuldade méadrangud. Kui néiteks meil
loetakse turvasmuldadeks neid muldasid, millede tur-
bahorisondi tiisedus on dle 30 cm, siis USA muldade
klassifikatsiooni jargi peab turvasmulla turbahorisondi
tlsedus olema (le 40 cm.

Eesti muldade klassifikatsiooni (EMK) jargi jaotatak-
se rabamullad turbakihi tiiseduse alusel kolmeks lii-
giks: véga ©Ohukesed (3050 cm), oOhukesed (50—
100 cm) ja suigavad (>100 cm) rabamullad. Nende eri-
miteks jaotamine tehakse aga pindmise 40 cm turbakihi
kolmeastmelise lagunemise skaala jérgi, kusjuures ra-
baturvasmullad on tavaliselt halvasti (tdhistatud alain-
deks 1-ga) ning vdhemal mééaral keskmiselt (alain-
deks 2) lagunenud. Turba lagunemisastme detailsemal
maéramisel kasutatakse Posti 10 astmelist humifitsee-
rumise (H1-10) skaalat (Szajdak jt, 2011), milles sdna
’lagunemise’ asemel on kasutusel sdna humifitseeru-
mise’ aste. Nii on EMK jargi méaératud halvasti lagune-
nud turvasmullaerimi humifitseerumise astmeks Posti
skaala jargi H1-3 ja keskmiselt lagunenud turbal — H4—
6 (Astover jt, 2012).

Ulevaates esitatud rabamuldade omadused périnevad
autori poolt varem tehtud kokkuvdtetest ja loenguma-
terjalidest (EMDK, 2008; Astover jt, 2012). Andmed
rabamuldade susinikuvarude kohta péarinevad meie va-
rasematest uurimustest (K6lli jt, 2009a, 2009b). Hin-
nangu andmisel stsiniku kaibe kohta on aluseks olnud
rabadkoslsteemide taimkatte produktiivsus (K®lli,
1991) ja rabaturvaste juurdekasv, kusjuures flitomassi
keskmiseks C sisalduseks on vfetud 45% ja turbal
50%.

Praegusel ajal (iha globaliseeruvas teaduslikus uuri-
mist60s on moddapaédsmatuks osutunud unifitseeritud
mullaklassifikatsioonide valjatdotamine ja kasutamine.
Sellest lahtuvalt tutvustame ka antud t66s roobiti rah-
vusliku mullaklassifikatsiooniga (EMK) hoopiski laial-
dasemalt kasutatavat WRB (World Reference Basis for
Soil Resources) klassifikatsioonististeemi rabamulda-
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dega seonduva osas (IUSS..., 2015). Rabamulla kasit-
lemisel rahvusvahelisel tasemel peaksime ennekdike
teadma jargmisi rabamuldi iseloomustavaid tunnus-
sOnu ja nende tahendusi nagu: histic — turbast koosnev,
fibric — halvasti lagunenud turvas, ombric — sademe-
veelise toitumisega (turvas)muld, dystric — madala kiil-
lastusastmega ja toiteelementide poolest vaene muld,
floatic — 68tsiku turvas ja drainic — kuivendussustee-
miga muld. Peale selle on veel mdned tunnussdnad,
mida vdiks vaja minna rabamuldade ja turbaainese tap-
semal iseloomustamisel. Nendeks on: hemic — keskmi-
selt lagunenud turvas; hyperorganic — turvasmuld tiise-
dusega Ule 2 meetri, lignic — rikas puuturba poolest,
transportic — teisaldatud muld ja relocatic — kohapeal
segatud muld.

Eesti rabamuldade jaotamine, talitlemine,
omadused ja levik

Iseloomustus, jaotamine ja nimetused

Rabamuld on sadevee-toiteline (ombric) alaliselt liig-
niiske tle 30 cm tiisedusest lagunemata v&i vahelagu-
nenud rabaturbast (fibric) koosnev tugevasti happeline
looduslikus seisundis olev turvasmuld (foto 1). Kuna
kdrgsoo toiteelementide poolest vaest (dystric) ra-
bamulda ei mdjusta niiidisaegsed geoloogilised prot-
sessid on tegu normaalselt arenenud turvasmullaga. Ti-
hedais Okoloogilistes seostes rabamullale sobitunud
loodusliku taimkattega talitleb vaid kérgsoo turbala-
sundi pindmine kiht, mille tdttu kasitleme Eesti tingi-
mustes turvasmuldkattena (rabamullana) tksnes raba
pindmist 50 cm paksust turbakinhti.

EMK jérgi eristatakse kolm rabamulla liiki (sulgudes
mulla kood): viga 6hukesed (R’), ohukesed (R’’) ja su-
gavad rabamullad (R’’’). Sligavad rabamullad on val-
davalt tekkinud madal- ja siirdesoomuldade rabastumi-
sel st tleminekul sega-toitega veereziimilt toitainete
vaesele sadeveega toitumisele, millega on kaasnenud
vahelagunenud happelise turba ladestumine turbalasun-
di pinnale. Suurem osa (>96%) rabamuldadest paikneb
tisedal (>1 m) turbalasundil. Nende kdrval leidub ka
mineraalmaa soostumisel ehk turvastunud leedemulda-
de rabastumisel tekkinud 6hukese (30-100 cm) turba-
kihiga rabamuldasid, kus turbakiht on kasvanud dle
30 cm véhelagunenud toitainete vaese happelise turba
arvel.

Pinnalt turbakihi kasvades surevad pusivalt 6huvae-
sesse ja happelisse kihti ja&dnud juurestikuga puud ning
puhmas- ja rohurinde taimed rabamullal vélja ning ka
nendest moodustub turvas. Turba tootmise tagajarjel
sligava turbakihiga rabamullal tekib normaalse arengu-
ga rabamulla asemele anormaalsete muldade hulka
kuuluv tehismuld — eemaldatud rabamuld (TxR).
Uheks omaparasemaks rabamuldade hulka kuuluvaks
mullaks on 66tsik rabamuld (Rd). Seda mulda iseloo-
mustab véhemalt 30 cm paksune halvasti lagunenud
turbakiht, mille all on toiteainete vaene rabalauka vesi.
Eesti muldade kaardistamisuhikute nimekirjas on
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kokku 22 turvasmulla liiki, millest viis eelpoolnimeta-
tut kuulub rabamuldade hulka.

Maa-ameti geoportaali kaardiserveris on olemas de-
tailne Eesti mullakaart m6dtkavas 1 : 10 000 (Maa-
ameti..., 2016). Selle kaardi lugemiseks on vaja teada
mullaliikide ja erimite koode (Maa-amet, 2001). Raba-
mulla koodiks on ,,R“ ning kolmeks turbakihi tiiseduse
jargi eristatud rabamulla liigiks R, R’ ja R’’’. Turba
lagunemisastme jargi maératud erimitena vfivad mul-
lakaardil esineda peamiselt (>94%) R’1, R’’1 ja R’’',
s.0 halvasti lagunenud (lagunemise aste <20%) rabatur-
vasmulla erimid. Hoopiski harvem v@ib esineda kesk-
miselt lagunenud rabamulla erimeid (R, R’z jaR’’"2)
ja nende erinevaid kombinatsioone.

Rabamuldade kuivendamisel pindmiste turbakihtide
lagunemine intensiivistub mitmekordselt ja vahelagu-
nenud pindmisest turbakihist kujuneb vahem kui 10
aasta jooksul keskmiselt lagunenud ja edaspidi héstila-
gunenud (kddu)turba kiht. Taolist pealt tugevamini la-
gunenud turbakihiga (turvas)mulda ei ole enam Gige ni-
metada rabamullaks, sest tegemist on hoopiski raba-
mulla degradeerumise tulemusel tekkinud siirdesoo
mullaga. Vahemadrkusena olgu 6eldud, et siirde- ehk
tleminekusoomuldasid on Eesti muldkattes eristatud
kaks alaliiki. Uks alaliik nendest (raba ilmega siirde-
soomuld, kaardil SR) on tekkinud madalsoo rabastumi-
sel st véhelagunenud turbasamblaturba akumuleerimi-
sel pindmisse kihti. Teine alaliik (madalsoo ilmega siir-
desoomuld, SM) on tekkinud rabalaama kuivendami-
sest pdhjustatud rabamulla degradeerumise tagajérjel.
Need kaks siirdesoo-turvasmulla alaliiki on &ratunta-
vad ka nende I6imise (antud juhul turba) valemi jérgi.
Esimesel juhul on pindmiseks kihiks halvasti lagune-
nud (t;) vdhemalt >10 cm-ne turbakiht, millele jargne-
vad, kas keskmiselt (t) ja/vGi hastilagunenud (ts) tur-
bakihid. Teisel juhul on pindmise kihi turvas paremini
lagunenud (t; vdi t3) vBrreldes tema all asuvaga (vasta-
valt t; ja tz).

WRB jérgi on rabamulla p&hinimetuseks Fibric His-
tosol. Loodusliku rabamulla olemust saab tépsustada
tunnuss@nadega ombric ja/vdi dystric. Piisava tapsuse-
ga rabamulla nimetus WRB jérgi olekski Ombric Fib-
ric Histosol, sest ombric tdhendab uhtlasi ka seda, et
see muld on dystric iseloomuga. Odtsik rabamulla ni-
metuseks on aga Floatic Fibric Histosol. Kui aga on
vaja kasutada veel teisi tunnussdnu, siis need pannakse
mulla nimetusse jérelliitena (valja arvatud hemic kui
eesliide), kusjuures tahtsamad tunnussdnad omadustest
lahtuvalt on pdhinimetusele lahemal. Niisiis kui raba-
mulla turba tlisedus on Ule 2 m, siis on ta Ombric Fibric
Histosol (Hyperorganic), ja kui veel ka kuivendatud,
siis Ombric Fibric Histosol (Hyperorganic, Drainic).
Seega vaib sulgudes olla vajaduse korral mitu tunnus-
sBna, mis eraldatakse Uksteisest komaga. Igal tunnus-
sBnal on olemas kahest vdi kolmest vdikestest tahtedest
koosnev kood, kusjuures p&hi- (ehk referents-) muld t&-
histatakse koodiga, milles on kaks suurt tahte (IUSS...,
2015). Nii on nditeks ulalpool viimasena antud mulla-
nimetuse koodiks kaardil vdi tabelites HS-fi.om-jo.dr.
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Foto 1. Poole meetri paksune rabaturvasmulla kiht, mille alumine osa on ca 10 cm ulatuses rabavee tasemest allpool. Autor:

Tarmo Kolli

Photo 1. Bog peat soil cover with thickness of half meter, from which lower part approximately 10 cm is situated below of bog

water level

Eesti turvasmuldade klassifikatsiooni otstarbekoha-
suse hinnang ja selle adekvaatsuse analiilis WRB siis-
teemi suhtes nditas, et lokaalse klassifikatsiooni vajali-
kuks kiljeks on turvasmuldade jaotamine kolmeks lii-
giks turbakihi tliseduse jérgi. Teatavasti jagati mullas-
tiku kaardistamise algaastatel Eesti turvasmullad ka-
heks: dhukesed (turvast 30—100 cm) ja siigavad (turvast

>100 cm). Hiljem kui selgus, et 6hukesed turvasmullad
on vdga tundlikud nii kuivendamise kui valede majan-
damise vOtete suhtes, jagati 6hukesed turvasmullad
omakorda kaheks: vidga 6hukesed (30—50 ¢cm) ja 6hu-
kesed (50—100 cm). Taoline tipsustatud ressursi maa-
rang mullakaartidel vBimaldab nuid turvasmuldasid
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otstarbekamalt jaotada nende 6koloogiliselt péhjenda-
tud majandamiseks ja kaitseks.

Kasutades WRB muldade omadusi kajastavaid tun-
nussénu on vBimalik iseloomustada rahvusvaheliselt
arusaadaval viisil kdiki Eesti turvasmuldade (sh raba-
muldade) taksoneid, kusjuures taiendavaid selgitusi va-
javad vaid turba tlisedused. Samas tuleks mullatakso-
nite kohta moodustatud andmebaasid eelistatult saili-
tada lokaalse klassifikatsiooni alusel. Lisaks sellele, et
lokaalne klassifikatsioon on detailsem, on WRB sustee-
mi puuduseks veel ka see, et ta on kaesoleval ajal kii-
resti muutuvas arengufaasis tema ulesehituses pidevalt
tehtavate tdienduste tdttu. Seega ei tohiks mingil juhul
irduda algselt kohaliku klassifikatsiooni jargi tehtud
maarangutest.

Tekke ja talitlemise 6koloogilised tingimused

Rabamulla turbalasund on kujunenud keemiliste ele-
mentide poolest vaese (ombrotroofse) sajuvee mdjul.
Looduslike rabamuldade pealismuld (epipedon) on val-
davalt toiteelementide poolest vaene (oligotroofne) hal-
vasti lagunenud tugevasti happeline turvas, mis siiga-
vatel rabamuldadel ulatub ka profiili alumisse ossa.
Keskmiselt ja hasti lagunenud turbaga rabamuldade
osakaal on véga vaike (vastavalt 5% ja <1%).

Rabataimestiku ilme jargi eristatakse rabametsad
ning puis- ja lagerabad. Kdige rohkem leidub Eestis
puisrabasid (45-50%), millele jargnevad rabametsad
(26-34%) ja lagerabad (21-24%), kuid ndmmrabad
hdlmavad vaid <1% rabamuldade kogupindalast (Paal
jt, 1999). Metsastunud rabamuldadel kasvavad peami-
selt hdredad ménnikud, kuid esineb ka sookasega mén-
nikuid (L8hmus, 2006). Nii rabametsades, kui ka puis-
rabades ja lagerabade rabapeenardel on hasti valjakuju-
nenud puhmarinne, mille valdavateks liikideks v&ivad
olla sookail, sinikas, hanevits, kanarbik, kukemari,
kluvits, vaevakask, johvikas (harilik, vaike) erinevates
vahekordades (fotod 2, 3 ja 4).

Suurima massi ja ka aasta juurdekasvu annab raba-
mulla alustaimestikus siiski samblarinne. Turbasam-
maldest on esindatud pruun (Sphagnum fuscum), lilla-
kas (S. magellanicum), punane (S. rubellum), kitsalehi-
ne (S. angustifolium), balti (S. balticum), teravalehine
(S. acutifolium), pudev (S. cuspidatum) turbasammal ja
veel moned teised liigid (fotod 5 ja 6). Kahe esimese
(meie rabades domineerivate turbasammalde) liigini-
metused on kasutusele vdetud ka turvaste klassifitsee-
rimisel (on eristatud vastavalt fuskumi ja magellaani-
kumi turbad). Teistest sammaldest vdib rabades leida
raba-karusammalt, soovildikut, harilikku palusammalt
jt Rohurinde taimedest on rabamullal levinud tupp-vill-
pea, janesvillad (raba, alpi), rabamurakas, valge nokk-
hein, rabakas, huulheinad (imara- ja ahtalehine), tarnad
(muda-, pudel-) jt (foto 7). Ka lagerabade domineeriva-
teks liikideks on turbasamblad, millele lisandub erine-
vates vahekordades kanarbikku, sookailu, janesvilla,
tupp-villpead jt

Agraarteadus : Journal of Agricultural Science 1 XXVII 2016 26-37

Foto 2. Rabaastik: Endla puis—penra—élverba. Autor:
Jaanus Paal
Photo 2. Bog landscape: Endla treed-ridge-hollow bog

Foto 3. Rabamaastik: Suru raba, vaade tornist. Autor: Tarmo Kaolli
Photo 3. Bog landscape: Suru bog, view of the tower

Foto 4. J6hvikarikas mosaiik Tudu Jarvesoo rabas. Autor:
Tarmo Kolli

Photo 4. Rich in cranberry masaic of plant cover in bog of
Tudu Jarvesoo

R

Foto 5. F;ruun turbasmal. Autor: Jaantjs aal
Photo 5. Sphagnum fuscum
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Foto 6. Lillakas turbasam?nal. Autr: Jaanus Paal
Photo 6. Sphagnum magellanicum

Foto 7. Umaralehine huulhein. Autor: Tarmo Kdlli
Photo 7. Drosera rotundifolia

Rabades kasvavate taimeliikide arvukus erinevates
rinnetes (puu-, puhma-, rohu- ja samblarinne) on vord-
lemisi tagasihoidlik. Samas paistavad rabad silma oma
taim-muld komplekside véga rikkaliku mosaiiksuse
poolest. Paal jt (1999) jargi on Eesti rabade mikromaas-
tiku ja taimekoosluste osisteks matta-, peenra-, dlve- ja
laukarabad, mis v6ivad rabalaamadel moodustada vaga
erinevaid rabakomplekse. Siigavaturbaliste rabade ise-
loomustamisel taim-muld suhete aspektist antakse igale
konkreetsele rabale olemasolevatele tingimustele vas-
tav mono- v0i liitkompleksi nimetus, néiteks méttaraba,
puis-métta-&lveraba, peenra-dlve-laukaraba jms. Suga-
vatest rabamuldadest erinev aga samas ka uhtlasem
taimkate moodustub 8hukese turbaga némmrabadel.
Enam levivaks taimkatteks nendel muldadel on kanar-
biku- vOi sookailumannikud erinevates vahekordades
turbasammaldega.

Rabamuldade bioloogilist aktiivsust parsib mullapin-
nani ulatuva alalise liigniiskuse ja redutseerumistingi-
muste kdrval ka suur happesus. Pideva liigniiskuse
pdhjustajaks on thelt poolt turbasammalde anatoomili-
ne Ulesehitus. Nende kudedes sisalduvad erilised rakud,

mis imavad endasse kattesaadavat vett kuni killastumi-
seni, vBimaldades taimel seda tarbida veevaesel perioo-
dil. Teiselt poolt hoitakse vett epipedonis kinni ka tur-
basammalde poolt moodustunud kasnana talitleva ti-
heda sammalde vorgustiku abil. Rabamulla hapestu-
mist pGhjustab aga ainevahetusprotsess turbasambla ja
teda Umbritseva veekeskkonna vahel, mille k&igus tai-
messe neeldunud toiteelementide vahetusena erituvad
rabavette vesinikioonid. Kdige selle tGttu ei allu turba
pinnale langenud varske vare ega ka turbasammalde
alumine surnud osa intensiivsele mineraliseerumisele,
vaid ladestuvad turbana.

Puhmarinde juurestik hdlmab rabamullal vaid 6huke-
se ajuti paremini dhustatud pindmise turbakihi. Et tur-
basammal laguneb aeglasemalt kui teised rabataimed,
on ka turbasambla jaanuste osakaal rabaturbas suurem
vlrreldes teiste rabataimedega. Nii nditeks laguneb
suhteliselt Kiiresti valdava osa rohurinde taimeliikide
vare. Keskmiselt lagunevateks voib pidada tarnu, oksi
ja okkaid, millistest jaab lagunemata ca 20-30%. La-
gunemisele vastupidavateks on aga turbasamblad ja
tupp-villpea maa-alused osad, millistest vdib turbana
séilida >80% kogumassist. Turbasammalde aeglasem
lagunemine on tingitud ka nende koosseisus olevatest
fenoolsetest (ihenditest, mis on hasti vastupidavad iga-
sugustele hudrollisiprotsessidele. Tulenevalt rabamul-
dades toimuva arenguprotsessi seadusparasustest on ra-
bamuldade valdavaks koostisosaks kujunenud fus-
kumi-, magellaanikumi-, kanarbiku-, villpea- ja ménni-
halvasti lagunenud turbad (Masing, 1984; Valk, 1988;
Allikvee, llomets, 1995).

Omadused ja talitlemine

Halvasti lagunenud rabaturvasmulla pindmise 10—
20 cm tuseduse Kihi lasuvustinedus on véga véike
(0,02-0,04 Mg m). Alumistes rabamulla kihtides on
lasuvustihedus valdavalt piirides 0,05-0,06 Mg m.
Seega varskelt moodustunud rabaturvas (lasuvustihe-
dusega <0,02 Mg m) tiheneb oma tasakaalulise tihe-
duseni (ca 0,06 Mg m?) 50 cm turvasmuldkatte kesk-
mises ja alumises osas. Rabaturba tahke osa tihedus va-
rieerub vahemikus 1,5-1,6 Mg m? ning tema (ldine
poorsus on suur (95-98%). Rabamulla eripind on ena-
masti piirides 300-450 m? g%,

Kuivendamise korral intensiivistub rabamulla turba
lagunemine mitmekordselt. Kuivendatud rabamuld
muutub ajapikku kéduturbaks ja ka tihkestub olulisel
maéaral. Koige selle tottu turba lasuvustihedus vaib kuni
10 kordselt suureneda, ulatudes >0,20 Mg m3,

Rabamulla redokspotentsiaal on kérgem pealismullas
(ca 480 mV) vdrreldes alusmullaga (ca 380 mV). Mik-
roobne biomass on rabamullas piirides 9-13 mg g, kus-
juures valdava osa sellest (80-90%) moodustab seente
miitseel. Bakterite biomass on piirides 7-13%, seente
spooride oma 2-11% ja aktinomiitseete on vaid alla
<1% (Inisheva jt, 2011).

Rabamuldade turba uldine tuhasus on valdavalt alla
3% (1,5-2,5) ja nad on vdga tugevasti happelised:
pHKCI on 2,5-3,0, hidrolidtiline happesus 60—
110 cmol kg?  ja liikuva alumiiniumi  sisaldus
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>400 mg kg. Rabamuldade neeldunud aluste ja dld-
lammastiku sisaldus on vaike (vastavalt ca 20—
40 cmol kg ja 8-12 g kg') ning killastusaste vaga
madal (10-30%), kuid suhe C : N on lai (>50).

Turba lagunemisel ehk humifitseerumisel suurenevad
temas C ja N sisaldused ning vahenevad O ja H sisal-
dused. Suurima osa véhelagunenud turvasmullast moo-
dustavad kergesti hiidroltiusuvad komponendid (tsellu-
loos, hemitselluloos) ja lahustumatu j&ék. Oluline osa
kuulub ka huumushapetele (ca 10-30%). Véikese osa
moodustavad vees lahustuvad uhendid (ca 1-3%) ja bi-
tuumid (<3%).

Rabavee hapnikusisaldus on alusmullas vaga madal
<0,2 myg liitris, pealismullas on see suurem ca 6 mg I,
Rabavesi on vaene ka ldmmastiku poolest sisaldades
seda 0,75-1,0 mg I'Y, millest valdava osa moodustab or-
gaanilise aine hdljumis olev ldammastik. Suhteliselt rik-
kam on rabavesi vees lahustunud susiniku poolest (45—
110 mg IY), millest 50-60 mg I* moodustavad fulvo-
happed ja 5-25 mg I't, huumushapped. Keemiline hap-
nikutarve on piirides 60—225 mg liitri kohta.

Looduslikud rabamullad on oma alalise liigniiskuse
tottu (vbivad maksimaalselt mahutada 15-20 korda
rohkem vett vOrreldes turba kuivmassiga) kilmad ja
aeglaselt soojenevad. Soojuse levikut rabamulda takis-
tab ka poorne turbakiht. Liigniiskuse ja vahese soojuse
tottu rabamulla turvas séilib praktiliselt lagunemata ku-
jul vi siis see laguneb véhesel maaral vaid kuival ja
soojal suveperioodil.

Levik ja teenused Ghiskonnale

Rabamullad moodustavad Eesti muldkattest 5,1% ja
turvasmuldadest 21,7% (joonis 1). Suurimad rabamul-
dade levikualad on Parnu madalik, Alutaguse, Vorts-
jarve ndgu ja Peipsi-d4rsed madalikud (joonis 2). Ra-
bade osakaal on suur (lile 20%) Muraka, Puhatu, Vélla,
Emajde Suursoo ja Palupdhja agro-mullastikulistes
mikrorajoonides ning maakondadest (iile 10%) Parnu-
maal ja Ida-Virumaal (joonis 3). Suuremad tliseda tur-
bakihiga rabamullamassiivid piirnevad oma leviku
adrealadel siirde- ja madalsoomuldadega, kuid vaikse-
mad (6hukesed rabamullad) — turvastunud leedemulda-
dega.

Talitlevate rabamuldade tihiskonnale osutatavad tee-
nused (huved) vbivad olla oma loomult 6koloogilised,
majanduslikud, teaduslikud, rekreatiivsed, esteetilised
ja muud taolised. Rabad ja nende muldkate 1) rikastab
piirkondlikku looduslikku mitmekesisust kdrgsoole
ehk rabale omaste taimekoosluste ja nendega seotud
elustiku poolest; 2) mitmekesistab piirkonna maastikku
omapérase Urgloodusliku mérgalaga, mida saab kasu-
tada looduses puhkamise ja looduse tundmadppimise
eesmargil; 3) on atmosfaarse péritoluga (raba)vee re-
servuaariks, mis vdib kdrgsoode puhul eksisteerida ka
positiivse pinnavormi kujul; 4) on rabaturbalaamasid
kaitsvaks ja juurdekasvu genereerivaks kihiks; 5) eksis-
teerivad territooriumina, mille arvel saab vajaduse kor-
ral laiendada kd&rgeproduktiivsete kultuurdkosistee-
mide pinda; 6) on rahva poolt hinnatud marjade (mura-

Agraarteadus : Journal of Agricultural Science 1 XXVII 2016 26-37

kas, johvikas) ja ravimtaimede looduslikuks kasvuko-
haks; 7) on taimkatte ajaloolise arengu arhiiviks tdnu
turbas akumuleerunud tolmuterade ja radioaktiivse si-
siniku andmepangale ja 8) vGimaldavad vajaduse tek-
kel kasutada turvasmuldkattes ja tema all olevaid tur-
bavarusid erisugusel majanduslikul otstarbel (alustur-
bana, aianduse kasvusubstraadina ning soojusenergia
tootmise ja keemiatddstuse toorainena).

28.4% 100% 2.3%
t

Gl

8812 ha
19525ha

i} 0

O - . - -
Joonis 1. Rabamuldade osatéhtsus teiste Eesti turvasmul-
dade (100% keskmine ruut) ning selle vordlus tehisturvas- (tulp
paremal) ja turvastunud (tulp vasakul) muldadega
Mullad: R - raba-, S — siirdesoo-, M — madalsoo-, AM — lam-
mi-madalsoo-, TR — tehis-raba-, TM — tehis- madalsoo-, LG1
— leede-turvastunud, GI1 — killastumata turvastunud, Gol —
killastunud turvastunud, AG1 — lammi-turvastunud muld
Turba (t) lagunemise astmed: t; — halvasti, t, — keskmiselt ja
ts — héstilagunenud turvas
Turvasmuldade jaotus kaheks turba tiiseduse jargi: Ule-
mine osa — vaga Shukesed ja 6hukesed (turba tisedus 30—
100 cm) turvasmullad (R’ ja R”, S’ ja S”, M’ ja M” ning AM’ ja
AM”) ja alumine osa siigavad (turba tisedus >100 cm) tur-
vasmullad (R, S, M ja AM””’)
Figure 1. Role of bog soils among other peat soils of Estonia
(square in the middle 100%) as compared with associated
them peaty soils (column on left side) and quarry peat soils (on
right side)
Soils: R —bog, S —transitional bog, M — fen, AM — alluvail-fen,
TR - high-bog quarry, TM — fen quarry, LG1 — peaty gley-
podzols, GI1 — peaty dystric gley, Gol — peaty eutric gley, and
AG1 — peaty alluvail soils
Degree of peat (t) decomposition: t1 — slightly, t — modera-
tely and tz — well decomposed
Peat soils groups by peat thickness: 1) upper part thickness
30-100cm (R, R”, S, S”, M’, M”, AM’ and AM”) and 2) lower
part >100 cm (R, S, M”” ja AM”)

|&
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Joonis 2. Rabamulla levikualad. Koostanud Priit Penu ja
Tambet Kikas

Figure 2. Distribution of bog soils. Compiled by Priit Penu
and Tambet Kikas
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Joonis 3. Rabamuldade levik Eesti maakondades. Koostanud
Priit Penu ja Tambet Kikas.

Figure 3. Distribution of bog soils in Estonian Counties. Compi-
led by Priit Penu and Tambet Kikas.

Arutelu rabamuldade siisiniku kéibe
ja kaitse kohta

Rabamuldade orgaanilise susiniku varud ja kéive

Meie kalkulatsioonide jargi akumuleerib iks hektar
raba pindmist 30 cm tusedust turbakihti keskmiselt
43,5 + 3,5 Mg ja 50 cm kiht 139,4 + 8,7 Mg orgaanilist
stisinikku (Kalli jt, 2009b). Kokku on Eestimaa poole-
meetrise tusedusega rabamuldkattesse akumuleerunud
33,7 £ 2,1 Tg orgaanilist stsinikku, millest 10,5+ 0,8
Tg paikneb pindmises 30 cm tuseduses epipedoni kihis.
Eestimaa poolemeetrise turvasmuldkatte mass (kokku
543,7 Tg) moodustab ca 22,9% kogu Eesti turbavarust,
mis on Orru (1992) jargi 2,37 Pg (K®&lli jt, 2009a).

Looduslike rabamuldade produktiivsus on siiski aar-
miselt madal. Rabametsade valdav boniteet Va téhen-
dab minimaalset kogust manni tiivepuitu (alla 80-100
tihumeetri hektari kohta) ja selle aastajuurdekasvu
(1,6-2,1 tm ha kohta; Etverk, 1980). Kui vOrrelda seda
meie parimate ja keskmise produktiivsusega metsatko-
susteemidega, siis on see kordades (vastavalt ca 5 ja 3
korda) vaiksem. Samas v@ib seoses rabastumise inten-
siivistumisega puurinde juurestik sattuda rabamulla
anaeroobsesse turbakihti, mille t6ttu puud surevad val-
ja, varisevad turbasse ja nendest moodustub ajapikku
kasvukohale akumuleeruv puu-(ménni-)turvas. Nii
vBib rabametsa asemele moodustuda puis- vi isegi la-
geraba.

Kuivdrd rabastumise edenemisega vaheneb puurinde
(puidu-) roll rabamulla kogu produktiivsuses, siis kasu-
tame nende muldade produktiivsuse analiiisil mdistet
aasta futoproduktiivsus (AFP). AFP, mida véljendatak-
se absoluutkuiva futomassina pindalauhiku kohta
(Mg ha'tal, g m?a?), kitkeb endas peale puurinde ti-
vede, vBrade ja maa-aluse osa aasta produktiivsuse ka
sambla, rohu- ja puhmarinde AFP (K&lli, 1991). Raba-
muldade AFP on suhteliselt stabiilne nditaja, sest teda
moodustavad erinevate rinnete AFP kompenseerivad
vastastikku tksteist.

Looduslikus olekus rabametsa puurinde (tdiusega
0,6-0,7) AFP ulatub piiridesse 1,6-1,9 Mg ha* a’*, mil-
lest tivede puidule langeb ca 54%, okstele 15%, juur-
tele koos kandudega 12%, okastele 12% ja puukoorele
7%. Puisrabade puurinde AFP ei Uleta tavaliselt 0,5—
0,7 Mg ha* a* kohta. Mida vaiksem puurinde roll seda
suurem on nii 6kosusteemi kogu flitomassi kui ka selle
AFP osas mosaiiksel alustaimestikul. Suurima AFP-ga
raba alustaimestiku hulgas on samblarinne, mille kesk-
mine AFP ulatub meie rabamuldadel piiridesse 0,9—
1,2 Mg ha! a. Kosykh’i ja Naumovi andmetel (2012)
ulatub Eesti rabadkosusteemidega ekvivalentsetes tin-
gimustes kasvanud rabamulla S. fuscum AFP isegi piiri-
desse 2,5 kuni 3,5 Mg kuivmassi ha® a. Puhmarinde
AFP on tunduvalt tagasihoidlikum (keskmiselt 0,20—
0,40 Mg ha* al), mistdttu jaavad nad olelusvditluses
alla turbasammaldele. Rohurinde osa rabade AFP ko-
guhulgas on keskmisena véga vaike (0,1-0,2 Mg ha! a1),
valja arvatud muidugi juhtudel, kui on tegemist hésti
arenenud rohurindega. Taolist olukorda esineb p6hili-
selt siiski vaid Uleminekualadel rabamuldadelt siirde-
soo muldadele.

Uldistatult saab 6elda, et meie rabamuldade AFP vil-
jendatuna kuivmassina on 2,0-3,5 Mg ha'* a* ning seo-
tud slsiniku alusel veidi alla poole sellest (0,9-
1,6 Mg C ha* a%). Suurema produktiivsusega on puis-
rabad, vdiksema juurdekasvuga aga lagerabad. L&ane-
Siberi rabade vastavad néitajad varieeruvad ligikaud-
selt samades piirides (vastavalt kuivmassi 2,1-3,4 jaor-
gaanilist susinikku 1,0-1,6 Mg ha? a*; Inisheva jt,
2011). Vorreldes rabamuldade AFP meie parimate mi-
neraalmuldadega on rabamuldade produktiivsus ca 5
korda véiksem ja vorreldes keskmise produktiivsusega
muldadega Ule kolme korra véiksem.

AFP on ainukeseks materiaalseks aluseks uue turba-
kihi tekkele, sest atmosfaéri kaudne mineraalsete ainete
sissetulek rabadkosusteemi aineringesse on puhtas loo-
duses minimaalne. Looduslikult talitleva rabamulla
paljuaastane keskmine turba juurdekasv oleneb kahest
teineteisele vastandlikust protsessist, milleks on Uhelt
poolt AFP ja sellest moodustuva varise voog kasvu-
koha turbasse, ja teiselt, varske varise ja eelmistel aas-
tatel moodustunud veel mitte stabiliseerunud turba la-
gunemise méadr. Uue turba akumuleerumist saab véljen-
dada mitmel erineval moel, kas lahtuvalt turba massist,
turbas sisalduva susiniku massist v8i hoopiski tliseduse
juurdekasvuna millimeetrites aasta kohta. Turba juur-
dekasvud antakse Uldreeglina aasta, kuid massi juurde-
kasvud veel ka pindalatihiku (ha, m?) kohta. Turba juur-
dekasvu hindamise teeb keerukaks juurdekasvude suur
varieerumine, mis on toimunud, thelt poolt, geoloogi-
lises ajas sdltuvuses klimaatiliste tingimuste muutumi-
sega. Teiselt poolt on taheldatavad selged varieeruvu-
sed ka niiudisajal, nii seoses rabapinna mikroreljeefi ja
sellega kohastunud rabataimkatte mosaiiksusega, Kui
ka aastast aastasse muutuvate meteoroloogiliste tingi-
mustega. Kui rabataimkatte vegetatsiooniperioodi pro-
duktiivsuse diinaamika on aastate jooksul suhteliselt
lihetaoline, siis raba pealmises kihi lagunemises on sel-
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lest tunduvalt suuremad varieeruvused. Kui produkt-
siooniprotsess saab igal aastal oma alguse soojalaine
tulekuga turbapinnal olevasse taimkattesse, siis lagune-
misprotsess on ettemaaramatum, kuna ta on seotud nii
soojuse kui Shureziimide digete vahekordade saabumi-
sega 0—7 cm turbakihti. Vottes arvesse eelpool toodud
asjaolusid oleks rabamuldade iseloomustamiseks di-
gem kasutada pikemate perioodide kohta arvutatud
keskmisi nditajaid. Ka tasub meeles pidada t6demust,
et turba akumulatsioon s6ltub ennekdike turba lagune-
misest, mitte aga niivord uue varise juurdetulekust tur-
bamulda (M&kil&, Saarnisto, 2008).

Paljude allikate alusel on meie rabamuldade paljuaas-
tane keskmine turba juurdekasv 1,0 + 0,2 mm (Valk,
1988; Allikvee, llomets, 1995). See juurdekasv on keh-
tiv pealisturbamulla 10-30 cm sugavusel lasuva tasa-
kaalustunud turba puhul, sest pindmine kuni 10 cm tur-
bakiht on vajumata ja seega veel véaga vaikese lasuvus-
tihedusega (<0,02 Mg m®). Kui turba juurdekasvu hin-
damine tuseduse kasvu jargi annab killaltki hea le-
vaate kogu turbalasundi suhtes, siis turvasmuldkatte
0sas see naitaja ei sobi, sest selles kihis ei ole turba la-
suvustihedus veel stabiliseerunud ehk selle tiheduses
esinevad mitmekordsed erinevused. Turvasmuldade
puhul oleks digem anda juurdekasvu hinnang, kas turba
kuivmassi vBi temas oleva susiniku alusel.

Rabataimkatte turvasmulla pinnale ja vdi selle pind-
misse kihti sattunud taimse vare pidevalt kulgev lagu-
nemine-humifitseerumine kestab aastakiimneid kuni
tema stabiliseerumiseni turbana anaeroobses keskkon-
nas. Lagunemise protsessidest séilinud vare osa késit-
letakse kui turba juurdekasvu. Eestis ja Eestiga sarnas-
tes (pedo-Okoloogiliselt ekvivalentsetes) tingimustes
on looduslikult talitlevate rabaturvasmuldade juurde-
kasv viimase 300-500 aasta jooksul varieerunud piiri-
des 100-580 kg C ha ehk 0,2-1,1 Mg ha* turba kuiv-
massi aasta kohta (Méakild, Saarnisto, 2008). Samade
autorite tldistustena on Holotseeni valdavad rabaturba
keskmised juurdekasvud olnud (Soomes, Laane-Sibe-
ris, Kanadas, Alaskal) killaltki kitsastes piirides ulatu-
des 150 kuni 250 kg C ha* al. Véttes arvesse ka meie
poolt tehtud arvutusi vBiks Eesti rabamuldade keskmi-
seks reeperjuurdekasvuks vétta 0,15-0,25 Mg C ha? a*
ehk 0,3-0,5 tonni kuiva turvast hektari kohta aastas.
Viimasena toodud suuruse vastavust konkreetse raba
kohta saame kontrollida vottes aluseks kas kogu rabas-
tumise perioodi voi selle teatud osa kulgemise aja ja
sellel perioodil moodustunud turbavaru.

Viimastel aastakiimnetel on laekunud rohkesti and-
meid CO, ja CH, emissiooni mddtmiste kohta talitle-
valt rabapinnalt (Strack jt, 2008; Salm jt, 2010;
Inisheva jt, 2011). Siinjuures on olnud komplitseeritud
vahetegemine CO, emissiooni algpdhjuste vahel. Nii
eritub osa CO2-st produktsiooniprotsessi tulemusena
(autotroofne hingamine), osa orgaanilise aine sdilitus-
hingamisena ja/vGi turba lagunemisega aeroobses kesk-
konnas (heterotroofne hingamine). CH,4 emissioon, mis
on seotud anaeroobse keskkonnaga, toimub vaid véhe-
sel méaral turvasmuldkatte alumises kihis, sest pdhili-
selt toimub see ikkagi turvasmuldkattest allpoolasuvate
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turbavarude arvel. Orgaanilise slisiniku valjumine raba-
Okosusteemist vOib peale nende toimuda veel ka vees
lahustunud stsiniku ja rabavees olevate orgaanilise
aine peente osiste ehk hdljumi koosseisus. Ka aeg-ajalt
puhkevad rabamaastiku pdlengud suurendavad oluli-
selt CO; emissiooni rabamuldkattest atmosfaari.

Juhul kui on tegemist kasvava rabaga, kus iga-aasta-
sest AFP susinikust akumuleerub rabaturbasse ca 10%
ning samas esinevad ka susiniku hiidroloogilised (raba-
vete liitkumise kaudsed) kaod méne protsendi ulatuses,
siis keskmine CO, emissioon rabamullast ei tohiks le-
tada 0,8-1,3 Mg CO-C ha! a* ehk keskmine heterot-
roofne hingamine aasta jooksul peaks jadma alla 3-5
tonni CO; Uihe hektari kohta. CO, emissiooni mdéodukas
suurenemine ei pruugi alati olla seotud varasemate tur-
bavarude lagunemisega, sest on v@imalikud veel ka
AFP aeg-ajalt toimuvad intensiivistumised. Samas on
rabade Uihe aasta CO, emissiooni suurenemine lle 12—
13 tonni hektari kohta selgeks mérgiks rabamuldade
degradeerumise kohta.

Rabamuldade kasutamine ja kaitse

Vottes aluseks rabade ja nendel asuva muldkatte 6ko-
loogiliste teenuste loetelu selgub, et rabade kasutamise
ja kaitsega seotud probleemidest on huvitatud paljud
erinevate elualade esindajad. Rabade Kaitse ja kasuta-
mise korraldamise teeb keeruliseks ka see, et suur osa
rabadest on talitluslikult seotud mitte ainult teiste nor-
maalse arenguga soomuldadega (madal- ja siirdesood),
vaid ka lammi-madalsoo- ja jaédksoomuldade kui anor-
maalsete turvasmuldadega ning samuti ka kdigi nen-
dega kokkupuutes olevate veekogude ja turvastunud
mineraalmuldadega. Nimetatud asjaoludest l&htuvalt
vajab Eestimaa rabade muldkatte kasutamise ja kaitse
korraldus laiapdhjalist arutelu, millesse oleks hélmatud
rabade kaekaiguga seotud erinevate huvigruppide esin-
dajad ja maavaldajad. Arutelu tulemusena tuleks leida
mdistlik tasakaal, nii pikemas perspektiivis kui antud
hetke majanduslikus olukorras, rabade kasutamise ja
taieliku lukku panemise vahel.

Kdigile kattesaadavate kirjandusallikate (vt kasutatud
kirjanduse nimekirja) jargi on Eestis olemas arvestata-
vates kogustes valiuurimisi ja inventuure soode sh ra-
bade turbavarude ning nende liikide ja omaduste, taim-
katte koosseisu ja tupiseerimise ning turvasmuldade le-
viku ja omaduste kohta. Arvestataval hulgal on tehtud
stivauurimisi turbalaamade 6koloogia ja arengu, hiidro-
loogia, eri liiki turvaste bioloogiliste ja keemiliste oma-
duste, rabade kuivendamise ja metsastamise ning kait-
sega seotud probleemide kohta. Taoline uuritustase on
heaks aluseks seni valitud suundade korrigeerimiseks ja
kohandamiseks muutuvate majandamistingimustega.
Eitada ei saa sealjuures ka mdningaid rabadega seotud
probleemide senist vahest uuritust, milledest olulisema-
teks on jadksoode rekultiveerimise vdimaluste ja ra-
badkosiisteemide sisiniku aastabilansi ja selle mdjurite
uurimine. K8igi huvigruppide vajaduste mdistlikku ar-
vestamist ei saa tagada aga ilma olemasolevate uuri-
misandmete suinteesita (mida ei ole kahjuks seni vajali-
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kul méaaral tehtud), sest see tagaks komplekssema (tea-
duspdhise) arutelu vdimaluse turbaalade kasutamise ja
kaitse osas.

Selgitamist (v8i revideerimist) vajab iga konkreetse
raba tahtsus nii Eesti kui terviku seisukohalt, kui ka lo-
kaalsetest huvidest lahtuvalt. Esimene valik kaitstavate
rabaalade osas on seni tehtud ja peaks ka edaspidi toi-
muma kogu riigi seisukohalt. Mdistlik valik on selline,
mis vBimaldab riigil arendada teaduspdhiselt kdiki eri-
nevaid kasutamise suundasid. Teine valik on pigem ko-
halike omavalitsuste vdi maaomanike otsustada, kus-
juures majandamise kulud ja tulud I&htuksid kohalikest
huvidest. Piirkondliku tahtsusega rabade suhtes vdiks
lubada tunduvalt rohkem manipuleerimise vdimalusi.
Naiteks otsustada kas sellel alal on suurem rekreatiivne
ja koriluse véartus versus turba kaevandamisel v8i kui-
vendamisel intensiivsemaks metsakasvatuseks jms.

Teenimatult on Gldrahvaliku pdlguse alla kistud nn
soodesdja kéigus rabamuldade kuivendamine (Marvet,
Kukk, 2010). Kindlasti on selles osas tehtud suuremaid
vOi vdiksemaid moddalaskmisi, kuid samas on see siis-
ki ks oluline vote paljude teiste kdrval, mis aitab tea-
tud rabamulda méistlikult Ghiskonna huvides &ra kasu-
tada. Nii muutub rabamuldade kuivendamisel koos de-
fitsiidis olevate toiteelementide (milleks on tavaliselt
fosfor ja mdned mikroelemendid) manustamisega nen-
de pindmine osa (epipedon) ajapikku hasti lagunenud
eutroofseks kdduturbaks ning koos sellega on rabamuld
transformeerunud madalsoo ilmega siirdesoomullaks.
Taolistel kuivendatud rabamuldadel saavad ménni kor-
val edukalt areneda ka kuusikud ja kaasikud (Valk,
1995; Ldéhmus, 2008; Pikk, 2010). Kuivendatud rabade
alustaimestik hakkab enam sarnanema mustika kasvu-
kohatuitipi mineraalmuldade taimestikuga ning puistute
boniteet paraneb oluliselt. Loomulikult domineerib kui-
vendatud rabamuldadel sisiniku emissioon selle aku-
muleerumise dle turbamullas, kuid samal ajal saab osa
kaost kompenseeritud selle talletumisega hoopiski
vaartuslikumasse fiitomassi, milleks on puurinde tive
puit.

Rabamuldade vale kasutamisega seotud talitluste
ebasoovitatavaid muutusi ja omaduste degradatsiooni
on vdimalik véltida maavaldaja teadlikkuse tfstmise
kaudu. Prioriteedina peaks Eesti riik finantseerima
jadksoode rekultiveerimist produktiivseteks pusi-rohu-
maa- vOi metsa-okosusteemideks. Meie arvates ei ole
dige teha suuri investeeringuid katkenud voi katkesta-
tud rabastumisprotsesside tagasipodramiseks, et taas-
tada talitlevad rabad. Taolised ettevbtmised on teata-
vasti vaga kulukad ja tulemused kaheldavad. Mdistlik
oleks &&rmisel juhul majandada mdnda katseala, et
saada kogemusi talitleva raba taastamise alal. Aga tldi-
selt ei ole see meie prioriteet, sest meil on rabade hal-
damise mitmekesistamiseks ja uurimiseks piisavalt voi-
malusi olemasolevate eriilmeliste rabade arvel. Samas
on muidugi teada, et nii mdneski Euroopa piirkonnas
taoline mitmekesisus puudub ja seal ollakse eluliselt
huvitatud rabade taastamise kogemuste véljatodtami-
sest. Samas, kui meil on olemas vastavad asjatundjad,

siis nad peaksid saama seda teha mitte Eesti maksu-
maksja raha, vaid sellest huvitatud riikide finantseeri-
misel. P&hilised argumendid rabade taastamise vastu
on jargmised: 1) rabadkoslisteemid on darmiselt madala
produktiivsusega ja ilmaasjata ei tasuks suurendada va-
heproduktiivsete maismaadkosiisteemide pindala, 2)
raba floora ja fauna liigikaitse ei ole Eestis problee-
miks, sest et selle saab tagada senini kaitse all olevate
rabade arvel, ja 3) meil puudub rabade taastamise ko-
gemus, mis arvatavasti on kulukas ja téémahukas prot-
Sess.

Kokkuvéte rabade kaitsega seotust

¢ Vajalik on saavutada mdistlik tasakaal rabade kasu-
tamise ning eriotstarbega ja rangusega kaitse vahel.

e VVdimalikult komplekssel moel tuleks optimeerida
kaitsealuste rabade hulk ja pindala, et oleks kaetud
kdik olulised loodus ja keskkonnakaitselised vaja-
dused nii kogu riigi kui regionaalsetest huvidest lah-
tuvalt.

¢ Rabade kasutamine ja kaitse peaks lahtuma rabade
kéesolevast seisust ja tehtud inventuuridest, kuna
need on piisavalt heaks aluseks edaspidise stratee-
gia véaljatdotamisel.

e Jargides nduet, et ei tohiks lubada rabamuldi kasu-
tada haritava maana, on siiski paljudel juhtudel &i-
gustatud rabamuldade senisest tunduvalt intensiiv-
sem kasutamine. Rohkemal médral vdiks lubada ra-
bametsade kasvutingimuste parandamist niiskusre-
ziimi osalise reguleerimise abil. Samas tuleks arves-
tada, et kompleksse kasutusplaani ja koosk®8lastuse
puudumisel on 6igem lage- ja puisrabad jatta seni-
sesse looduslikku seisu.

e Nutulaul Eesti rabade kadumise dle on ehk pisut
lilaldatud ja sellega seoses ei saa majanduslikust
kiljest pidada otstarbekaks talitlevate rabamuldka-
tete laialdast taastamist.

o Vaartusliku péllumajandusliku maa analoogia pdh-
jal vdiks koostada vastavasisulise seadustiku ka tur-
vasmuldade suhtes, kus on seadusega maératud pii-
rangute kdrval esitatud ka nende hea kasutamise
tava.
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Review: Bog soil — Year 2016 Soil of Estonia

Raimo Kaélli
Estonian University of Life Sciences,
Fr.R. Kreutzwaldi 5D-111, 51014 Tartu

Summary

By Estonian Soil Sciences Society for the year 2016
soil of Estonia the bog soil was elected. After WRB
these soils are known as Fibric Histosols. The area of
bog soils forms 5.1% from whole Estonian soil cover
and 21.7% from peat soils’ (or Histosols) area. In over-
view their classification in Estonia, conversion of local
soil names into WRB system, ecological conditions of
their forming and functioning, hydro-physical and che-
mical properties, and distribution are treated. Besides
that the bog soils’ productivity, peculiarities of their
bogging processes, importance for society, and their
influence on local economy and environmental status
are analysed as well. In second part of the overview the
estimations on organic carbon stocks and assessments
on annual organic carbon fluxes in peaty soil cover are
discussed. In the final part and in conclusions the prob-
lems connected with rational use and protection of bog
soils are treated.
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ABSTRACT. Vermicomposting is a decomposition process involving the
joint action of earthworms and microorganisms. Although microorgan-
isms are responsible for the biochemical degradation of organic matter,
earthworms are crucial drivers of the process, by fragmenting and condi-
tioning the substrate and significantly altering its biological activity. The
purpose of the work was to assess the influence of vermicompost based
growth substrates on tomato transplant growth. Treatments were followed
(supplier K. Compos): A) 30% vermicompost, peat, sand and dolomite
stone; B) 25% vermicompost, peat, gravel, perlite; C) 25% vermicompost,
peat, gravel, concrete block; D) commercially produced growth substrate
bought from retail centre, as a control. Substrates containing vermicom-
post had increased stem diameter compared to control treatment. The to-
mato plant height was increased in substrates containing 25% vermicom-
post compared to other treatments. The number of leaves was highest in
treatment C compared to other treatments. The number of flowers was in-
creased in treatment A and lowest in treatment D. It can be summarized
that for tomato the best growth substrate, regarding growth parameters is

25% vermicompost, peat, gravel, concrete block (treatment C).

© 2016 Akadeemiline P8llumajanduse Selts. Kdik digused kaitstud. 2016 Estonian Academic Agricultural Society. All rights reserved.

Introduction

Vermicompost role in the nutrition of agricultural
fields has attracted attention of researchers worldwide
only in recent decades (Adhikary, 2012). Vermi-
composting is a decomposition process involving the
joint action of earthworms and microorganisms.
Although microorganisms are responsible for the bio-
chemical degradation of organic matter, earthworms
are crucial drivers of the process, by fragmenting and
conditioning the substrate and dramatically altering its
biological activity (Dominguez, Edwars, 2004). Vermi-
compost produced by the activity of earthworms is rich
in macro and micronutrients, vitamins, growth hormo-
nes, enzymes such as proteases, amylases, lipase, cellu-
lose and chitinase and immobilized microflora. The
enzymes continue to disintegrate organic matter even
after they have been ejected from the worms (Barik et
al., 2011). Vermicomposting is a self-promoted, self-
regulated, self-improved and self-enhanced, low or no-
energy requiring zero-waste technology. It is easy to
construct, operate and maintain vermicomposting. All

other biological or mechanical technologies for produc-
tion of 'bio-fertilizer' are not as good as vermicompos-
ting technology (Mistry, 2015).

Greece and Egypt valued the role earthworms played
in soil, as well as all other civilizations. The ancient
Egyptians were the first to recognize the beneficial
status of the earthworm. The Egyptian Pharaoh,
Cleopatra (69-30 B.C.) recognized the important role
the worms played in fertilizing the Nile Valley crop-
lands after annual floods (Medany, 2011). The thoughts
of ancient Indian Scientist Sir Surpala (10 Cent. A.D.),
who recommended to add earthworms in the soil to get
good fruits of pomegranate (Sinha, 2014a). Russian
scientist Dr. Anatoly Igonin claimed that nobody and
nothing can be compared with earthworms and their
positive influence on the whole living Nature. They
create soil and improve soil's fertility and provides criti-
cal biosphere’s functions: disinfecting, neutralizing,
protective and productive (Sinha et al., 2014b).

Vermicompost is ideal organic manure for better
growth and yield of many plants due to higher nutritio-
nal value than traditional composts. This is due to
increased rate of mineralization and degree of humifi-
cation by the action of earthworms. Vermicompost has
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also high porosity, aeration, drainage, and water-
holding capacity. Presence of microbiota particularly
fungi, bacteria and actinomycetes makes it suitable for
plant growth. Nutrients, such as nitrates, phosphates,
and exchangeable calcium and soluble potassium in
plant-available forms are present in vermicompost.
Plant growth regulators and other plant growth
influencing materials produced by microorganisms are
also present (Joshi et al., 2015).

Production of cytokinins and auxins was found in
organic wastes that were processed by earthworms.
Earthworms release certain metabolites, such as vitamin
B, vitamin D and similar substances into the soil (Joshi et
al., 2015).

In addition to increased N availability, C, P, K, Ca
and Mg availability in the casts are found in vermi-
compos (Joshi et al., 2015).

Vermicompost contains plant nutrients including N,
P, K, Ca, Mg, S, Fe, Mn, Zn, Cu and B, the uptake of
which has a positive effect on plant nutrition,
photosynthesis, the chlorophyll content of the leaves
and improves the nutrient content of the different plant
components (roots, shoots and the fruits). The high
percentage of humic acids in vermicompost contributes
to plant health, as it promotes the synthesis of phenolic
compounds such as anthocyanins and flavonoids which
may improve the plant quality and act as a deterrent to
pests and diseases (Theunissen et al., 2010).

The objective of the study was to assess the effect of
vermicompost based growth substrates on growth of
tomato transplant.

Material and methods

The experiments were carried out in cooperation with
company K. Compos glass greenhouses between De-
cember 2015 to February 2016. The tomato variety
'‘Bajaja’ was cultivated if four treatments (exact recipes
were not available due to property rights):

A) 30% vermicompost, peat, sand and if needed
dolomite stone

B) 25% vermicompost, peat, gravel, perlite.

C) 25% vermicompost, peat, gravel, concrete block.

D) Commercially produced growth substrate bought
from retail centre (brand not specified) and used as a
control. This substrate contained peat, and useful
fertilizers for vegetable plant growth.

The results of substrates analyses are in Table 1.

Table 1. The mineral composition and pH of substrates

Treat- pHka N P K Ca Mg Org.
ment % mgkg? mgkg? mgkg! mgkg? matter
(AL) (AL %
A 656 1005 2,689.2 5029.1 2,656.5 2,193.6 29.61
B 679 0305 6840 24234 23033 5722 11.80
C 648 0370 8593 2,6382 21314 626.0 13.53
D 558 0.968 936.3 2,4786 4,887.1 1,066.2 76.44
The seeds in first experiment were sown on

2 December 2015. Young plants were transplanted two
times: at first at spacing 5 cm into larger boxes
(14 December 2015), second time into individual pot

(9 cm diameter), (16 January 2016). Plants harvested
together with registration of growth results on
27 February 2016.

Each variant consisted of 16 plants. The experiment
had four replicates. Each plot consisted of four plants.
The experiment was repeated at the same time, i.e. in
the second experiment seeds were sown on 2 December
2015, seedlings were transferred at first at spacing 5 cm
into larger boxes (14 December 2015), second time into
individual pot (9 cm diameter), (16 January 2016).
Plants were harvested on 27 February 2016.

In the end of experiment on tomato the diameter of
stem, the height of shoots, the number of leaves and the
number of flowers (opened and just about to open) were
measured.

The plants were grown in greenhouse with lighting
from high pressure sodium lamps at light intensity of
10000 lux. The lighting period was 18 hours (04.00—
22.00). A minimum day and night temperature of 23—
24 °C was maintained in the greenhouse.

Analyses of variance were carried out on the data
obtained using Excel. Used signs: ***—P <0.001;
**_P<0.01; *-P<0.05; NS-not significant
(P >0.05).

Results

The stem diameter was statistically different (Table 2).
Substrates containing vermicompost had increased stem
diameter compared to control treatment.

The height of plants was statistically different
(Table 2). The tomato plant height was increased in
substrates containing 25% vermicompost compared to
other treatments.

Table 2. The tomato plant characteristics mean values (x) and
standard deviations (SD) depending on growth substrates

Treat- .. Stem Height of Number of ~ Number of
ment diameter, mm_ plants, cm leaves flowers
x SD x SD X SD X SD
A 1164 0.8 53.7% 97 513% 37 221 97
B 113 05 56.5° 84 528% 41 122® 70
C 108® 06 544® 47 543 39 150° 6.6
D 95° 07 451° 69 480° 25 72° 21
P-value <0.001 <0.01 <0.001 <0.001

The letters ‘a’ and ‘b’ refer to the significant difference between
the values in column at the level of <0.05.

The number of tomato leaves was statistically
different (Table 2). The number of leaves was highest
in treatment C compared to other treatments.

The number of flowers was statistically different
(Table 2). The number of flowers was increased in
treatment A and lowest in treatment D.

Discussion

Vermicompost based growth substrates promoted the
growth of tomato plants by increasing tomato stem
diameter, plant height, number of leaves and number of
flowers.
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Tringovska and Dintcheva (2012) found that all
vermicomposts stimulated growth of tomato trans-
plants, with up to a 2.2-fold increase occurring in shoot
biomass. Differences in growth were attributed mainly
to differences in nutrient content of the potting
mixtures, but some changes in physical and biological
properties of the substrate could also be responsible.
The examination of the data revealed that Parthenium
Vermicompost applied at 5 t ha! enhanced the growth
of eggplants (Seethalakshmi, 2011).

Worms and vermicompost promoted excellent
growth in the vegetable crop with more flowers and
fruits development (Adhikary, 2012). Studies made on
the effects of vermicompost and chemical fertilizer on
the hyacinth beans (Lablab purpureas) it was found
that growth and flower appearance were significantly
higher in those plots which received vermicompost
either alone or in combination with chemicals. Vermi-
compost increases plant growth of some vegetable
crops such as tomatoes, Chinese cabbage, spinach,
strawberries and lettuce (Adhikary, 2012).

Similarly, both vermicompost and its body liquid
(vermiwash) are proven as both growth promoters and
protectors for crop plants (Adhikary, 2012).

Accordingly, vermicompost contains a high pro-
portion of humic substances (that is, humic acids, fulvic
acids and humin) which provide numerous sites for
chemical reaction and microbial components known to
enhance plant growth (Theunissen et al., 2010).

In present study was found that vermicompost has
positive effects on the growth and flowering of crops,
as also found by Mistry (2015). Application of vermi-
compost increases soil health, soil minerals, water
holding capacity, soil micro-organisms and nutritional
values of yielding crop as well as decreases plant pest
populations (Mistry, 2015).

In accordance with our results it was found that
vermicompost is an ideal organic manure for better
growth of plants. Application of vermicompost increa-
sed seed germination, stem height, number of leaves,
leaf area, leaf dry weight, root length, root number, total
yield, number of fruits/plant, chlorophyll content, pH
of juice, TSS of juice, micro and macro nutrients,
carbohydrate (%) and protein (%) content and impro-
ved the quality of the fruits and seeds (Joshi et al.,
2015).

The reasons for growth promoting effect could be
followed: vermicompost is rich in NKP, micro-
nutrients, beneficial soil microbes like 'nitrogen-fixing'
and 'phosphate solubilizing' bacteria, 'mycorrhizal
fungi', humus and growth hormones — auxins, gibber-
lins and cytokinins. It has very high 'porosity’, 'aera-
tion', 'drainage’ and 'water holding capacity' (Sinha et
al., 2013). Previous study suggested that treatments of
humic acids, plant growth promoting bacteria and
vermicomposts can be used for a sustainable agri-
culture discouraging the use of chemical fertilizers
(Joshi et al., 2015).
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Conclusions

Vermicompost based growth substrates promoted the
growth of tomato plants by increasing tomato stem
diameter, plant height, number of leaves and number of
flowers.

It can be summarized that for tomato the best growth
substrate, regarding growth parameters is treatment C,
which contains 25% vermicompost, peat, gravel,
concrete block.
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ABSTRACT. The objective of the current study was to compare methane
(CHy) production from the in vitro gas production system by incubating
feeds either individually or as mixed total diet. Eleven diets varying in the
forage to concentrate ratio were tested. The forages were tropical grass or
corn silages and the concentrate mixtures consisted of soybean grain, soy-
bean meal, corn grain, wheat bran, urea and minerals in different propor-
tions. There were three replicates for each diet. Methane production was
reported as weighted mean for individual feeds and total diet separately.
The mean of CH, production from total diet was 30.1 mL g dry matter
(DM) and 30.8 mL g* DM from the weighted mean of individual feeds.
There was a weak correlation between weighted CH4 production from in-
dividual feeds and complete diet (r = 0.15). It can be concluded that indi-
vidual feeds cannot be used as a proxy to estimate CH,4 production from
total mixed diets.
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Introduction

Methane (CH4) production is a major problem in ru-
minant production system as it represents a significant
energy loss from the diet i.e., 6-6.5% of gross energy
intake on average for dairy cows fed on grass silage
based diets in Scandinavian countries (Huhtanen et al.,
2013). Many factors influence CH4 production in rumi-
nants such as digestibility, fat, and dry matter intake
(Beauchemin et al., 2009; Ramin, Huhtanen, 2013).
Measuring CH. production from animals by respiration
chambers is laborious and costly, but at the same time
it is considered the most accurate method (Hellwing et
al., 2012).

In this context, the in vitro technique is an alternative
method to estimate CH4 production from ruminants
(Cone et al., 1996; Ramin, Huhtanen, 2012). One main
disadvantage of the in vitro technique is that it does not
take into account the dynamic of rumen, including the
interaction between degradation and passage
(Huhtanen et al., 2008). Huhtanen et al. (1991) reported
possible interaction between dietary components on
diet digestibility, on the other hand, interaction among
feeds can influence the stoichiometry of rumen fermen-
tation which could modify CH. production as well.

However, the interaction between feeds has not been
considered in the in vitro evaluation of diets.

In this way, we hypothesized that CH4 production from
individual feeds evaluation cannot be used as a predictor
of CH4 production from total diets. The objective of the
current study was to compare CH, production from the
in vitro gas production system by incubating feeds either
individually or as total mixed diets.

Materials and methods

The in vitro trial was carried out at the Department of
Agricultural Research for Northern Sweden, Swedish
University of Agricultural Sciences, Umea, Sweden.
The study was conducted with the permission of the
Swedish Ethical Committee on Animal Research.

Eleven diets were evaluated, with seven different for-
age-to-concentrate ratios ranging from 90:10 to 55:45
(Table 1).

The forages (n = 9) were tropical grass (Brachiaria
decumbens, n = 5) and corn silages (Zea mays, n = 4).
The concentrate mixtures (n = 7) were obtained by mix-
ing whole soybean grain, soybean meal, corn grain,
wheat bran, urea and minerals in different proportions
(Table 2). Seven diets were taken from two grazing tri-
als using Zebu heifers supplemented with concentrates
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containing different soybean meal and whole soybean
grains contents (Silva, 2012). Three forages were taken
from the first grazing trial and two forages were taken
from the second grazing trial from the study conducted
by Silva (2012). Moreover, four diets were evaluated
from a feedlot trial using Nellore bulls fed corn silage
(n = 4) and concentrates (n = 4) (Costa e Silva et al.,
2013) (Table 1 and 2). The ingredient proportion of
concentrates in feedlot trail were the same (the ratio of

different feeds) but differed in their chemical composi-
tion as the evaluations were performed along the feed-
lot period using the animals at different maturities
(Costa e Silva et al., 2013).

All forage samples were oven-dried (55 °C, 48 h) and
were ground using a knife-mill to pass through a 1-mm
screen sieve. The same procedure was performed with
the concentrate feeds and carefully mixed according to
the correct proportion given in Table 2 to make the con-

centrate mixture.

Table 1. Chemical composition and digestibility of diets taken from in vivo trials (n = 11)

Grazing trial 1* Grazing trial 28 Feedlot trial®

Item SM SM:SG  SG SM1I SM2 SG1 SG2 MS1 MS2 MS3 Ms4
Actual chemical composition, g kg™ DM
Organic matter 917 918 918 912 921 922 922 945 946 943 942
Crude protein 112 114 112 74 80 77 75 125 132 125 120
Ether extract 15 23 30 14 13 33 28 33 29 21 24
Neutral detergent fiber 565 555 549 616 598 615 588 326 342 352 364
Diet characteristics®
F:C 90:10 86:14 88:12 85:15 84:16 82:18 86:14 5545 55145 55:45 55:45
Organic matter digestibility (g kg™) 587 614 616 507 493 494 497 679 696 714 732

ASM — diet including forage (forage 1) and concentrate mixture with soybean meal as the main protein source; SM:SG — diet including forage
(forage 2) and concentrate mixture with soybean meal and soybean grain as the main protein source; SG — diet including forage (forage 3) and
concentrate mixture with soybean grain as the main protein source. Adapted from Silva (2012)

BSM1 and SM2 — diet including forage (forages 1 and 2) and concentrate mixture with soybean meal as the main protein source; SG1 and SG2
—diet including forage (forages 1 and 2) and concentrate mixture with soybean grain as the main protein source. Adapted from Silva (2012).
°MS1-4 — diets that include corn (4) silage with concentrate mixtures (4). Adapted from Costa e Silva et al. (2013)

PF:C — forage to concentrate ratio (DM basis). For chemical composition of forages and concentrate mixtures see Table 2; The OM digestibility
was measured in vivo (Silva, 2012; Costa e Silva et al., 2013).

Table 2. Average chemical composition of concentrate mixture and forages separately and feed composition of concentrate mixtures

Feeds from grazing trials® Feeds from feedlot trial

Item SM SM:SG SG Forage trial 1 Forage trial2  Concentrate Corn silage
n=1 n=1 n=1 n=3 n=2 n=4 n=4

Chemical composition, g kg™ DM

Organic matter 910 919 918 918 920 947 943
Crude protein 339 295 296 86 31 195 65
Ether extract 7 65 131 16 13 30 23
NDF 208 239 141 606 686 134 521
Feed composition of concentrate mixtures, g kg™ DM

Corn grain 0 0 0 - - 816 -
Soybean meal 500 250 0 - - 138 -
Soybean grain 0 250 500 - - 0 -
Wheat bran 430 425 415 - - 0 -
Minerals 60 60 60 - - 26 -
Urea 10 15 25 - - 20 —

ASM — concentrate mixture with soybean meal as the main protein source; SM:SG — concentrate mixture with a combination of soybean meal
and soybean grain as the main protein source; SG — concentrate mixture with soybean grain as the main protein source; Forage 1 and 2 —
average composition of forages from trails 1 and 2; n — represents number of forage:corn silages or concentrate mixture used for that specific

trial

Thus, the proportions needed for each concentrate
mixture and forage for each diet (n=11) were weighted
separately (depending on the ratio between forage and
concentrate) in the in vitro bottles using an AG204DR
(Mettler Toledo, Switzerland) analytical balance. For-
age:corn silages and concentrate mixtures of all 11 diets
were also incubated individually to later calculate CH4
production based on the weighted mean of forage to
concentrate (F:C) ratios of each diet.

Rumen fluid for all three in vitro incubation runs was
obtained from the same two ruminally cannulated lac-
tating Swedish Red cows about two hours after morn-
ing feeding. Cows were fed on a diet containing grass
silage and commercial concentrate (60:40 on a dry mat-
ter [DM] basis). The crude protein (CP) of silage was

17.3% with a neutral detergent fibre (NDF) content of
55.1%. The commercial concentrate was Solid 220
(Lantmannen, Malmd, Sweden) mainly consisting of
wheat, rapeseed meal, oat, dried sugar beet pulp and
minerals. The rumen fluid was collected into pre-
warmed thermos flasks previously flushed with carbon
dioxide (CO>) and afterwards filtered through four lay-
ers of cheesecloth into a buffered mineral solution
(Menke, Steingass, 1988), with the ratio of rumen fluid
to buffer of 20:80 (vol:vol). A fully automated in vitro
gas production system was used as described by Cone
et al. (1996) with recordings of gas production (GP)
every 12 minutes. The recorded GP was corrected to
normal air pressure (1013.5 h Pa). Samples of 1 g were
weighed (total diet and individual feeds) directly into
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250-mL serum bottles and incubated in 60 mL of buff-
ered rumen fluid for 48 hours. The bottles were placed
in water bath at 39 °C and gently agitated continuously
during the incubations.

All 27 samples (forage:corn silages, concentrate mix-
tures and total mixed diets) were incubated in three in
vitro series (runs) and were randomly distributed within
the runs, resulting in three in vitro observations per
sample. In each run, a blank (buffered rumen fluid with-
out a sample) was incubated in duplicates. Gas samples
were drawn from each serum bottle by a gas tight sy-
ringe (Hamilton, Bonaduz, Switzerland) at 2, 4, 8, 24,
32 and 48 h of incubation through a gas tight rubber
suba seal (Z124567-100EA, 13, Sigma-Aldrich, Ger-
many) that was previously installed on the pipes lead-
ing out from the in vitro serum bottles. Methane con-
centrations were determined by injecting 0.2 ml of gas
into a star 3400 (CX series) gas chromatograph (Varian
Chromatography, USA) equipped with a thermal con-
ductivity detector. Calibration gas was completed using
a standard mixture of CH, and CO, (100 mmol mol?)
prepared by AGA Gas (AGA Gas AB, Sundbyberg,
Sweden). Peaks were identified by comparison with the
standard gas. Total gas production values from the fully
automated in vitro gas production system were rec-
orded. Methane production was measured as described
by Ramin and Huhtanen (2012) and was reported as
weighted means for individual feeds and total diet sep-
arately.

The statistical comparison was performed by a simple
linear regression of values obtained from total diet in-
cubations (Y) on values obtained from the weighted
sum of the individual feeds (X) of respective diet, ac-
cording to the model:

Yij =,Bo+ﬁ’1><Xij+RjJrgij [1],

where Yj; is the CH4 production obtained by incuba-

tion of diet i in the incubation run j, Po is the intercept,

B1 is the slope, X;; is the weighted CH4 production ob-

tained by individual feeds incubation in the incubation

run j, R;j is the effect of the j incubation run (random
effect), and &;j is the random error.

The following null hypotheses were tested:

Hy,:8,=0 (2],

H,: 5 =1 [31,
where [ is the intercept, and B is the slope.

The CH, production estimates obtained by diet or in-
dividual feed incubations should be considered similar
if both of the null hypotheses are not rejected.

The model adjustment was performed by using the
MIXED procedure of the SAS 9.4 (o= 0.05). As shown
in Equation [1], the model adjustment took into account
for the random variation among different runs.

Results and discussion

The feeds used in the current study showed to have a
wide range in terms of chemical composition (Table 2).
Crude protein ranging from 31 up to 339 g kg™* DM and
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neutral detergent fiber (NDF) varied from 208 to
686 g kgt DM (Table 2). Similarly, the 11 diets used in
the present study had wide ranges in chemical compo-
sition and in vivo digestibility (Table 1).

Descriptive statistics of the in vitro CH4 production is
given in Table 3. The mean of CH4 production from the
total diets was 30.1 mL g* DM and 30.8 mL g* DM
from the weighted mean of individual feeds, respec-
tively (Table 3).

Table 3. Descriptive statistics for the methane production
(mL g DM) obtained from incubation of total diet and from
weighted information of individual feeds

Statistic Total diet Weighted value
Mean 30.1 30.8
Minimum 21.3 22.9
Maximum 40.4 38.9
Standard deviation 5.64 431

n” 32

nA: diet 11 had 2 replicates

In spite of presenting close average values, both null
hypotheses were rejected (P < 0.01). This indicates a to-
tal lack of association between CH, production obtained
by incubating total diets and individual feeds in the in
vitro gas production system as shown in Figure 1.

45

(mL g' DM)
] 3
<
1
| |
»
]
|
n
b

°
*
P+ O ¥ X O B

Complete dlet CH4 production

»*
x
*
*¥
+
> E e |
w

20 25 30 35 40 45
Weighted CH4 production (mL g-' DM)

Figure 1. Descriptive relationship between the methane pro-
ductions obtained from incubation of total diet (n = 11) and from
weighted information of individual feeds. For interpretation of
the reference to colour in this figure legend, the reader is re-
ferred to the web version of the article. For more details about
the diets see Table 1. [Y =22.1 +7.28 + 0.26 + 0.235 x X, r =
0.15, P value (Bo = 0) — 0.005, P value (8, = 1) — 0.003, P value
(p=0)=0.431,n=32]

This pattern is corroborate by a weak (r = 0.15) and
non-significant (P > 0.43) correlation between those val-
ues and plot of residuals for CH4 production from total
diets (observed) versus predicted values from the
weighted individual means (Figure 2). It is important to
note that no specific effect of different diets was detected
in this study. This can be stated because no clusters for
different diets were observed and the scatter of the paired
points from different diets was found to be homoge-
nously and randomly distributed around the equality line
(Figure 1). Therefore, it can be infer that the lack of as-
sociation between CH, production obtained from total
diets and weighted individual feeds was an overall pat-
tern that did not depend upon the evaluated diet.
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Figure 2. Plot of residuals (observed — predicted) for methane
production from total diets (n = 11) versus values predicted from
weighted individual feeds. The regression line in the graph rep-
resents the adjusted linear model for residual pattern. Predicted
values were centred by subtracting the overall mean predicted
value from each predicted value. For interpretation of the refer-
ence to colour in this figure legend, the reader is referred to the
web version of the article. For more details about the diets see
Table 1. [Y = - 0.65 £ 0.993 - 0.74 + 0.234 x X, P value (o = 0)
—0.520, P value (8, = 0) — 0.003, n = 32]

The purpose of this study was to use a wide range of
diets varying in F:C ratios and chemical composition
taken from two grazing and one feedlot trial for evalu-
ating CH4 production in vitro from total diets and cal-
culated based on weighted mean of individual feeds.
The in vitro method used in the current study has been
used for measuring CH4 production in the literature for
other purposes, e.g. the effect of CH, inhibitors and
CHa production (Danielsson et al., 2014). Ramin and
Huhtanen (2012) found a high correlation between ac-
tual CHg4 production and predicted CH4 production
based on volatile fatty acids stoichiometric equations
from their in vitro gas production system (r = 0.97).

Assuming a gross energy (GE) concentration of
18.5 MJ kg DM, the average proportion of CH4 energy
as a proportion of GE used in the present study was
6.5%. This value is close to observed in vivo values at
the production level of intake in dairy cows (Yan et al.,
2000). The calculated average CH, as a proportion of
GE used in the current study were lower than the values
reported by Getachew et al. (2005), in which they were
between 8-9% of GE intake. One reason could be due
to the lower in vivo digestibility of diets used in the cur-
rent study for our in vitro evaluation that will influence
CHy as a proportion of GE intake.

Digestibility of feeds either individual or in a mixed
form (complete diet) does not only depend on the phys-
ical constraints and chemical composition but also de-
pends on their interaction when feeds are mixed. Ac-
cording to Detmann et al. (2005, 2008), the ruminal
degradation of structural carbohydrates from forages
should be seen as a second order process, as the micro-
bial activity on fiber depends on both feed and medium
characteristics. This is of great relevance for this study
because all diets evaluated in the present study were ob-
tained from tropical conditions (Silva, 2012; Costa e
Silva et al., 2013) in which fiber represents the main
energy source for cattle production. This could be one

reason for the differences in CH4 production between
observed and predicted values from individual feeds
observed in the current study. Other factors such as dif-
ferences in digestibility of diets and feed quality could
also be a reason making this discrepancy. The associa-
tive effect of feeds on diet digestibility was also re-
ported by Huhtanen (1991), Moss et al. (1992) and
Detmann et al. (2005).

It is often assumed that energy values of feeds are ad-
ditive and that there are no interactions when they are
mixed. For instance, calculation of energy for dairy cat-
tle adopted by NRC (2001) takes into account only
chemical composition of feeds and that the only adjust-
ment for energy content is based on intake level and
therefore no interactions are considered. However, that
might not always be true (Huhtanen, 1991). In this case,
different feed ingredients of a diet can influence the
proportion of fermentation end products such as vola-
tile fatty acids and gases. Moss et al. (1995) reported a
significant increase on CH,as a proportion of GE when
the proportion of barley concentrate was increased
from 0 to 75% in sheep fed grass silage. The main
change in rumen fermentation pattern was an increase
in butyrate, whereas both acetate and propionate de-
creased with increased concentrate. In feed lot type di-
ets in which extreme levels of concentrate are fed
(around 90%) the amount of CH4 as a proportion of GE
ranges from about 2-4% and the proportion of propio-
nate also increases to the extent of decreased acetate
and butyrate (Johnson and Johnson 1995). Other factor
that could alter rumen fermentation pattern is the inclu-
sion of diets with high fat content (Beauchemin et al.,
2009).

Rumen retention time could also affect CH4 produc-
tion, as increased intake declines CH4 as a proportion
of GE due to a faster passage and smaller retention time
of feed particles (Ramin and Huhtanen, 2013). At the
same time of increased passage, microbial cell yield
will increase per unit of energy fermented by diluting
maintenance expenditure (Russell et al., 1992). Interac-
tion of different feeds in the rumen can change the deg-
radation rate of fiber and modify the overall stoichiom-
etry of the ruminal fermentation. Associative effects
have occurred when the apparent digestibility of a mix-
ture does not equal the sum of the separately deter-
mined digestibilities of its components (Mould, 1988).
The same trend was found in the present study for CH.
production, as the sum of weighted mean of CH, pro-
duction from individual feeds was not the same as the
values obtained from total diets.

When the number of feeds in a diet is increased there
will be a direct effect on the equilibrium and on the rel-
ative participation of the different microbial popula-
tions in the rumen (Russell, 2002). Accordingly, the
metabolic pathways of energy production in the rumen
would be intensely changed, including the dynamics
and amount of hydrogen production (e.g., acetate to
propionate production rate) as well as the metabolic
pathways for hydrogen sinks (e.g., acrylate to succinate
pathways for propionate production). From this, it
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could be understood that all the dynamics and the equi-
librium of hydrogen incorporation in either NADH or
CHa4 molecules shall be affected by diet composition
and interactions caused by the presence of different
feeds in the diet.

Conclusion

From the results obtained here, it can be concluded
that the weighted sum of individual feeds cannot be
used as a proxy for the estimation of CH4 production
from total mixed diets in in vitro conditions.
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48 RAAMATUTE ULEVAATED

KORGKOOLIOPIK OHUSAASTE KASIRAAMAT

Ohusaaste kisiraamat (Vilja-
andja: Eesti Maaiilikool; toi-
metaja: Veljo Kimmel; auto-
rid: Marko Kaasik, Tiit Kal-
laste, Veljo Kimmel, Marek
Maasikmets, Steffen Manfred
Noe, Hans Orru, Eduard
Tamm, Erik Teinemaa; toime-
tanud ja kujundanud: Ajakir-
jade Kirjastus AS; triikk: Tal-
linna Raamatutriikikoda;
ISBN: 978-9949-39-074-8, 126 Ik, 2015)

Ohusaaste kisiraamatu autoriteks on oma ala tunnus-
tatud spetsialistid Tartu Ulikoolist (TU), Eesti Maaiili-
koolist (EMU), Siistva Eesti Instituudist ning Eesti
Keskkonnauuringute Keskusest (EKUK).

Keskkond, kus mingi elus vdi eluta objekt paikneb,
mdjutab seda nii fiilisikaliste, keemiliste kui ka bioloo-
giliste mdjutegurite kaudu. Mida vihem sisaldab kesk-
kond (6hk, vesi, muld jms) saasteaineid voi muid po-
tentsiaalselt ohtlikke komponente, seda vaiksem on risk
mitmesuguste otseste ja kaudsete kahjustuste tekkeks.
Olulisemateks riskivaldkondadeks on toime inimese
(looma, taime) tervisele ja heaolule, iildiselt 6kosiistee-
midele ja nende osadele, samuti materjalide vastupida-
vusele.

Kisiraamat on jagatud viide peatiikki.

Esimeses peatiikis késitletakse atmosfaéri koostist ja
ehitust. Antakse iilevaade atmosfaéri keemilisest koos-
tisest, ohukihtide paiknemisest ning seostest, mis ise-
loomustavad Shu keemilise koostise looduslikke ja
inimtegevusest pohjustatud muutusi ja erinevate dhu-
kihtide segunemist.

Teine peatiikk annab detailse iilevaate Ghusaastest
tingitud keskkonnaprobleemidest. Pohjalikult kisitle-
takse Ghusaastet kui inimtervise riskifaktorit, saasteai-
nete mdjusid okosiisteemidele ning materjalidele. Pea-
tiikis on vilja toodud peenosakeste kui olulise tervise
riskifaktori tdhtsus.

Kolmandas, mahukaimas ja ka iihes olulisemas
kédesoleva kédsiraamatu peatiikis tuuakse vdlja Ghusaaste
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tekke, leviku ja modelleerimise aspektid. Késitletakse
nii looduslikke kui ka inimtekkelisi 6husaaste allikaid,
saasteallikate tiilipe, samuti primaar- ja sekundaarosa-
keste teket. Ohusaaste tekke ja leviku ning atmosféri
kui pideva keskkonna modelleerimise alapeatiikid an-
navad aimu nimetatud protsesside komplekssusest ja
keerukusesest ning erineva raskus- ja tipsusastmega
mudelarvutustest.

Neljandas peatiikis ridgitakse Shusaaste modtmi-
sest. Tuuakse vélja, millised on Shusaaste moSdtmise
peamised eesmirgid, meetodid ning seadmed. Eraldi
rohutatakse eesmadrkidest ldhtuva modteprogrammi
koostamise olulisust saadavate tulemuste interpreteeri-
mise aspektist.

Viimases peatiikis on vaatluse all teed, kuidas 6hu-
saaste negatiivseid mdjusid leevendada. Seda globaal-
ses maastaabis nii regulatiivsete ning praktiliste, pea-
miselt energia kasutamisega seonduvate meetmete abil,
kuid ka iga iiksindiviidi isiklike tarbimisharjumuste
muutmise kaudu.

Késiraamat on kompaktne abivahend Shusaaste kui
olulise keskkonnafaktori olemuse, leviku ja toime tead-
vustamisel ning moistmisel.

Vormiliselt on raamat hésti liigendatud ja suhteliselt
kergesti loetav. Markimist vddrib iga peatiiki juures
eraldi viljatoodud olulisemate faktide ja mdistete
loend. Samuti on peatiikkide 16ppudes nimetatud prob-
leemid ja kitsaskohad, mis takistavad antud teema tép-
semat moistmist ning vajavad seetdttu veel pdhjalikku
uurimist.

Puudusena saab nimetad mdningate toimetamisel ta-
helepanuta jddnud keeleliste vigade ning lauseehitus-
like konaruste olemasolu.

Kaésiraamat on heaks abivahendiks nii kdikide tase-
mete iilidpilastele kui ka erialaspetsialistidele.

Allan Kaasik, PhD
Eesti Maaiilikool, Veterinaarmeditsiini ja loomakas-
vatuse instituut, dotsent
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HARALD TIKK 85

Kéesoleval aastal joudis
oma elus auvédrse versta-
postini emeriitprofessor
Harald Tikk.

Harald Tikk on siindinud 15.
veebruaril 1931. a Viljandi-
maal  Olustvere  vallas
Tedrenurme talus Helene-
Elfriede ja Hans Tiku teise
pojana. Haridustee algas
Reegoldl algkoolis, millele jargnes Taaksi 7-klassiline
kool ja Viljandi Il keskkool. Peale keskkooli I6petamist
1950. a asus Harald Tikk Gppima TRU Agronoomia
teaduskonna zootehnika osakonda, mille 18petas Eesti
Pdllumajanduse Akadeemias dpetatud zootehnikuna
1955. a.

Ulidpilaspdlves suunas EPA omaaegne Erilooma-
kasvatuse kateedri juhataja dots C. Ruus (libpilase
H. Tiku varakult kateedris kana- ja hanekasvatuse
probleeme lahendama. Juba Gpingute ajal td6tas
H. Tikk eriloomakasvatuse kateedri katsetehnikuna ja
jdi sellele t6ole 1962. a-ni.

1962-1965 oppis H. Tikk aspirantuuris erilooma-
kasvatuse kateedris ja kaitses edukalt kandidaadi-
dissertatsiooni teemal Uleskasvatusviiside mdju kalku-
nibroilerite kasvule ja lihaomadustele.

Peale aspirantuuri  Eriloomakasvatuse kateedri
assistendina ja 1966. a-st vanemdpetajana asus H. Tikk
stgavuti kalkunikasvatusega seotud teemasid uurima
ning kaitses 1974.a pdllumajandusteaduste doktori
kraadi eriloomakasvatuse alal Uurimus kalkuniliha
toodangu ja selle kvaliteedi tdstmiseks Eesti NSV
tingimustes.

Aastatel 1977-1997. to6tas H. Tikk eriloomakasva-
tuse kateedri professori kt-na, professorina, kateedri
juhataja-professorina, EPMU véikelooma ja linnu-
kasvatuse osakonna juhataja-professorina ja korralise
professorina. Alates 1997. a on H. Tikk emeriitprofes-
sor.

H. Tiku peamised uurimisvaldkonnad on olnud p6llu-
majanduslindude (kanad, kalkunid, vutid, muskuspar-
did jt) ja farmikarusloomade (kiskjalised karusloomad
ja kuulikud) aretus, sootmine ja pidamine. H. Tikk on
ainukese Eestis loodud linnutBu — eesti vutitdu aretajate
rihma juht.

H. Tiku pikaajalise t66 tahelepanuvadrsemateks
teetéhisteks on eesti vutitbu loomine, tema eestvottel
osteti Eestisse Inglismaalt selle aja parimad valge laia-
rinnalise kalkunitdu liinid, ehitati 4 kaasaegset kalkuni-
farmi, tootati valja meie farmidele sobiv kalkunite
kunstliku seemenduse tehnoloogia, rakendati uurimis-
t60s saadud tulemus kalkunite aretuses, sédtmises ja
pidamises, tootati vélja linnuvabrikute eri osakondade
ehitamisel nende vahemaad Ohukaudse infektsiooni
valtimiseks, tootati vélja ja rakendati jdusoddatehastes

tihtsed s6dmisnormid kdikidele pdllumajanduslindude
liikidele, selgitati kana- ja vutimunade ning kanabroi-
leri- ja vutiliha rikastamise vdimalusi w-3-rasvhapetega
ning nende maju inimese tervisele.

Uurimisteemade andmekogude p6hjal kaitsesid dok-
torikraadi 3, kandidaadikraadi 8 ja magistrikraadi 4 Uli-
Opilast.

Emeriitprofessor Harald Tiku teadust6d tulemused —
eesti vutitdu loomine, kalkunikasvatuse omaaegne kiire
areng, muskuspardikasvatuse tehnoloogia valjatoota-
mine ja rakendamine, kana- ja vutikasvatussaaduste
rikastamine -3-rasvhapetega — on leidnud rakenda-
mist Eesti linnukasvatussaaduste toomise praktikas.

H. Tikk on olnud viljakas linnu- ja karusloomakasva-
tuse alaste erialaraamatute autor (koos kaasautoritega
30 nimetust), olulisimad neist Kalkunikasvatus (1976;
1983), Kanamunade ja linnuliha tddstuslik tootmine
(1980, kaasautor), Uusi pdllumajanduslinde (1986,
kaasautor), Karusloomakasvatus (1987), Linnukasva-
tus I, I, 11 (1993, kaasautor), Karusloomakasvatuse
terminid (2007, koostaja ja kaasautor), Lindude tervis-
hoid ja haigused (2007, kaasautor), Linnukasvatus |
(2007, koostaja ja kaasautor), Linnukasvatus 11 (2008,
koostaja ja kaasautor), Linnukasvatuse terminid (2011,
koostaja ja kaasautor).

Oppetdod on H. Tikk teinud linnu- ja karusloomakas-
vatuse valdkonnas alates 1962. aastast, I8petades asen-
dusdppejéuna 2007. a. Ta on olnud dpetajaks enam Kkui
8000-le ulidpilasele.

Harald Tiku suure panuse juures Eesti pedagoogika-
ja teadusmaastikul ei saa kuidagi alahinnata ega mérki-
mata jétta abikaasa Viive Tiku rolli, kellega koos moo-
dustasid nad tBhusa héstitoimiva tandemi. Uhine on
olnud panus ka mitmete erialaraamatute koostamisel.

Harald Tiku loodusalased teadmised on muljetaval-
davad. Teada-tuntud on ka tema hobid: fotograafia,
kalapuilik, aiandus ja mesindus. Pensionipdlves jai roh-
kem aega ka reisimiseks. 1959-2009 on Harald Tikk
laulnud meeskooris Gaudeamus.

Harald Tikku on mitmeti tunnustatud tema suure
panuse eest Eesti linnukasvatusteadusse.

1987. a omistati talle ENSV teenelise teadlase au-
nimetus. 1988. aastal pélvis Harald Tikk eesti vutit6u
loomise Kkollektiivi liikkmena tunnustuse — ENSV
Ministrite Noukogu preemia. 2008. aastal autasustati
Harald Tikku Valgetahe IV klassi teenetemérgiga.

Harald ja Viive Tikk on ules kasvatanud kaks poega.
Palju r6dmu on valmistanud ka nende viis lapselast ja
nende jareltulijad.

Kolleegid soovivad Harald Tikule tugevat tervist ja
jatkuvalt tarmukat tegutsemist.

Irje Nutt
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Lahkus Eesti-Léati sillapea — HENN TUHERM — in memoriam
06.09.1939-112.05.2016

Lati Pollu- ja Metsandus-
akadeemia  Metsandus-
osakonna eestseisja, prof
iy Talis Gfaitnieks Utles oma
"THITIT s kolleegide  maélestusele

g viidates Henn Tuhermi
; kohta: Ta oli suurmees- ja
Opetatud aumees ning
toeline rahvuslik (LAti
H. P.) patrioot, kuigi ta
oli rahvuselt eestlane,
kandis ta hoolt 1ati keele
ja selle kasutuse (le, eriti
noorema pdlvkonna dok-
torantide poolt. H. Tuherm olla lisanud veel: "Doktor ei
ole vaid oma ala tippspetsialist, ta peab austama, hoid-
ma ja hindama oma emakeelt".

Lati Pdllumajandusilikooli kauaaegse prorektori ja
NJF Lati eestvedaja Peteris Rivza sGnade kohaselt olla
H. Tuherm dlikooli senatis tihtipeale tuletanud teistele
meelde 1ati keele diget grammatikat — eks ta oli ise ju
selleks eelnevalt rohkem vaeva néinud, kui peale paa-
riaastaseid Opinguid Tallinna Tehnikallikoolist eest-
laste rihmaga Jelgavasse metsa- ja puidutodtlemisteh-
noloogiat dppima laks, sinna teadus- ja dppetddle jai
ning latlannaga abielludes pere soetas.

Oma elu jooksul jdudis Lati P&llumajandusilikooli
Oppeprorektor (1991-1995) metsanduse- ja puidutdot-
lemise emeriitprofessor, Dr. habil. sc. ing., Léti P8llu-
ja Metsanduse Akadeemia auliige, Eesti Maalilikooli
audoktor, Rootsi Kuningliku Metsa- ja P6llumajanduse
Akadeemia vélisliige jpt tunnustusi palvinud Henn
Tuherm tOdtada 17 aastat puidutfdtlemisosakonna
juhatajana ja osaleda metsandusteaduskonna ja teadus-
keskuse Silava uhistd6s, oli tile 30 aasta valdkonna juh-
tivspetsialist ning teadlane. Eriti meeldis talle t66 noor-
tega; ta olla 6elnud: "... sa oled nii vana kui vana on su
keskkond ...". Ta ei piirdunud vaid &ppejbutddga —
peale taasiseseisvumist oli ta esimene Eesti-Léati diplo-
maatiline saadik. Oma eluteel oli ta tunnustatud paljude
Lati ja vdlismaa teenetemérkide ning ordenitega:

¢ 1999 — L ati Pdllumajandusministeeriumi medal.

¢ 2004 ja 2005 — Léti metsandussektori tunnustus tea-

duse ja noorsootdd eest.

¢ 2006 — allakirjutanu poolt Akadeemilise Pdlluma-

janduse Seltsi (APS) esildisena Vabariigi President
Arnold Raitli poolt maaratud Valgetdhe Ordeni 4.
jark ning L&ti Ministrite Kabineti ja Metsandussek-
tori tunnuskiri elutdo eest.

¢ 2009 ja 2014 — Lé&ti P8llumajandustlikooli kuldme-

dal metsandus- ja materjaliuuringute ning noorte
spetsialistide koolitamise ja tlikooli sotsiaalse aren-
damise eest.

- —
N -
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¢ 2010 — Barrikaadide medal 1991. a siindmustel osa-

lemise eest.

e 2011 — Lati Vabariigi presidendilt Kolme Valgetéhe

ordeni 4. jark.

Eriti tihe kontakt oli allakirjutanul ja APSil Henn
Tuhermiga 2001-2007. a. Kéisime Leo Liloveri jt vaik-
sema grupiga korduvalt Jelgavas, s6lmisime Akadee-
milise Pdllumajanduse Seltsi ja Lati P6llu- ja Metsan-
duse Akadeemiaga koostddlepingu viieks aastaks,
H. Tuherm kéis Tartus esinemas APSi aastakonverent-
sil, meie aga Laétis. Ja alati oli sillapeana vahendajaks ja
meile otsetBlgiks Henn Tuherm ise. APSi suurema de-
legatsiooni véttis ta vastu 2004. a Riias toimunud
ESTO-péevade ajal. Jargmisel aastal oli ta meile teeju-
hiks Kuramaa ekskursiooni ajal. Tema kuju ja asjatund-
lik ning humoorikas jutt on meeles ténini.

Mis on selle eestisoost suguvelle tagamaa? Eks ikka
kodu ja kool. Uudo Jarvan meenutab klassivend Henn
Tuhermit Haabersti 7-klassilise kooli priimusena, ar-
vata, et ka Tallinna Reaalkooli Glimnaasiumis kuulus
ta parimate hulka. Siin ei ole paljuks lisada veidi Henn
Tuhermi lastetoa kohta; ta oli dotsent Vilma Raudsepa
ja koorijuht ning muusikapedagoog Uno Jarvela va-
nima Ge poeg. Sugisele plaanitud Haabersti kooli klassi
kokkutulekule aga Henn ei jduagi — ta kutsuti &dra
12. mail k.a. Saatjaskonnaks Dobele regiooni Bezesi
kabelis olid arvukad kolleegid ja véga arvukas tudeng-
kond latlastele omaselt austuse ja suurejoonelisusega.
Kahjuks mitte kedagi Eestist. Teate kitte saanud EMU
juhtkond oli ilmselt hdivatud ja kahjuks APSini joudis
kurb teade 1,5 tundi enne ta matust.
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